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Control (Infestation), tn Stored Food-Grains Pre-Harvese Prophylaxis 
for (S K Majumder, K Krishnamurthy and S Godavari Bai), 375 
Control (Pharmaceutical) in Britain (Dr. D C Garratt), 122 
Control Technology Measurement and (Society of Instrument Technology 
and the Royal Dutch Institute of Engineers Joint Conference on), 
1241 


Inhibition of Dopamine 7 Oxidase 


Controlled Absence of Extracellular Glucose Effect of Insulin on the 
Phosphorus-32 Mononucleotide Labelling of the Isolated Rat Dia- 
phragm in the (P Volfin, D Ebouéand H Clauser), 166 

Conventional Methods of Converting Heat into Electricity (British Associa- 
tion for the Advancement of Science, Section A (Mathematics and 
Physics) and Section G (Engineering), Joint Discussion on), 701 

Conventional and Germ-free Chicks Serotonin in the Small intestine of 
(Prof A W Phillips, H R Newcomb, J E Smith and R Lachapelle), 
380 

Conversion of 2-'4C-Pteroyl-1-Monoglutamie Acid into Isoxanthopte"in in 
Drosophila melanogaster (Dr J A Blair), 757 

en ror (Energy) Unconventional Methods of (Prof D A W right), 
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Conversion (Thermiontc), of Heat to Electricity (R V Harrowell), 611 

Converting Heat into Electricity Conventional Methods of (British 
Association for the Advancement of Science, Section A (Mathematics 
and Physics) and Section G (Engineering), Joint Discussion on), 701 
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e 
Coogan, Dr C K, and Gutowsky, Prof H S At the Third Australian 
Spectroscopy Conference (Nuclear Magnetic Resonance in Sodium 
Hydrosulphide), 929 
Cook, Dr C L, and McFarlane, J A At the Third Australian Spectro- 
scopy Conference (Spectral Characteristics of the Emission from an 
Ammonia/Bromine Pentafluoride Diffusion Flame), 928 
Cook, Captain James The Journals of, on his Voyages of Discovery (edited 
by Dr J C Beaglehole), Vol 2, The Voyage of the Resolution and 
Adventure, 1772-1775, review by Prof R Firth, 1107 
Cook, L M Influence of Larval Environment on Adult Size and Fecundity 
tn che Moth Panaxia dominula L , 282 
Cooke, Dr GilesB Cork and the Cork Tree, review by F N Howes, 852 
Cooke, Prof J C — Promoted to Senior Principal Scientific Officer, 214 j 
work of, 214 
Coomber, Dr D |, and others Isolation of Radioactive Bismuth from 
Metallic Lead and tts Compounds, 546 
Cooper, Grahame F, andothers Antidiuretic Hormone and Renal Collect- 
ing Tubules, 76 
Cooper, Herbert L, and others Culture of Human White Cells using 
Differential Leucocyte Separation, 1214 
Cooper, Dr Sybil Muscle Receptors, 805 
Co-operation in Research, 785 
Co-operation (International), in Pure and Applied Science (Seventh Pug- 
wash Conference on Science and World Affairs), 1232 
Co-operation (Technical), Department of Expenditure on Overseas 
Information Services, 708 
Co-ordinate (Eight-) Diarsine Complexes of Quadrivalent Metal Halides 
(Dr R J H Clark, Dr Jack Lewis, Prof R S Nyholm, Dr Peter 
Pauling and Dr G B Robertson), 222 
Cope, M, and others Muscle Receptors (Structure, Nerve Spectra and 
Distribution of Spindles in Cat Muscles), 806 
Copley, Dr A L, and Becher Beverly | Human, Cow and Rabbit Native 
Fibrin Powders as Anticoagulants, 568 
Copley Medal of the Royal Soctety awarded to Sir Hans Krebs, 606, 905 
Copper Effect of, on Products of Orcinol Oxidation (Dr T F Slater), 420 
Copper Complexes Properties of some—Five-Covalent Copper (II) Com- 
plexes containing 1,10-Phenanthroline and 2,2'-Bipyridyl (Dr C M 
Harris, T N Lockyer and Hanneke Waterman), 424 , The Trigonal- 
Pya mida Configuration of the lodo Bis(2-2’-Bipyridyl(Copper(Il) 
on 
Copper (I!) Complexes (Five-Covalent), containing |,10-Phenanthroline and 
2,2’-Bipyridyl (Properties of some Copper Complexes), (Dr C M 
Harris, T N Lockyer and Hanneke Waterman), 424 
Copper Deficiency in White Clover Effect of, on Nitrogen Fixation (F H 
van der Elst, K J McNaught and W F Rolt), 1315 
Copper Deposits (Northern Rhodesian) Origin of the, review by Prof 
J H Taylor, 98 
“CuCl Bands Rotational Analysis of (Prof R K Asundi, P Ramakotes- 
wara Raoand J K Brody), 444 
Copperbelt (Northern Rhodesian) The Geology of the (edited by Dr F 
Mendelsohn), review by Prof J H Taylor, 98 
Corbet, P S, and others O’Nyong-nyong Fever, 30 
Corchorus olrtorius L (Jute) Haploidy tn (K T Jacob and Subir Sen), 288 
Cordingley, J, and others Response of the Reticulo-Endothelial System 
to Stimulation with CEstrogens, 978 
Cordova, Eleazar Incidence of Chagas' Disease in the Matalaque Region, 
Southern Peru, 921 
Cordova, Eleazar, and others Epidemiological Surveys on Chagas’ Disease 
in the Village of Matalaque, Southern Peru, 921 
Cork and the Cork Tree (Dr Giles B Cooke), review by F N Howes, 852 
Cork Tree Cork and the (Dr Giles B Cooke) review by F N Howes, 852 
Cornea (Living), in vitro. Effect of Aldosterone on the (Dr A Donn, Dr 
M G Rosenblatt and Dr N P Christy), 73 
Cornwall, C J The Vehicle Driver (Bus Drivers), 1245 
Corona Motor A Novel Electrostatic Machine—the (| D N Van Wyk 
and G J Kuhn), 649 
Corpus Cardiacum of an Insect 
in the (J. E Steele), 680 
Corpus Christi College, Cambridge 
House, 922 
Corpuscular Fragility (Medial) and Haemoglobin Type Relationships 
between Red Blood Cell Potassium Concentrations, in Merino and 
Southdown Sheep (Prof J V Evans), 567 
Corran, Dr J W Training of Industrial Food Scientists and Technologists 
in the United Kingdom, 302 
Correlation Absence of, between Odour and Molecular Vibration 
(K Buys, C J H Schutte and F Verster), 751 
Presence and, of Fine Structure in Jovian Decametric Radiation (James 
N > Douglas and Harlan J Smith), 741 
Correlation between Surface Charge and Coagulant Action of Phospholipids 
(Dr A D Bangham), 1197 
Correlation (Geological) Application of Palaeomagnetism to (A Laro- 
chelle), 37 
Correlations (Anthropometric), between Adult Brothers (Prof Eugéne 
Schreider), 1311 
Corrosion Science, Vol |, No 1, 1024 
Cortex (Adrenal), of the Female White Rat during the CEstrual Cycle 
Variations tn the Nuclear Deoxyribonucleic Acid Content in the 
(E BrafiezandH Roels), 1043 
Cortex (Cerebral), in the Mouse Autoradtographic Study of Cell Migra- 
tion during Histogenesis of (Dr J B Angevine, jun, and R L Sid- 
man), 766 
Cortex Lesions (Visual) Role of Experience in Misreaching produced by 
A Cowey and Dr L Weiskrantz), 1319 
Cortisone — Effect of Whole-Body Irradiation and on the Development of 
Ostertagia spp in Sheep (J D Dunsmore), 139 
Corundum Lattice Ligand Field for Chromic lons in the (Dr J Graham and 
Dr D E Scaife), 161 
Corynebacterrum diphtheriae A Subcellular Component of, having the 
Capacity to Bind Anti-Toxin (Prof M Yoneda and M Matsuda), 642 
Corynebacterium pyogenes Toxoid with High Anti-Haemolysin Titre in 
Rabbits New Method of preparing (Valeria Levy), [89 
Cosgrove, J F (Morrison, G F,and)  Microchemical Techniques (Appli- 
cation of Neutron Activation to the Sensitive Determination of the 
Copper Activator in Single Crystals of Electroluminescent Zinc 
Sulphide weighing less than 500 ugm ), 412 


Occurrence of a Hyperglycaemic Factor 


Graduate Extension at Leckhampton 


XXIV 
* 


* 

Cosmic Radio Waves (I S Shklovsky), translated by Richard B Rodman and 
Carlos M Varsavsky, review by Sir Bernard Lovell, 69 

Cosmic Ray Physics (Latin-American Council for Cosmic Ray Research 
Third Latin-American Conference and Course on), [21 

Cosmic Ray Research, Latin-American Council for Third Latin-American 
Conference and Course on Cosmic Ray Physics, 121 

Cosmic Ray Research in Latin America (Dr H Elliot), 121 

Cosmic Rays World-wide Distribution of Diurnal Variation. of the 
Neutron Intensity of (Tsunekichi Kanno), 250 

Cosmical Language, review by Prof Lancelot Hogben, 826 

Cosmology  Dirac's (Dr C Gilbert), 57 

Cosmology (Dirac's), and Mach's Principle (Prof R H Dicke), 440, (Prof 
PA Dirac), 44 

Cosslett, Dr V E Histology and Electron Microscopy, review, 5 

Awarded a grant of £44,500 from the Pau! Instrument Fund, to design 
and construct a very high voltage electron microscope and to explore 
its applications in biological and metallurgical research, 708 
Scanning Techniques tn Biological and Medical Microscopy, 1030 

Costlow, jun, John D Fluctuations in Hormone Activity in Brachyura 
Larvae, [83 

Cotes, Dr J E Breathing (Breathlessness, its Alleviation by Oxygen in 
Health and Disease), [07 

Cotton in India Vol 2 (R H Dastur, Prof R D Asana, K Sawhney, 
S M Sikka, R S Vasudeva, Quadiruddin Khan, V P Rao and B L 
Sethi), Vol 3 (C Nanjundayya, R L N lyengar, W R Natu, 
M B Ghatge, K S Murti, C B Parikh, B L Sethiand D N Mahta) , 
Vol 4(S M Sikka, Arjan Singh, Avtar Singh, P D Gadkari, R Balasu- 
brahmanyan, N K Iyengar, K Sawhney, V K Bederker, G B Patel, 
P S Pandya, V N Paranjpe and N S Panigrahi), review by Prof 
S C Harland, 200 

Cotton, Silk and Man-made Fibres Research Association 
Meeting and Report of the Council, 607 

Cotton-Growing in Nigeria (Sir Frank Engledow), 1248 

Cotton Roots (Excised) Biosynthesis of Gossypol by (Prof F H Smith), 
888 


Cottrell, Prof A H Awarded the Hughes Medal of the Royal Society, 
606, 907 , work of, 907 

Coulson, Prof C A Mathematical Tables, review, 97 

Coulson, Prof J M Selected Studies in Chemical Kinetics, review, 297 

Coulson, Kinsell L, and others Tables related to Radiation emerging from 
a Planetary Atmosphere with Rayleigh Scattering, review by Prof 
Zdenek Kopal, 1005 

Coult, D A, and others Cytochrome c Oxidase, the Terminal Oxidase of 
Iris pseudacorus L , 579 

Council for Nature Courses on Natural History, 802 

Counter-Current Distribution Separation of Bacteria by (G David Baird, 
Per-Ake Albertsson and Bengt v Hofsten), 236 

Counteraction by Cysteine of Glycogenolysis and Inhibition of Microsomal 
Protetn Synthesis produced by Dimethylnitrosamine (Dr P Emmelot 
and | ! Mizrahi), 42 

Counters (Self-quenching Geiger-Muller) — Kinetics of Dissociation of 
Ethyl Halides in (Prof | Zlotowski and H Wincel), 550 

Counting (Radtoactive) A Simple Flattener for holding Filter Papers on 
Planchettes for (Dr Edward A Smuckler and Prof Earl P Benditt), 
I9I 


Annual General 


Countries (Developing) Agricultural Problems in (Nutrition Society 

Symposium on), 102 
Food and Agriculture in (Prof A H Bunting), 1028 

Countries (Emergent) Education in (Dr C E Beeby), 514 

Counts of Phenol-treated Escherichia coli on Membrane Filters Influence of 
Adding Salts to the Medium on (N D Harris and J P. Richards), 87 

Coupling (Stimulus-secretion) Mechanism of Nicotinic Action at the 
Adrenal Medulla—Calc:um as a Link in (Prof W W Douglas and 
R P Rubin), 1087 

Courrier, Prof Robert (dirigés par le) Études d’Endoerinologte—Sémin- 
aires [960 de la Chaire de Morphologie Experimentale et Endo- 
crinologre du College de France, review by Sir Solly Zuckerman, 834 

Course on Chemica! Applications of Diffraction Methods (Bradford Institute 
of Technology), 21 

Courses for 1962. (Field Studies Council), 1132 

Courses on Natural History (Council for Nature), 802 

Courses on Nuclear Energy in O E E C Countries, 1961-1962 Catalogue of 
(Organization for Economic Co operation and Development), new 
edition, 405 

Courses (Postgraduate), at the Imperial College of Science and Technology, 
London, [15 

Courtaulds, Ltd Appointment of Sir Alan Wilson as chairman, 918 

pp a of C F Kearton and H R Mathys as deputy chairmen, 


Covalent (Five-) Copper (ll) Complexes containing |,[0-Phenanthroline and 
2,2’-Bipyridy] (Properties of some Copper Complexes), (Dr C M 
Harris, T N Lockyer and Hanneke Waterman), 424 

Covalent (lonic-) Bonding in Crystals (C H L Goodman), 355 , (E Mooser 
and W B Pearson), 355 

Covington, Arthur E , and Harvey, Gladys A Coincidence of the Explosive 
Phase of Solar Flares with [0 7 cm Solar Noise Bursts, 152 

Cow's Milk Inherited Casein Variants in (Dr. R Aschaffenburg), 431 

Cow and Rabbit Native Fibrin Powders (Human,), as Anticoagulants (Dr 
A L Copley and Beverly Becher), 568 

Cowey, A, and Weiskrantz, Dr L Role of Experience in Misreaching pro- 
duced by Visual Cortex Lesions, [319 

Cowling, Prof T G Conventional Methods of Converting Heat into 
Electricity. (Proportion of the [ncident Energy which is utilized for 
Energy Conversion), 701 

Cox, Allan (Doell, Richard R , and) 
Flows, 645 

Cox, Dr L R Phases in Evolution, review, 3 

Crab (Hermit), Diogenes brevirostris Stimpson 
(R E Boltt), 1099 

Crabtree Effect in Rous Sarcoma Cells Ultrastructural Alterations during 
the (Prof Alvin S Levine, Ruth Petraitis and James Green), 127 

Cracks in lcg Plates Formation of, by Thermal Shock (L W Gold), 130 

Craggs, Prof J D — Time-Resolved Spectroscopy, [032 

Craik, R L, and Barrow, D A Metallurgy of Beryllium, 1138 

Cranmer, Dr V At the Third Australian Spectroscopy Conference (Analy- 
sis of the Vibrational Spectrum on Mono-methyl-arsine), 927 


Palaeomagnetism of Hawairan Lava 


Antennary Feeding of the 


INDEX : 


Craven, G,and others Microwave Measurement Techniques (Equipment 
for the Automatic Recording of Wave-guide Attenuation), 410 

Crawford, Prof Malcolm Obituary of Prof R F Naylor, 16 

Creative Ability, | 

Creep (Tertiary) Stress Concentration Effects in (Dr P W Davies and 
B Wilshire), [281 

Crick, Dr F H C and others 
Proteins, 1227 

Cricket (House), Acheta domesticus L 
A S K Ghouri), 1000 

Crookall, J O , and others Analysis of the Relationship between Deposi- 
tion of Long-lived Fission Products and Level of Activity in Milk, 1009 

Crooke, V M, and others — Cation-Exchange Capacities of Tissues of 
Higher and Lower Plants and their related Uronic Acid Contents, 142 

Crosby, N T, and others At the Seventh Biennial Conference of the 
International Union of Leather Chemists Societies (Experiments to 
break the Insolubilizing Cross-links of Mature Bovine Collagen after 
Alkaline Pretreatment), 613 

Cross-Resistance and Rates of Emergence of Resistance Biological Spec- 
trum of some New Tuberculostatic [,3,4-Oxadiazolones with special 
reference to (Prof A E Wilder Smith and Hans Brodhage), 1195 

Cross-Sectional Analysis Validity of Prediction based on (Gwynneth de la 
Mare and R Sergean), 1318 

Crosse, J E, and Garrett, Constance M E Relationship between Phage 
Type and Host Plant in Pseudomonas mors-prunorum Wormald, 379 

Crosse, R, and others — Venturicidin, a New Antifungal Antibiotic of 
Potential Use in Agriculture, 952 

Crotocin  Enzymic Inactivation of Trichothecin and (Dr | Horvath and 
J M Varga), 88 

Crowle, Dr Alfred J , and Lueker, David C Antigen-Antibody Precipita- 
non contrasted in Gels of High and Physiological Salt Concentrations, 


General Nature of the Genetic Code for 


Home and Distribution of the (Dr 


ex. H,and Belmar J Hypertensive Gffects of Bradykinin tn Rats, 
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Crucible (A Cold), for High-Temperature Melting Processes (H F Sterling 
and R W Warren), 745 

Cruft, Dr H J, and Leaver, J L 
lococcus aureus, 556 

Crystal Lattice Molecular Disarray in a, produced by a Fission Fragment 
(Dr F P Bowden and L T Chadderton), 31 

Crystal Structure of 2,5-Dimethyl-Dithio-Furophthene, a Homolégue of 
Thio-Thiophthene (Dr M Mammi, R Bardi, G Traverso and 
S Bezzi), 1282 

CIUS ee UCRURR of 2-Phenylazulene (Prof B D Sharma and J Donohue), 


Isolation of Histones (?) from Staphy- 


Crystal Structure Analysis The Theory of (A I Kitaigorodskit), translated 
from the Russian by David and Katherine Harker, review by Dr. 
M M Woolfson, 904 

Crystal Structures of Salts of Methylated Purines and Pyrimidines (R F 
Bryan and K Tomita), 812 

Crystal (Single-) Graphite from Melts Preparation of (Pei Ching Li), 864 

Crystal and Molecular Structure of Diphenyl (Dr G B Robertson), (August 
5, 593), erratum, [026 

Crystalline Potassium Chloride Incorporation of Trivalent Catrons in (Dr 
Marian E Hills and Prof Allen B Scott), 1066 

Crystalline Type of Starch in Soybean Seedlings Effect of Temperature 
during Germination on the (Dr Susumu Hizukurt, Michtko Fuji and 
Prof Ztro Nikuni), 239 

Crystalline (Para-) Spherulites of Biological Origin 
Properties of (Dr G T Stewart), 624 

Crystallization (Dr J W Mullin), review by Dr S H Bransom, 695 

Crystallization of the Complex of p-Amino-Acid Oxidase and ‘Substrate- 
Substitute’ (Kunio Yagi and Takayuki Ozawa), 70 

Crystallization of Cytochrome b2 Free of the Deoxyribonucleic Acid Com- 
ponent (Prof R K Morton and Kathryn Shepley), 639 

sry ssden of Deuterated Ribonuclease (Dr J Bello and Dr D Harker), 


Some Physico-Chemical 


Crystallographic Data for Urea Calcium Nitrate and Urea Cadmium Nitrate 
(Dr C G C Catesby), 254 

Crystals lonic-Covalent Bonding in (C H L Goodman), 355, (E Mooser 
and W B Pearson), 355 

Crystals (Ice), at Low Temperatures — Investigation with the Electron 
Microscope of the Sublimation of (Prof Tokio Ner), 1177 

Csaba, 2o ane others Role of the Thymus in Polysaccharide Metabolism, 

Csaki, maa others Role of the Thymus tn Polysaccharide Metabolism, 

Csapo, Dr Arpad Í, and Lloyd-Jacob, Marny A Effect of Progesterone on 
Pregnancy: = Methon of Administration and Effect of Progesterone, 


Csapo, Dr Arpad | (Luukkainen, Dr Tapani, and) Effect of Progesterone 
on Pregnancy—Effect of a Phospholipid Factor on the Activity of 
Progesterone, 331 

Culicoides austeni (Carter, Ingram and McFie) 
under the Name (D H Murphy), 186 

Cullen, Prof A L Microwave Measurement Techniques (Power Measure- 
ment), 409 

Cullen, Prof A L (French, Dr H A, and) Microwave Measurement 
Techniques (Wattmeter for use at Millimetre VVave-lengths), 410 

Cullen, Dr J M Animal Behaviour (Natural Behaviour of Antmals—-The 
Stickleback), 210 

Cullis, eae F Sampling and Analysis of Combustion Products, review, 


Biological Species confused 


Oxidation Processes in Chemical Manufacture (Gaseous Oxidation of 

Organic Compounds), 1135 

Culshaw, Dr W , and Anderson, M V Microwave Measurement Tech- 
niques (Fabry-Pérot Interferometers and their use for the Measure- 
ment of Permittivity of such substances as TiO), 410 

Cultivated Forms of Brassica oleracea Juvenile Forms in (Dr L G G 
Warne), 889 

SHINYAUOD of Gortrogenous and Non-Goitrogenous Cabbage (J Sedlak), 


Cultivation of Monolayer Cultures of Frog Renal Cells (Dr Walter Auclair), 


Cultivation (Axenic), of an Enchytraeid Annelid (Dr Ellsworth C. 
Dougherty and Bjern Solberg), 184 
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INDEX XXV 


Culture  KEstrogen Content of Plants as a Function of Conditions of (Prof 
Ferrando, M M Guilleux and A Guerrillot-Vinet), 1205 

Culture of Human White Cells using Differential Leucocyte Separation 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn), 1214 

Culture (Cell)  Antigenicity of Guinea Pig Testicular Cells grown tn, as 
determined by the Isolated Ileum Technique (Dr Seymour Katsh 
and Dr Russell T Jordan), 770 

Culture (Continuous), of Micro-organisms (Czechoslovak Academy of 
Science Second International Symposium on), 213 

Culture (in vitro) Uptake and Incorporation of Tritiated Thymidine in 
(Dr W M Rigal), 768 

Culture (Soil) Survival of Rhizobium meliloti in (H L Jensen), 682 

Culture (Tissue), of Human Bone Marrow treated with Human Deoxy- 
ribonucleic Acid Formation of Different Haemoglobins in (Prof 
Lorraine M Kraus), [055 

Culture (World) Contributions of Czechoslovak Science and Arts to 
Se Society of Arts and Sciences in America Symposium 
on), 

Culture Collections Specialists’ Conference on, 309 

Culture Medium (A Simplified), for the Production of Collagenase (Dr 
G H Warren and Jane Gray), 755 

Culture Production (Submerged), of Lysergic Acid a-Hydroxyethylamide 
by Claviceps paspali Stevens and Hall Formation of 2,3-Dihydroxy- 
benzoic Acid in Fermentation Liquors during the (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella), 552 

Cultured Fibroblast Increase in the Dense Cytoplasmic Bodies in Radia- 
tion-tnduced Giant Cells of the (Dr A F Hayward), 891 

Cultured Tissues (Fresh and) Chromosome Preparation from, using a 
eee of the Drying Technique (M Fox and Dr | M Zerss), 


Cultures (Azotobacter) Detection of Gibberellic Acid in (V. Vančura), 88 

Cultures (Bacterta-free) Isolation of, from Hormogone-producing Blue- 

P Green Algae (Blue-@reen Algae), (Dr J S Bunt), 1275 

Cultures (Different Age-), of Escherichia coli KI2 Effect of Ultra-Violet 
Radiation and Desiccation on (| L Mulay and G S Sperti), 773 

Cultures (Fibroblast) Cytotoxic Effect of Ammoacetonitrile on, and its 
Prevention by Histidine (Dr J Mager, Z Fuchs, S Halevy and 
| Sciaky), 170 

Cultures (Human Tissue) Growth of Contagious Pustular Dermatitis 

€ Virus in (Prof A Macdonald and T M Bell), 91 

Cultures (Mixed), of Rhodopseudomonas capsulatus and Azotobacter vine- 
landu = Production of Slime Substance in (Prof Azuma Okuda and 
Michiharu Kobayashi), 1207 

Cultures (Monolayer), of Frog Renal Cells Cultivation of (Dr Walter 
Auclair), 467 

Cultures (Serum-free Cell) Cytopathic Protective Factor, its Production 
by Normal Uninfected (Dr Robert W Pumper, Herbert M Yama- 
shiroya and Lawrence J Alfred), [10 

Culturing and Collecting the Nematode Panagrellus redivivus A Chamber 
for (E J Winkler and Prof David Pramer), 472 

Cumming, John Awarded a Fellowship in nuclear physics in the University 
of Glasgow, 1132 

Cummins, Dr R A_ At the Third Australian Spectroscopy Conference 
(Analysis of Lubricating Oils for the additive. Elements Barium, 
yd alata Calcium and Zinc with a Direct-reading Spectrograph), 


Cunliffe, Prof A C (Jones, Valerie E, and) A Precipitating Antibody to 
Insulin, 136 

Cunningham, Prof G J, and others Intracellular Response to an lso- 
immune Reaction at the Surface of Ascites Tumour Cells, 1302 

Cunningham,J B W — Resignation as managing director of the Engineering 
Group of the United Kingdom Atomic Energy Authority, 505 , 
work of, 505 

Cuprous Oxide and Sodium Silicate A Coating with Antifouling Properties 
from the Reaction between (J R Rischbreth and F Marson), 748 

Curran, Dr S C Obituary of Prof E Taylor Jones, 605 

Current Curves (Thermo-stimulated) Dependence of, on Heating Rate 
(C G Clayton, | B Whittaker, G A Briggsand T G Kelly), 349 

Current Trends in Scientific Research (Prof Pierre Auger), review by 
R Brightman, 850 s 

Curricula (School Science) Revision of, 307 

SCC A onga I The Intergovernmental Oceanographic Commission, 
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Curtis, Dr D R , and Davis, Dr R 
amine and Noradrenaline, 1083 

Curves (Thermo-stimulated Current) Dependence of, on Heating Rate 
(C G Clayton, J B Whittaker, G A Briggs and T G Kelly), 
349 

Cusworth, D C, and Westall, R G Determination of Argininosuccinic 
Acid by lon-Exchange Chromatography, 555 

Cuticle of the Nematode Ascaris lumbricoides Localization of Esterase in 
the (Dr D L Lee), 282 

Cutting, Dr C L Fish in Nutrition, 1013 

Cuvettes (Modified), for Photoelectric Spectrophotometry (Dr Malcolm H 
Smith), 722 

Cvetkovic, D, and others Effects of Electrical Stimulation of Reticular 
Formation on the Lactic Acid Content of the Rat Brain, 1166 

Cycle (Dynamic Organic Matter), tn Soils Aspects of the (Welsh Soils 
Discussion Group Discussion on), 309 

Cycle (Viral) Cyclic Events in the (Dr André Lwoff and Marguerite 
Lwoff), 477 

Cyclic Events in the Viral Cycle (Dr. Andre Lwoff and Marguerite Lwoff), 477 

Cyclic Tetramer of Chloral (Maximo Baron), 258 

Cyrillic Transliteration, 405 

Cysteine Counteraction by, of Glycogenolysis and Inhibition of Micro- 
somal Protein Synthesis produced by Dimethylnitrosamine (Dr P 
Emmelot and | J Mizrahi), 42 

L-Cysteine Effect of Derivatives of, on Growth of Leuconostoc mesenter- 
oides (8042), (A B K Nyaa), 463 

Cystine Determination of Biological Availability of Methionine and 
(D Guttridge, Dr D Lewis and J T Morgan), 753 

Cystine Content in Hair of Children as influenced by Vitamin À and Animal 
Protein in the Diet (Tatsuo Koyanagi and Teru Takanohashi), 457 

Cystine Derivative Isolation of a, from Silk (Dr C Earland and Dr D J 
Raven), 1185 


A Central Action of 5-Hydroxytrypt- 


e 

Cystine Solutions (Aqueous) Products of the y-Radiolysis of (Dr Bow 
Grant, S N Mason and M A Link), 352 

Cytidine Diphosphate in the Presence of Penicillm Actd-soluble Nucleo- 
tides of Staphylococcus aureus—Massive Accumulation of a Derivative 
of (Dr J J Saukkonen), 816 

Cyto- Chemistry (Oxidative Enzyme Histo- and) Use of Tetrazolium 
Compounds tn (Prof C G Rosa and Kwan-Chung Tsou), 990 

Cytochrome bz Free of the Deoxyribonucleic Acid Component Crystal- 
Irzation of (Prof R K Morton and Kathryn Shepley), 639 

Cytochrome ba (L(+)-Lactate Dehydrogenase of Baker’s Yeast), and of 
Haemoprotein, Flavoprotein and Apoprotein Derivatives Structure 
and Properties of the Flavohaemoprotein, (Prof R K Morton), 727 

Cytochrome c (Horse Heart)  Amino-Acid Sequence of— Peptides, released 
by Digestion with Chymotrypsin (Dr E Margoliash and Prof Emil L 
Smith), 112] , Peptides, Terminal and Internal, released by Digestion 
with Trypsin (Dr G Kretl and Prof H Tuppy), 1123 , The Complete 
Amino-Acid Sequence (Dr E Margoliash, Prof Emil L Smith, Dr 
Gunther Kreil and Prof Hans Tuppy), 1125 

Cytochrome Oxidase in Preparations from Two Ox Muscles Comparative 
in vitro Activities of Phosphorylase b and (E J Briskey and R A 
Lawrte), 263 

Cytochrome c Oxidase, the Terminal Oxidase of Iris pseudacorus L (G G 
Henshaw, D A Coult and D Boulter), 579 

Cytochrome and Chlorophyll Cz* (Oxidised), in Photosynthesis (Dr H T 
Witt, A Muller and B Rumberg), 967 

Cytochromes Prostatic (Leonora Hopkinson and F L Jackson), 264 

Cytochromes (Chloroplast) Response of, to Light and Substrates (Prof 
H Lundegardh), 243 

Cytodifferentiation and Macromolecular Synthesis (Society for the Study of 
Development and Growth Symposium on), 802 

Cytology of Nervous Tissue Papers on (Annual General Meeting of the 
Anatomical Society of Great Britain and Ireland), 406 

Cytology and Evolution (Dr E N Willmer), review by Dr | Leslie, 4 

Cytology and Origin of che Dwarf Coconut Palm (Dr M S Swaminathan 
and M C Nambrar), 85 

Cytopathic Effect Serial Propagation of Types I, 2, 3 and 4 Dengue Virus 
in HeLa Cells with Concomitant (Sonja M Buckley), 778 

Cytopathic Protective Factor, its Production by Normal Uninfected Serum- 
free Cell Cultures (Dr Robert W Pumper, Herbert M Yamashiroya 
and Lawrerce J Alfred), {101 

Cytoplasmic Bodies (Dense), ın Radiatton-induced Giant. Cells of the 
Cultured Fibroblast Increase in the (Or A F Hayward), 891 

Cytotoxic Effect of Aminoacetonitrile on Fibroblast Cultures and its Pre- 
venen by Histidine (Dr J Mager, Z Fuchs, S Halevy and 1 Seraky), 
170 : 

Czechoslovak Academy of Science Second International Symposium on 
Continuous Culture of Micro-organisms, 213 

Czechoslovak Science and Arts Contributions of, to World Culture 
Si aaa Society of Arts and Sciences in America Symposium 
on), 309 

Czechoslovak Society of Arts and Sciences in America Symposium on the 
Contributions of Czechoslovak Science and Arts to World Culture, 
309 

Czechoslovakia Systematic Measurement of Fall-out in, up to [961 (Prof 
W Santholzer, G Macku and J Podzimek), 398 


Dactey, Dr S The Bacterial Cell, review, 489 

Dahl, Dr Lewis K,and others Prolonged Biological Half-Life of Sodium-22 
in Patients with Essential Hypertension, 267 

Dahler, Prof J S, andScriven, Prof L E Angular Momentum of Continua, 


Dairy Research in Australia, 1131 

Dairy Technology, Society of Stanley Clifford Milk Industry Award, 213 

Dalby, Shirley, and others Structures and Conformations of some 
Naturally Occurring Derivatives of Proline, 1150 

Dale, Alan Observations and Experiments in Natural History, review by 
B J G Maitland 85I 

Dale, L S, and Whittem, R N At the Third Australian Spectroscopy 
Conference (Spectrographic Techniques in use in Health Surveys of 
Beryllium Contamination), 928 

Dales, R Phillips Occurrence of Phyllochaetopterus claparedii McIntosh in 
the North-east Pacific, 1208 

Damage (Freezing), to Living Cells Prevention of, by Pyridine N-Oxide 
T Nash), 360 

Dance, N , and others Haemoglobin a4, 1057 

Dandiya, Dr P C, and others Pharmacodynamical Effects of Asarone and 
B-Asarone, [299 

Daniel, V Progress in Dielectrics, review, 203 

Daniels, Prof Farrington Selected Studies in Chemical Kinetics (Thirty- 
fifth Annual Priestley Lectures), review by Prof J M Coulson, 297 

Danish Atomic Energy Commission Research Establishment Report No 
18, Plasma Physics, 1025 

Danjon, Dr A Survey of Astronomy, review, 838 

Darby, jun ,J B,andothers a-Manganese Phases containing Technetium-99, 
744 


Darley, E F, and others Interaction of Light and Atmospheric Photo- 
chemical Products (‘Smog’) within Plants, 814 

Darwin, Sir Charles At the Rutherford Jubilee International Conference 
on Nuclear Physics, 794 

Das, Dr A K Obituary, 1238 

Dastur, Prof R H Obituary by Prof R D Asana, 1128 

Dastur, Prof R H, and others Cotton in India, Vol 2, review by Prof 
S C Harland, 200 

Data (Crystallographic), for Urea Calcium Nitrate and Urea Cadmium 
Nitrate (Dr C G C Catesby), 254 

Data (Preliminary Bionomic), from West African Fisheries (Trawl Fishing in 
the Tropical Atlantic), (Alan R Longhurst), 621 

Data (Technical), on Fuel (edited by H M Spiers), sixth edition, review by 

J Sarjant, 1008 

Data (X-Ray), for the Chrome-Urania System, Cr203 2UQG» (Deane K 
Smith, Carl F Cline and Donald E Sands), 86 

Data Processing Automatic (Derek Wragge Morley), 1024 

Date of Flushing Influence of, on Flowering in Pinus bankstana (Philip R 
Larson), 82 


^ XXVI 


e 

Dave, Jitendra V, and others Tables related to Radiation emerging from 
a Planetary Atmosphere with Rayleigh Scattering, review by Prof 
Zdenek Kopal, 1005 

Davenport, Prof H Obituary of Dr A. E Western 1022 

Davenport, Prof Harold A Histological and Histochemical Technics, 
review by Dr S Bradbury, 904 

Davey, Dr B G Atthe Third Australian Spectroscopy Conference (Appli- 
cation of Atomic Absorption Spectroscopy to the Analysis of Agri- 
cultural Materials), 929 

Davey, K G Substances controlling the Rate of Beating of the Heart of 
Periplaneta, 284 

David, D J At the Third Australian Spectroscopy Conference (Determi- 
nation of Molybdenum by Atomic Absorption), 929 

David, J S E Appointed lecturer in veterinary surgery—diseases of 
reproduction, at the University of Bristol, 710 

Davidson, Prof E A (Malawista, Ina, and) Isolation and Identification of 
Rhamnose from Rabbic Skin, 871 

Davidson, Dr W — At the Sixth Annual Conference of the British Society 
Eus the Philosophy of Science (Philosophical Aspects of Cosmology), 

09 

Davies, C N The Vehicle Driver, 1245 

Davies, Dr D A L Promoted to Senior Principal Scientific Officer, 214, 
work of, 214 

Davies, Dr D E N Appointed lecturer in the Department of Electrical 
Engineering, University of Birmingham, 124 

Davies, E Awarded the Arthur Gay Premium of the British Institution of 
Radio Engineers 609 

Davies, Dr K (Knecht, Dr R W,and) Possible Solar Flare Effects in the 
F Region of the lonosphere, 348 

Davies, Dr M E A Appointed lecturer in the Department of Veterinary 
Bacteriology, University of Edinburgh, 922 

Davies, Dr P W, and Wilshire, B Stress Concentration Effects in 
Tertiary Creep 1281 

Davies, T A Retirement as inspector of wireless telegraphy in the Wire- 
less Telegraph Section of the Radio Services Department of the Post 
Office, 1129 , work of, 1129 

Davis, Dr R (Curtis, Dr D R,and) A Central Action of 5-Hydroxy- 
tryptamine and Noradrenaline, [083 

Davis, T A High Root-Pressures in Palms, 277 

Davy Medal of the Royal Society awarded to Prof D H R Barton, 606, 906 , 
work of, 906 

Dawes, Dr Ben Ecological Branch of Russian Parasitology, review, 832 

Dawson, K B (Bloom, Dr H J G, and) Enhanced Effect of Total-Body 
X-Irradiation in Mice under Mild Hypothermia, 232 

Dawson, Dr R M C Phospholipids end Sulpholipids, 808 

Day, Emerson (Diacumakos, Elaine, and) Scanning Techniques in Biologi- 
cal and Medical Microscopy (The 'Cytoanalyser' for the Mass Screen- 
ing of Cervical and Vaginal Smears, to aid in the Early Diagnosis of 
Cancer), 103I 

Day, John Patrick Inductive Probability, review by FIG Rawlins, 695 

Days (Magnetically Quiet and Disturbed) Diurnal Variation of High- 
Altitude Auroral Frequency on (Knut Lassen), 345 

De, M L Estimation of Mass Thickness of Biological Samples from their 
Electron Micrographs, 546 

De, P, and others  Nucleolar Succinic Dehydrogenase in Mouse Mammary 
Carcinoma Cells, 285 

de Bruyne, Dr N A Rheological Equipment (Gelation Timer, Capillary 
Viscometer, Temperature Control Units, and the Automatic Printing 
Viscometer), 308 

de Carlt, L , and others Somatic Chromosomes of the Gorilla, 225 

de Haas-van Alphen Effect in InBt (A C Thorsen and T G Berlincourt), 959 

de Haven, James C , and others Water Supply, review by Prof W G V 
Balchin, 853 

de Klerk, H C , and Coetzee, Prof J N — Antibiosis among Lactobacilli, 340 

de Laclémandiere J At the twenty-seventh Conference of the Inter- 
national Federation for Documentation (Information and the 'Law 
of Least Effort'), 219 

de Lamirande, Dr Gaston Action of Deoxyribonuclease and Ribonuclease 
on the Growth of Ehrlich Ascites Carcinoma in Mice 52 

DeLuca, M,and others Detection of a Possible Intermediate in Oxidative 
Phosphorylation, 43 

De Marco, C, and others Detection and Distribution of Enzymes for 
Oxidizing Thiocysteamine, 557 

de Philippis, Prof At the Thirteenth Congress of the [International Union 
of Forest Research Organizations (Site Factors), 614 

de Stackelburg, Nadia, and others — Spermatocytogenesis with Possible 
Spermiogenesis of Guinea Pig Testicular Cells grown in vitro, 1053 

de Vries, A. (Kartha, G, and) Structure of Asparagine Monohydrate, 862 

de Whalley, H C S Obituary of Lewis Eynon, 798 

de la Mare, Gwynneth, and Sergean, R Validity of Prediction based on 
Cross-Sectional Analysis, 1318 

‘DEAE-Sephadex’ Separation of Low Molecular Weight Peptides from 
Amino-Acids on (P R Carnegie), 658 

Deaminase (5’-Adenylic Acid), in Dystrophic Mouse Muscle (Dr R J Penn- 
ington), 884 

Dear, R E A (Pattison, Prof F L M, and) Synthesis of the Toxic 
Principles of Dichapetalum toxicarium (I18-Fluoro-crs-9-Octadecenoic 
Acid), 1284 

Death Arsenic Content of Napoleon l's Hair probably taken immediately 
after his (Dr Sten Forshufvud, Dr Hamilton Smith and Dr Anders 
Wassén), [03 

Debus, Dr A G Chemistry in the Service of Medicine (Paracelsian 
Doctrine in English Medicine up to 1660), 1017 

Decametric Radiation (Jovian) Presence and Correlation of Fine Structure 
in (James N Douglas and Harlan J Smith), 741 

Decarboxylation (Oxidative), of Indole-3-acetic Acid by Mangani-Versene 
and by Wheat Leaf Enzyme (Prof R A Abramovitch and K S$ 
Ahmed), 259 

Decay of Anode Concentration Polarization Evaluation of Boundary Layer 
Thickness in Electrolytic Systems from (Leonard Nanis), 449 

Decimetre Radio Bursts concurrent with. Solar Type IV Radiation. (T 
Krishgan and R F Mullaly), 58 

Decomposition of Lead Azide — Kinetics of Reaction of the (Dr M 
Stammler, J E Abel and Dr R C Ling), 626 

Flecemposttion (Catalytic), of Ethylene on Nickel (Douglas W McKee), 


INDEX 


Decomposition (Thermal), of Ammonium Perchlorate in presence of Zinc 
Oxide (Dr F Solymosi and L Révesz), 64 

Deep-Hibernating Hedgehog (Pre-Hibernating and) Changes of Blood 
Volume tn the (Dr Etnar Eliassen), 1047 

Deer (Red) in Sweden, 30 

Deer (Red), and other Species 
Stability in the Presence of Bacteria (V P 
McDougall), 983 

Defant Prof Albert Physical Oceanography review by Dr J C Swallow, 
10 


Serum #-Globulin Types tn, and their 
Lowe and E | 


Defares, Dr J G,andothers New Indirect Fick Procedure for the Deter- 
mination of Cardiac Output, 760 

Defendi, Vittorio (Kritchevsky David, and) Persistence of Sterols other 
than Cholestrol in Chicken Tissues, 71 

Deficiency (Copper), in White Clover Effect of, on Nitrogen Fixation 

H van der Elst, K 3 McNaught and W F Rolt), 1315 
Deficiency (Red Cell Enzyme) Absence of tn Australian Aborigines (Prof 
Budtz-Olsen and Dr Chev Kidson), 765 
Definition of Rate Constant and Activation Energy tn Solid State Reactions 
W Gomes), 865 

Degeneration (Seminal), induced in Merino Rams by the Administration of 
Stilboestrol Dipropionate (G R Moule and P E Mattner), 364 

Dehyd-ogenase (Liver Alcohol) Mechanism of Action of (Prof Hugo 
Theorell and Dr J S McKinley McKee), 47, erratum, 710 

Dehydrogenase (Nucleolar Succinic), in Mouse Mammary Carcinoma Cells 

P De, R Chatterjee and Dr S Mitra), 285 

Dehydrogenase (Uridine Diphosphoglucese), in Cartilage Histochemical 
Localization of (Dr Karcly Balogh, jun , and Richard B Cohen), 1199 

Dehydrogenase (Xanthine) in the Silkworm, Bombyx mort L Properties 
of (Yoshiyuki Hayash:), 756 

Dehydrogenase Activity. (Glucose-6-Phosphate), in Papuans (Dr B P K 
Ryan and | C Parsons) 477 

Deiodination. of Thyroxine-? | in. Tumourzbearing Rats (J A Stein, 

Anbar, S Guttmann and N Ernst), 1303 

Delande, N (Lacourt, A, and) Microchemical Techniques (Investigation 
of the Identification of some sixteen Amino-Acids by the Hot-stage 
observation of Eutectic Temperatures with twenty-five different 
Components), 41! 

Delayed Effects of Whole-Body Radratton—a Symposium jointly sponsored 
by the Operations Research Office and the Walter Reed Army 
Institute of Research (edited by Bernard B Watson), review®by Dr 
Hugh D Evans, 6 

Delta (Mackenzie River) Effect of a Lake on Distribution of Permafrost 
in the (G H Johnston and R J E Brown), 251 - 

Demand (Long-Term), for Scientific Manpower (Statistics Committee of the 
Advisory Council on Scientific Policy Survey on), 293 

Deme Mon of the Plant CEstrogen Biochanin A in the Rat (Anna Nilsson), 

8 


Democracy Excellence and Leadership 1n a, 899 
Demonstration of Extra- and Intra-cellular Stages of Gregarine and Cocci- 
dian Protozoa Periodic Acid-Schiff Technique for the (Dr J B 
Jennings), 473 
Demorstration of Interaction Products of Adenine and Adenosine Phos- 
phates with Formaldehyde (Dr D L Woodhouse), 336 
Demonstration and some Properties of Peroxidase in Pig Thyroid Gland 
(Toichiro Hosoya and Nobuo U1) 659 
Demonstration of Stages of Eimeria in Tissues Limitations of the Periodic 
Acid-Schiff Technique for the (P L Long, D G Rootes and Dr C 
Horton-Smith), 1315 
Demonstration (Histochemical) of y-Glutamyl Transpeptidase-like Activity 
(Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 338 
Den, Halina, and others Particle Involvement tn Fatty Acid Synthesis in 
Liver and Yeast Systems, 1287 
Denbigh, Prof K G Appointed to the Courtaulds chair of chemical 
engineering in the Imperial College of Science and Technology, 
London, 710 
Dengue Virus Serral Propagation of Types 1, 2, 3 and 4 in HeLa Cells with 
Concomitant Cytopathic Effect (Sonja M Buckley), 778 
Deniker, P , and others (edited by) Proceedings of the First International 
Congress of Neuro-Psychopharmacology (Rome, 1958), review by 
Prof W Ross Ashby, 392 
Denny Scholarship tn Marine Engineering (1961) awarded by the Royal 
Institution of Naval Architects to David K Brown, 309 
Dense Cytoplasmic Bodies in Raciation-induced Giant Cells of the Cultured 
Fibroblast Increase in the (Dr A F Hayward), 891 
Density (F-Region Electron), with Sunspot Number Atmospheric Scale 
FIRME as a Modifying Influence on Linear Trend of (Jean M Bullen) 
Density of Light (Colour and), and Broiler Performance (C G Payne), 769 
Deoxyribonuclease Activity of as related to Root-Growth (Dr 
Goutier and M Goutier-Pirotte), 371 
Deoxyribonuclease and Ribonuclease Action of, on the Growth of Ehrlich 
Ascites Carcinoma in Mice (Dr Gaston de Lamirande), 52 
Deoxyribonucleic Acid Binding of RP2-L—a Nuclear Protein of Neoplastic 
Tissues—to (Paul Byvoet and Prof Harris Busch), 870 
Detection of Inclusion Bodies containing by means of Autoradiography 
(Dr Moshe Aronson and Dr Sanford S Elberg), 981 
Nature of Increased Proteir and, in Chronic Hepatic Injury (Dr Emanuel 
Rubin, Ferenc Hutterer, Elemer Cs Gall and Hans Popper), 886 
Structure, Synthesis and Function of (Société de Chimie Physique 
Discussion on), 24 
Deoxyribonucleic Acid in Normal and Tumour Strain Cells Action of 
Radiation on Synthesis of (Dr John Seed), 944, erratum, 1241 
Deoxyribonucleic Acid of some Radtosensttive Organs 1n Rats exposed to 
X-Rays Effects of lodoacetic Acid on the Incorporation of Phos- 
epee into the (Dr M Quintiliani M Boccacci and L Tentori), 
Deoxyribonucleic Acid in Regenerating Rat Liver following Whole-body 
X-irradiation Pituitary Effect on Synthesis of (the late D M Gould, 
K W Floyd, Prof R W Whitehead and J L Sanders), 1309 
Deoxyribonucleic Acid synthesized in Salmonella typhimurium after ]rradia- 
tion with Ultra-Violet Chromatography and Nucleotide Sequences 
of (T Hudnik-Plevnik and Dr L A Stocken), 554 
Deoxyribonucleic Acid Component Crystallization of Cytochrome bz 
Free of the (Prof R K Morton and Kathryn Shepley), 639 


v 


INDEX 


Deoxyribonucleic Acid Content (Nuclear), in the Adrenal Cortex of the 
Female Werte Rat during the CEstrual Cycle — Variations in the 
(E Brafiez and H Roels), 1043 

Deoxyribonucleic Acid Solutions Relaxation Enhancement by Para- 
magnetic lon Binding in (J Ersinger, R G Shulman and W E Blum- 
berg), 963 

Deoxyribonucleic Acid (Herring-Sperm) Two Types of Ribonucleoprotein 
in the Nucleolus of Intestinal Carcinoma of the Newt following 
Injection of (Prof A Stolk), 1215 

Deoxyribonucleic Acid (Human) Formation of Different Haemoglobins tn 
Tissue Culture of Human Bone Marrow treated with (Prof Lorraine 
M Kraus), 1055 

Dependence of Thermo-stimulated Current Curves on Heating Rate (C G 
Clayton, | B Whittaker, G A Briggs and T G Kelly), 349 

Deposition of Long-ltved Fission Products and Level of Activity tn Milk 
Analysis of the Relationship between (Dr W Anderson, L K Burton 
and J O Crookall) 1009 

Deposits (Insecticidal) A Technique for Exposing Individual Flies on 
(H C M ParrandJ E H Grose), 475 

Deposits (Pleistocene and Holocene), in the Haua Freah Absolute Age of 
(Dr C B M McBurney), 685 

Depot Fat (Human) An Unusual Major Fatty Acid Component in (Dr 
D S McLaren and W W C Read), 265 

Depot Fat lodine Number in Children 
(1 Macdonald), 363 

Deprivation (Sensory), and Foetal Circulatory Homeostasis (Prof S R M 
Reynolds), 818 

Deraeocoris olivaceus Increase in Distribution of (Dennis Leston and G E 
Woodroffe), 188 

Derivative of Cytidine Diphosphate in the Presence of Penicillin Acid- 
soluble Nucleotides of Staphylococcus aureus—Massive Accumulation 
ofa(Dr J J Saukkonen), 816 

Derivative (Cystine) Isolation of a, from Silk (Dr C Earland and Dr 
D J Raven), 1185 e 

Derivatives Antibacterial Synthetic Polypeptide (Dr K  Kovacs, Dr 
A Kotari, | Szabo and R Mecseki), 190 

Carcinogenicity of the Methyl-I,2-Benzanthracenes and their (Dr 

O Chalvet and Dr R Mason), 1070 

Derivatives of t-Cysteine Effect of, on Growth of Leuconostoc mesenteroides 
(8042), (A B K Nyaa), 463 

Derivagives (Apoprotein) Structure and Properties of the Flavohaemo- 
protein, Cytochrome bz (L(+ )-Lactate Dehydrogenase of Baker's 
C e and of Haemoprotein, Flavoprotein and (Prof R K Morton), 

Derivatives (1,2-Benzanthracene), in a Kuwait Mineral Oil (Dr W Car- 
ruthers and A G Douglas), 256 

Derivatives (Carbohydrate O-Isopropylidene) Chromatographical Separa- 
tion of ( E G Barnett and Dr P W Kent), 556 

Derivatives (Dichloroacetyl), of Amino-Actds Acylase Activity of Ascites 
Tumour Cells on (Yukio Kameda, Katsuhiko Matsui, Yukio Kimura 
and Etsuko Toyoura), 468 

Derivatives (Naturally Occurring), of Proline Structures and Conforma- 
tions of some (R J Abraham, K A McLaughlan, Shirley Dalby, Prof 
G W Kenner, R C Sheppard and L F Burroughs), 1150 

Derivatives (Some Tetrahydropyranyl), of Glycine, Serine and Urea (S M 
Amir, Dr M Z Atasst, Dr S A Barker, Dr J S Brimacombe and 
Dr M C Keith), 1069 

Dermatitis Virus (Contagious Pustular) Growth of, in Human Tissue 
Cultures (Prof A Macdonald and T M Bell), 91 

Dermovaccinia Virus A New Mutant of (Dr Isamu Tagayu, Dr Takashi 
Kitamura and Dr Yumiko Sano), 381 

Desalters (Electrolytic) Hydrolysis of Hippuric Acid tn (Dr E McEvoy- 
Bowe), 1072 

Descriptive Palaeoclimatology (edited by A E M Nairn), review by Prof 

Shotton, 828 

Deserts (Salt), of the World Salt Marshes and (Prof V J Chapman), 
review by Prof W T Williams, 833 

Destccation Effect of Ultra-Violet Radiation and, on Different Age- 
Cultures of Escherichia coli KI2 (I L Mulay and G S Spert:), 773 

Design Computer, review by Dr M V Wilkes, 489 

Design of Experiment A Chemist’s Introduction to Statistics, Theory of 
Error and (Dr D A Pantony), 213 

Design of Inductance Coils The Theory and (Dr V G Welsby), second 
edition, review by Prof A H M Arnold, 845 

Design of Laboratory High-Temperature Induction Furnaces (P H Dundas), 
114 


Ambient Temperature and 


Design Fundamentals of Analog Computer Components (Prof R M Howe), 
review by Dr M V Wilkes, 489 

Desk Worker Morale in the Civil Service, a Study of the (Nigel Walker), 
1003 


Desmedt, Dr J E, and Monaco, Dr P Mode of Action of the Efferent 
Olivo-Cochlear Bundle on the Inner Ear, 1263 

Desulphovibrio desulphuricans Sulphate Transport and Metabolism by 
(Prof C Furusaka), 427 

Detecting Anaphylactic Sensitivity A New Test for—the Basophil. Re- 
action (Prof Walter B Shelley and Lennart Juhlin), (1056, Septem- 
ber 9), erratum, 21 

Detecting Reverston in T4rll Bacteriophage to rt induced by Ultra-Violec 
Irradiation (Prof C E Folsome and D Levin), 1306 

Detection of the Benzene Ring tn Organic Compounds Pyrolysis and Gas 
Chromatography for the (| H Dhont), 747 

Detection of Carboxyl Groups in Conjugation with the Porphyrin Ring 
System (P S Clezy), 750 

Detection of Gibberellic Acid in Azotobacter Cultures (V Vančura), 88 

Detection of Haemolytic Activity of Streptolysins O and S in Agar-Gel 
Electrophoretic Mobility and (Extra-cellular Esterase of Group A 
Streptococci), (A H Stock and José Uriel), 435 

Detection of Inclusion Bodies containing Deoxyribonucleic Acid by means of 
EureraiarePny (Dr Moshe Aronson and Dr Sanford S Elberg), 


Detection by lonization of Gases in Helium used in Gas Chromatography 
A Wiseman), 964 
Detection of a Possible Intermediate ın Oxidative Phosphorylation (Dr 
C H Suelter M DeLuca, Dr J B Peter and Prof P D Boyer), 43 
Detection of Spin Magnetization Variation in a Two-level Maser Oscillator 
(I M Firth and Dr D Byl), 860 


XXVII 


Detection (Experimental), of Auto-lonizing Transitions in Kryptone by 
Electron Impact (John F Burns), 651 

Detection and Distribution of Enzymes for oxidizing Thiocysteamine (D 
Cavalliri, C De Marco and B Mondovi), 557 

Detergent (Dodecylbenzenesulphonate) Action of a, on the Gills of the 
Trout (O J Schmid and H Mann), 675 

Detergents (Synthetic) Fourth Progress Report of the Standing Technical 
Committee on (Ministry of Housing and Local Government), 1142 

Determinatior of the Amino-Acid Composition of Bovine Growth Hormone 
(Dr Alan J Parcells), 971 

Determination of Argininosuccinic Acid by lon-Exchange Chromatography 

C Cosworth and R G Westall), 555 

Determination of Biological Availability of Methionine and Cystine (D 
Guttridge, Dr D Lewis and J T Morgan), 753 

Determinatior of Bradykininogen tn Blood Plasma A Micromethod for the 
ids Carlos R Diniz, lvan F Carvalho, J Ryan and M Rocha e Silva), 

Determinatior of Calcium in Salva Application of Atomic Absorption 
Spectroscopy to the (Ernest Newbrun), 1182 

Determinatior of Cardiac Output New Indirect Fick Procedure for the 
(Dr J G Defares, Dr M E Wiseand Prof J V Duyff), 760 

Determination of Cell Numbers tn Leaf Primordia (Dr E J Hewitt and 

A Wilson), 578 

Determination of Sulphosalicylo-soluble Proteins using Tannin Prepara- 
tion and (W Mejbaum-Katzenellenbogen, VV  Dobryszycka and 
B Morawiecka), 262 , erratum, 802 

Determination (Age) Uranium in the Sikhote-Alin. Meteorite and its 
relatior to the Lead Method of (Edward L Fireman and David E 
Fisher), 644 

Determinatior (Exact) of the Luna: Mass by means of Selenoid Satellites 
(Dr E T Benedikt), 442 

Determination (Separation, ldentification and), of the Fatty Acids of Montan 
Wax (D R Hewett, P J Kipping and P G Jeffery), 65 

Determination (Sex), in Hemp Influence of the Age of Pollen and Stigmas 
on (Regina Laskowska), 147 

Determinations (Age), of Rocks in the Lizard (Cornwall) Area (J A Miller 
and D H Green), 1175 

Determinatiors (Potassium-Argon Age), on Granite from the Island of 
Mahé tn the Seychelles Archipelago (J) A Miller and J D Mudie), 
1174 

Determining Chromatographic Purity Use of Phenol in (B H Koeppen}, 

Deuchars, Dr W M,and Lawrence, G P The Reaction Silicon-29(n,a)- 
Magnesium-26 at 14 MeV Neutron Energy, 1278 

Deurinck, G At the twenty-seventh Conference of the International 
Federation for Documentation, 219 

Deuterated Ribonuclease Crystallization of (Dr J Bello and Dr D 
Harker), 756 

Deuterium Oxide Medium Effect of ?-Radiation on Escherichia colt grown 
in (Ernest Pollard), 177 

Developing Chicken Embryo Comparison of the Serum Protein Fractions 
of the, by the Technique of Starch-Gel Electrophoresis (A Amin), 
356 

Developing Countries Agricultural 
Symposium on), 1028 

Food and Agriculture in (Prof A H Bunting), 1028 

Development Electrical Power (A J Ellison), 500 

Development of Ideas on the Structure of Metals before 1890 , A History 
of Metallography—the (Prof Cyril Stanley Smith), review by Prof 
F C Thompson, 843 

Development of the Lower Archegonrate Plants The Growth and (Linnean 
Society of London International Symposium on), 7 

Development of the Major Ideas in the Physical Sciences from the Earliest 
Times to the Present The Search for Order—the (Cecil J Schneer), 
review by Prof Herbert Dingle 901 

Development of Natural Resources Role of Science in the, with particular 
reference to lran, Pakistan and Turkey (Scientific Council. of the 
Central! Treaty Organization Symposium on), 609 

Development of Ostertagia spp in Sheep Effect of Whole-Body Irradiation 
and Cortisone on the (| D Dunsmore), 139 

Development of the Polychaete Fabricia sabella (Ehr ), (D B Lewis), 80 

Development of the Thymus of the Foetal Rabbit Hormonal Control of 
the (J G Bearn) 875 

Development and Growth, Society for the Study of Symposium on Cyto- 
differerttation and Macromolecular Synthesis, 802 

Development (Embryonic), of the Cestode Diorchis ransomi Schultze, 1940 
Cell Reduction in the (Krystyna Rybicka), 77 

Development (Industrial Research and), in the United States, 809 

Development (Metallurgical Research and) Symposium on Pilot Plants in, 
held at the National Metallurgical Laboratory, Jamshedpur, 1960 
(edited by R M Krishnan), review by E W Votce, 1008 

Development (Research and) Control of Government Expenditure on 
(House of Commons Debate on), 1239 

Development (Research and), :n the Gas Industry 306 

Development (Research and), tn Industry Funds for, 1958 (United States 
National Science Foundation, Surveys of Science Resources Series, 
NSF 61-32), 809 

Developments in Astronautics (A Cadman Clinton), 310 

Developments in Medical Treatment Recent (Practitioner, Vol 187, No 


Problems in (Nutrition Society 


Developments in Polarography Recent (Dr G W C Milner), 213 

Developments in Veterinary Science, review by Prof Harold Burrow, 198 

Devi, Dr Anima, and others Effects of Irradiation on the Incorporation of 
Amino Acid into Normal and Regenerating Rat Liver, 179 

Dextran durirg Prolonged Storage Stability of (Dr W d'A Maycock and 
Dr C R Ricketts), 174 

Dey, A K, and Singh, E J Microchemical Techniques. (Behaviour and 
Application of varrous Complexing Agents in the Separation of Metal 
lons by the Weiss Ring-oven Technique), 412 

Dhar, Prof N R Elected a corresponding member in the Chemistry 
Sectior of the Paris Academy of Sciences, 1026 

Dhont, J H = Pyrolysis and Gas Chromatography for the Detgction of the 
Benzene Ring in Organic Compounds, 747 

Diabetes A Study of, review, 391 

Diabetes in an English Community (Dr Joan B Walker and David Kerridge), 
review, 391 


XXVII 
e 


Diabetes Mellitus Absorption and Excretion of Penicillin injected into the 
Muscles of Patients with (Dr L Wernstein and Dr R H Meade), 987 

Diacumakos, Elaine, and Day, Emerson Scanning Techniques in Biological 
and Medical Microscopy (The 'Cytoanalyser' for the Mass Screening 
of Cervical and Vaginal Smears, to aid tn the Early Diagnosis of 
Cancer), 1031 

Diagnostic Measurements of Transient Magnetic Fields A New Application 
of the Faraday Magneto-Optical Effect for (R D Medford, W H W 
Fletcher, J D Herbert and A L T Powell), 622 

7 9-Dialkylguanines Acidtc Dissociation of, and its Possible Relation to 
Mutagenic Properties of Alkylating Agents (Dr P D Lawley and 
P Brookes), 1081 

Dialkylnitrosamines Mechanism of the Hepatoxic Action of (Dr D F 
Heath), 170 

Diamond, Dr L K , and others 
ferrin in the Foetus, 182 

Diamond Jubilee of Trans-Atlantic Radio, 919 

Diapause in an Aquatic Mymarid (D J Jackson), 823 

Diapause (Non-), in Spider Mites Relation between Organophosphorus- 
Resistance and (W Helle), 1314 

Diaphragm (Isolated Rat) Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the, in the Controlled Absence of Extra- 
cellular Glucose (P Volfin, D Eboue and H Clauser), 166 

Diarsine Complexes (Eight-Co-ordinate), of Quadrivalent Metal Halides 
(Dr R J H Clark, Dr Jack Lewis, Prof R S Nyholm, Dr Peter 
Pauling and Dr G B Robertson), 222 

Diatom (Marine) Penetration of Spines from a, into the Gill Tissue of 
Lingcod (Ophiodon elongatus), (Dr Gordon R Bell), 279 

Dibenzo(a,|)pyrene Carcinogenicity of (Ernest L Wynder and Dietrich 
Hoffmann), [092 

Dichapetalum toxicarium (18-Fluoro-cis-9-Octadecenoic Acid) Synthesis 
of the Toxic Principle of (Prof F L M Pattison and R E A Dear), 
1284 

Dichloroacetyl Derivatives of Amtno-Acids Acylase Activity of Ascites 
Tumour Cells on (Yukio Kameda, Katsuhiko Matsu:, Yuku: Kimura 
and Etsuko Toyoura), 468 

Dicke, Prof R H  Dirac’s Cosmology and Mach’s Principle, 440 

Dicke, Prof R H, and Wittke, Dr James P Introduction to Quantum 
Mechanics, review by S F Edwards, [005 

Dicker, Dr G H. At the First British Insecticide and Fungicide Conference 
(Fruit Tree Pests), 1141 

Dictionary The British Medical (edited. by Sir Arthur Salusbury Mac- 
Nalty), review by Dr K M Hawkins, 849 

A New Medical, review by Dr K M Hawkins, 849 

Dictionary (International), of Physics and Electronics, second edition, review 
by J R Tillman, CITI 

Dictionary (Medical) Stedman's, twentieth edition, review by Dr K M 
Hawkins, 1222 

Dictionary of Automation, Computers, Control and Measuring, in Six 
Languages, English/American, French, Spanish, Italian, Dutch and 
German Elsevier’s (compiled and arranged on an English alpha- 
betical base by W E Clason), review by S Whelan, 904 

Dictyostelium mucoroides (Cellular Slime Mould) Trehalose in the (James S 
Clegg and Michael F Filosa), 1077 

Dielectric Properties of Solid Secondary Alcohols 

Dryden and H K Welsh), 255 

Dielectrics Progress in (edited by Dr J B Birks and Prof J Hart), Vol 3, 

review by V Daniel, 203 
Rectifying Action of Non-uniform Fields in (Dr K C Kao), 650 

Diepoxybutane and an [ron Chelator Production of Chromatid Aberra- 
tions by (Prof Norman S Cohn), 1093 

Diesem, Prof Charles D , and others Anatomy and Histology of the Eye 
and Orbit in Domestic Animals, review by Dr E N Willmer, 295 

Diet Cystine Content in Hair of Children as influenced by Vitamin A and 

Animal Protein in the (Tatsuo Koyanagi and Teru Takanohashi), 457 

Diet of Sheep (G W Arnold), I13 

Dietary Ascorbic Acid Effect of, on the Silkworm, Bombyx mor: (Dr 
Toshio Ito), 951 

Dietary Citrate and Hypomagnesaemia tn the Ruminant (A W A Burtand 
D C Thomas), 1193 

Dietetics World Review of Nutrition and (edited by Dr Geoffrey H 
Bourne, assisted by Eileen M H Wilson), Vol 2, review by Dr W R 
Aykroyd, 1006 

2-Diethylaminoethyl 2,2-Diphenylpentanoate (SKF 525A) Effects of, on 
DCUM Potency (P S Hewlett, C J Lloyd and Angela IN Bates), 


Genetical Evidence for Synthesis of Trans- 


A Transition in the 


*Diethylaminoethylether-Sephadex' Separation of Low Molecular Weight 
Peptides from Amino-Acids on (P R Carnegie), 658 

Diethylstilboestrol Effect of on the Serum y-Globulin in the Guinea Pig 

L M Charles and Prof T Nicol), 565 

Dietrich, J (Walker, Prof G W R, and) Kinetin-induced Meiotic- 
Prophase Acceleration and Stasis in Tradescantia Anthers cultured on 
Media Deficient in Sugar, 889 

Dietz, Dr Robert S Continental and Oceanic Differentiation, 124 

Difference between High- and Low-Stress Fatigue (N E Frost), 446 

Difference in Metabolism of Labelled Thyroxine between Thyrotropic and 
Adrenotropic Mouse Pituitary Tumours (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), 1193 

Difference Band of a Fundamental and a Lattice Mode in the Infra-red 
Spectra of Lead and other Carbonates(C J H Schutteand K Buis), 351 

mieten (Transferrin), in Chimpanzee Sera (Prof John Buettner-Janusch), 


632 

Different Age Cultures of Escherichia col; KI2 Effect of Ultra-Violet 
Radiation and Desiccation on (I L Mulay and G S Sperti), 773 

Different Haemoglobins Formation of, in Tissue Culture of Human Bone 
Marrow treated with Human Deoxyribonucleic Acid (Prof Lorraine 
M Kraus), [055 

Different Radiosensitivities Mouse Lymphoma Cells with (Dr P Alexan- 
der and Z B Mikulskr), 572 

Differential Equations of the Second Order Tables of Airy Functions and 
Special Confluent Hypergeometric Functions for Asymptotic Solu- 
trions@f (A D Smirnov), translated from the Russian by D G Fry, 
review by Prof C A Coulson, 97 

Differential Leucocyte Separation Culture of Human White Cells using 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn), 1214 


INDEX 


Differential Secondary Magnetization in some British Cambrian Rocks 
Bidgood), 39 

Differentiation Continental and Oceanic (Prof J D Bernal), 123, 125, 
(Dr Robert S Dietz), 124, (Prof J Tuzo Wilson), 125 

Differentiation (Neural) — Localization of Inhibitors of, in Chick Embryos 
(Dr A K Katoh), 997 

Diffraction (Electron) High-Speed Direct-Recording System for (Dr 
C W B Grigson), 647 

Diffraction Examination (Neutron), of p-Diphenylbenzene X-Ray and 
(Prof C J B Clews, Dr E N Maslen, H M Rietveld and T M 
Sabine), 154 

Diffraction Methods Chemical Applications of (Bradford Institute of 
Technology Course on), 21 

Diffraction Orders (Ultrasonic) Distribution of Intensity among various 
(Dr C Raghupathi Rao), 220 

Diffusion (Medium Range), in the Atmosphere (Royal Meteorological 
Society Symposium on), 13 

Diffusion of Macromolecules A Cell for Rapidly Measuring Restriction to, 
through Agar Gels of various Pore Sizes (G K Ackers and R L 
Steere), 436 

Diffusion Experiments (Atmospheric) Loss of Fluorescent Particles in, by 
Comparison with Radioxenon Tracer (A E J Eggleton and N 
Thompson), 935 

Diffusion and Heat Flow in Liquids (H J V Tyrrell), review by Prof A R 
Ubbelohde, 845 

Di-fluorocarbene Production and Properties of (Dr J P Simons and 

J| Yarwood), 943 

Difluoromethylene Radical 
Dr C R Patrick), 866 

Digestion with Chymotrypsin Peptides released by (Amino-Acid Sequence 
of Horse Heart Cytochrome c), (Dr E Margoliash and Prof Emil L 
Smith), 1121 

Digestion with. Trypsin 
(Amino-Acid Sequence of Horse Heart 
and Prof H Tuppy), 1123 

Digestive Tract of Vertebrates Chitinase, an Addition to the List of 
Hydrolases ın the (Dr Charles Jeuniaux), 135 

Digital Computation at King’s College, Newcastle-upon-Tyne, 708 

Digital Computer High-speed (Programmed Data Processor) given to the 
Massachusetts Institute of Technology by the Digital Equipment 
Corporatton, Maynard, Mass , 922 . 

Digital Computer Pascal (Philips Technical Review, Vol 23, No 1), 1025 

Digital Equipment Corporation, Maynard, Mass A High-speed Digital 
Computer (Programmed Data Processor) given to the Massachusetts 
Institute of Technology, 922 

Dihydroxyacetone Production tn Acetomonas (Dr J G Carr and J L 
Shimwell), 683 

2,3-Dihydroxybenzoic Acid in Fermentation Liquors Formation of, during 
the Submerged Culture Production of Lysergic Acid a-Hydroxy- 
ethylamide by Claviceps paspali Stevens and Hall (R Arcamone, Prof 
E B Chain, A Ferretti and P Pennella), 552 

3,4-Dinydroxyphenylethyleneamine Content and the Genome, acuminata 
Relationship between (L A Griffiths), 84 

Dijksterhuis, Prof E J The Mechanization of the World Picture (trans- 
lated by C Dikshoorn), review by J R Ravetz, 825 

Dykstra, J Quantitative Estimation of Peak Areas in Gas-Liquid Chroma- 
graphy, 965 

Dimensional (Infinite-) Algebras, review by Dr F Smithies, 201 

5,6-Dimethylbenzimidazolylcobamide Coenzyme Structure of the (Dr 
P Galen Lenhert and Dorothy Crowfoot Hodgkin), 937 

Dimethyldi-(4-hydroxyphenyl)-silane Allergy to a Carbon-Functional 
Organic Silicon Compound (Dr Sigfrid Fregert and Dr Hans Rors- 
man), 989 

2,5-Dimethyl-Dithio-Furophthene, a Homologue of Thio-Thiophthene 
Crystal Structure of (Dr M Mamm:, R Bard:, G Traverso and 
S Bezzi), 1282 

Dimethylnitrosamine Counteraction by Cysteine of Glycogenolysis and 
Inhibition of Microsomal Protein Synthesis produced by (Dr P 
Emmelot and | J Mizrahi), 42 

Dimm:ck, Dr R L,and others  Free-Radical Formation during Storage of 
Freeze-dried Serratia marcescens, 776 

Dineley, David Lawrence (Ball, Harold William, and) The Old Red Sand- 
stone of Brown Clee Hil] and the Adjacent Area, |, Stratigraphy 
(Bulletin of the British Museum (Natural History), Geology, Vol 5, 
No 7), 1250 

Dingle, Prof Herbert The History of Science, review, 901 

Dingwall, Dr E J A Survey of Extra-Sensory Perception, review, 4 

2,4-Dinitrophenol Comparative Effects of, on the Actomyos:n Adenosine 
Triphosphatase from Fresh, Frozen and Freeze-dried Beef (L J N 
Cole), 1288 

Diniz, Dr Carlos R , and others A Micro-method for the Determination 
of Bradykininogen in Blood Plasma, 1194 

Dioecy (Incipient), in Pimento (G P Chapman and S K Glasgow), 1205 

Diogenes brevirostris Stimpson (Hermit Crab) Antennary Feeding of the 
(R E Boitt), 1099 

Diorchis ransom Schultze, 1940 (Cestode) Cell Reduction in the Embryonic 
Development of the (Krystyna Rybicka), 771 

Diphenyl Crystal and Molecular Structure of (Dr G B Robertson}, 
(August 5, 593), erratum, 1026 

Diphenyl Compounds Evaluation of the Activity of some, on Winter 
Eggs of the Fruit Tree Red Spider (J Meltzer), 474 

p-Diphenylbenzene X-Ray and Neutron Diffraction Examination of (Prof 
C J B Clews, Dr E N Maslen, H M Rietveld and T M Sabine), 154 

Diphosphate (Adenosine), in Red Cells as a Factor in the Adhesiveness of 
Human Blood Platelets (A Gaarder, Dr J Jonsen, Prof S Laland, 
Dr A Hellem and Prof P A Owren), 531 

Diphosphate (Cytidine), in the Presence of Penicillin Acid-soluble 
Nucleotides of Staphylococcus aureus—Massive Accumulation of a 
Derivative of (Dr J J Saukkonen), 816 

Diphosphoglucose Dehydrogenase (Uridine), in Cartilage Histochemical 
Localization of (Or Karoly Balogh, jun , and Richard B Cohen), 1199 

Dipicolinic Acid Content, Heat-Activation and the Concept of Dormancy 
in the Bacterial Endospore (A Keynan, W G Murrell and Prof 
H O Halvorson), 1211 

Diploid Nuclei (Haploid and) A Heterocaryon possessing (Chiyoko 
Takeicht and Prof Yonosuke Ikeda), 1317 


Heat of Formation of the (Dr J R Majer and 


Peptides, Terminy and Internal, released by 
ytochrome c), (Dr G Kreil 


INDEX 


Dipole Moment Heart Dipole Regions and the Measurement of (Dr M R 
Barber areal Dr E J Fischmann), 141 

Dipole Regions (Heart), and the Measurement of Dipole Moment (Dr M R 
Barber and Dr E J Fischmann), 141 

Dipoles (Satellite Microwave) Long-Range Radio Communication by, [09 

Dipropionate (Stilboestrol) Seminal Degeneration induced in Merino 
Rams by the Administration of (G R Moule and P E Mattner), 364 

Dirac, Prof P A M Dirac's Cosmology and Mach's Principle, 441 

Dirac's Cosmology (Dr C Gilbert), 57 R 

Dirac's Cosmology and Mach's Principle (Prof R H Dicke), 440, (Prof 
P A M Dirac), 441 

Direct Current (Alternating Current and) 
using Sources of (G G Mannella), [59 

Direct Measurement of Interplanetary Dust Particles in the Vicinity of 
Earth (C W McCracken, W M Alexander and M Dubin), 441 

Direct Recording System (High-Speed), for Electron Diffraction. (Dr 
C W B Grigson), 647 

Disarray (Molecular), in a Crystal Lattice produced by a Fission Fragment 
(Dr F P Bowden and L T Chadderton), 31 

Discontinuity (A Morning), tn the Orientation. of Quiet Auroral Arcs 
(Bengt Hultqvist, Alv Egeland and Georg Gustafsson), 956 

Discovery The Journals of Captain James Cook on his Voyages of (edited 
by Dr J C Beaglehole), Vol 2, The Voyage of the Resolution and 
Adventure, 1772-1775, review by Prof R Firth, [107 

Disease — Foot-and-Mouth, 714 

Immunization against, 20 

Disease (Black Rod), caused by Phytophthora palmivora (Butl ) But! Prob- 
able Mechanism of Resistance of Varieties of Cocoa to (Dr John A 
Spence), 278 

Disease (Chagas’) in the Matalaque Region, Southern Peru 
(Eleazar Cordova), 921 

Disease (Chagas’), in the Village of Matalaque, Southern Peru — Epidemio- 
logical Surveys on (Felix Naquira, Eleazar Cordova, Cesar Naquira 
and Enrique Rubin dë Celia), 921 

Disease (Fibrocystic), of the Pancreas Acetylcholine in Sweat tn (Dr 
Edward L Eyerman, Dr RobertJ Hurleyand Dr Richard L Irwin), 77 

Disease (Liver Glycogen) (Von Gierke’s Disease) Blood Glucose-6-Phos- 
phate in Heterozygous Carriers and Patients with (Dr Joseph E 
Sokal, Sylvia Fletssner, Edward J Sarcione and Charles U Lowe), 
265 , (Dr David Y: Yung Hsia), 266 

Diseage (Virus), in East Africa O’Nyong-nyong Fever, an Epidemic of, 30 

Disease (Von Grerke’s) (Liver Glycogen Disease} Blood Glycose-6-Phos- 
phate in Heterozygous Carriers and Patients with (Dr Joseph E 
Sokal, Sylvia Fleissner, Edward J Sarcione and Charles U Lowe), 
265 , (Dr David Yi-Yung Hsia), 266 

Disease Control (Communicable) The Role of Immunization tn (United 
Nations, World Health Organization, Public Health Papers No 8), 20 

Disease Virus (Foot-and-Mouth) Dissociation of, into its Nucleic Acid and 
Protein Components (F Brown and B Cartwright), 1163 

Diseases (Acute Radiation) Problems of Infection, Immunity and Allergy 
in (N N Klemparskaya, O G Alekseyeva, R V Petrov and V F 
Sosova), translated from the Russian by Lydia Venters, review by Dr 
Hugh D Evans, 6 

Diseases (Plant Pests and) Chemical Warfare on (W C Moore), 1140 

Diseases (Virus) Research on the Chemotherapy of (Fine Chemicals Group 
of the Society of Chemical Industry Discussion on), 806 

Dislocations as Active Centres in Heterogeneous Catalysis (Ituro Uhara, 
Sadao Yanagimoto, Kazuo Tanı and Gin'ya Adachi), 867 

Disney, H V Appointed managing director of the Engineering Group of 
the United Kingdom Atomic Energy Authority, 505 , work of, 505 

Disorder (New Hereditary), of Amino-Acid Metabolism New Renal 
Tubular Amino-Acid Transport System and a (Dr C R Scriver, 
| A Schafer and M L Efron), 672 

Displacement (Self-) Chromatography at Low Temperatures Purification 
of Hydrogen Isotopes by (Dr T R Phillips, D R Owens and A G 
Hamlin), 1067 

Disposal Atomic Energy Waste—its Nature, Use and (edited by E 
Glueckauf), review by A W Kenny, 846 

Radioactive Waste, review by A W Kenny, 846 

Dissecting Aneurisms of the Large Arteries of Chick Embryos due to 
(Sweet Pea) Lathyrism (Z Zahoř and M Machova), 532 

Dissociating Conditions in Acid Solution Sedimentation of B-Lactoglobulin 
(A,B) under (Lilo M Gilbert and Dr G A Gilbert), 1181 

Dissociation of Ethyl Halides in Self-quenching Geiger—Muller Counters 
Kinetics of (Prof | Zlotowski and H Wincel), 550 

Dissociation of Foot-and-Mouth Disease Virus into its Nucleic Acid and 
Protein Components (F Brown and B Cartwright), 1163 

Dissociation (Acidic), of 7 9-Dialkyl-guanines and its Possible Relation to 
Mutagenic Properties of Alkylating Agents (Dr P D Lawley and 
P Brookes), 1081 

Distinct Clinico-Pathological Entity Establishment of Amoebic Hepatitis 
as a (Prof Th Doxiadis and Prof N Candreviotis), 988 

Distinction. between Bolting and Flowering Effects on Senescence (Prof 
Jules Janick and A C Leopold), 887 

Distribution of Deraeocoris olivaceus Increase tn (Dennis Leston and 

E Woodroffe), 188 

Distribution. of Enzymes for oxidizing Thiocysteamine 
D Cavallini, C De Marco and B Mondovi), 557 

Distribution of Gnetum Structure, Life-History and, review by Dr C R 
Metcalfe, 1006 

Distribution of Group-specific Components (Gc) in the Sera of Native 
Africans (Dr Jan Hirschfeld and Jean Sonnet), 766 

Distribution of Haptoglobin Types in Israel (Dr Bracha Ramot, Poriya 
Zikert-Duvdevani and Gisela Tauman), 765 

Distribution of the House Cricket, Acheta domesticus L Home and (Dr 
A S K Ghouri), 1000 

Distribution of Intensity among various Ultrasonic Diffraction Orders (Dr 
C Raghupathr Rao), 220 

Distribution of Permafrost in the Mackenzie River Delta Effect of a Lake 
on (G H Johnston and R J E Brown), 25 

Distribution of Potassium in Baker's Yeast (Dr W McD Armstrong), 65 

Distribution of Pressure for Flow of Gas through Porous Media (G J 
Field and Dr H Watts), !277 

Distribution of Ribonucleic Acid in Subcellular Fractions of various Regions 
of the Central Nervous System of the Rat (T Borkowski, S Harth, 
R Mardell and Prof P Mandel), 456 


Formation of Active Nitrogen 


Incidence of 


Detection and 


: XXIX 
Distribution of Trypsin Inhibitors in the Sera of various Animals (S Maka- 
mura and T Wakeyama), 1077 
Distribution (Counter-Current) Separation of Bacteria by (G David 
Baird, Per-Åke Albertsson and Bengt v Hofsten), 236 
Distribution (Size), of Raindrops (V. N Kelkar), 252 
Distribution (World-wide), of Diurnal Variation of the Neutron Intensity 
of Cosmic Rays (Tsunektch: Kanno), 250 
Distribution Analyser (Probability), programmed for Neurophysiological 
Research (Dr W R Levick, Prof P O Bishop, W O Williams 
and Prof D G Lampard), 629 
Disturbed Days (Magnetically Quiet and) — Diurnal Variation of High- 
Altitude Auroral Frequency on (Knut Lassen), 345 
Ditmas, E M The International Federation for Documentation, 218 
Dittmer, Dorothy S. (edited by) Blood and other Body Fluids (Analysts 
and compilation by Philip L Altman), review by Sir Hans Krebs, 591 
Diuresis due to Stress in Cattle (R S Anderson), 460 
Diuretic (A Non-) Benzothiadrazine with Anti-hypertensive Properties 
(Dr Alan A Rubin, Franklin E Roth and Martin M Winbury), 176 , 
erratum, 802 
Diurnal Variation of High-Latitude Auroral Frequency on Magnetically 
Quiet and Disturbed Days (Knut Lassen), 345 
Diurnal Variation of the Neutron Intensity of Cosmic Rays World-wide 
Distribution of (Tsunekicki Kanno), 250 
Division (Cell) [Importance of, for Antibody Production tn an in vitro 
System (R W Dutton), 462 
Role of, tn Gastrulation of the Viviparous Toothcarp Xiphophorus 
helleri (Prof A Stolk), 374 
Dix, C H, and Wilshaw, W E . Awarded the Leslie McMichael Premium 
of the British Institution of Radio Engineers, 609 
Dixon, June Awarded a Fellowship in genetics in the University of 
Glasgow, 1132 
Dmitrievsky, P M The Angara-Yenisei Hydroelectric Schemes, |14 
Dobryszycka, W , and others Preparation and Determination of Sulpho- 
salicylo-soluble Proteins using Tannin, 262 , erratum, 802 
Dobson, C, and others Precipitating Antibodies in the Carpet Snake 
against Parasitic Nematodes, 996 
Dobzhansky, Prof T Polymorphism tn Insects (Dynamics of Chromo- 
somal Polymorphism tn Drosophila), 413 
Documentation, Fédération Internationale de 
ference (E M R Ditmas), 218 
Inventory of Abstracting Services, 1026 
Dodds, Sir Charles Chemistry in the Service of Medicine (Growth of 
Endocrinology and of Organic Chemistry), [017 
Appointed chairman of the Governing Body of the Lister Institute, [132 
Dodecylbenzenesulphonate (Detergent) Action of a, on the Gills of the 
Trout (O J Schmid and H Mann), 675 ^ 
Doell, mete R, and Cox, Allan Palaeomagnetism of Hawanan Lava 
ows, 
Dog Hearts — Particle-bound and Free Catecholamines in, and the Uptake 
of Injected Norepinephrine (A Wegmann and K Kako), 978 
Dogfish (Common) An Intra-Pericardial Hepatic Intrusion in the (Dr 
A S Fuller), 280 

Dogiel, V A, and others Parasitology of Fishes (translated by Dr Z 
Kabata), review by Dr Ben Dawes, 832 

Dogs Tests for Liver Dysfunction in (Celia M Hoe), 1045 

Dolomite (Magnesite-) Sediments in South Australia Occurrence of 
(Prof A R Alderman and C C von der Borch), 861 

Dolphins Simulated Wave-Riding (Byrne Perry, A J Acosta and Taras 
Kiceniuk), 148 

Domestic Antmals Anatomy and Histology of the Eye and Orbit in (Prof 
Jack H Prince, Prof Charles D Diesem, Prof Irma Eglitis and 
Gordon L Ruskell), review by Dr E N Willmer, 295 

Domestic Food Consumption and Expenditure, 1959—Annual Report of 
the National Food Survey Committee (Ministry of Agriculture, 
Fisheries and Food), 317 

Dominion Physical Laboratory, New Zealand 
Quantitative Biology, 25 

Domzalski, Dr W Interpretation of Geophysical Surveys, 1244 

Donaldson, Dr | S Gas Dynamics in the USSR, review, 837 

Donn, Dr A, and others Effect of Aldosterone on the Living Cornea 
in vitro, 73 

Donohue, J (Sharma, Prof B D , and) 
lene, 863 

Dopamine A Oxidase — Inhibition of, by Adrenalone (Prof M Goldstein 
and J F Contrera), 1081 

Dormancy in the Bacterial Endospore — Dipicolinic Acid Content, Heat- 
Activation and the Concept of (A Keynan, W G Murrell and 
Prof H O Halvorson), 1211 

Dormancy (Seed) Effect of Gibberellic Acid, Kinetin and other Substances 
on (B Frankland), 678 

Dose (Cellular), and Age of Host in the Induction of Tolerance (Dr L Brent 
and Dr G Gowland), 1265 

Dose-rate and Linear Energy Transfer 
Effect of (R Barker), 62 

Doses (Lethal) of Carbon Tetrachloride 
against (Dr C H Gallagher), 881 

Doses (Very Low) Multiplication of Mouse-adapted Influenza Virus in 
Mouse Lungs after Infection with (F Link and J Raus), 478 

Dougherty, Dr Ellsworth C, and Solberg, Bjorn  Axenic Cultivation of 
an Enchytraeid Annelid, 184 

Doughty, Joyce Domestic Food Consumption and Expenditure (1959), 317 

Douglas, A G (Carruthers, Dr VV, and) ||,2-Benzanthracene Derivatives 
in a Kuwait Mineral Oil, 256 

Douglas, James N , and Smith, Harlan J Presence and Correlation of Fine 
Structure in Jovian Decametric Radiation, 741 

Douglas, Prof W W , and Posner, A M Stimulation of Uptake of 
Calcium-45 in the Adrenal Gland by Acetylcholine, 1299 

Douglas, Prof W W , and Rubin, R P Mechanism of Nicotinic Action 
at the Adrenal Medulla— Calcium as a Link in Stimulus-secretion 
Coupling, 1087 

Douthwaite, Cynthia, and others Re-educative Treatment of Suppression 
Amblyopia (Being an abridged English version of Jean Sédan's ‘Post 
eure de l'Amblyope Rééduqué), review by Prof O® L Zangwill, 
9 

Douzou, P Structure, Synthesis and Function of Deoxyribonucleic Acid 

(Electronic Aspects of Nucleic Acid Structure), 24 


Twenty-seventh Con- 


Informal Sympostum on 


Crystal Structure of 2-Phenylazu- 


Radiolysis of Liquid Acetone— 


Protection by Antioxidants 


XXX 
Bowney, J W ,and others a-Manganese Phases containing Technetium-99, 
744 


Downie, Prof A W Mechanisms of Virus Infections (Mechanisms of 
Virus Entry and Spread within the Host—Animal Viruses), 1246 

Downie, Dr C, and others Classification of Fossil Microplankton, 471 

Downing, A L Biochemical Engineering, 120 

Doxey, D , and others Riboflavin and Liver Sulphydryl-Levels in Mice, 164 

Doxtiadis, Prof Th, and Candreviotis, Prof N Establishment of Amoebic 
Hepatitis as a Distinct Clinico-Pathological Entity, 988 

Doyle, F P, and others New Penicillins Stable towards both Acid and 
Penicillinase, 1183 

Doyle, Prof J Retirement from the chair of botany in University College, 
Dublin, [238 , work of, 1238 


Drayton, H A Inactivation of Rous Virus by Phospholipase A, 896 
Drever, Dr H |, and others  Ultrabasic Liquids, 157 
Driver The Vehicle (British Occupational Hygiene Society Meeting on), 


1245 

Driving Stimulus Effects of Intensity of, on the Shape of Membrane Action 
Potential of the Heart (T Azuma, H Hayashi, T Kanno and K 
Matsuda), 1295 

Dronamraju, K R Awarded a Fellowship in genetics in the University 
of Glasgow 1132 

Droop,M R Evidence for a Sexual Phase tn the Life-Cycle of an Amoeba, 
281, erratum, 507 

Drosophila melanogaster Conversion of 2-'^C-Pteroyl-L-Monoglutamic Acid 
into Isoxanthopterin in (Dr J A Blair), 757 

Radiosensitive Stages in the Spermatogenesis of (Y A Strangio), 781 

Drowning and Histamine Stress Effects of Thymectomy on the Resistance 
of Rats to (Dr A S Weltman and A M Sackler), 460 

Druce, C, and others Response of the Reticulo-Endothelial System to 
Stimulation with CEstrogens, 978 

Drug (A New Prophylactic Trypanocidal), 2,7-di-(m-amidinophenyldtazo- 
amino)-10-echyl-9-phenyl-phenanthridinium Chloride Dihydrochlor- 
ide (M & B 4596), (S S Berg, K N Brown,J Hill and VV R Wragg), 
367 

Drugs in Nerves treated with CetyItrimethylammonium Bromide Repe- 
titive After-discharge produced by (Michiko Okamoto and Prof 
Albert S Kuperman), 365 

Drugs (Antibacterial) Antagonism between (A Manten and W J Wisse), 
671 


Drugs (Synthetic) Antibiotics and the Newer (Bradford Chemical Society, 
the Department of Chemical Technology of the Bradford Institute 
of Technology, and the Yorkshire Council for Further Education 
Symposium on), 1132 

Drummond, L J,and Rogasch, P E At the Third Australian Spectroscopy 
Conference (Spectral Characteristics of the Emission from Active 

- Nitrogen-Chloroform and Active Nitrogen-Methylene Chloride 
Flames), 928 

Dry Feeding (Wet and) Comparative Effects of, on the Utilization of 
Protein by Calves (A M Raven and K L Robinson), [256 

Dry-Matter Intake of Grazing Sheep A New Method of Estimating the, 
from their Faecal Output (J B Owen), 92 

Dryden, Dr 1 G C Coal Science, 116 

Dryden, J S, and Welsh, H K . A Transition in the Dielectric Properties 
of Solid Secondary Alcohols, 255 

Drying Technique Chromosome Preparation from Fresh and Cultured 
Tissues using a Modification of the (IM Fox and Dr I M Zeiss), [213 

Drying (Freeze-) of Bovine Spermatozoa IR G Saacke and Prof J O 
Almquist), 995 

du Bois, Dr C G B (von Knorring, Dr O , and) 
Fort Portal Area in Western Uganda, 1064 

Dubin, M, and others Direct Measurement of Interplanetary Dust 
Particles in the Vicinity of Earth 441 

Duck (Eider) Life-Cycle of an Acanthocephalan Parasite of the (Dr C 
Rayski and E A Garden), 185 

Duddington, Dr C L The Soil as an Environment for Antmal Life 315 
(Predacious Fungi and Soil Eelworms), 317 

Practical Microscopy, review by Dr S Bradbury, 904 

Dudgeon, W . Appointed senior lecturer in engineering at the University 
of Edinburgh, 507 

Duffey, Dr E — An Arachnological Anthology, review, 829 

Dugger, jun, W M, and others [nteraccion of Light and Atmospheric 
Photochemical Products ('Smog') within Plants, 814 

Dukes, Dr Cuthbert E (edited by) Cancer of the Rectum, review by 
Dr Francis J C Roe, 197 

Dumonde, D C, and others Intracellular Response to an lso-1mmune 
Reaction at the Surface of Ascites Tumour Cells 1302 

Dunand, Prof G Education and Training on the Continent of Europe 
(Economic Mutual Penetration in Europe), 719 

Dundas, P a gece of Laboratory High-Temperature Induction Fur- 
naces, li 

Dunfermline Museum Opened by Dr D A Allan, 921 

Dunn, P Conventional Methods of Converting Heat into Electricity 
(Basic Principles of the Thermronic Diode as an Energy Converter), 

02 


Carbonatitic Lava from 


Dunn, Dr T M At the Third Australian Spectroscopy Conference 
(Results of a Rotational Analysis of the 2700 À System of para- 
Difluorobenzene), 928 

Dunsmore, J D Effect of Whole-Body Irradiation and Cortisone on the 
Development of Ostertagia spp in Sheep, 139 

Dunworth, Dr J V Appointed deputy director of the National Physical 
Laboratory, 606 , work of, 606 

Durie, Dr R A Third Australian Spectroscopy Conference, 927 

Dust (Interplanetary), near the Earth (Prof S F Singer), 321 

Dust (Lunar), and the Gegenschein (John C Brandt and Paul W Hodge) 957 

Dust (Quartz) Formation of Histamine and Histamine-like Substances 
from Histidine by (L W Marasas), 872 

Dust Particles (Interplanetary), in the Vicinity of Earth Direct Measure- 
ment of (C W McCracken, W M Alexander and M Dubin), 441 

Dutch Institute of Engineers (Royal), (Society of Instrument Technology 
and the) Joint Conference on Measurement and Control Tech- 
nology, 1241 

Duthie, T € Appointed Wilmot Breeden Fellow in the Department of 
Mechanical Engineering in the University of Birmingham, 406 

Dutton, R W Importance of Cell Division for Antrbody Production in 
an in vitro System, 462 


INDEX 


Duyff, Prof J W , and others New Indirect Fick Procedure for the 
Determination of Cardiac Output, 760 e 

Dwarf Coconut Palm Cytology and Origin of the (Dr M S Swaminathan 
and M C Nambiar), 85 

Dwarf Groundsel Effect of Environment on the Responses of, to Gib- 
berellic Acid (K H Basford), 992 

Dwarfs (Hypopituitary) Growth Hormone Content of Serum in Infants, 
Toren Adults and (Dr J Girard, Dr M Vest and Dr N Roth), 

] 

Dye-Protein Conjugates Purification and Concentration of, by Gel Fil- 

tration (Dr W George and Dr K W Walton), !188 

Behaviour of Protozoa under the Influence of the Synergetic Action 

of Polyethylene Glycol and (Leopold Rejniak and Prof Ludvik 

Komczynski), 1203 

Dynamic Organic Matter Cycle in Soils Aspects of the (Welsh Soils 
Discussion Group Discussion on), 309 

Dynamic (Gas) Studies Bibliography of Tables and Charts for Use in 
(D E Randall), 308 

Dynamics (Gas) Physical (edited by A S Predvoditelev), translated from 
the Russian by Dr R C Murray and D R H Phillips, review by 
Dr | S Donaldson, 837 

Dynamics (Gas), in the USSR review by Dr | S Donaldson, 837 

Dysfunction (Liver), in Dogs Tests for (Celia M Hoe), 1045 

Dystrophic Mice (Norma! and Muscular) Excretion of Uncrystallized 
rene Calculi composed of Glycolipo-Protein by (C McGaughey), 

7 


5’-Adenylic Acid Deaminase in (Dr R J 


Dyes 


Dystrophic Mouse Muscle 
Pennington), 884 


EABORN, Dr C Appointed professor of chemistry at the University 
College of Sussex, I8 , work of, 18 

Eames, Prof E J, and the Morphology of tle Angiosperms (Prof F C 
Steward), 8 

Ear (Inner) Mode of Action of the Efferent Olivo-Cochlear Bundle on the 
(Dr J E Desmedt and Dr P Monaco), [263 

Earland, Dr C, and Raven, Dr D J Isolation of a Cystine Derivative 
from Silk, 1185 

Earliest Times to the Present The Search for Order—the Development 
of the Major Ideas tn the Physical Sciences from the (Cecil J Scpneer), 
review by Prof Herbert Dingle, 901 

Early Man Possible Origin of the Use of Fire by (D C Arnold), 1318 

Early Test for Possible Skin Carcinogens (Olav Hilmar Iversen), 273 

Earnshaw, A, and Larkworthy L F . Structure of the Oxygen-carrying 
Cobalt (ll) Histidine Complex, 1068 

Earth Direct Measurement of Interplanetary Dust Particles in the Vicinity 
of (C W McCracken, W M Alexander and M Dubin), 441 

d in Orbital Predictions for Artificial Satellites of (Kenneth Moe), 


Interplanetary Dust near the (Prof S F Singer), 321 
Earth Satellites Artificial (British. Astronomical Association), 802 
Earth's Magnetosphere Interaction of West Ford Needles with (Prof 
S F Singer), 303 
Interaction of West Ford Needles with the, and their Life-time (Prof 
S F Singer), [061 
Earth (Sun-) Relations and Associated Pertodicities (Irvine Paghis), 346 
Earths (Rare) Analytical Chemistry of the (Dr R C Vickery), review by 
Dr D T Lewis, 593 
East Af-ica Age of the Basalt Flow at Olduvai (Prof G H R von Koenigs- 
wald, Prof VV Gentner and H J Lippolt), 720 
O'Nyong-nyong Fever, an Epidemic of Virus Disease in, 30 
East Africa High Commission. East. African Virus Research Institute 
Report (1959-1960), 30 
East African Virus Research Institute Report (1959-1960), 30 
Easterlin, Richard A, and others Population Redistribution and Economic 
Growth, United States, 1870-1950, review by Prof E Grebenik, 853 
Eastern Grey Fox and the Eastern Raccoon Natural Occurrence of 
Leptospira icterohaemorrhagiae in the (Dr L G Clark, J | Kresse, 
R R Marshak and C J Hollister), 1312 
Eastern Raccoon Natural Occurrence of Leptospira icterohaemorrhagiae in 
the Eastern Grey Fox and the (Dr L G Clark, J | Kresse, R R 
Marshak and C J Hollister), 1312 
Eastmond, Dr G C, and others Effect of Mechanical Stress on some 
Solid-State Polymerizations, 1036 
Eastwood, Wannces by) A Book of Science Verse, review by T R 
Henn, 
Ebdon, R A Winds and Circulation in the Upper Atmosphere (Fluctua- 
tions in Tropical Stratospheric Winds), 13 
Ebel, Prof J P, and others Conservation of the Biological Activity of a 
Soluble Ribonucleic Acid, 169 
Ebner, Dr K E, and others Transaminatton and the Control of Mito- 
chondrial Pathways, 820 
Eboue, D, and others Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the Isolated Rat Diaphragm in the Controlled 
Absence of Extracellular Glucose, (66 
Eccles, Sir John Muscle Receptors (Centra! Connections of Muscle 
Afferent Fibres), (paper read by Prof A K Mclntyre), 805 
Echinochrome A Isolation of, from the Spines of the Sea Urchin, Stomo- 
pneustes variolaris (Lamarck), (Dr K Nishibori), 1293 
Ecklonia radiata (Brown Alga) Seasonal Variation in Alginic Acid, Mannitol, 
Laminarin and Fucoidin in the (C M Stewart, H G Higgins and 
Sue Austin) 1208 
Eclipse (Solar) Riometer Observations during a (M A Gordon), 249, 
erratum, 1132 
Eco-Physiology (Plant) 
Symposium on), 
Ecological Branch of Russian Parasitology, review by Dr Ben Dawes, 832 
Ecology (Experimental), of the Feeding of Fishes (Prof V S Ivlev), trans- 
lated from the Russian by Douglas Scott, review by L Birkett, 297 
Economic Co-operation and Development, Organization. for (European 
Nuclear Energy Agency) Catalogue of Courses on Nuclear Energy 
in OEEC Countries (1961-1962), new edition, 405 
Economic Growth Population Redistribution and, United States, 1870- 
1950 (Prof Simon Kuznets, Ann Ratner Miller and Richard A 
Easterlin), review by Prof E Grebenik, 853 


neers of (Botanical Institute, Montpellier, 


amy 
^ 


INDEX 


Eddington Memogial Lecture (Sir Cyril Hinshelwood), [15 

Eddison, Roger Appointed director of operations of SIGMA (Science in 
General Management), Ltd, 115 

Eddy, Nathan B , and others A New Potent Analgetic Antagonist, 1089 

Edelhoch, H (Steiner, Dr R F ,and) Influence of pH and Urea on the 
Ultra-violet Fluorescence of several Globular Proteins, 873 

Edelmann, Abraham (edited by)  Radioactivity for Pharmaceutical and 
Allied Research Laboratories—a Symposium sponsored by Nuclear 
Sciences and Engineering Corporation, review by Dr Hugh D Evans,6 

Education in Emergent Countries (Dr C E Beeby), 514 

Education in Ghana Politics and, 1219 

Education for Leadership, 587 

Education tn Physics Research and (International Atomic Energy Agency, 
Unesco and the Central Committee for Swedish Technical Assistance 
International Seminar on) 709 

Education (Biological), in American Secondary Schools, 1890-1960 (Dr 
Paul De Hart Hurd), review, 1007 


Education (Commercial and Industrial), British Association for Election 
of Sir Willis Jackson as president, 115 > 
Annual Conference (Education and Training on the Continent of 
Europe), 718 


Report on Education and Training in France, 920 
Education (Further), Yorkshire Council for, and others 
Antibiotics and Newer Synthetic Drugs, 1132 
SPE Cation (Science, Technology and) United Kingdom Expenditure on, 
13 


Symposium on 


Education (University), in Ghana (Dr C T Mortimer), [4 

Education Bill (Second reading in the House of Commons), 800 

Education and Training on the Continent of Europe (British Association for 
Commercial and Industrial Education Conference on), 718 

Education and Training in France (British. Association for Commercial and 
Industrial Education Report on), 920 

Edwards, G R , and Evans, lẹ F Requirements of an Ice Nucleus, 448 

Edwards, J A Laboratory Management and Techniques, review by E | 
Johnson, 854 

Edwards Marcia A (edited by G Burder Stratton, assisted by) The 
Zoological Record, Vol 95, Records of Zoological Literature relating 
chiefly to the Year 1958, review by Dr Edward Hindle, 903 

Edwards, R G Identification of the Chromosome Complements of New- 
born and Adult Living Mice. [316 

Edward®, S F The Teaching of Quantum Mechanics, review, 1005 

Effect of Age and Pregnancy on the Tolerance of Tsetse Flies to Insecticrdes 
(G F Burnett), [88 

Effect of Aldosterone on the Living Cornea in vitro (Dr A Donn, Dr M G 
Rosenblatt and Dr N P Christy) 73 

Effect of Auxin on the Osmotic Value in Pea Stem Sections (Shizuko Yoda 
and Jojn Ashtda), 577 

Effect of Charcoal on the Behaviour of Adenine Nucleotides in lon-Exchange 
Chromatography (U Pethiyagoda), 452 

Effect of Chlorinated Hydrocarbon Insecticides on Insect Choline Acetylase, 
Condensing Enzyme and Acetylkinase (Jennifer Rothschild and Dr 
G F Howden), 283 

Effect of Colchicine on Rat Liver Xanthine Oxidase (Dr Ottilia R Affonso, 
Emilio Mitidiert and Gilberto G Villela), 666 

Effect $i opper on Products of Oretnol Oxidation (Dr T F Slater), 
4 


Effect of Copper Deficiency in White Clover on Nitrogen Fixation (F H 
van der Elst, K J McNaught and W F Rolt), 1315 

Effect of Derivatives of L-Cysteine on Growth of Leuconostoc mesenterordes 
(8042), (A B K Nyaa), 463 

Effect of EE Ascorbic Acid on the Silkworm, Bombyx mori (Dr Toshio 
Ito) 95 

Effect of Diethylstilboestrol on the Serum * -Globulin in the Guinea Pig 
L M Charles and Prof T Nicol), 565 

Effect of Dose-rate and Linear Energy Transfer 
Acetone— (R Barker), 62 

Effect of Environment on the Responses of Dwarf Groundsel to Gibberellic 
Acid (K H Basford), 992 

Effect of Feeding Griseofulvin on Rate of Growth of Chicks (Dr W P 
Jaffe), 469 

Effect of y-Radiation on Escherichia coli grown in Deuterium Oxide Medium 
(Ernest Pollard), 177 

Effect of Gamma-Rays on Thymus Nucleoprotein in Solution (Dr A R 
Peacocke and Dr B N Preston), 228 

Effect of Gibberelltc Acid, Kinetin and other Substances on Seed Dormancy 
(B Frankland), 678 

Effect of L-Glutamic Acid on the Weight of Embryonic Chick Tibjotarsi 
cultivated in vitro (Dr J D Biggers), 664 

Effect of Hydrocortisone on Uptake of Iron-59 in Incubated Rat Red Cells 
in vitro (Peggy Clark), 667 

Effect of Indole-3-Acetic Acid (IAA) on Phosphorus Metabolism in the 
Avena Coleoptile (A Sen Gupta and S P Sen), 129I 

Effect of Insulin on Pathways of Glucose Oxidation in the Rat Lens (Dr R 
Levart, Prof E Wertheimer, Dr E R Berman and Prof W Korn- 
blueth), 1075 

Effect of Insulin on the Phosphorus-32 Mononucleotide Labelling of the 
Isolated Rat Diaphragm in the Controlled Absence of Extracellular 
Glucose (P Volfin, D Eboué and H Clauser), 166 

Effect on the lonosphere at Sodankyla Round-the-World Sound Waves 
produced by the Nuclear Explosion on October 30, 1961, and their 
(G Rose, J Oksman and E Kataja), [173 

Effect of Kinetin on the Fertility of some Strains of Neurospora crassa 
(Barry O Lee), 288 

Effect of a Lake on Distribution of Permafrost in the Mackenzie River Delta 
(G H Johnston and R J E Brown), 25} 

Effect of Mechanical Stress on some Soltd-State Polymerizations (Dr C H 
Bamford, Dr G C Eastmond and Dr J C Ward), [036 

Effect of 6-Mercaptopurine on Tumour Growth Substrate Specificity and 
Inhibition of Nicotinamide Mononucleotide-Adenylyl Transferase of 
Liver Nuclei—Possible Mechanism of (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Effect of Monovalent Cations on the Blood Pressure of Intact and Hyper- 
tensive Rats (i Bach, S Braun, T Gati, Prof J Sos and A Udvardy), 
362 


Radiolysis of Liquid 


Effect of Phagocytosis on the Lysts of Staphylococcus aureus (Type 81) by 
Bacteriophage (Dr J M McKenna and R P Sanderson), 570 


Xxx] e 


Effect of a Phospholipid Factor on the Activity of Progesterone (Effect of 
Progesterone on Pregnancy), (Dr Tapant Luukkainen and Dr Arpad 
| Csapo), 331 

Effect of Plant Growth Compounds on Uptake of Amino-Acids by Plant 
Roots (D E Wright), [044 

Effect of Progesterone Method of Administration and (Effect of Proges- 
terone on Pregnancy), (Dr Arpad | Csapo and Marny A Lloyd- 
Jacob), 329 

Effeat of Progesterone on Pregnancy—Method of Administration and Effect 
of Progesterone (Dr Arpad | Csapo and Marny A Lloyd-Jacob), 329 , 
Effect of a Phospholipid Factor on the Activity of Progesterone 
(Dr Tapan: Luukkainen and Dr Arpad | Csapo), 331 

Effect of Pupal Brain Surgery on the Rocking Response of Automeris (Dr 
A D Blest) 373 

Effect of Quinones on the Uptake of Oxygen by Red Cells (D Lovell and 
Dr T A J Prankerd), 561 

Effect of Riboflavin on Liver Histomucoid (Luiz A Abreu and R Raposo 
Abreu), 261 

Effect of Ribonuclease on Shell Regeneration of Ariophanta sp (K K Narr 
and P T Muthe), 674 

Effect of Sheep Pituitary Extract on Hypercholesterolaemia in Intact and 
Hypophysectomized Rats (Dr Russel M Barakat), 71 

Effect of some Smooth Muscle Stimulants on the Motor Response of the 
Isolated Guinea Pig Vas Deferens to Hypogastric Nerve Stimulation 
(Dr Nils O Sjostrand), 1190 

Effect of Strong Electrical Fields on the Boiling Points of some Alcohols 
Coo K Lyon), 1285, (Dr P K Katti and M M Chaudhri), 

Effect of Temperature during Germination on the Crystalline Type of 
Starch in Soybean Seedlings (Dr Susumu Hizukuri, Michtko Fuji 
and Prof Ziro Nikuni), 239 

Effect of Temperature on the Strain Recovery in Wood (Maciey Lawniczak 
and Jan Raczkowski), 583 

Effect of Temperature and Potassium Grbberellate on Phases of Growth of 
Algerian Ivy (J_R Goodin and Prof V T Stoutemyer), 677 

Effect of Ultra-Violet Radiation and Desiccation on Different Age-Cultures 
of Escherichia colit K12 (I L Mulay and G S Sperti), 773 

Effect of Urea Ingestion on Parotid Salivation in Sheep (A D Wilson), 271 

Effect of Water Movement on Salt Movement through Tomato Roots 
(William Lopushinsky and Paul J Kramer), 994 

Effect of Whole-Body Irradiation and Cortisone on the Development of 
Ostertagia spp in Sheep (J D Dunsmore), 139 

Effect of X-irradiation on Self-Stimulation of the Brain (Dr Thomas J 
Haley, P Bach-y-Rita and N Komesu), 1309 

Effect (Antt-Asthmatic), of Phenazone and Amidopyrine (H Herxheimer 
and E Stresemann), 1089 

Effect (Crabtree), ın Rous Sarcoma Cells Ultrastructural Alterations 
og the (Prof Alvin S Levine, Ruth Petraitis and James Green), 


Effect (Cytopathic) Serial Propagation of Types I, 2, 3 and 4 Dengue Virus 
in HeLa Cells with Concomitant (Sonja M Buckley), 778 

Effect (Cytotoxic), of Aminoacetonitrile on Fibroblast Cultures and its 
Prevention by Histidine (Dr J Mager, Z Fuchs, S Halevy and 
| Sciaky), 170 

Effect (de Haas-van Alphen), in InBi (A C Thorsen and T G Berlincourt), 
959 


Effect (Enhanced), of Total-Body X-Irradiation in Mice under Mild Hypo- 
thermra (Dr H J G Bloom and K B Dawson), 232 

Effect (Faraday Magneto-Optical) A New Application of the, for Drag- 
nostic Measurements of Transient Magnetic Fields (R D Medford, 
W H W Fletcher, J D Herbert and A L T Powell), 622 

Effect’ (‘Glycerol), and the Mechanism linking Excitation of the Plasma 
Membrane with Contraction (Prof Masahiro Funo, Toshio Yama- 
guch: and Keishi Suzuki), 1159 

Effect (Mossbauer) Method of Measuring the (Dr J E $ Bradley and 
J Marks), 1176 

Effect (Paradoxical), of Phlorizin on Glucose Uptake and Intracellular 
Accumulation of Amino-Acids in Rat Kidney Slices in vitro (Dr 
Stanton Segal Alberta Blair and Leon E Rosenberg), 1085 

Effect (Pituitary), on Synthesis of Deoxyribonucleic Acid in Regenerating 
Rat Liver following Whole-body X-Irradiation (the late D M Gould, 
K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Effective Contact Stresses and Friction (Dr D H Trollope), (July 22, 376), 
errata, 213 

Effects of an Amphetamine-Barbiturate Mixture Modification of the, by 
the Past Experience of Rats (Dr Hannah Steinberg, Dr Ruth 
Rushton and Christine Tinson), 533 

Effects of 7-Chloro-2-methylamino-5-phenyl-3H- | ,4-benzodiazepin-4-oxide 
on Mitochondria from Rat Liver and Brain (Bernhard Kadenbach 
and Prof Walter Luhrs), 174 

Effects of Climate on Vegetation, review by Prof G Manley, 5 

Effects of 2-Diethylaminoethyl 2,2-Diphenylpentanoate (SKF 525A) on 
recen Potency (P S Hewlett, C J Lloyd and Angela N Bates), 
127. 


Effects of Electrical Stimulation of Recticular Formation on the Lactic Acid 
Content of the Rat Brain (Dr Lj Mihailovic, Lj. Krzahié and D 
Cvetkovic), 1166 

Effects of Intensity of Driving Stimulus on the Shape of Membrane Action 
Potential of the Heart (T Azuma, H Hayashi, T Kanno and K 
Matsuda), 1295 

Effects of Intraventricularly Injected Anti-N Caudatus Antibody on the 
Electrical Activity of the Cat Brain (Dr Lj Mihailović and Dr B D 
Jankovic), 665 

Effects of lodoacetic Acid on the Incorporation of Phosphorus-32 into the 
Deoxyribonucleic Acid of some Radio-sensitive Organs tn Rats 
P> bossed to X-Rays (Dr M Quintiliani, M Boccacci and L Tentori), 
73 


Effects of Irradiation on the Incorporation of Amino-Acid into Normal and 
Regenerating Rat Liver (Dr. Nirmal K Sarkar, Dr Anima Devi and 
Dr Louis H Hempelmann), 179 

Effects of the Sulphur Amino-Acids on the Vitamin A Contentgn Liver of 
Rats (Tatsuo Koyanagi and Satoshi Odagiri), 168 

Effects of Thymectomy on the Resistance of Rats to Drowning and Histamine 
Stress (Dr A S Weltman and A M Sackler), 460 

Effects (Buoyancy) Vortex Shedding from the End of a Tube as a Result of 
(A A Putnam), 1277 


at 


e XXXII 
eS 


Effects (Comparative), of 2,4-Dinitrophenol on the Actomyosin Adenosine 
Triphosphatase from Fresh, Frozen and Freeze-dried Beef (L J N 
Cole), 1288 

Effects (Comparative), of Wet and Dry Feeding on the Utilization of Protein 
by Calves (A M Raven and K L Robinson), 1256 

Effects (Delayed), of Whole-Body Radtation—a Symposium jointly spon- 
sored by the Operations Research Office and the Walter Reed Army 
lastitute of Research (edited by Bernard B Watson), review by 
Dr Hugh D Evans, 6 

Effects (Flowering), on Senescence A Distinction between Bolting and 
(Prof Jules Janick and A C Leopold), 887 

Effects (Hypertensive), of Bradykinin in Rats (H Croxatto and J Belmar), 

79 


Effects (Lethal), of X-Rays Protection by Inorganic Condensed Phosphates 
against the (J H Barnes and J St L Philpot), 574 

Effects (Pharmacodynamical), of Asarone and ?-Asarone (J D Sharma, Dr 
P C Dandiya, Dr R M Baxter and Dr S$ | Kandel), 1299 

Effects (Possible Solar Flare), in the F Region of the lonosphere (Dr G H 
Munro), 347, (Dr R W Knecht and Dr K Davies), 348 

Effects (Radiation), on Lithtum-doped Nickel Ox de Catalysts ın Carbon 
Monoxide Oxidation (T Braun and | Maxim), 548 

Effects (Radioprotective), of Reserpine and its N-oxide (Dr Thomas J 
Haley, A M Flesher and L_ Mavis), 1309 

Effects (Stress Concentration), in Tertiary Creep (Dr P W Davies and 
B Wilshire), 1281 

Effects (Visual), of Non-Redundant Stimulation (Prof D M MacKay), 739 

Efferent Olivo-Cochlear Bundle Mode of Action of the, on the Inner Ear 
(Dr J E Desmedt and Dr P Monaco), 1263 

Efron, M L, and others New Renal Tubular Amino-Acid Transport 
Systemand a New Hereditary Disorder of Amino-Acid Metabolism,672 

Egeland, Alv, and others A Morning Discontinuity in the Orientation of 
Quiet Auroral Arcs, 956 

Egg (Hen) White, Oviduct White, Yolk, Ova and Serum Proteins 
Gel Electrophoresis of (Dr F Steven), 972 

Eggleton, A E J, and Thompson, N Loss of Fluorescent Particles in 
Atmospheric Diffusion Experiments by Comparison with Radioxenon 
Tracer, 935 

Eggleton A E J, and others 
Hydrogen and Methane, 649 

Eggleston, Prof H G _ Obituary of Prof W N Bailey, 917 

Eggs (Winter), of the Fruit Tree Red Spider Evaluation of the Activity 
of some Diphenyl Compounds on (J Meltzer), 474 

Eglinton, Dr Geoffrey The Fatty Acids, review, 199 

Eglitts, Prof Irma, and others Anatomy and Histology of the Eye and 
Orbit in Domestic Animals, review by Dr E N Wilmer, 295 

Ehrlich Ascites Carcinoma in Mice Action of Deoxyribonuclease and 
Ribonuclease on the Growth of (Dr Gaston de Lamirande), 52 

Eider Duck Life-Cycle of an Acanthocephalan Parasite of the (Dr C 
Rayski and E A Garden), 185 

Eight-Co-ordinate Diarsine Complexes of Quadrivalent Metal Halides (Dr 
R J H Clark, Dr Jack Lewis, Prof R S Nyholm, Dr Peter Pauling 
and Dr G B Robertson), 222 

Emera in Tissues Limitations of the Periodic Acid-Schiff Technique for 
the Demonstration of Stages of (P L Long, D G Rootes and Dr 
C Horton-Smith), 1315 

Eisenia bicyclis Structural Investigation of a Laminaran isolated from 
(Nobuhiko Handa and Prof Kazutosi Nistzawa), [078 

Eisinger, J, and others Relaxation Enhancement by Paramagnetic lon 
Binding in. Deoxyribonucleic Acid Solutions, 963 

Ekins, R P (Banerjee, Dr R N,and) A Simple Microdiffusion Technique 
for the Radiorodination of Proteins, 746 

Ektund, Dr Stgvard Appointed director-general of the International 
Atomic Energy Agency, [15 

Elastic System (Air-filled) Oscillatory Flow 1n an (Group-Capt J E 
Malcolm), 875 

Elberg, Dr Sanford S (Aronson, Dr Moshe, and) Detection of Incluston 
Bodies containing Deoxyribonucleic Acid by means of Autoradio- 
graphy, 98l 

Elden, Dr H R, and Webb, G 
Contraction—Relaxation, 742 

Eldred, E Muscle Receptors (Cerebral Influences), 805, 
Numbers and Distribution), 806 

Electric Fields (High) Electrical Conductivity of Calcium Oxide at (Dr 
C H B Mee), 350 

Electric Resonance (Magnetic and), and Relaxation (Netherlands Physical 
Society and the Groupement Ampere International Conference on), 213 

Electrical Activity of the Cat Brain Effects of Intraventricularly Injected 
Anti-N Caudatus Antibody on the (Dr Lj Mihailovic and Dr B D 
Jankovic), 665 

Electrical Activity of Single Cells (edited by Yasuji Katsuki), review by Dr 
P Fatt, 203 

Electrical Conductivity of Calcium Oxide at High Electric Fields (Dr 
C H B Mee), 350 

Electrical Engineering at Manchester, 403 

Electrical Engineering or Physics Research Scholarships in (British 
Broadcasting Corporation), 115 

Electrical Engineers, American Institute of David Sarnoff Award in 
Electronics presented to Dr C H Townes, 606 

Electrical Engineers, Institution of Conference on Microwave Measure- 
ment Techniques, 408 

Electrical Fields (Strong) Effect of, on the Boiling Points of some Alcohols 
(Richard K Lyon), 1285 , (Dr P K Kattı and M M Chaudhri), 1286 

Electrical Power Convention — British, 500 

Electrical Power Development (A J Ellison), 500 

Electrical Stimulation of Reticular Formation Effects of, on the Lactic 
Acid Content of the Rat Brain (Dr Lj Mihailovic, Ly Krzalié and 
D Cvetkovic), 1166 

Electrical Surface Potential of Red Blood Cells Agglutination and the 
(P Sachtleben and Prof G Ruhenstroth-Bauer), 282 

Electrical and Allied Industries Research Association (British) Appoint- 
ment of L H Welch as industrial relations consultant, 115 

Electricity ” Christmas Lectures at the Royal Institution on (Sir Lawrence 
Bragg), 1026 

Conventional Methods of Converting Heat into (British Association 

for the Advancement of Science, Section A (Mathematics and Physics) 
and Section G (Engineering), Joint Discussion on), 701 


Starch 


Isotopic Composition of Atmospheric 


Extendability of Tendons undergoing 
(Spindle 


INDEX 


Thermionic Conversion of Heat to (R V Harrowe 1), 611 
Thermionic Generation of (Central Electricity Generating Board 
Symposium on), óll 
Electricity Generating Board (Central) 
Generation of Electricity, 611 
Electrodes (Glass) Elimination of the Liquid Junction by using (Carl R 
Merril), [087 
Electrodynamics of Continuous Media (L D Landau and E M Lifshitz), 
translated from the Russian by J B Sykes and J S Bell, review by 
Dr B H Chirgwin, 389 
Electrodynamics and Mechanics, review by Dr B H Chirgwin, 389 
l'Électrodynamique Quantique Introduction a (Prof Daniel Kastler), 
review by Dr P Roman, [III 
Electrolyte Excretion ın Sheep Hormones and (R Kinne, Dr W V 
Macfarlane and Prof O E Butdz-Olsen), 1084 
Electrolytes and Plant Cells (Prof G E Briggs, Dr A B Hope and Prof 
R N Robertson), review by Dr James F Sutcliffe, 831 
Hydrolysis of Hippuric Acid in (Dr E McEvoy- 


Symposium on the Thermtonic 


Electrolytic Desalters 
Bowe), 1072 

Electrolytic Manufacture of Chemicals from Salt (Dr D W F Hardie), 
review by Dr M J Newlands, 902 

Electrolytic Systems Evaluation of Boundary Layer Thickness 1n, from 
Decay of Anode Concentration Polarization (Leonard Nanis), 449 

Electromagnetic Measurements — Precision (United States National Bureau 
of Standards 1962 International Conference on), 922 

Electron Density (F-Region), with Sunspot Number Atmospheric Scale 
Dagne as a Modifying Influence on Linear Trend of (Jean M Bulien), 


Electron Diffraction High-Speed Direct-Recording System for (Dr 
C W B Grigson), 647 
Electron Impact Excitation of the 2s State of Atomic Hydrogen by (Dr 
B L Motstewitsch), 545 
Experimental Detection of Auto-lonizing Transitions in Krypton by 
(John F Burns), 651 
Electron Micrographs Estimation of Mass Thickness of Biological Samples 
from their (M L De), 546 
Electron Microscope Investigation with the, of the Sublimation of Ice 
Crystals at Low Temperatures (Prof Tokio Ne), 1177 
Electron Microscope Society of America Nineteenth Annual Meeting, 610 
Symposium on the Contribution of Electron Microscopy to Polymer 
Morphology, 610 . 
Symposium on Ultrastructure of Protein Fibers— Collagen, Muscle and 
Keratin, 610 
Symposium on the Fine Structure of Viruses, éll 
Electron Microscopy, review by Prof R D Preston, 1220 
Contribution of, to Polymer Morphology (Electron Microscope Society 
of America Symposium on), 610 
Fifth International Congress for, 611 
Histological Techniques for (Daniel C Pease), review by Dr V E 
Cosslett, 5 
Histology and, review by Dr V E Cosslett, 5 
Proceedings of the European Regional Conference on (Delft, 1960), 
(edited by A L Houwink and B J Spit), review by Prof R D 
Preston, 1220 
Electron Microscopy in the United States (Dr A R Taylor), 610 
Electron Paramagnetic Resonance and Antiferromagnetism in LaCrOs (L 
Weinberg and P Larssen), 445 
Electron Spin Resonance (Chemical Society Symposium on), 1034 
Electron-Spin Resonance Signals from Lyophilized Bacterial Cells exposed 
to Oxygen (Dr M B Lion, Dr J S Kirby-Smith and Dr M 
Randolph), 34 
Electronic Outline of Organic Chemistry (Dr S Horwood Tucker), review 
by Dr Neville H P Smith, 7 
Electronics The International Dictionary of Physics and, second edition, 
review by J] R Tillman, III 
Electronics (David Sarnoff Award in) of the American Institute of Electrical 
Engineers presented to Dr C H Townes, 606 
Electrons (4-MeV ) Production of High Molecular Weight Products from 
the Irradiation of Methane with (R W Hummel), 1178 
Electrophoresis Paper (L P Ribeiro, E Mitidieri and Dr O R Affonso), 
review by Dr G V F Seaman, 593 
Electrophoresis (Starch-Gel) | Comparison of the Serum Protein Fractions 
etre Developing Chicken Embryo by the Technique of (A Amin), 
Resolution of Pathological Human Gamma-Globulins by (J P Binette 
and K Schmid), 732 
Electrophoresis (Starch Gel) of Hen Egg White, Oviduct White, Yolk, 
Ova and Serum Proteins (Dr F Steven), 972 
Electrophoretic Mobility and Detection of Haemolytic Activity of Strepto- 
lystns O and S in Agar-gel (Extracellular Esterase of Group A Strepto- 
cocci), (A H Stock and José Uriel), 435 
Electrophoretic Separation of Conjugated Bilirubin on Paper (Dr E 
Talafant), 972 
Electro-physiology of Thermoreceptors (Prof Herbert Hensel), 309 
Electrostatic Forces Gravitational and (Dr A E Martin), 59 
Electrostatic Machine A Novel—the Corona Motor (J D N Van Wyk 
and G J Kuhn), 649 
Electrotechnology in Australia, 608 
Elementary Logic of Science and Mathematics (Dr P H Nidditch), review 
by Prof R L Goodstein, 856 
Elements of Functional Analysis (L A Liusternik and V J Sobolev), trans- 
lated from the Russian by Anthony E Labarre, Jr, Herbert lzbicki 
and H Ward Crowley, review by Dr J C Burkill, 491 
Elements of Maser Theory (Arthur A Vuylsteke), review by Dr J H 
Sanders, 202 
Eley, Prof D D = Phospholipids and Sulpholipids, 807 
Introduction to a Submolecular Brology, review, 853 
Eliassen, Dr Enar Changes of Blood Volume in the Pre-Hibernating and 
Deep-Hibernating Hedgehog, 1047 
Eliassen, Dr Einar, and Leivestad, Helge Sodium and Potassium Content 
in the Muscles of Hibernating Animals, 459 
Elkin, Prof A P Awarded the Herbert E Gregory Medal of the Bernice 
P Bishop Museum, Honolulu, 21 
Elimination of the Liquid Junction by using Glass Electrodes (Carl R 
Merril), [087 


Ellice, J M, and others O’Nyong-nyong Fever, 30 


INDEX 


Elliot, Dr H Cosmic Ray Research in Latin America, 121 
Elliott, J Awarded a BB C Research Scholarship, [15 
Elliott, juu R S,andothers Triple Resonance Phenomenon in Plasmas, 


5 

Els, G C Metallurgy of Beryllium, 1138 

Ellis, P V — Artificial Computer Languages, 22 

Ellison, A J Electrical Power Development, 500 

Ellison, Dr Solon A (Hampar, Dr Berge, and) Chromosomal Aberrations 
induced by an Animal Virus, 145 

Ellman, Dr George L, and Callaway, Dr Enoch 
terase-levels in Mental Patients, 1216 

Elsevier's Dictionary of Automation, Computers, Control and Measuring, 
tn Six Languages, Engltsh/American, French, Spanish, Italian, Dutch 
and German (compiled and arranged on an English alphabetical base 
by W E Clason), review by S Whelan, 904 

Elsworth, R Biochemical Engineering, 120 

Elworthy, Dr P H, and Mclntosh, Dr D S 
Itpids (Lighe Scattering of Lecithin), 808 

Embolism Syndrome (Acute Aortic), in Cats 
Occlusion resembling (Roy K Imhof:), 979 

Embrittlement of Gratin Boundaries by Equilibrium. Segregation (J He 
Westbrook and D L Wood), 1280 

Embryo (Developing Chicken) Comparison of the Serum Protein Frac- 
tions of the, by the Technique of Starch-Gel Electrophoresis (A 
Amin), 356 

Embryo Erythrocytes (Chick) 
and Z Rychter), 1298 

Embryonal Sex Ratio (Primary), in Normal Pregnancies determined by the 
Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and Ch 
Méhes), 476 

Embryonic Chick Tibiotarsi cultivated in vitro Effect of 1-Glutamic Acid 
on the Weight of (Dr | D Biggers), 664 

Embryonic Development of the Cestode Drorchis ransom: Schultze, 9140 
Cell Reduction in the@a(Krystyna Rybicka), 771 

Embryos (Chick) Dissecting Aneurisms of the Large Arteries of, due to 
(Sweet Pea) Lathyrism (Z Zahor and M Machova), 532 

Localization of Inhibitors of Neural Differentiation in (Dr A K 

Katoh), 997 

Embryos (Excised), of Avena fatua L _ Bioassay of Gibberellic Acid using 
(Prof J M Naylor and G M Simpson), 679 

Emergagce of Resistance Biological Spectrum of some New Tuberculo- 
static [,3,4-Oxadiazolones with special reference to Cross-Reststance 
and Rates of (Prof A E Wilder Smith and Hans Brodhage), 1195 

Emergent Countries Education in (Dr C E Beeby), 514 

Emission of Ultra-Violet and Visible Radiation from Metals by the Impact 
of High-Energy Hydrogen lons (Prof Rafi Mohammed Chaudhuri 
and Mustafa Yar Khan), 646 

Emission. (Polarized Thermal), from Narrow Tungsten Filaments (Prof 
Yngve Ohman), 254 

Emmelot, Dr P, and Mizrahi, | !. Counteraction by Cysteine of Glyco- 

r: genolysis and Inhibition of Microsomal Protein Synthesis produced 
by Dimethylnitrosamine, 42 

EIU (Melted Nuclear) Autoradiography using (Dr A C Kulangara), 

7 


Encephalitis Virus (Tick-borne) Reproduction of, tn HeLa Cells (Dr H 
Libfkova and Dr P Albrecht), 779 

Enchytraeid Annelid Axenic Cultivation of an (Dr Ellsworth C Dough- 
erty and Bjorn Solberg), 184 

Encouragement de la Recherche Scientifique dans l'Industrie et l'Agricul- 
ture Institut pour (Bruxelles) Rapport Annuel Exercice (1960), 28 

Encouragment of Scientific Research in Industry and Agriculture, Institute 
for the (Brussels} Annual Report for 1960, 28 

Encyclopedia of Microscopy (edited by Prof George L Clark), review by 
Dr R Barer, 833 

End of a Tube Vortex Shedding from the, as a Result of Buoyancy Effects 
A A Putnam), 1277 

d'Endocrinologie Etudes—Séminaires 1960 de la Chaire de Morphologie 
Experimentale et Endocrinologie du Collége de France (dirigés par 
le Prof Robert Courrier), review by Sir Solly Zuckerman, 834 

Endocrinology Studites in, review by Sir Solly Zuckerman, 834 

Endocrinology and Evolution (British. Association for the Advancement of 
Science, Section D (Zoology), Symposium on), 796 

Endospore (Bacterial) Dipicolinic Acid Content, Heat-Activation and the 
Concept of Dormancy in the (A Keynan W G Murrell and Prof 
H O Halvorson), 1211 

Energy New Sources of (United Nations Conference on), 407 

Energy in Nuclear Fission The Balance of (G N Walton), 1062 

Energy Conversion Unconventional Methods of (Prof D A Wright), 
701 


Erythrocyte Cholines- 


Phospholipids and Sulpho- 


Production of Aortic 


Number of Re-Circulations of (L Lemez 


Energy (Activation), in Solid State Reactions Definition of Rate Constant 
and Gomes), 865 

Energy (High-) Hydrogen lons Emission of Ultra-Violet and Visible 
Radiation from Metals by the Impact of (Prof Rafi Mohammed 
Chaudhurr and Mustafa Yar Khan), 646 

Energy (Low-) Nuclear Physics Accelerators for, 1239 

Energy (14 MeV Neutron) The Reaction Siltcon-29 (n,a) Magnesium at 
(Dr W M Deuchars and G P Lawrence), 1278 

Energy-Level Model for High-Resistivity Gallum Arsenide (J Blanc and 
L R Weisberg), [55 

Energy Transfer (Linear) — Radiolysis cf Liquid Acetone— Effect of Dose- 
rate and (R Barker), 62 

Engel, W F, and others Oxidation Processes in Chemical Manufacture 
(Recent Developments in the Oxidation Recovery of Chlorine from 
Hydrochloric Acid), 1135 

Engen, G F Microwave Measurement Techniques (A Survey of Micro- 
wave Power Measurement Techniques employed at the National 
Bureau of Standards, USA), 409 

heme eris Biochemical (Institution of Chemical Engineers Symposium 
on), 

Engineering Achievement (British) B B C —a, second edition (British 
Broadcasting Corporation), 1240 

Engineering Study and Fundamental Research in Plastics Fellowships in 
(Princeton University), 921 

Engineering and Television, 1240 

Engineering (Biological) Society Election of Officers, 507 

Engineering (Electrical), at Manchester, 403 


XXXIII 
Engineering (Electrical), or Physics Research Scholarships in (Brfteh 
Broadcasting Corporation), 115 
Engineering (Marine) Denny Scholarship in, (1961) awarded by the Royal 
Institution of Naval Architects to David Brown, 309 
Parsons Scholarship in, (1961) awarded by the Royal Institution of 
Naval Architects to Alan B Turner, 309 
Engineering (Municipal), at Manchester, 403 
Engineers, Royal Dutch Institute of (Society of Instrument Technology and 
ne Joint Conference on Measuremert and Control Technology, 
Engineers omea; Institution of Symposium on Biochemical Engineer- 
Ing, 
Engineers (Electrical), American Institute of | David Sarnoff Award in 
Electronics presented to Dr C H Townes, 606 
Engineers (Electrical), Institution of | Conference on Microwave Measure- 
ment Techniques, 408 
Engineers (Nuclear) Materials for (edited by Dr A B McIntosh and 
J Heal), review, 392 
Engineers (Radio), British Institution of 
to Dr G T Wright, 609 
Heinrich Hertz Premium awarded toR A Waldron, 609 
A F Bulgin Premium awarded to Dr A Kraus, 609 
Arthur Gay Premium awarded to E Davies, 609 
ds McMichael Premium awarded to C H Dix and W E Wilshaw, 
Lord Rutherford Award awarded to E C Fellows, 609 
Charles Babbage Award awarded to E M Bradley, 609 
Engineers (Scientists and), in. the Federal Government, October 1958 
(United States National Science Foundation), 800 
Engle, J L (Freed, J J, and) Scanning Techniques in Biological and 
Medical Microscopy (Advantage of using a Vibrating Mirror to 
produce the Scan), 1031 
Engledow, Sir Frank Cotton-Growing in Nigeria, 1248 
English Community Diabetes in an (Dr Joan B Walker and David 
Ex sea L2 review, 39] 
nglish an ontinental Medieval Glazed Potter A Spectro 
Survey of (L C Thomas and J W G Musty), 1143 po eos 
Enhanced Effect of Total-Body X-Irradiation in Mice under Mild Hypo- 
thermia (Dr H J G Bloom and K B Dawson), 232 
Enhancement of Steroidogenests by Rat Adrenal Slices in vitro with CEstra- 
diol-17-8 (Prof Julhan | Kitay), 358 
Enhancement (Relaxation), by Paramagnetic lon Binding in Deoxyribo- 
nucleic Acid Solutions (J Eisinger, R G Shulman and W E Blum- 
berg), 963 
Entamoeba histolytica Antigenic Structure of (A Sen, S N Ghosh 
S Mukerjee and J C Ray), 893 f 
Enterohepatic Circulation of Bilirubin (Roger Lester, J Donald Ostrow and 
Prof Rud: Schmid), 372 
Entity (Clinico-Pathological) — Establishment of Amoebic Hepatitis as a 
Distinct (Prof Th Doxiadis and Prof N Candreviotis), 988 
enano a Society (Royal) Symposium on Polymorphism in Insects, 


Clerk Maxwell Premium awarded 


Entomology Medical (Dr William B Herms and Dr Maurice T James), 
fifth edition, review by Prof D S Bertram, 298 

Entry of Fisston Products into Food Chains (edited by J F Loutit and 
R Scott Russell), review by Dr Hugh D Evans, 6 

Environment — Effect of on the Responses of Dwarf Groundsel to Gibber- 
ellic Acid (K H Basford), 992 

Flagellar Changes in Escherichia colt induced by Temperature of the 

(Dr Robert B Morrison and Jean McCapra) 774 

Environment ın Ancient Seas Life and its (British Association for the 
Advancement of Science, Section C (Geology) and Section D (Zoo- 
logy), Joint Discussion on), 925 

Environment for Animal Life The Soil as an (British Association for the 
Advancement of Science, Section D (Zoology), Symposium on), 315 

Environment (Larval) Influence of, on Adult Size and Fecundity in the 
Moth Panaxia dominula L (L M Cook), 282 

Environmental Radioactivity Report of the Steering Committee for 
Nuclear Energy and Council Decision on the Establishment of a 
Supervision and Emergency Warning System in Cases of Increase in 
(Organization for European Economic Co-operation), 31 

Enzymatic Hydrolysis of Biliary Conjugates of 3,4-Benzpyrene on Filter 
Paper (Dr Hans L Falk, Sung Suk Lee and Prof Paul Kotin), 973 

Enzyme (Condensing), and Acetylkinase Effect of Chlorinated Hydro- 
carbon Insecticides on Insect Choline Acetylase, (Jennifer Roths- 
child and Dr G F Howden), 283 

Enzyme (Malic), in Lactobacillus arabinosus (17-5) Nutritional Require- 
ments for the Induced Formation of (Sheila M Bocks), 89 

Enzyme (Wheat Leaf) Oxidative Decarboxylation of Indole-3-acetic Acid 
by Mangani-Versene and by (Prof R A Abramovitch and K § 
Ahmed), 259 

Enzyme Deficiency (Red Cell) Absence of, in Australian Aborigines (Prof 
O Budtz-Olsen and Dr Chev Kidson), 765 

Enzyme Histo- and Cyto- Chemistry Use of Tetrazolium Compounds in 
Oxidative (Prof C G Rosa and Kwan-Chung Tsou), 990 

Enzyme System (Acetylating), from Pigeon Liver — lractivation of A-Methop- 
terin by the (V Krishnamurthy and Beatriz M Braganca), 68 

Enzymes The (edited by Paul D Boyer, Henry Lardy and Karl Myrbick), 
Vol 2, Purine and Pyrimidine Nucleotides and Phosphagens, Pros- 
thetic Groups and Cofactors (part A) second edition , Vol 3, 
Prosthetic Groups and Cofactors (part B), Vol 4, Hydrolytic 
sc (part A), second edition, review by Dr Edwin C Webb, 


Enzymes for oxidizing Thiocysteamine Detection and Distribution of 
(D Cavallini, C De Marco and B Mondovi), 557 

Enzymes (Thyroid) Proteolysis of Thyroglobulin by (Dr Mary T 
McQuillan, J D Mathews and Prof V M Trikojus), 333 

Enzymes and Cancer, review by Dr L H Stickland, 100 

Enzymes tn Cancer Chemistry of (Prof Franz Bergel), review by Dr. 
L H Stickland, 100 

Enzymic Inactivation of Trichothecin and Crotocin (Dr 1 Horvath and 

Varga), 88 

Enzymology and related Subjects of Biochemistry Advances iff (edited by 
F F Nord), Vol 22, review by Dr E C Webb, 854 

Eosinophils (Tissue), and Peroxidase Activity Relationship between (Tapio 
Rytomaa and Prof Harald Teir), 271 


e XXXIV 
. 


e 
Ephemerts and Nautical Almanac American, for 1962, 1240 
Indian, for 1962, 1240 

Ephrati-Elizur, Erela, and Fox, Maurice S © Comparison of Transduction 
versus Transformation of Linked Markers in Bacillus subtilis, 433 

Ephrussi-Taylor, H _ Structure, Synthesis and Function of Deoxyribo- 
nucleic Acid (Genetic Aspects), 25 

Epidemic of Virus Disease in East Africa O'Nyong-nyong Fever, an, 30 

Epidemiological Surveys on Chagas’ Disease in the Village of Matalaque, 
Southern Peru (Felix Naquira, Eleazar Cordova, Cesar Naquira and 
Enrique Rubin de Celia), 921 

Epidermis of Nicotiana glutinosa Leaves Movement of Tobacco Mosaic 
Virus through (Dr D G Kontaxis), 581 

Epiphyseal Cartilage (Rachitic), of Albino Rat Free Amino-Acids tn, and 
the Influence of Vitamin D (G V G Krishna Rao) 269 

Equation of Motion in Five Space (Prof Christopher Gregory), [320 

Equations (Differential), of the Second Order Tables of Airy Functions 
and Special Confluent Hypergeometric Funct ons for Asymptotic 
Solutions of (A D Smirnov), translated from the Russian by D 
Fry, review by Prof C A Coulson, 97 

Equilibrium Segregation — Embrittlement of Grain Boundaries by (J H 
Westbrook and D L Wood), 1280 

Erdey, L, and Svehla, G Microchemical Techniques (Chronometric 
Determination of Metal lons based on their Catalysis of suitable 
Reactions), 411 

Ergonomics in Industry (Proceedings of the Conference organized by the 
Department of Scientific and Industrial Research), 113 

Erlinger, J J, and others Triple Resonance Phenomenon in Plasmas, 543 

Ernst, N , and others | Deiodination of Thyroxine-"?'| in Tumour-bearing 
Rats, 1303 

Ernstring, Squadron-Leader J Breathing (Physiological Requirements in 
the Design of Aircraft Breathing Systems), 107 

Error and Design of Experiment A Chemist's Introduction to Statistics, 
Theory of (Dr D A Pantony), 213 

Errors ın Orbital Predictions for Artificial Satellites of Earth (Kenneth 
Moe), [51 

Erythrocyte Cholinesterase-levels in Mental Patients (Dr 
Ellman and Dr Enoch Callaway), 1216 

Erythrocytes (Chick Embryo) Number of Re-Circulations of (L Lemez 
and Z Rychter), 1298 

Erythropoiesis Increased Iron Absorption without Increase in the Rate of 
(Dr Gerald A Mendel), 878 

Erythropoetic Glycoprotein Use of Phenol in the Isolation of (Peter H 
Lowy and Geoffrey Keighley), 75 

Escherichia coli Flagellar Changes in, induced by Temperature of the 
Environment (Dr Robert B Morrison and Jean McCapra), 774 

Escherichia coli grown in Deuterium Oxide Medium Effect of »-Radiation 
on (Ernest Pollard), 177 

Escherichia coli (Phenol-treated), on Membrane Filters Influence of Adding 
Salts to the Medium on Counts of (N D Harrisand J P. Richards), 87 

Escherichia coli KI2 Effect of Ultra-Violet Radiation and Desiccation on 
Different Age-Cultures of (| L Mulay and G S Sperti), 773 

ESP A Survey of, review by Dr E J Dingwall, 4 

Essential Fatty Acids Requirement of, and Avian Atherosclerosis (H Fisher, 
A S Feigenbaum and H S Weiss), [310 

Essential Hypertension Prolonged Biological Half-Life of Sodium-22 in 
Patients with (Dr Lewis K Dahl Malcolm G Smilay, Lawrence 
Silver and Sanford C Spraragen), 267 

Establishment of Amoebic Hepatitis as a Distinct Clinico-Pathological 
Entity (Prof Th Doxiadis and Prof N Candreviotis), 988 

Establishment of a Supervision and Emergency Warning System in Cases of 
Increase in Environmental Radioactivity Report of the Steering 
Committee for Nuclear Energy and Council Decision on the (Organi- 
zation for European Economic Co-operation), 3l 

Esterase in the Cuticle of the Nematode Ascaris lumbricordes 
of (Dr D L Lee), 282 

Esterase tn Extracellular Concentrates of Group A Streptococci and the 
Homologous Antibody (Extracellular Esterase of Group A Strepto- 
cocci), (Aaron H Stock, Jose Uriel and Prerre Grabar), 434 

Esterase (Extracellular), of Group A Streptococci—Esterase in Excracellu- 
lar Concentrates of Group A Streptococci and the Homologous 
Antibody (Aaron H Stock, José Uriel and Pierre Grabar), 434, 
Electrophoretic Mobility and Detection of Haemolytic Activity of 
Streptolysins O and S in Agar-Gel (A H Stock and Jose Uriel), 435 

Esterases (Chymotrypsin-like) Histochemical Examinations of (Dr David 
Lagunoff and Prof Earl P Benditt), 1198 

Esterhuizen, Dr A C (Lever, Dr J D, and) Fine Structure of the 
Arteriofar Nerves in the Guinea Pig Pancreas, 566 

Estimates Committee Third Report from the, together with part of the 
Minutes of Evidence taken before Sub-Committee A, and Appendix, 
Session 1960-61, 487 

Estimating the Dry-Matter Intake of Grazing Sheep from their Faecal 
Output A New Method of (J B Owen), 92 

Estimation of Mass Thickness of Biological Samples from their. Electron 
Micrographs (M L De), 546 

Estimation (Quantitative), of Peak Areas in Gas-Liquid Chromatography 
(J Dijkstra), 965 , (Prof K K Carroll), 965 

Ether-insoluble Fractions of Extracts of Rhubarb Petioles 
in (B E $ Gunning), 66] 

6-Ethoxy Pyrimidine 4-Sulphanilamido-6-Methoxy and (1 C! Nos 32,525 
and 33,536)—Two New Long-acting Sulphonamides (Dr R Clarkson 
and Dr A R Martin), 523 

Ethyl Halides in Self-quenching Geiger-Muller Counters 
Dissociation of (Prof | Zlotowski and H Wincel), 550 

Ethylene Catalytic Decomposition of, on Nickel (Douglas W McKee) 654 

Ethylene Polymers Technology of, review by Prof C E H Bawn, 837 

Ettre, L S, and Averill, W Microchemical Techniques (New Gas 
Chromatographic Instrumentation using Capillary (Golay) Columns 
and Ultra-sensitive Detectors permit the Direct Analysis of Trace 
Components in Samples of Micro-size), 412 

Études d’Endocrinologie—Séminaires 1960 de la Chaire de Morphologie 
Experimentale et Endocrinologie du Collège de France (diriges par 
le P®f Robert Courrier), review by Sir Solly Zuckerman, 834 

Eucalypts The—Botany, Cultivation, Chemistry and Utilization (A R 
Penfold and J L Willis), review by T A Russell, 488 

Europe Education and Training on the Continent of (British Association 


for Commercial and Industrial Education Conference on), 718 
* 


George L 


Localization 


Auxin Activity 


Kinetics of 


INDEX 


European Economic Co-operation, Organization for Report of the Steer- 
ing Committee for Nuclear Energy and Council Decision on the 
Establishment of a Supervision and Emergency Warning System in 
Cases of Increase in Environmental Radioactivity, 31 

New Thinking in School Chemistry, 404 

European Economic Co-operation, Organization for (European Nuclear 
Energy Agency) Third Report on the Activities of the Agency, 616 

European Economic Co-operation, Organization for (Office for Scientific 
and Technical Personnel) Television for School Science—Report 
onan OEE C Seminar, Ashridge (1960), 28 

See also under Organization for Economic Co-operation and Develop- 
ment 

European Nuclear Energy Agency of the Organization for Economic Co- 
operation and Development Catalogue of Courses on Nuclear 
Energy in OEEC Countries (1961-1962), new edition, 405 

European Nuclear Energy Agency of the Organization for European Econo- 
mic Co-operation Third Report on the Activities of the Agency, 616 

European Organization for Nuclear Research See under CERN 

European Regional Conference on Electron Microscopy Proceedings of 
the (Delft, 1960), (edited by A L Houwink and B J Spit), review by 
Prof R D Preston, 1220 3 

Evaluation of the Activity of some Diphenyl Compounds on Winter Eggs of 
the Fruit Tree Red Spider (J Meltzer), 474 

Evaluazion of Boundary Layer Thickness in Electrolytic Systems from Decay 
of Anode Concentration Polarization (Leonard Nanis), 449 

Evaluation (Re-) of some Factors in Arteriosclerosis (Dr Hans Kaunitz), 9 

Evans, Dr E At the First British Insecticide and Fungicide Conference 
(Forecasting Pest and Disease Outbreaks), 1141 

Evans, Dr Hugh D — Radration Protection, review, 6 

Evans, Prof J V Relationships between Red Blood Cell Potassium Con- 
centrations, Medial Corpuscular Fragility and Haemoglobin Type in 
Merino and Southdown Sheep, 567 

Evans, L F (Edwards, G R,and) Requirements of an Ice Nucleus, 448 

Everett, Prof D H Obituary of Prof M W “Travers, 1127 

Evernden, Dr J F, and Richards, Dr J R Potassium—Argon Ages at 
Broken Hill, Australia, 446 

Evidence for Independence of Voltage of the Membrane Conductance of 
Rabbit Ventricular Fibres (Dr Edward A Johnson and J Tille), 663 

Evidence for the Photo-Association of Aromatic Hydrocarbons in Fluid 
Media (Dr B Stevens), 725 

Evidence for a Sexual Phase in the Life-Cycle of an Amoeba (M R Sroop), 
281, erratum, 507 

Evidence (Genetical), for Synthesis of Transferrin in the Foetus (Dr A R 
Rausen, Dr P S Gerald and Dr L K Diamond), 182 

Evidence (Serological) of a Chromatographic Sub-fractionation of Human 
7S ,-Globulin (Ulf Nilsson), 1301 

Evolution Cells in, review by Dr | Leslie, 4 

Cytology and (Dr E N Willmer), reviéw by Dr [ Leslie, 4 

Endocrinology and (British Association for the Advancement of 
Science, Section D (Zoology), Symposium on), 796 

Phases in, review by Dr L R Cox, 3 

A Roman Catholic View of review by the Rev Charies E Raven, 827 

Evolution of Hydrocarbons from Impure Titanium. Getters (L Holland, 
L Laurenson and P G W Allen), 749 

Evolution of Regeneration, and its Possible Bearing on Philosophy (Dr R J 
Spilsbury), 1254, (Dr A E Needham), 1255 

Evolution and Christians (Dr Philip G Fothergill), review by the Rev 

Charles E Raven, 827 

CEstrous-inducing Activity of Testosterone in the (D R Lindsay and 

Prof T J Robinson), 761 

Ewes (Romney) Fibre Follicles in (Dr A B Wildman), 997 

Exact Determination of the Lunar Mass by means of Seleno:d Satellites (Dr 
E T Benedikt), 442 

Examination of Side-Chain Interactions tn Poly-L-Tryptophan (Sidney 
Shifrin), 751 

Examination (A Microbiological), of some Carbonaceous Chondrites (Dr 
George Claus and Prof Bartholomew Nagy), 594 

Examination (X-Ray and Neutron Diffraction), of p-Diphenylbenzene (Prof 
C J B Clews, Dr E N Maslen, H M Rietveld and T M Sabine), 154 

Examinations (Histochemical), of Chymotrypsin-like Esterases (Dr David 
Lagunoff and Prof Earl P Benditt), [198 

Excellence and Leadership in a Democracy, 899 

Exchange of Students for Technical Experience, International Association 
forthe Fourteenth Annual Report, | 130 

Exchange of Students for Technical Experience, International Association 
for the (United Kingdom) Report for 1960-61, [131 

Exchepecot Substances between the Blood and Tissues (Sir Howard Florey), 


Ewe 


Excised Cotton Roots Biosynthesis of Gossypol by (Prof F H Smith), 888 

Excised Embryos of Avena fatua L Bioassay of Gibberellic Acid using 
(Prof J M Naylor and G M Simpson), 679 

Excitation of the 2s State of Atomic Hydrogen by Electron Impact (Dr 
B L Moisewitsch), 545 

Excitation of the Plasma Membrane with Contraction ‘Glycerol Effect’ and 
the Mechanism linking (Prof Masahiro Fujyino, Toshio Yamaguchi and 
Keishi Suzuki), 1159 

Excitation in Uterine Smooth Muscle Sodium Influx and (Prof C Y Kao, 
Dr D Zakim and Dr F Bronner), 1189 

Excitation and Inhibition in Molluscan Central Synapses Cholinergic 
Transmission Mechanisms for both (Dr L Tauc and Dr H M 
Gerschenfeld), 366 

Excretion of Penicillin injected into the Muscles of Patients with Diabetes 
Peeli Absorption and (Dr L Weinstein and Dr R H Meade), 

Excretion of Uncrystallized Urinary Calculi composed of Glycolipo-Protein 
by Normal and Muscular Dystrophic Mice (C McGaughey), 1267 

Excretion (Electrolyte), in Sheep Hormones and (R Kinne, Dr W V 
Macfarlane and Prof O E Budtz-Olsen), [084 

Exercise Thrombocytosis evoked by (H S S Sarajas, A Konttinen and 

H Frick), 721 
Exhibition of 1851, Royal Commission for the Eleventh Report, 1239 
Record of the Science Research Scholars (1891-1960), 1240 

Exhibition at the Geological Museum, London, of Rocks and Minerals used 
by the British Ceramic Industry, 21 

EXIGIR (Special), at the Geological Museum, London, on Tristan da 

unha, 


INDEX 


Expansion (Morsture) Relationships for a Fired Kaolinite-Hydrous Mica— 
Quartz Glay (Dr W F Cole), 737 

Expectation of Life in the United States, 515 

Expedition to Peru, 1961 The University of Oxford (R C Herrera), 610 

Expedition to Tristan da Cunha (Royal Society), 1129 

RES d o Halley Bay), of the Royal Society, review by Dr R Stone- 
ey, 

Expenditure (Domestic Food Consumption and), 1959—Annual Report of 
the National Food Survey Committee (Ministry of Agriculture, 
Fisheries and Food), 317 

Expenditure (Government), on Research Control of, 485 

Expenditure (Government), on Research and Development 
(House of Commons Debate on), 1239 

Expenditure (Public) Control of, 485 

Expenditure (United Kingdom), on Science, Technology and Education, 1130 

Experience tn Misreaching produced by Visual Cortex Lessons Role of 
A Cowey and Dr L Werskrantz), 1319 

Experience (Past), of Rats Modification of the Effects of an Amphetamine— 
Barbiturate Mixture by the (Dr Hannah Steinberg, Dr Ruth 
Rushton and Christine Tinson), 533 

Experiment A Chemist’s Introduction to Statistics, Theory of Error and 
Design of (Dr D A Pantony), 213 

Experiment (Conjugate Point) Stanford-Pacific Naval! Laboratory (J E 
Lokken, J A Shand, Sir C S Wright, L H Martin, N M Brice and 
R A Helliwell), 319 

Experimental Alteration of che Speech-rate, 921 

Epes Atheroma in Budgerigars (Dr R Finlayson and V Hirchinson), 


Control of 


Experimental Detection of Auto-lonizing Transitions in Krypton by 
Electron Impact (John F Burns), 651 

Experimental Ecology of the Feeding of Fishes (Prof V S Ivlev), translated 
from the Russian by Douglas Scott, review by L Birkett, 297 

Experimental Eye Research, Vol 1, No I, 1240 

Experimental Nephrosis @Plasma Albumin Catabolism in (Dr Alvin L 
Sellers, Joseph Katz and Sheldon Rosenfeld) 562 

Experimental Physics Theoretical and (Dr H G Jerrard and Dr D B 
McNeill), review by D H Trevena, 491 

Experimental Physics at the University of Sussex, 707 

Experimental Sendai Virus Infection Influence of Age of Mice on the 
Recovery from (Dr Leon Sawicki), 1258 

Experiments in Natural History Observations and (Alan Dale), review by 

*B J G Maitland, 851 

Experiments (Atmospheric Diffusion) 
Comparison with Radioxenen Tracer (A E J 
N Thompson), 935 

Explosion (Nuclear), on October 30,196! Round-the-World Sound Waves 
produced by the, and their Effect on the lonosphere at Sodankylà 
(G Rose, J Oksman and E Katara), 1173 

Explosions (Russian Large Nuclear)  Microbarograph Records from the 
(E W Carpenter, G Harwood and T Whiteside), 857 

Explosive Phase of Solar Flares Coincidence of the, with 10 7-cm Solar 
Noise Bursts (Arthur E Covington and Gladys A Harvey), [52 

Exposing Individual Flies on Insecticidal Deposits A Technique for (H C M 
Parr and ] E H Grose), 475 

Expressing Rate of Ribonucleic Acid Biosynthesis Manner of (D G. 
Fraenkel and F C Nerdhardt), 677 

Extendability of Tendons undergoing Contraction-Relaxation (Dr H R 
Elden and G Webb), 742 

Extra-Sensory Perception A Survey of, review by Dr E J Dingwall, 4 

Extra- and [ntra-cellular Stages of Gregarine and Coccidian Protozoa 
Periodic Acid—Schiff Technique for the Demonstration of (Dr J B 
Jennings), 473 

Extracellular Concentrates of Group A Streptococc: [Esterase in, and the 
Homologous Antibody (Extracellular Esterase of Group A Strepto- 
cocci), (Aaron H Stock, Jose Uriel and Pierre Grabar), 434 

Extracellular Esterase of Group A Streptococci—Esterase in Extracellular 
Concentrates of Group A Streptococci and the Homologous Antibody 
(Aaron H Stock, Jose Uriel and Pierre Grabar), 434 , Electrophore- 
tic Mobility and Detection of Haemolytic Activity of Streptolysins 
O and S in Agar-Gel (A H Stock and José Uriel), 435 

Extracellular Glucose Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the Isolated Rat Diaphragm in the Controlled 
Absence of (P Volfin, D Eboue and H Clauser), 166 

Extracranial Cerebral Arteries Cerebral Infarction—the Role of Stenosis 
of the (Dr Peter O Yates and Dr Edward C Hutchinson), (Medical 
Research Council, Special Report Series No 300), 319 

Extract (Acid), of Leucocytes and Staphylococcus pyogenes (A G Towers), 
272 


Loss of Fluorescent Particles tn, by 
Eggleton and 


Extract (Sheep Pituitary) Effect of, on Hypercholesterolaemia in Intact and 
Hypophysectomized Rats (Dr Russel M Barakat), 7 

Extraction (Organic), from Fused Iranium Chlorides (M Taube and Z Bor- 
kowska), 745 

Extractives Wood (Plant Phenolics Group Symposium on), 511 

Extracts of Rhubarb Petioles — Auxin Activity in Ether-insoluble Fractions 
of (B E S Gunning), 661 

Eye The Structure of the—Proceedings of the Symposium held during the 
Seventh International Congress of Anatomists, New York, 1960 
(edited by George K Smelser) review by Dr E N Willmer, 295 

Eye the its Function (Dr R A Weale), review by Dr E N Willmer, 295 

Eye Research  Exberimental, Vol |, No 1, 1240 

Eye and Orbit in Domestic Animals Anatomy and Histology of the (Prof 
Jack H Prince, Prof Charles D Diesem Prof Irma Eglitis and 
Gordon L Ruskell), review by Dr E N Willmer, 295 

Eyerman, Dr Edward L , and others Acetylcholine in Sweat in Fibrocystic 
Disease of the Pancreas, 77 

Eyles, V A Bibliography and Index of Geology and Allied Sciences for 
Wales and the Welsh Borders, review, 491 

A Bibliography of the Honourable Robert Boyle, Fellow of the Royal 

Society, review, 851 

Eynon, Lewis Obituary by H C S de Whalley, 798 

Eyzaguirre,C Muscle Receptors (Spindle Motor Innervation), 805 


F REGION of the lonosphere Possible Solar Flare Effects in the (Dr 
G H Munro), 347 , (Dr R W Knecht and Dr K Davies), 348 


XXXV 


F-Region Electron Density with Sunspot Number — Atmospherioé Seale 
Paghe as a Modifying Influence on Linear Trend of (Jean M Bullen), 
Faber, er M,andJordal, R Presence of Two lron-Transport Proteins in 
erum, 
ronnan o AUEUH (Ehr) Development of the Polychaete (D B Lewis), 


Face (The Hidden), of the Moon, review by Prof Zdenek Kopal, 839 

Factor in the Adhesiveness of Human Blood Platelets Adenosine Diphos- 
phate tn Red Cells as a (A Gaarder, Dr J lonsen, Prof S Laland, 
Dr A Hellem and Prof P A Owren), 531 

Factor converting Mesophilic into Thermophilic Micro-organisms (Edward 

Sie Dr Harry Sobotka and Herman Baker), 86 

Factor (Cytopathic Protective), its. Production by Normal Uninfected 
Serum-free Cell Cultures (Dr Robert W Pumper, Herbert M 
Yamashiroya and Lawrence J Alfred), 1101 

Factor (Hageman) Role of, tn the Activation of Vasodilator Activity in 
Human Plasma (Dr M E Webster and O D Ratnoff), 180 

Factor (Hyperglycaemic) Occurrence of a, in the Corpus Cardiacum of an 
Insect (J E Steele), 680 

Faccor (Phospholipid) Effect of a, on the Activity of Progesterone (Effect 
of Progesterone on Pregnancy), (Dr Tapani Luukkamen and Dr 
Arpad [| Csapo), 331 

Factor (Possible), controlling Biosynthesis of Arylesterase Sex Hormones 
as a (Dr Klas-Bertil Augustinsson and Bertil Olsson), 969 

Factories (Small) Health Services in (World Health Organization Regional 
Office for Europe (United Nations), and the International Labour 
Organization Conference on), 618 

Factors in Arteriosclerosis — Re-Evaluation of some (Dr Hans Kaunitz) 9 

Factors (Group Retention), in che Gas-Liquid Chromatography of Steroids 
(R B Clayton), 524 

Factors (Important), for the Regeneration of Naked Yeast Protoplasts 
Physical Conditions as (Dr O Nečas), 580 

Faddeyeva, V N , and Terent'e, N M Table of Values of the Function 

z 


w(z) = e-2* (! + - jet dt) 





aT 


for Complex Argument (edited by v OA Fok) translated from the 
Russian by D G Fry, review by Prof C A Coulson, 97 

Faecal Output A New Method of Estimating the Dry-Matter Intake of 
Grazing Sheep from their (J B Owen), 92 

Failure Reserpine-induced Circulatory (Prof Eleanor Zaimis), 521 

Failure of the Purified Growth Hormone to restore the Size of the Kidneys 
in Hypophysectomized Rats (Dr T Astarabadi), 270 

Fairbridge, R W Changes of Climate (Mean Sea-level during the Past 
20,000 Years), 1139 

Falcon, N L Interpretation of Geophysical Surveys, 1244 

Falk, Dr Hans L, and others Enzymatic Hydrolysis of Biliary Conjugates 
of 3,4-Benzypyrene on Filter Paper, 973 

Falkland Islands The (M B R Cawkell, Dr D H Maling and E M 
Cawkell), review by Dr R J Adie, 853 

Falkland Islands Dependencies Fur Seals Breeding in the (F A O'Gorman), 
914 


Falkland Islands Dependencies Survey, [9 

Fall-out in Czechoslovakia up to 1961 — Systematic Measurement of (Prof 
W Santholzer, G Macku and J Podzimek), 398 

Fall-out (Rad:oactive), and the Testing of Nuclear Weapons—Statement 
by the Medical Research Council, 400 

False Zodiacal Light Confirmation of Outer Atmospheric Asymmetry 
postulated to explain the (E R Hope), 742 

Fanconi Type Anaemia Foetal Haemoglobin in (Dr J H Jones), 982 

Fantes, K H, and others Venturictdin, a New Antifungal Antibiotic of 
Potential Use in Agriculture, 952 

Faraday Magneto-Optical Effect A New Application of the, for Diagnostic 
Measurements of Transient Magnetic Fields (R D Medford, W H W 
Fletcher, J D Herbert and A L T Powell), 622 

Faraday Society Discussion o1 lonic Melts, 509 

Informal Discussion on Colloids, 929 

Farmer, Dr R H Wood Extractives, SII 

Farrell, Dr B A At the Sixth Annual Conference of the British Society 
for the Philosophy of Science (Explanation tn Psychology), 508 

Fast Reactions The Study of (Cambridge Physical Chemistry 1961 Summer 
School), [136 

Fast Reactions in Physical Chemistry (Dr W Gerrard), 1136 

Fast-contracting Leg Muscles (Slow- and), of the Cockroach Lipase 
Activity in the (Prof ] C George and N M G Bhakthan), 356 

Fat (Depot) lodine Number in Children Ambient Temperature and 
(1 Macdonald), 363 

Fat (Human Depot) An Unusual Major Fatty Acid Component tn (Dr 
D S McLaren and W W C Read), 265 

Fat and Sugar Metabolism tn Infant Rats — Interrelationship between (P 
Hahn, O Koldovsky, Y Melichar and M Novak), 1296 

Fate of Tritiated Noradrenalire at the Sympathetic Nerve-Endings (G 
Hertting and J Axelrod), 172 

Fatigue under Random Loads (Dr A N May), 158 

Fatigue (High- and Low-Stress) Difference between (N E Frost), 446 

Fatt, Dr P Electrical Activity of Single Cells, review, 203 

Fatty Acid Component (An Unusual Maior), in Human Depot Fat (Dr 
D S McLaren and VV W C Read), 265 

Fatty Acid Synthesis in Liver and Yeast Systems Particle Involvement in 
(S Abraham, | L Chaikoff, VW M Bortz, H P Klein and Halına 
Den), [287 

Fatty Acids (edited by K S Markley), Part !, second edition, review by 
Dr Geoffrey Eglinton, 199 

Fatty Acids of Montan Wax Separation, Identification and Determination 
of the (D R Hewett, P J Kipping and P G Jeffery), 65 

Fatty Acids in Rabbit-Heart Sarcosomes Relationship between Oxidation 
of [socicrate and Metabolism of (Dr W C Hulsmann), 1153 

Fatty Acids (Essential) Requirement of, and Avian Atherosclerosis (H 
Fisher, A S Feigenbaum and H S Weiss), 1310 

Fatty Acids (Unesterified) Improved Gas Chromatographwof (P Jowett 
and B J Horrocks), 966 

Fauna (A Mammalian), from the Kimmeridgian of Portugal (Dr Walter 
G Kuhne), 274 


XXXVI 


e 

Fauna (World's), for Food The Better Use of the (Institute of Biology 
Symposium on), 21, |112 R 

Fecundity in the Moth Panaxra dominula L Influence oí Larval Environment 
on Adult Size and (L M Cook), 282 

Federal Council for Science and Technology, 1023 

Federal Government Scientists and Engineers in the, October 1958 
(United States National Science Foundation), 800 

Fédération Internationale de Documentation Twenty-seventh Conference 
E M R Ditmas), 218 

Inventory of Abstracting Services, 1026 

Feeding of Bamboo Flowers to Laboratory Rats and Mice (V Mahadevan, 
Dr S S Negi and O N Agarwala), 470 : 

Feeding of Fishes Experimental Ecology of the (Prot V 5 Ivlev), trans- 
lated from the Russtan by Douglas Scott, review by L Birkett, 297 

Feeding Griseofulvin Effect of, on Rate of Growth of Chicks (Dr W P 
Jaffe), 469 

Feeding Mechanism of the Flea An Apparatus for Observations on the 
M M J Lavoipterre and M Hamachi), 998 

Feeding (Antennary), of the Hermit Crab Diogenes brevirostris Stimpson 

R E Boltt), 1099 

Feeding (Plant), sn Mosquitoes Specificity of, as determined by Radio- 

active Phosphorus (Dr A A Abdel-Malek and Dr W F Baldwin), 


(78 
Feeding (Wet and Dry) Comparative Effects of, on the Utilization of 
Protein by Calves (A M Raven and K L Robinson), [256 
Feeding Habit of some Central African Freshwater Fishes (H Matthes), 78 
Feigenbaum, A S$, and others Requirement of Essential Fatty Acids and 
Avian Atherosclerosis, 1310 
Feilden, G B R Appointed a member of the Council for Scientific and 


Industrial Research, 113 
Feinberg Dr Joseph G A ‘Microspot’ Test for Antigens and Antibodies, 
5 


98 

Feldberg Foundation Lecture 1961 (Prof Herbert Hensel, The Electro- 
phystology of Thermoreceptors), 309 

Fellows, E C | Awarded the Lord Rutherford Award of the British 
Institution of Radio Engineers, 609 

Fellowship Perkin Centenary (Perkin Centenary Trust), 506 

Fellowships in Engineering Study and Fundamental Research tn Plastics 
(Princeton University), 921 

Fellowships (Research), and Research Studentships 
Fellowships, (Zoological Society of London), 211 

Fellowships (Sentor Research), in Clinical Research (Wellcome Trust), 1026 

Fellowships (Senior Research), of the New Zealand Department of Scientific 
and Industrial Research awarded to Dr B H Howard and to Dr 
R Melville, 210 

Fellowships (Senior Research), Research Fellowships and Research Student- 
ships (Zoological Society of London) 211 

Female Rat Preputial Glands as a Source of / -Glucuronidase (Dr Margaret 
| Stern), 359 

Female White Rat during the CEstrual Cycle — Vartazions :n the Nuclear 
Deoxyribonucleic Acid Content in the Adrenal Cortex of the (E 
Brafiez and H Roels), 1043 . 

Females of Gryllus assimilis (F) Inhibited Oviposcion by, induced by 
Radioactive Males, using L-Methionine-Methyl-“C (Dr A A Abdel- 
Malek and D K McE Kevan), 681 

Fenner, Prof F J Mechanisms of Virus Infections (Epidemiological 
Factors in relation to Animal Virus Diseases), 1247 

Ferguson, Dr K M Endocrinology and Evolution, 796 

Fermentation (Antibiotic) A Potent, Non-Toxic Plent-Growth Inhibitor 
from an (Dr L G Nickell and W D Celmer), 1098 

Fermentation Liquors Formation of 2,3-Dihydroxybenzotc Acid in, during 
the Submerged Culture Production of Lysergic Acid a-Hydroxy- 
ethylamide by Claviceps paspal: Stevens and Hall (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella,, 552 

Ferrando, Prof R,and others Estrogen Content o Plants as a Function 
of Conditions of Culture, 1205 

Ferrari, R , and Matracia, $ Interaction between Lzsozyme and a Phos- 
pholipid of Neoplastic Tissue (Oncolipin), 1187 

Ferretti, A, and others Formation of 2,3-Dihydroxybenzoic Acid in 
Fermentation Liquors during the Submerged Culture Production of 
Lysergic Acid a-Hydroxyethylamide by Clavicets paspali Stevens and 
Hall, 552 

Ferromagnetic Inclusions in Nucleic Acid Samples (W M Walsh, jun, 

i R G Shulman and R D Heidenreich), 1041 

Fertility of some Strains of Neurospora crassa Effect of Kinetin on the 

(Barry O Lee), 288 

O'Nyong-nyong (J D Gillet, M C Williams J P Woodall, P S 

Corbet and J M Ellice), 30 

Fibers (Protein) Ultrastructure of—Collagen, Muscle and Keratin (Elec- 
tron Microscope Society of America Symposium on), 6l 

Fibre Follicles in Romney Ewes (Dr A B Wildman), 997 

Fibres (Rabbit Ventricular) Evidence for Independence of Voltage of the 
Membrane Conductance of (Dr Edward A Johnson and J Tille), 663 

Fibrin Powders (Human, Cow and Rabbit Native), as Anticoagulants (Dr 
A L Copley and Beverly Becher), 568 

Fibroblast (Cultured) Increase in the Dense Cytoplasmic Bodies in 
Radiation-induced Giant Cells of the (Dr A F Hayward), 821 

Fibroblast Cultures Cytotoxic Effect of Aminoacetonitrile on, and its 
Prevention by Histidine (Dr J Mager, Z Fuchs, S Halevy and 
| Sciaky), 170 ; 

Fibrocystic Disease of the Pancreas Acetylcholine in. Sweat in (Dr 
Edward L Eyerman, Dr Robert J Hurley and Èr Richard L Irwin), 


Senior Research 


Fever 


Fick Procedure (New Indirect), for the Determination of Cardiac Output 
(Dr J G Defares, Dr M E Wise and Prof J W Duyff), 760 

Field, G J, and Watts, Dr H Distribution of Pressure for Flow of Gas 
through Porous Media, 1277 

Freld Centre Lanehead 404 

Field Studies Council Courses for 1962, 1132 

Fifty Years of Stedman, review by Dr K M Hawkins 1222 

Filamentous Fung: Formation of 2-Heptanone from Caprylic Acid by 
Spores of various (R F Gehrig and Prof S G Knight), 1185 

Filaments (Narfow Tungsten) Polarized Thermal Emission from (Prof 
Yngve Ohman), 254 

Filosa, Michael F (Clegg, James S, and) Trehalose in the Cellular Slime 
Mould Dictyostelium mucoroides, 1077 


INDEX 


Filter Paper Enzymatic Hydrolysis of Biliary Conjugates of 3,4-Benzpyrene 
on (Dr Hans L Falk, Sung Suk Lee and Prof Paul Kotin), 973 

Filter Papers on Planchettes for Radioactive Counting _ A 3imple Flattener 
for holding (Dr Edward A Smuckler and Prof Earl P Benditt), 191 

Filters (Membrane) Influence of Adding Salts to the Medium on Counts 
of Phenol-treated Escherichia coli on (N D HarrisandJ P Richards), 


87 

Filtration (Gel) Purification of Urinary Contugated CEstrogens by (C G 
Beling), 326 

Purification and Concentration of Dye-Protein Conjugates by (Dr W. 
George and Dr K W Walton), 1188 
Rapid Preparation of Fluorescent Antibodies using (Johan Killander, 

Jan Pontén and Lennart Rodén), 182 

Finance (University), in. Britain (1959-1960), 617 

Fine Structure of the Arteriolar Nerves in the Guinea Pig Pancreas (Dr. 
J D Lever and Dr A C Esterhuizen), 566 

Fine Structure in Jovian Decametric Radiation Presence and Correlation 
of (James N Douglas and Harlan J Smith), 741 

Fine Structure of Viruses (Electron Microscope Society of America Sym- 
posium on), 6 

Finlayson, Dr R, and Hirchinson, V 
gars, 369 

Firat, Prof $ At the Thirteenth Congress of the International Union of 
Forest Research Organizations (Growth and Yield), 6I4 

Fire Possible Origin of the Use of, by Early Man (D C Arnold), 1318 

Fire Offices! Committee Joint Fire Research Organization (Department of 
Scientific and Industrial Research and) Fire Research 1960—Report 
of the Fire Research Board with the Report of the Director of Fire 
Research, 1250 

Fire Research [960—Report of the Fire Research Board with the Report 
of the Director of Fire Research. (Department of Scientific and 
Industrial Research and Fire Offices’ Committee Joint Fire Research 
Organization), 1250 

Fire Research Board Fire Research 1960—Repgrt of the, with the Report 
of the Director of Fire Research (Department of Scientific and 
Industrial Research and Fire Offices’ Committee Joint Fire Research 
Organization), 1250 

Fire Statistics, 1960 United Kingdom—Statistical Analysis of Report of 
Des attended by Fire Brigades in the United Kingdom during 1960, 

Fired Kaolin and Kaolinitic Clay Puzzolanic Activity and Semiconductivity 
of (A K Chatterji), 1180 e 

Fired Kaolinite-Hydrous Mica-Quartz Clay Moisture Expansion Relation- 
ships for a (Dr W F Cole), 737 

Fireman, Edward L , and Fisher, David E Uranium in the Sikhote-Alin 
Meteorite and its relation to the Lead Method of Age Determination, 


Experimental Atheroma in Budgeri- 


644 
Firsof£Éí Y A Moon Atlas, review by Brian Warner, IIll 
Firth, P Promoted to Senior Principal Scientific Officer, 214 , work of, 


Firth, ] M,and Bil, Dr D Detection of Spin Magnetization Variation in 
a Two-level Maser Oscillator, 860 

Firth, Prof R Captain Cook's Voyages, review, 1107 

Fischmann, Dr E J (Barber, Dr M R,and) Heart Dipole Regions and 
the Measurement of Dipole Moment, 141 

Fish (Fisheries Division of the United Nations Food and Agriculture 
Organization Conference on), [013 

Fish in Nutrition (Dr C L Cutting), 1013 

Fish (Cat-) Barbels Response of, to Taste Stimuli (Hidekt Tateda), 343 

Fish (Common Dog-) An Intra-Pericardial Hepatic Intrusion in the (Dr 
A S Fuller), 280 

Fish (The Grayling), and River-Names (John Tutin), 1102 

Fisher, David E (Fireman, Edward L and) Uranium in the Sikhote-Alin 
Meteorite and its relation to the Lead Method of Age Determination, 


Fisher, H , and others Requirement of Essential Fatty Acids and Avian 
Atherosclerosis, 1310 
Fisher, Prof W B Precis de Climatologie, review, 1223 
Fisheries (West African) Preliminary Bionomic Data from (Trawl Fishing 
in the Tropical Atlantic), (Alan R Longhurst), 621 
Experimental Ecology of the Feeding of (Prof V S Ivlev), translated 
from the Russian by Douglas Scott, review by L Birkett, 297 
Haemoglobin Polymorphism in (Dr Knud Sick), 894 
Mathematical Theory of Nutritional Relationships of, review by L 
Birkett, 297 
Parasitology of (V A Dogiel,G K Petrushevski and Yu I Polyanski), 
translated by Dr Z Kabata, review by Dr Ben Dawes, 832 
Fishes sentra African Freshwater) Feeding Habit of some (H Matthes), 


Fishes 


Fishes (Mediterranean), of the Family Istiophoridae (Dr Enrico Tortonese), 


80 

Fishing (Trawl), in the Tropical Atlantic—Catch-rates and Composition 
(R H Lowe (McConnell) and Alan R Longhurst), 620 , Preliminary 
Bionomic Data from West African Fisheries (Alan R Longhurst), 


621 

Fission (Nuclear) The Balance of Energy in (G N Walton), 1062 

Fission Fragment Molecular Disarray in a Crystal Lattice produced by a 
(Dr F P Bowden and L T Chadderton), 31 

Fission Products The Entry of, into Food Chains (edited by J F Loutit 
and R Scott Russell), review by Dr Hugh D Evans, 6 

Fisston Products (Long-lived), and Level of Activity in Milk Analysis of 
the Relationship between Deposition of (Dr W Anderson, L K 
Burton and J © Crookall), 1009 

Fission Products (Stratospheric) Transfer of, into the Troposphere (D H 
Peirson), 497 

Five-Covalent Copper (II) Complexes containing 1,[0-Phenanthroline and 
2,2"-Bipyridyl (Properties of some Copper Complexes), (Dr C M 
Harris, T Lockyer and Hanneke Waterman), 424 

Five Space Equation of Motion in (Prof Christopher Gregory), [320 

Fixation of Muscle (G Goldspink), 1305 

Fixation (Nitrogen) Effect of Copper Deficiency in White Clover on 

H van der Elst, K J McNaught and W F Rolt), 1315 

Fixation (Symbiotic Nitrogen), by Alder (Alnus glutinosa Gaerth ) Molyb- 
enum and (Dr J H Becking), 1204 

Flagellar Changes in Escherichia coli induced by Temperature of the Environ- 
ment (Dr Robert B Morrison and Jean McCapra), 774 


INDEX 


Flare Effects (Possible Solar), in the F Region of the lonosphere (Dr G H 
Munro), 347, (Dr R W Knecht and Dr K Davies), 348 

Flares (Solar) Coincidence of the Explosive Phase of, with 10 7-cm Solar 
Norse Bursts (Arthur E Covington and Gladys A Harvey), 152 

Flaschka, H = Microchemical Techniques (Value of Photometric Titrations 
for Metal lons present in Small Amounts or at extremely Low 
Concentrations), 411 

Flattener (A Simple), for holding Filter Papers on Planchettes for Radio- 
cL Counting (Dr Edward A Smuckler and Prof Earl P Benditt), 


Flavohaemoprotein, Cytochrome ba (L(-L)-Lactate Dehydrogenase of 
Baker's Yeast), and of Haemoprotein, Flavoprotein and Apoprotein 
Sas Structure and Properties of the (Prof R K Morton), 

Flavoprotein and Apoprotein Derivatives Structure and Properties of the 
Flavohaemoprotein, Cytochrome bz (L(+ )-Lactate Dehydrogenase of 
Baker's Yeast), and of Haemoprotein, (Prof R K Morton), 727 

Flavour (Oxidized), in Milk. Hormonal Control of (Harald Astrup), 559 

Flea An Apparatus for Observations on the Feeding Mechanism of the 
(M M J Lavoipierre and M Hamachi), 998 

Fleck, Adam Appointed to a lectureship in biochemistry in the University 
of Glasgow, 1132 

Fleissner, Sylvia, and others Blood Glucose-6-Phosphate in Heterozygous 
Carriers and Patients with. Liver. Glycogen Disease (Von Gierke's 
Disease), 265 

Fleming Memorial Fund for Medical Research Grant of £48,000 to the 
University of Oxford, for the Sir William Dunn School of Pathology, 


404 
Flesher, A M, and others Radioproteotive Effects of Reserpine and its 
N-oxide, 1309 


Fletcher, W H W, and others A New Application of the Faraday 
Magneto-Optical Effect for Diagnostic Measurements of Transient 
Magnetic Fields, 622 

Flies on Insecticidal Depos A Technique for Exposing individual (H C 
M Parr and] E Grose), 475 

Flies (Tsetse) Effect of Age and Pregnancy on the Tolerance of, to Insecti- 
cides (G F Burnett), 188 

Flipse, Dr L P At the First British Insecticide and Fungicide Conference 
(Soil Stertlants), 114I 

Floor of the Atlantic Natural Glass from beneath Red Clay on the (Dr 

D Nicholls and V T Bowen), 156 

Flora $f New Zealand (Dr H H Allan), Vo! I, Indigenous Tracheophyta, 
Psilopsida, Lycopsida, Filicopsida, Gymnospermae, Dicotyledones, 
review by Dr George Taylor, 1108 

Flora of the Zambezi Basin, review by E Milne-Redhead, 1220 

Flora (British) A New Illustrated (Dr Roger W Butcher), Part I, Lyco- 
podiaceae to Salicaceae, review by R D Meikle, 1221 

Flora Zambesiaca—Mozambique, Federation of Rhodesia and Nyasaland, 
Bechuanaland Protectorate, Vol I, Part 2, (edited by A W Exell 
and H Wild), review by E Milne-Redhead, 1220 

Flores, Dr Ivan Computer Logte—the Functional Design of Digital Com- 
puters, review by Dr M V Wilkes, 489 

Florey, Sir Howard Exchange of Substances between the Blood and 
Tissues (Anniversary Address to the Royal Society), 908 

Re-elected president for 1962 of the Royal Society, 918 
Mechanisms of Virus Infections, 1246 

Florey, Sir Howard, and Grant, L H 
mation, 801 

Florkin, Prof Marcel (editées et annotees par) Lettres de Theodore 
Schwann (1810-1882), review by Prof Kenneth J Franklin, 692 

Flour (Wholewheat) Trypsin Inhibitor ın (G Shyamala, Barbara M 
Kennedy and Prof R L Lyman), 360 

Flour Protein Modification of the Properties of, by Thiolated Gelatin 

E McDermott and J Pace), 657 

Flow of Air (Real Gas Equilibrium), in Hypervelocity Test Facilitres with 
Total Temperature to [0,000? K Mach Tables for (K L Goin), 308 

Flow of Blood in the Forearm of Persons acclimatized to Heat (Dr G C 
Whittow), 759 

Flow of Gas through Porous Media 
Field and Dr H Watts), 1277 

Flow (Heat), in Liquids Diffusion and (H J V Tyrrell), review by Prof 
A R Ubbelohde, 845 

Flow (Oscillatory), in an Air-filled Elastic System (Group-Capt J E 


Leucocyte Migration in Inflam- 


Distribution of Pressure for (G J 


Malcolm), 875 
Flow (Unstable), of Molten Polymers (J J Benbow, R V Charley and 
P Lamb), 223 


Flow (Water-) 
Flowering tn Pinus banksiana 
R Larson), 82 
Flowering of Seeditng Apples Rootstock Influence on the (H M Tydeman), 

83 


Measurement of, review by Prof S P Hutton, 842 
Influence of Date of Flushing on (Philip 


Flowering Effects on Senescence A Distinction between Bolting and 
(Prof Jules Janick and A C Leopold), 887 

Flowers (Bamboo) Feeding of, to Laboratory Rats and Mice (V Mahadevan, 
Dr S S Negri and O N Agarwala), 470 

Floyd, K W , and others Pituitary Effect on Synthesis of Deoxyribo- 
nucleic Acid in. Regenerating Rat Liver following Whole-body 
X-Irradiation, 1309 

aues n Hormone Activity in Brachyura Larvae (John D Costlow, 
un ), 183 

Huctaatiohs in Marine Populations tn [celandic Waters (G Bodvarsson 
and J Jonsson), 768 

Fluid (Ascitic) Identification of Antibody in B»-Globulins of Mouse Serum 
and (Dr R T Jordan,J Banovitz,| L Trapaniand Dan H Campbell), 


885 

Fluid (Normal and Pathological Cerebrospinal) Antithrombin Activity of 
Dr A Gaertner, J Lisiewicz and Dr ] Caen), 1164 

Fluid (Synovial) Presence of Haptoglobin in (Prof Otto W Neuhaus and 
Virginia P. Sogoian), 558 

Fluid Media Evidence for the Photo-Association of Aromatic Hydro- 
carbons in (Dr B Stevens), 725 

Fluids (Body) Blood and other (Analysis and compilation by Philip L 
Altman , edited by Dorothy S Dittmer), review by Sir Hans Krebs, 
591 

Fluorescence (Ultra-violet), of several Globular Proteins — Influence of pH 
and Urea on the (R F Steiner and H Edelhoch), 873 


XXXVII 


Fluorescent Antibodies Rapid Preparation of, using Gel-Filtration (sqffan 
Killander, Jan Ponten and Lennart Roden), 182 

Fluorescent Particles Loss of, in Atmospheric Diffusion Experiments by 
Comparison with Radioxenon Tracer (A E J Eggleton and N 
Thompson), 935 

Fluorescent Protein Conjugates Purification of —Comparison of Charcoal 
and ‘Sephadex’ (Dr J E Fothergill and Dr R C Nairn), 1073 

udi ar) hg Microwave Spectrum of (B E Job and Dr J Sheri- 

an), 

I8-Fluoro-cis-9-Octadecenoic Acid (Dichapetalum toxicarium) Synthesis of 
the Toxic Principle of (Prof F L M Pattison and R E A Dear), [284 

S-Fluorodeoxyuridine Reversal of Toxicity of 5-Fluorouracil and, for 
Candida albicans by Pyridoxine and Pyridoxamine (Dr M L Littman 
and Dr T Miwatani), !155 

S-Fluorouraci| and 5-Fluorodeoxyuridine Reversal of Toxicity of, for 
Candida albicans by Pyridoxine and Pyridoxamine (Dr M L Littman 
and Dr T Miwatani), [155 

Flushing Influence of Date of, on Flowering tn Pinus banksiana (Philip 
R Larson), 82 

Flying-Spot Interference Television Microscope (Television Microscopy), 
(Dr P O'B Montgomery and L L Hundley), 1059 

Foetal Circulatory Homeostasts Sensory Deprivation and (Prof S R M 
Reynolds), 818 

Foetal Haemoglobin in Fanconi Type Anaemia (Dr J H Jones), 982 

Foetal Rabbit Hormonal Control of the Development of the Thymus of 

the (J G Bearn), 875 

Genetical Evidence for Synthesis of Transferrin tn the (Dr A R 

Rausen, Dr P S Gerald and Dr L K Diamond), 182 

Foetus (Human) P: Antigen in the (Elizabeth Ikin, Dr H E M Kay, 
J H L Playfatrr and Dr A E Mourant), 883 

Fok, V A (edited by) Table of Values of the Function 

z 


w(z) = e72? ( + ži je dt) 


Foetus 





T 


for Complex Argument (Y N Faddeyeve and N M Terent'ev), 
translated from the Russian by D G Fry, review by Prof C A 
Coulson, 97 

Folk, John E (Glenner, George G , and} Glutamyl Peptidases in Rat and 
Guinea Pig Kidney Slices—Histochemical Demonstration. of 
4-Glutamyl Transpeptidase-like Activity, 338 , Histochemical Char- 
acterization of a Unique a-Glutamyl Peptidase Activity, 339 

Folk-Life Studies, Society for Establishment of the, 19 

Election of Officers, I9 

Follicies (Fibre), in Romney Ewes (Dr A B Wildman), 997 

Folsome, Prof C E,and Levin, D Detecting Reversion in TÁárl] Bacterio- 
phage to r* induced by Ultra-Violet Irradiation, 1306 

Food The Better Use of the World's Fauna for (Institute of Biology 
Symposium on), 21, [112 

Food Chains The Entry of Fission Products into (edited by J F Loutit and 
R Scott Russell) review by Dr Hugh D Evans, 6 

Food Consumption and Expenditure Domestic (1959)—Annual Report 
of the National Food Survey Committee (Ministry of Agriculture, 
Fisheries and Food), 317 

Food-Grains (Stored) Pre-Harvest Prophylaxis for Infestation Control in 
(S K Majumder, K Krishnamurthy and S. Godavari Bar), 375 

Food Problems World, review by Dr W R Aykroyd, 1006 

Food Processing in relation to Health (British Association for the Advance- 
oes Section | (Physiology and Biochemistry), Discussion 
on), 

Food Scientists and Technologists tn the United Kingdom Training of 
Industrial (British Association. for the Advancement of Science, 
Section B (Chemistry), Discussion on), 302 

Food Storage Toxic Chemicals in Agriculture and, 1130 

Food Survey Committee (National) Annual Report—Domestic Food 
Consumption and Expenditure, 1959 (Ministry of Agriculture, 
Fisheries and Food), 317 

Food and Agriculture, 196] The State of (United Nations, Food and 
Agriculture Organization), 1028 

Food and Agriculture in Developing Countries (Prof A H Bunting), 1028 

Food and Agriculture Organization (United Nations) The State of Food 
and Agriculture (1961), 1028 

Food and Agriculture Organization (Fisheries Division), (United Nations) 
Conference on Fish, 10] 

Foot-and-Mouth Disease, 714 

Foot-and-Mouth Disease Virus Dissociation of, into its Nucleic Acid and 
Protein Components (F Brown and B Cartwright), [163 

Forbes, Dr W F, and others At the Third Australian Spectroscopy 
Conference (Electron Paramagnetic Resonance Properties of Cystine 
and related Compouncs after Irradiation with Mercury 2537 
Radiation and a Sun-lamp (Peak ~ 3100 A )), 929 


Forces Gravitational and Electrostatic (Dr A E Martin), 59 


Ford, Dr E B Polymorphism in Insects (Theory of Genetic Polymor- 
phism), 412 

Ford-Robertson, F C International Union of Forest Research Organiza- 
tions, 614 


Forearm of Persons acclimatized to Heat Flow of Blood in the (Dr G C 
Whittow) 759 

Forest Wealth of the, review by T A Russell, 693 

Forest Research Organizations, International Union of 
Congress (F C Ford-Robertson), 614 

Election of Officers, 615 

Forestry Institute (Commonwealth) 
re-named the, 802 

Forestry Institute (Imperial), Oxford 
Forestry Institute, 802 

Formal Logic A History of (Dr | M Bochénski), translated and edited by 
lvo Thomas), review by F | G Rawlins, 693 

Formal Logic in Retrospect, review by F | G Rawlins, 693 

Formaldehyde ^ Demonstration of Interaction Products of Adenine and 
Adenosine Phosphates with (Dr D L Woodhouse), 336 

Formation of Active Nitrogen using Sources of Alternating Current and 
Direct Current (G G Mannellta), 159 

Formation of Air- Water Froths (| Rennie and W Smith), 419 

Formation of Auxin-bound Proteins (Archana Sen Gupta and S P Sen), 1290 


Thirteenth 


Imperial Forestry Institute, Oxford, 


Re-named the Commonwealth 


XXXVIII 


FoR mation of 3,4-Benzpyrene Inhibition of the, during Hydrocarbon 
Combustion (R Long and S K Ray), 353 
Formation of Cracks in Ice Plates by Thermal Shock (L W Gold), 130 
Formation of Different Haemoglobins tn Tissue Culture of Human Bone 
Marrow treated with Human Deoxyribonucleic Acid (Prof Lorraine 
M Kraus) 1055 
Formation of 2 3-Dihydroxybenzoic Acid in Fermentation Liquors during the 
Submerged Culture Production of Lysergic Acid. a-Hydroxyethyl- 
amide by Claviceps paspal: Stevens and Hall (F Arcamone, Prof 
E B Chain, A Ferretti and P. Pennella), 552 
Formation of 2-Heptonone from Caprylic Acid by Spores of various Fila- 
mentous Fungi (R F Gehrig and Prof S G Knight), 1185 
Formation of Histamine and Histamine-Itke Substances from Histidine by 
Quartz Dust (L W Marasas), 872 
Formation of Pegmatitic Carbonatite in a Syenite-Marble Contact (R D 
Schuiling), 1280 
Formation (Abnormal Globin), in Human Megaloblasts (Prof Austin S 
Weisberger and Ernest P Noble), 1261 
Formation (Free-Radical) during Storage of Freeze-dried Serratia marcescens 
(Dr R L Dimmick R J Heckly and D P Hollis) 776 
Formation (Heat of), of the Difluoromethylene Radical (Dr J R Majer and 
Dr C R Patrick), 866 
Formation (Induced), of Malic Enzyme ın Lactobacillus arabinosus (17-5) 
Nutrirtonal Requirements for the (Sheila M Bocks), 89 
Formation (Ordovician Nod Glas), of Merioneth — Chitinozoa from the 
(Prof F H T Rhodes), 275 
Formation (Pvrolvtic Carbon), from Carbon Suboxide (B C Banerjee, 
T J Hirt and Prof P L Walker, jun ), 450 
Formation (Reticular) Effects of Electrical Stimulation of, on the Lactic 
Aad Content of the Rat Brain (Dr Lj Mihailovic, Ly Krzalic and 
D Cvetkovic) 1166 
Formation (Tooth) Third Molar Polymorphism and the Timing of (Stanley 
Garn, Arthur B Lewis and Batsheva Bonné) 989 
Forms (Cultivated), of Brassica oleracea Juvenile Stage in (Dr L G G 
arne), 889 
Forshufvud, Dr Sten, and others Arsenic Content of Napoleon l's Hair 
nrobablv taken immediately after his Death, 103 
Forss, D A (Horwood, 3 F, and) At the Third Australian Spectroscopy 
Conference (Methods for Handling Micro-quantities of Samples for 
Absorption Spectrometry), 928 
Fort Portal Area in Western Uganda Carbonatitic Lava from (Dr O von 
Knorring and Dr C G B du Bois), 1064 
Fossil Micro^lankton Classification of (Dr C Downie, G L Willams and 
Dr W A S Sargeant), 471 
Foster J W (Ishikura, Tomoyuki, and) Incorporation of Molecular Oxygen 
during Microbial Utilization of Olefins, 892 
Foster, Dr W D Chemistry in the Service of Medicine (Chemical 
Pathology), 1017 
Focherg I| Dr J E and Nairn, Dr R C Purification. of Fluorescent 
Protein Conjugates—Comparison of Charcoal and ‘Sephadex’, 1073 
Fotherg!ll, Dr Philip G Evolution and Christians, review by the Rev 
Charles E Raven 827 
Four Soil Amoebae  Biotin, a Growth Requirement for (R N Band), 674 
Fowler W A At the Rutherford Jubilee International Conference on 
Nuclear Physics (Rutherford and Nuclear Cosmochronology), 795 
Fox, M and Zeiss Dr 1 M Chromosome Preparation from Fresh and 
Cultured Tissues using a Modification of the Drying Technique, 1213 
Fox, Maurice S. (Ephratr-Elizur Erela, and) Comparison of Transduction 
versus Transformation of Linked Markers in Bacillus subtilis, 433 
Fox (Eastern Grey), and the Eastern Raccoon Natural Occurrence of 
Leptospira icterohaemorrhagiae in the (Dr L G Clark, J | Kresse, 
R R Marshak and C J Hollister), 1312 
Fraccaro M, and others Somatic Chromosomes of the Gorilla, 225 
Fractionation Large-Scale Polymer Column (Manfred J R Cantow, Roger 
S Porter and Julian F Verster), 752 
Fractions (Ether-insoluble), of Extracts of Rhubarb Petioles 
Activity in (B E S Gunning), 661 
Fractions (Subcellular), of various Regions of the Central Nervous System 
of the Rat Distribution of Ribonucleic Acid in (T Borkowski, 
S Harth, R Mardell and Prof P Mandel), 456 
Fraeijs de Veubeke, Prof B Astronautics (Optimization of Space Vehicles 
and Launchers relative to their Missions), 311 
Fraenkel, D G, and Neidhardt F C Manner of expressing Rate of 
Ribonucleic Acid Biosynthesis, 677 
Fragility (Medial Corpuscular), and Haemoglobin Type Relationships 
between Red Blood Cell Potassium Concentrations, in Merino and 
Southdown Sheep (Prof J V Evans), 557 
Fragment (Fission) Molecular Disarray in a Crystal Lattice produced by a 
(Dr F P Bowden and L T Chaddertan), 3l 
Education and Training in (British Association for Commercial and 
Industrial Education Report on ), 920 
The Universities in—Freedom and Autonomy (Prof M Bouchard), 212 
Francis, J R Appointed professor of municipal engineering tn the 
University of Manchester, 403 , work of, 403 
Frankland, B Effect of Gibberellic Acid, Kinetin and other Substances on 
Seed Dormancy, 678 
Franklin, Prof Kenneth Théodore Schwann, review, 692 
Fraser, Or Alastair, and others Intestinal Proternases 1n an Insect, Calli- 
phora vomitoria L , 999 
Free, J M, and others Microwave Measurement Techniques (Normal 
Cavity Techniques for the investigation of the Properties of Titanium 
Dioxide and Magnesium Titanate Ceramics at S, X, J and Q Bands), 410 
Free Amino-Acids in Rachitic Epiphyseal Cartilage of Albino Rat and the 
Influence of Vitamin D (G V G Krishna Rao), 269 
Free Catecholamines (Particle-bound and), in Dog Hearts and the Uptake 
of Injected Norepinephrine (A Wegmann and K Kako), 978 
Free-Radical Formation during Storage of Freeze-dried Serratia marcescens 
(Dr R L Dimmick, R J Heckly and D P Hollis), 776 
Free Society Science and Government in a (Rt Hon Lord Hailsham), 393 
Freed, J J , and Engle, J L Scanning Techniques in Biological and Medical 
Sen ON (Advantage of using a Vibrating Mirror to produce the 
can), 
Freedman, Stagley, and others Culture of Human White Cells using 
Differential Leucocyte Separation, 1214 
Freedman, Dr S O , and others Chlorogenic Acid, an Allergen tn Green 
Coffee Bean, 241 


Auxin 


France 


INDEX 


Freedom of the University The State and the, 212 

Freeguard, G F, and Stock, R Partition Isotherms „and Gas-Liquid 
Chromatography, 257 

Freeze-dried Beef (Fresh, Frozen and) Comparative Effects of 2,4- 
Dinitrophenol on the Actomyosin Adenosine Triphosphatase from 
(LJ N Cole), 1288 

Freeze-dried Serratia marcescens Free-Radical Formation during Storage 
of (Dr R L Dimmick, R J Heckly and D P Hollis), 776 

Freeze-drying of Bovine Spermatozoa (R G Saacke and Prof J O Alm- 
quist), 995 

Freezing Damage to Living Cells 
(T Nash), 360 

Fregert, Dr Sigfrid and Rorsman, Dr Hans Allergy to a Carbon-Functional 
Organic. Silicon Compound, Dtmethyldi-(4-hydroxyphenyl)-silane, 
989 

Frei, Dr Eva, and Preston, Prof R D 
saccharides of Algal Cell Walls, 939 

French, Dr H A , and Cullen, Prof A L Microwave Measurement Tech- 
niques (Wattmeter for use at Millimetric Wave-lengths), 410 

Frenk S (Holmgren, B, and) Inhibitory Phenomena and ‘Habituation’ at 
the Neuronal Level, [294 

Frequencies (Optical) Proposed Harmonic Generator or Mixer for (Dr 
K D Froome), 859 

Frequency (High-Altitude Auroral) Diurnal Variation of, on Magnetically 
Quiet and Disturbed Days (Knut Lassen), 345 

Fresh Waters and Rain Water Concentration of Chloride in (A V 
Holden), 961 

Fresh and Cultured Tissues Chromosome Preparation from, using a 
Modification of the Drying Technique (M Fox and Dr | M Zeiss) 
1213 


Prevention of, by Pyridine N-Oxide 


Variants in the Structural Poly- 


Fresh, Frozen and Freeze-dried Beef Comparative Effects of 2,4-Dinitro- 
phenol on the Actomyosin Adenosine Triphosphatase from (L J N 
Cole), 1288 

Freshwater Fishes (Central African) Feeding Habit of some (H Matches), 78 

Freudenthal, Dr Hans  Lincos—Design of a Eanguage for Cosmic Inter- 
course, Part I, review by Prof Lancelot Hogben, 826 

Frick, M H , and others Thrombocytosis evoked by Exercise, 721 

Friction Effective Contact Stresses and (Dr D H Trollope), (July 22, 376), 
errata, 213 

Friedman, !rving, and others 
Hydrogen and Methane, 648 

Frog Renal Cells Cultivation of Monolayer Cultures of (Dr Walter 
Auclair), 467 

Froggatt, Dr P The Vehicle Driver (Bus Drivers), 1245 

Frohman, Dr C E,and others Orosomucoid in Schizophrenia, 370 

Froome, Dr K D Proposed Harmonic Generator or Mixer for Optical 
Frequencies, 859 

Frost, N E Difference between High- and Low-Stress Fatigue, 446 

Froths (Air- Water) Formation of (J Rennie and W Smith), 419 

Frozen and Freeze-dried Beef (Fresh,) Comparative Effects of 2,4-Dinitro- 
phenol on the Actomyosin Adenosine Triphosphatase from (L J N 
Cole), 1288 

Fruit Condition (Hollow), of Tomatoes Influence of Tomato Mosaic Virus 
Infection on the (D J Harrison), 90 

Fruit Tree Red Spider Evaluation of the Activity of some Diphenyl 
Compounds on Winter Eggs of the (J Meltzer), 474 

Fryer, Squadron-Leader D | The Vehicle Driver. (Development of 
Safety Belts in Aircraft), 1245 

Fuchs, Z , and others Cytotoxic Effect of Aminoacetonitrile on Fibroblast 
Cultures and its Prevention by Histidine, 170 

Fucoidin. (Alginic Acid, Mannitol, Laminarin and), in the Brown Alga, 

Ecklonia radiata Seasonal Vartation in(C M Stewart, H G Higgins 

and Sue Austin), [208 

Technical Data on (edited by H M Spiers), sixth edition, review by 

R J Sarjant, 1008 

Fuhren, P , and others At the Seventh Biennial Conference of the Inter- 
national Union of Leather Chemists Societies (Tannages of Synthetic 
Polypeptides (used as Model Substances) with Chrome), 613 

Fuji, Michiko, and others Effect of Temperature during Germination on 
the Crystalline Type of Starch in Soybean Seedlings, 239 

Fujyino, Prof Masahiro, and others Glycerol Effect’ and the Mechanism 
linking Excitation of the Plasma Membrane with Contraction, [159 

Fulbright Travel Grants, 406 

Fuller, Dr A S A An Intra-Pericardial Hepatic Intrusion in the Common 
Dogfish, 280 

Fulton, Prof John F A Bibliography of the Honourable Robert Boyle, 
Fellow of the Royal Society, second edition, review by V A Eyles, 851 

ETERON The Eye and its (Dr R A Weale), review by Dr E N Willmer, 


Isotopic Composition of Atmospheric 


Fuel 


Function z 


: 21 
w(z) = e ( + for de) Table of Yalues of the, for 





T 


Complex Argument (V N Faddeyeva and N M Terent'ev), edited 
by V A Fok, (translated from the Russian by D Fry), review 
by Prof C A Coulson 97 

Function of Conditions of Culture — (Estrogen Content of Plants as a (Prof 
R Ferrando, M M Guilleux and A Guerrillot-Vinet), 1205 

Function (Pituitary Gonadotrophic) Non-steroid [Inhibitors of (G E 
Paget, A L Walpole and D N Richardson), (191 

Function (Riemann £) Tables of the (C B Haselgrove, in collaboration 
with J C P Miller), (Royal Society Mathematical Tables, Vol 6) 
review by Prof C A Coulson, 97 

Function (Structure, Synthesis and), of Deoxyribonucleic Acid (Société de 
Chimie Physique Discussion on) 24 

Function Theory and its Applications, review by Prof W K Hayman, 694 

Functional Analysis Elements of (L A Liusternik and V J Sobolev) 
translated from the Russtan by Anthony E Labarre, Jr, Herbert 
Izbicki and H Ward Crowley, review by Dr J C Burkill, 491 

Functions Bessel (edited by F W J Olver), Part 3 Zeros and Associated 
Values (Royal Society Mathematical Tables, Vol 7), review by Prof 
C A Coulson, 97 

Holomorphic (Lectures on the Theory of Functions of a Complex 

Variable (Prof G Sansone and Dr Johan Gerretsen, Vol l), review 
by Prof W K Hayman, 694 


INDEX 


Functions of a Complex Varrable Lectures on the Theory of (Prof G 
Sansone agd Dr Johan Gerretsen), Vol I, Holomorphic Functions, 
review by Prof W K Hayman, 694 

Functions (Airy), and Special Confluent Hypergeometric Functions for 

symptotic Solutions of Differential Equations of the Second Order 
Tables of (A D Smirnov), translated from the Russian by D G 
Fry, review by Prof C A Coulson, 97 

Functions (Special Confluent Hypergeometric), for Asymptotic Solutions of 
Differential Equations of the Second Order Tables of Airy Func- 
tions and (A D Smirnov), translated from the Russian by D G 
Fry, review by Prof C A Coulson, 97 

Fundamental Cancer Research Sixteenth Annual Symposium on— 
Conceptual Advances in Immunology and Oncology (University of 
Texas), 1132 

Fundamental Relaxation of Classical Oscillators (Michael Hoare), 63 

Fundamental Research in Plastics Fellowships ın Engineering Study and 
(Princeton University), 921 

Fundamental and a Lattice Mode A Difference Band of a, in the Infra-red 
ae of Lead and other Carbonates (C J H Schutte and K Buys), 


Fundamental and Practical Approaches to Ageing Protection (Natural 
Rubber Producers’ Research Association Symposium on), I5 
Fundamentals (Design), of Analog Computer Components (Prof R M 
Howe), review by Dr M V Wilkes, 489 

Funds for Research and Development in Industry, 1958 (United States 
National Science Foundation, Surveys of Science Resources Series, 
NSF 61-32), 809 

Fung: (Filamentous) Formation of 2-Heptanone from Caprylic Acid by 
Spores of various (R F Gehrig and Prof S G Knight), [185 

Fungicide Conference — British. Insecticide and (Association of British 
Manufacturers of Agricultural Chemicals), 406, 1140 

Fur a SPINE in the Falkland Islands Dependencies (F A O'Gorman), 


Furnaces (Induction) 
Dundas), 114 
Furniture (Printing and) 
tute), 920 
Further Education, Yorkshire Council for, and others 
Antibiotics and Newer Synthetic Drugs, 1132 
Furusaka, Prof C : Sulphate Transport and Metabolism by Desulphovibrio 
desulphuricans, 427 
Fused Uranium Chlorides 
kowska), 745 


Degign of Laboratory High-Temperature (P H 
Licentrates in (City and Guilds of London Insti- 


Symposium on 


Organic Extraction from (M Taube and Z Bor- 


GAARDER A, and others Adenosine Diphosphate in Red Cells as a 
Factor in the Adhesiveness of Human Blood Platelets, 531 

Gabon Les Plantes utiles du (André Raponda-VYalker et Roger Sillans), 

review by T A Russell, 693 

Gabor, Prof D , and Jones, Dr D Awarded a grant of £1,000 from the 
Paul Instrument Fund (in supplement of a previous grant), for work 
on the development of an electron interference microscope, 708 

ai ro AH  Spectroscopic Studies using Time-Resolved Techniques, 

2 


Gadkari, P D , and others 
Harland, 200 

Gadó, |, and others Possible Causes for Production of Isoleucine by 
Streptomyces rimosus, 641 

Gaertner, Dr H A, and others Antithrombin Activity of Normal and 
Pathological Cerebrospinal Fluid, 1164 

Gahne, Bo, and Rendel, Jan Blood and Serum Groups in Reindeer com- 
pared with those in Cattle, 529 

Gairdner Foundation Awards, 309 

Galactic Red Shift (Dr A Ward), 858 

B-Galactosidase Hydrolysis of a-Sulphoquinovosides by (Isao Shibuya and 
Prof A A Benson), 1186 

Galaxies The Hubble Atlas of (Dr Allan Sandage), review by Prof R O 
Redman, 838 

The Natural History of, review by Prof R O Redman, 838 

Gale, Dr E F Synthesis and Organisation in the Bacterial Cell (Ciba 

vi d in Microbial Biochemistry, 1959), review by Dr S Dagley, 


Galitskii, V M , and others 
Edwards, [005 

Gall, Elemer Cs, and others Nature of Increased Protein and DNA in 
Chronic Hepatic Injury, 886 

Gallagher, Dr C H Protection by Antioxidants against Lethal Doses of 
CarbonTetrachloride, 881 

Gallium Arsenide (High-Resistivity) 
L R Weisberg), [55 

Gamble, L W = Microchemical Techniques (Characterization of Aliphatic 
Hydrocarbons), 4l I 

y-Globulin and Acquired Immunity to Human Malaria (Dr S Cohen, Dr 
| A McGregor and § Carrington), 733 

7-Globulin (Human 7S) Serological Evidence of a Chromatographic Sub- 
fractionation of (UIf Nilsson), 1301 

y-Globulin (Serum), ın the Guinea Pig Effect of Diethylstilboestrol on the 
L Charles and Prof T Nicol), 565 

y-Globulins (Pathological Human) Resolution of, by Starch-Gel Electro- 
phoresis (J P Binette and K Schmid), 732 

y-Glutamyl Transpeptidase-like Activity Histochemica! Demonstration of 
(Glutamy] Peptidases tn Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 338 

y-Radiation Effect of, on Escherichia coli grown in Deuterium Oxide 
Medium (Ernest Pollard), 177 

y-Radiolysis of Aqueous Cystine Solutions Products of the (Dr D W 

Grant,S N Mason and M A Link), 352 ~ 

Effect of, on Thymus Nucleoprotein in Solution (Dr A R Peacocke 

and Dr B N Preston), 228 

Garden, E A (Rayski, Dr C, and) 
Parasite of the Eider Duck, 185 

Garden and Roadside Planting Ornamental Trees for (S A Pearce), 
review by F P Knight, 852 


Cotton in India, Vol 4, review by Prof S C. 


Problems in Quantum Mechanics, review by 


Energy-Level Model for (J Blanc and 


7-Rays 


Life-Cycle of an Acanthocephalan 


XXXIX 
SAR Water (Frances Perry), third edition, review by Dr G Tair, 


Garen, A Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Code and Replication), 25 
Garfield, A Chemico-Linguistics—Computer Translation of Chemical 
Nomenclature, 192 
Garn, P D, and Kessler, J E Microchemical Techniques. (Thermal 
Analysis is feasible for Sample Weights less than | mgm by the use 
of appropriately designed Sample Holders), 412 
Garn, Stanley M , and others Third Molar Polymorphism and the Timing 
of Tooth Formation, 989 
Garratt, Dr Pharmaceutical Control in Britain (Chairman's 
Address to the British Pharmaceutical Conference), 122 
Garrett, Constance M E (Crosse, J E, and) Relationship between Phage 
Type and Post Plant in Pseudomonas mors-prunorum Wormald, 379 
Garrigus, U S, and others Radioactivity in Wool, [094 
Gas through Porous Media Distribution of Pressure for Flow of (G J. 
Field and Dr H Watts), 1277 
Gas Chromatography Detection by lonization of Gases in Helium used in 
W A Wiseman), 964 
Pyrolysis and, for the Detection of the Benzene Ring in Organic 
Compounds (J H Dhont), 747 
Gas Chromatography of Androst-I6-en-3a-ol and related Steroids (R W R 
Baker and Dr D B Gower), 1074 
Gas Chromatography in Medical Research (Gas Chromatography Discussion 
Group of the Institute of Petroleum Symposium on), 717 
Gas Chromatography (Improved), of Unesterified Fatty Acids (P Jowett 
and B J Horrocks), 96 
Gas Chromatography (Substractive) Behaviour of 5A Molecular Steve in 
(E R Adlard and B T Whitham), 966 
Gas Council Appointment of Dr J A Gray as head of the new Basic 
Research Group, at the London Research Station at Fulham, 306 
Gas Dynamic Studies Bibliography of Tables and Charts for Use tn (D E 
Randall), 308 
Gas Dynamics Physical (edited by A S. Predvoditelev), translated from the 
Russian by Dr R C Murray and D R H Phillips, review by Dr | S. 
Donaldson, 837 
Gas Dynamics in the USSR, review by Dr I S Donaldson, 837 
Gas Equilibrium Flow of Air (Real), in Hypervelocity Test Facilities with 
Total Temperature to [0,000? K Mach Tables for (K L Goin), 308 
Gas Industry Research and Development in the, 306 
Gas-Liquid Chromatography — Partition. Isotherms and (G F Freeguard 
and R Stock), 257 
Quantitative Estimation. of Peak Areas in (J Dijkstra}, 965 , (Prof. 
K K Carroll), 965 
Gas-Liquid Chromatography of Steroids 
(R B Clayton), 524 
Gas Sampling and Chemical Analysis in Combustion Processes (Prof G, 
Tine), review by Dr C F Cullis, 1108 
Gases in Helium used in Gas Chromatography Detection by Ionization of 
(W A Wiseman), 964 
Gastric Juice Agarophoresis and Immunoelectrophoresis of the Proteins 
of (M Tenorova, E Stuchlfkova and J Kofinek), 763 
Gastrulation of the Viviparous Toothcarp Xiphophorus helleri Role of Cell 
Division in (Prof A Stolk), 374 
Gatehouse, Dr B M,and others At the Third Australian Spectroscopy 
Conference (Factors affecting the Cathodic Sputtering of various 
Metals), 929 
Gatti, T, and others Effect of Monovalent Cations on the Blood Pressure of 
Intact and Hypertensive Rats, 362 
Gawargious, Y (Macdonald, A M G, and) Microchemical Techniques 
(Comparative Study of various High Catalytic Fillings in the Combuse 
tion Analysis for Carbon and Hydrogen), 411 
Gay (Arthur) Premium of the British institution of Radio Engineers awarded 
to E Davies, 609 
Gaydon, Dr A G Title of professor of molecular spectroscopy (at the 
Imperial College of Science and Technology, London) conferred on, 922 
The Study of Fast Reactions (Reactions tn Shock Waves), 1136 
Gazey,B K Appointed to a Research Fellowship in electrical engineering 
in the University of Birmingham, 406 
Gegenschein Lunar Dust and the (John C Brandt and Paul W Hodge), 957 
Gehrig, R F, and Knight, Prof S G Formation of 2-Heptanone from 
Caprylic Acid by Spores of various Filamentous Fungi, 1185 
Geiger-Muller Counters (Self-quenching) Kinetics of Dissociation of 
Ethyl! Halides in (Prof 1 Zlotowski and H Wincel), 550 
Geilikman, Prof B T (edited by) Problems in Quantum Mechanics (Dr. 
| ! Gol'dman and Dr V D Krivchenkov), translated from the 
Russian by E Marquit and E Lepa, authorised revised edition, review 
by S F Edwards, 1005 
Gel Filtration Purification of Urinary Conjugated CEstrogens by (C G, 
Beling), 326 
Purification and Concentration of Dye-Protein Conjugates by (Dr W. 
George and Dr K W Walton), 1188 
Rapid Preparation of Fluorescent Antibodies using (Johan Killander, 
Jan Ponten and Lennart Roden), 182 
Gel (Agar-) Electrophoretic Mobility and Detection of Haemolytic 
Activity of Streptolysins O and S in (Extracellular Esterase of Group A 
Streptococci), (A H Stock and Jose Uriel), 435 
Gel (Starch-) Electrophoresis Comparison of the Serum Protetn Fractions 
of the Developing Chicken Embryo by the Technique of (A Amin), 356 
Resolution of Pathological Human Gamma-Globulins by (J P Binette 
and K Schmid), 732 
Gel (Starch) Electrophoresis of Hen Egg White, Oviduct White, Yolk, Ova 
and Serum Proteins (Dr F Steven), 972 
Gelatin (Thiolated) Modification of the Properties of Flour Protein by 
E E McDermott and J Pace), 657 
Gels of High and Physiological Salt Concentrations — Antigen-Antibody 
Precipitation contrasted in (Dr Alfred J Crowle and David C, 
Lueker), 50 
Gels (Agar), of various Pore Sizes 
tion to Diffusion of Macromolecules through (G 
R L Steere), 436 
Gene synthesizing Protease and a Pre-Viral Genome in Sillftmorms (Prof. 
Kazuo Yamafugi and Fumiko Yoshihara), 782 
General Nature of the Genetic Code for Proteins (Dr F H C Crick, Leslie 
Barnett, Dr S Brenner and Dr R J Watts-Tobin), 1227 


Group Retention Factors in the 


A Cell for Rapidly Measuring Restric- 
K Ackers and 


xl INDEX 


General Post Office Retirement of T A Davies as inspector of wireless 
telegraphy in the VVireless Telegraph Section of the Radio Services 
Department, | 129 

Appointment of R Billington as inspector of wireless telegraphy in the 
oe Telegraph Section of the Radio Services Department, 
29 

Generalized Skeletal Response on Local Trauma in Young Rats studied by 
means of **Ca-Metabolism (Dr Jaromir Kola¥ and Dr Arnošt 
Babicky), 1297 

Generation (Thermionic), of Electricity. (Central Electricity Generating 
Board Symposium on), 6I1 

Generation and Reception (Millimetre Weve) 
Lines for (Dr D Walsh), 1064 

Generation and Use of Very High, Continuous Magnetic Fields 
in the (Dr Henry H Kolm), 299 

Generation (Second-) Toxicity of Malathion in Rats (Prof W Kalow and 
A Marton), 464 

Generator or Mixer (Proposed Harmonic), for Optical Frequencies (Dr 
K D Froome), 859 

Genesis of the British. National Health. Service (Prof John Jewkes and 
Sylvia Jewkes), review by T H Hawkins, 849 

Genetic Code for Proteins General Nature of the (Dr F H C Crick, 
Leslie Barnett, Dr S Brenner and Dr R J Watts-Tobin), 1227 

Genetical Evidence for Synthesis of Transferrin in the Foetus (Dr A R 
Rausen, Dr P S Gerald and Dr L K Diamond), [82 

Genome, Acuminata Relationship between 3,4-Dihydroxyphenylethyl- 
amine Content and the (L A Griffiths), 84 

Genome (Pre-Viral), in Silkworms A Gene synthesizing Protease and a 
(Prof Kazuo Yamafugi and Fumiko Yoshihara), 782 

Gentner, Prof W , and others Age of the Basalt Flow at Olduvai, East 
Africa, 720 

Geographical Research (Geological and), in the USSR, 114 

Geography Applied (Prof Robert W Sceel), 715 

Geography (Physical), of Asiatic Russia (S P Suslov), translated from the 
Russian by Noah D Gershevsky, edited by Joseph E Williams, 
review by Prof S | Tomkeieff, 200 

GES PRIN Correlation Application of Palaeomagnetism to (A Larochelle), 

7 


Non-Linear Transmission 


Advances 


Geological Museum, London — Exhibition of Rocks and Minerals used by 

the British Ceramic Industry, 21 
Special Exhibition on Tristan da Cunha, 403 

Geological Soctety (Royal Astronomical Society and the) Geophysical 
Discussion on the Interpretation of Geophysical Surveys, 1242 

Geological Survey, Entebbe Bulletin No 4, The Mineral Resources of 
Uganda (compiled and edited by Dr J VV Barnes}, 921 

Geological Survey, London Appointment of Prof J C Mitcheson as 
chairman of the Board, 406 

Geological and Geographical Research in the USSR, I4 

Geology at Trinity College, Dublin, 1022 

a or Brown Clee Hill and the Adjacent Area (Prof L J Wills), 


Geology of the Northern Rhodesian Copperbelt (eaited by Dr F Mendel- 
sohn), review by Prof J H Taylor, 98 

Geology and Allred Sciences — Bibliography and Index of, for Wales and 
the Welsh Borders, 1897-1958 (D A Bassett), review by V A 
Eyles, 49] 

Geology and Ceramics (Dr P J Adams), 21 

Geometry Modern, review by L Roth, 847 

Geometry (Modern) Lectures on (Prof Beniamino Segre), review by L 
Roth, 847 

Geophysical Surveys Interpretation of (Royal Astronomical Society and 
the Geological Society Geophysical Discussicn on), 1242 

Geophysical Year (International) lonospheric Research during the, review 
by A F Wilkins, 840 

Some lonospheric Results obtained during the—Proceedings of a 

Symposium organized by the U R SI /A Gl Committee, at Brussels, 
1959 (edited by W J G Beynon), review by A F Wilkins, 840 

George, Dr F H At the Sixth Annual Conference of the British Society 
for the Philosophy of Science (Learning Machines), 508 

George, Prof J C, and Bhakthan, N M G Lipase Activity in the Siow- 
and Fast-contracting Leg Muscles of the Cockroach, 356 

George, Dr M = Onl Pollution of Marine Organisms, 1209 

George, Dr W , and Walton, Dr K W . Purification and Concentration 
of Dye-Protein Conjugates by Gel Filtration, 1188 

Gerald, Dr P S, and others Genetical Evidence for Synthesis of Trans- 
ferrin in the Foetus, !82 

Germ-free Chicks (Conventional and) Serotonin in the Small Intestine of 
ed A W Phillips, H R Newcomb, J E Smith and R Lachapelle), 


Germination Effect of Temperature during, on the Crystalline Type of 
Starch in Soybean Seedlings (Dr Susumu Pizukuri, Michiko Fuji 
and Prof Ziro Nikun:), 239 
Replacement of an Alternating Temperature Requirement for, by 
Gibberellic Acid (J M Tager and Brenda Ciarke) 83 
Germination of Lettuce Seed by Naringenin. Induction of a Light Require- 
ment for the, and its Removal by Gibbere'lic Acid (Dr | D J 
Phillips), 240 
Gerrard, Dr W . Fast Reactions in Physical Chemistry, 1136 
Gerretsen, Dr Johan (Sansone, Prof G , and)  Leczures on the Theory of 
Functions of à Complex Variable, Vol 1, Holomorphic Functions, 
review by Prof W K Hayman, 694 
Gerschenfeld, Dr H M (Tauc, Dr L, and) Cholinergic Transmission 
Mechanisms for both Excitation and Inhibition of Molluscan Central 
Synapses, 366 
Getoff, Dr Nikola, and Nishikawa, Masaru Behaviour of Neutron- 
Irradiated Ammonium Sulphate on Thermal Annealing, 61 
Getters (Impure Titantum) Evolution of Hydrocarbons from (L Holland, 
L Laurenson and P G W Allen), 749 
Ghana Politics and Education in, 1219 
University Education in (Dr C T Mortimer), 14 
Woody Plants of, with special reference to their Uses (Dr R F 
Irvine) review by W D Clayton, 695 
Ghatge, M @, and others Cotton in India, Vol 3, review by Prof S C 
Harland, 200 
Ghosh, N C, and others Biosynthesis of L-Ascorbic Acid — Missing Steps 
in. Animals incapable of Synthesizing the Vitamin, 163 


Ghosh, P (Palit, S R, and) Microchemical Techniques (Determination 
of Acids, Bases and Salts at Micromolar Concentrations ın Benzene 
on the Colour Behaviour with Rhodamine and certain other Dyes), 


411 
Ghosh,S N,andothers Antigenic Structure of Entamoeba histolytica, 893 
Ghosh, S S (Chowdhury, Dr K A and) Indian Woods, Vol 1, Dillenia- 
ceae to Elaeocarpaceae, review by Dr C R Metcalfe illo 
Ghouri, Dr A S K Home and Distribution of the House Cricket, 
Acheta domesticus L, [000 
Ghurye, S G , and others (edited by) Contributions to Probability and 
Statistics—Essays in Honor of Harold Hotelling, review by Dr D E 
Barton, 846 
Giant Cells (Radiation-induced), of the Cultured Fibroblast Increase in 
the Dense Cytoplasmic Bodies in (Dr A F Hayward), 891 
Gibberellate (Potassium) Effect of Temperature and, on Phases of Growth 
of Algerian Ivy (J R Goodin and Prof V T Stoutemyer), 677 
Gibberellic Acid Bioassay of, using Excised Embryos of Avena fatua L 
(Prof J M Naylor and G M Simpson), 679 
Effect of Environment on the Responses of Dwarf Groundsel to (K H 
Basford), 992 
Induction of a Light Requirement for the Germination of Lettuce Seed 
by Naringenin, and its Removal by (Dr | D J Phillips), 240 
Replacement of an Alternating Temperature Requirement for Ger- 
mination by (J M Tager and Brenda Clarke), 83 
Gibberellic Acid in Azotobacter Cultures Detection of (V Vančura), 88 
Gibberellic Acid and Chlorophyll Content of Leaves of Meteor Peas (P 
Bishop and Prof C P Whittingham), 576 
Gibberellic Acid, Kinetin and other Substances 
mancy (B Frankland), 678 
Gibberellin (‘Bound’), in Mature Runner Bean Seeds (A J McComb), 575 
Gibbs, Dr F W Chemistry in the Service of Medicine (The [Importance 
of Herman Boerhaave), 1017 
Gibbs, Mary B, and others Quantitative Sub-Groups of the B Antigen in 
Man and their Occurrence in Three Racial Groups, 1196 
Giblett, Dr Eloise R, and Best, Dr William Haptoglobin and Trans- 
ferrin Types tn Peruvian Indians, 1300 
Gibson, Dr A F Promoted to Deputy Chief Screntific Officer, 214, 
work of, 214 
Gibson, J S Elected toa Junior Research Fellowship at Churchill College, 
Cambridge, 710 
Gibson, Dr K D, and others 
phylls, 204 
Gilbert, Dr C Dirac's Cosmology, 57 
Gilbert, Dr G A (Gilbert, Lilo M, and) Sedimentation of §-Lactoglobulin 
(A,B) under Dissociating Conditions in Acid Solution, [18I 
Gilbert, Lilo M , and Gilbert, Dr G A Sedimentation of B-Lactoglobulin 
(A,B) under Dissocrating Conditions tn Acid Solution, 1181 
Gilboa-Garber, Nechama, and Nelken, Dr D Specific Antigens of Human 
Leucocytes and Thrombocytes, 466 
Gill Tissue of Lingcod (Ophiodon elongatus} Penetration of Spines from a 
Marine Diatom into the (Dr Gordon R Bell), 279 
Gillet, J D, and others O'Nyong-nyong Fever, 30 
Gillham, E J Radiometic Standards and Measurements (National Physical 
Laboratory, Notes on Applied Science No 23), 1250 
Gills of the Trout Action of a Detergent (Dodecylbenzenesulphonate) on 
the (O J Schmid and H Mann), 675 
Gilmour, N J L, and Brotherston, J G Susceptibility of Hamsters to 
the Oral Administration of Mycobacterium Johnei, 1202 
Gilpin, N N Microchemical Techniques (Contemporary Position of 
Small-scale Methods in the Teaching of Chemistry at the Secondary 
School and Collegiate Levels), 412 
Girard, Dr J, and others Growth Hormone Content of Serum in Infants, 
Children, Adults and Hypopituitary Dwarfs, 105I 
Gittins, s F Promoted to Senior Principal Scientific Officer, 214, work 
ot, 
Gissane, W The Vehicle Driver (Nature and Causes of Injuries resulting 
from Motor-car Accidents in a City), 1245 
Glarster, Flight-Lieut D H Breathing, [06 
Gland (Adrenal) Stimulation of Uptake of Calcium-45 in the, by Acetyl- 
choline (Prof W W Douglas and A M Poisner), 1299 
Gland (Mammary) Permeability of the, to Sodium-24, Potassium-42, 
Chlorine-36 and lodine-13I (P-G Knutsson), 977 
Gland (Pig Thyroid) Demonstration and some Properties of Peroxidase 
in (Toichiro Hosoya and Nobuo Ui), 659 
Glands (Female Rat Preputial), as a Source of 8-Glucuronidase (Dr Margaret 
|] Stern), 359 
SEU K (Chapman, G P, and) Incipient Dioecy in Pimento, 


Glass, Bentley (edited by William D McElroy and) A Symposium on 
Light and Life (sponsored by the McCollum-Pratt Institute of the 
Johns Hopkins University with support from the United States 
National Science Foundation) review by Dr V S Butt 296 

Glass (Natural), from beneath Red Clay on the Floor of the Atlantic (Dr 
G D Nicholls and V T Bowen), [56 

Glass Electrodes Elimination of the Liquid Junction by using (Carl R 
Merril), [087 

Glazed Pottery (Medieval) A Spectroscopic Survey of English and Con- 
tinental (L C Thomas and J W G Musty), 1143 

Glazier, Dr E V D_ Astronautics (Radio Problems for Interplanetary 
Space Probe Missions), 311 

Glenner, George G , and Folk, John E — Glutamyl Peptidases in Rat and 
Guinea Pig Kidney Slices——Histochemical Demonstration of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical 
Characterization of a Unique a-Glutamy] Peptidase Activity, 339 

Globin Formation (Abnormal), in Human Megaloblasts (Prof Austin S 
Weisberger and Ernest P Noble), 1261 

Globular Proteins Influence of pH and Urea on the Ultra-violet Fluor- 
escence of several (Dr R F Steiner and H Edethech), 873 

a2-Globulin Isolation of an, from Human Plasma (Dr M Steinbuch and 
Dr J Loeb), 1196 

y-Globulin (Human 7S) Serological Evidence of a Chromatographte Sub- 
fractionation of (UIf Nilsson), 1301 

y-Globulin (Serum), in the Guinea Pig Effect of Diethylstilboestrol on the 
( Charles and Prof T Nicol), 5 

y-Globulin and Acquired Immunity to Human Malaria (Dr S Cohen, Dr 
| A McGregor and S Carrington), 733 


Effect of, on Seed Dor- 


Biosynthesis of Porphyrins and Ghloro- 


4 


INDEX xli 


B-Globultn Types (Serum), in Red Deer and other Species and their Stability 
in the Prefence of Bacteria (V P W Lowe and E | McDougall), 983 

Bz-Globulins of Mouse Serum and Ascitic Fluid Identification of Antibody 
Mu R T Jordan, J Banovitz, | L Trapani and Dan H Campbell), 

y-Globulins (Pathological Human) Resolution of, by Starch-Gel Electro- 
phoresis (| P Binette and K Schmid), 732 

Glough, G Appointed to a Research Studentship by the Zoological 
Society of London, 211 

D-Glucosamine Hydrochloride Isomers Mannosyl—6-0-Mannosyl p-Gluco- 
samine Hydrochloride (Dr S A Barker, Dr K Murray, Prof M 
Stacey and Dr D B E Stroud), (July 8, 143), erratum, 710 

Glucose (Extracellular) Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the Isolated Rat Diaphragm in the Controlled 
Absence of (P Volfin, D Eboué and H Clauser), [66 

Glucose Oxidation in the Rat Lens Effect of Insulin on Pathways of (Dr 
R Levart, Prof E Wertheimer, Dr E R Berman and Prof W 
Kornblueth), [075 

Glucose-6-Phosphate (Blood), in Heterozygous Carriers and Patients with 
Liver Glycogen Disease (Von Gierke's Disease), (Dr Joseph E Sokal, 
Sylvia Fletssner, Edward J Sarcione and Charles U Lowe), 265, 
(Dr David Yi-Yung Hsra), 266 

Glucose-6-Phosphate Dehydrogenase Activity in Papuans (Dr B P K Ryan 
and | C Parsons), 477 

Glucose Uptake and Intracellular Accumulation of Amino-Acids in. Rat 
Kidney Slices in. vitro Paradoxical Effect of Phlorizin on (Dr 
Stanton Segal, Alberta Blair and Leon E Rosenberg), 1085 

B-Glucuronidase Female Rat Preputial Glands as a Source of (Dr Mar- 
garet | Stern), 359 

Glueckauf, E (edited by) Atomic Energy Waste, its Nature, Use ard 
Disposal, review by A W Kenny, 846 

L-Glutamic Acid Effect of, on the Weight of Embryonic Chick Tibiotarsi 
cultivated in vitro (Dr J D Biggers), 664 

Glutamyl Peptidases tn RÆ and Guinea Pig Kidney Slices (George G 
Glenner and John E  Folk)—Histochemical Demonstration of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical 
Characterization of a Unique a-Glutamyl Peptidase Activity, 339 

a-Glutamy] Peptidase Activity (Histochemical Characterization of a Unique 
(Glutamy! Peptidases in Rat and Gutnea Pig Kidney Slices), (George 
G Glenner and John E Folk), 339 

,-Glutamyl Transpeptidase-like Activity Histochemical Demonstration of 
(Glutamyl Peptidases 1n Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 338 

‘Glycerol Effect’ and the Mechanism linking Excitation of the Plasma 
Membrane with Contraction (Prof Masahiro Fuyino, Toshio Yama- 
guch! and Kershr Suzuki), 1159 

“C-Glyeine Incorporation of, by Sub-Nuclear Preparations from Rat 
Liver Nuclei (K R Rees Hazel F Ross and G F Rowland), 171 

Glycine, Serine and Urea Some Tetrahydropyranyl Derivatives of (S M 
Amir, Dr M Z Atasss, Dr S A Barker, Dr J S Brimacombe and 
Dr M C Keith), 1069 

Glycogen (Liver) Disease (Von Grerke’s Disease) Blood Glucose-6- 
Phosphate in Heterozygous Carriers and Patients with (Dr Joseph 
E Sokal, Sylvia Fleissner, Edward J Sarctone and Charles U Lowe), 
265, (Dr David Yi-Yung Hsta), 266 

Glycogenolysis and Inhibition of Microsomal Protein Synthesis produced by 
Dimethylnitrosamine Counteraction by Cysteine of (Dr P 
Emmelot and | J Mizrahi), 42 

Glycol (Polyethylene), and Dyes Behaviour of Protozoa under the [n- 
fluence of the Synergetic Action of (Leopold Rejniak and Prof 
Ludvik Komczynski), [203 

Glycolipo-Protein Excretion of Uncrystallizzed Urinary Calcult composed 
of, by Normal and Muscular Dystrophic Mice (C McGaughey), 1267 

Glycolysis (Anaerobic) Influence of, on Release of Histamine in the 
Guinea Pig and Rat Anaphylactic Reaction in vitro (A Prouvost- 
Danon and Dr H Moussatche), 361 

Glycoprotein (Erythropoietic) Use of Phenol tn the Isolation of (Peter H 
Lowy and Geoffrey Keighley), 75 

Glycoprotetns Permeability of the Synovial Membrane to (Lars Sundblad, 
Dr Eric Jonsson and Erik Nettelbladt), 1192 

Gm System A Rare Phenotype within the (K Henningsen and Jorgen C 
Nielsen), 476 

Gnetum (P Maheshwari and Vimla Vasil), review by Dr C R Metcalfe, [006 

Structure, Life-History and Distribution of, review by Dr C R 

Metcalfe, 1006 

Goblet Cells ın the Swim Bladder of Ophiocephalus striatus (Bloch), (A S 
Monie), [313 

Godavari Bat, S, and others Pre-Harvest Prophylaxis for Infestation 
Control in Stored Food-Grains, 375 

Goddard, Prof L S Commutative Algebra, review, 855 

Goin, K L Mach Tables for Real Gas Equilibrium Flow of Air tn Hyper- 
velocity Test Facilities with Total Temperatures to [0,000° K , 308 

Goitrogenous and Non-Goitrogenous Cabbage Cultivation of (J Sedlak), 
377 


Gold, L W . Formation of Cracks in Ice Plates by Thermal Shock, 130 

Goldberg, Dr Walter Education and Training on the Continent of 
Europe (Management Development), 719 

Goldie, L, and Green, J M — Attention and In-Attentron in Neurophysio- 
logy, 1!16 

Geldmen. Dr | l, and Krivchenkov, Dr V D Problems in Quantum 
Mechanics (edited by Prof B T Gerlikman), translated from the 
Russian by E Marquit and E Lepa, authorised revised edition, 
review by S F Edwards, 1005 

Gol'dman, Dr ! !,and others Problems in Quantum Mechanics, review 
by S F Edwards, [005 

Goldsmith, M International Scientific Film Assocration—Fifteenth Con- 
gress, 512 

Goldspink, G 

Goldstein, Prof M , and Contrera, J F 
by Adrenalone, 108I 

Gomes, W Definition of Rate Constant and Activation Energy in Solid 
State Reactions, 865 

Gonadotrophic Function (Pituitary) Non-steroid Inhibitors of (G E 
Paget, A L Walpole and D N Richardson), [191 

Goodchild, D J Photo-Reactivation of Tobacco Mosaic Virus in vivo, 
289 


Fixation of Muscle, 1305 
Inhibition of Dopamine B Oxidase 


e 

Goodin, J R , and Stoutemyer, Prof V T Effect of Temperature “did 
Potassium Gibberellate on Phases of Growth of Algerian Ivy, 677 

Goodlet, Dr B L — Obituary by Dr T E Allibone, 1237 

Goodman, C H L  lonic-Covalent Bonding in Crystals, 355 

Goodman, Dr M , and others Orosomucoid in Schizophrenia, 370 

Goodman, R G Artificial Computer Languages, 22 

Goodstein, Prof R L — Truth Tables, 22 

Elementary Logic of Science and Mathematics, review, 856 

Gordon, Maxwell, and others A New Potent Analgetic Antagonist, [089 

Gordon, M A Riometer Observations during a Solar Eclipse, 249, 
erratum 1132 

Gore, D C . Thermionic Generation of Electricity (The Thermionic Diode 
in Large-Scale Power Production from Fossil Fuels), 611 

Gorilla Somatic Chromosomes of the (J L Hamerton, M Fraccaro, L de 
Carli, Frorella Nuzzo, H P Klinger, Lotte Hulliger, Angela Taylor 
and E M Lang), 225 

Gorilla Haemoglobin  Amino-Acid Composition of the Polypeptide Chains 
of (Emile Zuckerkandl and W A Schroeder), 984 

Gorlich, Prof Edward A Quantitative Theory of the Character of Chemical 
Bonding in Binary Compounds, 133 

Gortler, Henry, und andere (herausgegeben von) Ludwig Prandtl 
Gesammelte Abhandlungen zur Angewandten Mechanik, Hydro- 
und Aerodynamik (schriftlietung F W Riegels), Teile 1-3, review 
by M James Lighthill, 841 

Gosswald, Prof K At the Fourth Congress of the International Union 
for the Study of Social Insects (Acceptance and Rejection of Radio- 
active Markers by Solitary and Social Insects), 801 

Gossypo! Biosynthesis of, by Excised Cotton Roots (Prof F H Smith), 888 

Gottlieb, Dr J S, and others Orosomuco:d tn Schizophrenia, 370 

Gould, the late D M , and others  Pituritary Effect on Synthesis of Deoxy- 
ribonucleic Acid in Regenerating Rat Liver following Whole-body 
X-Irradiation, 1309 

Gould, J (Tchan, Dr Y T,and) Blue-Green Algae—Use of Antibiotics 
to purify Blue-Green Algae, 1276 

Goutier, Dr R, and Goutter-Pirotte,M Activity of Deoxyribonuclease 
as related to Root-Growth, 371 

Goutier,Pirotte, M (Goutier, Dr R , and) 
as related to Root-Growth, 371 

Government Science and, in a Free Society (Rt Hon Lord Hailsham), 393 

Government (Federal) Scientists and Engineers tn the, October [958 
(United States National Science Foundation), 800 

Government Chemist Report for [960 (Department of Scientific and 
Industrial Research), 122 

Government Expenditure on Research Control of, 485 

Government Expenditure on Research and Development 
(House of Commons Debate on), 1239 

Gower, Dr D B (Baker, R W R ,and) Gas Chromatography of Androst- 
l6-en-3a-ol and related Steroids, [074 

Gowland, Dr G (Brent, Dr L, and) Cellular Dose and Age of Host in 
the [nduction of Tolerance, [265 

Grabar, Pierre, and others Extracellular Esterase of Group A Streptococci 
—Esterase in Extracellular Concentrates of Group A Streptococci 
and the Homologous Antibody, 434 

Graham, Dr J, and Scarfe, Dr D E  Ligand Field for Chromic lons in the 
Corundum Lattice, 16] 

Grain Boundaries Embrittlement of, by Equilibrium Segregation (J H 
Westbrook and D L Wood), 1280 

Grains (Stored Food-)  Pre-Harvest Prophylaxis for Infestation Control in 
S K Majumder, K Krishnamurthy and S Godavari Bai), 375 

Grandbois, R Education and Training on the Continent of Europe 
(Differences concerning Apprenticeships), 718 

Granit, Prof Ragnar Muscle Receptors, 805 

Granite from the Island of Mahe in the Seychelles Archipelago Potassium- 
Argon Age Determinations on (J A Miller and J D Mudie), 1174 

Grant, Dr D W „and others Products of the y-Radiolysis of Aqueous 
Cystine Solutions, 352 

Grant, Dr E C Appointed Research Fellow in the Department of 
Medical Biochemistry and Pharmacology in the University of Bir- 
mingham, 507 

Grant, L H (Florey, Sir Howard, and) 
mation 80I 

Grantlnstruments Rheological Equipment (A Low-Temperature Thermo- 
statically Controlled Bath), 308 

Grants for Research on Tropical Anaemias (Wellcome Trust), 211 

Grants (Research), in Science and Medicine in. Canada, 308 

Grants (Travel) Fulbright, 406 

Granulation (Surface), in Myeloid Leucocytes (Dr A D McCutcheon), 684 

Graphite (Single-Crystal), from Melts Preparation of (Pe: Ching Li), 864 

Grasse, Prof Pierre-P At the Fourth Congress of the International Union 
for the Study of Social Insects (Evolution of Symbiosis in Termites), 
80l 


Activity of Deoxyribonuclease 


Control of 


Leucocyte Migration in Inflam- 


Grasse, Prof Pierre-P (publie sous la direction de) Traite de Zoologie, 
Tome 5, Fasc |, Annelides, Myzostomides, Sipunculiens, Echiuriens, 
Priapultens, Endoproctes, Phoronidiens , Tome 5, Fasc 2 Bryozo- 
aires, Brachiopodes, Chetognathes, Pogonophores, Mollusques 
(Generalites, Aplacophores, Polyplacophores, Monoplacophores, 
Bivavles), review by Prof C H O'Donoghue, 590 

Grassmann, W At the Seventh Biennial Conference of the International 
Union of Leather Chemists Societies (Chemistry and Structure of 
Collagen), 613 

Grauer, Dr A E At the British Electrical Power Convention (The 
Electrical Power Industry in Canada), 501 

Gravitational and Electrostatic Forces (Dr A E Martin), 59 

Gray, Dr G M Phospholipids and Sulpholipids, 807 

Gray, Jane (Warren, Dr G H, and) A Simplified Culture Medium for 
the Production of Collagenase, 755 

Gray, Dr J A Appointed head of the new Basic Research Group of the 
Gas Council at the London Research Station at Fulham, 306 , work 
of, 306 

Gray, Samuel (Lominski, Dr 
'Suramin', 683 

Grayling Fish and River-Names (John Tutin), 1102 e 

Graywacke Occurrence of, in the Lower Siwaliks, Simla Hills (D. B Sikka, 
M N Saxena, S B Bhatia and S P Jain), 61 

Grazing in Kenya Control of the Army Worm on (J A Bullock and D C 
Bond) 480 


Iwo, and) Inhibition of Lysozyme by 


xli 


* 
Grafing Sheep A New Method of Estimating the Dry-Matter Intake of, 
from their Faecal Output (J B Owen), 92 
Great Britain. The Education Bill in, 800 
Water Pollution Research tn (F E Bruce), 71I 
See also under Britain 
Grebenik Prof E Population Redistribution and Economic Growth, 
United States, 1870-1950, review, 853 
Green, Charles The Norfolk Broads, 315 
Green, Prof D E At the Fifth International Congress of Btochemistry 
(The Structure and Function of Subcellular Particles) 
Green, D H (Miller, J A, and) Age Determinations of Rocks in the 
Lizard (Cornwall), Area, 1175 
Green, Prof H N Apparent Induction of Malignant Tumours by Organ- 
Specific Antiserum, 1201 
Green, James, and others Ultrastructural Alterations during the Crabtree 
Effect in Rous Sarcoma Cells, 1271 
Green, J M (Goldie, L, and) Attention and In-Attention in Neuro- 
physiology, [116 
Green Coffee Bean Chlorogenic Acid, an Allergen in (Dr S O Freedman, 
J Krupey and A H Sehon), 24! 
Greenhow, J S, and Neufeld E L = Winds and Circulation in the Upper 
Atmosphere (Winds at 80-100 km as revealed by Radar Reflexions 
from Meteor Trails), [3 
Greenland, Dr D J (Laby, R H,and) At the Third Australian Spectro- 
scopy Conference (Implications of the Infra-red Spectra of Molecules 
of Amino-acids, Simple Peptides, Alcohols and Glycols adsorbed by 
Montmorillonite) 927 
Greenland Canadian Salmon caught off (C J Kerswill and M H A 
Keenleyside), 279 
Greenwich Observatory (Royal) Promotion of B E J Pagel to Senior 
Principal Scientific Officer, 214 
Changes tn Times of International Time Signal, 1023 
Gregarine and Cocerdian Protozoa Periodic Acid-Schiff Technique for 
the Demonstration of Extra- and Intra-cellular Stages of (Dr J B 
Jennings) 473 
Gregory, Prof Christopher Equation of Motion tn Five Space, 1320 
Gregory (Herbert E ) Medal of the Bernice P Bishop Museum, Honolulu, 
awarded to Prof A P Elkin, 21 
Gregory N L Gas Chromatography ın Medical Research (Electron 
Capture), 718 
Grey Fox (Eastern), and the Eastern Raccoon Natural Occurrence of 
Leptospira icterohaemorrhogiae in the (Dr L G Clark, J | Kresse, 
R R Marshak and C | Hollister), 1312 
Griffen, jun , W O , and others Morphological Changes following Trans- 
plantation and Chronic Obstruction of the Rabbit Appendix, 
77 


8 

Griffiths, H V Obituary by L W Turner, 504 

Griffiths L A Relationship between 3,4-Dihydroxyphenylethylamine 
Content and the Genome, acuminata 84 

Grigson Dr C W B_ High-Speed Direct-Recording System for Electron 
Diffraction, 647 i 

Grinberg, Raul, and others Difference in Metabolism of Labelled Thyro- 
xine between Thyrotropic and Adrenotropic Mouse Pituitary 
Tumours, [193 

Gripenberg, Prof J Wood Extractives (Chemistry of Wood Extractives 
—Tropolones), 512 

Griseofulvin Effect of Feeding, on Rate of Growth of Chicks (Dr W P 
Jaffe), 469 

Grochmalicka Janina (Smoczkiewiczowa, Aleksandra, and) Rubeanic 
Acid as Stabilizer of Aqueous Solutions of Ascorbic Acid, 161 

Gros, F (lacob, F and) Structure, Synthesis and Function of Deoxy- 
ribonucleic Acid (Genetic Aspects), 25 

Grose, J E H (Parr H C M,and) A Technique for Exposing Individual 
Flies on [nsecticidal Deposits, 475 

Grossabliufe der Stammesgeschichte (Prof Arno Hermann Muller), review 
by Dr L R Cox, 3 

Grossman L Structure Synthesis and Function of Deoxyribonucleic Acid 
(Genetic Aspects), 25 

Groundnut Variety, Mant pintar (J McEwen), 92 

Groundnuts Toxicity associated. with certain Samples of (Dr M C 
Lancaster F P Jenkins and J McL Philp), 1095 (Dr K Sargeant, 
Ann Sheridan, J O Kelly and R A. Carnaghan), 1096 

Groundsel (Dwarf) Effect of Environment on the Responses of, to Gibber- 
ellic Acid (K H Basford), 992 

Group Retention Factors in the Gas-Liquid Chromatography of Steroids 
R B Clayton), 524 

Group-specific Components (Gc) in the Sera of Native Africans 
tion of (Dr Jan Hirschfeld and Jean Sonnet), 766 

Group (Space) and Unit Cell of the m-Bromobenzoate of Photoisopyrocal- 
ciferol (Prof G L Hardgrove), 551 

Groupement Ampere (Netherlands Physical Society and the) International 
sence on Magnetic and Electric Resonance and Relaxation, 


Grove A T Land Use in Arid Regions, 1236 

Growing Tro of Plants, review by Dr A Al'sopp, 830 

Growing (Cotton-) in Nigeria (Sir Frank Engledow), 1248 

Growth (Blue-Green Algae), (Dr J S Bunt), 1274 

Growth, Society for the Study of Development and Symposium on Cyto- 
differentiation and Macromolecular Synthesis, 802 

Growth of Algerian [Ivy Effect of Temperature and Potassium Gibberellate 
on Phases of (J R Goodin and Prof V T Stoutemyer) 677 

Growth of Chicks Effect of Feeding Griseofulvin on Rate of (Dr W P 
Jaffe) 469 

Growth of Contagious Pustular Dermatitis Virus in Human Tissue Cultures 
(Prof A Macdonald and T M Bell), 9 

Growth of Ehrlich Aseites Carcinoma in Mice Action of Deoxyribo- 
nuclease and Ribonuclease on the (Dr Gaston de Larrirande), 52 

Growth of Leuconostoc mesenterordes (8042) Effect of Derivatives of 
L-Cysteine on (A B K Nyaa), 463 

Growth (Economic) Population Redistribution and, United States, 1870- 
1950 (Prof Simon Kuznets, Ann,Ratner Miller and Richard A Easter- 
lin), regiew by Prof E Grebenik, 853 

Growth (Plant-) Inhibitor from an Antibiotic Fermentation 
Non-Toxic (Dr L G Nickell and W D Celmer), 1098 

Growth (Root-) Activity of Deoxyribonuclease as related to (Dr R 
Goutier and M Goutier-Pirotte), 371 


Distribu- 


A Potent, 


INDEX 


Growth (Tumour) Substrate Specificity and Inhibition of Nicotinamide 
Mononucleotide-Adenylyl Transferase of Liver e«Nuclei—Possible 
Mechanism of Effect of 6-Mercaptopurine on (Dr M R Atkinson, 
J F Jackson and Prof R K Morton), 946 

Growth Compounds (Plant) Effect of, on Uptake of Amino-Acids by 
Plant Roots (D E Wright), 1044 

Growth Hormone Content of Serum in Infants, Children, Adults and Hypo- 
QD: Dwarfs (Dr J Girard, Dr M Vest and Dr N Roth), 

0 


Growth Hormone (Bovine) Determination of the Amino-Acid Composl- 
tion of (Dr Alan J Parcells), 971 

Growth Hormone (Human), and Sheep Interstitial Cell Stimulating Hor- 
mone Complement-fixing Antibodies to (Allen Trenkle, N R 
Moudgal, Katy K Sadrı and Dr Choh Hao Li), 260 

Growth Hormone (Purified) Failure of the, to restore the Size of the 
Kidneys in Hypophysectomized Rats (Dr T Astarabadi), 270 

Growth Hormone Activity of the Anterior Pituitary Lobe of the Male Rat at 
various Ages (R H Bowman), 976 

Growth Requirement for Four Soil Amoebae Biotin, a (R N Band), 674 

Growth-stimulating Activity of Trans-Cafferc Acid isolated from Coleus 
rhenaltianus (Dr J C Vendrig and K Buffel), 276 

Growth and Development of the Lower Archegoniate Plants (Linnean 
Society of London International Symposrum on), 710 

Gruenberg, Dr K W Title of reader in pure mathematics (at Queen Mary 
College, London) conferred on, 1132 

Gruneberg, Prof H Molecular Biology and Population Structure (Con- 
nexion between Enzymes and more Conventional Characters), 414 

Gryllus assimilis (F) = Inhibited Oviposition by Females of, induced by 
Radioactive Males, using L-Methionine-Methyl-*^C (Dr A A Abdel- 
Malek and D K McE Kevan), 681 

Gudeman, Jon (McCord, William, and McCord, Joan, with) 
Alcoholism, review by Dr W McAdam, 848 

Guerrillot-Vinet, A, and others Estrogen Content of Plants as a Function 
of Conditions of Culture, 1205 e 

Guha, Prof B C, and others Biosynthesis of L-Ascorbic Acid—Missing 
Steps in Animals incapable of Synthesizing the Vitamin, 163 

Guide (Laboratory), for Physics (Physical Science Study Committee), review 

G R Noakes, 99 

Guignard, Flight-Lieut J C Astronautics (Physiological Limitations of 
Man in Space), 311 

Guildhall Museums London and, 308 e 

Guilleux, M M,and others  CEstrogen Content of Plants as a Function of 
Conditions of Culture, 1205 

Guinea Pig Effect of DrethyIstilboestrol on the Serum y-Globulin in the 
(L M Charles and Prof T Nicol), 565 

Guinea Pig Kidney Slices (Rat and) Glutamyl Peptidases in (George G 
Glenner and John E  Folk)—Histochemical Demonstration of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical 
Characterization of a Unique a-Glutamyl Peptidase Activity, 339 

Guinea Pig Pancreas Fine Structure of the Arteriolar Nerves tn the (Dr 

D Leverand Dr A C Esterhuizen), 566 

Guinea Pig Testicular Cells grown in vitro Spermatocytogenesis with 
Possible Spermiogenesis of (Dr Russell T Jordan, Dr Seymour Katsh 
and Nadia de Stackelburg), 1053 

Guinea Pig Testicular Cells grown in Cell Culture — Antigenicity of, as 
determined by the Isolated lleum Technique (Dr Seymour Katsh and 
Dr Russell T Jordan) 770 

Guinea Pig Vas Deferens (Isolated) Effect of some Smooth Muscle Stimu- 
lants on the Motor Response of the, to Hypogastric Nerve Stimula- 
tion (Dr Nils O Sjostrand), [190 

Guinea Pig and Rat Anaphylactic Reaction in vitro. Influence of Anaerobic 
Glycolysis on Release of Histamine in the (A Prouvost-Danon and 
Dr H Moussatché), 36] 

Guinea Pigs (Starved and Normal) Variation tn Lyoglycogen in (W J C 
Wilkinson and J H Kugler), 466 : 

Guiot, Dr G , and collaborators Arrest of Acceleration of Speech evoked 
by Thalamic Stimulation in the Course of Stereotaxic Procedures for 
Parkinsonism, 921 

Guldner, W G, and Beach, A L Microchemical Techniques (Rapid 
Micro-determination of Oxygen), 4I I 

Gunning B E S. Auxtn Activity in Ether-insoluble Fractions of Extracts of 
Rhubard Petioles, 66] 

Gupta, B K (Hyder, S B, and) 
and Potassium Chloride, 60 

Gupta, Hansraj, and others (prepared by) Representations of Primes by 
Quadratic Forms (edited by J C P Miller), (Royal Society Mathe- 
matical Tables, Vol 5), review by Prof C A Coulson, 97 

Gupta K P,and others New Ternary R-Phases with Silicon, 744 

Gupta, O P, and others (prepared by) Representations of Primes by 
Quadratic Forms (edited by J C P Miller), (Royal Society Mathe- 
matical Tables, Vol 5) review by Prof C A Coulson, 97 

Gupta, Sri C S History of Sciences in Ancient and Medieval India (Zoo- 
logical Knowledge in the Works of Kalidasa), 27 

Guschlbauer Wilhelm (Williamson, Martin B, and) Changes in the 
Concentration of Ribonucleic Acid during Wound Tissue Regenera- 
tion, 454 

Gustafson, P F, and others Radioactivity in Wool, 1094 

Gustafsson, Georg, and others A Morning Discontinuity in the Orienta- 
tion of Quiet Auroral Arcs, 956 

Gutfreund, Dr H, and others  Transamination and the Control of Mito- 
chondrral Pathways, 820 

Susman. DE Alexander B — Given an Award by the Gairdner Foundation, 


Origins of 


Radio-Luminescence in Sodium Chloride 


Gutowsky, Prof H S (Coogan, Dr C K,and) At the Third Australian 
Spectroscopy Conference (Nuclear Magnetic Resonance in Sodium 
Hydrosulphide), 929 

Gutterson, M (Ma T S and) Microchemical Techniques (Gas Chromato- 
graphy in the Determination of several Organic Functional Groups), 


Guttmann, Ronald D , and Aust, J Bradley Acquired Tolerance to Homo- 
grafts produced by Homologous Spleen Cell Injection in Adult Mice, 


Guttmann, S, and others 
bearing Rats, 1303 

Guttridge, D, and others Determination of the Biological Availability of 
Methionine and Cystine, 753 


Deiodination of Thyroxine-?!] in Tumour- 


INDEX 


Gyermek, Dr Laszlo {S-Hydroxy-3-Indoleacetamidine—a New Type of 
Blocking Agent against 5-Hydroxytryptamine, 465 


Haas, Prof H B, and others  Tobacco—Experimental and Clinical 
Studies, a Comprehensive Account of the World Literature, review 
by Kenneth Bloor, 848 

Habit (Feeding), of some Central African Freshwater Fishes (H Matthes), 78 

'Habituation' at the Neuronal Level Inhibttory Phenomena and (B Holm- 
gren and S Frenk), [294 

Haddow, Prof Alexander Chemistry in the Service of Medicine (Chem- 
istry and Cancer), 1018 

Haemadsorption Test for Myxoviruses Utilization of Sheep Red Blood 
cs in the (H M Yamashiroya, Dr R W Pumper and B R Tess), 

Haematology Isotopes in, review by Dr | Chanarin, 903 

The Use of Isotopes ın (Dr L G Lajtha), review by Dr | Chanarin, 903 

Haemin-Protein Binding in. Peroxidase and Methaemalbumin (Dr C 
Maehly), 630 

Haemoglobin, Normal and Abnormal, review by Dr A C Allison, 835 

Haemoglobin a4 (Dr E R Huehns, Dr E M Shooter, N Dance, Dr G H 
Beaven and Dr K V Shooter), 1057 

Haemoglobin (Foetal), in Fanconi Type Anaemia (Dr J H Jones), 982 

Haemoglobin (Gorilla) Amino-Acid Composition of the Polypeptide 
Chains of (Emile Zuckerkand] and W A Schroeder), 984 

Haemoglobin (Human) Chromium-5!I Tagging of the a-Chain of (Prof 
Amoz | Chernoff), 327 

Haemoglobin Polymorphism in Fishes (Dr Knud Sick), 894 

Haemoglobin Type Relationships between Red Blood Cell Potassium 
Concentrations, Medial Corpuscular Fragility and, in Merino and 
Southdown Sheep (Prof J V Evans), 567 

Haemoglobins Formation of Different, in Tissue Culture of Human Bone 
Marrow treated with®Human Deoxyribonucleic Acid (Prof Lorraine 
M Kraus), 1055 

emer ous (Abnormal) Segregation-ratio Advantage of (L N Went), 


Haemoglobins (Alkali-resistant) in Prosimian Primates (Prof John Buettner- 
Janusch and Joseph B Twichell), 669 
Haemoglobins (Multiple), and Transferrins in a Macaque Sibship (Prof J 
@uettner-Janusch, J B Twichell, Bert Yuan-Shu Wong and Gertrude 
Van Wagenen), 948 
Haemolysin (Anti-) Titre ın Rabbits New Method of preparing Coryne- 
bacterium pyogenes Toxoid with High (Valerie Levy), 189 
Haemolytic Activity of Streptolysins O and S in Agar-Gel Electrophoretic 
Mobility and Detection of (Extracellular Esterase of Group A Strepto- 
cocci), (A H Stock and José Uriel), 435 
Haemoprotein, Flavoprotein and Apoprotein Derivatives Structure and 
Properties of the Flavohaemoprotein, Cytochrome ba (L(+ )-Lactate 
Dehydrogenase of Baker's Yeast), and of (Prof R K Morton), 727 
Hageman Factor Role of, tn the Activation of Vasodilator Activity in 
Human Plasma (Dr M E Webster and O D Ratnoff), 180 
Hahn, P, and others  Interrelationship between Fat and Sugar Metabolism 
tn Infant Rats, [296 
Hatlsham, Re Hon Lord Science and Government in a Free Society, 393 
Research in the Universities, 787 
Hair (Napoleon I's) Arsenic Content of, probably taken immediately after 
his Death (Dr Sten Forshufvud, Dr Hamilton Smith and Dr Anders 
Wassén), [03 
Hair of Children Cystine Content in, as influenced by Vitamin A and 
Animal Protein in the Diet (Tatsuo Koyanagi and Teru Takanohashs), 
457 
Hass, | M, und Macek, K (herausgegeben von) Handbuch der Papier- 
chromatographie, Band 2, Bibltographie und Anwendungen, review 
by Dr R Consden, !223 
Haldane, Prof J B S Awarded the Kimber Gold Medal for genetics of the 
United States National Academy of Sciences, 7/0 
Awarded a Premio Feltrinelli for biological sciences of the Accademia 
dei Lincei, Rome, 710 
Honorary doctorate of science of the University of Oxford conferred 
on, 710 
At the Fourth Congress of the International Union for the Study of 
Social Insects (Statistical Analysis of some Data on Ant and Wasp 
Behaviour), 801 
Halevy, S, and others Cytotoxic Effect of Aminoacetonitrile on Fibro- 
blast Cultures and its Prevention by Histidine, [70 
Haley, Dr Thomas J, and others Effect of X-[rradiation on Self-Stimula- 
tion of the Brain, 1307 
Radto-protective Effects of Reserpine and its N-oxide 1309 
Half-Life of Sodium-22 (Prolonged Biological), 1n Patients with Essential 
Hypertension (Dr Lewis K Dahl, Malcolm G Smilay, Lawrence 
Silver and Sanford C Spraragen), 267 
Halides (Ethyl), in Self-quenching Geiger-Muller Counters 
Dissocration of (Prof 1 Zlotowski and H Wincel), 550 
Halides (Quadrivalent Metal) — Eight-Co-ordinate Diarsine Complexes of 
(Dr R J H Clark, Dr lack Lewis, Prof R S Nyholm, Dr Peter 
Pauling and Dr G B Robertson), 222 
Hall, Dr C C Obituary of Dr. W A Macfarlane, 503 
Hall, D M Quantitative Biology (Electron Micrographs of the Wax on the 
Surfaces of Clover Leaves), 25 
Hall, Prof P Awarded the Sylvester Medal of the Royal Society, 606, 906 , 
work of, 906 
Halley Bay Expedition of the Royal Society, review by Dr R Stoneley, 1004 
Halliday, Dr June W (Inglis, Dr James A, and) Thromboplastic Activity 
of Red Cells, 882 
Halvorson, Prof H ©, and others X Dipicolinic Acid Content, Heat- 
Activatton and the Concept of Dormancy in the Bacterial Endospore, 
I21I 
Ham,Dr N S Atthe Third Australian Spectroscopy Conference (Analysts 
of the Vibrational Spectrum! of Dichlorofluoromethanesulphenyl 
Chloride), 927 , (Theoretical and Molecular Electronic Spectroscopy 
—Theoretical and Experimental Aspects of the Jahn-Teller Theorem), 
7 


Kinetics of 


92 

Ham, Dr N S,and Walsh, Dr A At the Third Australtan Spectroscopy 
Conference (Development of Improved Microwave-powered Raman 
Sources), 927 


xliui 


e 

Hamachi, M (Lavoipierre, M M J,and) An Apparatus for Observafens 
on the Feeding Mechanism of the Flea, 998 

Hambly, Prof A N At the Third Australian Spectroscopy Conference 
(Infra-red Studies on Hydrogen Bonding—Infra-red Evidence for 
Hydrogen-bonding in Amino-sulphones), 927 

Hamer, R, and Westcott, R J Microwave Measurement Techniques 
(Millimetre Wave Techniques), 409 , (Method for Measuring the 
Complex Permittivity of Dieletric Films), 410 

Hamerton, J L, and others Somatic Chromosomes of the Gorilla, 225 

Hamlin, A G, and others Purification of Hydrogen Isotopes by Self- 
Displacement Chromatography at Low Temperatures, 1067 

Hamlyn, D W . Sensation and Perception, review, 593 

Hammond, J G New Instrument Assembly Wing of the Cambridge 
Instrument Co, Ltd , 924 

Hampar, Dr Berge, and Ellison, Dr Solon A Chromosomal Aberrations 
induced by an Antmal Virus, [45 . 

Hamsters — Susceptibiltty of, to the Oral Administration of Mycobacterium 
Johne: (N  L Gilmour and J G Brotherston), 1202 

Hanbury,! C Elected chairman of the British Pharmaceutical Conference 
for 1961-62, 2 

Handa, Nobuhiko, and Nistzawa, Prof Kazutos: Structural Investigation 
of a Laminaran tsolated from Essenra bicyclis, 1078 

Handbook Reactor (edited by C R Tipton, Jr ), Vol [, Materials, second 
edition, review by B W Mott, 100 

Handbuch der Astronautik (herausgegeben von Prof Karl Schutte und 
ROS K Kaiser), Band I, Lieferungen 1-6, review by D G King-Hele, 

Handbuch der Papierchromatographie (herausgegeben von ] M Hais und 
K Macek), Band 2, Bibliographie und Anwendungen, review by Dr 
R Consden, 1223 

Haplord and Diploid Nuclei A Heterocaryon possessing (Chiyoko Takeichi 
and Prof Yonosuke Ikeda), 1317 

Haploidy in Jute (Corchorus olitorius L ), (K T Jacob and Subir Sen), 288 

Happey, Dr F, and others Polysaccharide Content of the Prolapsed 
Nucleus Pulposus of the Human Intervertebral Disk, 868 

Haptoglobin Presence of, in Synovial Fluid (Prof Otto W Neuhaus and 
Virginia P. Sogoran), 558 

Haptoglobin Types in Israel Distribution of (Dr Bracha Ramot, Poriya 
Zikert-Duvdevani and Gisela Tauman), 765 

Haptoglobin and Transferrin Types in Peruvian Indians (Dr Eloise R Giblett 
and Dr William R Best) 1300 

Hardebeck, G C M Education and Training on the Continent of Europe, 


718 

Hardgrove, Prof G L Space Group and Unit Cell of che m-Bromobenzo- 
ate of Photoisopyrocalciferol, 551 

Hardie, Dr D W F Electrolytic Manufacture of Chemicals from Salt, 
review by Dr M J Newlands, 902 

Harding, Dr A J Ammonia—Manufacture and Uses, review by Dr M J 
Newlands, 902 

Hardy, Sir Alister The Better Use of the World's Fauna for Food (Possible 
Farming of the Sea), 1114 

Hargrave, P, and Robinson, S J Microwave Measurement Techniques 
(Equipment for Instantaneous Impedance Measurement), 409 

Harker, Dr D (Bello, Dr J, and) Crystallization of Deuterated Ribo- 
nuclease, 756 

Harland, Prof S C Cotton in India, review, 200 

Harle, A J, and others At the Third Australian Spectroscopy Conference 
(Electron-Spin Resonance Spectra of some Charge-transfer Com- 
plexes between Chloranil and Aluminium Oxide, Hexamethyl 
Benzene and Tetracyanoethylene, Dibenzacridtne and Tetracyano- 
ethylene, Dibenzacridine and Tetracyanoethylene or Chloranil), 929 

Harm, W Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Harmonic Generator or Mixer (Proposed), for Optical Frequencies (Dr 

D Froome), 859 

Harpaz, Dr |, and Applebaum, S W . Accumulation of Asparagine in 
Maize Plants infected by Maize Rough Dwarf Virus and its Signifi- 
cance in Plant Virology, 780 

Harper, K H , and Calcutt, Dr G = In vivoand in vitro Inhibition of Aromatic 
Hydroxylation by Riboflavin, 165 

Harrar, G J The President's Review from the Rockefeller Foundation 
Annual Report (1960), 587 

Harré, R At the Sixth Annual Conference of the British Society for the 
Philosophy of Science (Philosophical Aspects of Cosmology), 509 

Harrington, Dr F D Spectroscopic Studies using Time-Resolved Tech- 
niques, 1033 

Harris, Dr C M,and others Properties of some Copper Complexes— 
Five-Covalent Copper (Il) Complexes containing |,!0-Phenanthroline 
and 2,2’-Bipyridyl, 424 

Harris, F T C At the Sixth Annual Conference of the British Society for 
the Philosophy of Science (Genetic Coding and Information Theory), 
508 

Harris, K M 
187 


Harris, N D, and Richards, J P Influence of Adding Salts to the Medium 
on Counts of Phenol-treated Escherichia coli on Membrane Filters, 


87 

Harris, W V 
review, 851 

Harrison, C E Companionship of che Textile Institute awarded to, 406 

Harrison, D J Influence of Tomato Mosaic Virus Infection on the Hollow 
Frutt Condition of Tomatoes, 90 

Harrowell, R V  Therm:onic Conversion of Heat to Electricity, 611 

Harrowell, R V, and Myatt, Dr J Thermionic Generation of Electricity 
(Efficiency and Power of a Diode Generator), 611! 

Hart, Prof J (edited by Dr J B Birksand) Progress in Dieletrics, Vol 3, 
review by V Daniel, 203 

Harth, S, and others Distribution of Ribonucleic Acid in Subcellular 
Pracia of various Regions of the Central Nervous System of the 
Rat, 4 

Hartley, H E R,and others Hydrogen Bonding in Alkyl Phosphonic and 
Alkyl Phosphonothionic Acids, 1283 

Harvard College  lOIst Annual Report of the Museum of Comparative 
Zoology (1959-60), 405 

Harvest (Pre-) Prophylaxis for Infestation Control in Stored Food-Grains 
(S K Majumder, K Krishnamurthy and S. Godavari Bai), 375 


Sorghum Midge, Contarinia sorghicola (Coq ), in West Africa, 


Contributions to the Systematics of Oriental Termites, 


Xv INDEX 


Hat Yey, Gladys A (Covington, Arthur E, and) Coincidence of the Explo- Heath, Dr D F . Mechanism of the Hepatoxic Action of Dialkylnitros- 


sive Phase of Solar Flares with [0 7-cm Solar Noise Bursts, 152 amines, 170 
Harwood, G , and others  Microbarograph Records from the Russtan Large Heating in Vacuum Production of 'Active' Magnesium Oxide by (R 
Nuclear Explosions, 857 Valverde and J P Saenz), 653 
Hase!grove, C B, in collaboration with J C P Miller Tables of the Heating Rate Dependence of Thermo-stimulated Current Curves on 
Riemann Zeta Function (Royal Society Mathematical Tables, Vol 6), (C G Clayton, J B Whittaker, G A Briggs and T G Kelly), 349 
review by Prof C A Coulson, 97 Hebb, Dr Catherine Cholinergic Neurons in Vertebrates, 527 
Hastings, James, and others Culture of Human White Cells using Differ- Heckly, R J, and others X Free-Radical Formation during Storage of 
ential Leucocyte Separation, [214 Freeze-dried Serratia marcescens, 776 
Hathway, Dr D E Wood Extractives (Chemistry of Wood Extractives Hedgehog (Pre-Hibernating and Deep-Hibernating) Changes of Blood 
—Stilbenes), 512 Volume tn the (Dr Einar Eliassen), 1047 
Haua Fteah Absolute Age of Pleistocene and Holocene Deposits tn the Heidemann, E, and others At the Seventh Biennral Conference of the 
(Dr C B M McBurney), 685 International Union of Leather Chemists Societies (Tannages of 
Haustoria (Synergid), of Quinchamaltum chilense Lam (Saro; Agarwal), 1313 Synthetic Polypeptides (used as Model Substances) with Chrome), 
Havlicek, K At the twenty-seventh Conference of the International 613 
Federation for Documentation (Use of Information for Economic Heidenreich, R D , and others Ferromagnetic Inclusions in Nucleic Acid 
Planning) 219 Samples, 104I 
Hawanan Lava Flows Palaeomagnetism of (Richard R Doel! and Allan ht (Atmospheric Scale), as a Modifying Influence on Linear Trend of 
Cox), 645 si aa Electron Density with Sunspot Number (Jean M Bullen), 
Hawkins, Dr K M A New Medical Dictionary, review, 849 42 
Fifty Years of Stedman, review, 1222 Heitzmann, R J Appointed to a Research Fellowship in chemistry in the 
Hawkins, T H The British National Health Service review, 849 University of Birmingham, 406 
Health in Industry, review, 856 HeLa Cells Reproduction of Tick-borne Encephalitis Virus in (Dr H 
Haworth, Prof R D Wood Extractives (Chemistry of Wood Extractives Libikova and Dr P Albrecht), 779 
—Lignans), 512 Serial Propagation of Types I, 2, 3 and 4 Dengue Virus in, with Con- 
Hawthorn, Prof J Training of Industrial Food Scientists and Technologists, comitant Cytopathic Effect (Sonja M Buckley), 778 
302 Helicopter Stations in. the London Area Planning of (Report of the 
Hayashi, H , and others Effects of Intensity of Driving Stimulus on the Ministry of Aviation Committee on the), 29 
Shape of Membrane Action Potential of the Heart, 1295 Helium used in Gas Chromatography Detection by lonization of Gases in 
Hayashi, Yoshryukt Properties of Xanthine Dehydrogenase in the Silk- (W A Wiseman), 964 
worm, Bombyx mori L , 756 Helle, W Relation between Organophosphorus-Resistance and Non- 
Hayman, Prof W K . Function Theory and tts Applications, review, 694 Diapause in Spider Mites, 1314 
Analysis on Riemann Surfaces, review, 847 Hellem, Dr A, and others Adenosine Dipbosphate in Red Cells as a 
Haynes, Renee The Hidder Springs—an Enquiry into Extra-Sensory Factor in the Adhesiveness of Human Blood Platelets, 531 
Perception, review by Dr E J Dingwall, 4 Helliwell, Ann (Miles, P W , and) Oxidase Activity in the Saliva of a 
Hays, Dr Esther F Transmission of Mouse Leukaemia with Purified Nucleic Plant-Bug, 374 
Acid Preparations, 230 Helliwell, R A,and others Stanford—Pacific Naval Laboratory Conjugate 
Hayton, 3 D , and others Recrystallization of Lead and Zinc Sulphides, 516 Point Experiment, 319 
Hayward, Dr A F Increase in the Dense Cytoplasmic Bodies in Radiation- Hemaglobin and its Abnormalities (Prof Vernon M Ingram), review by 
induced Giant Cells of the Cultured Fibroblast, 891 Dr A C Allison, 835 
Headridge, J B Microchemical Techniques (Cortemporary Position of Hemingway, J S, and others Volatile Mustard Oils of BrassicaSuncea 
Small-scale Methods tn the Teaching of Chemistry at the Secondary Seeds, 993 
School and Collegiate Levels), 412 Hemp Influence of the Age of Pollen and Stigmas on Sex Determination 
Heal, T J (edited by Dr A B Melntosh and) Materials for Nuclear in. (Regina Laskowska), 147 
Engineers, review, 392 Hempelmann, Dr Louis H, and others Effects of lrradiation on the 
Heald, P J  Phosphorylserine as a Constituent of Phosphoproteirs from Incorporation of Amino-Acid into Normal and Regenerating Rat 
Plasma of the Laying Hen, 455 Liver, 179 
Health Food Processing in relation to (British Association for the Advance- Hen (Laying)  Phosphorylserine as a Constituent of Phosphoproteins from 
ment of Science, Section [ (Physiology and Biochemistry), Discussion Plasma of the (P J Heald), 455 
on), 599 Hen Egg White, Oviduct White, Yolk, Ova and Serum Proteins Starch 
Health in Industry (Prof R C Browne), review by T H Hawkins, 856 Gel Electrophoresis of (Dr F Steven), 972 
Health of Seafarers 1034 Henatsch, H-D Muscle Receptors (Pharmacological Studies of Spindles), 
Health, Department of, for Scotland Milk Powder, 607 6 


Health, National Institutes of (Bethesda, Maryland) Medical Research and Henderson, Dr B Appointed to a Research Fellowship tn physical 


the (Dr Carl R Brewer), 79] metallurgy in the University of Birmingham, 406 
Health (Mental) Student—Report of a Conference held in London, 1961 Henderson, Prof J} H M Isolation of an Unknown Auxin from a Solution 
(World University Service), 620 of Indole-3-Acetic Acid labelled with Carbon-14, 1076 
Tenth Report of the Expert Committee on (United Nations, World Hendry Prof A W Structural Concrete, review, 7 
Health Organization, Technical Report Serres No 223, Programme Awarded a Fellowship in nuclear physics in the University of Glasgow, 
Development in the Field of Mental Health), 932 132 
Health (Mental) Book Review Index (American Foundation. for Mental Henn, T R q Science in Poetry and Verse, review, 98 
Hygiene), Vo! 6 No I! 113 Henningsen, K , and Nielsen, Jorgen C A Rare Phenotype within the 
Health (Public) Science and, [024 Gm System, 476 
Health Service (British National), a Short Survey with particular reference Hense! Prof Herbert The Electro-physiology of Thermoreceptors (First 
to the Pharmaceutical Services (Pharmaceutical Society of Great Feldberg Foundation Lecture) 309 
Britatn), 801 Henshaw,G G,andothers Cytochrome c Oxidase, the Terminal Oxidase 
The Genesis of the (Prof John Jewkes and Sylvia Jewkes), review by of Iris pseudacorus L , 579 
T H Hawkins, 849 Hepatic Injury (Chronic) Nature of Increased Protein and DNA in (Dr 
Health Services in Small Factories (World Health Organization Regional Emanuel Rubin, Ferenc Hutterer, Elemer Cs Gall and Hans Popper), 
Office for Europe (United Nations), and the International Labour 886 
Organization Conference on), 618 Hepatic Intrusion (An Intra-Pericardial), in the Common Dogfish (Dr A S 
Heart Effects of Intensity of Driving Stimulus on the Shape of Membrane Fuller), 280 
Action Potential of the (T Azuma, H Hayashi, T Kanno and K Mat- Hepatitis (Amoebic) Establishment of, as a Distinct Clinico-Pathological 
suda), 1295 Entity (Prof Th Doxaadis and Prof N Candreviotis), 988 
Heart of Periplaneta Substances controlling the Rate of Beating of the Hepatopancreas of Carcinus maenas Respiratory Chain. Phosphorylation 
: K G Davey), 284 in Sub-Cellular Particles isolated from the (Dr R B Beechey), 975 
Heart Dipole Regions and the Measurement of Dipole Moment (Dr M R Hepatoxic Action of Dialkylnitrosamines Mechanism of the (Dr D F 
"Barber and Dr E J Fischmann), 141 Heath), [70 
Heart-Rates and the Sub-lingual Temperatures of Heat-acclimatized People 2-Heptanone from Caprylic Acid Formation of, by Spores of various 
(Dr G C Whittow), 1086 Filamentous Fungi (R F Gehrig and Prof S G Knight), [185 
Heart Sarcosomes (Rabbit-) Relationship between Oxidation of lsocitrate Herbert, J D, and others A New Application of the Faraday Magneto- 
and Metabolism of Fatty Acids in (Dr WY C Hulsmann), 1153 Optical Effect for Diagnostic Measurements of Transient Magnetic 
Heart (Horse) Cytochromec . Amino-Acid Sequence of— Peptides released Fields, 622 
by Digestion with Chymostrypsin (Dr E Margoliash and Prof Emil L Hercus, Dr G R At the Third Australian Spectroscopy Conference 
Smith), 1121 , Peptides, Terminal and Internal, released by Digestion (Photoelectric Device to prevent Slow Image Shifts during Long 
with Trypsin (Dr G Kreil and Prof H Tuppy}, 1123 , The Complete Exposures in a High-resolution Echelle Spectrograph), 928 
Amino-Acid Sequence (Dr E Margoliash, Prof Emil L Smith, Dr Hereditary Disorder (New), of Amino-Acid Metabolism New Renal 
Gunther Kreil and Prof Hans Tuppy) 1125 Tubular Amino-Acid Transport System and a (Dr C R Scrriver, 
Hearts (Dog)  Particle-bound and Free Catecholamines tn and the Uptake l A Schafer and M L Efron), 672 
of Injected Norepinephrine (A Wegmann and K Kako), 978 Herklets, Dr G A C Birds of Trinidad and Tobago, review by Dr 
Heat Conventional! Methods of Converting, into Electricity (British L B Quesnel, 828 
Association for the Advancement of Science, Section A (Mathematics Hermann, Prof Carl Obituary by Dame Kathleen Lonsdale, 604 
and Physics) and Section G (Engineering), Jort Discussion on), 701 Hermit Crab Diogenes brevirostris Stimpson Antennary Feeding of the 
Flow of Blood in the Forearm of Persons acclimattzed to (Dr G C (R E Boltt), 1099 
Whittow), 759 l'Hermite, R Go At the twenty-seventh Conference of the International 
Thermionic Conversion of, to Electricity (R Y Harrowell), 61 I Federation for Documentation, 219 
Heat of Formation of the Difluoromethylene Radical (Dr J R Majer and Herms, Dr William B , and James, Dr Maurice T Medical Entomology, 
Dr C R Patrick), 866 fifth edition, review by Pro* D S Bertram, 298 
Heat-Acclimatized People — Heart-rates and the Sub-lingual Temperatures Heroux, Dr Olivier Appointed scientist-in-residence at the United States 
of (Dr G C Whittow), 1086 Naval Radiological Defense Laboratory, San Francisco, 1026 


Heat-Activation (Dipicolintc Acid Content,), and the Concept of Dormancy Herrera, R C The University of Oxford Expedition to Peru (1961), 610 
in the@Bacterial Endospore (A Keynan, VY G Murrell and Prof Herring-Sperm Deoxyribonuclerc Acid Two Types of Ribonucleoprotein 


H © Halvorson), 1211 in the Nucleolus of Intestinal Carcinoma of the Newt following 
Heat Flow in Liquids — Diffusion and (H J V Tyrrell), review by Prof Injection of (Prof A Stolk), 1215 
A R Ubbelohde, 845 Herriott R Structure, Synthesis and Function of Deoxyribonuclere Acid 
Heat Injury (Translocated), in Plants (Prof C E Yarwood), 887 (Genetic Aspects), 25 
z . 


INDEX 


Hertting, G, and Axelrod, J Fate of Tritiated Noradrenaline at the 
Sympath@tic Nerve-Endings, 172 

Hertz (Heinrich) Premium of the British Institution of Radio Engineers 
awarded to R A Waldron, 609 

Herxheimer, H , and Stresemann, E 
and Amidopyrine, 1089 

Herzenberg, Dr Rutherford Jubilee International Conference on 
Nuclear Physics, 794 

Hesse, Dr Mary At the Sixth Annual Conference of the British Society 
for the Philosophy of Science, 508 

Heterocaryon possessing Haploid and Diploid Nuclei (Chiyoko Takeichi 
and Prof Yonosuke Ikeda), 1317 

Heterogeneous Catalysis Dislocations as Active Centres in (Ituro Uhara, 
Sadao Yanagimoto, Kazuo Tani and Gin’ya Adachi), 867 

Heterozygous Carriers and Patients with Liver Glycogen Disease (Von 
Gierke’s Disease) Blood Glucose-6-Phosphate tn (Dr Joseph E 
Sokal, Sylvia Fleissner, Edward J Sarcione and Charles U Lowe), 
265, (Dr David Yi-Yung Hsia), 266 

Heumann, Karl F At the twenty-seventh Conference of the International 
Federation for Documentation (Important Progress in Documenta- 
tion in the United States), 219 

Hewett, D R,and others Separation, Identification and Determination 
of the Fatty Acids of Montan Wax, 65 

Hewitt, Dr E J, and Wilson, L A Determination of Cell Numbers in 
Leaf Primordia, 578 

Hewlett, P S, and others Effects of 2-Diethylaminoethyl 2,2-Diphenyl- 
pentanoate (SKF 525A) on Insecticidal Potency, [273 

Heylen, Dr A ED X Appointed to a lectureship in the Department of 
Electrical Engineering in the University of Leeds, 406 

Heywood, Dr H New Sources of Energy, 407 

Hibernating Animals Sodium and Potassium Content tn the Muscles of 
(Dr Einar Eliassen and Helge Leivestad), 459 

Hidden Face of the Moon, review by Prof Zdenek Kopal, 839 

Hidden Springs The—aiP Enquiry into Extra-Sensory Perception (Renee 
Haynes), review by Dr E J Dingwall, 4 

Hieger, Dr l, and others Progress of Cancer Research, 125I 

Higgins, H G , and others * Seasonal Variation in Alginic Acid, Mannitol, 
Laminarin and Fucoidin in the Brown Alga, Ecklonia radiata,-1208 

Higgs, D G,and others At the Seventh Biennial Conference of the Inter- 
national Union of Leather Chemists Societies (Experiments to break 

ethe Insolubilizing Cross-links of Mature Bovine Collagen after 

Alkaline Pretreatment), 613 

High Activity against Type 2 Poliovirus Agents with (Dr D G O'Sullivan 
and Dr P W Sadler), 341 

High-Altitude Auroral Frequency Diurnal Variation of, on Magnetically 
Quiet and Disturbed Days (Knut Lassen), 345 

High Anti-Haemolysin Titre in Rabbits New Method of preparing Coryne- 
bacterium pyogenes Toxoid with (Valerie Levy), 189 

High Electric Fields Electrical Conductivity of Calcium Oxide at (Dr 
C H B Mee), 350 

High-Energy Hydrogenlons Emission of Ultra-Violet and Visible Radiation 
from Metals by the Impact of (Prof Rafi Mohammed Chaudhur: and 
Mustafa Yar Khan), 646 

High Energy Physics Proceedings of the 1960 Annual [nternational Con- 
ference on (Rochester, 1960), (edited by E C G Sudarshan, J H 
Tinlot and A C Melissinos), review by Dr G H Stafford, 7 

High-Flux Reactor at the Petten Research Centre of the Reactor Centrum 
Nederland, 708 

High Molecular Weight Products from the Irradiation of Methane with 
4-MeV Electrons Production of (R W Hummel), 1178 

High Polymers An Introduction to the Organic Chemistry of (Prof Carl 
S Marvel), review by Dr 1 C McNeill, 591 

High-Resistivity Gallium Arsentde Energy-Level Model for (J Blanc and 
L R Weisberg), 155 

High Root-Pressures in Palms (T A Davis), 277 

High-Speed Digital Computer (Programmed Data Processor) given to the 
Massachusetts Institute of Technology by the Digital Equipment 
Corporation, Maynard, Mass , 922 

High-Speed Direct-Recording System for Electron Diffraction (Dr C W B 
Grigson), 647 

High-Temperature Induction Furnaces 
Dundas), 114 

High-Temperature Melting Processes 
and R W Warren), 745 

High Trittum Content of Atmospheric Methane, Hydrogen and Strato- 
spheric Water Origin of (Dr Richard Wolfgang), [279 

High- and Low-Stress Fatigue Difference between (N E Frost), 446 

High and Physiological Sale Concentrations Antigen—Antibody Precipi- 
tation contrasted in Gels of (Dr Alfred J Crowle and David C 
Lueker), 50 

High (Very), Continuous Magnetic Fields 
and Use of (Dr Henry H Kolm), 299 

Higher Ambient Temperatures Thyroid Activity at (Sukhen Chaudhurt 
and D P Sadhu), 560 

Higher and Lower Plants and their related Uronic Acid Content Cation- 
Exchange Capacities of Tissues of (A H Knight, W M Crooke and 
R H E Inkson), [42 

Hill, D W Awarded a grant of £3,500 from the Paul Instrument Fund, 
for the construction of an infra-red gas or vapour analyser using 
interference filters, 708 

Hill, D W, and Scott, Dr R P W . Gas Chromatography tn Medical 
Research (Recent Developments in the Design of Compact Cathode- 
ray Tube Gas Chromatographs), 717 

Hill, J, and others A New Prophylactic Trypanocidal Drug, 2,7-di- 
(m-amidinophenyldtazoamino)-10-ethyl-9-phenyl-phenanthridinium 
Chloride Dihydrochloride (M & B 4596), 367 

Hills, Dr Marian E , and Scott, Prof Allen B Incorporation of Trivalent 
Cattons in Crystalline Potassium Chloride, 1066 

Hilton, Prof P J Group Theory, 22 

Hilton, Dr W F Twelfth International Astronautical Congress, 1244 

Hilton and Co, P A Solid Propellant Rocket Motor Test Rig, 608 

Hindle, Dr Edward Zoological Literature for 1958, review, 903 

Hinshelwood, Sir Cyril The Vision of Nature (196! Eddington Memorial 
Lecture), [[5 

Awarded the Leverhulme Tercentenary Medal of the Royal Society, 

907 , work of, 907 


Anti-Asthmatic Effect of Phenazone 


Design of Laboratory (P H 
A Cold Crucible for (H F Sterling 


Advances in the Generation 


xlv 
e 

Hinton Sir Christopher At the British Electrical Power Convention’ The 
British Electricity Distribution System from the Inception of the 
I32-kV Grid), 500 

Hinton, M A C Obituary by Dr R J G Savage, 916 

PRENT Acıd oes ot, in Electrolytic Desalters (Dr E McEvoy- 

owe), 

Hirchinson, V (Finlayson, Dr R, and) 
Budge"igars, 359 

Hirschfeld, Dr Jan, and Sonnet, Jean Distribution of Group-specific 
Components (Gc) in the Sera of Native Africans, 766 

Hirschhorn, Kurt, and others Culture of Human White Cells using 
Differential Leucocyte Separation, 1214 

Hirst, Prof E L Elected president of the Royal Society of Edinburgh, 505 

Hirst, Dr J M Medium Range Diffusion in the Atmosphere (The Long- 
range Travel of Fungus Spores), 14 

Hirt, T J, and others Pyrolytic Carbon Formation from Carbon Sub- 
oxide, 450 

Histamine in the Guinea Pig and Rat Anaphylactic Reaction in vitro In- 
fluence of Anaerobic Glycolysis on Release of (A Prouvost-Danon 
and Dr H Moussatché), 36] 

Histamine Stress Effects of Thymectomy on the Resistance of Rats to 
Drowning and (Dr A S Weltman and A M Sackler}, 460 
Histamine and Histamine-like Substances from Histidine Formation of, 

by Quartz Dust (L VV Marasas), 872 
Histamine-like Substances (Histamine and), from Histidine 
of, by Quartz Dust (L VV Marasas), 872 
Histidine Cytotoxic Effect of Amino-acetonitrile on Fibroblast Cultures 
and its Prevention by (Dr J] Mager, Z Fuchs, S Halevy and | 
Sciaky), 170 
Formation of Histamine and Histamire-like Substances from, by 
Quartz Dust (L W Marasas), 872 
Histidine Complex (Oxygen-carrying Cobalt (11)) 
Earnshaw and L F Larkworthy), 1068 
Histo- and Cyto-Chemistry (Oxidative Enzyme) Use of Tetrazolium 
Compounds in (Prof C G Rosa and Kwan-Chung Tsou), 990 
Histochemical Characterization of a Unique a-Glutamyl Peptidase Activity 
(Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 339 
Histochemical Demonstration of y-Glutamyl Transpeptidase-like Activity 
(Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 338 
Histochemical Examinations of Chymotrypsin-like Esterases (Dr David 
Lagunoff and Prof Earl P Benditt), 1198 
Histochemical Localization of Cholesterol A Perchloric Acid-Naphtho- 
quinone Method for the (Dr C W M Adams), 33 
Histochemical Localization of Uridine Diphosphoglucose Dehydrogenase in 
Cartilage (Dr Karoly Balogh, yun, and Richard B Cohen), 1199 
Histochemical Technics Histological and (Prof Harold A Davenport), 
review by Dr S Bradbury, 904 
Histogenesis of Cerebral Cortex in the Mouse — Autoradiographic Study 
of Cell Migration during (Dr J B Angevine, jun ,andR L S:dman), 766 
Histological Techniques for Electron Microscopy (Daniel C Pease), review 
Dr V E Cosslett, 5 
Histological and Histochemical Technics (Prof Harold A Davenport), 
review by Dr S Bradbury, 904 
Histologie und Mikroskopische Anatomie des Menschen (Prof V Barg- 
mann), dritte Auflage, review by Dr F Jacoby, 1007 
Histology of the Eye and Orbit in Domestic Animals Anatomy and (Prof 
Jack H Prince, Prof Charles D Diesem, Prof Irma Eglitis and 
Gordon L Ruskell), review by Dr E N Willmer, 295 
Histology and Electron Microscopy, review by Dr V E Cosslett, 5 
Histomucord (Liver) Effect of Riboflavin on (Luiz A Abreu and R Raposo 
Abreu), 261 
Histones (7) Isolation of, from Staphylococcus aureus (Dr H J Cruft and 
J L Leaver), 556 
Histoplasmosis (Dr Libero Ajello), 114 , (Henry C Sweanv), [14 
History of British. Hospitals (Third British Congress on the History of 
Medicine and Pharmacy), 1241 
History of Chemistry (Prof J R Partington), Vol 2, correction of price, 213 
History of Formal Logic (Dr | M Bochénski), translated and edited by lvo 
Thomas, review by F | G Rawlins, 693 
History of Land Use in Arid Regions (edited by Prof L Dudley Stamp), 
(Unesco Arid Zone Research No 17), [236 
History of Medicine and Pharmacy Second British Congress on (Chemistry 
in the Service of Medicine), (Worshipful Society of Apothecaries of 
London, 1n co-operation with the Chemical Society), 1017 
Third British Congress on the (The History of British Hospitals), 124] 
History of Metallography—the Development of Ideas on the Structure of 
Metals before [890 (Prof Cyril Stanley Smith), review by Prof F C 
Thompson, 843 
History of Science, review by Prof Herbert Dingle, 901 
A Short, review by J R Ravetz, 825 
History of Scrence and Technology at the Imperial College of Sctence and 
Technology, London, 1131 
History of Sciences in Ancient and Medieval India (National Institute of 
Sciences of India Symposium on), 27 
Hitchcock, Dr A Nuclear Reactor Stability, review, 203 
Hizukuri, Dr Susumu, and others Effect of Temperature during Germina- 
tion on the Crystalline Type of Starch in Soybean Seedlings, 239 
Hoare, Michael Fundamental Relaxation of Classical Oscillators, 63 
Hockenhull, Dr D J D . Brochemica! Engineering, 119 
Hodge, Paul W (Brandt, John C, and) Lunar Dust and the Gegenschein, 
957 


Experimental Atheroma in 


Formation 


Structure of the (A 


Hodgkin, Dorothy Crowfoot (Lenhert, Dr P Galen, and) Structure of 
the 5 6-Dimethylbenzimidazolylcobamide Coenzyme, 937 

Hoe, Celia M Tests for Liver Dysfunction tn Dogs, 1045 

Hoeffding, Wassily, and others (edited by) Contributions to Probability 
and Statistics ——Essays in Honor of Harold Hotelling, review by Dr 
D E Barton, 846 

Hoffman, J G Scanning Techniques in Biological and Medical Microscopy 
(Measurements of the Nucleic Acid Content and the Dimensions of 
Mammalian Cells and their Nuclei), 1031 e 

Hoffmann, Dietrich (Wynder, Ernest L, and) Carcinogencity of Dibenzo 
(a,!) pyrene, 1092 

Hofstadter, Prof Robert, and Mossbauer, Prof R L Awarded the Nobel 
Prize for Physics, 799 , work of, 799 


Xv! E 


Hofsten, Bengt v, and others , Separation of Bacteria by Counter-Current 
Distribution, 236- 

Hogben, Prof Lancelot, Cosmical Language, review, 826 

Hokin, L E, and Hokin, M R Phospholipids and Sulpholipids (Salt Gland 
of certain. Marine, Birds rapidly incorporated Phosphorus-32 when 
the Gland was Stimulated with Acetyl Choline), 808 

Hokin, M R (Hokin, L E, and) Phospholipids and Sulpholipids (Salt 
Gland of certain Marine Birds rapidly incorporated Phosphorus-32 
when the Gland was Stimulated with Acetyl Choline), 808 

Holasek, A, and co-workers Muicrochemical Techniques (Difficulties and 
Operational Problems in the Synthesis of Miligram Amounts of 
Fatty Acids and Esters labelled with Carbon-14), 412 

Holden, A V Concentration of Chloriae in Fresh Waters and Rain 
Water 96] 

Holding Filter Papers oh Planchettes for Radioactive Counting A Simple 
Flattener for (Dri Edward A Smuckler and Prof Earl P Benditt), 191 

Hollaender, Alexander (edited by) Radiation Protection and Recovery, 
review by Dr Hugh D Evans, 6 

Holland, L and others Evolution of Hydrocarbons from Impure Titanium 
Getters, 749 

Hollingsworth, D F Food Processing in relation to Health, 599 

Hollis, D P ‚and others Free-Radical Formation during Storage of Freeze- 
dried Serratia marcescens, 776 

Hollister, C J, and others Natural Occurrence of Leptospira ictero- 
haemorrhagiae in the Eastern Grey Fox and the Eastern Raccoon, 1312 

Hollow Fruit Condition of Tomatoes Influence of Tomato Mosaic Virus 
infection on the (D J Harrison) 90 

Holmes, Dr M X Appointed to a lectureship tn the Department of Civil 
Engineering tn the University of Leeds, 406 

Holmgren, B, and Frenk, $ Inhibttory Phenomena and ‘Habituation’ at 
the Neuronal Level, 1294 

Holness, H  Microchemical Techniques (Contemporary Position of Small- 
scale Methods in the Teaching of Chemistry at the Secondary School 
and Collegiate Levels), 412 

Holocene Deposits (Pleistocene and), in the Haua Fteah Absolute Age of 
(Dr C B M McBurney), 685 

Holomorphic Functions (Lectures on the Theory of Functions of a Complex 
Varrable) (Prof G Sansone and Dr Johan Gerretsen, Vol |), review 
by Prof W K Hayman, 694 

Home and Distribution of the House Cricket, Acheta domesticus L (Dr 
A S K Ghour!), 1000 

Homeostasis (Foeta! Cirtulatory) 
Reynolds), 818 

Homma, S, and others { Muscle Receptors (Potentiation of Motoneurones 
by Spindle Discharges, and Human Experiments on Reflexes involving 
Muscle Receptors), 806 

Homogenates of Normal Sheep Liver Metabolism of Propionate by (R M 
Smith and W S! Osborne- White), 868 

Homografts Acquired Tolerance to, produced by Homologous Spleen 
Cell Injection in Adult Mice (Ronald D Guttmann and J Bradley 
Aust), 564 

Homologue of Thio-Thiophthene Crystal Structure of 2,5-Dimethyl- 
Dithio-Furophthene, a (Dr M Mammi, R Bardt, G Traverso and 
S Bezzi), 1282 

Homologous Antibody Esterase in Extracellular Concentrates of Group A 
Streptococci and the (Extracellular Esterase of Group A Strepto- 
cocci), (Aaron H Stock, José Uriel and Pierre Gragar), 434 

Homologous Bone Marrow or Spleen Cells Transfer of Immediate (Ana- 
phylactic) Hypersensitivity by (Dr. Y Stankovi& and S. Vlahovic), 762 

Homologous Spleen Cell Injection in Adult Mice Acquired Tolerance to 
Homografts produced by (Ronald D Guttmann and J Bradley 
Aust), 564 

Hongo, T (Shimazu, H, and) Muscle Receptors (Brain-stem Influences 
on the Motor Supply to Muscle Spindles), 805 

Hope, Dr A B and others Electrolytes and Plant Cells, review by Dr 
James F Sutcliffe, 831 

Hope, E R Confirmation of Outer Atmospheric Asymmetry postulated 
to explain the False Zodiacal Light, 742 

Hopkins, Dr B J Thermionic Generation of Electricity (Work-Functions 
of Anodes opposite Oxide Cathodes), 611 

Hopkins (Johns) University (sponsored by the McCollum-Pratt Institute of 
the, with support from the National Sctence Foundation) A Sym- 
posium on Light and Life (edited by William D McElroy and Bentley 
Glass), review by Dr V S Butt, 296 

Hopkinson, Leonora, and Jackson, F L Prostatic Cytochromes, 264 

Hopkins, Leonora, and Wakeley, J C N A Zine-requiring Alkaline 
Phosphatase in the Ventral Lobe of the Rat Prostate, 357 

Horecker, B Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Chemical Sequence and Heterogeneity), 24 

HORE Y J, and Philpot, | StL  Peroxıde-like Substance in Alarmed 

ice, 

Hormann, H Ac the Seventh Biennial Conference of the International 
Union of Leather Chemists Societies (Chemistry and Structure of 
Collagen), 613 

Hormogone-producing Blue-Green Algae Isolation of Bacteria-free Cul- 
tures from (Blue-Green Algae) (Dr J S Bunt), 1275 

Hormonal Control of che Devélopment of the Thymus of the Foetal Rabbit 
(| G Bearn), 875 

Hormonal Control of Oxidized Flavour in Milk (Harald Astrup), 559 

Hormone (Antidturetic), and Renal Collecting Tubules (Paul Breddy, 
Grahame F Cooper and Dr Jeffrey M N Boss), 76 

Hormone (Bovine Growth) Determination of the Amino-Acid Composi- 
tion of (Dr Alan J Parcells), 971 

Hormone (Growth) Content of Serum in Infants, Children, Adults and 
Lrpepituitary Dwarfs (Dr J Girard, Dr M Vest and Dr N Roth), 


Sensory Deprivatton and (Prof $ R M 


Hormone (Human Growth), and Sheep Interstitial Cell Strmulating Hor- 
mone Complement-fixing Antibodies to (Allen Trenkle, N R 
Moudgal, Katy K Sadr: and Dr Choh Hao L1), 260 

Hormone (Luteinizing), in Persistent Vaginal CEstrus (Dr G P van Rees 
and Dr J } van der Werff ten Bosch), 876 

Hormone (Perified Growth) — Failure of the, to restore the Size of the 
Kidneys in Hypophysectomized Rats (Dr T Astarabadi), 270 

Hormone (Sheep Interstitial Cell Stimulating) Complement-fixing Anti- 
bodies to Human Growth Hormone and (Alien Trenkle, N R 
Moudgal, Katy K Sadri and Dr Choh Hao Lt), 260 


INDEX 


Hormone eed in Brachyura Larvae Fluctuations in (John D Costlow, 
jun ), 183 e 

Hormone Activity (Growth), of the Anterior Pituitary Lobe of the Male 
Rat at various Ages (R H Bowman), 976 

Hormones (Sex), as a Possible Factor controlling Biosynthesis of Aryles- 
terase (Dr Klas-Bertil Augustinsson and Bertil Olsson), 969 

Hormones and Electrolyte Excretion in Sheep (R Kinne, Dr W V Mac- 
farlane and Prof O E Budtz-Olsen), [084 

Horne, F R The Swedish Seed Association, 110 

Horowitz, Dr R M Biochemistry of Plant Phenolic Substances (Recent 
Studies on the Structures and Bitterness of the Flavonoid Glycosides 
cf Citrus), 418 

Horrocks, B J (Jowett, P, and) 
Unesterified Fatty Acids, 966 

Horse Heart Cytochrome c i Amino-Acid Sequence of—Peptides released 
by Digestion with Chymotrypsin (Dr E Margoliash and Prof Emil 
L Smith), [12], Peptides, Terminal and Internal, released by 
Digestion with Trypsia (Dr. G Kreil and Prof H Tuppy), 1123, 
The Complete Amino-Acid Sequence (Dr E Margoliash, Prof Emil 
L Smith, Dr Gunther Kreil and Prof Hans Tuppy), 1125 

Horticultural Research Institdte (Scottish), Dundee Promotion of Dr 

H Cadman to Seniór Principal Scientific Officer, 215 

Horton-Smith, Dr C, and others — Limitations of the Periodic Acid-Schiff 
Technique for the Demonstration of Stages of Eimeria in Tissues, 1315 

Horvath, Dr |, and Varga, J 'M Enzymic Inactivation of Trichothecin 
and Crotocin, 88 à 

Horvath, Dr 1, and others Possible Causes for Productton of Isoleucine 
by Streptomyces rimosus, 641 

Horwood, J F, and Forss, D A At the Third Australian Spectroscopy 
Conference (Methods for:Handling Micro-quantities of Samples for 
Absorption Spectrometry), 928 

Hosoya, Toichiro, and Ui, Nobuo Demonstration and some Properties 
of Peroxidase in Pig Thyroid Gland, 659 

Hospitals (British) History of (Third British@€ongress on the History of 

Medicine and Pharmacy), 1241 

Cellular Dose and Age of, in the Induction of Tolerance (Dr L 

Brent and Dr G Gowland), 1265 

Host Plant Relationship betwegn Phage Type and, in Pseudomonas mors- 
prunorum Wormald (J E Grosse and Constance M E Garrett), 379 

Hot Springs of Tiberias (Israel) Thermophilic Micro-organism of Uncertain 
Taxonomic Status from the] (David Kahan), 1212 e 

Hotelling, Harold (Essays in Honġr of) Contributions to Probability and 
Statistics (edited by Ingram Olkin, S G Ghurye, Wassily Hoeffding, 
einem G Madow and Hehry B Mann), review by Dr D E Barton, 
8 

Hough, Dr J S Appointed senior lecturer in charge of the Sub-Depart- 
ment of Malting and Brewing in the Department of Biochemistry in 
the University of Birmingham, 406 

Houghton, Dr L E, and others £ Mucoproteins of Bronchial Mucus, 1269 

House of Commons Second reading of the Education Bill, 800 

Debate on the Control of Government Expenditure on Research and 

Development, 1239 , 

House of Lords Debate on Technical and Scientific Man-power and 
Research, [105 

Debate on the Shortage of Medical Men, 1239 

House Cricket, Acheta domesticus L Home and Distribution of the (Dr 
A S K Ghouri), [000 

Housing and Local Government, Ministry of Fourth Progress Report of 
the Standing Technical Committee on Synthetic Detergents, 1142 

Houwink, A L, and Spit, B J (edited by) Proceedings of the European 
Regional Conference on Electron Microscopy (Delft, 1960), review 
by Prof R D Preston, 1220 

Howard Dr B H Awarded,a [961 Senior Research Fellowship by the 
New Zealand Departmeht of Scientific and Industrial Research, 210 , 


Improved Gas Chromatography of 


Host 


work of, 210 
Howatson, Dr A F The Fine Structure of Viruses, 611 
Howden, Dr G F (Rothschild, Jennifer and) Effect of Chlorinated 


Hydrocarbon Insecticides on Insect Choline Acetylase, Condensing 
Enzyme and Acetylkinase, 283 

Howe, Prof R M Design Fundamentals of Analog Computer Components, 
review by Dr M V Wilkes 489 

Howes, F N Cork and the Cork Tree, review, 852 

Howie, Dr DID Spawning Mechanism tn the Male Lugworm, tOO 

Howlett, Dr J Appointed head of the Atlas Computer Laboratory of the 
National Institute for Research tn Nuclear Science, 918 , work of, 918 

Hsia, Dr David Yi-Yung lood Glucose-6-Phosphate tn Heterozygous 
Carriers and Patients lwith Liver Glycogen Disease (Von Grerke’s 
Disease), 266 

tier Arla of Galaxies (Dr Allan Sandage), review by Prof R O Redman, 


Hudnik-Plevnik, T , and Stocken, Dr L A Chromatography and Nucleo- 
tide Sequences of Deoxyribonucleic Acid synthesized in Salmonella 
typhimurium after Irradiation with Ultra-Violet, 554 

Hudson, Dr R G S Appointed to the chair of geology and mineralogy 
at Trinity College, Dublin, 1022 , work of, 1022 

Hudson, Dr Ralph P Appointed chief of the Heat Division of the United 
States National Bureau of Standards, 309 

Huehns, Dr E R,and others Haemoglobin a4, 1057 

Hugh-Jones, Dr P Breathing (Variation of Ventilation and Blood-Flow 
in Different Parts of the Lungs in Health and Disease), 107 

Hughes, B N Appointed a director of Chapman and Hall, Ltd , as chief 
editor for scientific and technical books, 406 

Hughes, K L Awarded a B B C Research Scholarship, 115 

Hughes Medal of the Royal'Society awarded to Prof A H Cottrell, 606, 
907 , work of, 907 

Hull, Dr R Atthe First British Insecticide and Fungicide Conference (Use 
of Systemic Insecticides for Virus Control in Potatoes and Sugar 
Beet), | [40 

Hull, Dr R ‚and Hurst, Dr E VV Research on the Chemotherapy of Virus 
Diseases (Structure Activity in. various Heterocyclic Compounds), 


Hulliger, Lotte, and others Somatic Chromosomes of the Gorilla, 225 
Hulsmann, Dr Relationship between Oxidation of Isocitrate and 
Metabolism of Fatty Acids in Rabbit-Heart Sarcosomes, 1153 
Hultqvist, Bengt, and others A Morning Discontinuity in the Orientation 

of Quiet Auroral Arcs, 956 


INDEX 


4 


Human Beings Concentration of Inhaled Certum-144 in Pulmonary Lymph 
Nodes of&K Liebscher, Dr T Schonfeld and A Schaller), 1308 
Human Blood Platelets Adenosine Diphosphate in Red Cells as a Factor tn 

the Adhesiveness of (A Gaarder, Dr J Jonsen, Prof A Laland, 
Dr A Hellem and Prof P A Owren), 531 
Human Bone Marrow treated with Human Deoxyribonucleic Acid Forma- 
tion of Different Haemoglobins in Tissue Culture of (Prof Lorraine M 
Kraus), 1055 
Human Deoxyribonucleic Acid Formation of Different Haemoglobins in 
Tissue Culture of Human Bone Marrow treated with (Prof Lorraine 
M Kraus), 1055 : 
Human Depot Fat An Unusual Major Fatty Acid Component in (Dr D S 
McLaren and W W n Read), 265 
Human Foetus P: Antigen in the (Elizabeth Ikin, Dr H E M Kay, J H L, 
Playfair and Dr A E iMourant), 883 
Human 7S y-Globulin Serological Evidence of a Chromatographie Sub- 
fractionation of (UIf Nilsson), 1301 
Human y-Globulins (Pathological) Resolution of, by Starch-Gel Electro- 
phoresis (J P Binette and K Schmid), 732 
Human Growth Hormone and Sheep Interstitial Cell Stimulating Hormone , 
Complement-fixing Antibodies to (Allen Trenkle, N R Moudgal, 
Katy K Sadriand Dr Choh Hao Li), 260 
Human Haemoglobin  Chromium-51 Tagging of the a-Chain of (Prof 
Amoz | Chernoff), 327 
Human Intervertebral Disk Polysaccharide Content of the Prolapsed 
Nucleus Pulposus of the (Dr F Happey, Dr A Wiseman and 
A Naylor), 868 t 
Human Leucocytes and Thrombocytes Specific Antigens of (Nechama 
Gilboa-Garber and Dr A Nelken), 466 
Human Malara Gamma-Globulin and Acquired Immunity to (Dr S 
Cohen, Dr | A McGregor and S Carrington), 733 
Human Megaloblasts Abnormal Globin Formation in (Prof Austin S 
Weisberger and Ernest P Noble), 1261 
Human Milk Lysozyme ffm (Dr Pierre Jolles and Jacqueline Jolles), 1187 
Human Parasites, review by Dr G Lapage, 197 
Human Placenta and Kidney, Closely Related Antigens in (Dr Raymond 
William Steblay), 125 
Human Plasma Isolation of an a2-Globulin from (Dr M Steinbuch and 
Dr J Loeb), 1196 
Role of Hageman Factor in the Activation of Vasodilator Activity in 
e (Dr M E Webster and O D Ratnoff), 180 
Human Red Blood Cell A ea of che (Dr D Mendelsohn), 619 
Human Tissue A New Method for Local Chemical Analysis of (Robert C 
Mellors and Kenneth G Carroll), 1090 
Producing Transplantable, in the Laboratory (Dr D Petrucci), 21 
Human Tissue Cultures Growth of Contagious Pustular Dermatitis Virus 
in (Prof A Macdonald and T M Bell), 91 
Human Urine Identification of an Amylobarbitone Metabolite in (J V. 
Jackson and M S Moss), 553 
Human White Cells Culture of, using Differential Leucocyte Separation 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn), 1214 
Human, Cow and Rabbit Native Fibrin Powders as Anticoagulants (Dr A L 
Copley and Beverly Becher), 568 
Humanities of Science, review by Dr W P D Wightman, 825 
Humber Laboratory at Hull of the Department of Scientific and Industrial 
Research Open Days, 309 , Open Days (D L Nicol), 1027 
Hummel, R W Production of High Molecular Weight Products from the 
Irradiation of Methane with 4-MeV Electrons, 1178 
Hundley, L L (Bonner, W A,and) Scanning Techniques in Biological 
and Medical Microscopy (Techniques for Simultaneous Illumination of 
the Specimen with both Visible and Ultra-violet Light), 1031 
Hundley, L L (Montgomery, Dr P O'B,and) Television Microscopy—a 
Flying-Spot Interference Television Microscope, [059 
Hunger—Can it be Averted ? (edited by Sir E John Russell and Dr. 
Norman C Wright), 417 
Conquest of (Dr W R Aykroyd), 417 
Hunt, C C Muscle Receptors (Mechanisms by which Sensory Endings 
initiate Electrical Discharges), 806 
Hunt, O D Obituary of Dr G H Young, 917 
Hunt, P Francis Orchids of Trinidad and Tobago, review, 831 
Hurd, Dr Paul De Hart Biological Education in American Secondary 
Schools, 1890-1960, review, 1007 
Hurley, Dr Robert J, and others Acetylcholine in Sweat in Fibrocystic 
Disease of the Pancreas, 77 
Hurschleifer, Prof Jack, and others 
V Balchin, 853 
Hurst, Dr E W (Hull, Dr R,and) Research on the Chemotherapy of 
Virus Diseases (Structure Activity in. various Heterocyclic Com- 
pounds), 806 
Hurwitz, H M B ‚and Millenson, Dr J R Animal Behaviour (Control of 
Behaviour by Reward), 208 
Hutchinson, Dr Edward C (Yates, Dr Peter O , and) Cerebral Infarction 
—the Role of Stenosis of the Extracranial Cerebral Arteries (Medical 
Research Council, Special Report Serres No 300), 319 
Hutterer, Ferenc, and others Nature of Increased Protein and DNA in 
Chronic Hepatic Injury, 886 
Hutton, Prof S P Measurement of Water-Flow, review, 842 
Huxley, Sir Julian The Better Use of the World's Fauna for Food, 1112 
Hvinden, T, and Lillegraven, A Caesium-137 and Strontium-99 in 
Precipitation, Soil and Animals in Norway, 1144 
Hybrid (Jute) Skewed Recombination tn a Rare Interspecific (Dr M S 
Swaminathan and R D lyer), 893 
Hyde, Dr A J Colloidal Systems, 929 
Hyder, S B, and Gupta, B K . Radio-Luminescence in Sodium Chloride 
and Potassium Chloride, 60 
Hydraulic Conductivity (Soil) Method of measuring, in situ (Prof J N 
Luthin), 383 
Hydraulic Measurements Hydrometry—Theory and Practice of (Prof 
Adam T Troskolanski), review by Prof S P Hutton, 842 
Hydro- und Aerodynamik (Mechanik,) Gesammelte Abhandlungen zur 
Angewandten (Ludwig Prandtl), (herausgegeben von Walter 
Tollmien, Hermann Schlichttng und Henry Gortler , schriftlietung 
F W Riegels), Teile 1-3 review by M James Lighthill, 84 
Hydrocarbon Combustion — Inhibition of the Formation of 3,4-Benzpyrene 
during (R LongandS K Ray), 353 


Water Supply, review by Prof W G 


xlvii 


e 

Hydrocarbon Insecticides (Chlorinated) Effect of, on insect Cffotine 
Acetylase, Condensing Enzyme and Acetylkinase (Jennifer Roths- 
child and Dr G F Howden), 283 

Hydrocarbons Evolution of, from Impure Titanium Getters (L Holland, 
L Laurenson and P G W Allen), 749 

Hydrocarbons (Aromatic), in Fluid Media 
Association of (Dr B Stevens), 725 

Hydrochloride Isomers Mannosyl D-Glucosame—6-O-Mannosyl D-Glucos- 
amine Hydrochloride (Dr S A Barker, Dr K Murray, Prof M 
Stacey and Dr D B E Stroud), (143, July 8, 1961), erratum, 710 

Hydrocortisone Effect of, on Uptake of Iron-59 in Incubated Rat Red 
Cells in vitro (Peggy Clark), 667 

Hydroelectric Schemes The Angara-Yenisei (P M Dmitrievsky), 114 

Hydrogen (Atomic) Excitation of the 2s State of, by Electron Impact (Dr 
B L Motseiwitsch), 545 

Hydrogen Bonding tn Alkyl Phosphonic and Alkyl Phosphonothionic Acids 
(L C Thomas, Rosemary A Chittenden and H E R Hartley), 1283 

Hydrogen Bonding of Water in Bovine Serum Albumin Solutions Nuclear 
Magnetic Resonance Spectroscopy of Proteins—the (F A Bovey), 324 

Hydrogen Bonding (Intramolecular) Participation of Imidazole in (Prof 
A Lukton), 422 

Hydrogen lons (High-Energy) Emission of Ultra-Violet and Visible Radia- 
tion from Metals by the Impact of (Prof Rafi Mohammed Chaudhuri 
and Mustafa Yar Khan), 646 

Hydrogen Isotopes Purification of, by Self-Displacement Chromatography 
at Low Temperatures (Dr T R Phillips, D R Owens and A G 
Hamlin), 1067 

Hydrogen Overvoltage at Cathodes of 77 per cent Palladium and 23 per cent 
Rhodium (J C Barton and Dr F A Lewis), 549 

Hydrogen and Methane (Atmospheric) Isotopic Composition of (A E 


Evidence for the Photo- 


Bainbridge, Prof H Suess and Irving Freedman), 648, (K. F 
Bishop, R T Taylor and A E J Eggleton), 649 
Hydrogen and Stratospheric Water (Atmospheric Methane,) Orrgin of 


High Tritium Content of (Dr Richard Wolfgang), 1279 

Hydrolases tn the Digestive Tract of Vertebrates Chitinase, an Addition to 
the List of (Dr Charles Jeuntaux), 135 

Hydrolysate (Alginase) A New Unsaturated Uronide isolated from (Isami 
Tsujtno and Tsuneyuki Saito), 970 

manele Hippuric Acid in Electrolytic Desalters (Dr E McEvoy-Bowe), 


Hydrolysis of a-Sulphoqutnovosides by f-Galactosidase (Isao Shibuya and 
Prof A A Benson), 1186 

Hydrolysis (Enzymatic), of Biliary Conjugates of 3,4-Benzpyrene on Filter 
Paper (Dr Hans L Falk, Sung Suk Lee and Prof Paul Kotin), 973 

Hydrolysis (Specific Partial), of Nucleic Acids in Nucleotide Sequence 
i (Dr D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 

Hydrometeorological Service The Soviet (R F Zobel), 1141 

Hydrometry—Theory and Practice of Hydraulic Measurements (Prof 
Adam T Troskolanski), review by Prof S P Hutton, 842 

5-Hydroxy-3-tndoleacetamidine—a New Type of Blocking Agent against 
5-Hydroxytryptamine (Dr Laszlo Gyermek), 465 

Hydroxybenzoate (Methyl) Action of, on Nervous Conduction (Dr 
P Nathan and T A Sears), 668 

a-Hydroxyethylamide (Lysergic Acid) Formation of 2,3-Dihydroxyben- 
zote Acid in Fermentation Liquors during the Submerged Culture 
Production of, by Claviceps paspali Stevens and Hall (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella), 552 

Hydroxylatton (Aromatic) in vivo and in vitro Inhibition of, by Riboflavin 

Harper and Dr G Calcutt), 165 

8-Hydroxyquinoline and Alloxan — p-Penicillamine as an Antidote to 
(Makoto Matsuda and Prof Katash: Maktno), 261 

5.Hydroxytryptamine — 5-Hydroxy-3-indoleacetamidine—a New Type of 
Blocking Agent against (Dr Laszlo Gyermek), 465 

5-Hydroxytryptamine and Noradrenaline A Central Action of (Dr D. R 
Curtis and Dr R Davis), 1093 

Hygiene (Mental), American Foundation for Mental Health Book Review 
Index, Vol 6, No II, UI3 

Hypercholesterolaemia in Intact and Hypophysectomized Rats Effect of 
Sheep Pituitary Extract on (Dr Russel M Barakat) 7l 

Hyperfine Splitting Nuclear Spin of Protoactinium-231 from (E. W. T 
Richards, A Ridgeley, N J Atherton and H S Wise), 444 

Hypergeometric Functions (Spectal Confluent), for Asymptotic Solutions of 
Differential Equations of the Second Order Tables of Airy Functions 
and (A D Smirnov), translated from the Russian by D G Fry, review 
by Prof C A Coulson, 97 

Hyperglycaemic Factor Occurrence of a, in the Corpus Cardiacum of an 
insect (J E Steele), 680 

Hypersensitivity (Immediate (Anaphylactic)) Transfer of, by Homologous 
Bone Marrow or Spleen Cells (Dr V Stankovié and S Vlahović), 762 

Hypertension (Essential) Prolonged Biological Half-Life of Sodium-22 in 
Patients with (Dr Lewis K Dahl, Malcolm G Smilay, Lawrence Silver 
and Sanford C Spraragen), 267 

Hypertensive Effects of Bradvkinin in Rats (H Croxatto and J Belmar), 879 

Hypertensive Rats (Intact and) Effect of Monovalent Cations on the Blood 
Pressure of (l Bach, S Braun, T Gati, Prof J Sos and A Udvardy), 
362 

Hypertensive (Anti-) Properties A Nondiuretic Benzothiadrazine with 
(Dr Alan A Rubin, Franklin E Roth and Martin M Winbury), 176, 
erratum, 802. 

Hypervelocity Test Facilities Mach Tables for Real Gas Equilibrium Flow 
of Air in, with Total Temperatures ta 10 000? K (K L Goin), 308 

Hypervitaminosis A in Xenopus laevis Alterations in Connective Tissue 
and Intestine produced by (Gerald Weissmann), 235 

Hypogastric Nerve Stimulation Effect of some Smooth Muscle Stimulants 
on the Motor Response of the Isolated Guinea Pig Yas Deferens to 
(Dr Nils O Sjostrand), 1190 

Hypomagnesaemia in the Ruminant + Dietary Citrate and (A W A Burt 
and D C Thomas), 1193 

Hypophysectomized Rats Failure of the Purified Growth Hormone to 
restore the Size of the Kidneys m (Dr T  Astarabadi), 270 

Hypophysectomized Rats (Intact and) Effect of Sheep Pituygary Extract on 
Hypercholesterolaemia in (Dr Russel M Barakat), 71 

Hypopituitary Dwarfs Growth Hormone Content of Serum in Infants, 
iren, Adults and (Dr J Girard, Dr M Vest and Dr N Roth), 

0. 


xlvii 
* 


Hyfothermia (Mild) Enhanced Effect of Total-Body ¥-Irradiation in Mice 
under (Dr H J G Bloom and K B Dawson), 232 

Hypothesis (Megashatter Cone), of the Origin of Lunar Volcanoes (A J 
Cohen), 346 

Hypothesis (Quantitative) Role of Water-regulating Mechanisms tn 
Amphibian Morphogenesis—a (Peter Tuft), 1049 

Hypothesis (Unitary) Mechanism of Streptomycin Action on Bacteria—a 
(Dr Charles R Spotts and Prof R Y Stanter), 633 


Ice Crystals at Low Temperatures Investigation with the Electron 
Microscope of the Sublimation of (Prof Tokio Ner), 1177 

lee Nucleus Requirements of an (G R Edwards and L F Evans), 448 

Ice Plates Formation of Cracks in, by Thermal Shock (L W Gold), 130 

Icelandic Waters Fluctuations in Marine Populations in (G Bodvarsson 
and J Jonsson), 768 

Ideas on the Structure of Metals before 1890 A History of Metallography— 
the Development of (Prof Cyril Stanley Smith}, review by Prof FC 
Thompson, 843 

Ideas (Major), ın the Physical Scrences from the Earliest Times to the 
Present The Search for Order—the Development of the (Cecil J 
Schneer), review by Prof Herbert Dingle, 901 

Identification of an Amylobarbitone Metabolite in Human Urine (J V 
Jackson and M S Moss), 553 

Identification of Antibody in &2-Globulins of Mouse Serum and Ascetic 
Fluid (Dr R T Jordan, J Banovitz, | L Trapant and Dan H Camp- 
bell), 885 

Identification of the Chromosome Complements of New-born and Adult 
Living Mice (R G Edwards), [316 

Identification and Determination (Separation,), of the Fatty Acids of Montan 
Wax (D R Hewett, P J Kipping and P G Jeffery), 65 

Identification, Properties and Uses of Indian Timbers, review by Dr C R 
Metcalfe, 1110 

Identification (Isolation and), of Rhamnose from Rabbit Skin (Ina Malawista 
and Prof E A Davidson), 871 

Ikeda, Prof Yonosuke (Takeichi, Chiyoko, and) 
ing Haploid and Diploid Nucle:, [317 

lkin, Elizabeth, and others * Pı Antigen in the Human Foetus, 883 

Ileum Technique (Isolated Antigeniaty of Guinea Pig Testicular Cells 
grown in Cell Culture as determined by the (Dr Sevmour Katsh 
and Dr Russell T Jordan), 770 

Imhoff, Roy K Production of Aortic Occlusion resembling Acute Aortic 
Embolism Syndrome in Cats, 979 

Imtdazole — Participation of, in Intramolecular Hydrogen Bonding (Prof 
A Lukton), 422 

Immediate (Anaphylactic) Hypersensitivity Transfer of, by Homologous 
Bone Marrow or Spleen Cells (Dr V Stankovic and S. Vlahovic), 762 

Immunity (Acquired), to Human Malaria Gamma-Globulin and (Dr S$ 
Cohen, Dr 1 A McGregor and S Carrington), 733 

Immunity (Mengo-Semlikr Virus) Acrolern and (Dr George F Kamen), 
986 


A Heterocaryon possess- 


Immunity and Allergy (Infectron,), m Acute Radiation Diseases Problems 
of (N N Klemparskaya, O G Alekseyeva, R V Petrov and V F 
Sosova), translated from the Russian by Lydia Venters, review by Dr 
Hugh D Evans, 6 

Immunization in Communicable Disease Control The Role of (United 
Nations, World Health Organization, Public Health Papers No 8), 20 

Immunization against Disease, 20 

lopunication (Auto-) and Liver Cirrhosis (Dr W Mori and Dr T Suzuta), 

I 


Immuno-electrophoresis of the Proteins of Gastric Juice Agarophoresis 
and (M Tenorova, E Stuchlikova and J Kofinek), 763 

Immunology and Oncology Conceptual Advances in (University of Texas 
Sixteenth Annual Symposium on Fundamental Cancer Research), 
1132 

Impact of High-Energy Hydrogen lons Emission of Ultra-Violet and Visible 
Radiation from Metals by the (Prof Rafi Mohammed Chaudhuri and 
Mustafa Yar Khan), 646 

Impact of Science on Socrety, Yo! 11, No 3, 919 

Impact (Electron) Excitation of the 2s State of Atomic Hydrogen by (Dr 
B L Motserwitsch), 545 

Experimental Detection of Auto-lonizing Transitions in. Krypton by 

(John F Burns), 651 

Imperial College of Science and Technology, London Postgraduate Courses, 


Grant of £13,500 from the Wellcome Trust, for the purchase ofa nuclear 
magnetic resonance spectrometer, 2!2 

Appointment of Dr J Clunie to a readership in mathematical analysis, 
507 


Appointment of Prof K G Denbigh to the Courtaulds chair of chemical 
engineering, 710 

ge professor of organic chemistry conferred on Dr L N Owen, 
7 


Commemoration Day Address, Research in the Universities (Rt Hon 
Viscount Hailsham), 787 

Title of professor of theoretical physics conferred on Dr P T Matthews, 
802 


Research Report 1958-61 of the City and Guilds College, 802 

Appointment of J L Stollery to the readership in aeronautics, 922 

Title of professor of molecular spectroscopy conferred on Dr A G 
Gaydon, 922 

Nematology at the (Prof P G Peters), 1027 

History of Science and Technology at the, 1131 

Appointment of Dr J R Butler as reader tn pure geochemistry, 1132 

rop of Dr J C Anderson as reader in electrical engineering, 


Title of professor of electrical engineering conferred on Dr J H 

Westcott, 1132 

Imperial Forestry Institute, Oxford 
Foresta Institute, 802 

Importance of Cell Division for Antibody Production in an in vitro System 

R W Dutton), 462 

Importance of Osmotic Potential as a Component of the Total Potential of 

the Soil Water on the Movement of Nematodes (C D Blake), 144 


Re-named the Commonwealth 


INDEX 


Importance (World) Parasites of (Parasitology Group of the Institute of 
Biology Autumn Meeting on), 21 * 
Important Factors for the Regeneration of Naked Yeast Protoplasts Physi- 
cal Conditions as (Dr O Nečas), 580 

Improved Benzidrine Sugar Reagent for Paper Chromatograms (Bock G 
Chan and Prof J C Cain), 69 

Improved Gas Chromatography of Unesterified Fatty Acids (P Jowett and 
B J Horrocks), 966 

impure Titanium Getters — Evolution of Hydrocarbons from (L Holland, 
L Laurenson and P G W Allen), 749 

In-Attention (Attention and), in Neurophysiology (L Goldie and J M 
Green), 1116 

Inactivation of A-Methopterin by the Acetylating Enzyme System from 
Pigeon Liver (V. Krishnamurthy and Beatriz M Braganca), 68 

[nactivation of Rous Virus by Phospholipase A (H A Drayton), 896 

Inactivation (Enzymic), of Trichothecin and Crotocin (Dr I Horvath and 

M Varga), 88 

Incidence of Chagas’ Disease in the Matalaque Region, Southern Peru 
(Eleazar Cordova), 921 

Incipient Dioecy in Pimento (G P Chapman and S K Glasgow), [205 

Inclusion Bodies containing Deoxyribonucleic Acid Detection of, by means 
of Autoradiography (Dr Moshe Aronson and Dr Sanford S Elberg), 
981 

Inclusions (Ferromagnetic), in Nucleic Acid Samples (W M Walsh, jun, 
R G Shulman and R D Heidenreich), 1041 

Incorporation of Amino-Acid into Normal and Regenerating Rat Liver 
Effects of Irradiation on the (Dr Nirmal K Sarkar, Dr Anima Devi 
and Dr Louts H Hempelmann), 179 

Incorporation of '^C-Glycine by Sub-Nuclear Preparations from Rat Liver 
Nuclei (K R Rees,lHazel F Ross and G F Rowland), 171 

Incorporation of Molecular Oxygen during Microbral Utilization of Olefins 
(Tomoyuki Ishikura,and J W Foster), 892 

Incorporation of Phosphorus-32 into the Deoxyribonucleic Acid of some 
Radiosensitive Organs in Rats exposed tO X-Rays Effects of lodo- 
acetic Acid on the (Dr M Quintiliani, M Boccacci and L Tentori), 


Incorporation of Tritiated Thymidine in in vitro Culture Uptake and (Dr 
M Rigal), 768 

Incorporation of Trivalent Cations in Crystalline Potassium Cholide (Dr 
Marian E Hills and Prof Allen B Scott), 1066 

Increase in the Dense Cytoplasmic Bodies tn Radiation-induced GranteCells 
of the Cultured Fibtoblast (Dr A F Hayward), 891 

Increase tn Distribution of Deraeocoris olivaceus (Dennis Leston and G E 
Woodroffe), 188 

Increase in Environmental Radioactivity Report of the Steering Committee 
for Nuclear Energyland Council Decision on the Establishment of a 
Supervision and Emergency Warning System tn Cases of (Organiza- 
tion for European Economic Co-operation), 3I 

Increase ın the Rate of Erythropotesis Increased Iron Absorption without 
(Dr Gerald A Mendel), 878 

Increased Iron Absorption, without Increase in the Rate of Erythropoiests 
(Dr Gerald A Mendel), 878 

Increased Protein and DNA Nature of, in Chronic Hepatic Injury (Dr 
Emanuel Rubin, Fergnc Hutterer, Elemer Cs Gall and Hans Popper), 


886 

Incubated Rat Red Cells in vitro Effect of Hydrocortisone on Uptake of 
Iron-59 in (Peggy Clark), 667 

Independence of Voltage of the Membrane Conductance of Rabbit Ventri- 
cular Fibres Evidence for (Dr Edward A Johnson and J Tille), 663 

Index Mental Health Book Review (American Foundation for Mental Hygiene), 
Vol 6, No II, II3 

Index (Bibliography and), of Geology and Allied Sciences for Wales and the 

Welsh Borders, 1897-1958 (D A Bassect), review by V A Eyles, 491 

Cotton in, Vol 2 (R H Dastur, Prof R D Asana, K Sawhney, 

S M Sikka, R S Vasudeva, Quadruddin Khan, V P Rao and B L 

Sethi), Vol 3 (C Nanjundayya R L N lyengar, W R Natu, M B 

Ghatge, K S Murti, C B Parikh, B L Sethi and D N Mahta) , 

Vol 4 (S M Sikka, Arjan Singh, Avtar Singh, P D Gadkari, R Bala- 

subrahmanyan, N K lyengar, K Sawhney, V K Bederker, B G 

Patel P S Pandya, V N Paranjpe and N S Panigrahi), review by 

P-of S C Harland, 200 

India, Botanical Survey of Appointment of Prof H Santapau as superin- 
tendent, 606 

India (Ancient and Medieval) | History of Sciences in (National Institute of 
Sciences of India Symposium on), 27 

Indian Central Tobacco Committee Indian Tobacco, review, 1007 

Indian Council of Agricultural Research Entomological Monographs No I, 
Contributions to the Systematics of Oriental Termites (M L Roon- 
wal and P K Sen-Sarma), review by W V Harris, 851 

Indian Council of Scientific and Industrial Research. Botanical Monograph 
No I, Gnetum (P Maheshwar: and Vimla Vasil), review by Dr C R 
Metcalfe, 1006 

Coir, its Extraction, Properties and Uses, review, 1007 

Indian Council of Scientific and Industrial Research (Chemical Research 
Committee) Symposium on Carbohydrates, Cellulose and Cellulose 
Industries, 609 

Indian Ephemeris and Nautical Almanac for 1962, 1240 

Indian Timbers Identification, Properties and Uses of, review by Dr C R 
Metcalfe, 1110 

Indian Tobacco (Indian Central Tobacco Committee), review, 1007 

Indian Woods (Dr K A Chowdhury and S S Ghosh), Vo! I, Dilleniaceae 
to Elaeocarpaceae, review by Dr C R Metcalfe, !1IO 

Indrans (Peruvian) Haptoglobin and Transferrin Types in (Dr Eloise R 
Giblett and Dr William R Best), 1300 

Indirect Fick Procedure (New), for the Determination of Cardiac Output 
Dr J G Defares, Dr M E Wise and Prof J W Duyff), 760 

InBi ee Haas-van Alphen Effect in (A C Thorsen and T G Berlincourt), 


India 


959 
Individual Flies on Insecticidal Deposits 
Parr and J E H Grose), 475 
Indole-3-Acetic Acid (IAA) Effect of, on Phosphorus Metabolism in the 
Avena Coleoptile (A Sen Gupta and S P Sen), 129 
Oxidative Decarboxylation of, by Mangani-Versene and by Wheat Leaf 
Enzyme (Prof R A Abramovitch and K S Ahmed), 259 
Indole-3-Acetic Acid labelled with Carbon-14 Isolation of an Unknown 
Auxin from a Solution of (Prof J H M Henderson), 1076 


A Technique for exposing (H C 


INDEX 


Induced Formation of Malic Enzyme in Lactobacillus arabinosus (17-5) 
Nutritioeal Requirements for the (Sheila M Bocks), 89 

Inductance Coils, review by Prof A H M Arnold, 845 

The Theory and Design of (Dr V G Welsby), second edition, review 

by Prof A H M Arnold,'845 

Induction of a Light Requirement for the Germination of Lettuce Seed by 
24 neen; and its Removal by Gibberellic Acid (Dr | D J Phillips, 

Induction of Tolerance Celluldr Dose and Age of Host in the (Dr L 
Brent and Dr G Gowland), 1265 

Induction of Tumours tn Mice with Tritiated Thymidine (Hermann Lisco, 
Renato Baserga and Walter E Kisieleski), 571 

Induction (Apparent), of Malignaht Tumours by Organ-Specific Antiserum 
(Prof H N Green), 1201 

Induction Furnaces Design of Laboratory High-Temperature (P H 
Dundas), 114 

Inductive Probability (John Patritk Day), review by F 1 G Rawlins, 695 


Industrial Application Radiation—Use and Control in (Dr Charles 
Wesley Shilling), review by B E Jones, 855 
Industrial Education (Commercial and), British Association for Election 


of Sir Willis Jackson as ptesident, 115 
Annual Conference (Education and Training on the Continent of 
Europe), 718 ! 
Report on Education and Training in France, 920 
Industrial Food Scientists and Technologists in the United Kingdom 
Training of (British Association for the Advancement of Science, 
Section B (Chemistry), Discussion on), 302 
Industrial Research and Development in the United States, 809 
Industries (Cellulose) Carbohydrates, Cellulose and (Chemical Research 
Committee of the Indian Council of Scientific and Industrial Research 
Symposium on), 609 
Industry Chemistry in, review by Dr M J Newlands, 902 
Ergonomics in (Proceedings of the Conference organized by the Depart- 
ment of Scientific and Industrial Research), 113 
Funds for Research and Development in, 1958 (United States National 
Eon re Foundation, Surveys of Science Resources Series, NSF 61-32), 
8 
Health in (Prof R C Browne), review by T H Hawkins, 856 
Progress tn, 689 
Industry (British Ceramic) Rocks and Minerals used by the (Exhibition 
ə of, at the Geological Museum, London), 2 
Industry (Gas) Research and Development in the, 306 
Industry (Leather) Research in the (R G Mitton), 612 
Industry and Agriculture, Institute for the Encouragement of Scientific 
Research in (Brussels) Annual Report for 1960, 28 
Infant Rats — Interrelationship between Fat and Sugar Metabolism in (P 
Hahn, O Koldovsky, V Melichar and M Novak), 1296 
Infants, Children, Adults and Hypopituitary Dwarfs Growth Hormone 
ident of Serum in (Dr J Girard, Dr M Vest and Dr N Roth), 
105 
Infarction Cerebral—the Role of Stenosis of the Extracrantal Cerebral 
Arteries (Dr Peter O Yates and Dr Edward C Hutchinson), 
(Medical Research Council, Specia! Report Serres No 300), 319 
Infection with Very Low Doses — Multiplication of Mouse-adapted Influenza 
Virus 1n Mouse Lungs after (F Link and J Raus), 478 
Infection (Experimental Sendai Virus) Influence of Age of Mice on the 
Recovery from (Dr Leon Sawicki), 1258 
Infection (Tomato Mosaic Virus) Influence of, on the Hollow Fruit Con- 
dition of Tomatoes (D J Harrison), 90 
Infection, Immunity and Allergy in Acute Radiation Diseases Problems of 
(N N Klemparskaya, O G Alekseyeva, R V Petrov and V F 
Sosova), translated from the Russian by Lydia Venters, review by 
Dr Hugh D Evans, 6 
Infections (Virus) Mechanisms of (Royal Society Discussion on), 1246 
Infestation Control in Stored Food-Grains — Pre-Harvest Prophylaxis for 
S K Majumder, K Krishnamurthy and S. Godavari Bat), 375 
Infinite-Dimensional Algebras, review by Dr F Smithtes, 201 
Inflammation Leucocyte Migration in (Sir Howard Florey and L H 
Grant), 80 
Influence of Adding Salts to the Medium on Counts of Phenol-treated 
Escherichia coli on Membrane Filters (N D HarrisandJ P Richards), 87 
Influence of Age of Mice on the Recovery from Experimental Sendar Virus 
Infection (Dr Leon Sawickt), [258 
Influence of the Age of Pollen and Stigmas on Sex Determination in Hemp 
(Regina Laskowska), 147 
Influence of Anaerobic Glycolysis on Release of Histamine in the Guinea 
Pig and Rat Anaphylactic Reaction in vitro (A Prouvost-Danon and 
Dr H Moussatche), 361 
Influence of Date of Flushing on Flowering tn Pinus banksiana (Philip R 
Larson), 82 
Influence of Larval Environment on Adult Size and Fecundity in the Moth 
Panaxia dominula L (L M Cook), 282 
Influence of some Organic Salts on the Absorption of Potassium by Vermi- 
culte (Prof M M Mortland), 48! 
Influence of pH and Urea on the Ultra-violet Fluorescence of several 
Globular Proteins (Dr R F Steiner and H  Edelhoch), 873 
Influence of the Synergetic Action of Polyethylene Glycol and Dyes 
Behaviour of Protozoa under the (Leopold Reyntak and Prof Ludvik 
Komczynski), [203 

Influence of Tomato Mosaic Virus Infection on the Hollow Fruit Condition 
of Tomatoes (D J Harrison), 90 

Influence of Vitamin D Free Amino-Acids in Rachitic Epiphyseal Cartilage 
of Albino Rat and the (G V G Krishna Rao), 269 

Influence (Modifying) on Linear Trend of F-Region Electron Density with 
Sunspot Number Atmospheric Scale Heightasa (Jean M Bullen), 542 

Influence (Rootstock), on the Flowering of Seedling Apples (H M Tyde- 
man), 83 

Influenza Virus Attachment of Antibody to (Dr K J Lafferty and S J 
Oertelis), 764 

Influenza Virus (Mouse-adapted), ın Mouse Lungs Multiplication of, after 
Infection with Very Low Doses (F Link and J Raus), 478 

Influx (Sodium), and Excitation in Uterine Smooth Muscle (Prof C Y Kao, 
Dr D Zakim and Dr F Bronner), 1189 

Infra-red Spectra of Lead and other Carbonates A Difference Band of a 
Fundamental and a Lattice Mode in the (C J H Schutte and K 
Buys), 351 


xlix 
e 
nerangi eren) Effect of, on Parotid Salivation in Sheep (A D When), 


Inglis, Dr. James A, and Halliday, Dr June W Thromboplastic Activity 
of Red Cells, 882 

Ingram, Prof D J E University College of North Staffordshire—Exten- 
sion to Department of Physics, 912 

Electron Spin Resonance (Structural Information provided by Electron 

Resonance Measurements on Single Crystals), 1034 

Ingram, G Microchemical Techniques (Direct Ignition in an Oxygen- 
filled Chamber at 850° C for the Determination of Carbon, Hydro- 
gen, Halogens and Sulphur), 411 

Ingram, Prof Vernon — Hemaglobin and its Abnormalities, review by Dr 
C A Allison, 835 

Inhalation Amounts of Oxides of Nitrogen and Carbon Monoxide in 
Cigarette Smoke, with and without (H BokhovenandH J Niessen), 


Inhaled Cerium-44 Concentration of, in Pulmonary Lymph Nodes of 
Human Beings (K Liebscher, Dr T Schonfeld and A Schaller), [308 

Inherited Casein Variants in Cow’s Milk (Dr R Aschaffenburg), 431 

Inhibited Oviposition by Females of Gryllus assimilis (F ), induced by Radio- 
active Males, using L-Methionine-Methyl-'4C (Dr A A Abdel- 
Malek and D K McE Kevan), 68! 

Inhibition of Dopamine £ Oxidase by Adrenalone (Prof M Goldstein and 

F Contrera), [081 

Inhibition of the Formation of 3,4-Benzpyrene during Hydrocarbon Com- 
bustion (R Long and S K Ray), 353 

aac? of Lysozyme by ‘Suramin’ (Dr two Lominski and Samuel Gray), 


Inhibition of Microsomal Protein Synthests produced by Dimethylnitros- 
amine — Counteraction by Cysteine of Glycogenolysis and (Dr P 
Emmelot and | H Mizrahi), 42 

Inhibition of Nicotinamide Mononucleotide-Adenylyl Transferase of Liver 
Nuclei: Substrate Specificity and— Possible Mechanism of Effect of 
6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Inhibition (Excitation and), in Molluscan Central Synapses Cholinergic 
Transmission. Mechanisms for both (Dr L Tauc and Dr H M 
Gerschenfeld), 366 

Inhibition. (In vivo and in vitro), of Aromatic Hydroxylation by Riboflavin 
(K H Harper and Dr G Calcutt), 165 

Inhibitor A Potent, Non-Toxic Plant-Growth, from an Antibiotic Fer- 
mentation (Dr L G Nickell and W D Celmer), 1098 

Inhibitor of Transport of Amino-Acids in Brain Phenylalanine as (K D 
Neame), 173 

Inhibitor (Trypsin), in Wholewheat Flour (G Shyamala, Barbara M Kennedy 
and Prof L Lyman), 360 

Inhibitors of Neural Differentiation in Chick Embryos 
(Dr A K Katoh), 997 

Inhibitors (Non-sterord), of Pituitary Gonadotrophic Function (G E Paget, 
A L Walpole and D N Richardson), 1191 

Inhibitors (Trypsin), in the Sera of various Animals 
S Nakamura and T Wakeyama), 1077 

Inhibitory Phenomena and ‘Habituation’ at the Neuronal Level (B Holm- 
gren and S Frenk), 1294 

Inhibitory Properties of the Catecholamines (Prof E G McGeer, P L 
McGeer and H MeLennan), 563 

Injected Norepinephrine — Particle-bound and Free Catecholamines in Dog 
Hearts and the Uptake of (A Wegmann and K Kako), 978 

Injected (Intraventricularly) Anti-N Caudatus Antibody Effects of, on 
the Electrical Activity of the Cat Brain (Dr Ly Mihailović and Dr 
B D Jankovic), 665 

Injection of Herring-Sperm Deoxyribonucleic Acid Two Types of Ribo- 
nucleoprotein in the Nucleolus of Intestinal Carcinoma of the Newt 
following (Prof A Stolk), 1215 

Injectton (Homologous Spleen Cell), in Adult Mice Acquired Tolerance 
to Homografts produced by (Ronald D Guttmann and J Bradley 
Aust), 564 

Injury (Chronic Hepatic) Nature of Increased Protein and DNA in (Dr 
Emanuel Rubin, Ferenc Hutterer, Elemer Cs Gall and Hans Popper), 
886 


Localization of 


Distribution of 


Injury (Translocated Heat), in Plants (Prof C E Yarwood), 887 

Inkson, R H E, and others Cation-Exchange Capacities of Tissues of 
Higher and Lower Plants and their related Uronic Acid Contents, 
[4 


Inner Ear Mode of Action of the Efferent Olivo-Cochlear Bundle on the 
(Dr J E Desmedt and Dr P Monaco), 1263 

Inocybe Species Occurrence of Sedoheptulose in Carpophores and 
Basidiospores of (Robert G Benedict, Prof Varro E Tyler, jun, 
Lynn R Brady and Daniel E. Stuntz), 1080 

Inorganic Analysis Quantitative (Prof R Belcher and Dr A J Nutten), 
second edition, review by Dr G Kakabadse, 836 

Inorganic Chemical Analysis Text-Book of, review by Dr G Kakabadse, 
836 


Inorganic Condensed Phosphates Protection by, against the Lethal Effects 
of X-Rays (| H Barnes and J St L Philpot), 574 

Inotropic Activity of Calcium Modification of the, by Potassium (Winifred 

G Nayler), 268 

Occurrence of a Hyperglycaemic Factor tn the Corpus Cardiacum 

ofan (J E Steele), 680 

Insect, Calliphora vomitoria L Intestinal Proteinases in an (Dr Alastair 
Fraser, Richard A Ring and Robin K Stewart), 999 

Insect Choline Acetylase, Condensing Enzyme and Acetylkinase Effect of 
Chlorinated Hydrocarbon Insecticides on (Jennifer Rothschild and 
Dr G F Howden), 283 

Insect Parasites Medicine and, review by Prof D S Bertram, 298 

Insect Polymorphism (Prof O W Richards), 412 

Insect Tissues Retinene-I tn (Michael H Briggs), 874 

Insecticidal Deposits A Technique for Exposing Individual Flies on (H C 

Parr and J. E H Grose), 475 

Insecticidal Potency Effects of 2-Diethylaminoethyl 2,2-Diphenylpentan- 
oate (SKF 525A) on (P S Hewlett, C J Lloyd and Angela N Bates), 
1273 


Insecticide and Fungicide Conference British (Associafion of British 
Manufacturers of Agricultural Chemicals), 406, 1140 

Insecticides Effect of Age and Pregnancy on the Tolerance of Tsetse Flies 
to (G F Burnett), 188 


Insect 


| INDEX 


es 

Ins@cticides (Chlorinated Hydrocarbon) Effect of, on Insect Choline 
Acetylase, Condensing Enzyme and Acetylkinase (Jennifer Rothschild 
and Dr G F Howden), 283 

Insects Polymorphism in (Royal Entomological Society Symposium on), 

Insects as Social Animals, 801 

Insects (Social), International Union for the Study of Fourth Congress, 80] 

Inspiration of Science (Sir George Thomson), 696 

Institute Medal of the Textile Institute awarded to K W L Kenchington, 
406 


Instrument Technology, Society of First Thomson Lecture, The [nspiration 
of Science (Sir George Thomson), 696 

Instrument Technology, Society of, and the Royal Dutch Institute of 
Engineers Joint Conference on Measurement and Control Tech- 
nology, 124 

[nstrumentation 

[Instrumentation Conference 


Analytical, review by Dr D T Lewis, 391 
Proceedings of the Sixth Tripartite (Chalk 
River, Ontario, 1959), Part |, Reactor Instruments , Part 2, Radiation 
Dosimetry , Part 3, System and Component Reliability , Part 4, 
Instruments for Nuclear Physics , Part 5, Radiation Detectors, 802 
Instruments and Methods (Nuclear) Vol ll, No l, Proceedings of the 
Second Accelerator Conference, Amsterdam, [960 (edited by Prof 
K Siegbahn), 123 
Effect of, on Pathways of Glucose Oxidation in the Rat Lens (Dr 
R Levari Prof E Wertheimer, Dr E R Berman and Prof W 
Kornblueth), 1075 
Effect of, on the Phosphorus-32 Mononucleotide Labelling of the 
Isolated Rat Diaphragm in the Controlled Absence of Extracellular 
Glucose (P Volfin, D Eboue and H Clauser), 166 
A Precipitating Antibody to (Valerie E Jones and Prof A C Cunliffe), 
136 


[nsulin 


Intact and Hypertensive Rats Effect of Monovalent Cations on the Blood 
Pressure of (| Bach, S Braun, T Gat, Prof J Sos and A Udvardy), 
362 


Intact and Hypophysectomized Rats Effect of Sheep Pituitary Extract on 
Hypercholesterolaemia in (Dr Russel M Barakat), 7l 

Intake (Dry-Matter), of Grazing Sheep A New Method of Estimating the, 
from their Faecal Output (J B Owen), 92 

Integers from 1000 to 9999 — Reciprocals of the, with an Appendix on 
Mechanical Barrel-setting Calculators (T H Redding), review by 
Prof T A A Broadbent, 856 

Intensity Distribution of, among various Ultrasonic Diffraction Orders 
(Dr C Raghupathi Rao), 220 

Intensity of Driving Stimulus Effects of, on the Shape of Membrane Action 
Potential of the Heart (T Azuma, H Hayashi, T Kanno and K 
Matsuda), 1295 

Intensity (Neutron), of Cosmic Rays World-wide Distribution of Diurnal 
Variation of the (Tsunekichi Kanno), 250 

Interaction of '*C-CEstrone with Tryptophan in the Presence of Peroxidase 
(Dr P H Jellinck and Louise Irwin), 660 

Interaction of the Carcinogenic N-Methyl-Nitrosourethane with Sulphydryl 
Groups (Dr R Schoental), 670 

Interaction of Light and Atmospheric Photochemical Products (‘Smog’) 
within Plants (O C Taylor, W M Dugger, jun, E A Cardiff and 
E F Darley), 814 

Interaction between Lysozyme and a Phospholipid of Neoplastic Tissue 
(Oncolipin), (R Ferrari and S Matracia), 1187 

Interaction of West Ford Needles with Earth's Magnetosphere (Prof S F. 
Singer), 303 

Interaction of West Ford Needles with the Earth's Magnetosphere and their 
Life-time (Prof S F Singer), [061 

interaction Products of Adenine and Adenosine Phosphates with Formal- 


dehyde Demonstration of (Dr D L Woodhouse), 336 
Interactions (Side-Chain), in. Poly-L-Tryptophan Examination of (Sidney 
Shifrin), 751 


Interference Television Microscope A Flying-Spot (Television Micro- 
scopy), (Dr P O'B Montgomery and L L Hundley), 1059 
Intergovernmental Oceanographic Commission (Ronald | Currie), 1015 
Inter mediate (Possible), in. Oxidative Phosphorylation Detection of a 

(Dr C H Suelter, M DeLuca, Dr J B Peterand Prof P D Boyer), 43 
International Association for the Exchange of Students for Technical Ex- 
perience Fourteenth Annual Report, 1130 
International Association for the Exchange of Students for Technical Ex- 
perience (United Kingdom) Report for 1960-61, 1131 
International Astronautical Congress Twelfth (Dr W F Hilton), 1244 
International Atomic Energy Agency Election of Oscar A Quihillalt as 
president, 2 
Appointment of Dr Sigvard Eklund as director-general, 115 
Conference on New Techniques in Biology and Medicine, 609 
International Atomic Energy Agency, and others International Seminar 
for Research and Education in Physics, 709 
ieena tione, Conference on Coal Science Fourth (Dr | G C Dryden), 


International Conference on High Energy Physics Proceedings of the 1960 
Annual (Rochester, 1950), (edited by E C G Sudarshan, J H 
Tinlot and A C  Melissinos), review by Dr G H Stafford, 7 

International Conference on Magneticand Electric Resonance and Relaxation 
(Netherlands Physical Society and the Groupement Ampere), 213 

International Conference on the Metallurgy of Beryllium (Nuclear Energy 
Committee of the Institute of Metals), 1137 

International Conference on Nuclear Physics Rutherford Jubilee (Dr A 
Herzenberg) 794 

International Conference on Nuclear St-ucture Proceedings of the 
(Kingston, Canada, 1960), edited by D A Bromley and E W Vogt, 
review by D L Allan, 203 

International (1962) Conference on Precision Electromagnetic Measurements 

United States National Bureau of Standards), 922 

International Congress of Anatomists Proceedings of the Symposium held 
during the Seventh (New York, 1960)—The Structure of the Eye 
(edited by George K Smelser), review by Dr E N Willmer 295 

International Congress of Biochemistry Fifth (USSR Biochemical 
Society), 1115 

International Congress for Electron Microscopy Fifth, 611 

International Congress of Neuro-Psychopharmacology Proceedings of the 
First, Rome, 1958 (edited by P B Bradley, P Deniker and C 
Radouco-Thomas), review by Prof W Ross Ashby, 392 


International Co-operation in Pure and Applied Science (Seventh Pugwash 
Conference on Science and World Affairs), 1232 e 
International Council of Scientific Unions Ninth Assembly (Dr H W 
Thompson), 703 
International Dictionary of Physics and Electronics, second edition, review 
by J R Tillman, IIll 
International Geophysical Year Some lonospheric Results obtained during 
the— Proceedings of a Symposium organized by the UR SI JAGI 
Committee, at Brussels, 1959 (edited by W J G Beynon), review 
by A F Wilkins, 840 
lonospheric Research during the, review by A F Wilkins, 840 
International Geophysical Year Antarctic Expedition (The Royal Society), 
Halley Bay, Coats Land, Falkland Islands Dependencies, 1955-1959 
(General Editor, Sir David Brunt), Vol I, Introductions, Aurora and 
Airglow, Geomagnetism, review by Dr R Stoneley, 1004 
International Labour Organization. (World Health Organization Regional 
Office for Europe (United Nations), and the) Conference on 
Health Services ın Small Factories, 618 
International Nickel Company of Canada, Ltd Grant of 75,000 dollars to 
the Royal Ontario Museum, for a new Mineral and Gem Gallery, 607 
International Scientific Film Association Fifteenth Congress (M Gold- 
smith), 512 
Election of Officers, 514 
International Seminar for Research and Education in Physics (International 
Atomic Energy Agency, Unesco and the Central Committee for 
Swedish Technical Assistance), 709 
International Society of Soil Science Joint Meeting of Commission IV 
(Soil Fertility) and Commission V (Pedology) at Massey Agricultural 
College, New Zealand, 922 
International Society for Stereology, 115 
International Symposium on Continuous Culture of Micro-organisms 
Second (Czechoslovak Academy of Science), 213 
International Symposium on the Growth and Development of the Lower 
Archegoniate Plants (Linnean Society offiLondon), 710 
International Symposium on Microchemical Techniques (Metropolitan 
Microchemical Society of the United States), 410 
International Time Signal Changes in Times of (Royal Greenwich Obser- 
vatory), 1023 
International Union of Forest Research Organizations 
gress (F C Ford-Robertso^), 614 
Election of Officers, 615 
International Union of Leather Chemists Societies 
Conference, 612 
incernariong Union for the Study of Social Insects 
0 


Thirteenth Con- 


Seventh Biennial 
Fourth Congress, 


International Zoo Year Book (edited by Dr Desmond Morris and Caroline 
Jarvis), Vol |, 1959, review by G S Mottershead, III 

Interplanetary Communication (Interstellar and), by Optical Masers (Dr 
Peter van de Kamp), 348 , (Prof Charles H Townes and Dr Robert 
N Schwartz), 348 

Interplanetary Dust near the Earth (Prof S F Singer), 321 

Interplanetary Dust Particles in the Vicinity of Earth Direct Measurement 
of (C W McCracken, W M Alexander and M Dubin), 441 

Interpretation of Geophysical Surveys (Royal Astronomical Society and the 
Geological Society Geophysical Discussion on), 1242 

Interrelationship between Fat and Sugar Metabolism in Infant Rats (P Hahn, 

Koldovsky, V Melichar and M Novak), 1296 

Intersections (Slip Band) Lattice Rotation at (Dr A S Argon and Prof 
E Orowan), 447 

Interspecific Jute Hybrid Skewed Recombination in a Rare (Dr M S 
Swaminathan and R D lyer), 893 

Interstellar and Interplanetary Communication. by Optical Masers (Dr 
Peter van de Kamp), 348 , (Prof Charles H Townes and Dr Robert 
N Schwartz) 348 

Intestinal Carcinoma of the Newt Two Types of Ribonucleoprotein in the 
Nucleolus of, following Injection of Herring-sperm Deoxyribonucleic 
Acid (Prof A Stolk), 1215 

Interstitial Cell Stimulating Hormone (Sheep) Complement-fixing Antr- 
bodies to Human Growth Hormone and (Allen Trenkle, N R 
Moudgal, Katy K Sadri and Dr Choh Hao Li), 260 

Intervertebral Disk (Human) Polysaccharide Content of the Prolapsed 
Nucleus Pulposus of the (Dr F Happey, Dr A Wiseman and A 
Naylor), 868 

Intestinal Proteinases in an Insect, Calliphora vomitoria L (Dr Alastair 
Fraser, Richard A Ring and Robin K Stewart), 999 

Intestine Alterations in Connective Tissue and, produced by Hypervita- 
minosts A in Xenopus laevis (Gerald Weissmann), 235 

Intestine (Small), of Conventional and Germ-free Chicks Serotonin in the 
(Prof A W Phillips, H R Newcomb, J E Smith and R Lachapelle}, 

Intestine (Small), of Vertebrates Comparison of the Mitochondria of the 
(P J Stanbury), 67 

Intracellular Accumulation of Amino-Acids in Rat Kidney Slices in vitro 
Paradoxical Effect of Phlorizin on Glucose Uptake and (Dr Stanton 
Segal, Alberta Blair and Leon E Rosenberg), [085 

Intracellular Response to an Iso-immune Reaction at the Surface of Ascites 
Tumour Cells (D C Dumonde, Clarice M Walter, Lucille Bitensky, 
Prof G J Cunningham and J Chayen), 1302 

Mase) MAE Rickettsia-like Micro-organisms in certain Ticks (M A Roshdy), 


Intracellular Stages (Extra- and), of Gregarine and Coccidian Protozoa 
Periodic Acid-Schiff Technique for the Demonstration of (Dr J B 
Jennings), 473 

Intramolecular Hydrogen Bonding 
A Lukton), 422 

Intra-Pericardial Hepatic [Intrusion in the Common Dogfish (Dr A S 
Fuller), 280 

Intraventricular Bretylium Antagonism of Reserpine by (Stata Norton 
and Kenneth | Colville) 72 

Intraventricularly Injected Anti-N Caudatus Antibody Effects of on the 
Electrical Activity of the Cat Brain (Dr Lj Mihailović and Dr B D 
Jankovic) 665 

Introduction a l'Électrodynamique Quantique (Prof Daniel Kastler) review 

Dr P Roman l 

Introduction to the Organic Chemistry of High Polymers (Prof Carl S 

Marvel), review by Dr | C McNeill, 591 


- 


Participation of Imidazole ın (Prof 


mye 


INDEX li 


Introduction to Parasitology, with special reference to the Parasites of Man 
(the lateeProf Asa C Chandler and Prof Clark P Read), tenth 
edition, review by Dr G Lapage, 488 

Introduction to Quantum Mechanics (Prof Robert H Dicke and Dr James 
P Wittke), review by S F Edwards, 1005 

Introduction to a Submolecular Biology (Prof Albert Szent-Gyorgyl), 
review by Prof D D Eley, 853 

Introduction to the Theory of Numbers (Prof Ivan Niven and Prof Herbert 
S Zuckerman), review, 856 

Introduction (À Chemist's), to Statistics, Theory of Error and Design of 
Experiment (Dr D A Pantony), 213 

Intrusion (An Intra-Pericardial Hepatic), in the Common Dogfish (Dr A S 
Fuller), 280 

Invar Range of Compositions A New Reversible Solid-State Transforma- 
tion in [ron-Nickel Alloys in the (Prof N | Ananthanarayanan and 
R J Peavley), 962 

Inventory of Abstracting Services (Federation Internationale de Documen- 
tation), [026 

Invertebrates (Marine) Changes in Adenine Nucleotides in the Muscles 
of some (Kenichi Ara: and Tsuneyuki Saito), 45] 

Investigation with the Electron Microscope of the Sublimation of Ice 
Crystals at Low Temperatures (Prof Tokio Neri), 1177 

Investigation (Structural), of a Laminaran isolated from Eisenia bicyclis 
(Nobuhiko Handa and Prof Kazutos: Nistzawa), 1078 

Involvement (Particle), in Fatty Acid Synthesis in Liver and Yeast Systems 

Abraham, | L Chaikoff, W M Bortz, H P Klein and Halına 
Den), 1287 

lodide (Silver) Surface Properties of (Prof A C Zettlemoyer, Noubar 
Tcheuredkjian and J J Chessick), 653 

lodine-131 _ Permeability of the Mammary Gland to Sodium-24, Potassium- 
42, Chlorine-36 and (P-G Knutsson), 977 

lodine-131 tn Milk in Britain (Agricultural Research Council), 504 707 

lod:ine Number (Depot Fat), in Children Ambient Temperature and 
(I Macdonald), 363 e 

lodo Bis (2-2"-Bipyridyl) Copper(ll) lon The Trigonal-Bipyramidal Con- 
figuration of the (Properties of some Copper Complexes), (Dr 
G A Barclay and C H L Kennard), 425 

fodoacetic Acid Effects of, on the Incorporation of Phosphorus-32 into 
the Deoxyribonucleic Acid of some Radiosensitive Organs in Rats 
exposed to X-Rays (Dr M Quintiliani, M Boccacciand L Tentor1), 573 

lon (lodo Bis (2-2'Bipyridyl)Copper(Il)) The Trigonal-Bipyrimidat Con- 
figuration of the (Properties of some Copper Complexes), (Dr 
G A Barclay and C H L Kennard), 425 

lon Binding (Paramagnetic), in Deoxyribonucleic Acid Solutions Relaxa- 
tion Enhancement by (J Eisinger, R G Shulman and W E Blum- 
berg), 963 

lon-Exchange Chromatography Determination of Argininosuccinte Acid 
by (D C Cusworth and R G Westall), 555 

Effect of Charcoal on the Behaviour of Adenine Nucleotides in (U 
Pethiyagoda), 452 

lonic-Covalent Bonding in Crystals (C H L Goodman) 355, (E Mooser 
and W B Pearson) 355 

lonic Melts (Faraday Society Discussion on), 509 

lonization Detection by, of Gases in Helium used in Gas Chromatography 
(W A Wiseman), 964 

lonization Chambers (Cavity) Measurement of Stopping-Power Ratio for 
(T E Burlin), 545 

ionizing (Auto-) Transitions in Krypton 
Electron Impact (John F Burns), 651 

lonosphere Possible Solar Flare Effects in the F Region of the (Dr G H 
Munro) 347 (Dr R W Knecht and Dr K Davies), 348 

lonosphere at Sodankyla — Round-the-World Sound Waves produced by 
the Nuclear Explosion on October 30, 1961, and their Effect on the 
(G Rose, J Oksman and E Kataja), 1173 

lonospheric Research during the International Geophysical Year, review by 
A F Wilkins, 840 

lonospheric Results obtained during the International Geophysical Year 
Some— Proceedings of a Symposium organized by the URSI/AGI 
Committee, at Brussels, 1959 (edited by W J G Beynon), review by 
A F Wilkins, 840 

fons (Chromic) in the Corundum Lattice Ligand Field for (Dr J Graham 
and Dr D E Scarfe), 161 

fons (High-Energy Hydrogen) Emission of Ultra-Violet and Visible Radia- 
tion from Metals by the Impact of (Prof Rafi Mohammed Chaudhuri 
and Mustafa Yar Khan) 646 

tp, M C, and others Muscle Receptors (Structure, Nerve Spectra and 
Distribution of Spindles tn Cac Muscles), 806 

fran, Pakistan and Turkey Role of Science in the Development of Natural 

Resources with particular reference to (Scientific Council of the 

Central Treaty Organization Symposium on), 609 

A Spartinetum at Baldoyle in (Patricia J Boyle and James A 

Kavanagh) 8l 

Iris pseudacorus L Cytochrome c Oxidase, the Terminal Oxidase of (G G 
Henshaw, D A Coult and D Boulter), 579 

tron Absorption (Increased) without Increase in the Rate of Erythropotesis 
(Dr Gerald A Mendel), 878 

tron Chelator Production of Chromatid Aberrations by Diepoxybutane 
and an (Prof Norman S Cohn), 1093 

lIron-Transport Proteins in Serum Presence of Two (Dr M Faber and 
R Jordal), I8I 

Iron-59 in incubated Rat Red Cells in vitro Effect of Hydrocortisone on 
Uptake of (Peggy Clark) 667 

tron (Plasma) and iron-binding Capacity in the Pregnant Rat and Rabbit 
(E H Morgan), 461 

lron-binding Capacity tn the Pregnant Rat and Rabbit 
(E H Morgan), 461 

iron-Nickel Alloys A New Reversible Solid-State Transformation tn, m the 
Invar Range of Compositions (Prof N | Ananthanarayanan and 
R J Peavley) 962 

Irradiated (Neutron-) Ammonium Sulphate Behaviour of on Thermal 
Annealing (Dr Nikola Getoff and Masaru Nishikawa) 61 

Irradiation Effects of on the Incorporation of Amino-Acid into Normal 
and Regenerating Rat Liver (Dr Nirmal K Sarkar Dr Antma Devi 
and Dr Louis H Hempelmann) 179 

irradiation of Methane with 4-MeV Electrons Production of High Mole- 
cular Weight Products from the (R. W Hummel), 1178 


Experimental Detection of by 


Ireland 


Plasma Iron and 


e 
Irradtation with Ultra-Violet Chromatography and Nucleotide Sequérres 
of Deoxyribonucleic Acid. synthesized in Salmonella typhimurium 
after (T Hudnik-Plevnik and Dr L A Stocken), 554 
Irradiation (Ultra-Violet) Detecting Reversion in T4rll Bacteriophage to 
r* induced by (Prof C E Folsome and D Levin), 1306 
Irradiation (Whole-Body), and Cortisone Effect of on the Development 
of Ostertagia spp in Sheep (J D Dunsmore), 139 
Irvine, Dr R F Woody Plants of Ghana with special reference to their 
Uses, review by W D Clayton, 695 
Irwin, Louise (Jellinek Dr P H,and) Interaction of 1C-Œstrone with 
Tryptophan tn the Presence of Peroxidase, 660 
irwin, Raymond, and Staveley, Ronald (edited by) The Libraries of London, 
second edition, review by R Brightman, 592 
Irwin, Dr Richard L, and others Acetylcholine in Sweat in Fibrocystic 
Disease of the Pancreas, 77 
Isaacs, Dr Alick Chemotherapy of Virus Diseases, 806 
Mechanisms of Virus Infections (Interference Phenomena), 1247 
Isaacs G G Thermionic Generation of Electricity (Use of lon Injection for 
Space Charge Neutralization), 612 
Ishikura, Tomoyuki, and Foster, J W incorporation of Molecular Oxygen 
during Microbial Utilization of Olefins, 892 
Island of Mahe in the Seychelles Archipelago — Potassium-Argon Age 
To es on Granite from the (J A Miller and J D Mudie), 
The Falkland (M B R Cawkell, Dr D H Maling and E M 
Cawkell), review by Dr R J Adie, 853 
Islam, Dr M F,andothers Biochemical Aspects of Phagocytosis, 535 
Isocitrate (Oxidation of), and Metabolism of Fatty Acids tn Rabbit-Heart 
Sarcosomes Relationships between (Dr W C Hulsmann), 1153 
Iso-immune Reaction at the Surface of Ascites Tumour Cells Intracellular 
Response to an (D C Dumonde, Clarice M Walter, Lucille Bitansky, 
Prof G J Cunningham and J Chayen), 1302 
Isolated Guinea Pig Vas Deferens Effect of some Smooth Muscle Stimulants 
on the Motor Response of the, to Hypogastric Nerve Stimulation 
(Dr Nils O Sjostrand), 1190 
Isolated Ileum Technique Antigenicity of Guinea Pig Testicular Cells 
grown in Cell Culture as determined by the (Dr Seymour Katsh and 
Dr Russell T Jordan), 770 
Isolated Rat Diaphragm Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the, in the Controlled Absence of Extra- 
cellular Glucose (P Volfin, D Eboué and H Clauser), 166 
Isolation of Bacteria-free Cultures from Hormogone-producing Blue-Green 
Algae (Blue-Green Algae), (Dr J S Bunt), 1275 
Isolation of a Cystine Derivative from Silk (Dr C Earland and Dr D J. 
Raven), [185 
Isolation of Echinochrome A from the Spines of the Sea Urchin, Stomo- 
pneustes variolarts (Lamarck), (Dr K Nishibori), 1293 
Isolation of Erythropoietic Glycoprotein Use of Phenol in the (Peter H 
Lowy and Geoffrey Keighley), 75 
Isolation of an az-Globulin from Human Plasma (Dr M Steinbuch and Dr 
J Loeb), 1196 
Isolation of Histones (?) from Staphylococcus aureus (Dr H J Cruft and 
J L Leaver), 556 
Isolation of Radioactive Bismuth from Metallic Lead and its Compounds 
J R W Kerr, Dr D 1 Coomber and Dr D T Lewis), 546 
Isolation of Sub-Cellular Particles Simplified Technique for (Dr David 
W E Smith), 234 
Isolation of an Unknown Auxin from a Solution of Indole-3-Acetic Acid 
labelled with Carbon-14 (Prof 3} H M Henderson), 1076 
Isolation and Identification of Rhamnose from Rabbit Skin (Ina Malawista 
and Prof E A Davidson), 871 
Isoleucine — Possible Causes for Production of, by Streptomyces rimosus (Dr. 
Horvath 1 Gado and A Szentirmai), 641 
Isomers | Mannosyl n-Glucosamine Hydrochloride—6-O-Mannosy! p-Gluco- 
samine Hydrochloride (Dr S A Barker, Dr K Murray, Prof M. 
Stacey and Dr D B E Stroud), (143, July 8, 1961), erratum, 710 
O-Isopropylidene Derivatives (Carbohydrate) Chromatographical Separa- 
tion of (J E G Barnett and Dr P W Kent), 556 
lsotherms (Partition), and Gas-Liquid Chromatography (G F Freeguard 
and R Stock), 257 
Isotopes in Haematology, review by Dr | Chanarin, 903 
The Use of (Dr L G Lajtha), review by Dr | Chanarin, 903 
lsotopes (Hydrogen) Purification of, by Self-Displacement Chromatos 
graphy at Low Temperatures (Dr T R Phillips, D R Owens and 
A G Hamlin), [067 
isotopic Composition of Atmospheric Hydrogen and Methane (A E Bam- 
bridge, Prof H E Suess and Irving Friedman), 648, (K F Bishop 
B T Taylor and A E J Eggleton), 649 
Isoxanthopterin in Drosophila melanogaster Conversion of 2-'“C-Pteroyl-L= 
Monoglutamic Acid into (Dr J A Blair), 757 
Israel Distribution of Haptoglobin Types tin (Dr Bracha Ramot, Poriya 
Zikert-Duvdevani and Gisela Tauman), 765 
Istiophoridae (Family) Mediterranean Fishes of the (Dr Enrico Tortonese), 
80 


Islands 


Ito, Dr Toshio Effect of Dietary Ascorbic Acid on the Silkworm, Bombyx 
mort 95 

ttoh, Hiroshi and others Autonomic Nervous System and the Occurrence 
of Visceral Lesions, 1025 

Iversen, Olav Hilmar An Early Test for Possible Skin Carctnogens, 273 

lvlev Prof V S Experimental Ecology of che Feeding of Fishes (translated 
from the Russian by Douglas Scott) review by L Birkett 297 

Ivy (Algerian) Effect of Temperature and Potassium Gibberellate on 
Phases of Growth of (J R Goodin and Prof V T Stoutemyer), 677 

lyengar N K,and others Cotton in India, Vol 4, review by Prof S C, 
Harland 200 

lyengar, R L N and others Cotton in India, Vol 3, review by Prof S C. 
Harland, 200 

lyer Dr G Y N andothers Biochemical Aspects of Phagocytosis 535 

lyer, R D (Swaminathan, Dr M S,and) Skewed Recombination in à 
Rare Interspecific Jute Hybrid, 893 


Jaccuia, Luigi G A Working Model for the Upper Atmosphere, 1147 
Jackson D | . Diapause in an Aquatic Mymarid 823 
Jackson, F L (Hopkinson, Leonora, and) Prostatic Cytochromes, 264 


lu INDEX 


Jalton, J F,and others Substrate Specificity and Inhibition of Nicotin- 
amide Mononucleotide-Adenylyl Transferase of Liver Nuclei— 
Possible Mechanism of Effect of 6-Mercaptopurine on Tumour 
Growth, 946 

Jackson, J V , and Moss, M S Identification of an Amylobarbitone Meta- 
bolite in Human Urine, 553 

Jackson, Sir Willis Elected president of the British Association for 
Commercial and Industrial Education [15 

Jacob, F, and Gros, F Structure, Synthesis and Function of Deoxyribo- 
nucleic Acid (Genetic Aspects), 25 

Jacob, K T, and Sen, Subir Haploidy in Jute (Corchorus olitorius L ), 288 

Jacoby, Dr F Histologie und Mikrosxopische Anatom e des Menschen, 


review, 1007 
Jaffe, Dr W P Effect of Feeding Grisecfulvin on Rate of Growth of Chicks, 
469 


Jagersten, Prof Gosta (text by) Life in the Sea (photography by Lennart 
Nilsson), review by Prof C M Yonge, 332 

Jain, S P, and others Occurrence of Graywacke in the Lower Siwaliks, 
Simla Hills, 61 

Jakobovits, A, and others Primary Empryonal Sex Ratio in. Normal 
Pregnancies determined by the Nuclear Chromatin 476 

James, Dr A T Gas Chromatography in Medical Research (Simple Detec- 
tor for the Continuous Automatic Determination of the Radio- 
activity of Carbon-14 and Tritium), 717 

James, D W Title of reader in Anatomy (at University College, London) 
conferred on, 710 

James, Dr Maurice T (Herms, Dr William B , and) 
fifth edition, review by Prof D S Bertram, 298 

James (William), on Psychical Research (compiled and edited by Gardner 
Murphy and Robert O Ballou), review by F 1 G Rawlins, 901 

Jamison, Dr R R Astronautics (Advanced Air-breathing Engines), 312 

Jane, Prof F W Wood Extractives (Structure of the Tree and the 
Distribution of the various Tissues ir it), SII 

Jane,J A (Pearson,J E,and) Microwave Measurement Techniques (Need 
for Power Density Monitors to measure Power Densities of the 
order of 1-20 mW /cm ? for Health Hazard Purposes) 409 

Janick, Prof Jules, and Leopold, A C — A Distinction between Bolting and 
Flowering Effects on Senescence, 887 

Janković, Dr B D (Mihailovic, Dr Lj, and) Effects of Intraventricularly 
Injected Anti-N. Cardatus Antibody on the Electrical Activity of the 
Cat Brain, 665 

Jarvis, Caroline (edited by Dr Desmond Morris and) The International 
Zoo Year Book, Vol 1, 1959, review by G S Mottershead, II11 

Jarvis, Dr W R Atthe First British Insecticide and Fungicide Conference 
(Control of Botrytis Diseases), 1141 

Jeffery, P G ‚and others Separation, Identification and Determination of 
the Fatty Acids of Montan Wax, 65 

Jellinek, Prof F Structure of Molybdenum Sesqursulphide, 1065 

Jellinck, Dr P H, and Irwin, Louise Interaction of tac-CEstrone with 
Tryptophan in the Presence of Peroxidase, 660 

Jenkins Dr D R The Study of Fast Reactions (Evidence for lons tn 
Flames), 1136 

Jenkins, F P, and others 
Groundnuts, 1095 

Jennings, Dr J B Periodic Acid-Schiff Technique for the Demonstration 
of Extra- and Intra-cellular Stages of Gregarine and Coccidian Proto- 
zoa, 473 

Jensen, H L Survival of Rhizobium meliloti in Sol Culture, 682 

Jensen, Synnove Liaaen, and others Biosynthesis of Carotenoids tn 
Purple Bacteria—a Re-Evaluation based on Considerations of 
Chemical Structure, 1168 

Jerrard, Dr H G , and McNeill, Dr D B 
Physics, review by D H Trevena, 491 

Jeuniaux, Dr Charles Chitinase, an Addition to the List of Hydrolases in 
the Digestive Tract of Vertebrates, 135 

Jewkes, Prof John, and Jewkes, Sylvia The Genesis of the British National 
Health Service, review by T H Hawkins, 849 

Jewkes, Sylvia (Jewkes, Prof John, and) The Genesis of the British National 
Health Service, review by T H Hawkins, 849 

Job, B E, and Sheridan, Dr J Microwave Spectrum of Fluoro-Aceto- 
nitrile, 160 

Jobs Men and their, 607 

Johler, ) R Appointed chief of the new Applied Electromagnetic Theory 
Section of the United States National Bureau of Standards, 1129 , 
work of, [129 

John, J A , and Weymouth, F J Oxidation Processes in Chemical Manu- 
facture (Development of a Commercial Process for che Manufacture 
of Peracetic Acid by the Vapour Phase Oxidation of Acetaldehyde), 
1135 

Johns, D ! Astronautics (Design of the Thin Cylindrical Structures 
typical of the Liquid-fuelled Launching Vehicles), 311 

Johnson, Prof D C (Bishop, Prof R E D,and) The Mechanics of Vibra- 
tion, review by Prof W A Tuplin, 844 

Johnson, Dr Edward A , and Tille,J | Evidence for Independence of Voltage 
of the Membrane Conductance of Rabbit Ventricular Fibres, 663 

Johnson, E | Laboratory Management and Techniques, review, 854 

Johnson, Jultan F, and others Large-Scale Polymer Column Fractionation, 
752 


Medica! Entomology, 


Toxicity associated with certain Samples of 


Theoretical and Experimental 


Johnson, Dr NoraH New Synthetic Detergents, 1142 

Johnson, R Paul Building Research, 809 

Johnston, G H, and Brown, R J E Effect of a Lake on Distribution of 
Permafrost in the Mackenzie River Delta, 251 

Johnston, R , and others Ultrabasic Liquids, [57 

Jollàs, Jacqueline (Jollés, Dr Pierre, and) Lysozyme from Human Milk, 
118 


Jollés, Dr Pierre, and Jollés, Jacqueline Lysozyme from Human Milk, 
1187 


Jones, B E Radiation—Use and Control tn Industrial Application, 
review, 855 

Jones, Dr D (Gabor, Prof D,and) Awarded a grant of £1,000 from the 
Paul Instrument Fund (in supplement of a previous grant), for work 
on the development of an electron interference microscope, 708 

Jones, Prof PR H Appointed a member of the Council for Scientific and 
Industrial Research, 113 

Jones, E T Astronautics, 310 

Jones, Prof E Taylor Obituary by Dr S C Curran, 605 


Jones, F G W . Atttke First British Insecticide and Fungicide Conference 
(Soil Pests and Diseases of Agricultural Crops—the Eelworm 
Problem), 1140 

Jones, Dr 3 H Foetal Haemoglobin in Fanconi: Type Anaemia, 982 

Jones, Valerie E, and Cunliffe, Prof A C A Precipitating Antibody to 
Insulin, 136 

Jonsen, Dr J, and others Adenosine Diphosphate in Red Cells as a Factor 
in the Adhestveness of Human Blood Platelets, 531 

Jonssor, Dr Eric and others Permeability of the Synovial Membrane to 
Glycoproteins, 1192 

Jonsson, J (Bodvarsson, G , and) 
Icelandic Waters, 768 

Jordal R (Faber, Dr M, and) 
in Serum, 181 

Jordan, Dr R T (Katsh, Dr Seymour, and) Antigenicity of Guinea Pig 
Testicular Cells grown in Cell Culture as determined by the Isolated 
lleum Technique 770 

Jordan, Dr R T,and others Identification of Antibody in fa-Globulins of 
Mouse Serum and Ascitic Fluid, 885 

Spermatocytogenesis with Possible Spermiogenesis of Guinea Pig 
Testicular Cells grown ın vitro, 1053 

Journal of Atmospheric and Terrestria, Physics Special Supplement No 7, 
Vistas in Astronomy (edited by Arthur Beer), Vol 3, Part 1, Dynamics, 
Geophysics, Instruments, Solar System, Vol 3, Part 2, Stellar 
Astronomy, Stellar Evolution, Photometry, Galaxies, Spectroscopy, 
Cosmology, review by Dr A Danjon, 838 

Journals of Captain James Cook cn his Voyages of Discovery (edited by Dr 

C Beaglehole), Vol 2, The Voyage of the Resolution and Adventure, 
I772-1775, review by Prof R Firth, 1107 

Jovian Decametric Radration Presence and Correlation of Fine Structure 
in (James IN. Douglas and Harlan J Smith), 741 

Jowett, P, and Horrocks, B J Improved Gas Chromatography of Un- 
esterified Fatty Acids, 966 

Joysey, Dr K A Life and ics Environment ig Ancient Seas, 925 

Jubilee of the Atomic Nucleus, 505 

Jubilee (Dramond), of Trans-Atlantic Radio, 919 

Jucci, Prof C At the Fourth Congress of the International Union for the 
saucy of Social Insects (Comparative Endocrinology of Social Insects), 

Juhlin, Lennart (Sheller, Prof Walter B, and) A New Test for Detecting 
Anaphylactic Sensitivity—the Basophil Reaction (1056, September 
9), erratum, 2 x 

Juice (Gastric) Agarophoresiss and [mmuno-electrophoresis of the 
Proteins of (M Tenorova, E Stuchlikova and J Korinek), 763 

Junction (Liquid) — Elimination of the, by using Glass Electrodes (Carl R 
Merril), 1087 

Jungherr, E L (edited by C. A Brandly and) Advances in Veterinary 
Science, Vol 6, review by Prof Harold Burrow, 198 

Jute (Corchorus olitorius L ) Haploidy in (K T Jacob and Subir Sen), 288 

Jute Hybrid Skewed Recombination in a Rare Interspecific (Dr S 
Swaminathan and R D lyer), 893 

ele stage in Cultivated Forms of Brassica oleracea (Dr L G G Warne), 


Fluctuations in Marine Populations in 


Presence of Two Jron-Transport Proteins 


KADENBACH, Bernhard, and Luhrs, Prof Walter Effects of 7-Chloro-2- 
methylamino-5-phenyl-3H-1,4-benzodiazepin-4-oxide on Mitochon- 
dria from Rat Liver and Brain, 174 

Kahan, David  Thermophilic Micro organism of Uncertain Taxonomic 
Status from the Hot Springs of Tiberias (Israel), 1212 

Kahn, L D (Witnauer, L P, and) At the Seventh Biennial Conference of 
the International Union of Leather Chemists Societies (Electron 
Microscope Photographs of Collagen Fibrils precipitated by Inorganic 
lons from Soluticn), 613 

Kaiser, Hans K (herausgegeben von Prof Karl Schütte und) Handbuch der 
Astronautik, Band I, Lieferungen l-6, review by D G King-Hele, 102 

Kakabadse, Dr G — Text-Bock of Inorganic Chemical Analysis, review, 836 

Kako, K (Wegmann, A, and)  Particle-bound and Free Catecholamines in 
Dog Hearts and the Uptake of Injected Norepinephrine, 978 

Kakteen  Wunderwelt (Dr Curt Backeberg), review by Dr N L Bor, 1223 

Kale (Marrow Stem and Thousand-headed) Potential Productivity of (Dr 
L G G Warne), 579 

Kaliszer, Dr H Appointed to a Research Fellowship in mechantcal 
engineering in the University of Birmingham, 406 

Kalow, Prof W , and Marton, A Second-Generation Toxicity of Malathion 
in Rats, 464 

Kameda Yukio, and others — Acylase Activity of Ascites Tumour Cells on 
Dichloroacetyl Derivatives of Amino-Acids, 468 

Kamen, Dr George F — Acrolein and Mengo-Semliki Virus Immunity, 986 

Kandel, Dr S l|, and others Pharmacodynamical Effects of Asarone and 
B-Asarone, [299 

Kanno, Tsunekicht World-wide Distribution of Diurnal Variation of the 
Neutron Intensity of Cosmic Rays, 250 

Kanno, T, and others Effects of Intensity of Driving Stimulus on the 
Shape of Membrane Action Potential of the Heart, 1295 

Kano, M ‚and others Muscle Receptors (Potentiation of Motoneurones by 
Spindle Discharges, and Human Expertments on Reflexes involving 
Muscle Receptors), 806 

Kao, Prof C Y , and others 
Smooth Muscle, 1189 

Kao, Dr K C Rectifytng Action of Non-uniform Fields in Dielectrics, 650 

Kaolin (Fired), and Kaolinitic Clay Puzzolanıc Activity and Semiconducti- 
vity of (A K Chatterji), 1180 

Kaolinite-Hydrous Mica-Quartz Clay 
for a Fired (Dr W F Cole), 737 

Kaolinitic Clay (Fired Kaolin and) — Puzzolanic Activity and Semi- 
conductivity of (A K Chatterji), 1180 

Kar, N C and others Biosynthesis of t-Ascorbic Acid—Missing Steps in 
Animals incapable of Synthesizing the Vitamin, 163 

Karbowrak, Dr A E, and Skedd, R F Microwave Measurement Tech- 
niques (Instrument for the Accurate Determination of relative 
Surface Losses in the Millimetric Band), 410 

Karbowiak, Dr A E, and others Microwave Measurement Techniques 
M LH for the Automatic Recording of Wave-guide Attenua- 
ton), 


Sodium Influx and Excitation in Uterine 


Mor:sture Expansion Relationships 


F 


INDEX fin 


Karrer, Prof Paul Lehrbuch der Organischen Chemie, [3 Auflage, review 
K H @verton, 855 

Kartha, G , and de Vries, A Structure of Asparagine Monohydrate, 862 

Kasahara, Teizo, and others Autonomic Nervous System and the Occur- 
rence of Visceral Lesions, 1025 

Kasha, M Structure, Synthests and Function of Deoxyribonucleic Acid 
(Electronic Aspects of Nucleic Acid Structure}, 24 

Kassanis Dr B Promoted to Senior Principal Scientific Officer, 215 , 
work of, 215 

Kastler Prof Daniel Introduction a l'Électrodynamique Quantique, 
review by Dr P Roman, 11I1 

Kataja, E, and others Round-the-World Sound Waves produced by the 
Nuclear Explosion on October 30, 1961, and their Effect on the 
lonosphere at Sodankyla, 1173 

Katoh, Dr A K Localization of Inhibitors of Neural Differentiation in 
Chick Embryos, 997 

Katsh, Dr Seymour, and Jordon, Dr Russell T — Antigenicity of Guinea 
Pig Testicular Cells grown in Cell Culture as determined by the 
Isolated lleum Technique, 770 

Katsh, Dr Seymour, and others Spermatocytogenesis with Possible 
Spermiogenesis of Guinea Pig Testicular Cells grown in vitro, 1053 

Katsuki, Yasuj (edited by) Electrical Activity of Single Cells, review by 
Dr P Fatt, 203 

Katt, Dr P K, and Chaudhri, M M Effect of Strong Electrical Fields on 
the Boiling Points of some Alcohols, [286 

Katz, Joseph, and others Plasma Albumin Catabolism tn Experimental 
Nephrosis, 562 

Kaunitz, Dr Hans Re-Evaluation of some Factors in Arteriosclerosis, 9 

Kavanagh, James A (Boyle, Patricia J , and) A Spartinetum at Baldoyle tn 
Ireland, 81 

Kawanishi, Y , and others Soluble Collagen in Bone, 758 

Kawano, Dr N _ Biochemistry of Plant Phenolic Substances (Naturally 
Occurring Biflavonyls), 418 

Kay, Dr A D The Bette@Use of the World's Fauna for Food, 1112 

Kay, Prof H Teaching Machines, [05 

Kay, Dr H E M,and others Pı Antigen in the Human Foetus, 883 

Kearton, C F Appointed a deputy chairman of Courtaulds, Ltd , 918 

Keenleyside M H A (Kerswill, C J, and) Canadian Salmon caught off 
Greenland, 279 

Keighley, Geoffrey (Lowy, Peter H, and) Use of Phenol in the Isolation of 
Erythroporetic Gl/coprotein, 75 

Keith, Dr M C, and others Some Tetrahydropyranyl Derivatives of 
Glycine, Serine and Urea, 1069 

Kelkar, V N . Size Distribution of Ratndrops, 252 

elley, M T — Microchemical Techniques (Analysis of Highly Radioactive 
Neal Fuels and Spent Products using Liquid Samples of 5-700 zl ), 

d DE Jonas H Given an Award by the Gairdner Foundation, 

Kelly, Dr B K Survey of Antibiotic Literature, review, 589 

Kelly, T G, and others Dependence of Thermo-stimulated Current 
Curves on Heating Rate, 349 

Kemp, Dr A D Appointed lecturer in organic chemistry at the Univer- 
sity College of Rhodesia and Nyasaland, 922 

Kenchington, K W L — Awarded the Institute Medal of the Textile Insti- 
tute, 406 

Kendall, D G . Probability Theory, revicw, 7 

Kennard, C H L (Barclay, Dr G A,and) Properties of some Copper 
Complexes—The Trigonal-Btpyramidal Configuration of the lodo 
Bis (2-2'-Bipyridyl)Copper(ll) ton, 425 

Rennes PArpara M,andothers  Trypsin Inhibitor in Wholewheat Flour, 


Kennedy, Prof E P At the Fifth International Congress of Biochemistry 
(Lipid Biosynthesis), 1115 

Kennedy, Dr J S Polymorphism in Insects (Continuous Polymorphism 
in Locusts), 413 

Kenner, Prof G W,and others Structures and Conformations of some 
Naturally Occurring Derivatives of Proline, 1150 

Kenny, A VV Radioactive Waste Disposal, review, 846 

Kent, Dr P W (Barnett, J E G, and) Chromatographical Separation of 
Carbohydrate O-lsopropylidene Derivatives, 556 

Kenya Control of the Army Worm on Grazing in (J A Bullock and D C 
Bond), 480 

Kenya (North) Banks Plankton on the {J Wickstead), 890 

a-Keratin Structure of (Prof S Krimm), 810 

Kermack, Dr KK A . Appointed reader (at University College, London) 
in vertebrate palaeontology, 802 

Kerr, J R W ,and others Isolation of Radioactive Bismuth from Metallic 
Lead and its Compounds, 546 

Kerr, Dr Madeline Obituary by Dr D Chapman, 605 

Kerridge, David (Walker, Dr Joan B, and) Diabetes in an English 
Community, review, 391 

Kerrigan, M A, and others Radioactivity in Wool, [094 

Kerswill, C J, and Keenleyside, M H A . Canadian Salmon caught off 
Greenland, 279 

Kessler, J E (Garn, P D, and)  Microchemical Techniques (Thermal 
Analysis is feasible for Sample Werghts less than [| mgm by the use 
of appropriately designed Sample Holders), 412 

Keswani, Dr H History of Sciences tn Ancient and Medieval India 
(Concepts of Generation, Reproduction, Evolution and Human 
Development as found in the Writings of Indian Scholars of the 
Ancient and Medieval Period), 27 

Keto-Enol Tautomerism Role of, ın the Polarographical Reduction of 
some Carbonyl Compounds (Dr P Zuman and Dr J Michl), 655 

Kettering Laboratory (Charles F ), Yellow Springs, Ohio Appointment 
of Dr Leo P Vernon as director of research, 403 

Kety, Prof Seymour S Awarded the Alvarenga Prize by the College of 
Physicians of Philadelphia, 21 

Keynan, A, and others . Dipicolinic Acid Content, Heat-Activation and 
the Concept of Dormancy in the Bacterial Endospore, [211 

Kevan, D K McE (Abdel-Malek, Dr A A,and) Inhibited Oviposition 
by Females of Gryllus assimilis (F ), induced by Radioactive Males, 
using L-Methionme-Methyl-!*C, 681 

Khan, Mustafa Yar (Chaudhuri, Prof Rafi Mohammed, and) Emission of 
Ultra-Violet and Visible Radiation from Metals by the Impact of 
High-Energy Hydrogen lons, 646 


e 
Khan, Quadiruddin, and others — Cotton in India, Vol 2, review by Prof 
C Harland, 200 

Kiceniuk, Taras, and others Simulated Wave-Riding Dolphins, 148 

Kidney Closely Related Antigens in Human Placenta and (Dr Raymond 
William Steblay), 1259 

Kidney Slices (Rat), in vitro Paradoxical Effect of Phlorizin on Glucose 
Uptake and Intracellular Accumulation of Amino-Acids in (Dr 
Stanton Segal, Alberta Blair and Leon E Rosenberg), 1085 

Kidney Slices (Rat and Guinea Pig) Glutamyl Peptidases in (George G 
Glenner and John E  Folk)—Histochemical Demonstration of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical Charac- 
terization of a Unique a-Glutamyl Peptidase Activity, 339 

Kidneys in Hypophysectomized Rats Failure of the Purified Growth 
Hormone to restore the Size of the (Dr T Astarabadi), 270 

Kidson, Dr C The Norfolk Broads, 314 

Kidson, Dr Chev (Budtz-Olsen, Prof O, and) Absence of Red Cell 
Enzyme Deficiency ın Australian Aborigines, 765 

Killander, Johan, and others Rapid Preparation of Fluorescent Antibodies 
using Gel-Filtration, 182 

Kimber Gold Medal for genetics of the United States National Academy of 
Sciences awarded to Prof J B S Haldane, 710 

Kimmertidgian of Portugal A Mammalian Fauna from the (Dr Walter G 
Kuhne), 274 

Kimura, Yukio, and others — Acylase Activity of Ascites Tumour Cells on 
Dichloroacetyl Derivatives of Amino-Acids, 468 

Kinetics of Dissociation of Ethyl Halides in Self-quenching Geiger-Muller 
Counters (Prof | Zlotowski and H Wincel), 550 

Kinetics of Reacticn of the Decomposition of Lead Azide (Dr M Stammler, 
J E Abel and Dr R C Ling), 626 

Kinetics (Chemical) Selected Studies in (Prof Farrington Daniels), review 
by Prof J M Coulson, 297 

Kinetin Effect of, on the Fertility of some Strains of Neurospora crassa 
(Barry O Lee), 288 

Kinetin and other Substances (Gibberellic Acid,) Effect of on Seed Dor- 
mancy (B Frankland), 678 

Kinetin-induced Meiotic-Prophase Acceleration and Stasis tn Tradescantia 
Anthers cultured in Media Deficient in Sugar (Prof G W R Walker 
and J Dietrich), 889 

King, Dr Alexander At the twenty-seventh Conference of the Inter- 
national Federation for Documentation, 219 

King, E Bolton Retirement from the posts of assistant controller, Arts 
and Science Division (Science Group), and director, Science Depart- 
ment, of the British Council, 211 , work of, 211 

King, Dr Wood Extractives (Perspectives in the Chemistry of 
Wood Extractives), 511] 

King, Dr N Kelso At the Third Australian Spectroscopy Conference 
Significance of Isosbestic Points in studying Reaction Mechanisms), 


King-Hele, D G Handbuch der Astronautik, review, 102 
Astronautics (Earth Satellite Orbits), 310 

King’s College, London Appointment of Dr J E Prentice as reader in 

geology, 802 
Transfer of Prof J T Randall to the chair of biophysics, 922 
Appointment of S B Watkins as reader in chemical engineering, 1132 
Title of professor of civil engineering conferred onJ K T L Nash, 1132 
Ea professor of powder technology conferred on Dr H E Rose, 
2 


Title of reader in engineering science conferred on Dr J M Zarek, [132 
King's College, Newcastle-upon-Tyne Digital Computation at, 708 
Kiniough, M A, and Robson, Prof H N Chromosome Preparations 
obtained directly from Peripheral Blood, 684 

Kinne, R , and others Hormones and Electrolyte Excretion in Sheep, 1084 

Kipping, P J, and others Separation, Identification and Determination 
of the Fatty Acids of Montan Wax, 65 

Kirby-Smith, Dr J S, and others Electron-Spin Resonance Signals from 
Lyophilized Bacterial Cells exposed to Oxygen, 34 

Kisieleskt, Walter E, and others Induction of Tumours in Mice with 
Tritiated Thymidine, 571 

Kitargorodskii, A |! The Theory of Crystal Structure Analysis (translated 
from the Russian by David and Katherine Harker), review by Dr 
M M Woolfson, 904 

Kitamuru, Dr Takashi, and others A New Mutant of Dermovaccinia 
Virus, 381 

Kitay, Prof Julian | Enhancement of Steroidogenesis by Rat Adrenal 
Slices in vitro with CEscradiol-17-8, 358 

Kleczkowski, Dr A Promoted to Senior Principal Scientific Officer, 215 , 
work of, 215 

Klein, H P, and others Particle Involvement tn Fatty Acid Synthesis in 
Liver and Yeast Systems, 1287 

Klemparskaya, N N, and others Problems of Infection, Immunity and 
Allergy in Acute Radiation Diseases (translated from the Russian by 
Lydia Venters , edited by R Clarke), review by Dr Hugh D Evans, 6 

Klimadiagramm-Weltatlas (Prof Heinrich Walter und Dr Helmut Lieth), 
Lief 1, review by Prof G Manley, 5 

Klinger, H P, and others Somatic Chromosomes of the Gorilla, 225 

Klintoe K At the twenty-seventh Conference of the International 
een for Documentation (Productivity tn Information Service), 
219 

Knapman, C E H Gas Chromatography in Medical Research, 717 

Knecht, Dr R W , and Davies, Dr K Possible Solar Flare Effects in the 
F Region of the lonosphere, 348 

Knight, A H , and others  Cation-Exchange Capacities of Tissues of Higher 
and Lower Plants and their related Uronic Acid Contents, [42 

Knight, F P Ornamental Trees for Garden and Roadside Planting, 
review, 852 

Knight, Prof S G (Gehrig, R F, and) Formation of 2-Heptanone from 
Caprylic Acid by Spores of various Filamentous Fungi, 1185 

Knight, V H, and others Microwave Measurement Techniques (Equip- 
ment for the Automatic Recording of Wave-guide Attenuation), 410 

Knox, Prof Robert A Survey of New Penicillins, 492 

Knox, Wiliam T At the twenty-seventh Conference of the International 
Federation for Documentation (Use by some United States Com- 
panies of Senior Scientists or Engineers as Inform@ion Research 
Workers), 219 

Knutsson, P-G Permeability of the Mammary Gland to Sodium-24, 
Potassium-42, Chlorine-36 and lodtne-I3I, 977 


liv INDEX 


Kobayashi, Michtharu (Okuda, Prof Azuma, and) Production of Slime 
Substance tn Mixed Cultures of Rhodopseudomonas capsulatus and 
Azotobacter vinelandii, 1207 

Koch, Dr Walter A Method of Calibrating Two-Sphere Non-directional 
Radiometers, 960 

Kocór, Marian, and others Antibiotic Properties of Mycelium and Meta- 
bolites of Myrothectum rorodum Tode, 138 

NOEppen a H Use of Phenol in determining Chromatographic Purity, 


Kofler, A | Microchemical Techniques (Thermo-microscopic Methods— 
Hot-stage Experiments of L Kofler), 4 

Kogan, V l|, and others Problems in Quantum Mechanics, review by 

F Edwards, 1005 

Kohlhage, Dr H , and others Specific Partial Hydrolysis of Nucleic Acids 
in Nucleotide Sequence Studies, 1038 

Kohoriuchi, Dr. Yoshihi (Tori, Dr Toshio, and) Antigenicity of Penicillin 
and its relation to Albumin Binding, 429 

Kolář, Dr Jaromir, and Babicky, Dr Arnošt Generalized Skeletal Res- 
ponse on Local Trauma in Young Rats studied by means of 
*5Ca-Metabolism, 1297 

Koldovsky, O, and others Interrelationship between Fat and Sugar 
Metabolism in [nfant Rats, 1296 

Kolm, Dr Henry H Advances in the Generation and Use of Very High, 
Continuous Magnetic Fields, 299 

Komesu, N , and others Effect of X-Irradiation on Self-Stimulation of the 
Brain, [309 

Komezynsk:, Prof Ludvik (Rejniak, Leopold, and) Behaviour of Protozoa 
under the Influence of the Synergetic Action of Polyethylene Glycol 
and Dyes, [203 

Kontaxis, Dr D G Movement of Tobacco Mosaic Virus through Epidermis 
of Nicotiana glutinosa Leaves, 58 

Konttinen, A, and others Thrombocytosis evoked by Exercise, 72] 

Kopac, M J Scanning Techniques in Biological and Medical Microscopy 
(Use of Closed-circuit Television in. connexion with the Micro- 
surgical Technique for Operating on Single Cells), 1030 

Kopal, Prof Zdenek The Hidden Face of the Moon, review, 839 

Theory and Tables of the Blue Sky, review, 1005 
At the Fourth Colloquium on the Law of Outer Space (Astrodynamics 

and Guidance), 1244 

Kořínek, |, and others Agarophoresis and Immuno-electrophoresis of 
the Proteins of Gastric Juice, 763 

Kornblueth, Prof W , and others Effect of Insulin on Pathways of Glucose 
Oxidation in the Rat Lens, [075 

Korzybski, Prof T , und Kurylowicz, Prof W . Antibiotica, review by Dr. 
B K Kelly, 589 

Kétar, a A ‚and others Antibacterial Synthetic Polypeptide Derivatives, 


Kotin, Prof Paul, and others Enzymatic Hydrolysts of Biliary Conjugates 
of 3,4-Benzpyrene on Filter Paper, 

Kotter, Dr F Ralph Appointed chief of the newly established High 
Voltage Section of the Electricity Division of the United States 
Nationa! Bureau of Standards, 710 

Kovacs, Dr as others Antibacterial Synthetic Polypeptide Deriva- 
tives, 

Koyanagi, Tatsuo, and Odagiri, Satoshi Effects of the Sulphur Amino- 
Acids on the Vitamin A Content in Liver of Rats, 168 

Koyanagt, Tatsuo, and Takanohashi, Teru Cystine Content in Harr of 
Children as influenced by Vitamin A and Animal Protein in the 
Diet, 457 

Kramer, Paul J (Lopushinsky, William, and) Effect of Water Movement 
on Salt Movement through Tomato Roots, 994 

Kraus, Dr A Awarded the A F Bulgin Premium of the British Institution 
of Radio Engineers, 609 

Kraus, E B Changes of Climate (Theories of Changes of Climate), 1139 

Kraus, Prof Lorraine M Formation of Different Haemoglobins in Tissue 
Culture of Human Bone Marrow treated with Human Deoxyribo- 
nucleic Acid, 1055 

Krebs, Sir Hans Quantitative Biology, review, 591 

xr s the Copley Medal of the Royal Society, 606, 905 , work of, 

Kreil, Dr G , and Tuppy, Prof H Amino-Acid Sequence of Horse Heart 
Cytochrome c—Peptides, Terminal and Internal, released by Diges- 
tion with Trypsin, [123 

Kreil, Dr G, and others Amino-Acid Sequence of Horse Heart Cyto- 
chrome c—The Complete Amino-Acid Sequence, [125 

Kresse, J |, and others Natural Occurrence of Leptospira icterohaem- 
orrhagiae in the Eastern Grey Fox and the Eastern Raccoon, 1312 

Krimm, Prof S Structure of Alpha-Keratin, 810 

Krishnamurthy, K, and others Pre-Harvest Prophylaxis for Infestation 
Control tn Stored Food-Grains, 375 

Krishnamurthy, V, and Braganca, Beatriz M — lnactivation of A-Methop- 
terin by the Acetylating Enzyme System from Pigeon Liver, 68 

Krishnan, R M (edited by) Symposium on Pilot Plants in Metallurgical 
Research and Development, held at the National Metallurgica! 
Laboratory, Jamshedpur, [960, review by E W Voice, 1008 

Krishnan, T , and Mullaly, R F  Decimetre Radio Bursts concurrent with 
Solar Type IV Radiation, 58 

Kritchevsky, David, and Defendi, Vittorio Persistence of Stero!s other 
than Cholesterol in Chicken Tissues, 71 

Krivchenkoy, Dr V D (Gol'dman, Dr | lI, and) Problems in Quantum 
Mechanics (edited by Prof B T Geilikman), translated from the 
Russian by E Marquit and E Lepa, authorised revised edition, 
review by S F Edwards 1025 

Krivchenkov, Dr V D, and others Problems tn Quantum Mechanics 
review by S F Edwards, [005 

Kroll, P, and others At the Seventh Biennial Conference of the Inter- 
national Union of Leather Chemists Societies (Tannages of Synthetic 
Polypeptides (used as Model Substarces) with Chrome) 613 

Krupey, J, and others Chlorogenic Acid, an Allergen in Green Coffee 
Bean, 241 

Krypton Experimental Detection of Atto-lonizing Transitions tn, by 
Electron Impact (John F Burns), 651 

Krzalté, Li, afd others Effects of Electrical Stimulation of Reticular For- 
mation on the Lactic Acid Content of the Rat Brain. [166 

ubitschek Dr Herbert E Optical Calibration of some Monodisperse 
Polystyrene Latexes in Arrays, 1148 


Kuck, J A Microchemical Techniques (Contemporary Position of Small- 
scale Methods in the Teaching of Chemistry at the Secondary School 
and Collegiate Levels), 412 

Kuck, J A, and co-workers — Microchemical Techniques (Instrumented 
Combustion Method for Carbon and Hydrogen in which Carbon 
Dioxide is assessed by Infra-red Absorptiometry and Hydrogen by 
Thermal Conductivity), 411 

Kugler, J H (Wilkinson, W J| C, and) Variation in Lvoglycogen ın 
Starved and Normal Guinea Pigs, 466 

Kuhn, G J (Van Wyk, J D N,and) A Novel Electrostatic Machine— 
the Corona Motor, 649 

Kuhn, K At the Seventh Biennial Conference of the International Union 
of Leather Chemists Societies (End-to-end Linkage of Tropocollagen 
Molecules), 613 

Kuhne, Dr Walter G A Mammalian Fauna from the Kimmeridgian of 
Portugal, 274 

Kulangara, Dr A C Autoradiography using Melted Nuclear Emulsion, 437 

Kung! Skogshogskolans Skrifter Nr 35, Kronhjortens Skadegorelse pa 
Granskog (Ake Sjostrom), 30 

Kuperman, Prof Albert S (Okamoto, Michiko, and) Repetitive After- 
discharge produced by Drugs in Nerves treated with Cetyltrimethyl- 
ammonkum Bromide, 365 

Kuriyama, Mitsuo New Ninhydrin-Reactive Substance from Red Algae, 
969 


Kurt, Dr N Awarded a grant of £2,500 from the Paul Instrument Fund, 
for the construction of a nuclear thermometer for use in the m'cro- 
degree Kelvin temperature-range, 708 

Kurylowicz, Prof W (Korzybskt, Prof T, und) Antibiotica, review by 
Dr B K Kelly, 589 

Kuwait Mineral Oil. 1,2-Benzanthracene Derivatives in a (Dr W Carru- 
thers and A G Douglas), 256 

Kuznets, Prof Simon, and others Population Redistribution and Economic 
Growth, United States, [870-1950, review by Prof E Grebenik, 853 

Kwiatkowski, A W Appornted lecturer ingmechanical engineering at 
the University of Birmingham, 406 


LABELLED Thyroxine Difference tn Metabolism of, between Thyro- 
tropic and Adrenotropic Mouse Pituitary Tumours (Dr Sidney C 
Werner, Eugene M Volpert and Raul Grinberg), 1193 

Labelling (Phosphorus-32 Mononucleotide), of the Isolated Rat Diaphragm 
in the Controlled Absence of Extracellular Glucose Effect of 
Insulin on the (P Volfin, D Eboué and H Clauser), 166 

Laboratories (Pharmaceutical and Allied Research) Radioactivity for—a 
Symposium sponsored by Nuclear Scrences and Engineering Corpora- 
tton (edited by Abraham Edelmann), review by Dr Hugh D Evans, 6 

Laboratories (Standards) National Conference of, 1240 

Laboratory Producing Transplantable Human Tissue in the (Dr D 
Petrucci), 21 

Laboratory of the Government Chemist Report for 1960 (Department 
of Scientific and Industrial Research), 122 

Laboratory Guide for Physics (Physical Science Study Committee), review 

R Noakes, 99 

Laboratory High-Temperature Induction Furnaces Design of (P H 
Dundas), [1 

Laboratory Management and Techniques (J A Edwards), review. by E | 
Johnson 854 

Laboratory Rats and Mice Feeding of Bamboo Flowers to (V Mahadevan, 
Dr S S Negi and O N Agarwala), 470 

Labour Organization, international (World Health Organization Regional 
Office for Europe (United Nations), and the) Conference on 
Health Services in Small Factortes, 618 

Laby, R H, and Greenland, Dr D J At the Third Australian Spectro- 
scopy Conference (Implications of the Infra-red Spectra of Molecules 
of Amino-acids, Simple Peptides, Alcohols and Glycols adsorbed by 
Montmorillonite), 927 

Lacey, Dr B W . Appointed to a chair of bacteriology in Westminster 
Medical School, London, 922 

Lachapelle, R, and others Serotonin in the Small Intestine of Con- 
ventional and Germ-free Chicks, 380 

Lack, C H Appointed reader (at the University of London Institute of 
Orthopaedics) tn bacteriology, 802 

Lacourt, A, and Delande, N Microchemical Technigues (Investigation 
of the Identification of some sixteen Amino-Acids by the Hot-stage 
observation of Eutectic Temperatures with twenty-five different 
Components), 411 

Lactic Acid Content of the Rat Brain. Effects of Electrical Stimulation of 
Retrcular Formation on the (Dr Ly Mihailović, Ly Krzalté and 
D Cvetkovic), 1166 

Lactobacilli — Antibiosis among (H C de Klerk and Prof J N Coetzee), 340 

Lactobacillus arabinosus (17-5) Nutritional Requirements for the Induced 
Formation of Malic Enzyme in (Sheila M Bocks), 89 

Lactobacillus plantarum Alteration of Permeability of, caused by Chlore 
promazine (Dr Helene A Nathan), 471 

B-Lactoglobulin (A,B) Sedimertation of, under Dissociating Conditions 
in Acid Solution (Lilo M Gilbert and Dr G A Gilbert), [1181 

Lafferty, John J, and others A New Potent Analgetic Antagonist, 1089 

Lafferty, Dr K J ‚and Oertelis, S J Attachment of Antibody to Influenza 
Virus, 764 

Lagunoff, Dr David, and Benditt, Prof Ear] P Histochemical Examinations 
of Chymotrypsin-like Esterases, [198 

Laidlaw, Dr R A, and Morgan, Dr J W W . Wood Extractives (Chem- 
istry of Wood Extractives—Flavonoids), 512 

Latha, Dr L G The Use of Isotopes in Haematology, review by Dr 1 
Chanarin 903 

Lake Effect of a, on Distribution of Permafrost in the Mackenzie River 
Delta (G H Johnston and R J E Brown) 25 

Laland, Prof S, and others Adenosine Diphosphate in Red Cells as a 
Factor tn the Adhesiveness of Human Blood Platelets, 531 

Lam, D J,andothers a-Manganese Phases containing Technetium-99, 744 

Lamb Prof J| The Study of Fast Reactions (Relaxation in Liquids), 1136 

Lamb, P and others Unstable Flow of Molten Polymers, 223 

Lambert, Dr Joyce The Norfolk Broads, 315 

Lambert, Dr } M Title of reader in botany in the University of South- 
ampton conferred on, 115 


INDEX lv 


Laminar Boundary-Layer Theory 
review bye E J Watson, 842 
Laminaran isolated from Eisenia bicyclis Structural Investigation of a 
(Nobuhiko Handa and Prof Kazutos: Nisizawa), 1078 
Laminarin and Fucotdin (Alginic Acid. Mannitol,), *n the Brown Alga, 
Ecklonia radiata Seasonal Variation in (C M Stewart, H 
Higgins and Sue Austin), 1208 
Lampard, Prof G, and others Probability Distribution Analyser 
programmed for Neurophystological Research, 629 
Lancaster, Dr M C,and others Toxicity associated with certain Samples 
of Groundnuts, 1095 
Land Use in Arid Regions A History of (edited by Prof L Dudley Stamp), 
(Unesco, Arid Zone Research No 17), 1236 
Landau, L D, and Lifshitz, E M Electrodynamics of Continuous Media 
(translated from the Russian by J B Sykes and J S Bell), review by 
Dr B H Chirgwin, 389 
Mechanics (translated from the Russian by J B Sykes and J S Bell), 
review by Dr B H Chirgwin, 389 
Landau, R, and Simon, R W Oxidation Processes in Chemical Manu- 
facture (Production of a variety of Chemicals using Aromatic Hydro- 
carbons from Petroleum or Coal Tar), 1135 
Lane, J A Microwave Measurement Techniques (Comparison of Power 
Measuring Standards at Microwave Frequencies), 409 
Lanehead Field Centre, 404 
Lang, E M, and others Somatic Chromosomes of the Gorilla, 225 
Language Cosmical, review by Prof Lancelot Hogben, 826 
Neurology of (Sir Russell Brain), 20 
Language (Universal), for Computing Machines (Dr A D Booth), 22 
Languages Artificial Computer (British Association for the Advancement 
of Science, Section A* (Mathematics), Symposium on), 22 
Lansbury, T J — Agricultural Problems tn Developing Countries (Priorities 
in Animal Production), 1029 j 
The Better Use of the World's Fauna for Food (Potentialities of Animal 
and particularly Ruguinant Husbandry in West Africa), 1112 
LaCrOs Electron Paramagnetic Resonance and Antiferromagnetism in 
(L Weinberg and P Larssen), 445 
Lapage, Dr G Human Parasites, review, 197 
Parasites of Man review, 488 
Laprnized Rinderpest Virus Transmission of, by Contact between Rabbits 
Dr G R Scott and C S Rampton), 289 
Laporte, Y Muscle Receptors (Primary and Secondary Afferent Endings 
in a Single Spindle could be subjected to Controlled Stimulation of 
the Spindle Motor Nerves and the Responses Compared) 805 
Lapworth, K C Stark Broadening of the Spectrum Line 4603 A of 
Lithium 252 
Lardy, Henry, and others (edited by) The Enzymes, Vol 2, Purine and 
Pyrimidine Nucleotides and Phosphagens, Prosthetic Groups and 
Cofactors (Part A), second edition , Vol 3, Prosthetic Groups and 
Cofactors (Part B), Vol 4, Hydrolytic Cleavage (Part A), second 
edition, review by Dr Edwin C Webb, [109 
Large Arteries of Chick Embryos Dissecting Aneurisms of the, due to 
(Sweet Pea) Lathyrism (Z Zahor and M Machova), 532 
Large-Scale Polymer Column Fractionation (Manfred J R Cantow, Roger 
S Porter and Julran F Johnson), 752 
Larkworthy, L F (Earnshaw, A, and) Structure of the Oxygen-carrying 
Cobalt (I!) Histidine Complex, 1068 
Faroete pe: A Application of Palaeomagnetism to Geological Correlation, 
7 


New Methods in (Dr D Meksyn), 


Larsen, Dr C Syrach At the Thirteenth Congress of the [International 
Union of Forest Research Organizations (Forest Plants), 614 

Larson, H E Microwave Measurement Techniques, 408 

Larson, Philip R Influence of Date of Flushing on Flowertng in Pinus 
banksiana, 82 

Larson, Prof P S, and others Tobacco—Experimental and Clinical 
Studies, a Comprehensive Account of the World Literature, review 
by Kenneth Bloor 848 

Larssen, P (Weinberg, L, and) Electron Paramagnetic Resonance and 
Antiferromagnetism in LaCrOs, 

Larvae ial hs Fluctuations in Hormone Activity in (John D Costlow, 
yun ), 183 

Larval Environment Influence of, on Adult Size and Fecundity in the 
Moth Panaxia dominula L (L M Cook), 282 

Laskowska, Regina Influence of the Age of Pollen and Stigmas on Sex 
Determination in. Hemp, 147 

Lassen, Knut Diurnal Variation of High-Latitude Auroral Frequency on 
Magnetically Quiet and Disturbed Days, 345 

Latarjet, R Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Latexes (Monodisperse Polystyrene), ın Arrays 
some (Dr Herbert E Kubitschek), 1148 

Lathyrism (Sweet Pea) Dissecting Aneurisms of the Large Arteries of 
Chick Embryos due to (Z Zahor and M Machova), 532 

Lathyrogonic Activity in vitro (H Morag McCallum and Dr John Paul), 
27. 


Latin America Cosmic Ray Research in (Dr H Elliot), 121 

Latin-American Council for Cosmic Ray Research Third Latin-American 
Conference and Course on Cosmic Ray Physics, 121 

Latner, Dr A L Elected president of the Association of Clinical Bio- 
chemists, 309 

Lattice (Corundum) Ligand Field for Chromic Ions in the (Dr J Graham 
and Dr D E Scarfe), 161 

Lattice (Crystal) Molecular Disarray in a, produced by a Fisston Fragment 
(Dr F P Bowden and L T Chadderton), 31 

Lattice Mode (A Fundamental and a) A Difference Band of, tn the Infra- 
red Spectra of Lead and other Carbonates (C J H Schutte and 
K Buijs) 351 

Lattice Rotation at Slip Band Intersections (Dr A S Argon and Prof E 
Orowan), 447 

Lattice-like Vibrations tn Associated Liquids and the Origin of Anomalous 
Rayleigh Scattering (J K Wilmshurst), 1061 

Laurence, Dr D J R (Butler, Prof J A V , and) 
lytes), 930 

Laurenson, L, and others 
Titanium Getters, 749 

Lava (Carbonatitic), from Fort Portal Area in Western Uganda (Dr O. von 
Knorring and Dr C, G B du Bois), 1064 


Optical Calibration. of 


Colloids (Polyelectro- 


Evolution of Hydrocarbons from Impure 


2 

Lava Flows (Hawaiian) Palaeomagnetism of (Richard R Doell and*Atilan 
Cox), 645 

Lavoipierre, M M J,and Hamachi, M An Apparatus for Observations on 
the Feeding Mechanism of the Flea, 998 

Law of Outer Space Fourth Colloquium on, 1244 

Lawley, Dr P D Structure, Synthesis and Function of Deoxyribonucleic 
Acid (Induced Changes in DNA), 25 

Lawley, Dr P D, and Brookes, P Acidic Dissociation of 7 9-Dialkyl- 
guanines and its Possible Relation to Mutagenic Properties of Alkylat- 
ing Agents, 108] 

Lawniczak, Maciej, and Raczkowski, Jan 
Strain Recovery in Wood, 583 

Lawrence, Dr A S C Colloids (Work on Soap-Water-Amphupile 
Systems), 930 

Lawrence, G P (Deuchars, Dr W M ,and) The Reaction Silicon-29{n,a)- 
Magnesium-26 at |4 MeV Neutron Energy, 1278 

Lawrence, Dr Thomas R Appointed to the United States National 
Bureau of Standards, as a member of the Metrology Division, 710 

Lawrie, D C, and others  Recrystallization of Lead and Zinc Sulphides, 516 

Lawrie, R A (Briskey, E J, and) Comparative im vitro Activities of 
Phosphorylase b and Cytochrome Oxidase in Preparations from 
Two Ox Muscles, 263 

Laws, Dr John O Types of Cell tn Ascites Tumours, 78 

Laytng Hen Phosphorylsertne as a Constituent of Phosphoproteins from 
Plasma of the (P J Heald), 455 

le Bouvier, G L Awarded a Fellowship in genetics in the University of 
Glasgow, 1132 

Lea, K J At Annual Conference of the Library Association (More Atten- 
tion should be given tothe Educational and Specialtsed Services), 930 

Lead (Metallic), and its Compounds Isolation of Radioactive Bismuth from 
J R W Kerr, Dr D 1 Coomber and Dr D T Lewis), 546 

Lead Azide Kinetics of Reaction of the Decomposition of (Dr M Stamm- 
ler, J E Abel and Dr R C Ling), 626 

Lead Method of Age Determination Uranium in the Sikhote-Almn 
Meteorite and its relation to the (Edward L Fireman and David E 
Fisher), 644 

Lead and other Carbonates A Difference Band of a Fundamental and a 
Lattice Mode in Infra-red Spectra of (C J H Schutteand K Buys) 351 

Lead and Zinc Sulphides Recrystallization of (Dr J C Nixon,J D Hayton, 
D C Lawrie and A E Tynan), 516 

Leadership Education for, 587 

Leadership in a Democracy Excellence and, 899 

Leaf Primordia Determination of Cell Numbers in (Dr E J Hewitt and 
L A Wilson), 578 

Leaf Regeneration Vacuolation and, in Splachnum ampullaceum (L) 
Hedw (Prof Kraft E von Maltzahn)—Formation of Secondary 
Vacuoles in De-differentiating Cells, 55, Effect of Kinetin on 
Attached Leaf Regeneration, 56 

Leaf Vernalization (Prof S J Wellensiek), 1097 

Leaf (Wheat) Enzyme Oxidative Decarboxylation of Indole-3-acetic Acid 
by Mangani-Versene and by (Prof R. A Abramovitch and K S 
Ahmed), 259 

Learning Theory and the Therapy of Neurosis (Ralph Metzner), 405 

Leather Chemists Societies, International Union of Seventh Biennial 
Conference, 612 

Leather Industry Research in the (R G Mitton), 612 

Leather Manufacturers' Research Association (British) 
P S Briggs as chairman of the Council, 1026 

Leaver, J L (Cruft, Dr H J,and) Isolation of Histones (?) from Staphy- 
lococcus aureus, 556 

Leaves of Meteor Peas Gibberellic Acid and Chlorophyll Content of 
(P Bishop and Prof C P Whittingham), 576 

Leaves (Nicotiana glutinosa) Movement of Tobacco Mosaic Virus through 
Epiderm:s of (Dr D G Kontaxis), 58] 

Lebetus (Teleostean Genus) The Species of the (P J Miller), 675 

Lectures on Modern Geometry (Prof Beniamino Segre), review, L Roth,847 

Lederer, Dr E Phospholipids and Sulpholipids, 807 

Lee, Barry O Effect of Kinetin on the Fertility of some Strains of Neuro- 
spora crassa, 288 

Lee, Dr D L Localization of Esterase in the Cuticle of the Nematode 
Ascaris lumbricoides, 282. 

Lee, E H (edited by) Transactions of the Society of Rheology, Vol 5, 
1961, review by Dr G W Scott Blair, 1008 

Lee, Sung Suk, and others Enzymatic Hydrolysis of Biliary Conjugates of 
3,4-Benzpyrene on Filter Paper, 973 

Leek, B F Appointed lecturer in the Department of Veterinary Physio- 
logy, University of Edinburgh, 922 

Lees, g AD  Polymorphism in Insects (Clonal Polymorphism of Aphids), 
413 


Effect of Temperature on the 


Appointment of 


Leg Muscles (Slow- and Fast-contracting), of the Cockroach Lipase 
Activity in the (Prof J C George and N M G Bhakthan), 356 
Leggett, James E , and Stolzy, Lewis H Anaerobiosis and Sodium Accumu- 

lation, 99 

Legume Symbiosis Temperature Characteristics of Bacterial Variation in 
(Dr J S Pate), 637 

Legumes ree in the British Isles 
Pate), 

Lehninger, Prof A L At the Fifth International Congress of Biochemistry 
(Preparation of hitherto unrecognized Components of the Chain of 
Oxidative Phosphorylation and their relation to the Swelling and 
Contraction of Mitochondria), 1115 

Leibundgut, Dr At the Thirteenth Congress of the International Union of 
Forest Research Organizations (Silviculture), 614 

Leivestad, Helge (Eltassen, Dr Einar, and) Sodium and Potassium Content 
in the Muscles of Hibernating Animals, 459 

Lemez, L , and Rychter, Z Number of Re-Circulations of Chick Embryo 
Erythrocytes, 1298 

Lenhert, Dr P Galen, and Hodgkin, Dorothy Crowfoot Structure of the 
5 6-Dimethylbenzimidazolylcobamide Coenzyme, 937 

Lens (Rat) Effect of Insulin on Pathways of Glucose Oxidation in the (Dr. 

Levari, Prof E Wertheimer, Dr E R Berman and Prof W 
Kornblueth), 1075 

Leopold, A C (Janick, Prof Jules, and) A Distinction tween Bolting 
and Flowering Effects on Senescence, 887 

Lepkovsky,Prof S Nutrition and Poultry (Hunger, Appetite and Satiety), 
615, 


Perennial Nodules on (Dr J S 


lvi INDEX 


ea 

Lept8sbira icterohaemorrhagiae in the Eastern Grey Fox and the Eastern 
Raccoon Natural Occurrence of (Dr L G Clark, J ! Kresse, 
R R Marshak and C J Hollister), 1312 

Lesion (Chromosomal), associated with Carcinogen-induced Tumours in 
Mice (June Lee Biedler, Lloyd J Old and Dr Donald A Clarke), 286 

Lesions (Visceral) Autonomic Nervous System and the Occurrence of 
(Hiroshi Itoh, Terzo Kasahara, Kazua Amano, Koh Okamoto and 
Samon Tanabe), 1025 

Lesions (Visual Cortex) Role of Experience in Misreaching produced by 
A Cowey and Dr L Weiskrantz), 1319 

Leslie, Dr 1 Cells in Evolution, review, 4 

At the Sixth Annual Conference of the British Society for the Philo- 

sophy of Science (Genetic Coding and Information Theory), 508 

Lester, Roger, and others  Enterohepatic Circulation of Bilirubin, 372 

Leston, Dennis, and Woodroffe, G E — Increase in Distribution of Deraeo- 
coris olivaceus, 188 

Lethal Doses of Carbon Tetrachloride 
(Dr C H Gallagher), 881 

Lethal Effects of X-Rays Protection by Inorganic Condensed Phosphates 
against the (J H Barnesand J St L Philpot), 574 

Letterpress Printing Productivity in (Department of Scientific and Indus- 
trial Research), 1143 

Lettres de Theodore Schwann (1810-1882), (editees et annotees par Prof 
Marcel Florkin), review by Prof Kenneth J Franklin, 692 

Lettuce Seed Induction of a Light Requirement for the Germination of, by 
Naringentn, and its Removal by Gibberellic Acid (Dr | D J Phillips), 
240 

Leucocyte Migration tn Inflammation (Sir Howard Florey and L H Grant), 
801 


Protection by Antioxidants against 


Leucocyte Separation (Differential) Culture of Human White Cells using 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn), 1214 

Leucocytes (Myeloid) Surface Granulation in (Dr A D McCutcheon), 684 

Leucocytes and Staphylococcus pyogenes Acid Extract (A G Towers), 272 

Leucocytes and Thrombocytes (Human) Specific Antigens of (Nechama 
Gilboa-Garber and Dr A Nelken), 466 

Leuconostoc mesenteroides (8042) Effect of Derivatives of L-Cysteine on 
Growth of (A B K Nyaa), 463 

Leukaemia (Mouse) Transmission of, with Purified Nucleic Acid Prepara- 
trons (Dr Esther F Hays), 230 

Levari, Dr R ‚and others Effect of Insulin on Pathways of Glucose Oxida- 
tion in the Rat Lens, 1075 

Level of Activity in Milk Analysis of the Relationship between Deposition 
of Long-lived Fission Products and (Dr W Anderson, L K Burton 
and J O Crookall), 1009 

Level (Energy-) Model for High-Resistivity Gallium. Arsenide (J Blanc and 
L R Weisberg), [55 

Levene, A L,and others Progress of Cancer Research, 1251 

Lever, Dr J D,and Esterhuizen, Dr A C Fine Structure of the Arterio- 
lar Nerves in the Guinea Pig Pancreas, 566 

Leverhulme Tercentenary Medal of the Royal Society awarded to Sir Cyril 
Hinshelwood, 907 

Levick, Dr W R, and others Probability Distribution Analyser pro- 
grammed for Neurophysiological Research, 629 

Levin, D (Folsome, Prof C E,and) Detecting Reversion in T4rll Bacterro- 
phage to r+ induced by Ultra-Violet Irradiation, 1306 

Levine, Prof Alvin S, and others Ultrastructural Alterations during the 
Crabtree Effect in Rous Sarcoma Cells, 127 

Levinthal C Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Macromolecular Structure of DNA), 24 

Levy, Valerie New Method of Preparing Corynebacterium pyogenes Toxoid 
with High Anti-Haemolysin Titre tn Rabbits, 189 

Lewin, L, and Thompson, G H B Microwave Measurement Techniques 
(Measurements in Microstrip), 409 

Lewis, Arthur B, and others Third Molar Polymorphism and the Timing 
of Tooth Formation, 989 

Lewis, Dr D , and others Determination of the Biological Availability of 
Methionine and Cystine, 753 

Lewis, D B Development of the Polychaete Fabricia sabella (Ehr), 80 

Lewis, Dr D T A Statistical Model for Chemists, review, [02 

Analytical Instrumentation, review, 391 
Analytical Chemistry of the Rare Earths, review, 593 
Advanced Organic Chemistry, review, 835 

Lewis, Dr D T ‚and others Isolation of Radioactive Bismuth from Metallic 
Lead and its Compounds, 546 

Lewis, Dr F A (Barton, J C,and) Hydrogen Overvoltage at Cathodes of 
77 per cent Palladium and 23 per cent Rhodium, 549 

Lewis, Dr G P  Bradykinin, 596 

Lewis, Dr Jack, and others  E:ght-Co-ordinate Diarsine Complexes of 
Quadrivalent Metal Halides, 222 

Li, Dr Choh Hao, and others Complement-fixing Antibodies to Human 
SU AER Hormone and Sheep Interstitial Cell Stimulating Hormone, 

Lt, Per Ching Preparation of Single-Crystal Graphite from Melts, 864 

Libikova, Dr H , and Albrecht, Dr P Reproduction of Tick-borne Ence- 
phalitis Virus in HeLa Cells, 779 

Libraries London, review by R Brightman, 592 

Libraries of London (edited by Raymond Irwin and Ronald Staveley), 
second edition, review by R Brightman, 592 

Library (National Central) — Forty-fifth Annual Report (1960-61), 1023 

Library Association Annual Conference, 930 

Presidential Address (Sir Charles Snow), 930 
Annual Lecture, The Fourth R (Dr Lincoln Ralph), 931 

Bade Printing and Furniture (City and Guilds of London Insti- 
tute), 

Lidwell, Dr O M Philosophical Transactions of the Royal Society, 584 

Lieb, H P E Techniques (History of Microchemical Tech- 
niques), 

Liebscher, K, and others Concentration of Inhaled Cerium-[44 in 
Pulmonary Lymph Nodes of Human Beings, 1308 

Lieth, Dr Helmut (Walter, Prof Heinrich, und) 
Weltatlas, Lref [, review by Prof G Manley, 5 

Life A Symposium on Light and (sponsored by the McCollum-Pratt 
Institute of the Johns Hopkins University with support from the 
National Science Foundation), (edited by William D McElroy and 
Bentley Glass), review by Dr Y S Butt, 296 à 


Klimadragramm- 


Life in the Sea (text by Prof Gosta Jagersten , photography by Lennart 
Nilsson), review by Prof C M Yonge, 392 e 

Life ın the United States Expectation of, 515 

Life and tts Fnvironment in Ancient. Seas (British Association for the 
Advancement of Science, Section C (Geology) and Section D (Zoo- 
logy), Joint Discussion on), 925 

Life-Cycle of an Acanthocephalan Parasite of the Eider Duck (Dr C Rayski 
and E A Garden), 185 

Life-Cycle of an Amoeba — Evidence for a Sexual Phase in the (M R Droop), 
281, erratum, 507 

Life-History and Distribution of Gnetum 
Metcalfe, 1006 

Life Insurance Company (Metropolitan), New York Statistical Bulletin, 
Vol 42, Voting Population at Record High , Recent Variations in 
Pneumonia-Influenza Mortality , Longevity of industrial Policy- 
holders in 1960 , Accident Death Rates Decreases in Most States, 515 

Life-Time Interaction of West Ford Needles with the Earth's Magneto- 
sphere and their (Prof S F Singer), 1051 

Life (Animal) The Soil as an Environment for (British Association for the 
Advancement of Science, Section D (Zoology), Symposium on), 315 

Lifshitz, E M (Landau, L D, and) Electrodynamics of Continuous Media 
(translated from the Russian by J B Sykes and J S Bell), review by 
Dr B H Chirgwin, 389 

Mechanics ‘translated from the Russian by J B Sykes and J S Bell), 

review by Dr B H Chirgwin, 389 

Ligand Field for Chromic lons in the Corundum Lattice (Dr J Graham and 
Dr D E Scarfe), 161 

Light Photometric Standards and the Unit of (J S Preston), (National 

Physical Laboratory, Notes on Applied Scrence No 24), 12 

Light (Colour and Density of), and Broiler Performance (C G Payne), 769 

Light (False Zodiacal) Confirmation of Outer Atmospheric Asymmetry 
postulated to explain the (E R Hope), 742 

Light Reactions (Two), in Photosynthesis Thermal Reaction between 
(Prof C P Whittingham and P M Bisho, 426 

Light Requirement Induction of a, for the Germination of Lettuce Seed 
by Naringenin, and its Removal by Gibberellic Acid (Dr 1 D J 
Phillips), 240 

Light and Atmospheric Photochemical Products (‘Smog’) Interaction of, 
within Plants (O C Taylor, W M Dugger, jun, E A Cardiff and 
E F Darley), 814 

Light and Life A Symposium on (sponsored by the McColfum-Pratt Insti- 
tute of the Johns Hopkins University with support from the National 
Science Foundation), (edited by William D McElroy and Bentley 
Glass), review by Dr V S Butt, 296 

Light and Substrates Response of Chloroplast Cytochromes to (Prof 
H Lundegárdh), 243 

Lighthdl,M J Astronautics, 310 

Prandtl's Collected Papers, review, 841 

Lillegraven, A (Hvinden, T, and)  Caesium-137 and Stronttum-99 in 
Precipitation, Soil and Animals in Norway, 1144 

Lim, K 5 Muscle Receptors (Responses of Muscle Receptors, with small 
Nerve Fibres, which probably subserve Pressure and Pain), 806 

Limitations of the Periodic Acid-Schiff Technique for the Demonstration of 
Stages of Eimeria in Tissues (P L Long, D G Rootes and Dr C 
Horton-Smith), [315 

Lincos—Design of a Language for Cosmic Intercourse (Dr Hans Freuden- 
thal), Part |, review by Prof Lancelot Hogben, 826 

Lindberg, Prof B Wood Extractives (Influence of Extractives on the 
Pulping of Timber), 512 

Lindley, Dr B C Thermionic Generation of Electricity (Progress in the 
United States), 612 

Lindsay, D R, and Robinson, Prof T J 
Testosterone in the Ewe, 761 

Linear Energy Transfer — Radiolysis of Liquid Acetone— Effect of Dose-rate 
and (R Barker), 62 

Linear Trend of *-Region Electron Density with Sunspot Number Atmos- 
dos Scale Height as a Modifying Influence on (Jean M Bullen), 


Structure review by Dr C R 


Cstrus-inducing Activity of 


Linear (Non-} Transmission Lines for Millimetre Wave Generation and 
Reception (Dr D Walsh), 1064 
Lines, ae W W X Astronautics (Problems of Guidance in Astronautics), 


Ling, Dr R C, and others 
Lead Azide, 626 

Lingcod (Ophiodon elongatus) Penetration of Spines from a Marine Diatom 
into the Gill Tissue of (Dr Gordon R Bell), 279 

Linguistics (Chemico-)— Computer Translation of Chemical Nomenclature 
(A Garfield), [92 

Link, F, and Raus, J Multiplication of Mouse-adapted Influenza Virus tn 
Mouse Lungs after Infection with Very Low Doses 478 

Link, M A,and others Products of the y-Radiolysis of Aqueous Cystine 
Solutions, 352 

Link in Stimulus-secretion Coupling | Mechanism of Nicotinic Action at the 
Adrenal Medulla—Calcium as a (Prof V VW Douglas and R P 
Rubin), 1087 

Linked Markers in Bacillus subtilis Comparison of Transduction versus 
Transformation of (Erela Ephrati-Elizur and Maurice S. Fox), 433 

Linnear Society of London International Symposium on the Growth and 
Development of the Lower Archegoniate Plants, 710 

Linnet, J A Appointed lecturer in engineering at the University of 
Edinburgh, 507 

Lion, Dr M B, and others  Electron-Spin Resonance Signals from Lyo- 
philized Bacterial Cells exposed to Oxygen, 34 

Lipase Activity in the Slow- and Fast-contracting Leg Muscles of the Cock- 
roach (Prof J C Georgeand N M G Bhakthan), 356 

PEERS ES J,and others Age of the Basalt Flow at Olduvai, East Africa, 


Lipskiy, Yu N , and others (edited by) Atlas of the Other Side of the 
Moon (translated into English by Leon Ter-Oganian), review by 
Prof Zdenek Kopal, 839 

Lipson, Prof H Modern Physics, review, 854 

Rentgenstrahlinterferenzen review, 854 

Lipson, Prof H Spectroscopic Studies using Time-Resolved Tech- 
niques, 1032 

Liquid Acetone — Radiolysis of—Effect of Dose-rate and Linear Energy 
Transfer (R Barker), 62 


Kinetics of Reaction of the Decomposition of 


INDEX lvii 


Liquid Junction Elimination of the, by using Glass Electrodes (Carl R 
Merril), 1087 

Liquids Diffusion and Heat Flow in (H J V Tyrrell), review by Prof A R 
Ubbelohde, 845 

Ultrabas:ic (Dr H ! Drever, R Johnston and C M Thomas), [57 

Liquids (Associated) — Lattice-like Vibrations in, and the Origin of Anoma- 
lous Rayleigh Scattering (J K Wailmshurst), 1061 

Liquors (Fermentation) Formation of 2,3-Dihydroxybenzoic Acid in, 
during the Submerged Culture Production of Lysergic Acid 
a-Hydroxyethylamide by Claviceps paspali Stevens and Hall (F Arca- 
mone, Prof E B Chain, A Ferretti and P Pennella), 552 

Lisco, Hermann, and others Induction of Tumours in Mice with Tritiated 
Thymidine, 571 

Lisiew'cz, J, and others Antithrombin Activity of Normal and Patho- 
logical Cerebrospinal Fluid, !164 

Lisney,D L (Turner,R J and) Microwave Measurement Techniques, 409 

List of Hydrolases in the Digestive Tract of Vertebrates Chitinase, an 
Addition to the (Dr Charles Jeuntaux), 135 

Lister Institute, London Appointment of Sir Charles Dodds as chairman 
of the Governing Body, [132 

Literature (Antibiotic) Survey of, review by Dr B K Kelly, 589 

Literature (Zoological), for 1958, review by Dr Edward Hindle, 903 

Lithium Stark Broadening of the Spectrum Line 4603 A of (K C Lap- 
worth), 252 

Lithium-doped Nickel Oxide Catalysts Radiation Effects on, in Carbon 
Monoxide Oxidation (T Braun and | Maxtm), 548 

Litman, R Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Littlewood, Dr K , and Monaghan, M T Carbonyl Content of the Vitrain 
Component of Bituminous Coals, [28 

Littman, Dr M L,and Miwatant, Dr T Reversal of Toxicity of 5-Fluoro- 
uracil and 5-Fluorodeoxyuridine for Candida albicans by Pyridoxine 
and Pyridoxamine, 1155 

Ltu, mies ane Thomas,gs W Nature of Sulphate Retention by Acid 

ails, 384 

Lrusternik, L A, and Sobolev, V J Elements of Functional Analysis 
(translated from the Russian by Anthony E Labarre, Jr, Herbert 
Izbicki and H Ward Crowley) review by Dr J C Burkill, 491 

Liver of Rats Effects of the Sulphur Am:ino-Acids on the Vitamin A 
Content tn (Tatsuo Koyanagi and Satoshi Odagiri), 168 

Liver (Normal and Regenerating Rat) Effects of Irradiation on the Incor- 
poration of Amino-Acid into (Dr Nirmal K Sarkar, Dr Anima Devi 
and Dr Louts H Hempelmann), 179 

Liver (Normal Sheep) Metabolism of Propionate by Homogenates of 
R M Smith and W S Osborne-White), 868 

Liver (Pigeon) [nactivation of A-Methopterin by the Acetylating Enzyme 
System from (V Krishnamurthy and Beatriz M Braganca) 6 

Liver (Rat) Xanthine Oxidase Effect of Colchicine on (Dr Ottilia. R 
Affonso, Emilio Mitidieri and Gilberto G Villela), 666 

Liver (Regenerating Rat) Pituitary Effect on Synthesis of Deoxyribo- 
nucleic Acid in, following Whole-body X-lrradiation (the late D M 
sould; K W Floyd, Prof R W Whitehead and J L Sanders), 
130 

Liver Alcohol Dehydrogenase Mechanism of Action of (Prof Hugo 
Theorelf and Dr J S McK nley McKee), 47 , erratum, 710 

Liver eiLenests Auto-[mmunization and (Dr W Mori and Dr T Suzuta), 


Liver Dysfunction in Dogs Tests for (Celia M Hoe), 1045 

Liver Glycogen Disease (Von Gierke's Disease) Blood Glucose-6-Phos- 
phate in Heterozygous Carriers and Patients with (Dr Joseph E 
Sokal, Sylvia Fletssner, Edward J Sarcione and Charles U Lowe), 
265 , (Dr David Yi:-Yung Hsia), 266 

Liver Histomucoid Effect of Riboflavin on (Luiz A Abreu and R Raposo 
Abreu), 261 

Liver Nuclei Substrate Specificity and Inhibition of Nicotinamide Mono- 
nucleotide-Adenylyl Transferase of—Posstble Mechanism of Effect of 
6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton) 946 

Liver Nuclet (Rat) Incorporation of **C-Glycine by Sub-Nuclear Prepara- 
tions from (K R Rees, Hazel F Ross and G F Rowland), !71 

Liver Sulphydryl-Levels in Mice Riboflavin and (Dr G Calcutt, D Doxey 
and Joan Coates), 164 

Liver and Brain (Rat) Effects of 7-Chloro-2-methylamino-5-phenyI-3H- 
[,4-benzodiazepin-4-oxide on Mitochondria from (Bernhard Kaden- 
bach and Prof Walter Luhrs), 174 

Liver and Yeast Systems Particle Involvement in Fatty Acid Synthesis in 
(S Abraham, I L Chaikoff, VV M Bortz, H P Klein and Halına Den), 
1287 

Liverpool College of Technology Admitted to affiliation with the Uni- 
versity of Liverpool, for a period of three years, 406 

Liversidge, Joan The Annual of the British School at Athens, review 85l 

Living Cells Prevention of Freezing Damage to, by Pyridine N-Oxide 
(T Nash), 360 

Living Cornea in vitro Effect of Aldosterone on the (Dr A Donn, Dr 
M G Rosenblatt and Dr N P Christy), 73 

Living Mice (New-born and Adult) Identification of the Chromosome 
Complements of (R G Edwards), 1316 

Lizard (Cornwall) Area Age Determinations of Rocks in the ( A Miller 
and D H Green), 1175 

Lloyd, C J, and others Effects of 2-Diethylaminoethyl 2,2-Diphenylpan- 
tanoate (SKF 525A) on Insecticidal Potency, 1273 

Lloyd-Jacob, Marny A (Csapo, Dr Arpad! and) Effect of Progesterone on 
Pregnancy—Method of Administration and Effect of Progesterone, 


329 

Loads (Random) Fatigue under (Dr A N May), 158 

Lobe (Ventral), of the Rat Prostate A Zinc-requiring Alkaline Phosphatase 
in the (Leonora Hopkinson and J C N Wakeley), 357 

Local Chemical Analysis of Human Tissue A New Method for (Robert C 
Mellors and Kenneth G Carroll), 1090 

Local Trauma in Young Rats Generalized Skeletal Response on, studied by 
means of *5Ca-Metabolism (Dr Jaromir Kolar and Dr Arnošt 
Babicky), 1297 

Localization of Esterase in the Cuticle of the Nematode Ascaris 'umbricoides 

Dr D L Lee), 2822 

Localtzation of Inhibitors of Neural Differentiation in Chick Embryos 

(Dr A K Katoh), 997 


Localization (Histochemical), of Cholesterol A Perchloric Acid-Naphgho- 
quinone Method for the (Dr C W M Adams), 331 
Localization (Histochemical), of Uridine Diphosphoglucose Dehydrogenase 
in Cartilage (Dr Karoly Balogh, iun , and Richard B Cohen), 1199 
Lockyer (Norman) Observatory (Prof G K T Conn), 108 
Retirement of D R Barber as superintendent, |12 
Lockyer, T N, and others Properties of some Copper Complexes—Five- 
Covalent Copper (I!) Complexes containing 1,10-Phenanthrolmne 
and 2,2'.Bipyridyl, 424 
Loeb, Dr ! (Steinbuch, Dr M, and) 
Human Plasma, 1196 
Loeser, C N, and West, S S Scanning Techniques in Biological and 
Medical Microscopy (Scanning Techniques for Cy*o-chemical Studies 
of Transient Processes in Cells), 1030 
Loeve, Prof Michel Probability Theory, second edition, review by D G 
Kendall, 7 
Logan, Sir Douglas Appointed vice-chairman of the Association of Univer- 
sities of che British Commonwealth, 922 
Computer—the Functional Design of Digital Computers (Dr Ivan 
Flores), review by Dr M V Wilkes, 489 
Logic (Elementary), of Science and Mathematics (Dr P H Nidditch), 
review by Prof R L Goodstein, 856 
Logic (Formal) A History of (Dr | M Bochenski), translated and edited 
by lvo Thomas, review by F | G Rawlins, 693 
Logic (Formal), in Retrospect, review by F | G Rawlins, 693 
Lokken, | E, and others — Stanford-Pacific Naval Laboratory Conjugate 
Point Experiment, 319 
me Dr lwo, and Gray, Samuel 
83 
London The Libraries of (edited by Raymond Irwin and Ronald Staveley), 
second edition, review by R Brightman, 592 
London Area Planning of Helicopter Stations in the (Report of the 
Ministry of Aviation Committee on the), 29 
London County Council Annual Report for 1960 of the Scientific Branch, 
Public Health Department, 1024 
London Libraries, review by R Brightman, 592 
London School of Economics and Political Science. Title of professor of 
social statistics in the University of London conferred on C 
Moser, 406 
Appointment of D G MacRae to the chair of sociology, 922 
London School of Hygiene and Tropical Medicine Appointment of Dr 
Gordon Smith as reader in virology, 802 
London and Guildhall Museums, 308 
Loneragan, J F, and others Survival of Rhizobium on Clover Seeds, 526 
Long, A A W , and others New Penticillins Stable towards both Acid 
and Penicillinase, 1183 
Long, P L, and others Limitations of the Periodic Acid—Schiff Technique 
for the Demonstration of Stages of Eimeria in Tissues, 1315 
Long, R, and Ray, S K Inhibition of the Formation of 3,4-Benzpyrene 
during Hydrocarbon Combustion, 353 
Long-acting Sulphonamides — 4-Sulphantlamido-6-Methoxy and 6-Ethoxy 
Pyrimidine (1C 1 Nos 32,525 and 33,536)—Two New (Dr R 
Clarkson and Dr A R Martin), 523 
Long-lived Fission Products and Level of Activity in Milk. Analysis of the 
Relationship between Deposition of (Dr W Anderson, L K Burton 
and J O Crookall), 1009 
Long-Range Radio Communication by Satellite Microwave Dipoles, 109 
Long-Term Demand for Scientific Manpower (Statistics Committee of the 
Advisory Council on Scientific Policy Survey on), 293 
Longhurst, Alan R Trawl Fishing in the Tropical Atlantic—Prelimmary 
Btonomic Data from West African Fisheries, 621 
Longhurst, Alan R (Lowe (McConnell), R H , and) Trawl Fishing in the 
Tropical Atlantic—Catch-rates and Composition, 620 
Longuet-Higgins, Prof H C Electron Spin Resonance, 1034 
Lonsdale, Dame Kathleen — Obituary of Prof Carl Hermann, 604 
Look (A New), in Physics Text-Books, review by G R Noakes, 99 
Lopushinsky, William, and Kramer, Paul J Effect of Water Movement on 
Salt Movement through Tomato Roots, 994 
Lords, House of Debate on Technical and Scientific Man-power and 
Research, !105 
Debate on the Shortage of Medical Men, 1239 
Loss of Fluorescent Particles in Atmospheric Diffusion Experiments by 
Comparison with Radioxenon Tracer (A E J Eggleton and N 
Thompson), 935 
Loughborough College of Technology Appointment of Dr G F Reynolds 
as reader in analytical chemistry, 115 
Loutit, J F, and Russell, R Scott (edited by) The Entry of Fission Products 
into Food Chains, review by Dr Hugh D Evans, 6 
Lovell, Sır Bernard Cosmic Radio Waves review, 691 
Lovell, D, and Prankerd, Dr T A J Effect of Quinones on the Uptake 
of Oxygen by Red Cells, 56I 
Low Doses (Very) Multiplication of Mouse-adapted Influenza Virus in 
Mouse Lungs after Infection with (F Link and J Raus), 478 
Low-Energy Nuclear Physics Accelerators for, 1239 
Low Molecular Weight Peptides Separation of, from Amino-Acids on 
*DEAE-Sephadex' (P R Carnegie), 658 
Low-Stress Fatigue (High- and) Difference between (N E Frost), 446 
Low Temperature Carbonization of Non-caking Coals and Briquetting of 
Coal Fines (Regional Research Laboratory, Hyderabad, Symposium 
on), 406 
Low E a AE Investigation with the Electron Microscope of the 
Sublimation of Ice Crystals at (Prof Tokio Ner), 1177 
Purification of Hydrogen Isotopes by Self-Displacement Chromato- 
graphy at (Dr T R Phillips, D R Owens and A G Hamlin), 1067 
Lowe, Charles U , and others Blood Glucose-6-Phosphate in Heterozygous 
Carriers ard Patients with Liver Glycogen Disease (Von Grerke’s 
Disease), 265 
Lowe (McConnell), R H, and Longhurst, Alan R Traw! Fishing in the 
Tropical Atlantic—Catch-rates and Composition, 620 
Lowe, V P W, and McDougall, E ! Serum £-Globulin Types in Red Deer 
and other Species and their Stability in the Presence of Bacteria, 983 
Lower Archegoniate Plants Growth and Development of the (Linnean 
Society of London International Symposium on), 7 @ 
Lower Plants (Higher and), and their related Uronic Acid Contents 
Cation-Exchange Capacities of Tissues of (A H Knight, W M 
Crooke and R H E Inkson), 142 


isolation of an a2-Globul:n from 


Logic 


Inhibition of Lysozyme by ‘Suramin’, 


vil 
* 


Lowér Siwal:ks, Simla Hills Occurrence of Graywacke in the (D B Sikka, 
Saxena, S B Bhatia and S P Jain), 6 

Lowy, Pecer H , and Keighley, Geoffrey Use of Phenol tn the Isolation of 
Erythropoietic Glycoprotein, 75 

Lubbock, Dr J K = Astronautics (Some Recent Advances in the Theory 
of Control), 3lI 

Luby, Prof E D, and others Orosomucord in Schizophrenia, 370 

Lucken, Dr E A C , Spectroscopic Studies using Time-Resolved Tech- 
niques (Experiments on various Substituted p-Benzosemiquinones 
and Polynuclear Aromatic Quinones) 1034 

Lueker, David C (Crowle, Dr Alfred J, and) | Antigen-Antibody Preci- 
pitation contrasted in Gels of High and Physiological Salt Concen- 
trations, 50 

Lugworm (Male) Spawning Mechanism in the (Dr D | D Howie), 
1100 


Luhrs, Prof Walter (Kadenbach, Bernhard, and) Effects of 7-Chloro-2- 
methylamino-5-phenyl-3H-I,4-benzodiazepin-4-oxide on Mitochon- 
dria from Rat Liver and Brain, 174 

Lukton, Prof A Participation of imidazole in intramolecular Hydrogen 
Bonding, 422 

Lumb, F E Sea Surface Temperature in Coastal Waters of the British 
Isles, 153 

Luminescence (Radio-) in Sodium Chloride and Potassium Chloride (S B 
Hyder and B K Gupta), 60 

Lunar Dust and the Gegenschein (John C Brandt and Paul W Hodge), 957 

Lunar Mass Exact Determination of the, by means of Selenoid Satellites 
(Dr E T Benedikt), 442 

Lunar Volcanoes Megashatter Cone Hypothesis of the Origin of (A J 
Cohen), 346 

Lundegardh, Prof H 
Substrates, 243 

Lungs (Mouse) Multiplication of Mouse-adapted Influenza Virus in, after 
Infection with Very Low Doses (F Link and J Raus), 478 

Lüscher, Dr M Polymorphism in Insects (Social Control of Polymorphism 
in Termites), 413 

At the Fourth Congress of the International Union for the Study of 

Social Insects (Hormonal Regulation of Development in Termites), 
801 

Luteinizing Hormone in Persistent Vaginal CEstrus (Dr G P van Rees and 
Dr J J van der Werff ten Bosch), 876 

Luthin, Prof J N . Method of Measuring Soil Hydraulic Conductivity 
in situ, 383 

Luthra, S P (Walker, Prof G B, and) Microwave Measurement Tech- 
niques (‘Ghost Modes’ for the Determination of Complex Permit- 
tivity), 410 

Luukkainen, Dr Tapani, and Csapo, Dr Arpad! Effect of Progesterone 
on Pregnancy—Effect of a Phospholipid Factor on the Activity of 
Progesterone, 331 

Luzzatr, D Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Luzzati V — Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Macromolecular Structure of DNA), 24 

Lwoff, Dr André, and Lwoff, Marguerite Cyclic Events in the Viral 
Cycle, 477 

Lwoff, Marguerite (Lwoff, Dr Andre, and) 
Cycle, 477 

Lyle, T Keith, and others Re-educative Treatment of Suppression 
Amblyopia (Being an abridged English version of Jean Sedan’s ‘Post 
Cure de l'Amblyope Reeduque’), review by Prof O L Zangwill, 
695 

Lyman, Prof R L, and others 
360 


Response of Chloroplast Cytochromes to Light and 


Cyclic Events in the Viral 


Trypsin Inhibitor in Wholewheat Flour, 


Lymph Nodes (Pulmonary), of Human Beings Concentration of Inhaled 

uncles in (K Liebscher, Dr T Schonfeld and A Schaller), 
08 

Lymphoma Cells (Mouse), with Different Radiosensitivities (Dr P Alex- 
ander and Z B Mikulski), 572 

Lynch, ] G = Awarded a Fellowship in nuclear physics in the University 
of Glasgow, [132 

Lynen, Prof At the Fifth International Congress of Biochemistry (Role 
of the (+)-Biotin as a Coenzyme of Carbon Dioxide Fixation and 
Transcarboxylation), 1115 

Lyoglycogen in Starved and Normal Guinea Pegs Variation in (W J C 
Wilkinson and J H Kugler), 466 

Lyon, Richard K Effect of Strong Electrical Fields on the Borling Points 
of some Alcohols, 1285 

Lyons, Dr L E (Batley, M,and) At the Third Australian Spectroscopy 
Conference (Refinements in the Quantitative Prediction of the 
Crystal Spectrum of Phthalocyanine), 928 

Lyons, Dr L E (Mackie, J C, and) Atthe Third Australian Spectroscopy 
Conference (Theoretical Methods which enable the Accurate Cal- 
culation of the lonization Potential of a Molecular Crystal from a 
knowledge of the lonization Potential of the Free Molecule, its 
Polarizability and the Crystal Structure), 927 

Lyons, Dr L E,and others At the Third Australian Spectroscopy Con- 
ference (Electron-Spin Resonance Spectra of some Charge-transfer 
Complexes between Chloranil and Aluminium Oxide, Hexamethyl 
Benzene and Tetracyanoethylene, Dibenzacridine and Tetracyano- 
ethylene or Chloranil), 929 

Lyophilized Bacterial Cells exposed to Oxygen  Electron-Spin Resonance 
Signals from (Dr M B Lion, Dr J S Kirby-Smith and Dr M L 
Randolph), 34 

Lysergic Acid a-Hydroxyethylamide Formation of 2,3-Dihydroxybenzoic 
Acid in Fermentation Liquors during the Submerged Culture 
Production of, by Claviceps paspali Stevens and Hall (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella), 552 

Lysis of some Marine Bacteria Solute Requirements for preventing (Prof 
Robert A MacLeod and Tibor Matula), [209 

Lysis of Staphylococcus aureus (Type 81) Effect of Phagocytosis on the, by 
Bacteriophage (Dr J M McKenna and R P Sanderson), 570 

Lysozyme T eon of, by 'Suramin' (Dr Iwo Lominski and Samuel 

ray), 

Lysozyme from Human Milk (Dr Pierre Jolles and Jacqueline Jolles), [187 

Lysozyme and a Phospholipid of Neoplastic Tissue (Oncolipin) Interaction 
between (R Ferrari and S Matracia), 1187 

Mast Cell (Dr | Mota), [20] 


Lytic Antibodies 


INDEX 


` 


M., TS  Microchemical Techniques (Contemporary Bosition of Small- 
scale Methods ın the Teaching of Chemistry at the Secondary School 
and Collegiate Levels), 412 

Ma, T S, and Gutterson, M Microchemical Techniques (Gas Chromato- 
graphy in the Determination of several Organic Functional Groups), 
412 


Maass, Dr Otto Obituary by Prof J H Mennie, [6 

Mcadam, Dr W Aetiology of Alcoholism—Controlled Observations, 
review, 848 

Macaque Sibship Multiple Haemoglobins and Transferrins in a (Prof J. 
Buettner-Janusch, J, B Twichell, Bere Yuan-Shu Wong and Gertruda 
Van Wagenen), 948 

McBurney, Dr C B M Absolute Age of Pleistocene and Holocene 
Deposits in the Haua Fteah, 685 

McBurney, R E At the twenty-seventh Conference of the International 
Federation for Documentation (Work of the Canadian Technical 
Information Service of the National Research Council), 219 

Maccabaeans, Society of Meldola Medal for 1961, 309 

McCallum, H Morag, and Paul, Dr John  Lathyrogenic Activity in vitro, 273 

McCapra, Jean (Morrison, Dr Robert B, and) Flagellar Changes in 
Escherichia coli induced by Temperature of the Environment, 774 

McComb, A J ‘Bound’ Gibberellin tn Mature Runner Bean Seeds, 575 

MacConaill, Prof M A — Staining Properties of Stressed Bone, 368 


McCord, Joan (McCord, William, and , with Jon Gudeman) Origins of 
Alcoholism, review by Dr W McAdam, 848 
McCord, William, and McCord, Joan (with Jon Gudeman) Origins of 


Alcoholism, review by Dr W McAdam, 848 

McCorkindale, N J Appointed to a lectureship in chemistry in the 
University of Glasgow, 1132 

McCoy, E F,and Ross, Dr | G At the Third Australian Spectroscopy 
Conference (Change of Shape in Electronic Transitions of Polycyclic 
Aromatic Hydrocarbons), 927 

McCracken C W , and others Direct Mea@irement of Interplanetary 
Dust Particles in the Vicinity of Earth, 441 

McCree, Dr K J Quantitative Biology, 25 

McCrindle, Robert Awarded a Fellowship in organic chemistry in the 
University of Glasgow, 1132 

McCutcheon, Dr A D Surface Granulation in Myelotd Leucocytes, 684 

McDermott, E E, and Pace, J Modification of the Properties of Flour 
Protein by Thiolated Gelatin, 657 

Macdonald, Prof A, and Bell, T M 
Dermatitis Virus 1n Human Tissue Cultures, 91 

Macdonald, A G, and Gawargious, Y Microchemical Techniques 
(Comparative Study of various High Catalytic Fillings in the Com- 
buston Analysts for Carbon and Hydrogen), 411 

Macdonald, | Ambient Temperature and Depot Fat lodine Number fa 
Children, 363 

McDougall, E | (Lowe, V P W,and) Serum f-Globulin Types in Red 
Deer and other Species and their Stability in the Presence of 
Bacteria, 983 

Macek, K (herausgegeben von ] M Hais und) Handbuch der Papier- 
chromatographie, Band 2, Bibliographie und Anwendungen, review 
by Dr R Consden, 1223 

McElroy, William D , and Glass, Bentley (edited by) A Symposium on 
Light and Life (sponsored by the McCollum-Pratt Institute of the 
Johns Hopkins University with support from the National Science 
Foundation), review by Dr V S Butt, 296 

McEvoy-Bowe, Dr E . Hydrolysis of Hippuric Acid in Electrolytic De- 
salters, [072 

McEwen, ! Groundnut Variety, Mani pintar, 92 

Macfadyen Dr A The Soil as an Environment for Animal Life (The Soil 
Fauna and i*s Contribution to Fertility), 316 

Macfarlane, Dr G Appointed director of the Royal Radar Establish- 
ment, I8 , work of, 18 

McFarlane, J A (Cook, Dr C L,and) At the Third Australian Spectro- 
scopy Conference (Spectral Characteristics of the Emission from an 
Ammonia/Bromine Pentafluoride Diffusion Flame), 928 

Macfarlane, Dr M Phospholipids and Sulpholitptds, 807 

Macfarlane, Dr W A Obituary by Dr C C Hall, 503 

Macfarlane, Dr VY V, and others Hormones and Electrolyte Excretion 
in Sheep, 1084 

McGaughey C Excretion of Uncrystallized Urinary Calcul: composed of 
Glycolipo-Protein by Normal and Muscular Dystrophic Mice 1267 

McGeer, Prof E G,and others Inhibitory Properties of the Catechol- 
amines, 563 

McGeer P L, and others 
563 


Growth of Contagious Pustular 


Inhibitory Properties of the Catecholamines, 


McGonagle, Moira P, and others — Venturicidin, a New Antifungal Anti- 
biotic of Potential Use in Agriculture 952 

McGregor, Dr | A, and others Gamma-Globulin and Acquired Immunity 
to Human Malaria, 733 

Mach Tables for Real Gas Equilibrium Flow of Arr in Hypervelocity Test 
Facilities with Total Temperatures to [0,000? K (K L Gorn) 308 

Mach’s Principle Dirac's Cosmology and (Prof R H Dicke), 440, (Prof 
P A M Dirac), 441 

Machine A Novel Electrostatrc—the Corona Motor (J D N Van Wyk 
and G J Kuhn), 649 

Machines Teaching (British Association for the Advancement of Science, 
Section J (Psychology), Symposium on) [05 

Machines (Computing) Universal Language for (Dr A D Booth’), 22 

Machova M {Zahor, Z,and) Dissecting Aneurisms of the Large Arteries 
of Chick Embryos due to (Sweet Pea) Lathyrism, 532 

Mcintosh, Dr A B, and Heal, T J (edited by) Materials for Nuclear 
Engineers, review, 392 

McIntosh Dr D S (Elworthy, Dr P H, and) 
lipids (Light Scattering of Lecithin), 808 

McIntyre, Prof A K (read by) Muscle Receptors (Central Connections 
of Muscle Afferent Fibres), (paper by Sir John Eccles), 805 

Mackay, Prof D M At the Sixth Annual Conference of the British 
Society for the Philosophy of Science (Learning Machines), 508 

Visual Effects of Non-Redundant Stimulation. 739 
Melee Pouglas W . Catalytic Decomposition of Ethylene on Nickel, 


McKee, Dr J S McKinley (Theorell, Prof Hugo, and) Mechanism of 
Action of Liver Alcohol Dehydrogenase, 47 , erratum, 710 


Phospholipids and Sulpho- 


INDEX 


McKenna, Dr J M, and Sanderson, R P Effect of Phagocytosis on the 
Lysis of Staphylococcus aureus (Type 8l) by Bacteriophage, 570 

McKennell, Dr R Rotation Viscometers and their Application to Non- 
Newtonian Measurements, 308 

McKenzie-Taylor, Dr E — Obituary by H H N'cholson, 706 

Mackenzie River Delta Effect of a Lake on Distribution of Permafrost In 
the (G H Johnston and R J E Brown) 25 

McKie, Prof D Chemistry in the Service of Medicine, 1600-1800, 1017 

Mackie, J C, and Lyons, Dr L E Ac the Third Australian Spectroscopy 
Conference (Theoretical Methods which enable the Accurate Cal- 
culation of the lonization. Potential of a Molecular Crystal from a 
knowledge of the fonization Potential of the Free Molecule, its 
Polarizability and the Crystal Structure), 927 

Mackie, Prof J L At the Sixth Annual Conference of the British Society 
ne Philosophy of Science (Philosophical Aspects of Cosmology), 

Macku, G, and others — Systemat'c Measurement of Fall-out in Czecho- 
slovakia up to 1961, 398 

nicer D Spectroscopic Studies using Time-Resolved Techniques, 


McLaren, Prof A D , and Peterson, G H 
for the Size of Protein Molecules, 960 

McLaren, Dr D S, and Read, W W C An Unusual Major Fatty Acid 
Component in Human Depot Fat, 265 

McLauchlan, K A and others Structures and Conformat ons of some 
Naturally Occurring Derivatives of Proline, 1150 

erenn, H , and others Inhibitory Properties of the Catecholamines, 


MacLeod, Prof Robert A, and Matula, Tibor Solute Requirements for 
Preventing Lysis of some Marine Bacteria, 1209 
McManus, W R Mixed Saliva from Sheep, lI61 
McMichael (Leslie) Premium of the British Institution of Radio Engineers 
awarded to C H Dix and W E Wilshaw, 609 
MacNalty, Sir Arthur Salus@urv (edited by} The British Medica! Dictron- 
ary, review by Dr K M Hawkins, 849 
McNaught, K J,and others Effect of Copper Deficiency in White Clover 
on Nitrogen Fixation. 1315 
McNeill, Dr D B Gerrard, Dr H G ,and) 
Physics, review by D H Trevena, 491 
McNeill Dr | C Polymer Chemistry, review, 490 
Polymer Chemistry, review, 591 
eae Paice to a lectureship in chemistry tn the University of Glasgow, 


McNeil, J J At the Third Australian Spectroscopy Conference (Design 
of an Inexpensive General-purpose Monochromator for use above 
2000 À ), 928 
McQuillan, Dr Mary T , and others 
Thyroid Enzymes 333 
MacRae, D G Appointed to the chair of sociology in the London School 
of Economics and Political Science 922 
McRae, Dr E G At the Third Australian Spectroscopy Conference 
(Theoretical Relationship. between Fluorescence and Vibrational 
Structure and Davydov Splitting in Molecular Crystals), 927 
Macrae, Dr T F Chemistry in the Service of Medicine (Chemistry and 
Nutrition), 1018 
Macromolecular Synthesis — Cytodifferentiation and (Society for the Study 
of Development and Growth Symposium on), 802 
Macromolecules A Cell for Rapidly Measuring Restriction to Diffusion 
of, through Agar Gels of various Pore Sizes (G K Ackers and 
R L Steere), 436 
McWilliams, J A (Watt, D A, and) Thermion c Generation of Elec- 
tricity (Two Engineering Design Studies of Experimental In-pile 
Thermtonic Generators), 612 
Madden,Dr R P Appointed to the Atomic Physics Division of the United 
States National Bureau of Standards, 507 
Madel, Dr W At the First British Insecticide and Fungicide Conference 
(Soi Sterilants), 1141 
Madow, William G , and others (edited by) Contributions to Probability 
and Statistics—Essays in Honor of Harold Hotelling, review by Dr. 
D E Barton, 846 
Maehlv, Dr A C . Haemin-Protein Binding in Peroxidase and Methaemal- 
bumin, 630 
Mager, Dr J, and others Cytotoxic Effect of Aminoacetonitrile on Fibro- 
blast Cultures and its Prevention by Histidine, 170 
Magnestte—Dolomite Sediments in South Australia Occurrence of (Prof 
Alderman and C C von der Borch), 861 
MgCl _ Rotational Analysis of the A21[-X?2* System of (E Morgan and 
Dr R F Barrow), [182 
Magnesium Oxide ('Active') Production of, by Heating in Vacuum (R 
Valverde and J P Saenz), 653 
Magnetic Fields Advances in the Generation and Use of Very High, 
Continuous (Dr Henry H Kolm), 299 
A New Application of the Faraday Magneto-Optical Effect for Diagnostic 
Measurements of Transient {R D Medford, W H W Fletcher, 
J D Herbert and A L T Powell), 622 
Magnetic Resonance Spectroscopy (Nuclear), of Proteins—The Hydrogen 
Senne of Water in Bovine Serum Albumin Solutions (F A Bovey), 
24 
Magnetic and Electric Resonance and Relaxation (Netherlands Physical 
Society and the Groupement Ampere International Conference on), 213 
Magnetically Quiet and Disturbed Days Diurnal Variation. of High- 
Altitude Auroral Frequency on (Knut Lassen), 345 
Magnetization (Differential Secondary), in some British Cambrian Rocks 
(D E T Bidgood), 39 
Magnetization Variation (Spin), in a Two-level Maser Oscillator Detection 
of (| M Firth and Dr D Bil), 860 
Magneto-Optical Effect (Faraday! A New Application of the, for Diag- 
nostic Measurements of Transient Magnetic Fields (R D Medtord, 
W H W Fletcher, | D Herbert and A L T Powell), 622 
Magnetosphere (Earths) Interaction of West Ford Needles with (Prof 
Singer), 303 
Interaction of West Ford Needles with the, and their Life-time (Prof 
S F Singer), 106! 
Magnusson, Dr E A,and Shull, Dr H At the Third Australian Spectro- 
scopy Conference (Barrier to Internal Rotation about a Single 
Bond), 928 


Montmorillonite as a Caliper 


Theoretical and Experimental 


Proteolysis of Thyroglobulin by 


lix 

e 

Mahadevan, V, and others Feeding of Bamboo Flowers to Laboratory 
Rats and Mice, 470 

Mahé (Island of), in the Seychelles Archtpelago Potassium-Argon Age 

List erm rations on Granite from the (J A Miller and J D Mudie), 


Maheshwari, P , and Vasil, Vimla Gnetum, review by Dr C R Metcalfe 1006 
Mahta, D N, and others Cotton tn India, Vol 3, review by Prof S C. 
Harland 200 
Mair, } W —. Appointed Research Fellow in the Department of Materials, 
College of Aeronautics Cranfield, 404 
Maitland, B J G Observations and Experiments in Natural History, 
review, 851 
Maize Plants infected by Maize Rough Dwarf Virus Accumulation of 
Asparagine tn and its Significance tn Plant Virology (Dr | Harpaz 
and S W Applebaum), 780 
Maize Rough Dwarf Virus Accumulation of Asparagine in Marze Plants 
infected bv, and tts Significance tn Plant Virology (Dr 1 Harpaz 
and S W Applebaum), 780 
Majer, Dr J R,and Patrick, Dr C R 
methylene Radical, 866 
Major Fatty Acid Component (An Unusual), in Human Depot Fat (Dr DS 
McLaren and W W C Read) 265 
Major Ideas in the Physical Sciences from the Earliest Times to the Present 
The Search for Order—the Development of the (Cecil J Schneer), 
review by Prof Herbert Dingle 901 
Majumdar, Dr R C History of Sciences tn Ancient and Medieval India 
(Social and International Relations in the Development of Science), 27 
Majumder, S K, and others — Pre-Harvest Prophylaxis for Infestation 
Control in Stored Food-Grains, 375 
Makino, Prof Katashi (Matsuda, Makoto, and)  p-Penrcillamine as an 
Antidote to 8-Hydroxyquinoline and Alloxan, 261 
Malaria (Human) | Gamma-Gíobulin and Acquired !mmunity to (Dr S 
Cohen, Dr | A McGregor and S Carrington), 733 
Malathion in Rats Second-Generation Toxicity of (Prof W Kalow and 
A Marton), 464 
Malawista, Ina, and Davidson, Prof E A 
Rhamnose from Rabbit Skin, 87] 
Malayan Nature Society Special issue of the Malayan Nature Journal, 
Nature Conservation in Western Malaysia (edited by J Wyatt- 
Smith and P B. Wycherley), 801 
Malaysia (Western) Nature Conservation in (edited by J Wyatr-Smith 
and P B Wycherley), 801 
Malcolm, Group-Capt J E Oscillatory Flow in an Air-filled Elastic 
System, 875 
Male Lugworm Spawning Mechanism in the (Dr D | D Howie), 1100 
Male Rat Growth Hormone Activity of the Anterior Pituitary Lobe of 
the, at various Ages (R H Bowman), 976 
Males (Radioactive) Inhibited Oviposition of Females of Gryllus assimilis 
(F 5, induced by, using 1-Methronine-Methyl-*C (Dr A A Abdel. 
Malek and D K McE Kevan) 681 
Malic Enzyme tn Lactobacilius arabinosus (17-5) ^ Nutritional Requirements 
for the Induced Formation of (Sheila M Bocks), 89 
Malignant Tumours Apparent Induction of, by Organ-Specif c Antiserum 
(Prof H N Green), I201 
Maling, Dr D_H, and others The Falkland Islands, review by Dr R J 
Adie, 853 
Malssa, H , and Pell, E Microchemical Techniques (Complete Automation 
of the Micro-determination of Carbon, Hydrogen and Sulphur), 411 
Maloney,J E — Atthe Third Australian Spectroscopy Conference (Problems 
of Instrumentation in the Development of the full Potentials of X-ray 
Fluorescence Spectroscopy as an Analytical Tool), 928 
Mammalian Fauna from the Kimmeridgian of Portugal (Dr Walter G 
Kuhne), 274 
Mammary Carcinoma Cells (Mouse) | Nucleolar Succinic Dehydrogenase in 
(P De, R Chatterjee and Dr S Mitra), 285 
Mammary Gland Permeability of the, to Sodium-24, Potassium-42, 
Chlorine-36 and lodine-I[31 (P -G Knutsson), 977 
Mamm:, Dr M, and others Crystal Structure of 2,5-Dimethyl-Dithio- 
Furophthene, a Homologue of Thio-Thtophthene 1282 
Man Animal Parasites in (Dr N H Swellengrebel and M M Sterman), 
review by Dr G Lapage, 197 
Introduction to Parasitology, with special reference to the Parasites of 
(the Jate Prof Asa C Chandler and Prof Clark P Read), tenth 
edition, review by Dr G Lapage, 488 
Parasites of, review by Dr G Lapage, 488 
Quantitative Sub-Groups of the B Antigen in, and their Occurrence tn 
Three Racial Groups (Mary B Gibbs, Colonel Joseph H Akeroyd and 
Julia J Zapf), 1196 
The Systematics of (Dr B G Campbell}, 710 
Man (Early) Possible Origin of the Use of Fire by (D C Arnold), 1318 
Man-power (Scientific), in Britain 293 
Man-power (Scientific) The Long-Term Demand for (Statistics Committee 
of the Advisory Council on Scientific Manpower Survey on), 293 
Man-power (Technical and Scientific), in Britain, 1105 
Management, British Institute of (South London Branch) 
the Preparation and Use of Case Studies 21 
Management (Personnel), Institute of Personnel Management Salartes— 
Report of a Survev undertaken in February-March 1961, 506 
Annual Report for [960-61 [024 
Management (Personnel) Salaries—Report of a Survey undertaken in 
February-March 1961 ('nstitute of Personnel Management) 506 
Management and Techniques Laboratory (J A Edwards), review by E 1 
Johnson, 854 
Manchester College of Science and Technology Summer School in Analyte 
cal Chemistrv (organized by the Royal Institute of Chemistry), 608 
Course of Lectures in *he Department of Municipal Engineering on 
Problems of Radioactivity at Water and Sewage Works, 609 
Annual Report for 1960-6! 922 
Mandel, Prof P,andothers Distribution of Ribonucleic Acid tn Subcellular 
Fractions of various Regions of the Central Nervous System of the 
Rat, 456 
a-Manganese Phases containing Technetium-99 (D J Lam, J B Darby, wn, 
J Downey and L J Morton), 744 
Mangani-Versene and by Wheat Leaf Enzyme Oxidative Decarboxylation 
of Indole-3-acetic Ac'd by (Prof R A Abramovitch and K S Ahmed), 
259 n 


Heat of Formation of the Difluoro- 


Isolation and Identification of 


Conference on 


Ix INDEX 


Q 

Marold H K, and co-workers Mıcrochemical Techniques (Thin-layer 
Chromatography acts as a valuable Analytical and Preparative Tool in 
Lipid Chemistry), 412 

Mani pintar Groundnut Variety (J. McEwen), 92 

Mankind Quarterly, Vol 1, No 4, and Vol 2, No [, 20 

Manley, Prof G Effects of Climate on Vegetation, review, 5 

Manley, Dr G H Appointed by the Zoclogical Society of London to a 
Research Fellowship (at St Mary's Hospital Medical School) on the 
reproductive behaviour of the lower primates, 211 

Manly, T D — Oxidation Processes in Chemical Manufacture (Industrially 
Important Chemical Processes using rlydrogen Peroxide), 1135 

Mann, H (Schmid, O J, and) Action of a Detergent (Dodecylbenzene- 
sulphonate) on the Gills of the Trout, 675 

Mann, Henry B , and others (edited by) Contributions to Probability and 
Statistics—Essays in Honor of Harold Hotelling, review by Dr D E 
Barton, 846 

Mannella, G G Formation of Active Nitrogen using Sources of Alternating 
Current and Direct Current, 159 

Manner of Expressing Rate of Ribonucleic Acid Biosynthesis (D G Fraenkel 
and F C Neidhardt), 677 

Mannitol, Laminarin and Fucoidin. (Alginic Acid,), in the Brown Alga, 
Ecklonia radiata Seasonal Variation in (C M Stewart, H G Higgins 
and Sue Austin), 1208 

Mannosyl p-Glucosamtne Hydrochloride Isomers—6-O-Mannosyl p-Glucos- 
amine Hydrochloride (Dr S A Barker, Dr K Murray, Prof M 
Stacey and Dr D B E Stroud), (143, July 8, [961), erratum, 710 

Mansberg, H P (Tolles, W E, and) Scanning Techniques in Biological 
and Medical Microscopy (The 'Cytoanalyser for the Mass Screening 
of Cervical and Vaginal Smears, to aid in the Early Diagnosis of 
Cancer), 1031 

Manten, A, and Wisse M J  Antagonism between Antibacterial Drugs, 
671 


Manufacture (Chemical) Oxidation Processes in (Society of Chemical 
[Industry Symposium on), !134 

Manufacture (Electrolytic), of Chemicals from Salt (Dr D W F Hardie), 
review by Dr M J Newlands, 902 

Manufacturers (British), of Agricultural Chemicals, Association. of 
British Insecticide and Fungicide Conference, 406, 1140 

Marasas,L W . Formation of Histamine and Histamine-like Substances from 
Histidines by Quartz Dust, 872 

Marble (Syenite-) Contact Formation of Pegmatitic Carbonatite in a 

D Schuiling), 1280 

Mardell, R, and others Distribution of Ribonucleic Actd in Subcellular 
erections of various Regions of the Central Nervous System of the 
Rat, 456 

Maresh, C, and co-workers Microchemical Techniques (Combustion 
Analysis for Carbon, Hydrogen and Sulphur), 4 

Margoliash, Dr E, and Smith, Prof Emil L Amino-Acid Sequence of 
Horse Heart Cytochrome c—Peptides released by Digestion with 
Chymotrypsin, 1121 

Margoliash, Dr E, and others  Amino-Acid Sequence of Horse Heart 
Cytochrome c—The Complete Amino-Acid Sequence, 1125 

Marine Bacterta Solute Requirements for Preventing Lysis of some (Prof 
Robert A MacLeod and Tibor Matula), 1209 

Spheroplasts of, Induced by the Action of Penicillin (J R Boring and 

Prof D Pratt), 773 

Marine Diatom Penetration of Spines from a, into the Gill Tissue of 
Lingcod (Ophiodon elongatus), (Dr Gordon R Bell), 279 

Marine Engineering (Denny Scholarship in, 1961) awarded by the Royal 
Institution of Naval Architects to David K Brown, 309 

Marine Engineering (Parsons Scholarship in, 1961) awarded by the Royal 
Institution of Naval Architects to Alan B. Turner, 309 

Marine Invertebrates Changes in Adenine Nucleotides in the Muscles of 
some (Ken-ichi Arai and Tsuneyuki Saito), 451 

Marine Organisms Ol! Pollution of (Dr M George), 1209 

Marine Populations in Icelandic Waters Fluctuations in (G Bodvarsson and 

Jonsson), 768 

Markers (Linked), in Bacillus subtilis Comparison of Transduction versus 
Transformation of (Erela Ephrati-Elizur and Maurice S. Fox), 433 

gius TIDS Common), and the United Kingdom (Westminster Bank, Ltd ) 


First 


FREUE R Promoted to Deputy Chief Scientific Officer, 215, work 


Of, 

Markley, K S (edited by) Fatty Acids, Part 1, second edition, review by 
Dr Geoffrey Eglinton, 199 

Marks J (Bradley, Dr J E S, and) 
Effect, 1176 

Marmet, Dr P At the Third Australian Spectroscopy Conference (Pro- 
ducing Mono-energetic Electrons in a Mass-Spectrometer), 927 

Marmur, J Structure, Synthesis and Function of Deoxyribonuclere Acid 
(Chemical Sequence and Heterogeneity), 24 

Marrow (Homologous Bone), or Spleen Cells Transfer of Immediate 
OP pue) Hypersensitivity by (Dr V Stankovicand S. Viahovic), 


Method of Measuring the Mossbauer 


Marrow (Human Bone), treated with Humen Deoxyribonucletc Acid. For- 
mation of Different Haemoglobins in Tissue Culture of (Prof Lorraine 
M Kraus), 1055 

Marrow Stem and Thousand-headed Kale 
L G G Warne), 579 

Marrow (Bone-) Cells from the Cadaver 

B Porteous), 569 

Marsden, Sir Ernest At the Rutherford Jubilee International Conference 
on Nuclear Physics, 794 

Marshak, R R, and others Natural Occurrence of Leptospira ictero- 
haemorrhagiae in the Eastern Grey Fox and the Eastern Raccoon, [312 

Marshes (Salt), and Salt Deserts of the World (Prof V J Chapman), review 
by Prof W T Williams, 833 

Marson, F (Rischbieth,J R,and} À Coating with Antifouling Properties 
from the Reaction between Cuprous Oxide and Sodium Silicate, 748 

Maret Appointed lecturer in physics at the University of Birmingham, 


Martin, Dr E Gravitational and Electrostatic Forces, 59 

Martin, A J * Metallurgy of Beryllium, 1138 

Martin, Dr A R (Clarkson, Dr R,and) 4-Sulphanilamido-6-Methoxy and 
6-Ethoxy Pyrimidine (ICI Nos 32,525 and 33,536)—T wo New 
Long-acting Sulphonamides, 523 


Potential Productivity of (Dr 


Persistence of Motility in (Dr 


Martin A T At the Third Australian Spectroscopy Conference (Reflect- 
ance of Opaque Materials as a function of Pigment Cgncentration), 928 

Martin, Dr Hubert At the First British Insecticide and Fungicide Confer- 
ence (Effects of Chlorinated Hydrocarbons and other Chemicals on 
the Ecology of the Soil Fauna and Flora), 1140 

Martin, J C Promoted to Senior Principal Scientific Officer, 215 , work 
of, 215 

Martin, L H and others 
Point Experiment, 319 

Marton A (Kalow, Prof VV, and) 
Malathion tn Rats, 464 

Marvel, Prof Carl S An Introduction to the Organic Chemistry of High 
Polymers, review by Dr I C McNeill, 591 

Maser Oscillator (Two-level) Detection of Spin Magnetization Variation 
ina (I M Firth and Or D Byl), 860 

Maser Theory, review by Dr J H Sanders, 202 

Elements of (Arthur A Vuylsteke), review by Dr J H Sanders, 202 

Masers (Optical) Interstellar and Interplanetary Communication by (Dr 
Peter van de Kamp), 348, (Dr Charles H Townes and Dr Robert 
N Schwartz), 348 

Masers (Optical Ruby) Mode Characteristics and Coherence in (Dr 
I D Abella and Dr C H Townes), 957 

Maslen, Dr E N,and others X-Ray and Neutron Diffraction Examination 
of p-Diphenylbenzene, 154 

Mason, Dr R (Chalvet, Dr O, and) Carcinogenicity of the Methyl-1,2- 
Benzanthracenes and their Derivatives, 1070 

Mason, S N,and others Products of the y-Radiolysis of Aqueous Cystine 
Solutions, 352 

Mass (Lunar) Exact Determination of the, by means of Selenoid Satellites 

Dr E T Benedikt), 442 

Mass Thickness of Biological Samples 
Micrographs (M L De), 546 

Massachusetts Institute of Technology Given a High-speed Digital Com- 
puter (a Programmed Data Processori by the Digital Equipment 
Corporation, Maynard, Mass , 922 

Massey Sir Harrie, and Potter, Dr A E Atmospheric Photochemistry, 2.13 

Massive Accumulation of a Derivative of Cytidine Diphosphate in the 
Presence of Penicillin Acid-soluble Nucleotides of Staphylococcus 
aureus— (Dr J J Saukkonen), 816 

Mast Cell Lytic Antibodies (Dr ] Mota), 1201 

Mast Cell Turn-over in Adult Mice (Prof Bruce E Walker), 980 

Matalaque, Southern Peru — Epidemiological Surveys on Chagas’ Disease in 
the Village of (Felix Naquira, Eleazar Cordova, Cesar Naqutra and 
Enrique Rubin de Celia ), 921 

Matalaque Region, Southern Peru 
(Eleazar Cordova), 921 

Materials for Nuclear Engineers (edited by Dr A B Mcintosh and T J 
Heal), review, 392 

Materials for Reactors, review by B W Mott, [00 

Marena. Wr lolesically Active), in Coal (Martin H Rogoffand Irvine Wender), 


Stanford-Pacific Naval Laboratory Conjugate 


Second-Generation Toxicity of 


Estimation of, from their Electron 


Incidence of Chagas’ Disease tn the 


Mathematical Association ot America Annual Meeting of the, in conjunc- 
tion with the sixty-eighth Annual Meeting of the American Mathe- 
matical Society, 609, 1026 

Mathematical Reprints (Chelsea Publishing Co, New York), 114 

Mathematical Society (American) Sixty-erghth. Annual Meeting, in con- 
function with the Annual Meeting of the Mathematical Association of 
America, 609, 1026 

Mathematical Society {Australian} Election of Officers, 114 

Mathematical Tables, review by Prof C A Coulson, 97 

Mathematical Theory of Nutritional Relationships of Fishes, review by 
L Birkett, 297 

Mathematics Elementary Logic of Science and (Dr P H Nidditch), review 
by Prof R L Goodstein, 856 

Mathews, J D, and others Proteolysis of Thyroglobulin by Thyroid 
Enzymes, 333 

Mathys, H R Appointed a deputy chairman of Courtaulds, Led , 918 

Matracia, S (Ferrari, R, and) Interaction between Lysozyme and a Phos- 
pholipid of Neoplastic Tissue (Oncolipin), 1187 

Matsuda, K , and others Effects of Intensity of Driving Stimulus on the 
Shape of Membrane Action Potential of che Heart, 1295 

Matsuda, M , and Makino, Prof Katasht  p-Penicillamine as an Antidote to 
8-Hydroxyquinoline and Alloxan, 26] 

Matsuda, M (Yoneda, Prof M , and) A Subcellular Component of Coryne- 
bactertum diphtheriae having the Capacity to Bind Anti-Toxin, 642 

Matsui, Katsuhiko, and others Acylase Activity of Ascites Tumour Cells 
on Dichloroacetyl Derivatives of Amino-Acids, 468 

Matter (Dry-) Intake of Grazing Sheep A New Method of Estimating the, 
from their Faecal Output (J B Owen), 92 


Matthes, H Feeding Habit of some Central African Freshwater Fishes, 78 
Matthew margaret and others Biosynthesis of Porphyrins and Chloro- 
phylls, 


Matthews, Dr L Harrison The Better Use of the World's Fauna for Food 
(Problems and Potentialities of Wild-Game Ranching in Africa), 1113 
Matthews, Dr P T Title of professor of theoretical physics (at the 
Imperial College of Science and Technology, London) conferred on, 


Matthews, Dr R E F Quantitative Biology (Different Effects of the 
Uracil Analogue 2-thio-uracil), 25 

Mattner, P E (Moule, G R, and) Seminal Degeneration induced in 
Mertno Rams by the Administration of Stilboestrol Dipropionate, 364 

Matula, Tibor (MacLeod, Prof Robert A, and) Solute Requirements for 
Preventing Lysis of some Marine Bacterta, 1209 

Mature Runner Bean Seeds ‘Bound’ Gibberellin in (A J McComb), 575 

Mature Sieve Tubes Transcellular Strands and Particle Movement in 
(Dr R Thaine), 772 

Mavis, one others Radioprotective Effects of Reserpine and its N-oxide, 


Maxim, | (Braun, T, and) Radiation Effects on Lithium-doped Nickel 
Oxide Catalysts in Carbon Monoxide Oxidation, 5 

Maxwell (Clerk) Premium of the British Institution. of Radio Engineers 
awarded to Dr G T Wright, 609 

May, Dr A N Fatigue under Random Loads, 158 

May, Everette L , and others A New Potent Analgetic Antagonist, [089 

Maycock, Dr W d’A, and Ricketts, Dr C R Stability of Dextran during 
Prolonged Storage, 174 


INDEX Ixi 


Mayr-Harting, Dr Anna Nature of Colicine Receptors, 19] 

Maze Microscopy in a, review by Dr R Barer, 833 

Mead, Dr W R Title of professor of geography (at University College, 
London) conferred on, 710 

Meade, Dr R H (Wernstein, Dr L, and) Absorption and Excretion of 
senem injected into the Muscles of Patients with Diabetes Mellitus, 


Measurement of Dipole Moment Heart Dipole Regions and the (Dr 
M R Barber and Dr E J Fischmann), 141 
Measurement of the Stopping-Power Ratio for Cavity lon:zation Chambers 
(T E Burlin), 545 
Measurement of Water-Flow, review by Prof S P Hutton, 842 
Measurement (Direct), of Interplanetary Dust Particles in the Vicinity of 
Earth (C W McCracken, W M Alexander and M Dubin), 441 
Measurement (Systematic), of Fall-out in Czechoslovakia up to 1961 (Prof 
W Santholzer, G Macku and J Podzimek), 398 
Measurement Techniques Microwave (Institution of Electrical Engineers 
Conference on), 408 
Measurement and Control Technology (Society of Instrument Technology 
and the Royal Dutch Institute of Engineers Joint Conference on), 1241 
Measurements Precision Electromagnetic (United States National Bureau 
of Standards 1962 International Conference on), 922 
Radsometric Standards and (E J Gillham), (National Physical Labora- 
tory, Notes on Applied Science No 23), 1250 
Measurements (Diagnostic), of Transient Magnetic Fields A New Applica- 
tion of the Faraday Magneto-Optical Effect for (R D Medford, 
W H W Fletcher, J D Herbert and A L T Powell), 622 
Measurements (Hydraulic)  Hydrometry—Theory and Practice of (Prof 
Adam T Troskolanski), review by Prof S P Hutton, 842 
Measurements (Non-Newtontan) Rotation  Viscometers 
Application to (Dr R McKennell), 308 
Measuring the Mossbauer Effect Method of (Dr J E S Bradley and 
J Marks), 1176 
Measuring (Automation, CófPnputers, Control and) Elsevier's Dictionary 
of, in Six Languages, English/American, French, Spantsh, Italian, 
Dutch and German (compiled and arranged on an English alpha- 
betical base by W E Clasen), review by S. Whelan, 904 
Measuring Restriction to Diffusion of Macromolecules through Agar Gels of 
various Pore Sizes A Cell for Rapidly (G K Ackers and R L 
Steere), 436 
Measuring Soil Hydraulic Conductivity Method of, in situ (Prof J N 
Luthin), 383 
Mechanical Barrel-setting Calculators Reciprocals of the Integers from 
1000 to 9999, with an Appendix on (T H Redding), review by Prof 
T A A Broadbent, 856 
Mechanical Stress Effect of, on some Solid-State Polymerizations (Dr C H 
Bamford, Dr G C Eastmond and Dr J C Ward), 1036 
Mechanics (L D Laudau and E M Lifshitz), translated from the Russian by 
J B SykesandJ S Bell, review by Dr B H Chirgwin, 389 
Electrodynamics and, review by Dr B H Chirgwin, 389 
Mechanics of Vibration (Prof R E D Bishop and Prof D C Johnson), 
review by Prof W A Tuplin, 844 
Mechanics (Quantum) Introduction to (Prof Robert H Dicke and Dr 
James P Wittke), review by S F Edwards, 1005 
Problems in (Dr | | Gol'dman, Dr V D Krivchenkov, V | Kogan and 
V M Galitskii), review by S F Edwards, 1005 
Problems in (Dr | | Gol'dman and Dr V D Krivchenkov), edited by 
Prof B T Geilikman (translated from the Russian by E Marquit and 
E Lepa), authorised revised edition, review by S F Edwards, 1005 
The Teaching of, review by S F Edwards, 1005 
Mechanics (Thrust) Application of Palaeomagnetism to (D K Norris and 
R F Black), 933 
Mechanik, Hydro- und Aerodynamik Gesammelte Abhandlungen zur 
Angewandten (Ludwig Prandtl), (herausgegeben von Walter 
Tollmien, Hermann Schlichting und Henry Gortler , schrifthetung 
F W Riegels), Teile [-3, review by M James Lighthill, 841 
Mechanism of Action of Liver Alcohol Dehydrogenase (Prof Hugo Theorell 
and Dr J S McKinley McKee), 47 , erratum, 710 
Mechanism linking Excitation of the Plasma Membrane with Contraction 
‘Glycerol Effect''and the (Prof Masahiro Fujino, Toshio Yamaguchi 
and Keishi Suzuki), 1159 
Mechanism of the Hepatoxic Action of DialkyInitrosamines (Dr D F Heath), 
170 


and their 


Mechanism of Nicotinic Action at the Adrenal Medulla—Calcium as a Link 
in Stimulus-secretion Coupling (Prof W W Douglas and R P 
Rubin), 1087 

Mechanism of Streptomycin Action on Bacteria—a Unitary Hypothesis (Dr 
Charles R Spotts and Prof R Y Stanier), 633 

Mechanism (Feeding), of the Flea An Apparatus for Observations of the 

M M J Lavoipierre and M Hamachi), 998 

Mechanism (Possible), of Effect of 6-Mercaptopurine on Tumour Growth 
Substrate Specificity and Inhibition of Nicotinamide Mononucleotide— 
Adenylyl Transferase of Liver Nuclei— (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Mechanism (Probable), of Reststance of Varieities of Cocoa to Black Rod 
Disease caused by Phytophthora palmivora (Butl ) Butl (Dr John A 
Spence), 278 

Mechanism (Spawning), in the Male Lugworm (Dr D 1 D Howie), 1100 

Mechanisms of Virus Infections (Royal Society Discussion on), 1246 

Mechanisms (Cholinergic Transmisston), for both Excitation and Inhibition 
in Molluscan Central Synapses (Dr L Tauc and Dr H M Gerschen- 
feld), 366 

Mechanisms (Water-regulating) Role of, in Amphibtan Morphogenesis—a 
Quantitative Hypothesis (Peter Tuft), 1049 

Mechanization of the World Picture (Prof E J Dijksterhuis), translated by 
C Dikshoorn, review by] R Ravetz, 825 

Mecsekt, R , and others Antibacterial Synthetic Polypeptide Derivatives, 190 

Medford, R D, and others A New Application of the Faraday Magneto- 
Optical Effect for Diagnostic Measurements of Transient Magnetic 
Fields, 622 

Media Deficient in Sugar — Kinetin-induced Metotic-Prophase Acceleration 
and Stasts in Tradescantia Anthers cultured tn (Prof G W R 
Walker and J. Dietrich), 889 

Media (Continuous) Electrodynamics of (L D Landau and E M Lifshitz), 
translated from the Russan by J B Sykes and J S Bell, review by 
Dr B H Chirgwin, 389 


Media (Fluid) Evidence for the Photo-Association of Aromatic Hydfo- 
carbons in (Dr B Stevens), 725 

Media (Porous) — Distribution of Pressure for Flow of Gas through (G J 
Field and Dr H Watts), 1277 

Medial Corpuscular Fragility and Haemoglobin Type Relationships 

between Red Blood Cell Potassium Concentrations, in Merino and 

Southdown Sheep (Prof J V Evans), 567 

Medical Dictionary The British (edited by Sir Arthur Salusbury MacNalty), 
review by Dr K M Hawkins, 849 

A New, review by Dr K M Hawkins, 849 

Medical Dictionary (Stedman's), twentieth editicn, review by Dr K M 
Hawkins, 1222 

Medical Entomology (Dr Willtam B Herms and Dr Maurice T lames), 
fifth edition, review by Prof D S Bertram, 298 

Medical Men Shortage of (House of Lords Debate on), [239 

Medical Microscopy (Biological and) Scanning Techniques in (New York 
Academy of Sciences Conference on), 1030 

Medical Research Gas Chromatography tn (Gas Chromatography Dis- 
cussion Group of the Institute of Petroleum Symposium on), 717 

Medica! Research, Fleming Memorial Fund for Grant of £48,000 to the 
Sc veri of Oxford, for the Sir William Dunn School of Pathology, 


Medical Research, South African Institute for Publications, No I, Vol 9, 
The Arthropod Parasites of Vertebrates in Africa South of the 
Sahara (Ethiopian Region), Vo! |, Chelicerata (edited by F Zumpt), 
review by Dr F A Turk, 1222 

Medical Research tn the British Caribbean, Standing Advisory Committee 
for Sixth Scientific Meeting, 26 

Medical Research Council Special Report Series No 300, Cerebral 
Infarction—the Role of Stenosis of the Extracranial Cerebral Arteries 
(Dr Peter O Yates and Dr Edward C Hutchinson), 319 

aranea on Radioactive Fall-out and the Testing of Nuclear Weapons, 

Medical Research Council (National Research Council and), of Canada 
University Support (1960-61), 308 

Medical Research and the National Institutes of Health, Bethesda, Maryland 
(Dr Carl R Brewer), 791 

Medical Treatment Recent Developments in (Practitioner, Vol 187, 
No 1120), 506 

Medicine Chemistry in the Service of (Second British Congress on the 
History of Medicine and Pharmacy), 1017 

New Techniques in Biology and (International Atomic Energy Agency 
Conference on), 609 

Medicine, Royal Society of Christmas Lectures, 1026 

Medicine and Insect Parasites, review by Prof D S Bertram, 298 

Medicine and Pharmacy Second British Congress on the History of 
(Chemistry in the Service of Medicine), (Worshipful Society of 
ioe of London, in co-operation with the Chemical Society), 

Third British. Congress on the History of (The History of British 
Hospitals), 1241 

Medicine (Science and), in Canada Research Grants in, 308 

Medieval Glazed Pottery (English and Continental) A Spectroscopic 
Survey of (L C Thomas and J W C Musty), 1143 

Medieval India (Ancient and) History of Sciences in (National Institute of 
Sciences of India Symposium on), 27 

Mediterranean Fishes of the Family Istiophoridae (Dr Enrico Tortonese), 80 

Medium Influence of Adding Salts to the on Counts of Phenol-treated 
Escherichia coli on Membrane Filters (N D Harris and ]. P Richards), 
87 


Medium (Deuterium Oxide) Effect of v-Radiation. on Escherichia. coli 
grown in (Ernest Pollard), 177 

Medium (A Simplified Culture), for the Production of Collagenase (Dr G H 
Warren and Jane Gray), 755 

Medium Range Diffusion in the Atmosphere (Royal Meteorological Society 
Symposium on), 13 

Medulla (Adrenal) | Mechanism of Nicotinic Action at the— Calcium as a 
Link tn the Stimulus-secretion Coupling (Prof W W Douglas and 
R P Rubin), 1087 

Mee, Dr C H B Electrical Conductivity of Calcium Oxide at High 
Electric Fields, 350 

Megaloblasts (Human) Abnormal Globin Formation in (Prof Austin S 
Weisberger and Ernest P Noble), 1261 

Megashatter Cone Hypothesis of the Origin of Lunar Voleanoes (A J 
Cohen), 346 

Méhes, Ch, and others Primary Embryonal Sex Ration in Normal Preg- 
nancies determined by the Nuclear Chromatin, 476 

Mehta, A, and others (prepared by) Represertations of Primes by Quad- 
ratic Forms (edited by J C P Miller), (Royal Society Mathematical 
Tables, Vol 5), review by Prof C A Coulson, 97 

Merkle, R D A Botanical Panopticon, review, 1221 

Meiklejohn, Prof M F M Nutrition and Poultry (Wild Birds that have 
been used as Food for Man), 616 

Meiotic-Prophase Acceleration and Stasis (Kinetin-induced), in Tradescantia 
Anthers cultured in Media Deficient in Sugar (Prof G W R Walker 
and J Dietrich), 889 

Mejbaum-Katzenellenbogen, VV , and others Preparation and Determina- 
tion of Sulphosaltcylo-soluble Proteins using Tannin, 262 , erratum, 
802 

Meksyn, Dr D New Methods in Laminar Boundary-Layer Theory, review 
by E J Watson, 842 

Melanesia Thalassaemia in (B Ryan), 75 

Meldola Medal for 1961 (Society of Maccabaeans), 309 

Melichar, V , and others  Interrelationship between Fat and Sugar Meta- 
bolism in [nfant Rats, 1296 

Melissinos, A C , and others (edited by) Proceedings of the 1960 Annual 
International Conference on High Energy Physics at Rochester, 
review by Dr G H Stafford, 7 

Melling, C T Appointed a member of the Advisory Council on Research 
and Development of the Ministry of Power, 115 

Mellor, H C At the First British Insecticide and Fungicide Conference, 
1140 


4 
Mellors, Robert C , and Carroll, Kenneth G A New Method for Local 


Chemreal Analysis of Human Tissue, 109 
Melted Nuclear Emulsion Autoradiography using (Dr A C Kulangara), 
437 


Ixit 
* 
Melting Processes (High-Temperature) A Cold Crucible for (H F 
Sterling and R W Warren), 745 
Melts Preparation of Single-Crystal Graphite fror (Pet Ching Lt), B64 
Meltzer, J Evaluation of the Activity of some Diphenyl Compounds on 
Winter Eggs of the Fruit Tree Red Spider, 474 
Melville, Sir Harry Made a member of the Council for Scientific and 
Industrial Research, 1241 
Melville, Dr R Awarded a 1961 Senior Research Fellowship by the 
New Zealand Department of Scientific and Incustrial Research, 210, 
work of, 210 
Membrane Action Potential of the Heart Effects of Intensity of Driving 
Stimulus on the Shape of (T Azuma, H Hayashi, T Kanno and 
K Matsuda), 1295 
Membrane Conductance of Rabbit Ventricular Fibres Evidence for Inde- 
pendence of Voltage of the (Dr Edward A Jonnson and J Tille), 663 
Membrane Filters Influence of Adding Salts to the Medium on Counts ot 
Phenol-treated Escherichia coli on (N D HarrisandJ P Richards), 87 
Membrane (Plasma) ‘Glycerol Effect’ and the Mechanism linking Excita- 
tion of the, with Contraction (Prof Masahiro Fujino, Toshio Yama- 
guchi and Keishi Suzuki), 1159 
Membrane (Synovial) Permeability of the, to Glycoproteins (Lars Sund- 
lad, Dr Eric Jonsson and Erik Nettelbladt), 1192 
Men and their Jobs, 607 
Men (Medical) Shortage of (House of Lords Debate on), 1238 
Men and Scorpions Spiders, (Theodore H Savory), review by Dr E 
Duffey, 829 
Mendel, Dr Gerald A Increased Iron Absorpticn without Increase in 
the Rate of Erythropoiresis, 878 
Mendelsohn, Dr D Metabolism of the Human Red Blood Cell, 619 
Mendelsohn, Dr F (edited by) The Geology of the Northern Rhodesian 
Copperbelt, review by Prof J H Taylor, 98 
Mendiola, L, and others — Transamination and the Control of Mitochon- 
drial Pathways, 820 
Mengo-Semliki Virus Immunity Acrolein and (Dr George F Kamen), 986 
Mennie, Prof J H Obituary of Dr Otto Maass, 16 
Menschen  Histologie und Mikroskopische Anatomie des (Prof W Barg- 
mann), dritte Auflage, review by Dr F Jacoby, [007 
Mental Health Student—Report of a Conference held in London, 1961 
(World University Service), 620 
Tenth Report of the Expert Committee on (United Nations, World 
Health Organization, Technical Report Series No 223, Programme 
Development in the Field of Mental Health), 932 
Menta! Health Book Review Index (American Foundation for Mental Hygiene), 
Vol 6, No 11, 113 
Mental Hygiene, American Foundation for 
Index, Vol 6, No Il, 113 
Mental Patients Erythrocyte Cholinesterase-levels in (Dr George L 
Ellman and Dr Enoch Callaway), 1216 
Menter, Dr J W Appointed director of the Tuba Investments Research 
Laboratory, 2] 
6-Mercaptopurine (Effect of), on Tumour Growth Substrate Specificity 
and Inhibition of Nicotinamide Mononucleotiae-Adenylyl Transferase 
of Liver Nucle:—Possible Mechanism of (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 
Mercier, Dr Appointed lecturer tn theoretical physics at the 
University of Bristol, 710 
Merino Rams Seminal Degeneration induced in, by the Administration of 
Stilboestrol Dipropionate (G R Moule and P E Mattner), 364 
Merino and Southdown Sheep Relationships between Red Blood Cell 
Potassium Concentrations, Medial Corpuscular Fragility and Haemo- 
globin Type in (Prof J V Evans), 567 
Merioneth Chitinozoa. from the Ordovician Nod Glas Formation of 
(Prof F H T Rhodes), 275 
Meristems Apical (Dr F A L Clowes), review b* Dr A Allsopp, 830 
Merril, Carl R Elimination of the Liquid Junction by using Glass Elec- 
trodes, 1087 
Merrillees, M C R X Muscle Receptors (Ultrastructure of both Spindle 
and Tendon Organ Endings and their relation to underlying Tissues), 


Mental Health Book Review 


Merz, W . Microchemical Techniques (Determination of Active Hydrogen 
using Alkyl-substituted Metal Aluminium Hydrides), 411 

Mesophilic into Thermophilic Micro-organisms Factor converting 
(Edward H Sie, Dr Harry Sobotke and Herman Baker), 86 

Metabolism of Fatty Acids in Rabbit-Heart Sarcosomes Relationship 
between Oxidation of Isocitrate and (Dr W C Hulsmann), 1153 

Metabolism of the Human Red Blood Cell (Dr D Mendelsohn), 619 

Metabolism of Labelled Thyroxine — Difference tn, between Thyrotropic 
and Adrenotropic Mouse Pituitary Tumours (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), 1193 

Metabolism of Propionate by Homogenates of Normal Sheep Liver (R M 
Smith and W S Osborne-White), 868 

Metabolism (Amino-Acid) New Renal Tubular Amino-Acid Transport 
System and a New Hereditary Disorder of (Dr C R Seriver,! A 
Schafer and M L Efron), 672 

Metabolism (*Ca-) Generalized Skeletal Response on Local Trauma in 
Young Rats studied by means of (Dr Jaromir Kolar and Dr Arnošt 
Babicky), 1297 

Metabolism (Fat and Sugar), in Infant Rats — Interrelationship between 
(P Hahn, O Koldovsky, V Melichar and M Novak), 1296 

Metabolism (Phosphorus), in the Avena Coleoptile Effect of Indole-3- 
Acetic Acid (IAA) on (A Sen Gupta and S © Sen), 1291 

Metabolism (Polysaccharide) Role of the Thymus in (G Csaba, G Téth, 
Prof | Toro, Th Acs and L Csaki), 1304 

Metabolism (Sulphate Transport and), by DesuiphoviErio desulphuricans 
(Prof C Furusaka), 427 

Metabolite (Amylobarbitone), in Human Urine 
Jackson and M S Moss), 553 

Metabolites of Myrothecium roridum Tode — Antibiotic Properties of Myce- 
lium and (Andrzej Nespiak, Marian Kocor and Anton: Siewinski), 138 

Metal Halides (Quadrivalent) — Eight-Co-ordinate Diarsine Complexes of 
(Dr R J H Clark, Dr Jack Lewis, Prof R S Nyholm, Dr Peter 

Pauling and Dr G B Robertson), 222 

Metal DES Oxide Bronzes Alkali (A D Wadsley and Sten Anders- 
son), 

Metal (Transition-) Complexes 
William H R Shaw), 754 


+ 


Identification ofan (J V 


Cation Toxicity and the Stability of (Dr. 


INDEX 


Metallic Lead and its Compounds Isolation of Radioactive Bismuth from 
JR Kerr, Dr D | Coomber and Dr D T €&ewis), 546 
Metallography A History of—the Development of Ideas on the Structure 

of Metals before 1890 (Prof Cyril Stanley Smith), review by Prof 
F C Thompson, 843 
Metallurgical Laboratory (National), Jamshedpur Symposium on Pilot 
Plants in Metallurgical Research and Development, Jamshedpur, 1960 
(edited by R M Krishnan), review by E W Voice, 1008 
Metallurgical Research and Development Symposium on Pilot Plants tn, 
held at the National Metallurgical Laboratory, Jamshedpur, 1960 
(edited by R M Krishnan), review by E W Voice, 1008 
Metallurgy of Beryllium (Nuclear Energy Committee of the Institute of 
Metals Internatronal Conference on), 1137 
Emission of Ultra-Violet and Visible Radiation from, by the Impact 
of High-Energy Hydrogen lons (Prof Rafi Mohammed Chaudhuri 
and Mustafa Yar Khan), 646 
Metals before 1890 A History of Metallography—the Development of 
Ideas on the Structure of (Prof Cyril Stanley Smith), review by 
Prof F C Thompson, 843 
Metals, Institute of (Nuclear Energy Committee) 
ence on the Metallurgy of Beryllium, 1137 
Metcalfe, Dr C R Structure, Life-History and Distribution of Gnetum, 
reyiew, 1006 
Identification, Properties and Uses of Indian Timbers, review, 1110 
Meteor Peas  Gibberellic Acid and Chlorophyll Content of Leaves of 
(P Bishop and Prof C P Whittingham), 576 
Meteorite (Sikhote-Alin) Uranium in the, and its relation to the Lead 
Method of Age Determination (Edward L Fireman and David E 
Fisher), 644 
Meteorological Organization (World), (Unesco and the) 
Changes of Climate, [139 
Meteorological Society (Royal) 
the Upper Atmosphere 
Symposium on Medium Range Diffusion @ the Atmosphere, 13 
Methaemalbumin — Haemin-Protein Binding in Peroxidase and (Dr A C 
Maehly), 630 
Methane (Atmospheric), Hydrogen and Stratospheric Water 
High Tritium Content of (Dr Richard Wolfgang), 1279 
Methane (Atmospheric Hydrogen and) Isotopic Composition of (A E 
Bainbridge, Prof H E Suess and Irving Friedman), 648, (K F 
Bishop, R T Taylor and A E J Eggleton), 649 
Methane (Irradiation of), with 4-MeV Electrons Production of High 
Molecular Weight Products from the (R W Hummel), 1178 
Methionine and Cystine Determination of Biological Availability of (D 
Guttridge, Dr D Lewis and J T Morgan), 753 
L~Methionine-Methyl-"4C — Inhibited Oviposition by Females cf Gryllus 
assimilis (F ), induced by Radioactive Males, using (Dr A A Abdel- 
Malek and D K McE Kevan), 681 
Method of Administration and Effect of Progesterone (Effect of Progesterone 
on Pregnancy), (Dr Arpad | Csapo and Marny A Lloyd-Jacob), 329 
Method of Calibrating Two-Sphere Non-directional Radiometers (Dr 
Walter Koch), 960 
Method of Measuring the Mossbauer Effect (Dr J E S Bradley and J 


Metals 


International Confer- 


Symposium on 


Symposium on Winds and Circulation in 


Origin of 


Marks), 1176 
Methed d Measuring Soil Hydraulic Conductivity in situ (Prof J N Luthin), 
38 


Method (Lead), of Age Determination Uranium ın the Sikhote-Alin 
Meteorite and its relation to the (Edward L Fireman and David E 
Fisher), 644 

Method (Micro-) for the Determination of Bradykininogen in Blood Plasma 
iu aues R Diniz, Ivan F Carvalho, J Ryan and M Rocha e Silva), 


Method (New), of Estimating the Dry-Matter Intake of Grazing Sheep from 
their Faecal Output (J B Owen), 92 

Method (New), for Local Chemical Analysis of Human Tissue (Robert C 
Mellors and Kenneth G Carroll), 1090 

Method (New), of Preparing Corynebacterrum pyogenes Toxoid with High 
Anti-Haemolysin Titre ın Rabbits (Valerie Levy), 189 

Method (Perchloric Acid-Naphthoquinone), for the Histochemical Locali- 
zation of Cholesterol (Dr C W M Adams), 331 

Methodology of Plant Eco-Physiology (Botanical Institute, Montpellier, 
Symposium on), [241 

Methods Modern Computing (National Physical Laboratory, Notes on 
Applied Science, No 16), second edition (Department of Scientific 
and Industrial Research), review by Dr R A Buckingham, 202 

Methods (Conventional), of Converting Heat into Electricity (British 
Association for the Advancement of Science, Section A (Mathematics 
and Physics) and Section G (Engineering), Joint Discussion on), 701 

Methods (Diffraction) Chemical Applications of (Bradford Institute of 
Technology Course on), 21 

Methods (New), in Laminar Boundary-Layer Theory (Dr D Meksyn), 
review by E J Watson, 842 

Methods (Nuclear Instruments and) Vol Il, No |, Proceedings of the 
Second Accelerator Conference, Amsterdam, 1960 (edited by Prof 
K Siegbahn), 123 

Methods (Physical), in Chemical Analysis (edited by Walter G Berl), Vol. 1, 
second edition, review by Dr D T Lewis, 391 

Methods (Preparative), of Polymer Chemistry (Wayne R Sorenson and 
Tod W Campbell), review by Dr | C McNeill, 490 

Methods (Unconventional), of Energy Conversion (Prof D A Wright),[701 

Methods and Techniques (Microchemical) Progress in (A J Barnard, jun, 
and John Y Steel), 410 

A-Methopterin Inactivation of, by the Acetylating Enzyme System from 
Pigeon Liver (V. Krishramurthy and Beatriz M Braganca), 68 

Methyl-f,2-Benzanthracenes and their Derivatives Carcinogenicity of the 
(Dr © Chalvet and Dr R Mason), [070 

Methyl Hydroxybenzoate Action of, on Nervous Conduction (Dr P W 
Nathan and T A Sears), 668 

N-Methyl-Nitrosourethane (Carcinogenic) Interaction of the, with Sul- 
phydryl Groups (Dr R Schoental), 670 

Methylated Purines and Pyrimidines Crystal Structures of Salts of (R F 
Bryan and K Tomita), 812 

Metropolitan Life Insurance Company, New York 
Vol 42, Voting Population at Record High , Recent Variations in 
Pneumonia-Influenza Mortality , Longevity of Industrial Policy- 
holders in 1960 , Accident Death Rates Decreases in Most States, 515 


Statistical. Bulletin, 


INDEX 


Metropolitan Microchemical Society of the United States 1961 Inter- 
national Spmposium on Microchemical Techniques, 410 
Metzner, Ralph Learning Theory and the Therapy of Neurosis (British 
Journal of Psychology, Monograph Supplement No 13), 405 
Mey, Prof J L At the twenty-seventh Conference of the International 
Federatton for Documentation (Documentation of Management), 219 
Meyers, M B Awarded a Fellowship in organic chemistry in the Univer- 
sity of Glasgow, 1132 
Mica-Quartz Clay (Kaolinite-hydrous) 
a Fired (Dr W F Cole), 737 
Mice Action of Deoxyrtbonuclease and Ribonuclease on the Growth of 
Ehrlich Ascites Carcinoma in Mice (Dr Gaston de Lamirande), 52 
A Carcinogenic Action of Testosterone, provoking Uterine Tumours in 
(Dr R van Nie, Dr E L Benedetti and Prof O Muhlbock), 1303 
Chromosomal Lesion associated with Carcinogen-induced Tumours tn 
(June Lee Bredler, Lloyd J Old and Dr Donald A Clarke), 286 
Induction of Tumours in, with Tritiated Thymidine (Hermann Lisco, 
Renato Baserga and Walter E Kisieleski), 571 
Influence of Age of, on the Recovery from Experimental Sendai Virus 
Infection (Dr Leon Sawicki), 1258 
Riboflavin and Liver Sulphydryl-Levels in (Dr G Calcutt, D Doxey 
and Joan Coates), 164 
Mice under Mild Hypothermia Enhanced Effect of Total-Body X-Irradiation 
in (Dr H J G Bloom and K B Dawson), 232 
Mice (Adult) Acquired Tolerance to Homografts produced by Homolo- 
gous Spleen Cell injection in (Ronald D Guttmann and J Bradley 
Aust), 564 
Mast Cell Turn-over in (Prof Bruce E Walker), 980 
Mice (Alarmed) — Peroxide-like Substance tn (V J Horgan and J StL 
Philpot), 662 
Mice (Laboratory Rats and) Feeding of Bamboo Flowers to (V Mahadevan, 
Dr S S Negt and O N Agarwala), 470 
Mice (New-born and Adult Living) Identification of the Chromosome 
Complements of (R@G Edwards), 1316 
Mice (Norma! and Muscular Dystrophic) Excretion of Uncrystallized 
Urinary Calculi composed of Glycolipo-Protein by (C McGaughey), 
1267 
Michener, Prof C D Polymorphism in Insects (Non-genetic Polymor- 
phism tn Hymenoptera), 413 
Michigan State University Grant of 700,000 dollars from the United States 
National Science Foundation, towards a 40-MeV cyclotron, 1239 
Michl, Dr J (Zuman, Dr P,and) Role of Keto-Enol Tautomerism in the 
Polarographical Reduction of some Carbonyl Compounds, 655 
Miero-Analysis X-Ray, 220 
Microbarograph Records from the Russian Large Nuclear Explosions (E W 
Carpenter, G Harwood and T Whiteside), 857 
Microbial Biochemistry, Ciba Lectures in (1959) Synthesis and Organisa- 
tion tn the Bacterial Cell (Dr E F Gale), review by Dr S Dagley, 489 
Microbial Utilization of Olefins Incorporation of Molecular Oxygen during 
(Tomoyuki Ishikura and J W Foster), 892 
Microbiological Examination of some Carbonaceous Chondrites (Dr George 
Claus and Prof Bartholomew Nagy), 594 
Microchemical Methods and Techniques Progress in (A J Barnard, jun, 
and John Y Steel), 410 
Microchemical Society of the United States (Metropolitan) 196[ Inter- 
national Symposium on Microchemical Techniques, 410 
Microchemical Techniques (Metropolitan Microchemical Society of the 
United States 1961 International Symposium on), 410 
Microdiffusion Technique (A Simple), for the Radioiodination of Proteins 
(Dr R N Banerjee and R P Ekins), 746 
Micrographs (Electron) Estimation of Mass Thickness of Biological 
Samples from their (M L De), 546 
Micromethod for the Determination of Bradykininogen in Blood Plasma 
(Dr Carlos R Diniz, lvan F Carvalho, J Ryan and M Rocha e Silva), 
[194 
Micro-organtsm (Thermophilic), of Uncertain Taxonomic Status from the 
Hot Springs of Tiberias (Israel), (David Kahan), 1212 
Micro-organtsms Continuous Culture of (Czechoslovak Academy of 
Science Second International Symposium on), 213 
Factor converting Mesophilic into Thermophilic (Edward H Sie, Dr 
Harry Sobotka and Herman Baker), 86 
Micro-organisms (Intracellular Rickettsia-like), in. certain. Ticks (M A 
Roshdy), 186 
Microplankton (Fossil) Classification of (Dr C Downie, G L Williams 
and Dr W A S Sarjeant), 471 
Microsan X-Ray Analyser (Cambridge Instrument Co, Ltd ), 220 
Microscope A Flymng-Spot Interference Television (Television Microscopy), 
(Dr P O'B Montgomery and L L Hundley), 1059 
Microscope (Electron) Investigation with the, of the Sublimation of Ice 
Crystals at Low Temperatures (Prof Tokto Nei), 1177 
Microscopy Electron, review by Prof R D Preston, [220 
The Encyclopedia of (edited by Prof George L Clark), review by Dr 
R Barer, 833 
Practical (Dr C L Duddington), review by Dr S Bradbury, 904 
Section Cutting in (Dr H F Steedman), review by Dr S Bradbury, 904 
Television—A Flying-Spot Interference Television Microscope (Dr P 
O'B Montgomery and L L Hundley), 1059 , Ultra-Violet Television 
Microscopy (Dr R Barer and J Wardley), 1060 
Ultra-Violet Television (Television Microscopy), (Dr R Barer and 
J Wardley), 1060 
Microscopy in a Maze, review by Dr R Barer, 833 
Microscopy (Biological and Medical} Scanning Techniques tin (New York 
Academy of Sciences Conference on), 103 
Microscopy (Electron) Contributton of, to Polymer Morphology (Electron 
Microscope Society of America Symposium on), 610 
Fifth International Congress for, 611 
Histological Techniques for (Daniel C Pease), review by Dr V E 
fie a by Dr V E Cosslett, 5 
istology and, review r osslett, 
proceedings of the European Regiona! Conference on (Delft, 1960), 
(edited by A L Houwink and B J Spit), review by Prof R D 
Preston, [220 
Microscopy (Electron), in the United States (Dr A R Taylor), 610 
Microsomal Protein Synthesis produced by DimethylInitrosamine Coun- 
teraction by Cysteine of Glycogenolysis and Inhtbition of (Dr P 
Emmelot and | J Mizrahi), 42 


Moisture Expansion Relations for 


[xin 5 
ud Test for Antigens and Antibodies (Dr Joseph G Feinbbeg), 


Microwave Dipoles (Satellite) Long-Range Radio Communication by, 109 
Microwave Measurement Techniques (Institution of Electrical Engineers 
Conference on), 408 


Tero Ae Spectrum of Fluoro-Acetonitrile (B E Job and Dr J Sheridan), 


Midge (Sorghum), Contarinia sorghicola (Coq ), tn West Africa (K M 
Harris), 187 

Migration (Cell), during Histogenesis of Cerebral Cortex in the Mouse * 
Autoradiographic Study of (Dr J B Angevine, jun, and R L 
Sidman), 766 

Migration (Leucocute), tn Inflammation (Sir Howard Florey and L H 
Grant) 801 

Mthailovic, Dr Lj and Janković, Dr B D Effects of Intraventricularly 
Injected Anti-N Caudatus Antibody on the Electrical Activity of the 
Cat Brain, 665 

Mihatlovic, Dr Lj, and others Effects of Electrical Stimulation of Reticular 
Formation on the Lactic Acid Content of the Rat Brain, 1166 

Mikhailov, A A, and others (edited by) Atlas of the Other Side of the 
Moon (translated into English by Leon Ter-Oganian), review by Prof 
Zdenek Kopal, 839 

Mikroskopische Anatomie des Menschen 
mann), dritte Auflage, review by Dr 

Mikulski, Z B (Alexander, Dr P, and) 
Different Radiosensitivities, 572 

Mild Hypothermia Enhanced Effect of Total-Body X-Irradiation in Mice 
under (Dr H J G Bloom and K B Dawson), 232 

Miles, P W , and Helliwell, Ann Oxidase Activity in the Saliva of a Plant- 
Bug, 374 

Military College of Science (Royal), Shrivenham Promotion of Dr G B 
Preston to Senior Principal Scientific Officer, 214 

Milk Analysis of the Relationship between Deposition of Long-lived 

Fission Products and Level of Activity in (Dr W Anderson, L K 
Burton and J O Crookall), 1009 

Hormonal Control of Oxidized Flavour tn (Harald Astrup), 559 

Milk in Britan lodine-13I in (Agricultural Research Council), 504, 707 

Milk of the Rat Selective Secretion of Circulating Antibodies in. the 
(E Ruth I Biswas), 883 

Milk Industry Award Stanley Clifford (Society of Dairy Technology), 213 

Milk Powder (Ministry of Agriculture, Fisheries and Food Department of 
Agriculture and Fisheries for Scotland , Department of Health for 
Scotland), 607 

Milk (Cow’s) Inherited Casein Vartants in (Dr R Aschaffenburg), 431 

Milk (Human) Lysozyme from (Dr Pierre Jollès and Jacqueline Jollès), 


Millar, D S (Pellet, P L, and) The Better Use of the World's Fauna for 
Food (Processing and Preservation of Meat in Under-developed 
Areas), [113 

Millar, M, and others At the Seventh Biennial Conference of the Inter- 
national Union of Leather Chemists Societies (Abrasion Testing of 
Sole Leather), 613 

Millenson, Dr J R (Hurwitz, H M B and) 
of Behaviour by Reward), 208 

Miller, Ann Ratner, and others Population Redistribution and Economic 
Growth, United States, 1870-1950, review by Prof E Grebenik, 853 

Miller, J A, and Green, D H Age Determinations of Rocks tn the Lizard 
(Cornwall) Area, 1175 

Miller, J A, and Mudie, J D  Potasstum—-Argon Age Determinations on 
Granite from the Island of Mahé in the Seychelles Archipelago, 1174 

Miller, J C P (edited by) Representations of Primes by Quadratic Forms 
(prepared by Hansray Gupta, M S Cheema, A Mehta and O P 
Gupta), (Royal Society Mathematical Tables, Vol 5), review by Prof 
C Coulson, 97 

Miller, ] C P (Haselgrove, C B, in collaboration with) Tables of the 
Riemann Zeta Function (Royal Society Mathematical Tables, Vol 6), 
review by Prof C A Coulson, 97 

Miller, J | (Rush, C A, and) Microchemical Techniques (Barium Iso- 
propyl Methylphosphonate as a rigorous Reference Standard for 
Carbon Hydrogen, Phosphorus, Barium and Alkoxyl), 411 

Miller, Pı} + The Species of the Teleostean Genus Lebetus, 675 

Milliman, Prof Jerome W, and others Water Supply, review by Prof 
W G V Balchin, 853 

Millimetre Wave Generation and Reception 
Lines for (Dr D Walsh), 1064 

Milne, Dr J G C Appointed lecturer in physics at the University of 
Bristol, 710 

Milne-Redhead, E Flora of the Zambezi Basin, review, 1220 

Milner, Dr G W C Recent Developments in Polarography, 213 

Mineral Collection (National), Ottawa, 506 

Mineral Oil. (Kuwart) | 2-Benzanthracene Derivatives in a (Dr W 
Carruthers and A G Douglas), 256 

Mineral Resources of Uganda (compiled and edited by Dr J W Barnes), 921 

Minerals (Rocks and), used by the British Ceramic Industry (Exhibition of, 
at the Geological Museum, London), 2 

Misra, Dr S S History of Sciences in Ancient and Medieval India (Deve- 
lopment of Medical Sciences tn India), 27 

Misreaching produced by Visual Cortex Lesions 
(A Cowey and Dr L Weiskrantz), 1319 

Mitchell, Dr E E L Spectroscopic Studies using Time-Resolved Tech- 
niques, [032 

Mitchell, J M Changes of Climate 1139 

Mitchell, Dr P D Appointed senior lecturer tn zoology at the University 
of Edinburgh, 507 

Mitcheson, Prof J C 
Board, 406 

Mites (Spider) Relation between Organophosphorus-Resistance and Non- 
Diapause in (W Helle), (314 . 

Mites ane DEUS KOH of African Vertebrates, review by Dr F A Turk, 
I2 


Histologie und (Prof W Barg- 
F Jacoby, 1007 
Mouse Lymphoma Cells with 


Animal Behaviour (Control 


Non-Linear Transmission 


Role of Experience in 


Appointed chairman of the Geological Survey 


Mitidieri, E, and others 
Seaman 593 
Effect of Colchicine on Rat Liver Xanthine Oxidase, 626 
Mitochondria from Rat Liver and Brain Effects of 7-Chloro-2-methyl- 
amino-5-phenyl-3H-1,4-benzodiazepin-4-oxide on (Bernhard Kaden- 
bach and Prof Walter Luhrs), 174 


Paper Electrophoresis, review by Dr G V F 


Ixiv 


* 

Mat®chondria of the Small Intestine of Vertebrates Comparison of the 
(P J Stanbury), 67 

Mitochondrial Pathways — Transamination and the Control of (Dr H 
Gutfreund, Dr K E Ebner and L Mendiola), 820 

Mitra, Dr S, and others Nucleolar Succinic Dehydrogenase in Mouse 
Mammary Carcinoma Cells, 285 

Mitton, R G Research in the Leather Industry, 612 

Mitton, R G, and others At the Seventh Biennial Conference of the 
International Union of Leather Chemists Societies (Abrasion Testing 
of Sole Leather), 613 

Miwatani, Dr T (Littman, Dr M L,and) Reversal of Toxicity of 5-Fluoro- 
uracil and 5-Fluorodeoxyuridine for Candida albicans by Pyridoxine 
and Pyridoxamine, [155 

Mixed Cultures of Rhodopseudomonas capsulatus and Azotobacter vinelandii 
Production of Slime Substance in (Prof Azuma Okuda and Michiharu 
Kobayashi), 1207 

Mixed Salrva from Sheep (W R McManus}, [161 

Mixer (Proposed Harmonic Generator or), for Optical Frequencies (Dr 

D Froome), 859 

Mixture (&mphetamine-Barbiturate) Modification of the Effects of an, by 
the Past Experience of Rats (Dr Hannah Steinberg, Dr Ruth Rushton 
and Christine Tinson), 533 

Mizrah:, | J (Emmelot, Dr P, and)  Counteraction by Cysteine of Glyco- 
genolysts and Inhibition of Microsomal Protein Synthesis produced by 
DimethyInitrosamine, 42 

Mobility (Electrophoretic), and Detection of Haemolytic Activity of Strepto- 
lysins O and S in Agar-Gel (Extracellular Esterase of Group A Strepto- 
cocci), (A H Stock and Jose Uriel), 435 

Mode (Fundamental and a Latzice) A Difference Band of a, in the Infra-red 
Spectra of Lead and other Carbonates (C J H Schutte and K Buys), 
3 


Mode of Action of the Efferent Olivo-Cochlear Bundle on the Inner Ear 
(Dr J E Desmedt and Dr P Monaco), 1263 

Mode Characteristics and Coherence tn Optical Ruby Masers (Dr 1 D 
Abella and Dr C H Townes), 957 

Model (Energy-Level), for High-Resistivity Gall'um Arsenide (J Blanc and 
L R Wetsberg), 155 

Model (A acd for Chemists (Edward L Bauer), review by Dr D T 
Lewis, [02 

Model (A Working), for the Upper Atmosphere (Luigi G Jacchia), | 147 

Modern Computing Methods (National Physical Laboratory, Notes on 
Applied Science, No 16), second edition (Department of Scientific 
and Industrial Research), review by Dr R A Buckingham, 202 

Modern Geometry, review by L Roth, 847 

Lectures on (Prof Beniamino Segre), review by L Roth, 847 

Modern Physics (M S Smith), review by Prof H Lipson, 854 

Modification of the Drying Technique Chromosome Preparation from 
Fresh and Cultured Tissues using a (M Fox and Dr I M Zeiss), 1213 

Modification of the Effects of an Amphetamine-Barbiturate Mixture by the 
Past Experience of Rats (Dr Hannah Steinberg, Dr Ruth Rushton 
and Christine Tinson) 533 

Modification of the Inotropic Activity of Calcium by Potassium (Winifred G 
Nayler), 268 

Modification of the Properties of Flour Protein by Thiolated Gelatin (E E 
McDermott and J Pace), 657 

Modified Cuvettes for Photoelectric Spectrometry (Dr Malcolm H Smith), 


7 

Modifying Influence on Linear Trend of F-Region Electron Density with 
canes Number Atmospheric Scale Height as a (Jean M Bullen), 
542 

Moe, Kenneth 
Earth, [5] 

Moelwyn-Hughes, Dr E A The Study of Fast Reactions (Kinetics of Fast 
Reactions in Solution) 1136 

Moffat, M E B,andothers Microwave Measurement Techniques (Normal 
Cavity Techniques for the investigation of the Properties of Titanium 
Dioxide and Magnesium Titanate Ceramics at S, X, J and Q Bands), 410 

Moiseiwitsch, Dr B L Excitation of the 2s State of Atomic Hydrogen by 
Electron Impact, 545 

Moisture Expansion Relationships for a Fired Kaolinite-Hydrous Mica- 
Quartz Clay (Dr W F Cole), 737 

Molar Polymorphism (Third), and the Timing of Tooth Formation (Stanley 
M Garn, Arthur B Lewis and Batsheva Bonné), 989 

Molecular Biology and Population Structure (British. Association for che 
Advancement of Science, Section D (Zoology) and Section K (Botany) 
Joint Symposium on), 414 

Molecular Disarray in a Crystal Lattice produced by a Fission Fragment (Dr 

P Bowden and L T Chadderton), 31 

Molecular Oxygen Incorporation of, during Microbial Utilization. of 
Olefins (Tomoyuk: Ishrkura and J VY Foster), 892 

Molecular Sieve (5A) Behaviour of, in Substractive Gas Chromatography 
(E R Adlard and B T Whitham), 966 

Molecular Structure (Crystal and), of Diphenyl (Dr G B Robertson), 
(August 5, 593), erratum, 1026 

aes ale and Spectroscopy (Ohio State University Symposium 
on), 

Molecular Vibration Absence of Correlation between Odour and (K Buys, 
C J H Schutte and F Verster), 751 

Molecular Weight (High) Products from the Irradiation of Methane with 
4-MeV Electrons Production of (R W Hummel), [178 

Molecular Werght (Low) Peptides Separation of, from Amino-Acids on 
'DEAE-Sephadex' (P R Carnegie), 658 

Molecules (Protein) Montmorillonite as a Caliper for the Size of (Prof 
A D McLaren and G H Peterson), 960 

Molluscan Central Synapses Cholinergic Transmission Mechanisms for 
both Excitation and Inhibition in (Dr L Tauc and Dr H M Ger- 
schenfeld), 366 

Molten Polymers _ Unstable Flow of (J J Benbow, R V Charley and 

Lamb), 22 

Molybdenum Sesquisulphide Structure cf (Prof F Jellinek), 1065 

Molybdenum and Symbiotic Nitrogen Fixation by Alder (Alnus glutinosa 
Gaertp ), (Dr ! H Becking), 1204 

Moment (Dipole) Heart Dipole Regions and the Measurement of (Dr 
M R Barber and Dr E J Fischmann), [41 

Momen um (Angular), of Continua (Prof J S Dahlerand Prof L E Scriven), 


Errors ın Orbital Predictions for Artificial Satellites of 


INDEX 


Monaco, Dr P (Desmedt, Dr J E, and) Mode of Action of the Efferent 
Olivo-Cochlear Bundle on the inner Ear, 1263 9 

Monaghan, M T (Littlewood, Dr K, and) Carbonyl Content of the 
Vitrain Component of Bituminous Coals, 128 

Mondovi, B, and others Detection and Distribution of Enzymes for 
oxidizing Thiocysteamine, 557 

Monie, A S Goblet Cells in the Swim Bladder of Ophiocephalus striatus 
(Bloch), 1313 

Monier, R, and others Conservation of the Biological Activity of a Soluble 
Ribonucleic Acid, 169 

Monodisperse Polystyrene Latexes in Arrays 
(Dr Herbert E Kubitschek), 1148 

Monohydrate (Asparagine) Structure of (G Kartha and A de Vries), 862 

Monolayer Cultures of Frog Renal Cells Cultivation of (Dr Walter 
Auclair), 467 

Mononucleotide (Phosphorus-32) Labelling of the Isolated Rat Diaphragm in 
the Controlled Absence of Extracellular Glucose Effect of Insulin on 
the (P Volfin, D Eboue and H Clauser), 166 

Mononucleotide-Adenylyl Transferase (Nicotinamide), of Liver Nuclet 
Substrate Specificity and Inhibition of—Possible Mechanism of Effect 
of 6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Monovalent Cations Effect of, on the Blood Pressure of Intact and Hyper- 
acute Rats (| Bach, S Braun, T Gat, Prof J Sos and A Udvardy), 

62 


Monoxide (Carbon) Amounts of Oxides of Nitrogen and, in Cigarette 
Smoke, with and without Inhalation (C Bokhoven and H J Niessen), 
58 


Optical Calibration of some 


Monoxide (Carbon) Oxidation Radiation Effects on Lithium-doped Nickel 
Oxide Catalysts in (T Braun and! Maxim), 548 

Montan Wax Separation, Identification and Determination of the Fatty 
Acids of (D R Hewett, P J Kippingand P G Jeffery), 65 

Montgomery, H Appointed lecturer in pathology at the University of 
Edinburgh, 507 e 

Montgomery, Dr P O'B Scanning Techniques in Biological and Medical 
Microscopy (Recent Work in Flying-spot Microscopy), 1031 

Montgomery, Dr P O'B, and Hundley, L L Television Microscopy—a 
Flying-Spot Interference Television Microscope, 1059 

Montmorillonite as a Caliper for the Size of Protein Molecules (Prof A D 

McLaren and G H Peterson), 960 

Atlas of the Other Side of the (edited by N P Barabashov, A A 
Mikhailov and Yu N Lipskiy), translated into English by Leon Ter- 
Oganian, review by Prof Zdenek Kopal, 839 
The Hidden Face of the, review by Prof Zdenek Kopal, 839 

Moon Atlas (V A Firsoff), review by Brian Warner, 1111 

Moore, Dr A At the twenty-seventh Conference of the Internatjonal 
Federation for Documentation (Problem of Information in the Phar- 
maceutical Industry), 219 

Moore, A Metallurgy of Beryllium, 1138 

Moore, W C . Chemical Warfare on Plant Pests and Diseases, 1140 

Mooser, E, and Pearson, W B  lonic-Covalent Bonding in Crystals, 355 

Mean ins Civil Service, a Study of the Desk Worker (Nigel Walker), 


Moon 


Morawtecka, B, and others Preparation and Determination of Sulpho- 
salicylosoluble Proteins using Tannin, 262 , erratum, 802 

Moreland, Dr A J The Vehicle Driver (Road Experience with Safety 
Belts), [245 

Morgan, E, and Barrow, Dr R F 
System of MgCl, 1182 

Morgan, E H Plasma Iron and Iron-binding Capacity in the Pregnant Rat 
and Rabbit, 461 

Morgan, F R, and others At the Seventh Biennial Conference of the 
International Union of Leather Chemists Societies (Abrasion Testing 
of Sole Leather), 613 

Morgan, J T, and others Determination of Biological Availability of 
Methionine Cystine, 753 

Morgan, Dr J W W (Laidlaw, Dr R A,and) Wood Extractives (Chem- 
istry of Wood Extractives—Flavonoids), 512 

Morgan, Philip (edited by A Renfrew and) Polythene, the Technology 
and Uses of Ethylene Polymers, second edition, review by Prof 
C E H Bawn, 837 

Meran. Eror W T J 


Rotational Analysis of the A*II-X2z 


Fifth [International Congress of Biochemistry, 
Mori, Dr W , and Suzuta, Dr T Auto-Immunization and Liver Cirrhosis, 


Morley, Derek Wragge Automatic Data Processing (Department of 
Scientific and Industrial Research), 1024 

Morning Discontinuity in the Orientation of Quiet Auroral Arcs (Bengt 
Hultqvist, Aly Egeland and Georg Gustafsson), 956 

Morphogenesis (Amphibian) Role of Water-regulating Mechanisms in—a 
Quantitative Hypothesis (Peter Tuft), 1049 

Morphological Changes following Transplantation and Chronic Obstruction 
of the Rabbit Appendix (J A Williams, W O Griffen, jun, and 
A Sharma), 877 

Morphology of the Angiosperms 
Steward), 8 

Morphology (Polymer) Contribution of Electron Microscopy to (Electron 
Microscope Society of America Symposium on), 610 

Morris, Dr Desmond, and Jarvis, Caroline (edited by) The International 
Zoo Year Book, Vol 1, 1959, review by G S Mottershead, II! 

Morrison, G F, and Cosgrove, J F  Microchemical Techniques (Applica- 
tion of Neutron Activation to the Sensitive Determination of the 
Copper Activator in Single Crystals of Electroluminescent Zinc 
Sulphide weighing less than 500 ugm ), 412 

Morrison, Dr Robert B , and McCapra, Jean Flagellar Changes tn Escher- 
chia coli induced by Temperature of the Environment, 774 

Mortimer, Dr C T University Education in Ghana, 14 

Mortland, Prof M M Influence of some Organic Salts on the Absorption 
of Potassium by Vermiculite, 481 

Morton, Prof F Oxidation Processes tn Chemical Manufacture, 1134 

Morton, J R Spectroscopic Studies using Time-Resolved Techniques 
Torten Spin Resonance Spectrum of the Radical CHsCHCO:H), 


Morton, Prof R K Structure and Properties of the Flavohaemoprotein, 
Cytochrome ba (L(+ )-Lactate Dehydrogenase of Baker's Yeast), and 
of Haemoprotein, Flavoprotein and Apoprotein Derivatives, 727 


Prof A J Eames and the (Prof F C 


INDEX 


Morton, Prof R K , and Shepley, Kathryn Crystallization of Cytochrome 
b2 Free of the Deoxyribonucleic Acid Component, 639 

Morton, Prof R K, and others Substrate Specificity and Inhibition of 
Nicotinamide Mononucleotide-Adenyly| Transferase of Liver 
Nuclei—Possible Mechanism of Effect of 6-Mercaptopurine on 
Tumour Growth, 946 

Morton, W T Appointed to a lectureship in experimental physics in the 
University of Glasgow, 1132 

Mosaic Virus (Tobacco) Movement of, through Epidermis of Nicotiana 
glutinosa Leaves (Dr D G Kontaxis), 58] 

Photo-Reactivation of, in vivo (D J Goodchild), 289 

Mosaic Virus Infection (Tomato) Influence of, on the Hollow Fruit Condi- 
tion of Tomatoes (D J Harrison), 90 

Moser, C A Title of professor of social statistics in the Universiry of 
London (at the London School of Economics and Political Science) 
conferred on, 406 

Mosquitoes Specificity of Plant Feeding tn, as determined by Radioactive 
Phosphorus (Dr A A Abdel-Malek and Dr W F Baldwin), 178 

Moss, M S (Jackson, J V, and) Identification of an Amylobarbitone 
Metabolite tn Human Urine, 553 

Mossbauer, Prof R L (Hofstadter, Prof Robert,and) Awarded the Nobel 
Prize for Physics, 799 , work of, 799 

Mossbauer Efrect Method of Measuring the (Dr J E S Bradley and 
J Marks), 1176 

Mota, Dr | Mast Cell Lytic Antibodies, 1201 

Moth Panaxia dominula L Influence of Larval Environment on Adult Size 
and Fecundity in the (L M Cook), 282 

Moths British, review by A Watson, 830 

Moths of the British [sles (Richard South), new edition, First Series, 
Sphingidae, Endromidae, Saturniidae, Notodontidae, Thyatiridae, 
Drepanidae, Lymantriidae and Noctuidae , Second Series, Lasio- 
campidae, Arctiidae, Geometridae, Cossidae, Limacodidae, Zygaeni- 
dae, Sestidae and Hegualidae, review by A Watson, 830 

Motility in. Bone-Marrow Bells from the Cadaver Persistence of (Dr 
| B Porteous), 569 

Motion — Equation of, in Five Space (Prof Christopher Gregory), 1320 

Motor (Corona) A Novel Electrostatic Machine—the (| D N Van Wyk 
and G J Kuhn), 649 

Motor (Rocket) Test Rig Solid Propellant (P A Hilton and Co ), 608 

Motor Response of the Isolated Guinea Pig Vas Deferens to Hypogastric 
Nerve Stimulation Effect of some Smooth Muscle Stimulants on the 
(Dr Nils O Sjostrand), 1190 

Mott, B W Materials for Reactors, review, 100 

Mottershead, G S The International Zoo Year Book, review, [I 1] 

Mottram, A W T At the Twelfth International Astronautical Congress 
(Propulsion of the Final Stage of a Satellite using Liquid Hydrogen as 
Fuel), 1244 

Moudgal, M R, and others Complement-fixing Antibodies to Human 
Growth Hormone and Sheep Interstitial Cell Stimulating Hormone, 


Mould (Slime), Dictyostelium mucoroides — Trehalose in the Cellular (James 
S Clegg and Michael F Filosa), 1077 

Mould (Slime-) Plasmodium — Circular Streaming Patterns in a (Dr Peter A 
Stewart and Dr Babette T Stewart), 1206 

Moule, G R , and Mattner, P E Seminal Degeneration induced tn Merino 
Rams by the Administration of Stilboestrol Dipropionate, 364 

Mounfield, Dr J S — Training of Industrial Food Scientists and Technolo- 
gists in the United, Kingdom (Difference in Function of the Food 
Scientist and the Food Technologist), 302 

Mourant, Dr A E Obituary of Dr Marian W Smith, 917 

Mourant, Dr A E,and others P: Antigen in the Human Foetus, 883 

Mouse — Autoradiographic Study of Cell Migration during Histogenesis of 
geom Cortex in the (Dr J B Angevine, jun , and R L Sidman), 

Mouse Leukaemia Transmission of, with Purified Nucleic Acid Prepara- 
tions (Dr Esther F Hays), 230 

Mouse Lungs Multiplication of Mouse-adapted Influenza Virus in, after 
Infection with Very Low Doses (F Link and J Raus) 478 

Mouse Lymphoma Cells with Different Radiosensitivities (Dr P Alexander 
and Z B Mikulski), 572 

Mouse Mammary Carcinoma Cells — Nucleolar Succinic Dehydrogenase in 
(P De, R Chatterjee and Dr S Mitra), 285 

Mouse Muscle (Dystrophic) 5’-Adenylic Acid Deaminase in (Dr R J 
Pennington), 884 

Mouse Pituitary Tumours Difference in Metabolism of Labelled Thyroxine 
between Thyrotropic and Adrenotropic (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), 1193 

Mouse Serum and Ascitic Fluid Identification of Antibody in fs-Globulins 
E (Dr R T Jordan,J Banovitz, | L Trapani and Dan H Campbell), 

85 

Mouse-adapted [nfluenza Virus in Mouse Lungs Multiplication of, after 
Infection with Very Low Doses (F Link and J Raus), 478 

Moussatche, Dr H (Prouvost-Danon, A, and) Influence of Anaerobic 
Giycolysis on Release of Histamine in the Guinea Prg and Rat Anaphy- 
lactic Reaction in vitro, 361 

Movement in the Atmosphere (R J Murgatroyd), I2 

Movement of Nematodes Importance of Osmotic Potential as a Com- 
ponent of the Total Potential of the Soil Water on the (C D Blake), 
[44 


Movement of Tobacco Mosaic Virus through Epidermis of Nicotiana glutinosa 
Leaves (Dr D G Kontaxis), 581 
Movement (Particle), in Mature Steve Tubes 
(Dr R Thane), 772 

Movement (Salt), through Tomato Roots Effect of Water Movement on 
(William Lopushinsky and Paul J Kramer), 994 

Movement (Water) Effect of, on Salt Movement through Tomato Roots 
(William Lopushinsky and Paul J Kramer), 994 

Moye, D V,andothers Survival of Rhizobrum on Clover Seeds, 526 

Mucoproteins of Bronchial Mucus (Dr M Z Atassi, Dr S A Barker, Dr 
L E Houghton and K S Mullard), 1269 

Mucus (Bronchial)  Mucoproteins of (Dr M Z Atasst, Dr S A Barker, 
Dr L E Houghton and K S Mullard), 1269 

Mudie, J D (Miller, J| A, and) Potassium-Argon Age Determinations on 
Granite from the Island of Mahe in the Seychelles Archipelago, 1174 

Muhlbock, Prof O , and others A Carcinogenic Action of Testosterone, 
provoking Uterine Tumours in Mice, 1303 


Transcellular Strand and 


Ixv 
e 
Mukerjee, S , and others Antigenic Structure of Entamoeba histolytica, 893 
Mulay, | L, andSperti, G S Effect of Ultra-Violet Radiation and Desicca- 
tion on Different Age-Cultures of Escherichia coli K12, 773 
Mullaly, R F (Krishnan, T, and  Decimetre Radio Bursts Concurrent with 
Solar Type IV Radiation, 58 
Mullard, K S, and others Mucoproteins of Bronchial Mucus, 1269 
Muller, A, and others Oxidized Cytochrome and Chlorophyll Cz* in 
Photosynthesis, 967 
Muller, Prof Arno Hermann 
by Dr L R Cox, 3 
Muller, S, and others Oxication Processes in. Chemical Manufacture 
(Recent Developments tn the Oxidation Recovery of Chlorine from 
Hydrochloric Acid), 1135 
Mullin, Dr J W Crystallization, review by Dr S H Bransom, 695 
Multiple Haemoglobins and Transferrins in a Macaque Sibship (Prof J 
Buettner-Janusch, J B Twichell, Bert Yuan-shu Wong and Gertrude 
Van Wagenen), 948 
Multiplication of Mouse-adapted Influenza Virus in Mouse Lungs after 
Infection with Very Low Doses (F Link andJ Raus), 478 
Municipal Engineering at Manchester, 403 
Munro, Dr G H Possible Solar Flare Effects in the F Region of the lono- 
sphere, 347 
Murgatroyd, R J Movement in the Atmosphere, |2 
Murgatroyd, R J, and Singleton, F Winds and Circulation in the Upper 
Atmosphere (Possible Meridional Circulations in the Stratosphere 
and Mesosphere), I2 
Murphy, Prof A J Astronautics (Materials for Astronautic Vehicles), 311 
Murphy, D H Biological Species confused under the Name Culicoides 
austen: (Carter, Ingram and McFie), 186 
Murphy, Gardner, and Ballou Robert O (compiled and edited by). 
William James on Psychreal Research, review by F | G Rawlins, 901 
Murray, Dr K, and others Mannosyl Dn-Glucosamine Hydrochloride 
Isomers—6-O-Mannosyl D-Glucosamine Hydrochloride (143, July 8, 
1961), erratum, 710 
Murray, R D H Awarded a Fellowship in organic chemistry in the 
University of Glasgow, 1132 
Murrell, W G ‚and others  Dipicolinic Acid Content, Heat-Activation and 
the Concept of Dormancy in the Bacterial Endospore, 1211 
Murti, K S, and others Cotton in India, Vol 3, review by Prof S C 
Harland, 200 
Fixation of (G Goldspink), [305 
5'-Adenylic Acid Deaminase in (Dr R J 


Grossblaufe der Stammesgeschichte, review 


Muscle 

Muscle (Dystrophic Mouse) 
Pennington), 884 

Muscle Receptors (University o: Hong Kong Symposium on), 805 

Muscle (Smooth) Stimulants Effect of some, on the Motor Response of the 
Isolated Guinea Prg Vas Deferens to Hypogastric Nerve Stimulation 
(Dr Nils O Sjostrand), 1190 

Muscle (Uterine Smooth) Sodium Influx and Excitation in (Prof C Y 
Kao, Dr D Zakim and Dr F Bronner), 1189 

Muscles of Hibernating Animals Sodium and Potassium Content in the 
(Dr Einar Eliassen and Helge Leivestad), 459 

Muscles of some Marine Invertebrates Changes in Adenine Nucleotides in 
the (Ken-ichr Arar and Tsuneyuki Saito) 451 

Muscles of Patients with Diabetes Mellitus Absorption and Exeretion of 
Penicillin injected into the (Dr L Weinstein and Dr R H Meade), 
987 


Muscles (Ox) Comparative in vitro Activities of Phosphorylase b and 
Cytochrome Oxidase in Preparations from Two (E J Briskey and 
R A Lawrie), 263 

Muscles (Slow- ard Fast-contracting Leg), of the Cockroach Lipase 
Activity in the (Prof J C George and N M G Bhakthan), 356 

Muscular Dystrophic Mice (Nermal and) Excretion of Uncrystallized 
rey Calcult composed of Glycolipo-Protein by (C McGaughey), 
12 

Museum Royal Scottish (Dr D A Allan), 215 

Museum (Australian) Magazine, Vol 13, No 11, [024 

Museum, Bernice P Bishop (Honolulu) Herbert E Gregory Medal 
awarded to Prof A P Elkin,21 

Report for 1960 (Work Half Done), 213 

Museum, (Chicago Natural History) — Fieldiana, Botany, Vol 30, No 4, 
Orchids of Peru (Charles Schweinfurth), 619 

Museum (Dunfermline) Opened by Dr D A Allan, 921 

Museum (National), of Wales — Bibliography and Index of Geology and 
Allied Sciences for Wales and the Welsh Borders, 1897-1958 (D A 
Bassett), review by V A Eyles, 491 

Museum (Royal Ontario) New Mineral and Gem Gallery, 607 

Museum (South Australian) Report for [959-60, 20 

Records of the, Vol [4, No I, 921 

Museum or Comparative Zoology, Harvard College 
(1959-60), 405 

Museum and the Naturaltst (Report of the Symposium at the British Museum 
(Natural History)), 212 


lOlst Annual Report 


Museums London and Guildhall, 308 
Museums Association Record of the Annual Conference at Plymouth 
(1961), 212 


Museums Journal, Vol 61, No 2,212 

Mustard Oils (Volatile), of Brassica juncea Seeds (| S Hemingway, H J 
Schofield and Dr J G Vaughan), 993 

Musty, J W G (Thomas, L C, and) A Spectroscopic Survey of English 
and Continental Medieval Glazed Pottery, 1143 

Mutagenic Properties of Alkylating Agents Acidic Dissociation of 7 9- 
Dialkylguanines and its Possible Relation to (Dr P D Lawley and 
P Brookes), [081 

Mutant (A New), of Dermovaccinia Virus (Dr Isamu Tagaya, Dr Takashi 
Kitamura and Dr Yumiko Sano), 381 

Muthe, P T (Nair, K K,and) Effect of Ribonuclease on Shel! Regenera- 
tion in Ariophanta sp , 674 

Myatt, Dr J (Harrowell,R V,and) Thermionic Generation of Electricity 
(Efficiency and Power of a Diode Generator), 6[ | 

Mycelium Antibiotic Properties of, and Metabolites of Myrothecium roridum 
Tode (Andrzej Nespiak, Martan Kocor and Antoni Siewinski), 138 

Mycobacterium johnei Susceptikility of Hamsters to the Org Administra- 
tion of (N J L Gilmour and J G Brotherston), 1202 

p rp Surface Granulation tn (Dr A D McCutcheon), 
684 


Diapause tn an (D J Jackson), 823 


Mymarid (Aquatic) 


[xvi 
* 


MyrBack, Karl, and others (edited by) The Enzymes, Vol 2, Purine and 
Pyrimidine Nucleotides and Phosphagens, Prosthetic Groups and 
Cofactors (Part A), second edition, Vol 3, Prosthetic Groups and 
Cofactors (Part A) , Vol 4, Hydrolytic Cleavage (Part A), second 
edition, review by Dr Edwin C Webb, 1109 

Myrothecium roridum Tode — Antibiotic Properties of Mycelium and Meta- 
bolitesof (Andrzej Nesprak, Marian Kocor and Antoni Siewinski), [38 

Mysid Shoaling Behaviour in a (Prof D M Steven), 280 

Myxoviruses — Utilization of Sheep Red Blood Cells in the Haemadsorption 
Test for (H M Yamashiroya, Dr R W Pumperand B R Tess), 582 


Nacy, Prof Bartholomew (Claus, Dr George, and) A Microbiological 
Examination of some Carbonaceous Chondrites, 594 
Naimark,M A Normed Rings (translated from the first Russian edition 
by Leo F Boron), review by Dr F Smithies, 201 
Nair, K K ‚and Muthe, P T Effect of Ribonuclease on Shell Regeneration 
in Ariophanta sp , 674 
Nairn, A E M (edited by) 
Prof F W Shotton, 828 
Nairn, Dr R C (Fothergill, Dr J E, and) Purification of Fluorescent 
Protein Conjugates—Comparısen of Charcoal and ‘Sephadex’, 1073 
Nakamura, S, and Wakeyama, T — Distribution of Trypsin Inhibitors in the 
Sera of various Animals 1077 
Nakanishi, $, and others Soluble Collagen in Bone, 758 
Naked Yeast Protoplasts Physical Conditions as Important Factors for the 
Regeneration of (Dr O Necas), 580 
Nambiar, M C (Swaminathan Dr M S ,and) 
Dwarf Coconut Palm, 85 
Names (River-) The Grayling Fish and (John Tutin), 1102 
Namias, J Changes of Climate (Theories of Changes of Climate), 1139 
Nanis, Leonard Evaluation of Boundary Layer Thickness in Electrolytic 
Systems from Decay of Anode Concentration Polarization, 442 
Nanjundayya, C , and others Cotton in India, Vol 3, review by Prof 
S C Harland, 200 
Napoleon I's Harr Arsenic Content of, probably taken immediately after 
his Death (Dr Sten Forshufvud, Dr Hamilton Smith and Dr Anders 
Wassen), 103 
Naquira, Cesar, and others Epidemiological Surveys on Chagas’ Disease 
in the Village of Matalaque, Southern Peru, 921 
Naquira, Felix, and others Epidemiological Surveys on Chagas’ Disease 
in the Village of Matalaque, Southern Peru, 921 
Naringenin Induction of a Light Requirement for the Germination of 
Lettuce Seed by, and its Removal by Gibberellic Acid (Dr 1 D J 
Phillips), 240 
Narrow Tungsten Filaments 
Yngve Ohman), 254 
Nas, J K T L Title of prcfessor of civil engineering (at King's College, 
London) conferred on, [132 
Nash, T Prevention of Freezing Damage to Living Cells by Pyridine 
N-Oxide, 360 
Nathan, Dr Helene A Alteration of Permeability of Lactobacillus plant- 
arum caused by Chlorpromazine, 471 
Nathan, Dr P W , and Sears, T A Action of Methyl Hydroxybenzoate 
on Nervous Conduction, 668 
National Academy of Sciences (United States) Kimber Gold Medal for 
genetics awarded to Prof J B S Haldane, 710 
National Bureau of Standards (United States) Appointment of Dr Ralph 
P Hudson as head of the Heat Division, 309 
Appointment of Dr Y Beers as chief of the Millimeter-Wave Research 
Section, 403 
Appointment of Dr R P Madden to the Atomic Physics Division, 507 
Appointment of Dr Thomas R Lawrence as a member of the Metrology 
Division, 710 
Appointment of Dr F Ralph Kotter as chief of the newly established 
High Voltage Section of the Electricity Division, 710 
1962 International Conference on Precision Electromagnetic Measure- 
ments, 922 
Appointment of J R Johler as chief of the new Applied Electromagnetic 
Theory Section, 1129 
National Central Library — Forty-fifth Annual Report (1960-61), 1023 
National Conference of Standards Laboratories, 1240 
National Engineering Laboratory Promotion of D Firth to Senior Prin- 
cipal Scientific Officer, 214 
National Food Survey Committee Annual Report— Domestic Food Con- 
sumption and Expenditure, [959 (Ministry of Agriculture, Fisheries 
and Food), 317 
National Health Service (British)—a Short Survey with particular reference 
to the Pharmaceutical Services (Pharmaceutical Society of Great 
Britain), 801 
The Genesis of the (Prof John Jewkes and Sylvia Jewkes), review by 
T H Hawkins, 849 
National Institute for Research in Nuclear Science Appointment of Dr 
J Howlett as head of the Atlas Computer Laboratory, 918 
National Institute of Sciences of India Symposium on the History of 
Sciences tn Ancient and Medieval India, 27 
National Institutes of Health, Bethesda, Maryland 
the (Dr Carl R Brewer), 791 
National Metallurgical Laboratory, Jamshedpur Symposium on Pilot 
Plants in Metallurgical Research and Development, Jamshedpur, 
1960 (edited by R M Krishnan), review by E W Voice, 1008 
National Mineral Collection, Ottawa, 506 
National Museum of Wales — Bibliography and Index of Geology and Allied 
Sciences for Wales and the Welsh Borders, 1897-1958 (D A 
Bassett), review by V A Eyles, 49I 
National Physical Laboratory Notes on Applied Science, No [6, Modern 
Computing Methods, second edition, review by Dr R A Bucking- 
ham, 202 
Promotion of Dr J M Burch to Senior Principal Scientific Officer, 214 
Promotion of Dr J T Stuart to Senior Principal Scientific Officer, 214 
Appointrgent of Dr J V Dunworth as deputy director, 606 
Notes on Applied Science No 23, Radiometric Standards and Measure- 
ments (E J Gillham), 1250 
Notes on Applied Science No 24, Photometric Standards and the 
Unit of Light (J S Preston), 1250 


Descriptive. Palaeoclimatology, review by 


Cytology and Origin of the 


Polarized Thermal Emission from (Prof 


Medical Research and 


INDEX 


National Radio. Astronomy Observatory The Australian, 1019 
Nationa! oe Council of Canada — Forty-fourth Annu&] Report (N R.C 
6322), 70 
Review of the, for 1961 (NRC 6421), 709 
Appointment of Dr A C Neish as director of the Atlantic Regional 
Laboratory, 1129 
National Research Council and the Medical Research Council of Canada 
University Support (1960-61), 308 
National Science Foundation (United States) Scientists and Engineers in 
the Federal Government, October 1958, 800 
Surveys of Science Resources Series, NSF 61-32, Funds for Research 
and Development in [Industry (1958), 809 
Further allocation of 1,500,000 dollars for research work in the 
Antarctic, 919 
Appointment of Dr 
(research), 922 
Grant of 286,700 dollars to the University of Chicago, for a 4-MeV 
Van de Graaff machine, [239 
Grant of 700,000 dollars to Michigan State University, towards a 
40-MeV cyclotron, 1239 
Grant of 977,600 dollars to the University of Pittsburgh, towards an 
[8-MeV three-stage Van de Graaff machine, 1239 
Grant of 1,240,000 dollars to the University of Washington (Seattle), 
towards a 22-MeV, three-stage Van de Graaff machine for the 
Physics Department, 1239 
Grant of 499,200 dollars to Ohio State University, for a 55-MeV Van 
de Graaff machine, 1239 
Grant of 498,000 dollars to the State University of lowa, for a 5 5-MeV 
Van de Graaff machine, 1239 
National ien of Teachers Schools Television, a Discussion Document, 
2 


Randal M Robertson as associate director 


National University of Ireland Retirement of Prof J Doyle from the 

chair of botany tn University College, Dublin, 123 
Appointment of Dr Phyllis M Clinch to tff chair of botany tn Univer- 

sity College, Dublin, 1238 

National Youth Science Programme, 387 

Native Africans Distribution of Group-specific Components (Gc) in the 
Sera of (Dr Jan Hirschfeld and Jean Sonnet), 766 

Native Fibrin Powders (Human, Cow and Rabbit), as Anticoagulants (Dr 
A L Copley and Beverly Becher), 568 

yey in the British Isles Perennial Nodules on (Dr J S Pate), 


Native Orchids of Trinidad and Tobago (Dr Richard Evans Schultes), 
review by P Francis Hunt, 831 

NATO (Advisory Group for Aeronautical Research and Development) 
AGARDograph No 47, Gas Sampling and Chemical Analysis in 
Combustion Processes (Prof G Tine), review by Dr C F Cullis, 


1108 

NATO (Advisory Group for Aeronautical Research and Development}, and 
the University of Southampton Seminar on Astronautics, 310 

Natu, W R, and others Cotton in India, Vol 3, review by Prof S C 
Harland, 200 

Natural Glass from beneath Red Clay on the Floor of the Atlantic (Dr 
G D Nicholls and V T Bowen), 156 

Natura! History Courses on (Council for Nature), 802 

Observations and Experiments in (Alan Dale), review by B J G 

Maitland, 851 

Natural History of Galaxies, review by Prof R O Redman, 838 

Natural History Museum (Chicago)  Fieldiana, Botany, Vol 30, No 4, 
Orchids of Peru (Charles Schweinfurth), 719 

Natural Occurrence of Leptospira icterohaemorrhagiae in the Eastern Grey 
Fox and the Eastern Raccoon (Dr L G Clark, J 1 Kresse, R R 
Marshak and C J Hollister) 1312 

Natural Resources Role of Science in the Development of, with particular 
reference to Iran, Pakistan and Turkey (Scientific Council of the 
Central Treaty Organization Symposium on), 609 

Natural Rubber Producers’ Research Association Symposium on Funda- 
mental and Practical Approaches to Ageing Protection, 115 

Natural Rubber Research Conference Proceedings of the (Kuala Lumpur, 
[960), (sponsored by the Rubber Research Institute of Malaya, with 
the support of the Government of the Federation of Malaya and the 
Rubber Producers' Council of the Federation of Malaya), review by 
Dr W F Watson, 491 

Natural and Synthetic Nucleic Acids Polynucleotides— (Dr Robert F 
Steiner and Dr Roland F Beers, Jr ), review by Dr C B Reese, 836 

Naturalist The Museum and the (Report of the Symposium at the British 
Museum (Natural History)), 212 

Naturalists Trust, Ltd. (Berkshire, Buckingham and Oxfordshire) 
Report for 1960, 212 

Naturally Occurring Derivatives of Proline Structures and Conformations 
of some (R J Abraham, K A McLauchlan, Shirley Dalby, Prof G W 
Kenner, R C Sheppard and L F Burroughs), [150 

Nature The Vision of (Sir Cyril Hinshelwood), HIS 

Nature, Council for Courses on Natural History, 802 

Nature of Colicine Receptors (Dr Anna Mayr-Harting), 191 

Nature of Increased Protein and DNA in Chronic Hepatic Injury (Dr 
pearls! Rubin, Ferenc Hutterer, Elemer Cs Gall and Hans Popper), 

Mesure of sulphate Retention by Acid Soils (Monica Liu and G VV. Thomas), 


Annual 


Nature (General), of the Genetic Code for Proteins (Dr F H C Crick, 
Leslie Barnett, Dr S. Brenner and Dr R J Watts-Tobin), 1227 

Nature Conservation in Western Malaysia (edited by J Wyatt-Smith and 
P B Wycherley), 801 

Nature Reserves, Society for the Promotion of 
Report, 608 

Nature Society (Malayan) Special issue of the Malayan Nature Journal, 
Nature Conservation in Western Malaysia (edited by J Wyatt- 
Smith and P B Wycherley), 80! 

Nature, Use and Disposal Atomic Energy Waste—its (edited by E 
Glueckauf), review by A W Kenny, 846 

Nautical Almanacs Astronomical and, 1240 

Naval Architects, Royal Institution of Denny Scholarship tn Marlne 
Engineering (1961) awarded to David K Brown, 309 

peel Scholarshp in Marine Engineering (1961) awarded to Alan B 
urner, 


Forty-fourth Annual 


INDEX 


Naval Laboratory (Stanford—Pacific) Conjugate Point Experiment (J E 
Lokken, J à Shand, Sir C S Wright, L H Martin, N M Brice and 
R A Helliwell), 319 

Naval Radiological Defense Laboratory (United States) San Francisco 
Appointment of Dr Olivier Heroux as scientist-in-residence, 1026 

Nayler, J H C, and others New Penicillins Stable towards both Acid 
and Penicillinase, [183 

Nayler, Winifred G = Modification of the Inotropic Activity of Calcium 
by Potassium, 268 

Naylor, A,and others Polysaccharide Content of the Prolapsed Nucleus 
Pulposus of the Human Intervertebral Disk, 868 

Naylor, Prof J M, and Simpson, G M Bioassay of Gibberellic Acid 
using Excised Embryos of Avena fatua L, 679 

Naylor, Prof R F Obituary by Prof Malcolm Crawford, 16 


Neame, K D Phenylalanine as Inhibitor of Transport of Amino-Acids 
in. Brain, 173 
Nečas, Dr O Physical Conditions as Important Factors for the Regenera- 


tion of Naked Yeast Protoplasts, 580 

Needham Dr A E Rate of Senescence, 579 

Evolution of Regeneration, and its Possible Bearing on Philosophy, 1255 

Needles (West Ford) Interaction of, with Earth's Magnetosphere (Prof 

S F Singer), 303 
Interaction of, with the Earth's Magnetosphere and their Life-time 

(Prof S F Singer), 1061 

Negi, Dr S S, and others Feeding of Bamboo Flowers to Laboratory 
Rats and Mice, 470 

Ne, Prof Tokio Investigation with the Electron Microscope of che Sub- 
limation of Ice Crystals at Low Temperatures, 1177 

Neidhardt, F C (Fraenkel, D G, and) Manner of expressing Rate of 
Ribonucletc Acid Biosynthesis, 677 

Neish, Dr A C Appointed director of the Atlantic Regional Laboratory 
of the National Research Council of Canada, 1129 , work of, 1129 

Nelken, Dr A (Gilboa-Garber, Nechama, and) Specific Antigens of 
Human Leucocytes ed Thrombocytes, 466 

Nematode Ascaris lumbricoides Localization of Esterase in the Cuticle of 
the (Dr D L Lee) 282 

Nematode Panagrellus redivivus A Chamber for Culturing and Collecting 
the (E J Winkler and Prof David Pramer), 472 

Nematodes Importance of Osmotic Potential as a Component of the 
Total Potential of the Soil Water on the Movement of (C D Blake), 

4 


Nematodes (Parasttic) Precipitating Antibodies tn the Carpet Snake 
against (H Timourian, C Dobson and J F A Sprent), 996 
Nematology at the Imperial College of Science and Technology, London 
(Prof B G Peters), 1027 

Neoplastic Tissue (Oncolipin) Interaction between Lysozyme and a Phos- 
pholipid of (R Ferrari and S Matracia), [187 

Neoplastic Tissues Binding of RP2-L—a Nuclear Protein of—to Deoxy- 
ribonucleic Acid (Paul Byvoet and Prof Harris Busch), 870 

Nephrosis (Experimental) Plasma Albumin Catabolism in (Dr Alvin L 
Sellers, Joseph Katz and Sheldon Rosenberg), 562 

Nerve-Endings (Sympathetic) Fate of Tritiated Noradrenaline at the 
G Hertting and J Axelrod), 172 

Nerve Stimulation (Hypogastric) Effect of some Smooth Muscle Stimu- 
lants on the Motor Response of the Isolated Guinea Pig Vas Deferens 
to (Dr Nils O Sjostrand), 1190 

Nerves treated with  Cetyltrimethylammonium Bromide Repetitive 
After-discharge produced by Drugs in (Michiko Okamoto and Prof 
Albert S Kuperman), 365 

Nerves (Arteriolar), in the Guinea Pig Pancreas Fine Structure of the 
(Dr J D Lever and Dr A C Esterhuizen), 566 

Nervous Conduction Action of Methyl Hydroxybenzoate on (Dr P W 
Nathan and T A Sears), 668 

Nervous System (Autonomic), and the Occurrence of Visceral Lesions 
(Hiroshi Itoh, Terzo Kasahara, Kazua Amano, Koh Okamoto and 
Samon Tanabe), 1025 

Nervous System (Central), of the Rat Distribution of Ribonucleic Acid 
in Subcellular Fractions of various Regions of the (T Borkowski, 
S Harth, R Mardell and Prof P Mandel), 456 

Nervous Tissue Cytology of (Papers on, at the Annual General Meeting 
of the Anatomical Soctety of Great Britain and Ireland), 406 

Nesbitt, Robert Malleson Appointed a trustee of the Wellcome Trust, 212 

Nespiak, Andrzej, and others Antibiotic Properties of Mycelium and 
Metabolites of Myrothecium roridum Tode, 138 

Netherlands Physical Society and the Groupement Ampere International 
Conference on Magnetic and Electric Resonance and Relaxation, 213 

Nettelbladt, Erik, and others Permeability of the Synovial Membrane to 
Glycoproteins, 1192 

Neuberger, Prof A, and others 
phylls, 204 

Neufeld, E L (Greenhow, J S, and) Winds and Circulation in the Upper 
Atmosphere (Winds at 80-100 km as revealed by Radar Reflexions 
from Meteor Trails), 13 

Neuhaus, Prof Otto W , and Sogoian, Virginia P 
globin in Synovial Fluid, 558 

Neuhauser, R G (Williams, G Z, and) Scanning Techniques in Bio- 
logical and Medical Microscopy (Quantitative Investigations in the 
Ultra-violet), 1031 

Neural Differentiation Localization of Inhibitors of, in Chick Embryos 
(Dr A K Katoh), 997 

Neurophysiological Research Probability Distribution Analyser pro- 
grammed for (Dr W R Levick, Prof P O Bishop, W O Williams 
and Prof D G Lampard), 629 

Neurophysiology Attention and I[n-Attention in (L Goldie and J M 
Green), [116 

Neuro-Psychopharmacology—Proceedings of the First International Con- 
gress of Neuro-Psychopharmacology, Rome, 1958 (edited by P B 
Bradley, P Deniker and C Radouco-Thomas), review by Prof W 
Ross Ashby, 392 

Neurology of Language (Sir Russell Brain), 20 

Neuronal Level Inhibitory Phenomena and ‘Habituation’ at the (B 
Holmgren and S Frenk), 1294 

Neurons (Cholinergic), in Vertebrates (Dr Catherine Hebb), 527 

Neurosis Learning Theory and the Therapy of (Ralph Metzner), 405 

Neurospora crassa Effect of Kinetin on the Fertility of some Strains of 
(Barry O Lee), 288 


Biosynthesis of Porphyrins and Chloro- 


Presence of Hapto- 


[xvii 


e 
Neutron Diffraction Examination (X-Ray and), of p-Diphenylbenzene (Pref 
C J B Clews Dr E N Maslen, H M Rietveld and T M Sabine), [54 
Neutron Energy (I4 MeV) The Reaction Silicon-29(n,a)Magnesium-26 at 
(Dr W M Deuchars and G P Lawrence), 1278 
Neutron Intensity of Cosmic Rays World-wide Distribution of Diurnal 
Variation of the (Tsunekichi Kanno), 250 
Neutron-lrradiated Ammonium Sulphate Behaviour of, on Thermal 
Annealing (Dr Nikola Getoff and Masaru Nishikawa), 61 
New Antifungal Antibiotic of Potential Use tn Agriculture Venturicidin, a 
(A Rhodes, K H Fantes, B Boothroyd, Moira P McGonagle and 
R Crosse), 952 
New Application of the Faraday Magneto-Optical Effect for Diagnostic 
Measurements of Transient Magnetic Fields (R D Medford, W H W 
Fletcher, J D Herbert and A L T Powell), 622 
New Hereditary Disorder of Amino-Acid Metabolism New Renal Tubular 
Amino-Acid Transport System and a (Dr C R Scriver, | A Schafer 
and M L Efron), 672 
New Illustrated British Flora (Dr Roger W Butcher), Part I, Lycopo- 
diaceae to Salicaceae, review by R D Meikle, 1221 
New Indirect Fick Procedure for the Determination of Cardiac Output 
(Dr J G Defares, Dr M E Wise and Prof J W Duyff), 760 
New Long-acting Sulphonamides 4-Sulphanilamido-6-Methoxy and 
6-Ethoxy Pyrimidine (I Cl Nos 32,525 and 33,536)—Two (Dr R 
Clarkson and Dr A R Martin), 523 
New Look in Physics Text-Books, review by G R Noakes, 99 
New Medical Dictionary, review by Dr K M Hawkins, 849 
New Method of Estimating che Dry-Matter Intake of Grazing Sheep from 
their Faecal Output (J B Owen), 92 
New Method for Local Chemical Analysis of Human Tissue (Robert C 
Mellors and Kenneth G Carroll), 1090 
New Method of Preparing Co-ynebacterium pyogenes Toxoid with High 
Anti-Haemolysin Titre in Rabbits (Valerie Levy), 189 
New Methods in Laminar Boundary-Layer Theory (Dr D Meksyn), review 
by E J Watson, 842 
New Mutant of Dermovaccinia Virus (Dr Isamu Tagaya, Dr Takashi 
Kitamura and Dr Yumiko Sano), 381 
New Ninhydrin-Reactive Substance from Red Algae (Mitsuo Kuriyama), 969 
New Penicillins A Survey of (Prof Robert Knox), 492 
New Penicillins Stable towards both Acid and Penicillinase (F P Doyle, 
A W Long, J H C Nayler and E R Stove), 1183 
New Potent Analgetic Antagonist (Maxwell Gordon, John J Lafferty 
David H Tedeschi, Nathan B Eddy and Everette L May), 1089 
New Prophylactic Trypanocidal Drug, 2,7-di- (m-amidinophenyldiazoamino)- 
[0-ethyl-9-phenyl-phenanthridintum Chloride Dihydrochloride (M& 
B 4596), (S S Berg, K N Brown, J Hill and W R Wragg), 367 
New Renal Tubular Amino-Acid Transport System and a New Hereditary 
Disorder of Amino-Acid Metabolism (Dr C R Scriver, 1 A Schafer 
and M L Efron), 672 
New Reversible Solid-State Transformation in Iron—Nickel Alloys in the 
Invar Range of Compositions (Prof N | Ananthanarayanan and 
R J Peavley), 962 
New Sources of Exergy (United Nations Conference on), 407 
New Standard Work on Cocoa, review, 592 
New Synthetic Detergents (Dr Nora H Johnson), [142 
New Techniques ın Biology and Medicine (International Atomic Energy 
Agency Conference on), 609 
New Ternary R-Phases with Silicon (D ! Bardos, K P Gupta and Prof 
Paul A Beck), 744 
New Test for Detecting Anaphylactic Sensitivity—the Basophil Reaction 
(Prof Waiter B Shelley end Lennart Juhlin), (1056, September 9), 
erratum, 2] 
New Thinking in School Chemistry (Organization for European Economic 
Co-operation), 404 
New Tuberculostatic 1,3,4-Oxadiazolones — Biological Spectrum of some 
with special reference to Cross-Resistance and Rates of Emergence 
of Resistance (Prof A E Wilder Smith and Hans Brodhage), 1195 
New Type of Blocking Agent against 5-Hydroxytryptamine 5-Hydroxy-3- 
indoleacetamidine—a (Dr Laszlo Gyermek), 465 
New Unsaturated Uronide isolated from Alginase Hydrolysate (Isamt 
Tsujino and Tsuneyuki Saito), 970 
New York Academy of Sciences Conference on Scanning Techniques jn 
Biological and Medical Microscopy, [030 
New York University Combination of its two Physics Departments into 
a single all-University Department and appointment of Prof Bruno 
Zumino as its head, 507 
New Zealand Floraof (Dr H H Allan), Vol 1, Indigenous Tracheophyta, 
Psilopsida, Lycopsida, Filicopsida, Gymrospermae, Dicotyledones, 
review by Dr George Taylor, 1108 
Scientific Research in, 713 
New Zealand Department of Scientific and Industrial Research Senior 
Research Fellowships awarded to Dr B H Howard and to Dr R 
Melville, 210 
Report for 1960-61, 713 
New Zero Power Reactor Nora, a (Norwegian Atomic Energy Institute), 
918 
New-born and Adult Living Mice Identification. of the Chromosome 
Complements of (R G Edwards), 1316 
Newbrun, Ernest Application of Atomic Absorption Spectroscopy to the 
Determination of Calcium in Saliva, 1182 
Newcomb, H R, and others Serotonin in the Small Intestine of Con- 
ventional and Germ-free Chicks, 380 
Newer Synthetic Drugs Antibiotics and (Bradford Chemical Society, the 
Department of Chemical Technology of the Bradford Institute of 
Technology, and the Yorkshire Council for Further Education 
Symposium on), [132 
Newlands, Dr M J Chemistry in Industry, review, 902 
Newman, Dr Charles Chemistry in the Service of Medicine, 1017 
Newt Two Types of Ribonucleoprotetn in the Nucleolus of Intestinal 
Carcinoma of the, following Injection of Herring-Sperm Deoxyribo- 
nucleic Acid (Prof A Stolk), 1215 
Newton, Dr Alison Mechanisms of Virus Infections (Biochemical Aspects 
of Virus Infectivity); [248 
Newtoniar (Non-) Measurements Rotation Viscometers and'their Appli- 
cation to (Dr R McKennell), 308 
Nichol, Dr D L The Better Use of the World's Fauna for Food (Recent 
Advances in the Processing of Fish) [114 


Ixvill 
* 
Netfolas, M 
308 


Nicholls, Dr G A Quantitative Biology (Work of the New Zealand 
Forest Products, Ltd Laboratory in the fields of Bark Utilization, 
Pulping, Bleaching and Turpentine Refining), 26 

Nicholls, Dr G D, and Bowen, V T Natural Glass from beneath Red 
Clay on the Floor of the Atlantic, 156 

Nicholls, Dr J R Food Processing tn relation to Health (Need for Food 
Preservation by means of Additives and che Precautions taken to 
ensure Safety), 601 

Nichols, R B, and Brown, A E Microwave Measuring Techniques 
(Apparatus for Grading Dielectric Cubes according to their Exact 
Permittivity), 410 

Nicholson, H H Obituary of Dr E McKenzie-Taylor, 706 

Nickel Catalytic Decomposition of Ethylene on (Douglas W McKee), 654 

Nickel Company of Canada, Ltd (International) Grant of 75,000 dollars 
to the Royal Ontario Museum, for a new Mineral and Gem Gallery, 


Rheological Equipment (The Cattle Cube Hardness Tester), 


607 

Nickel Oxide Catalysts (Lithium-doped) — Radiation Effects on, in Carbon 
Monoxide Oxidation (T Braun and 1 Maxim), 548 

Nickel (Iron-) Alloys A New Reversible Solid-State Transformation tn, 
in the Invar Range of Compositions (Prof N I Ananthanarayanan 
and R | Peavley), 962 

Nickell, Dr L G, and Celmer, W D A Potent, Non-Toxic Plant-Growth 
Inhibitor from an Antibiotic Fermentation, 1098 

Nicol, D L The Humber Laboratory, 1027 

Nicol, Prof T (Charles, L M, and) Effect of Diethylstilboestrol on the 
Serum y-Globulin in the Guinea Pig, 565 

Nicol, Prof T, and others Response of the Reticulo-Endothelial System 
to Stimulation with CEstrogens, 978 

Nicotiana glutinosa Leaves Movement of Tobacco Mosaic Virus through 
Epidermis of (Dr D G Kontaxis), 581 

Nicotinamide Mononucleotide-Adenylyl Transferase of Liver Nuclei Sub- 
strate Specificity and Inhibition of—Possible Mechanism of Effect of 
6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Nicotinic Action Mechanism of, at the Adrenal Medulla—Calcium as a 
Link in. Stimulus-secretion Coupling (Prof W W Douglas and 
R P Rubin), 1087 

Nidditch, Dr P-H Elementary Logic of Science and Mathematics, review 
by Prof R L Goodstein, 856 

Nielsen, Jørgen C (Henningsen, K , and) 
Gm System, 476 

Niessen, H J (Bokhoven, C, and) Amounts of Oxides of Nitrogen and 
Carbon Monoxide in Cigarette Smoke, with and without Inhalation, 
458 

Nigeria Cotton-Growing in (Sir Frank Engledow), 1248 

Night Sky in November, 213 , in December, 609 

Nikuni, Prof Ziro, and others Effect of Temperature during Germination 
on the Crystalline Type of Starch in Soybean Seedlings, 239 

Nilsson, Anna  Demethylation of the Plant CEstrogen Biochanin A in the 
Rat, 358 

Nilsson, Lennart (photography by) Life in the Sea (text by Prof Gosta 
Jagersten), review by Prof C M Yonge, 392 

Nilsson, Ulf Serological Evidence of a Chromatographic Sub-fractionation 
of Human 7S y-Globulin, [301 

Nine-spined and the Three-spined Stickleback 
between the (Tadeusz Penczak), 673 

Deuce aai Substance (New), from Red Algae (Mitsuo Kurryama), 


Nishibori;, Dr K Isolation of Echinochrome A from the Spines of the 
Sea Urchin, Stomopneustes variofaris (Lamarck), 1293 

Nishikawa, Masaru (Getoff, Dr Nikola, and) Behaviour of Neutron- 
Irradiated Ammonium Sulphate on Thermal Annealing, 6] 

Nisizawa, Prof Kazutosi (Handa, Nobuhiko, and) Structural Investigation 
of a Laminaran isolated from Ersenia bicyclis, [078 

Nitrate (Urea Cadmium) Crystallographic Data for Urea Calcium Nitrate 
and (Dr C G C Catesby), 254 

Nitrate (Urea Calcium), and Urea Cadmium Nitrate 
Data for (Dr C G C Catesby), 254 

Nitrogen in Sheep Saliva Secretion of (M Somers), 318 

Nitrogen (Active) Formation of, using sources of Alternating Current 
end Direct Current (G G Mannella), 159 

Nitrogen (Oxides of), and Carbon Monoxide Amounts of, m Cigarette 
ane with and without Inhalation (C Bokhoven and H J Niessen), 

Nitrogen Fixation. Effect. of Copper Deficiency in. White Clover on 
F H van der Elst, K J McNaught and W F Rolt), [315 

Nitrogen Fixation (Symbiotic), by Alder (Alnus glutinosa Gaertn ) Molyb- 
denum and (Dr $ H Becking), 1204 

be eD Lea Blue-Green Algae in Australian Rice Soils (Dr J S Bunt), 


A Rare Phenotype within the 


Serological Relationships 


Crystallographic 


Niven, Prof Ivan, and Zuckerman, Prof Herbert § An Introduction to 
the Theory of Numbers, review, 856 

Niwa, Dr Y — At the twenty-seventh Conference of the International 
Federation for Documentation (History and Growth of the Japan 
Information Centre of Science and Technology), 219 


SEXE J C,andothers  Recrystallization of Lead and Zinc Sulphides, 


Njaa, A BK Effect of Derivatives of 1-Cysteine on Growth of Leuconostoc 
mesenteroides (8042), 463 

Noakes, G R New Look tn Physics Text-Books, review, 99 

Nobbs,J M At the Third Australian Spectroscopy Conference (Input of 
Electrical Energy to an Arc Gap between Metal Electrodes) 928 

Noble, Ernest P (Weisberger, Prof Austin S, and) Abnormal Globin 
Formation in Human Megaloblasts, 1261 

Noble, Dr Mary At the First British Insecticide and Fungicide Conference 
(Soil Pests and Diseases of Agricultural Crops), 1140 

Nobel Prize for Chemistry awarded to Prof M Calvin, 799 

Nobel Prize for Physics awarded to Prof Robert Hofstadter and Prof 
R L Mossbauer, 799 

Nobel Prize fer Physiology awarded to Dr Georg von Békesy, 800 

Nod Glas Formation (Ordovician), of Merioneth Chittnozoa from the 
(Prof F H T Rhodes), 275 

Nodes (Pulmonary Lymph), of Human Berings Concentration of Inhaled 
Cerium-[44 in (K Liebscher, Dr T Schonfeld and A Schaller), 1308 


INDEX 


Moduli (Perennial on Native Legumes in the British Isles (Dr J S Pate), 

Nomenclature (Chemical) — Chemico-Linguistics— Computer. Translation 
of (A Garfield), 192 

Non-Caking Coals Low Temperature Carbonization of, and Briquetting 
of Y. Fines (Regtonal Research Laboratory, Hyderabad, Symposium 
on), 406 

Non-Diapause in Spider Mites Relation between Organophosphorus- 
Resistance and (W Helle), 1314 

Non-Directional Radtometers (Two-Sphere) 
(Dr Walter Koch), 960 

Non-Diuretic Benzothiadiazine with Anti-hypertensive Properties (Dr 
Alan A Rubin, Franklin E Roth and Martin M Winbury), 176 , 
erratum, 802 

Non-Goitrogenous Cabbage 
377 


A Method of Calibrating 


Cultivation of Gortrogenous and (J Sedlak), 


Non-Linear Transmission Lines for Millimetre Wave Generation and 
Reception (Dr D Walsh), 1064 

Non-Newtonian Measurements Rotation Viscometers and their Applica- 
tion to (Dr R McKennell), 308 

Non-Redundant Stimulation Visual Effects of (Prof D M MacKay), 739 

Non-Steroid Inhibitors of Pituitary Gonadotrophic Function (G E Paget, 
A L Walpole and D N Richardson), 1191 

Non-Toxic Plant-Growth Inhibitor from an Antibiotic Fermentation <A 
Potent (Dr L G Nickell and W D Celmer), 1098 

Dua cs Fields in Dielectrics Rectifying Action of (Dr K C Kao), 
650 


Nonweier, Prof T R F Astronautics (Re-entry Orbits), 310 

Nora, a New Zero Power Reactor (Norwegian Atomic Energy Institute), 918 

Noradrenaline A Central Action of 5-Hydroxytryptamine and (Dr D R 
Curtis and Dr R Davis), 1083 

Release of, from the Spleen of the Cat by Acetylcholine (K W Brandon 

and Helen Boyd), 880 

Noradrenaline (Tritrated) Fate of, at the Syiflpathetic Nerve-Endings (G 
Hertting and J Axelrod), 172 

Norepinephrine — Particle-bound and Free Catecholamines in Dog Hearts 
and the Uptake of (A Wegmannand K Kako), 978 

Nord, F F (edited by) Advances in Enzymology and related Subjects of 
Biochemistry, Vol 22, review by Dr E C Webb, 854 

Norfolk Broads The (British Association for the Advancement of Science, 
Section E (Geography) and Section K (Botany), Discussion on), 314 

Normal Guinea Pigs (Starved and) Variation in Lyoglycogen in (W J C 
Wilkinson and J H Kugler), 466 

Normal Pregnancies Primary Embryonal Sex Ratio in, determined by the 
Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and Ch 
Méhes), 476 

Normal Sheep Liver Metabolism of Propionate by Homogenates of 
(R M Smith and W S Osborne-White), 868 

Normal Uninfected Serum-free Cell Cultures 
Factor, its Production by (Dr Robert W 
Yamashiroya and Lawrence J Alfred), 1101 

Normal and Muscular Dystrophic Mice Excretion of Uncrystallized 
pna Calculi composed of Glycoltpo-Protein by (C MeGaughey), 


Cytopathic Protective 
Pumper, Herbert M 


Normal and Pathological Cerebrospinal Fluid Antithrombin Activity of 
(Dr H A Gaertner, J Lisiewicz and Dr J Caen), 1164 

Normal and Regenerating Rat Liver Effects of Irradiation on the Incorpor- 
ation of Amino-Acid into (Dr Nirmal K Sarkar, Dr Anima Devi 
and Dr Louis H Hempelmann), 179 

Normal and Tumour Strain Cells Action of Radiation on Synthesis of 
Deoxyribonucleic Acid in (Dr John Seed), 944, erratum, 1241 

Norman, Dr L G The Vehicle Driver (Bus Drivers), 1245 

Normed Rings (M A Natmark), translated from the first Russian edition by 
Leo F Boron, review by Dr F Smithies, 201 

Norris, D K , and Black, R F Application of Palaeomagnetism to Thrust 
Mechanics, 933 

Norrish, Prof R G W The Study of Fast Reactions (Isotherma! Reactions 
of Atoms and Radicals by Flash Photolysis), | [37 

North America Transmission of Clover Phyllody Virus by Aphrodes bicinc- 
tus (Schrank) in (Dr L N Chiykowski), 581 

North America (Plant Phenolics Group of) Inaugural Meeting, 418 

Symposium on the Biochemistry of Plant Phenolic Substances, 418 
Election of Officers, 418 

North Kenya Banks Plankton on the (J Wickstead), 890 

North-east Pacific Occurrence of Phyllochaetopterus claparedu Mcintosh 
in the (R Phillips Dales), 1208 

Northern Rhodesian Copper Deposits Origin of the, review by Prof J H 
Taylor, 98 

Northern Rhodesian Copperbelt The Geology of the (edited by Dr F 
Mendelsohn), review by Prof J H Taylor, 98 

Sopran s J,and others a-Manganese Phases containing Technetium-99, 


Norton, Stata, and Colville, Kenneth J 
Intraventricular Bretyltum, 72 

Norway  Caesium-137 and Strontium-99 in Precipitation, Soil and Animals 
in (T Hvinden and A Lillegraven), 1144 

Norwegian Atomic Energy [nstitute Inauguration of Nora, a New Zero 
Power Reactor, 918 

Novak, M, and others  Interrelationship between Fat and Sugar Meta- 
bolism in Infant Rats, 1296 

Novel Electrostatic Machine—the Corona Motor (Jj D N Van Wyk and 
G J Kuhn), 649 

Novel Type of Antioxidant related to Polyporic Acid (Dr G J Bennett and 
Dr N Uri), 354 

Nuclear Accidents A Warning System for (Prof F W Spters), 31 

Nuclear Chromatin Primary Embryonal Sex Ratio in Normal Pregnancies 
determined by the (Prof F E Szontagh, A Jakobovits and Ch 
Méhes), 476 

Nuclear Deoxyribonucleic Acid Content tn the Adrenal Cortex of the 
Female White Rat during the CEstrual Cycle — Variations in the 
(E Brañez and H Roels), 1043 

a mnie (Melted) Autoradiography using (Dr A C Kulangara), 


Antagonism of Reserpine by 


Nuclear Energy in O E.E C Countries, [961-1962 Catalogue of Courses on 
ae for Economic Co-operation and Development), new 
edition, 


INDEX 


Nuclear Energy Agency (European), of the Organization for Economic 
Co-operayon and Development Catalogue of Courses on Nuclear 
Energy in OEEC Countries (1961-1962), new edition, 405 

Nuclear Energy Agency (European), of the Organization for European 
Economic Co-operation Third Report on the Activities of the 
Agency, 616 

Nuclear Energy Society (British) Establishment of the, in succession to 
the British Nuclear Energy Conference, [022 

Nuclear Engineers — Materials for (edited by Dr A B Mclntosh and T J 
Heal), review, 392 

Nuclear Explosion on October 30, 1961 Round-the-World Sound Waves 
produced by the, and their Effect on the lonosphere at Sodankyla 
(G Rose,J] Oksman and E Kataja), 1173 

Nuclear Explosions (Russian Large) Microbarograph Records from the 
(E W Carpenter, G Harwood and T Whiteside), 857 

Nuclear Fission The Balance of Energy in (G N Walton), 1062 

Nuclear Instruments and Methods Vol 11, No l, Proceedings of the Second 
Accelerator Conference, Amsterdam, [960 (edited by Prof K 
Siegbahn), 123 

Nuclear Magnetic Resonance Spectroscopy of Proteins—the Hydrogen 
PME of Water in Bovine Serum Albumin Solutions (F A Bovey), 


Nuclear Physics Accelerators for Low-Energy, 1239 
Ec uS Jubilee International Conference on (Dr A Herzenberg), 
79 
Nuclear Protein of Neoplastic Tissues Binding of RP2-L—a, to Deoxyribo- 
nucleic Acid (Paul Byvoet and Prof Harris Busch), 870 
Nuclear Reactor Stability (Dr A Hitchcock), review, 203 
Nuclear Research (European Organization for) See under CERN 
Nuclear Science Ceramics in (Basic Science Section of the British Ceramic 
Society Meeting on), 21 
Nuclear Science, National Institute for Research in. Appointment of Dr J 
Howlett as head of the Atlas Computer Laboratory, 918 
Nuclear Spin of Protoactgium-231 from Hyperfine Splitting (E W T 
Richards, A Ridgeley, N J Atherton and H S Wise) 444 
Nuclear Structure Proceedings of the International Conference on 
(Kingston, Canada, 1960), edited by D A Bromley and E W Vogt, 
review by D L Allan, 203 
Nuclear Weapons Radioactive Fall-out and the Testing of—Statement by 
the Medical Research Council, 400 
Nuclear-VVeapons Tests (Russian), of September 1961 Radioactivity in 
Rainfall during September [961 following the (Keith Boddy), 443 
Nuclear (Sub-) Preparations from Rat Liver Nuclei: Incorporation of 
'4C-Glycine by (K R Rees, Hazel F Ross and G F Rowland), 171 
Nucle: (Haploid and Diplord) A Heterocaryon possessing (Chiyoko 
Taketcht and Prof Yonosuke Ikeda), 1317 
(Liver) Substrate Specificity and Inhibition of Nicotinamide 
Mononucleotide-Adenyly! Transferase of—Possible Mechanism of 
Effect of 6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, 
J F Jackson and Prof R K Morton), 946 
Nuclei (Rat Liver) Incorporation of '^C-Glycine by Sub-Nuclear Prepara- 
tions from (K R Rees, Hazel F Ross and G F Rowland), 171 
Nucleic Acid Preparations (Purified) Transmission of Mouse Leukaemia 
with (Dr Esther F Hays), 230 
Nucleic Acid Samples Ferromagnetic Inclusions in (W M Walsh, jun, 
Shulman and R D Heidenreich), 1041 
Nucleic Acid and Protein Components Dissociation of Foot-and-Mouth 
Disease Virus into its (F Brown and B. Cartwright), 1163 
Nucleic Acids — Polynucleotides— Natural and Synthetic (Dr Robert F 
aaner and Dr Roland F Beers, Jr), review by Dr C B Reese, 


Nuclei 


Specific Partial Hydrolysis of, in Nucleotide Sequence Studies (Dr 

D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 1038. 

Nucleolar Suceinic Dehydrogenase in Mouse Mammary Carcinoma Cells 
P De, R Chatterjee and Dr S Mitra), 285 

Nucleolus of Intestinal Carcinoma of the Newt Two Types of Ribonucleo- 
protein in the, following Injection of Herring-Sperm Deoxyribo- 
nucleic Acid (Prof A Stolk), 1215 

Nucleoprotein (Thymus), in Solution Effect of Gamma-Rays on (Dr A R 
Peacocke and Dr B N Preston), 228 

Nucleotide Sequence Studies Specific Partial Hydrolysis of Nucletc Acids 
in (Dr D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 1038 

Nucleotide Sequences (Chromatography and), of Deoxyribonucleic Acid 
synthesized in Salmonella typhimurium after Irradiation with Ultra- 
Violet (T Hudnik-Plevnik and Dr L A Stocken), 554 

Nucleotides (Actd-soluble), of Staphylococcus aureus—Massive Accumulation 
of a Dertvative of Cytidine Diphosphate in the Presence of Penicillin 
(Dr J J Saukkonen), 816 

Nucleotides (Adenine), in lon-Exchange Chromatography Effect of 
Charcoal on the Behaviour of (U Pethiyagoda), 452 

Nucleotides (Adenine), in. the Muscles of some Martine Invertebrates 
Changes in (Ken-ichi Arai and Tsuneyuki Saito), 45] 

Nucleus (Atomic) Jubilee of the, 505 

Nucleus (Ice) Requirements of an (G R Edwards and L F Evans), 448 

Nucleus Pulposus ((Prolapsed), of the Human Intervertebral Disk Poly- 
saccharide Content of the (Dr F Happey, Dr A Wiseman and 
A Naylor), 868 

Number of Re-Circulations of Chick Embryo Erythrocytes (L Lemez and 
Z Rychter), 1298 

Numbers An Introduction to the Theory of (Prof Ivan Niven and Prof 
Herbert S Zuckerman), review, 856 

Nut (Ground-) Variety, Mani pintar (J McEwen), 92 

Nutrition Fish in (Dr. C L Cutting), 1013 

Nutrition Society Symposium on Agricultural Problems in Developing 
Countries, 1028 

SuSE n ore (Scottish Group) Symposium on Nutrition and Poultry, 


Nutrition and Dietetics World Review of (edited by Dr Geoffrey H 
Bourne, assisted by Eileen M H Wilson), Vol 2, review by Dr W R 
Aykroyd, 1006 

Nutrition and Poultry (Scottish Group of the Nutrition Society Symposium 
on), 

Nutritional Relationships of Fishes 
Birkett, 297 

Nutritional Requirements for the Induced Formation of Malic Enzyme in 
Lactobacillus arabinosus (17-5), (Sheila M Bocks), 89 


Mathematical Theory of, review by L 


Ixix 


e 

Nuts (Ground-) Toxicity associated with certain Samples of (Dr MeC 
Lancaster, F P Jenkins and J McL Philp), 1095 , (Dr K Sargeant, 
Ann Sheridan, J O'Kelly and R A Carnaghan), [096 

Nutten, Dr A J (Belcher, Prof R,and) Quantitative Inorganic Analysts, 
second edition, review by Dr G Kakabadse, 836 

Nuzzo, Fiorella, and others Somatic Chromosomes of the Gorilla, 225 

Nyholm, Prof R S, and others E:ght-Co-ordinate Diarsine Complexes of 
Quadrivalent Metal Halides, 222 


Oak Ridge National Laboratory Technical Publications of the, 1240 

Observations on the Feeding Mechanism of the Flea An Apparatus for 
M M J Lavoiprerre and M Hamachi), 998 

Observations (Riometer), during a Solar Eclipse (M A Gordon), 249, 
erratum, [132 

Observations and Experiments in Natural History (Alan Dale), review by 
B J G Maitland, 851 

Observatory The Australian National Radio Astronomy, 1019 

The Norman Lockyer (Prof G K T Conn), 108 

Observatory (Norman Lockyer) Retirement of D R Barber as superin- 
tendent, [12 

Observatory (Royal Greenwich) Promotion of B E J Pagel to Senior 
Principal Scientific Officer, 214 

Changes in Times of International Time Signal, 1023 

Obstruction (Chronic), of the Rabbit Appendix Morphological Changes 
following Transplantation and (J A Williams, W O Griffen, jun , 
and A Sharma), 877 

Occlusion (Aortic), resembling Acute Aortic Embolism Syndrome in Cats 
Production of (Roy K Imhoff), 979 

eere ine Hygiene Society (British) Meeting on the Vehicle Driver, 

VEG PacIOnD. Versatility and Planned Procrastination (Prof Alec Rodger), 


Occurrence of Graywacke in the Lower Siwaliks, Simla Hills (D B Sikka, 
M N Saxena, S B Bhatia and S P Jain), 6 

Occurrence of a Hyperglycaemic Factor in the Corpus Cardiacum of an 
Insect (J E Steele), 680 

Occurrence of Magnesite-Dolomite Sediments in South Australia (Prof 
A R Alderman and C C von der Borch), 861 

Occurrence of Phyllochaetopterus claparedu McIntosh in the North-east 
Pacific (R Phillips Dales), [208 

Occurrence of Sedoheptulose in Carpophores and Basidiospores of Inocybe 
Species (Robert G Benedict, Prof Varro E Tyler, jun, Lynn R 
Brady and Daniel E Stuntz), 1080 

Occurrence in Three Racial Groups — Quantitative Sub-Groups of the B 
Antigen in Man and their (Mary B Gibbs, Colonel Joseph H Akeroyd 
and Julia J Zapf), 1196 

Occurrence of Visceral Lesions Autonomic Nervous System and the 
(Hiroshi Itoh, Teizo Kasahara, Kazua Amano, Koh Okamoto and 
Samon Tanabe), 1025 

Occurrence (Natural), of Leptospira :cterohaemorrhagiae in the Eastern Grey 
Fox and the Eastern Raccoon (Dr L G Clark, J | Kresse, R R. 
Marshak and C J Hollister), 1312 

Oceanic Differentiation Continental and (Prof J D Bernal), 123, [25 ; 
(Dr Robert S Dietz), 124, (Prof J Tuzo Wilson), 125 

a rape Commission The Intergovernmental (Ronald | Currie), 
0 


Oceanography Physical (Prof Albert Defant), review by Dr J C Swallow, 
[61 


Odagiri, Satoshi (Koyanagi, Tatsuo, and) Effects of the Sulphur Amino- 
Acids on the Vitamin A Content in Liver of Rats, 168 

O'Donoghue, Prof C H Traite de Zoologie, review, 590 

Odour and Molecular Vibration Absence of Correlation between 
(K Buys, C J H Schutte and F Verster), 751 

Oertelis, § J (Lafferty, Dr K J, and) Attachment of Antibody to 
Influenza Virus, 764 

Cstradiol-I7-8 Enhancement of Steroidogenesis by Rat Adrenal Slices 
in vitro with (Prof Julian! Kitay), 358 

CEstrogen Content of Plants as a Function of Conditions of Culture (Prof. 

Ferrando, M M Guilleux and A Guerrillot-Vinet), 1205 

CEstrogen (Plant), Biochanin Ain the Rat Demethylation of the (Anna 
Nilsson), 358 

CEstrogens Response of the Reticulo-Endothelial System to Stimulation 
with (Prof T Nicol, D L J Bilbey, J Cordingley and C Druce), 978 

CEstrogens (Urinary Conjugated) Purification of, by Gel Filtration (C G 
Beling), 326 

4C_CEstrone Interaction of, with Tryptophan in the Presence of Peroxi- 
dase (Dr P H Jellinck and Louise Irwin), 660 

CEstrous-inducing Activity of Testosterone in the Ewe (D R Lindsay and 
Prof T J Robinson), 761 

CEstrual Cycle Variations in the Nuclear Deoxyribonucleic Acid Content 
in the Adrenal Cortex of the Female White Rat during the (E Brafiez 
and H Roels), [043 

CEstrus (Persistent Vaginal) Luteinizing Hormone in (Dr G P van Rees. 
and Dr J J van der Werff ten Bosch), 876 

Ogg, C L,and co-workers | Microchemical Techniques (Use of a Dynamic 
Flow Technique in place of the usual Static Drop Method for the 
Thermistorized Determination of Molecular Weight), 411 

Ogland, | W At the Twelfth International Astronautical Congress (Use 
of Ultra-violet Light for Communications), [245 

O'Gorman,F A Fur Seals Breeding in the Falkland Islands Dependencies, 
914 

O'Grady, Dr F W ~ Appointed reader in bacteriology at St Bartholo- 
mew’s Hospital Medical College, London, 1132 

Ohio State University Grant of 499,000 dollars from the United States. 
National Science Foundation, for a 5 5-MeV Van de Graaff machine, 
1239 

Symposium on Molecular Structure and Spectroscopy, 1241 

Ohman, E Appointed the first full-cime officer of the Universal Decimal 
Classification at The Hague, 219 

Ohman, Prof Yngve Polarized Therma! Emission from Narrow Tungsten 
Filaments, 254 e 

Oil (Kuwait Mineral) [,2-Benzanthracene Derivatives in a (Dr W- 
Carruthers and A G Douglas), 256 


Oil Pollution of Marine Organisms (Dr M George), 1209 


Ixx 


e 

Og# (Volatile Mustard), of Brassica juncea Seeds (J S. Hemingway, H J 
Schofield and Dr J G Vaughan), 993 

Okamoto, Koh, and others Autonomic Nervous System and the Occurr- 
ence of Visceral Lesions, 1025 

Okamoto, Michiko, and Kuperman, Prof Albert S Repetitive After- 
discharge produced by Drugs in Nerves treated with Cetyltri- 
methylammonium Bromide, 365 

O'Kelly, J, and others Toxicity associated with certain Samples of 
Groundnuts, 1096 

Oksman,J,and others Round-the-World Sound Waves produced by the 
Nuclear Explosion on October 30, 196[, and their Effect on the 
lonosphere at Sodankyla, [173 

Okuda, Prof Azuma, and Kobayashi, Michiharu) Production of Slime 
Substance in Mixed Cultures of Rhodopseudomonas capsulatus and 

zotobacter vinelandii, 1207 

Old, Lloyd J, and others Chromosomal Lesion associated with Car- 
cinogen-induced Tumours in Mice, 286 

Old Red Sandstone of Brown Clee Hill and the Adjacent Area, I, Strati- 
graphy (Harold William Ball and David Lawrence Dineley) , 2, Palae- 
ontoloy (Errol lvor White), (Bulletin of the British Museum (Natural 
History), Geology, Vol 5, No 7), 1250 

Oldfield, Prof R C Speech (Development of Techniques for the Analysis 
of Specific Derangements of Speech), 602 

Olduvai, East Africa Age of the Basalt Flow at (Prof G H R von Koenigs- 
wald, Prof W Gentner and H J Lippolt), 720 

Olefins Incorporation of Molecular Oxygen during Microbial Utilization 
of (Tomoyukti Ishikura and J W Foster), 892 

Olivo-Cochlear Bundle (Efferent) Mode of Action of the, on the Inner Ear 
(Dr J E Desmedt and Dr P Monaco), 1263 

Olkin, Ingram, and others (edited by) Contributions to Probability and 
Statistics—Essays in Honor of Harold Hotelling, review by Dr D E 
Barton, 846 

Olsson, Bertil (Augustinsson Dr Klas-Bertil, and) Sex Hormones as a 
Possible Factor controlling Biosynthesis of Arylesterase, 969 

Olver, Sir Arthur Obituary by G Williamson, [7 

Olver, F W J (edited by) Bessel Functions, Part 3, Zeros and Associated 
Values (Royal Society Mathematical Tables, Vol 7), review by Prof 
C. A Coulson, 97 

Ommanney, F D The Better Use of the World's Fauna for Food (Sea 
Fisheries in Tropical Areas), 1113 

Oncolipin (Neoplastic Tissue) Interaction. between Lysozyme and a 
Phospholipid of (R Ferrari and S Matracia), 1187 

Oncology Conceptual Advances in Immunology and (University of Texas 
Sixteenth Annual Symposium on Fundamental Cancer Research), 
1132 

Ontario Museum (Royal) New Mineral and Gem Gallery, 607 

O'Nyong-nyong Fever (J D Gillet, M C Williams, J P Woodall, P S$ 
Corbet and J M Ellice), 30 

Oparin, Academician A | At the Fifth International Congress of Bio- 
chemistry, [115 

Ophiocephalus striatus (Bloch) Goblet Cells in the Swim Bladder of (A S 
Monte), [313 

Ophiodon elongatus (Lingcod) Penetration of Spines from a Marine Diatom 
into the Gill Tissue of (Dr Gordon R Bell), 279 

Opic, Dr Uno Appointed lecturer in applied mathematics at Queen's 
University, Belfast, 710 

"Opinions of the Late and Best Phisitians’, review by Kenneth Bloor, 848 

Oppenheimer, Dr Carl H Appointed research associate professor at the 
Institute of Marine Science, University of Miami, 710 

Optical F Absorption Band (Dr Harold A Papazian), [286 

Optical Calibration of some Monodisperse Polystyrene Latexes in Arrays 
(Dr Herbert E Kubitschek), 1148 

Optical Frequencies Proposed Harmonic Generator or Mixer for (Dr 
K D Froome), 859 

Optical Masers Interstellar and Interplanetary Communication by (Dr 
Peter van de Kamp), 348 , (Dr Charles H Townes and Dr Robert 
N Schwartz), 348 

Optical Ruby Masers Mode Characteristics and Coherence in (Dr | D 
Abella and Dr C H Townes), 957 

Oral Administration of Mycobacterium johne: Susceptibility of Hamsters 
to the (N J L Gilmour and J G Brotherston), 1202 

Orang-Utan (Pongo pygmaeus) Chromosomes of the (Dr 
Chiarelli), 285 

Orbit tn Domestic Animals Anatomy and Histology of the Eye and (Prof 
Jack H Prince, Prof Charles D Diesem, Prof Irma Eglitis and 
Gordon L Ruskell), review by Dr E N Willmer, 295 

Orbital ise for Artificial Satellites of Earth Errors in (Kenneth 

oe), 

Orchids Peruvian (V S Summerhayes), 719 

Orchids of Peru (Charles Schweinfurth), 719 

Orchids (Native), of Trinidad and Tobago (Dr Richard Evans Schultes), 
review by P Francis Hunt, 831 

Orcinol Oxidation Effect of Copper on Products of (Dr T F Slater), 


Order 


Brunetto 


The Search for—the Development of the Major Ideas in the 
Physical Sciences from the Earliest Times to the Present (Cecil J 
Schneer), review by Prof Herbert Dingle, 901 
Ordish, G At the First British. Insecticide and Fungicide Conference 
(Introduction of Insecticides and Fungicides into Agricultural Practice 
Overseas), [ [41 

Ordovician Nod Glas Formation of Merioneth — Chitinozoa from the (Prof 
F H T Rhodes), 275 

Orgam, G R Appointed to a Research Fellowship in industrial metallurgy 
in the University of Birmingham, 406 

Organ-Specific Antiserum Apparent Induction of Malignant Tumours by 
(Prof H N Green), 120! 

Organic Chemistry Advanced (Prof G W Wheland), third edition, 
review by Dr D T Lewis, 835 

An Electronic Outline of (Dr S$ Horwood Tucker), review by Dr 

Neville H P Smith, 7 

Organic Chemistry of High Polymers An Introduction to the (Prof Carl 
S Marvel), review by Dr 1 C McNeill, 591 

Organic CoMpounds Pyrolysis and Gas Chromatography for the Detec- 
tion of the Benzene Ring in (J H Dhont), 747 

Organic Extraction from Fused Uranium Chlorides (M Taube and Z Bor- 

kowska), 745 


INDEX 


Organic Matter Cycle (Dynamic), in Soils Aspects of the (Welsh Soils Dis- 
cussion Group Discussion on), 309 r 

Organıc Salts Influence of some, on the Absorption of Potassium by Vermi- 
culite (Prof M M Mortland), 481 

Organic Silicon Compound (Carbon-Functional), DimethylIdi-(4-hydroxy- 
phenyl)-silane Allergy to a (Dr Sigfrid Fregert and Dr Hans 
Rorsman), 989 

Organisation ın the Bacterial Cell 
by Dr S Dagley, 489 

Organischen Chemie Lehrbuch der (Prof Paul Karrer), 13 Auflage, 
review by K H Overton, 855 

Organisms (Marine) Oil Pollution of (Dr M George), 1209 

Organization for Economic Co-operation and Development (European 
Nuclear Energy Agency) Catalogue of Courses on Nuclear Energy 
in OEEC Countries (196!-1962), new edition, 405 

Organization for European Economic Co-operation Report of the Steering 
Committee for Nuclear Energy and Council Decision on the Estab- 
lishment of a Supervision and Emergency Warning System in Cases 
of Increase in Environmental Radioactivity, 31 

New Thinking in School Chemistry, 404 

Organization for European Economic Co-operation (European Nuclear 
Energy Agency) Third Report on the Activities of the Agency, 616 

Organization for European Economic Co-operation (Office for Scientific 
and Technical Personnel) Television for School Science—Report 
on an OEEC Seminar, Ashridge (1960), 28 

See also under Organization for Economic Co-operation and Develop- 

ment 

Organophosphorus-Reststance and Non-Diapause in Spider Mites Relation 
between (W Helle), [314 

Organs (Radiosensitive), in Rats exposed to X-Rays Effects of lodoacetic 
Acid on the Incorporation of Phosphorus-32 into the Deoxyribo- 
nucleic Acid of some (Dr M Quintiliani, M Boccacci and L Tentori), 
573 

Oriental Termites Contributions to the Sygtematics of (M L Roonwal 
and P K Sen-Sarma), review by W V Harris, 851 

Orientation of Quiet Auroral Arcs A Morning Discontinuity in the 
(Bengt Hultqvist, Alv Egelard and Georg Gustafsson), 956 

Origin of Anomalous Rayleigh Scattering — Lattice-like Vibrations in 
Associated Liquids and the (J K Wilmshurst), [06] 

Origin of the Dwarf Coconut Palm Cytology and (Dr M S Swaminathan 
and M C Nambiar), 85 

Origin of High Tritium Content of Atmospheric Methane, Hydrogen and 
Stratospheric Water (Dr Richard Wolfgang), [279 

Origin of Lunar Volcanoes Megashatter Cone Hypothesis of the (A J 
Cohen), 346 

Origin of the Northern Rhodesran Copper Deposits, review by Prof J H 
Taylor, 98 

Origin (Biological) | Some Physico-Chemical Properties of Paracrystalline 
Spherulites of (Dr G T Stewart), 624 

Origin (Possible), of the Use of Fire by Early Man (D C Arnold), 1318 

Origins of Alcoholism. (William McCord and Joan McCord, with Jon 
Gudeman), review by Dr W McAdam, 848 

Ornamental Trees for Garden and Roadside Planting (S A Pearce), review 
by F P Knight, 852 

Orosomucoid tn Schizophrenia (Dr M Goodman, Prof E D Luby, Dr 
C E Frohman and Dr J S Gottlieb), 370 

Orowan, Prof E (Argon, Dr A S,and) Lattice Rotation at Slip Band 
Intersections, 447 

Orraca-Tetteh, Dr R The Better Use of the World’s Fauna for Food 
(Habits, Collection and Utilization in the Diet of the Giant African 
Snail, Achatina), 1113 

Osborne-White, W S (Smith, R M, and) Metabolism of Propionate by 
Homogenates of Normal Sheep Liver, 868 

Oscillator (Two-level Maser) Detection of Spin Magnetization Variation 
in a (I M Firth and Dr D Byl!), 860 

Oscillators (Classical) Fundamental Relaxation of (Michael Hoare), 63 

Oscillatory Flow in an Air-filled Elastic System (Group-Capt J E Malcolm), 


875 

Osmaston, B B Obituary, 705 

Osmotic Potential Importance of, as a Component of the Total Potential 
of the Soi! Water on the Movement of Nematodes (C D Blake), 144 

Osmotic Value in Pea Stem Sections Effect of Auxin on the (Shizuko Yoda 
and Joj: Ashida), 577 

Oster, Prof Gerald, and Broyde, Suse B 
Water-soluble Chlorophyll, 132 

Ostertagia spp in Sheep Effect of Whole-Body Irradiation and Cortisone 
on the Development of () D Dunsmore), 139 

Ostrow, J Donald, and others Enterohepatic Circulation of Bilirubin, 


Synthesis and (Dr E F Gale), review 


Photochemical Properties of 


O'Sullivan, Dr D G, and Sadler, Dr P W — Agents with High Activity 
against Type 2 Poliovirus, 341 

Other Side of the Moon Atlas of the (edited by N P Barabashov, A A 
Mikhailov and Yu N Lipskiy), translated into English by Leon 
Ter-Oganian, review by Prof Zdenek Kopal, 839 

Outer Atmospheric Asymmetry Confirmation of, postulated to explain 
the False Zodiacal Light (E R Hope), 742 

Outer Space Fourth Colloquium on the Law of, 1244 

Outline (An Electronic), of Organic Chemistry (Dr S. Horwood Tucker), 
review by Dr Neville H P. Smith, 7 

Output (Cardiac) New Indirect Fick Procedure for the Determination of 
(Dr J G Defares, Dr M E Wise and Prof J W Duyff), 760 

Output (Faecal) A New Method of Estimating the Dry-Matter Intake of 
Grazing Sheep from their (J B. Owen), 92 

Ova and Serum Proteins (Hen Egg White, Oviduct White, Yolk,) 
Gel Electrophoresis of (Dr F Steven), 972 

Overbeek, Prof J T G Colloids (Drainage of Soap Films), 930 

Overton, K H Lehrbuch der Organischen Chemie, review, 855 

Overvoltage (Hydrogen), at Cathodes of 77 per cent Palladium and 23 per 
cent Rhodium (J C Barton and Dr F A Lewis), 549 

Oviduct White, Yolk, Ova and Serum Proteins (Hen Egg White,) Starch 
Gel Electrophoresis of (Dr F Steven), 972 

Oviposition. (Inhibited), by Females of Gryllus assimilis (F ), Induced by 
Radtoactive Males, using L-Methionine-Methyl-^C (Dr A A Abdel- 
Malek and D K McE Kevan), 681 

Owen, J B A New Method of Estimating the Dry-Matter Intake of 
Grazing Sheep from their Faecal Output, 92 


Starch 


INDEX 


Owen, Dr L N Title of professor of organic chemistry (at the Imperial 
College of Science and Technology, London) conferred on, 710 

Owens, D R, and others Purification of Hydrogen Isotopes by Self- 
Displacement Chromatography at Low Temperatures, 1067 

Owren, Prof P A, and others Adenosine Diphosphate in Red Cells as 
a Factor in the Adhestveness of Human Blood Platelets, 531 

Ox Muscles Comparative in vitro Activities of Phosphorylase b and Cyto- 
chrome Oxidase in Preparations from Two (E J Briskey and R A 
Lawrre), 263 

1,3,4-Oxadiazolones (New Tuberculostatic) Biological Spectrum of some, 
with special reference to Cross-Resistance and Rates of Emergence 
of Resistance (Prof A E Wilder Smith and Hans Brodhage), 1195 

Oxfordshire (Berkshire, Buckingham and) Naturalists’ Trust, Ltd Annual 
Report for 1960, 212 

Oxidase (D-Amino-Acid) and ‘Substrate-Substitute’ Crystall:zation of 
the Complex of (Kunio Yagi and Takayul Ozawa), 70 

Oxidase (Cytochrome), in Preparations from Two Ox Muscles Compara- 
tive in vitro Activities of Phosphorylase b and (E J Briskey and 
R A Lawrie), 263 

Oxidase (Cytochrome c), the Terminal Oxidase of [ris pseudacorus L 

G Henshaw, D A Coult and D Boulter), 579 

Oxidase (Rat Liver Xanthine) Effect of Colchicine on (Dr Ottilia R 
Affonso, Emilio Mitidieri and Gilberto G Villela), 666 

Oxidase (Terminal), of Iris pseudacorus L Cytochrome c Oxidase, the 
(G G Henshaw, D A Ccult and D Boulter), 579 

B Oxidase (Dopamine) Inhibition of, by Adrenalone (Prof M Goldstein 
and J F Contrera), 1081 

Oxidase i oe in the Saliva of a Plant-Bug (P W Miles and Ann Helli- 
we 

Oxidation of lsocitrate and Metabolism of Fatty Acids in Rabbit-Heart 
Sarcosomes Relationship between (Dr VV C Hulsmann), 1153 

Oxidation (Carbon Monoxide) Radiation Effects on Lithium-doped 
Nickel Oxide Catalysts in (T Braun and | Maxim), 548 

Oxidation (Glucose), in the Rat Lens Effect of Insulin on Pathways of 
Dr R Levari, Prof Wertheimer, Dr E R Berman and Prof 
W Kornblueth), 1075 

Oxidation (Orcinol) Effect of Copper on Products of (Dr T F Slater), 420 

Oxidation Processes in Chemical Manufacture (Society of Chemical Industry 
Symposium on), 1134 

Oxidative Decarboxylation of Indole-3-acetic Acid by Mangani-Versene and 
dio nest Leaf Enzyme (Prof R A Abramovitch and K S Ahmed), 


Oxidative Enzyme Histo- and Cyto- Chemistry Use of Tetrazolium Com- 
pounds in (Prof C G Rosa and Kwan-Chung Tsou), 990 

Oxidative Phosphorylation Detection of a Possible Intermediate in (Dr 
C H Suelter, M DeLuca, Dr J B Peter and Prof P D Boyer), 43 

Oxide cic Alkali Metal Titanium (A D Wadsley and Sten Anders- 
son), 

Oxide (Calcium) Electrical Conductivity of, at High Electric Frelds (Dr 
C H B Mee), 350 

Oxide (Cuprous), and Sodium Silicate A Coating with Antifouling Pro- 
pertes from the Reaction between (J R Rischbieth and F Marson), 

Oxide (Magnesium) Production of ‘Active’, by Heating in Vacuum (R 
Valverde and J P Saenz), 653 

Oxide (Nickel) Catalysts (Lithium-doped) Radiation Effects on, in Carbon 
Monoxide Oxidation (T Braun and 1 Maxim), 548 

Oxide (Zinc) Thermal Decomposition of Ammonium Perchlorate in 
presence of (Dr F Solymos: and L Revész), 64 

Oxide Medium (Deuterium) Effect of y-Radiation on Escherichia. coli 
grown 1n (Ernest Pollard), |77 

Oxides of Nitrogen and Carbon Monoxide Amounts of in Cigarette 
OKs with and without Inhalation (C Bokhoven and H J Niessen), 
58 

Oxidized Cytochrome and Chlorophyll C2* tn Photosynthesis (Dr H T 
Witt, A Muller and B Rumberg), 967 

Oxidized Flavour in Milk Hormonal Control of (Harald Astrup), 559 

Oxygen Effect of Quinones on the Uptake of, by Red Cells (D Lovell and 
Dr T A J Prankerd), 561 

Electron-Spin Resonance Signals from Lyophilized Bacterial Cells ex- 

posed to (Dr M Lion Dr J Kirby-Smith and Dr M L 
Randolph), 34 

Oxygen (Molecular) Incorporation of, during Microbial Utilization of 
Olefins (Tomoyuki Ishitkura and J W Foster), 892 

Oxygen-carrying Cobalt (il) Histidine Complex Structure of the (A 
Earnshaw and L F Larkworthy), 1068 

Ozawa, Takayuki, (Yagi, Kunio, and) Crystallization of the Complex of 
p-Amino-Acid Oxtdase and ‘Substrate-Substitute’, 70 


Pace, J (McDermott, E E, and) Modification of the Properties of 
Flour Protein by Thiolated Gelatin 657 

Pacific Naval Laboratory (Stanford-) Conjugate Point Experiment (J E 
Lokken, J A Shand, Sir C S Wright, L H Martin, N M Brice 
and R A Hellrwell), 319 

Pacific (North-east) Occurrence of Phyllochaetopterus claparedi McIntosh 
tn the (R Phillips Dales), 1208 

Pagel, B E J Promoted to Senior Principal Scientific Officer, 214 , work 
of, 21 

Paget, G E, and others Non-steroid Inhibitors of Pituitary Gonado- 
trophic Function, [191 

Paghis, Irvine Sun—Earth Relations and Associated Periodicities, 346 

Paine, R M Commercial Computer Languages, 22 

Paintal, A S Muscle Receptors (Muscle Receptors, with small Nerve 
Fibres, which probably subserve Pressure and Pain), 806 

Pakistan and Turkey (Iran) Role of Science in the Development of 
Natural Resources with particular reference to (Scientific Council 
of the Central Treaty Organization Sympostum on), 609 

Palaeoclimatology Descriptive (edited by A E M Nairn) review by Prof 
F W Shotton, 828 

Palaeomagnetism Application of, to Geological Correlation (A Laro- 
chelle), 37 

Application of, to Thrust Mechanics (D K Norris and R F Black), 933 

Palaeomagnetism of Hawaiian. Lava Flows (Richard R Doell and Allan 

Cox), 645 


Ixxi 


Paleobotany Studies in (Prof Henry N Andrews, Jr), review by ar,” 
Alan Wesley, 852 

Palit, S R, and Ghosh, P Microchemical Techniques (Determination of 
Acids, Bases and Salts at Micromolar Concentrations in Benzene on 
the Colour Behaviour with Rhodamine and certain other Dyes) 411 

Palladium (77 per cent), and 23 per cent Rhodium Hydrogen Overvoltage 
at Cathodes of (J C Barton and Dr F A Lewis), 549 

Palm (Dwarf Coconut) Cytology and Origin of the (Dr M S Swami- 
nathan and M C Nambrar), 85 

Palms High Root-Pressures in (T A Davis) 277 

Panagrellus redivivus (Nematode) A Chamber for Culturing and Collecting 
the (E J Winkler and Prof David Pramer), 472 

Panaxta dominula L (Moth) Influence of Larval Environment on Adult 
Size and Fecundity in the (L M Cook) 282 

Pancreas Acetylcholine in Sweat in Fibrocystic Disease of the (Dr Edward 
L Eyerman, Dr Robert J Hurley and Dr Richard L Irwin), 77 

Pancreas (Guinea Pig) Fine Structure of the Arteriolar Nerves in the 
Dr J D Lever and Dr A C Esterhuizen), 566 

Pandya, P S, and others Cotton in India, Vol 4, review by Prof S C 


Harland, 200 

Panigrahi, N S, and others Cotton in India, Vol 4, review by Prof S C 
Harland, 200 

Panopticon A Botanical, review by R D Meikle, [221 


Pantony, Dr D A A Chemist's Introduction to Statistics, Theory of 
Error and Design of Experiment, 213 
Papazian, Dr Harold A The Optical F Absorption Band, 1286 
Paper Electrophoretic Separation of Conjugated Bilirubin on (Dr E 
Talafant) 972 
Paper (Filter) Enzymatic Hydrolysis of Biliary Conjugates of 3,4-Benz- 
pyrene on (Dr Hans L Falk, Sung Suk Lee and Prof Paul Kotin), 973 
Paper Chromatograms Improved Benzidrine Sugar Reagent for (Bock G 
Chan and Prof J C Cain) 69 
Paper Chromatographic Spots Combustion Analysts of (H Soep), 67 
Paper Electrophoresis (L P Ribeiro, E Mitidieri and Dr O R Affonso), 
review by Dr G V F Seaman, 593 
Papers (Filter), on Planchettes for Radioactive Counting A Simple Flat- 
coner for holding (Dr Edward A Smuckler and Prof Earl P Benditt), 
Papers (Technical), of the Sandia Corporation, 1025 
Papierchromatographie Handbuch der (herausgegeben von | M Hats 
und K Macek), Band 2 Bibliographie und Anwendungen, review by 
Dr R Consden, 1223 
Papuans Glucose-6-Phosphate Dehydrogenase Activity in (Dr B P K 
Ryan and 1 C Parsons), 477 
Paracrystalhne Spherulites of Biological Origin 
Properties of (Dr G T Stewart), 624 
Paradise (T-opical) Birds of, review by Dr L B Quesnel, 828 
Paradoxical Effect of Phlorizin on Glucose Uptake and !ntracellular Accumu- 
lation of Amino-Acids in Rat Kidney Slices in vitro (Dr Stanton 
Segal, Alberta Blair and Leon E Rosenberg), [085 
Paramagnetic lon Binding in Deoxyribonucleic Acid Solutions Relaxation 
Enhancement by (J E:singer, R G Shulman and W E Blumberg), 963 
Paramagnetic Resonance (Electron), and Antiferromagnetism in LaCrOs 
Weinberg and P Larssen), 445 
Paranjpe, V N , and others Cotton in India, Vol 4, review by Prof S C 
Harland, 200 
Parasite (Acanthocephalan), of the Erder Duck Life-Cycle of an (Dr C 
Rayskr and E A Garden), 185 
Parasites Human, review by Dr G Lapage, 197 
Parasites of Man, review by Dr G Lapage, 488 
Introduction to Parasitology, with special reference to the (the late 
Prof Asa C Chandler and Prof Clark P Read), tenth edition, 
review by Dr G Lapage, 488 
Parasites of World Importance (Parasitology Group of the Institute of 
Biology Autumn Meeting on), 21 
Parasites (Animal), in Man (Dr N H Swellengrebel and M M Sterman), 
review by Dr G Lapage, [97 
Parasites (Arthropod), of Vertebrates in Africa South of the Sahara (Ethro- 
pian Region), Vol 1, Chelicerata (edited by F Zumpt), review by 
Dr F A Turk, 1222 
Parasites (Insect) Medicine and, review by Prof D S Bertram, 298 
Parasitic Nematodes Precipitating Antibodies tn the Carpet Snake 
against (H Timourian, C Dobson and J F A Sprent), 996 
Parasitology Introduction to, with special reference to the Parasites of 
Man (the late Prof Asa C Chandler and Prof Clark P Read), tenth 
edition, review by Dr G Lapage, 488 
Parasitology of Fishes (V A Dogiel, G K Petrushevski and Yu | Polyanskr), 
translated by Dr Z Kabata, review by Dr Ben Dawes, 832 
Parasitology (Russian) Ecological Branch of, review by Dr Ben Dawes, 832 
Parcells, Dr Alan J Determination of the Am'no-Acid Composition of 
Bovine Growth Hormone, 971 
Pardoe,G K C A Astronautics (Space Flight Projects based on Blue Streak), 
312 
At the Twelfth International Astronautica! Congress (Blue Streak as 
First Stage of a Satellite Launcher), 1245 
Parikh, C B, and others Cotton in India, Vol 3, review by Prof S C 
Harland, 200 
Paris Academy of Sciences Election of Prof N R Dhar as a corresponding 
member in the Chemistry Section, 1026 
Parker, Dr A Biochemical Engineering, [20 
Parkes, Prof P C Astronautics, 312 
Parkinsonism Arrest of Acceleration of Speech evoked by Thalamic 
Stimulation in the Course of Stereotaxic Procedures for (Dr G 
Guiot, and collaborators), 921 
Parks, } R (Clowes, Dr M B,and) At the twenty-seventh Conference 
of the International Federation for Documentation (A Device for 
the Automatic Identification of Printed Numerals), 219 
Parhament Science tn, [129 
Parotid Salivationin Sheep Effect of Urea Ingestion on (A D Wilson), 271 
Parr, H C M,and Grose, ] E H A Technique for Exposing Individual 
Flies on Insecticidal Deposits, 475 
Parrish, E B The Better Use oz the World's Fauna for Food (How to 
obtain Maximum Yield from Traditional Methods of Fisging), 1113 
Parry, Gwyneth Chloride Regulation in Triops, 468 
Parsons, |. C (Ryan, Dr B P K and)  Glucose-6-Phosphate Dehydro- 
genase Activity in Papuans, 477 


Some Physico-Chemical 


IXxxH 


* 
Ræsons Scholarship in Marine Engineering (1961) awarded by the Royal 
Institution of Naval Architects to Alan B Turner, 309 
Partial Hydrolysis (Specific), of Nucleic Acids in. Nucleotide Sequence 
Studies (Dr D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 
10 


Participation of Imtdazole in Intramolecular Hydrogen Bonding (Prof A 
Lukton), 422 

Particle Accelerators Amsterdam Conference on, 123 

Particle Involvement in Fatty Acid Synthesis in Liver and Yeast Systems 
(S Abraham, |! L Chaikoff, W M Bortz, H P Klein and Halına 
Den), 1287 

Particle Movement in Mature Sieve Tubes 
R Thaine), 772 

Particle-bound and Free Catecholamines in Dog Hearts and the Uptake of 
Injected Norepinephrine (A Wegmann and K Kako), 978 

Particles (Fluorescent) Loss of, in Atmospheric Diffusion Experiments by 
Compartson with Radioxenon Tracer (A E J Eggleton and N 
Thompson), 935 

Particles (Interplanetary Dust), in the Vicinity of Earth Direct Measure- 
ment of (C W McCracken, W M Alexander and M Dubin), 441 

Particles (Sub-Cellular) Simplified Technique for Isolation of (Dr David 
W E Smith), 234 

Particles (Sub-Cetlular), isolated from the Hepatopancreas of Carcinus 
maenas Respiratory Chain Phosphorylation in (Dr R B. Beechey), 
975 

Partington, Prof J R History of Chemistry, Vol 2, correction of price, 213 

Partition lsotherms and Gas-Liquid Chromatography (G F Freeguard and 
R Stock), 257 


Transcellutar Strands and (Dr 


Pascal Digital Computer (Philips Technical Review, Vol 23, No 1), 1024 

Pascoe, J E Muscle Receptors (Pharmacological Studies of Spindles), 806 

Pask, Gordon Teaching Machines (Principles of an Adaptive Teaching 
Machine), [06 

Pasquill, F Medium Range Diffusion in the Atmosphere (Some Observed 
Properties of Medium-scale Diffusion in the Atmosphere), [3 

Past Climates of the, review by Prof F W Shotton, 828 


Modification of the Effects of an Amphetamine- 


Past Experience of Rats 
Hannah Steinberg, Dr Ruth 


Barbiturate Mixture by the (Dr 
Rushton and Christine Tinson), 533 

Pate, Dr J S Perennial Nodules on Native Legumes in the British Isles, 
376 


Temperature Characteristics of Bacterial Variation tn Legume Sym- 

biosis, 637 

Patel, G B, and others 
Harland, 200 

Pateman,J A Elected to a Fellowship at Churchill College, Cambridge, 710 

Pathological Cerebrospinal Fluid (Normal and) Antithrombin Activity of 

r A Gaertner, J Listewicz and Dr J Caen), [164 

Pathological Human Gamma-Globulins Resolution of, by Starch-Gel 
Electrophoresis (J| P Binette and K Schmid), 732 

Pathways of Glucose Oxidation in the Rat Lens Effect of Insulin on (Dr 
R Levari, Prof E Wertheimer, Dr E R Berman and Prof W 
Kornblueth), 1075 

Pathways (Mitochondrial) Transaminatton and the Control of (Dr H 
Gutfruend, Dr K E Ebner and L Mendiola), 820 

Patients with Diabetes Meilitus Absorption and Excretion of Penicillin 
ieee into the Muscles of (Dr L Weinstein and Dr R H Meade), 


Cotton in India, Vol 4, review by Prof S C 


Patients with Essential Hypertension Prolonged Biological Half-Life of 
Sodium-22 in (Dr Lewis K Dahl, Malcolm G Smilay, Lawrence 
Silver and Sanford C Spraragen), 267 

Patients (Heterozygous Carriers and), with Liver Glycogen Disease (Yon 
Gierke’s Disease) Blood Glucose-6-Phosphate in (Dr Joseph E 
Sokal, Sylvia Fleissner, Edward J Sarcione and Charles U Lowe), 
265, (Dr David Yi-Yung Hsia), 266 

Patients (Mental) Erythrocyte Cholinesterase-levels in (Dr George L 
Ellman and Dr Enoch Callaway), 1216 

Paton, Prof W D M Chemistry tn the Service of Medicine (Early History 
of Pharmacology), [017 

Patrick, Dr C R (Mayer, Dr J R, and) 
fluoromethylene Racical, 866 

Patterns (Circular Streaming), in a Sirme-Mould Plasmodium (Dr Peter A 
Stewart and Dr Babette T Stewart), [206 

Pattison, Prof F L M,and Dear, R E A Synthesis of the Toxic Prin- 
ciples of Dichapetalum toxicartum (18-Fluoro-cis-9-Octadecenoic 
Acid), 1284 

Patton, S Microchemica' Techniques (Identification of Food Flavours 
using Gas, Paper and Column Chromatography, and the Study of 
the Dinitrophenyl-hydrazones of Volatile Keto-Compounds), 412 

Paul, p in (McCallum, H Morag, and) Lathyrogen:ic Activity in vitro, 


Paul Instrument Fund Grant of £44,500 to Dr V E Cosslett, to design 
and construct a very high voltage electron rucroscope and to explore 
its applications in. biological and metallurgical research, 708 
Grant of £1,000 (in supplement of a previous grant), to Prof D Gabor 
and Dr D Jones, for work on the development of an electron 
interference. microscope, 708 
Grant of £3,500 to D W Hill, for the construction of an infra-red gas 
or vapour analyser using interference filters, 708 
Grant of £2,500 to Dr N Kurti, for the construction of a nuclear 
thermometer for use in the micro-degree Kelvin temperature- 
range, 708 
Grant of £1,500 (in supplement of a previous grant), to Dr J H 
Sanders, for the construction of an optical maser, 708 
Pauling, Dr Peter, and others  Erght-Co-ordinate Diarsine Complexes of 
Quadrivalent Metal Halides, 222 
Pauson, Prof P L . Colloids, 929 
Payne, C G Colour and Density o: Light and Broiler Performance, 769 
Pea Stem Sections Effect of Auxin on the Osmotic Value in (Shizuko Yoda 
and Joji Ashida), 577 
Peaceful Uses Applications of Science to, review by R. Brightman, 850 
Peacock, D B Appointed lecturer ın bacteriology ac the University of 
Bristol, 710 
Peacock, DrgN J Spectroscopic Studies ustng Time-Resolved Techniques 
Spectroscopic Work on the Fast Pinch Discharges at the Atomic 
Josa Pons Research Establıshment Plasma Group at Aldermaston), 


Heat of Formation of the Dı- 


INDEX 


Peacocke, Dr A R, and Preston, Dr B N Effect of Gamma-Rays on 
Thymus Nucleoprotein in Solution, 228 

Peak Areas in Gas-Liquid Chromatography Quantit&twe Estimation of 
(4 Dykstra), 965 , (Prof K K Carroll), 965 

Pearce, S A Ornamental Trees for Garden and Roadside Planting, 
review by F P Knight, 852 

Pearson J E,andJane,J A Microwave Measurement Techniques (Need 
for Power Density Monitors to measure Power Densities of the 
order of 1-20 mW /cm ? for Health Hazard Purposes), 409 

Pearson W B (Mooser, E, and) lonic-Covalent Bonding in Crystals, 355 

Peas (Meteor) Gubberellic Acid and Chlorophyll Content of Leaves of 
(P Bishop and Prof C P Whittingham), 576 

Pease, Daniel C Histological Techniques for Electron Microscopy, review 

Dr V E Cosslett, 5 

Peate, Dr lorwerth C Elected president of the Society for Folk-Life 
Studies, 19 

Peavler, R J (Ananthanarayanan, Prof N l, and) A New Reversible 
Solid-State Transformation in lron-Nickel Alloys in the Invar Range 
of Compositions, 962 

Pedler, Dr A E A Appointed to a senior Research Fellowship tn the 
Department of Chemistry in the University of Birmingham, 406 

Peeling, Dr E R A Appointed senior lecturer in chemistry at the 
University of Sussex, 1241 

Pegmatitic Carbonatite ın a Syenite-Marble Contact 
Schuiling), 1280 

Peguy, Prof Ch P Precis de Climatologie, review by Prof W B Fisher, 
1223 


Peirson, D H Transfer of Stratospheric Fission Products into the 
Troposphere, 497 

Pell, E (Malissa, H , and)  Microchemical Techniques (Complete Automa- 
tion of the Micro-determination of Carbon, Hydrogen and Sulphur), 


All 

Pellet, P L, and Millar, D S$ The Better Use of the World's Fauna for 
Food (Processing and Preservation gf Meat in Under-developed 
Areas), 1113 

Penczak, Tadeusz Serological Relationships between the Nine-spined and 
the Three-spined Stickleback, 673 

Penetration of Spines from a Marine Diatom into the Gill Tissue of Lingcod 
(Ophiodon elongatus), (Dr Gordon R Bell), 279 

Penfold, A R and Willis, J L The Eucalypts—Botany, Cultivation, 
Chemistry and Utilization, review by T A Russell, 488 

D-Penicillamine as an Antidote to 8-Hydroxyquinoline and Alloxan (Makoto 
Matsuda and Prof Katasht Makino), 261 

Penicillin Acid-soluble Nucleotides of Staphylococcus aureus—Massive 
Accumulation of a Derivative of Cytidine Diphosphate in the Presence 
of (Dr J J Saukkonen), 816 

Antigenicity of, and its relation to Albumin Binding (Dr Toshio Toru 
and Dr Yoshihi Kohortuchs), 429 
Spheroplasts of Marine Bacteria induced by the Action of (J R Boring 

and Prof D Pratt), 773 

Penicillin injected into the Muscles of Patients with Diabetes Mellitus 
Absorption and Excretion of (Dr L Weinberg and Dr R H Meade), 
987 

Penicillinase New Penicillins Stable towards both Acid and (F P Doyle, 
A A W Long,J H C Nayler and E R Stove), 1183 

Penicillins (New) Survey of (Prof Robert Knox), 492 

Penicillins (New), Stable towards both Acid and Penicillinase (F P Doyle 
A A W Long,J H C Nayler and E R Stove), 1183 

Pennelfa, P, and others Formation of 2,3-Dihydroxybenzoic Acid in 
Fermentation Liquors during the Submerged Culture Production of 
Lysergic Acid a-Hydroxyethylamide by Claviceps paspali Stevens and 


Formation of (R D 


Hall, 552 

Pennington, Dr R J 5'-Adenylic Acid Deaminase in Dystrophic Mouse 
Muscle, 884 

Peele e CIR and (Dr Conor K Ward), review by the Rev J Robinson, 


People (Heat-acclimatized) Heart-rates and the Sub-lingua] Temperatures 
of (Dr G C Whittow), 1086 

Peptidase Activity (a-Glutamyl) Histochemical Characterization of a 
Unique (Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices) 
(George G Glenner and John E Folk), 339 

Peptidases (Glutamyl), in Rat and Guinea Pig Kidney Slices (George G 
Glenner and John E  Folk)—Histochemical Demonstration. of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical 
Characterization of a Unique a-Glutamyl Peptidase Activity, 339 

Peptides released by Digestion with Chymotrypsin (Amino-Acid Sequence 
of Horse Heart Cytochrome c), (Dr E Margoliash and Prof Emil L 
Smith), 1121 

Peptides, Terminal and Internal, released by Digestion with Trypstn (Amino- 
Acid Sequence of Horse Heart Cytochrome c), (Dr G Kreil and 
Prof H Tuppy), 1123 

Peptides (Low Molecular Weight) Separation of, from Amino-Acids on 
'DEAE-Sephadex' (P R Carnegie), 658 

Perception Sensation and (D W Hamlyn), review by F I G Rawlins, 593 

Perception (Extra-Sensory) <A Survey of, review by Dr E J Dingwall, 4 

Perchlorate (Ammonium) Thermal Decomposition of, in presence of Zinc 
Oxide (Dr F Solymosi and L Révesz), 64 

Perchloric Acid-Naphthoquinone Method for the Histochemical Localiza- 
tion of Cholesterol (Dr C W M Adams), 331 

Perel’man, A 1 Geochemical Landscapes, 114 

Perennial Nodules on Native Legumes in the British Isles (Dr J S Pate), 


Pérés, Prof J Appointed president for 1962 of the International Astro- 
nautical Congress, 1244 

Performance (Broiler) Colour and Density of Light and (C G Payne), 769 

Pericardial (Intra-) Hepatic Intrusion in the Common Dogfish (Dr A S 
Fuller), 280 

Periodic Acid-Schiff Technique Limitations of the, for the Demonstration 
of Stages of Eimeria in Tissues (P L Long, D G Rootes and Dr C 
Horton-Smith), 1315 

Periodic Acid-Schiff Technique for the Demonstration of Extra- and Intra- 
cellular Stages of Gregarine and Coccidian Protozoa (Dr J 
Jennings), 473 

Periodicities Sun-Earth Relations and associated (Irvine Paghis), 346 

Peripheral Blood Chromosome Preparations obtained directly from 
(M A Kinlough and Prof H N Robson), 684 


INDEX 


Periplaneta Substances controlling the Rate of Beating of the H 
(K G Davey), 284 > ‘ AEC 

Perkin Centenary Fellowship (Perkin Centenary Trust), 506 

Perkin Centenary Trust Awards of the Perkin Centenary Fellowship and 
Perkin Fellowshtp Scholarships, 506 

Perkin Centenary Scholarships (Perkin Centenary Trust), 506 

Permafrost in the Mackenzie River Delta Effect of a Lake on Distribution 
of (G H Johnston and R J E Brown), 251 

Permeability of Lactobacillus plantarum Alteration of, caused by Chlor- 
promazine (Dr Helene A Nathan), 471 

Permeability of the Mammary Gland to Sodium-24, Potassium-42, Chlorine- 
36 and lodine-13[ (P -G Knutsson), 977 " 

Permeability of the Synovial Membrane to Glycoproteins (Lars Sundblad, 
Dr Eric Jonsson and'Ertk Nelletbladt), 1192 

Peroxidase Interaction of '*C-CEstrone with Tryptophan in the Presence 
of (Dr P H Jellinck and Louise Irwin), 660 

Peroxidase in Pig Thyroid Gland Demonstration and some Properties of 
(Toichiro Hosoya and Nobuo Ui), 659 

Peroxidase Activity Relationship between Tissue Eosinophils and (Tapio 
Rytomaa and Prof Harald Teir), 271 

Peroxidase and Methaemalbumin | Haemin-Protein Binding in (Dr A C 
Maehly), 630 

zum Substance in Alarmed Mice (V J Horgan and J St L Philpot), 


Perry, Byrne, and others 
Perry, Frances 
392 


Simulated Wave-Riding Dolphins, 148 
Water Gardening, third edition, review by Dr G Taylor, 


Persistence of Motility in Bone-Marrow Cells from the Cadaver (Dr | B 
Porteous), 569 

Persistence of Sterols other than Cholesterol in Chicken Tissues (David 
Kritchevsky and Vittorio Defend:), 71 

Persistent Vaginal CEstrus Luteinizing Hormone in (Dr G P van Rees 
and Dr J J van der Werff ten Bosch), 876 

Personnel Management, [nstigite of Personnel Management Salaries— 
Report of a Survey undertaken in February-March, [96l, 506 

Annual Report for 1960-61, [024 

Personnel Management Salaries—Report of a Survey undertaken in February 
-March [96] (Institute of Personnel Management), 506 

Persons acclimatized to Heat Flow of Blood in the Forearm of (Dr G C 
Whittow), 759 

Peru Orchids of (Charles Schweinfurth), 719 

Peru (Southern) Epidemiological! Surveys on Chagas’ Disease in the 
Village of Matalaque (Felix Naquira, Eleazar Cordova, Cesar Naquira 
and Enrique Rubin de Celia), 921 

ngs ence of Chagas’ Disease in the Matalaque Region (Eleazar Cordova), 

921 

Peruvian Indians Haptoglobin and Transferrin Types in (Dr Eloise R 
Giblett and Dr William R Best), 1300 

Peruvian Orchids (V S Summerhayes), 719 

Pests and Diseases (Plant) Chemical Warfare on (W C Moore), [140 

Petch, Prof N J Metallurgy of Beryllium, 1137 

Peter, Dr J B,andothers Detection of a Possible Intermediate tn Oxida- 
tive Phosphorylation, 43 

Peters, Prof B G Nematology at the Imperial College of Science and 
Technology, London, 1027 

Peterson, G H (McLaren, Prof A D, and) 
for the Size of Prote n Molecules, 960 

Pethiyagoda, U Effect of Charcoal on the Behaviour of Adenine Nucleo- 
tides in lon-Exchange Chromatography, 452 

Petioles (Rhubarb) Auxin Activity in Ether-insoluble Fractions of Extracts 
of (B E S Gunning), 661 

Petraitis, Ruth, and others Ultrastructural Alterations during the Crab- 
tree Effect in Rous Sarcoma Cells, [271 

Petroleum, Institute of (Gas Chromatography Discussion Group) 
postum on Gas Chromatography in Medical Research, 717 

Petrov, R V,and others Problems of Infection, Immunity and Allergy in 
Acute Radiation Diseases (translated from the Russian by Lydia 


Montmorillonite as a Caliper 


Sym- 


Venters , edited by R Clarke), review by Dr Hugh D Evans, 6 
Petrucci, BUP Producing Transplantable Human Tissue ın the Labora- 
tory, 


Petrushevski, G K , and others Parasıtology of Fishes (translated by Dr 
Kabata), review by Dr Ben Dawes, 832 

Petten Research Centre of the Reactor Centrum Nederland  High-flux 
Reactor at the, 708 

pH and Urea Influence of, on the Ultra-violet Fluorescence of several 
Globular Proteins (Dr R F Steiner and H Edelhoch), 873 

Phage Type and Host Plant Relationship between, tn Pseudomonas mors- 
prunorum Wormald (J E Crosse and Constance M E Garrett), 379 

Phagocytosis Biochemical Aspects of (Dr G H N lyer, Dr M F Islam 
and Prof J H  Quastel), 535 

Effect of, on the Lysis of Staphylococcus aureus (Type 81) by Bacterto- 

phage (Dr J M McKenna and R P Sanderson), 570 

Pharmaceutical Conference (British) Election of ) C Hanbury as chairman 
for 1961-62, 21 

Chairman’s Address (Dr D C Garratt), 122 

Pharmaceutical Control tn Britain (Dr D. C Garratt), 122 

Pharmaceutical Journa! Appointment of R Blyth as editor, 609 

Pharmaceutical Services The British National Health Service, a Short 
Survey with particular reference to the (Pharmaceutical Society of 
Great Britatn), 80! 

Pharmaceutical Society of Great Britain The British National Health 
Service, a Short Survey with particular reference to the Pharmaceuti- 
cal Services, 801 

Pharmaceutical and Allied Research Laboratories Radioactivity for—a 
Sympostum sponsored by Nuclear Sciences and Engineering Corpora- 
tion (edited by Abraham Edelmann), review by Dr Hugh D Evans 6 

Pharmacohynamical Effects of Asarone and 8-Asarone (| D Sharma, Dr 
P C Dandiya, Dr R M Baxter and Dr S | Kandel), [299 

FREUT SA EY at St Bartholomew's Hospital Medical College, London, 
2 


Pharmacy (Med:eine and) Second British Congress on the History of 
Chemistry in the Service of Medicine), (Worshipful Society of 
Apothecaries of London, in co-operation with the Chemical Society), 


1017 
Third British Congress on the History of (The History of British Hospr- 
tals), 1241 


xxiii 


Phase (Explosive), of Solar Flares | Coincidence of the, with 107 cm Solar, : 
Noise Bursts (Arthur E Covington and Gladys A Harvey), 152 à 

Phase (Sexual), tn the Life-Cycle of an Amoeba — Evidence for a (M R 
Droop), 281, erratum, 507 

Phases in Evolutton review by Dr L R Cox, 3 T^ 

Phases of Growth of Algertan Ivy Effect of Temperattre and Potassium 
Gibberellate on (J R Goodin and Prof V T Stoutemyer), 677 

Phases (a-Manganese), containing Technetium-99 (D J Lam, J B Darby, 
yun, J W Downey and L J Norton), 744 

R-Phases (New Ternary), with Silicon (D 1 Bardos, K P Gupta and Prof 
Paul A Beck), 744 

1,10-Phenarthroline and  2,2'-8ipyridyl Five-Covalene — Copper(I!) 
Complexes containing (Properties of some Copper Complexes), 
(Dr C M Harris, T N Lockyer and Hanneke Waterman), 424 

Phenazone and Amidopyrine — Anti-Asthmatic. Effect of (H Herxheimer 
and E Stresemann), 1089 

EAEE Mee of, in Determining Chromatographic Purity (B H Koeppen), 


Use of, in the Isolation of Erythroporetic Glycoprotein (Peter H Lowy 
and Geoffrey Keighley), 75 
Phenol-treated Escherrchia colt on Membrane Filters Influence of Adding 
Salts to the Medium on Counts of (N D Harris and J. P Richards), 87 
Phenolic (Plant) Substances — Biochemistry of (Plant Phenolics Group of 
North America Symposium on), 418 
Phenolics (Plant) Group Symposium on Wood Extractives, 511 
Phenolics (Plant) Group of North America Inaugural Meeting, 418 
Symposium on the Biochemistry of Plant Phenolic Substances, 418 
Election of Officers, 418 
Phenomena (Inhibitory), and 'Habituation' at the Neuronal Level (B Holm- 
gren and S. Frenk), [29 
Phenomenon (Triple Resonance), in Plasmas (T J Bellanca, Prof R S 
Elltott and J J Erlinger), 543 
Phenotype (A Rare), within the Cm System (K Henningsen and Jørgen C 
Nielsen), 476 - 
Phenylalanine as Inhibitor of Transport of Amino-Acids in Brain (K D 
Neame), [73 
ener eine Crystal Structure of (Prof B D SharmaandJ Donohue), 


Philips Technical Review Vol 23, No 1, 1025 

Phillips, Prof A W, and others Serotonin tn the Small Intestine of 
Conventional and Germ-free Chicks, 380 

eas S K Elected to a Fellowship at Churchill College, Cambridge, 


Phillips, Dr ! D J Induction ofa Light Requirement for the Germination 
of Lettuce Seed by Naringenin, and its Removal by Gibberellic Acid, 


240 

Phillips, Dr J G — Endocrinology and Evolution (The Adrenal Gland), 797 

Phillips, Dr T R Gas Chromatography in Medical Research, 718 

Philips, Dr T R,and others Purification of Hydrogen Isotopes by Self- 
Displacement Chromatography at Low Temperatures, 1067 

Philosophical Society (American) Memoirs, Vol 5l, Population Redistri- 
button and Economic Growth, United States, 1870-1950 (Prof 
Simon Kuznets, Ann Ratner Miller and Richard A Easterlin), review 
by Prof E Grebenik, 853 

Philosophical Transactions of the Royal Society (Dr W P D Wightman), 23 , 
(Dr O M Lidwell), 584 

Philosophy Evolution of Regeneration, and its Possible Bearing on (Dr 
R J Spilsbury), 1254, (Dr A E Needham), 1255 

Philosophy of Science (B C Brookes), 508 

Philosophy of Science British Society for the Sixth Annual Conference, 508 

Philp, J McL, and others Toxicity associated with certain Samples of 
Groundnuts, 1095 

Philpot, J StL (Barnes, J H,and) Protection by Inorganic Condensed 
Phosphates against the Lethal Effects of X-Rays, 574 

PALDO St L (Horgan, V J, and)  Peroxide-like Substance tn Alarmed 

ice, 

Phisitians’ ‘Opinions of the Late and Best, review by Kenneth Bloor, 848 

Phiorizin Paradoxical Effect of, on Glucose Uptake and Intracellular 
Accumulation of Amino-Acids tn Rat Kidney Slices in vitro (Dr 
Stanton Segal, Alberta Blair and Leon E Rosenberg), [085 

Phosphatase (A Zinc-requiring Alkaline), in the Ventral Lobe of the Rat 
Prostate (Leonora Hopkinson and J C N Wakeley), 357 

Phosphates (Adenine and Adenosine) Demonstration of Interaction 
Products of, with Formaldehyde (Dr D L Woodhouse), 336 

Phosphates (Inorganic Condensed) Protection by, against the Lethal 
Effects of X-Rays (J H Barnes and J} St L Philpot), 574 

Phospholipase A — Inactivation of Rous Virus by (H A Drayton), 896 

Phospholipid of Neoplastic Tissue (Oncolipin) Interaction between Lyso- 
zyme and a(R Ferrari and S Matracia), [187 

Phospholipid Factor Effect of a, on the Activity of Progesterone (Effect 
of Progesterone on Pregnancy), (Dr Tapani Luukkainen and Dr 
Arpad ] Csapo), 331 

Phospholipids A Correlation between Surface Charge and Coagulant 
Action of (Dr A D Bangham), 1197 

Phospholipids and Sulpholipids (Biochemical Society and the British. Bio- 
physical Society Joint. Discussion on), 807 

Phosphonic (Alkyl), and Alkyl Phosphonothionic Acids Hydrogen Bonding 
in (L C Thomas, Rosemary A ChittendenandH E R Hartley), 1283 

Phosphonothionic (Alkyl Phosphonic and Alkyl) Acids Hydrogen Bonding 
in (L C Thomas, Rosemary A ChittendenandH E R Hartley), 1283 

Phosphoproteins from Plasma of the Laying Hen Phosphorylserine as a 
Constituent of (P J Heald), 455 

Phosphorus Metabolism ın the Avena Coleoptile Effect of Indole-3-Acetic 
Acid (IAA) on (A Sen Gupta and S P Sen), 1291 

Phosphorus (Radtoactive) Specificity of Plant Feeding in Mosquitoes as 
determined by (Dr A A Abdel-Malek and Dr W F Baldwin), 178 

Phosphorus-32 (Incorporation of), into the Deoxyribonucleic Acid of some 
Radiosensitive Organs in Rats exposed to X-Rays Effects of lodo- 
acetic Acid on the (Dr M Quintiliani, M Boccacci and L Tentori), 


573 
Phosphorus-32 Mononucleotide Labelling of the Isolated Rat Diaphragm 
in the Controlled Absence of Extracellular Glucose Effect of 
Insulin on the (P Volfin, D Eboue and H Clauser), 166 
Phosphorylase b and Cytochrome Oxidase tn Preparations from Two Ox 
Muscles Comparative in vitro Activities of (E J. Briskey and 
R A Lawrie) 263 


Ixxiv 


* phosphorylation (Oxidative) Detection of a Possible Intermediate in 
(Dr C H Suelter, M DeLuca, Dr J B Peter and Prof P D Boyer), 
43 

Phosphorylation (Respiratory Chain), in Sub-Cellular Particles isolated from 
the Hepatopancreas of Carcinus maenas (Dr R B Beechey), 975 

Phosphory!serine as a Constituent of Phosphoproteins from Plasma of the 
Laying Hen (P J Heald), 455 

Photo-Association of Aromatic Hydrocarbons tn Fluid Media 
the (Dr B Stevens), 725 

Photochemical Products (Atmospheric) (‘Smog’) Interaction of Light and, 
within Plants (O C Taylor, W M Dugger, jun, E A Cardiff and 
E F Darley), 814 

Photochemical Properties of Water-soluble Chlorophyll (Prof Gerald Oster 
and Suse B Broyde), 132 

Photochemistry Atmospheric (Sir Harrie Massey and Dr A E Potter), 213 

Photoelectric Spectrophotometry Modified Cuvettes for (Dr Malcolm 
H Smith), 722 

Photoisopyrocalciferol Space Group and Unit Cell of the m-Bromoben- 
zoate of (Prof G L Hardgrove) 551 

Photometric Standards and the Unit of Light (J S Preston), (National 
Physical Laboratory, Notes on Applied Science No 24), 1250 

Photo-Reactivation of Tobacco Mosaic Virus in vivo (D J Goodchild), 289 

Photosynthesis Oxidized Cytochrome and Chlorophy!l Cat in (Dr H T 
Witt, A Muller and B Rumberg), 967 

Thermal Reaction between Two Light Reactions in (Prof C P Whit- 

tingham and P M Bishop), 426 

Phyllochaetopterus claparedi McIntosh in the North-east Pacific 
of (R Phillips Dales), 1208 

Phyllody Virus (Clover) Transmission of, by Aphrodes bicinctus (Schrank) 
in North America (Dr L N Chiykowski), 581 

Physical Chemistry Fast Reactions in (Dr W Gerrard), 1136 

Physical Conditions as Important Factors for the Regeneration of Naked 
Yeast Protoplasts (D- O Nečas), 580 

Physical Gas Dynamics (edited by A S. Predvoditelev), translated from the 
Russian by Dr R C Murray and D R H Phillips, review by Dr 
| S Donaldson, 837 

Physical Geography of Asiatic Russia (S P Suslov), translated from the 
Russian by Noah D Gershevsky , edited by Joseph E Williams, 
review by Prof S | Tomkeieff 200 

Physical Laboratory (Dominion), New Zealand 
Quantitative Biology, 25 

Physical Methods in Chemical Analysis (edited by Walter G Berl), Vol |, 
second edition, review by Dr D T Lewis, 391 

Physical Oceanography (Prof Albert Defant), review by Dr J C Swallow, 
[0] 


Evidence for 


Occurrence 


Informal Symposium on 


Physical Science Study Committee Laboratory Guide for Physics, review 
by G R Noakes, 99 
Physics, review by G R Noakes, 99 
Physical Sciences from the Earliest Times to the Present The Search for 
Order—the Development of the Major Ideas in the (Cecil J Schneer), 
review by Prof Herbert Dingle, 90 
Physical Society (Institute of Physics and the) Conference on Spectro- 
scopic Studies using Time-Resolved Techniques, 1032 
Physical Society (Netherlands), and the Groupement Ampere International 
Conference on Magnetic and Electric Resonance and Relaxation, 213 
Physicians of Philadelphia, College of Alvarenga Prize awarded to Prof 
Seymour S Kety, 21 
Physico-Chemical Properties of Paracrystalline Spherulites of Biological 
Origin Some (Dr G T Stewart), 624 
Physics (Physical Science Study Committee), review by G R Noakes, 99 
Cosmic Ray (Latin-American Council for Cosmic Ray Research Third 
Latin-American Conference and Course on), [21 
Laboratory Guide for (Physical Science Study Committee), review by 
G R Noakes, 99 
Modern (M S Smith), review by Prof H Lipson, 854 
Nobel Prize for, awarded to Prof Robert Hofstadter and Prof R L 
Mossbauer, 799 
Plasma (Danish Atomic Energy Commission Research Establishment, 
Report No 18), [025 
Research and Education in (International Atomic Energy Agency, 
Unesco and the Central Committee for Swedish Technical Assistance 
International Seminar on), 709 
Theoretical and Experimental (Dr H G Jerrard and Dr D B McNeill), 
review by D H Trevena, 491 
Physics, Institute of, and the Physical Society Conference on Spectro- 
scopic Studies using Time-Resolved Techniques, 1032 
Physics, American Institute of John T Tate Medal awarded to Dr P 
Rosbaud, [!2 
Physics Text-Books A New Look in, review by G R Noakes, 99 
Physics (Atmospheric and Terrestrial), Journal of Special Supplement No 7, 
Vistas in Astronomy (edited by Arthur Beer), Vol 3, Part |, Dyna- 
mics, Geophysics, Instruments, Solar System , Vol 3, Part 2, Stellar 
Astronomy, Stellar Evolution, Photometry, Galaxies, Spectroscopy, 
Cosmology, review by Dr A Danjon, 838 
Physics (Electrical Engineering or) Research Scholarships in (British 
Broadcasting Corporation), 115 
Physics (Experimental), at the University of Sussex, 707 
Physics (High Energy) Proceedings of the 1960 Annual International 
Conference on (Rochester, 1960), (edited by E C G Sudarshan, 
J H Tinlot and A C Melissinos), review by Dr G H Stafford, 7 
Physics (Nuclear) Accelerators for Low-Energy, 1239 
jo ere Jubilee International Conference on (Dr A Herzenberg), 
Physics (Theoretical), in the University of Sussex, 504 
Physics and Electronics The International Dictionary of, second edition, 
review by J R Tillman, 1I1I 
Physiological (High and) Sale Concentrations Antigen—Antibody Precipi- 
tation contrasted ir Gels of (Dr Alfred J Crowle and David C 
Lueker), 50 
Physiology Nobel Prize for, awarded to Dr Georg von Bekésy, 800 
Physiology (Plant Eco-) Methodology of (Botanical Institute, Montpellier, 
Symposium on}, 1241 
Phytophthore palmivora (But! ) But] Probable Mechanism of Resistance of 
Varieties of Cocoa to Black Rod Disease caused by (Dr John A 
Spence), 278 


Pickard, Dr O G Education and Training on the Continent of Europe, 719 


INDEX 


Pickles, Sir John Presidential Address at the British Electrical Power 
Convention (Electricity in the Prosperity and Welfare of the Nation), 
500 

Pig Thyroid Gland Demonstration and some Properties of Peroxidase tn 
(Toichiro Hosoya and Nobuo Ui), 659 

Pigeon Liver Inactivation of A-Methopterin by the Acetylating Enzyme 
System from (V Krishnamurthy and Beatriz M Braganca), 68 

Pilot Plants in Metallurgical Research and Development Symposium on, 
held at the National Metallurgical Laboratory, Jamshedpur, !960 
(edited by R M Krishnan), review by E W Vorce, 1008 


Pimento Incipient Dioecy in (G P Chapman and S K Glasgow), 1205 
Pinus banksiana — Influence of Date of Flushing on Flowering in (Philip R 
Larson), 82 


Pioneers of Underwater Sound Award of the Acoustical Society of America 
presented to Dr Albert B Wood, 507, 710 

Pituitary Effect on Synthesis of Deoxyribonucleic Acid in Regenerating Rat 
Liver following Whole-body X-Irradiation (the late D M Gould, 
K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Pituitary Extract (Sheep) Effect of on Hypercholesterolaemia in Intact 
and Hypophysectomized Rats (Dr Russel M Barakat), 71 

Pituttary Gonadotrophic Function Non-steroid Inhibitors of (G E Paget, 
A L Walpole and D N Richardson), 1191 

Pituttary Lobe (Anterior), of the Male Rat at various Ages 
Hormone Activity of the (R H Bowman), 976 

Pituitary Tumours (Mouse) Difference in Metabolism of Labelled Thyro- 
xine between Thyrotropic and Adrenotropic (Dr Sidney C Werner, 
Eugene M Volpart and Raul Grinberg), 1193 

Placenta (Human), and Kidney Closely Related Antigens in (Dr Raymond 
William Steblay), 1259 

Planchettes A Simple Flattener for holding Filter Papers on, for Radio- 
active Counting (Dr Edward A Smuckler and Prof Earl P Benditt), 
I9! 

Planetary Atmosphere with Rayleigh Scattering Tables related to Radia- 
tion emerging from a (Kinsell L Coulson, Jitendra V Dave and 
Zdenek Sekera), review by Prof Zdenek Kopal, 1005 

Plankton on the North Kenya Banks (J Wickstead), 890 

Plankton (Fossil Micro-) Classification of (Dr C Downie, G L Williams 
and Dr A S Sarjeant), 471 

Planned ELORUstnaMon Occupational Versatility and (Prof Alec Rodger), 


Growth 


Planning of Helicopter Stations in the London Area (Report of the Ministry 
of Aviation Committee on the}, 29 

Plant Cells Electrolytes and (Prof G E Briggs, Dr A B Hope and Prof 
R N Robertson), review by Dr James F Sutcliffe, 83] 

Plant Eco-Physiology Methodology of (Botanical Institute, Montpellier, 
Symposium on), 1241 

Plant Feeding in Mosquitoes Specificity of, as determined by Radioactive 
Phosphorus (Dr A A Abdel-Malek and Dr W F Baldwin), 178 

Plant Growth Compounds Effect of, on Uptake of Amino-Acids by Plant 
Roots (D E Wright), 1044 

Plant-Growth Inhibitor (A Potent, Non-Toxic), from an Antibiotic Fer- 
mentation (Dr L G Nickell and W D Celmer), [098 

Plant Pests and Diseases Chemical Warfare on (W C Moore), 1140 

Plant Phenolic Substances Biochemistry of (Plant Phenolics Group of 
North America Symposium on), 418 

Plant Phenolics Group Symposium on Wood Extractives, 511 

Plant Phenolics Group of North America inaugural Meeting, 418 

Symposium on the Biochemistry of Plant Phenolic Substances, 418 
Election of Officers, 418 

Plant Roots Effect of Plant Growth Compounds on Uptake of Amino- 
Acids by (D E Wright), 1044 

Plant Stem Structure of the, in relation to Adventitious Rooting (A Beryl 
Beakbane), 954 

Plant Virology Accumulation of Asparagine in Maize Plants infected by 
Maize Rough Dwarf Virus and its Significance in (Dr 1. Harpaz and 
S W Applebaum), 780 

Plant (Host) Relationship between Phage Type and, in Pseudomonas mors- 
prunorum Wormald (J E Crosse and Constance M E Garrett), 379 


Plant-Bug Oxidase Activity in the Saliva of a (P W Miles and Ann 
Helliwell), 374 

Plant CEstrogen Brochanin A in the Rat Demethylation of the (Anna 
Nilsson), 358 


Plantes utiles du Gabon (André Raponda-Walker et Roger Sillans), review 
by T A Russell, 693 
Planting (Roadside) Ornamental Trees for Garden and (S A Pearce), 
review by F P Knight, 852 
Plants The Growing Tip of, review by Dr A Allsopp, 830 
Interaction of Light and Atmospheric Photochemical Products (‘Smog’) 
within (O C Taylor, W M Dugger jun, E A Cardiff and E F 
Darley), 814 
Estrogen Content of, as a Function of Conditions of Culture (Prof 
R Ferrando, M M Guilleux and A Guerrillot-Vinet), 1205 
Translocated Heat Injury in (Prof C E Yarwood), 887 
Plants (Higher and Lower), and their related Uronic Acid Contents 
Cation-Exchange capacities of Tissues of (A H Knight, W M 
Crooke and R H E Inkson), 142 
Plants (Lower Archegoniate) Growth and Development of the (Linnean 
Society of London International Symposium on), 710 
Plants (Maize), infected by Maize Rough Dwarf Virus Accumulation of 
Asparagine in, and its Significance in Plant Virology (Dr | Harpaz 
and S W Applebaum), 780 
Plants (Piiot), in Metallurgical Research and Development Symposium on, 
held at the National Metallurgical Laboratory, Jamshedpur, 1960 
(edited by R M Krishnan), review by E W Voice, 1008 
Plants (Tropical) Research with, 418 
Plants (Woody), of Ghana with special reference to their Uses (Dr R F 
Irvine), review by W D Clayton, 695 
Plasma of the Laying Hen Phosphorylserine as a Constituent of Phospho- 
proteins from (P J Heald) 455 
Plasma (Blood) A Micromethod for the Determination of Bradykininogen 
in (Dr Carlos R Diniz, Ivan F Carvalho, J Ryan and M Rocha e 
Silva), [194 
Plasma (Human) [Isolation of an az-Globulin from (Dr M Steinbuch and 
Dr J Loeb), 1196 
Role of Hageman Factor in the Activation of Vasodilator Activity in 
(Dr M E Webster and O D Ratnoff), 180 


INDEX 


Plasma Albumin Catabolism in Experimental Nephrosis (Dr Alvin L 
Sellers, Jos@ph Katz and Sheldon Rosenfeld), 562 

Plasma Iron and [ron-binding Capacity in the Pregnant Rat and Rabbit 
(E H Morgan), 461 

Plasma Membrane ‘Glycerol Effect’ and the Mechanism linking Excitation 
of the, with Contraction (Prof Masahiro Fujino, Toshio Yamaguchi 
and Keishi Suzuki), 1159 

Plasma Physics (Danish Atomic Energy Commission Research Establishment, 
Report No 18), 1025 

Plasmas Triple Resonance Phenomenon in (T J Bellanca, Prof R S 
Elliott and J J Erlinger), 543 

Plasmodium (Slime-Mould) — Circular Streaming Patterns in a (Dr Peter 
A Stewart and Dr Babette T Stewart), [206 

Plastics Centenary of (1862-1962), 505 

Fellowships ın Engineering Study and Fundamental Research in 

(Princeton University), 921 

Plastics Federation (British), (Plastics Institute and the) Joint Committee 
to organise events in connexion with a Centenary of Plastics 1862- 
1962, 505 

Plastics Institute and the British Plastics Federation Joint Committee to 
grganize events in connexion with a Centenary of Plastics 1862-1962, 

Platelets (Human Blood) Adenosine Diphosphate in Red Cells as a Factor 
in the Adhesiveness of (A Gaarder, Dr J Jonsen, Prof S Laland, 
Dr A Hellem and Prof P A Owren), 531 

Plates (Ice) Formation of Cracks in, by Thermal Shock (L W Gold), 130 

Platinum-Alumina Catalysts Valence State of (R J Bertolacini), 1179 

Playfair, J H L,and others Ps Antigen in the Human Foetus, 883 

Pleistocene and Holocene Deposits in the Haua Fteah Absolute Age of 
Dr C B M McBurney), 685 

Podzimek, J, and others Systematic Measurement of Fall-out in Czecho- 
slovakia up to 1961, 398 

Poetry and Verse Science tn, review by T R Henn, 98 

Poisner, A M (Douglas, Pf&f W W, and) Stimulation of Uptake of 
Calcium-45 in the Adrenal Gland by Acetylcholine, 1299 

Polarization (Anode Concentration) Evaluation of Boundary Layer Thick- 
ness in Electrolytic Systems from Decay of (Leonard Nanis), 449 

Polarized Thermal Emission from Narrow Tungsten Filaments (Prof Yngve 
Ohman) 254 

Polarographical Reduction of some Carbonyl Compounds Role of Keto- 
Enol Tautomerism in the (Dr P Zuman and Dr J Michl) 655 

Polarography Recent Developments in (Dr G W C Milner), 213 

Poliovirus (Type 2) Agents with High Activity against (Dr D G O'Sulli- 
van and Dr P W Sadler), 341 

Polish Academy of Sciences Review of the, Vol 6, No | January-March, 
801 

Political and Economic Planning Annual Report for 1960-61, 307 

Politics and Education in. Ghana, 1219 

Pollard, Ernest Effect of y-Radtation on Escherichia coli grown in Deut- 
erium Oxide Medium, 177 

Pollen and Stigmas Influence of the Age of, on Sex Determination in 
Hemp (Regina Laskowska), 147 

Pollution (Oil), of Marine Organisms (Dr M George), 1209 

Pollution (Water) Research in Great Britain (F E Bruce), 711 

Poly-L-Tryptophan Examinations of Side-Chatn Interactions in (Sidney 
Shifrin), 751 

Polyanski, Yu I, and others Parasitology of Fishes (translated by Dr Z 
Kabata), review by Dr Ben Dawes, 832 

Polychaete Fabricia sabella (Ehr) Development of the (D B Lewis), 80 

Polyethylene Glycol and Dyes Behaviour of Protozoa under the Influence 
of the Synergetic Action of (Leopold Rejniak and Prof Ludvik 
Komezynsk), [203 

Polymer Chemistry, review by Dr | C McNeill, 490, 591 

Preparative Methods of (Wayne R Sorenson and Tod W Campbell), 

review by Dr | C McNeill, 490 

Polymer Column Fractionation Large-Scale (Manfred J R Cantow, Roger 
S Porter and Julian F Johnson), 752 

Polymer Morphology Contribution of Electron Microscopy to (Electron 
Microscope Society of America Symposium on), 610 

Polymerizations (Solid-State) Effect of Mechanical Stress on some (Dr 
C H Bamford, Dr G C Eastmond and Dr J C Ward), 1036 

Polymers (Ethylene) Technology of, review by Prof C E H Bawn, 837 

Polymers (High) An Introduction to the Organic Chemistry of (Prof 
Carl S Marvel), review by Dr | C McNeill, 591 

Polymers (Molten) Unstable Flow of (J J Benbow, R V Charley and 
P Lamb), 223 

Polymorphism Insect (Prof O WV Richards), 412 

Polymorphism in Insects (Royal Entomological Society Symposium on), 412 

Polymorphism (Haemoglobin), in Fishes (Dr Knud Sick), 894 

Polymorphism (Third Molar), and the Timing of Tooth Formation (Stanley 
M Garn, Arthur B Lewis and Batsheva Bonné), 989 

Polynucleotide Field The, review by Dr C B Reese 836 

Polynucleotides—Natural and Synthetic Nucleic Acids (Dr Robert F 
Steiner and Dr Roland F Beers, Jr ), review by Dr C B Reese, 836 

Polypeptide Chains of Gorilla Haemoglobin Amino-Acid Composition of 
the (Emile Zuckerkandl and W A Schroeder), 984 

Polypeptide Derivatives Antibacterial Synthetic (Dr K Kovacs, Dr A 
Kota, | Szabo and R Mecsekr), 190 

Polypeptides Cobalt Complexes of Proteins and (Dr Jake Bello and 
Helene R Bello), 1184 

Polyporic Acid A Novel Type of Anti-oxidant related to (Dr G J 
Bennett and Dr N Uri), 354 

Polysaccharide Content of the Prolapsed Nucleus Pulposus of the Human 
Intervertebral Disk (Dr F Happey, Dr A Wiseman and A Naylor), 
868 


Polysaccharide Metabolism. Role of the Thymus in (G Csaba, G Toth, 
Prof | Toro, Th Acs and L Csaki), 1304 

Polysaccharides (Structural), of Algal Cell Walls 
Eva Frei and Prof R D Preston), 939 

Polystyrene Latexes (Monodisperse), in Arrays 
some (Dr Herbert E Kubitschek), 1148 

Polythene, the Technology and Uses of Ethylene Polymers (edited by A 
Renfrew and Philip Morgan), second edition, review by Prof C E H 
Bawn, 837 

Pongo pygmaeus (Orang-Utan) 
Chiarelli), 285 


Variants in the (Dr 


Optical Calibration. of 


Chromosomes of the (Dr Brunetto 


Ixxv 
e 

Pontén, Jan, and others Rapid Preparation of Fluorescent Antibodies 
using Gel-Filtration, 182 P 

Popjak, Dr S Gas Chromatography in Medical Research (Gas-Liquid 
Radiochromatography), 717 

Popper, Hans, and others Nature of Increased Protein and DNA in 
Chronic Hepatic Injury, 886 

Population Bulletin, Vol 17, No 6, Population Trends in the USSR 
(Population Reference Bureau, Inc ), 1142 

Population Redistribution ard Economic Growth, United States, 1870-1950 
(Prof Simon Kuznets, Ann Ratner Miller and Richard A Easterlin), 
review by Prof E Grenenik, 853 

Population Reference Bureau, Inc Population Bulletin, Vol 17, No 6, 
Population Trends in che USSR, 1142 M 

Population Structure Molecular Biology and (British Association for the 
Advancement of Science, Section D (Zoology), and Section K 
(Botany), Joint Symposium on), 414 

Population Trends in the USSR (Population Reference Bureau, Inc 
Population Bulletin, Vol 17, No 6), 1142 

Populations (Marine), in Icelandic Waters Fluctuations in (G Bodvarsson 
and J Jonsson), 768 

Pore Sizes A Cell for Rapidly Measuring Restriction to Diffusion. of 
Macromolecules through Agar Gels of various (G K Ackers and 
R L Steere), 436 

Porous Media Distribution of Pressure for Flow of Gas through (G J 
Field and Dr H Watts), 1277 

Porphyrin Ring System Detection of Carboxyl Groups in Conjugation 
with the (P S Clezy), 750 

Porphyrins and Chlorophylls Biosynthesis cf (Dr K D Cibson Margaret 
Matthew, Prof A Neuberger and G H Tait), 204 

Porte, A L Appointed to a lectureship in chemistry in the University 
of Glasgow 1132 

Porteous, Dr [I B Persistence of Motility in Bone-Marrow Cells from 
the Cadaver, 569 

Porter, Dr J G A Astronautics (Orbits in the Solar System) 310 

Voter Bager S,and others Large-Scale Polymer Column Fractionation 


Portugal A Mammalian Fauna from the Kimmeridgian of (Dr Walter G 
Kuhne) 274 

Possible Bearing on Philosophy Evolution of Regeneration, and its (Dr 
R J Spilsbury), 1254 (Dr A E Needham), [255 

Possible Causes for Production of Isoleucine by Streptomyces rimosus (Dr 
I Horvath | Gado and A Szentirmai), 641 

Possible Factor controlling Biosynthesis of Arylesterase Sex Hormones 
as a (Dr Klas-Berti! Augustinsson and Bertil Olsson), 969 

Possible Intermediate in Oxidative Phosphorylation Detection of a (Dr 
C H Suelter, M DeLuca, Dr J B Peter and Prof P D Boyer), 43 

Possible Mechanism of Effect of 6-Mercaptopurine on Tumour Growth 
Substrate Specificity and Inhibition of Nicotinamide Mononucleotide- 
Adenylyl Transferase of Liver Nuclei— (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Possible Or:gin of the Use of Fire by Early Man (D C Arnold) 1318 

Possible Relation to Mutagenic Properties of Alkylating Agents Acidic 
Dissociation of 7 9-Dialkylguanines and its (Dr P D Lawley and 
P Brookes), 108I 

Possible Skin Carcinogens An Early Test for (Olav Hilmar Iversen), 273 

Possible Solar Flare Effects in the F Region of the lonosphere (Dr G H 
Munro), 347, (Dr R W Knecht and Dr K Davies), 348 

Possible Spermiogenesis of Guinea Pig Testicular Cells grown in vitro 
Spermatocytogenesis with (Dr Russell T Jordan, Dr Seymour 
Katsh and Nadia de Stackelburg), 1053 

Post Office (General) Retirement of T A Davies as inspector of wireless 
telegraphy in the Wireless Telegraph Section of the Radio Services 
Departmen:, 1129 

Appointment of R Billington as inspector of wireless telegraphy in 

the Wireless Telegraph Section of the Radio Services Department, 


1129 

Postgraduate Courses at the Imperial College of Science and Technology, 
London, 115 

Potassium Influence of some Organic Salts on the Absorption of, by 


Vermiculite (Prof M M Mortland), 481 
Modification of the Inotropic Activity of Calcium. by (Winifred G 

Nayler), 268 

Potassium in Baker's Yeast Distribution of (Dr W McD Armstrong), 65 

Potassium—Argon Age Determinations on Granite from the Island of Mahe 
in the Seyckelles Archipelago (J A Miller and J D Mudie), [174 

Potassium-42, Chlorine-36 and lodine-I3I (Sodtum-24,) Permeability of 
the Mammary Gland to (P -G Knutsson), 977 

Potassium Chloride — Radio-Luminescence in Sodium Chloride and (S B 
Hyder and B K Gupta), 60 

Potassium Chloride (Crystalline) [Incorporation of Trivalent Cations in 
Dr Marian E Hills and Prof Allen B Scott), [066 

Potassium Concentrations (Red Blood Cell), medial Corpuscular Fragility 
and Haemoglobin Type in Merino and Southdown Sheep Relation- 
ships between (Prof J V Evans), 567 

Potassium Content (Sodium and), in the Muscles of Hibernating Animals 
(Dr Einar Eliassen and Helge Leivestad), 459 

Potassium Gibberellate Effect of Temperature and, on Phases of Growth 
of Algerian Ivy (J R Goodin and Prof V T Stoutemyer), 677 

Potassium—Argon Ages at Broken Hill, Australia (Dr J F Evernden and 
Dr J R Richards), 446 

Potency (Insecticidal) Effects of 2-Diethylaminoethyl 2,2-Diphenylpen- 
tanoate (SKF 525A) on (P S Hewlett, C J Lloyd and Angela N 
Bates), 1273 

Potent Analgetic Antagonist A New (Maxwell Gordon, John J Lafferty, 
David H Tedeschi, Nathan B Eddy and Everette L May}, 1089 

Potent Non-Toxic Plant-Growth Inhibitor from an Antibiotic Fermentation 
Dr L G Nickell and W D Celmer}, 1098 

Potential Productivity of Marrow Stem and Thousand-headed Kale (Dr 
L G G Warne), 579 

Potential (Electrical Surface), of Red Blood Cells Agglutination and the 
(P Sachtleben and Prof G Ruhenstroth-Bauer), 982 

Potential (Membrane Action), of the Heart Effects of Intensity of Driving 
Stimulus on the Shape of (T Azuma, H Hayashi, 4 Kanno and 
K Matsuda), 1295 

Potential (Osmotic) Importance of, as a Component of the Total Potential 
of the Soil Water on the Movement of Nematodes (C D Blake), 144 


Ixxvi 


Potential (Total), of the Soil Water Importance of Osmotic Potential as 
a Component of the, on the Movement of Nematodes (C D Blake), 


Potential Use in Agriculture Venturicidin, a New Antifungal Antibiotic of 
(A Rhodes, K H Fantes, B Boothroyd, Moira P McGonagle and 
R Crosse), 952 
Potter, Dr A E (Massey, Sir Harrie, and) Atmospheric Photochemistry, 
213 
Pottery (Medieval Glazed) A Spectroscopic Survey of English and Conti- 
nental (L C Thomas and J W G Musty), 1143 
Potts, Dr J G,and others Life and its Environment in Ancient Seas 
(Aspects of the Palaeoecology of Marine Faunas in the Upper Car- 
bonıferous of the Southern Pennines), 925 
Poultry Nutrition and (Scottish Group of the Nutrition Society Sym- 
posium on), 615 
Powder Milk (Ministry of Agriculture, Fisheries and Food , Department 
of Agriculture and Fisheries for Scotland , Department of Health 
for Scotland), 607 
Powders (Human, Cow and Rabbit Native Fibrin), as Anticoagulants (Dr 
A L Copley and Beverly Becher), 568 
Powell, A L T,and others A New Application of the Faraday Magneto- 
Optical Effect for Diagnostic Measurements of Transient Magnetic 
Fields, 622 
Powell, Prof C F 
work of, 905 
Power, Dr E A A Appointed to the readership tn applied mathematics at 
University College, London, 922 
Power, Ministry of Appointment of C T Melling as a member of the 
Advisory Council on Research and Development, 115 
Annual Report for 1960 of the Safety in Mines Research Establishment, 
709 
Power Reactor Nora,a New Zero (Norwegian Atomic Energy Institute), 918 
Poynter, Dr F N Chemistry in the Service of Medicine, 1017 
Practical Approaches (Fundamental and), to Ageing Protection (Natural 
Rubber Producers’ Research Association Symposium on), [15 
Practical Microscopy (Dr C L Duddington), review by Dr S Bradbury, 904 
Practice of Hydraulic Measurements Hydrometry—Theory and (Prof 
Adam T Troskolansk:), review by Prof S P Hutton, 842 
Practitioner Vol 187, No 1120, Special issue dealing with Recent Develop- 
ments in Medical Treatment, 506 
Pramer, Prof David (Winkler, E J, and) A Chamber for Culturing and 
Collecting the Nematode Panagrellus redivivus, 472 
Prandt!, Ludwig Gesammelte Abhandlungen zur Angewandten Mechanik, 
Hydro- und Aerodynamik (herausgegeben von Walter Tollmien, 
Hermann Schlichting und Henry Gortler, schrifthetung F W 
Riegels), Teile 1-3, review by M James Lighthill, 841 
Prankerd, Dr T A J (Lovell, D and) Effect of Quinones on the Uptake 
of Oxygen by Red Cells, 56! 
Pratt, Prof D (Boring, J R,and) Spheroplasts of Marine Bacteria induced 
by the Action of Penicillin, 773 
Pre-Harvest Prophylaxis for Infestation Control in Stored Food-Grains 
(S K Majumder, K Krishnamurthy and S Godavari Bai), 375 
Pre-Hibernating and Deep-Hibernating Hedgehog Changes of Blood 
Volume in the (Dr Einar Eliassen), 1047 
Pre-Viral Genome in Silkworms A Gene synthesizing Protease and a 
(Prof Kazuo Yamafugi and Fumiko Yoshihara), 782 
Precipitating Antibodies in the Carpet Snake against Parasitic Nematodes 
Timourian, C Dobson and J F A Sprent), 996 
paeeipira ne Antibody to Insulin (Valerie E Jones and Prof A C Cunliffe), 


Awarded a Royal Medal of the Royal Society, 707, 905 , 


Precipitation. (Antigen—Antibody), contrasted in Gels of High and Physio- 
logical Sait Concentrations (Dr Alfred J Crowle and David C 
Lueker), 50 

Precipitation, Soil and Animals in Norway Caesium-137 and Strontium-99 
in (T. Hvinden and A Lillegraven), 1144 

Précis 15: matologie (Prof Ch P Peguy), review by Prof W B Fisher, 


Precision Electromagnetic Measurements (United States National Bureau 
of Standards 1962 International Conference on), 922 

Prediction based on Cross-Sectional Analysis Validity of (Gwynneth de Ja 
Mare and R Sergean), [318 

ar e aerial) for Artificial Satellites of Earth Errors ın (Kenneth 

oe), 

Predvoditelev, A S (edited by) Physical Gas Dynamics (translated from 
the Russian by Dr R C Murray and D R H Phillips), review by 
Dr 1 S Donaldson, 837 

Pregnancies (Normal) Primary Embryonal Sex Ratio tn, determined by 
the Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and 
Ch Mehes), 476 

Pregnancy Effect of Age and, on the Tolerance of Tsetse Flies to Insecti- 
cides (G F Burnett), 188 

Effect of Progesterone on—Method of Administration and Effect of 

Progesterone (Dr Arpad | Csapo and Marny A Lloyd-Jacob), 329 , 
Effect of a Phospholipid Factor on the Activity of Progesterone (Dr 
Tapani Luukkainen and Dr Arpad | Csapo), 331 

Pregnant Rat and Rabbit Plasma Iron and lron-binding Capacity in the 

H Morgan), 46] 

Preliminary Bionomic Data from West African Fisheries (Trawl Fishing in 
the Tropical Atlantic), (Alan R Longhurst), 621 

Premio Feltrinelli for biological sciences of the Accademia dei Lincei, Rome, 
awarded to Prof J B S Haldane, 710 

Prentice, Dr J E Appointed reader (at King's College, London) in 
geology, 802. 

Preparation of Single-Crystal Graphite from Melts (Per Ching Li), 864 

Preparation (Chromosome), from Fresh and Cultured Tissues using a Modi- 
fication of the Drying Technique (M Fox and Dr | M Zeiss), 1213 

Preparation (Rapid), of Fluorescent Antibodies using Gel-Filtration (Johan 
Killander, Jan Ponten and Lennart Roden), 182 

Preparation and Determination of Sulphosalicylo-soluble Proteins using 
Tannin (W  Mejbaum-Katzenellenbogen, WY Dobryszycka and B 
Morawiecka), 262 , erratum, 802 

Preparation and Use of Case Studies (South London Branch of the British 
Institute of Management Conference on), 21 

Preparations from Two Ox Muscles Comparative in vitro Activities of 
Phosphorylase b and Cytochrome Oxtdase in (E J Briskey and R A 
Lawrie), 263 


INDEX 


Preparations (Chromosome), obtained directly from Peripheral Blood 
(M A Kinlough and Prof H N Robson), 684 , 

Preparations (Purified Nucleic Acid) Transmisston of Mouse Leukaemia 
with (Dr Esther F Hays), 230 

Preparations (Sub-Nuclear), from Rat Liver Nuclei Incorporation of 
'*C-Glyeine by (K R Rees, Hazel F Ross and G F Rowland), 171 

Preparative Methods of Polymer Chemistry (Wayne R Sorenson and Tod 
W Campbell), review by Dr | C McNeill, 490 

Preparing Corynebactertum pyogenes Toxoid with High Anti-Haemolysin 
Titre ın Rabbits New Method of (Valerie Levy), [89 

Preputial Glands (Female Rat), as a Source of 8-Glucoronidase (Dr Mar- 
garet | Stern), 359 

Presence of Bacteria Serum -Globulin Types in Red Deer and other 
Species and their Stability in the (V. P W Loweand E | McDougall), 
983 


Presence of Haptoglobin in Synovial Fluid (Prof Otto W Neuhaus and 
Virginia P Sogoran), 558 

Presence of Penicillin Acid-soluble Nucleotides of Staphylococcus aureus— 
Massive Accumulation of a Derivative of Cytidine Diphosphate in the 
(Dr J J Saukkonen), 816 

Presence of Peroxidase Interaction of **C-CEstrone with Tryptophan in 
the (Dr P H Jellinck and Louise Irwin), 660 

Presence of Two Iron-Transport Proteins in Serum (Dr M Faber and 
R Jordal), 181 

Presence and Correlation of Fine Structure in Jovian Decametric Radiation 
(James N Douglas and Harlan J Smith), 74! 

Present The Search for Order—the Development of the Major Ideas tn 
the Physical Sciences from the Earltest Times to the (Cecil J Schneer), 
review by Prof Herbert Dingle, 90I 

Pressure for Flow of Gas through Porous Media Distribution of (G J 
Field and Dr H Watts), 1277 

Pressures (Root-) in Palms High (T A Davis), 277 

Preston, Dr B N (Peacocke, Dr A R,and) Effect of Gamma-Rays on 
Thymus Nucleoprotein in Solution, 228 

Preston, Dr G B_ Promoted to Senior Principal Scientific Officer, 214 , 
work of, 214 

Preston, J S Photometric Standards and the Unit of Light (National 
Physical Laboratory, Notes on Applied Science No 24), 1250 

Preston, Prof R D Electron Microscopy, review, 1220 

Preston, Prof R D (Fret, Dr Eva, and) Variants in the Structural Poly- 
saccharides of Algal Cell Walls, 939 

Preventing Lysis of some Marine Bacteria Solute Requirements for (Prof. 
Robert A MacLeod and Tibor Matula), 1209 

Prevention of Freezing Damage to Living Cells by Pyridine N-Oxide 
(T Nash), 360 

Prevention by Histidine Cytotoxic Effect of Aminoacetonitrile on Fibro- 
blast Cultures and its (Dr J Mager, Z Fuchs, S Halevy and | 
Sciaky), [70 

Pribil, R, and Vydra, F = Microchemical Techniques (Oxidimetric Micro- 
titration of Cobalt), 411 

Price, Prof Derek J de Solla 
W P D Wightman, 825 

Price, Prof W C . At the Third Australian Spectroscopy Conference 
(Vibrational Spectroscopy), 927, (lontzation Potentials of some 
seule Radicals and Molecules in terms of their Electronic Structure), 
2 


9 
Price, W T Obituary of Prof Robert Bourflour, 1021 
Priestley Lectures  Thirty-fifth Annual—Selected Studies in Chemical 
Kinetics (Prof Farrington Daniels), review by Prof J M Coulson, 297 
eerie ae People (Dr Conor K Ward), review by the Rev J Robinson, 


Science since Babylon, review by Dr 


Primary Embryonal Sex Ratio in Normal Pregnancies determined by the 
Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and Ch. 
Mehes), 476 

Primates (Prosimran)  Alkali-resistant Haemoglobins in (Prof John 

Buettner-Janusch and Joseph B Twichell), 669 

Representations of, by Quadratic Forms (prepared by Hansray 

Gupta, M S Cheema, A Mehta and O P Gupta), (edited by J C P 

Miller), (Royal Society Mathematical Tables, Vol 5), review by Prof 

C A Coulson, 97 

Primordia (Leaf) Determination of Cell Numbers in (Dr E J Hewitt 
and L A Wilson), 578 

Prince, Prof Jack H , and others Anatomy and Histology of the Eye and 
Orbit in Domestic Animals, review by Dr E N Willmer, 295 

Prince, Dr R H The Study of Fast Reactions (Techniques for the Measure- 
ments of Fast Reactions in Solution), 1136 

Princeton University —| Mathematical Series, Vol 26, Riemann Surfaces 
(Prof Lars V Ahlfors and Prof Leo Sario), review by Prof W K. 
Hayman, 847 

Fellowships in Engineering Study and Fundamental Research tn 
Plastics, 921 

Principle (Mach’s) — Dirac's Cosmology and (Prof R H Dicke), 440, 
(Prof P A M Dirac), 441 

Principle (Toxic), of Dichapetalum toxicarium (18-Fluoro-cis-9-Octadecenoic 
id Synthesis of the (Prof F L M Pattison and R E A Dear), 

Printing (Letterpress) Productivity in (Department of Scientific and 
Industrial Research), 1143 

VEIn SIDE ond Furniture — Licentiates in (City and Guilds of London Institute), 


Primes 


Probability Inductive (John Patrick Day), review by F | G Rawlins, 695 

Probability Distribution Analyser programmed for  Neurophysiological 
Research (Dr W R Levick, Prof P O Bishop, W O Williams and 
Prof D G Lampard), 629 

Probability Theory (Prof Michel Loeve), second edition, review by D G 
Kendall, 7 

Probability and Statistics Contributions to—Essays in Honor of Harold 
Hotelling (edited by Ingram Olkin, S G Ghurye, Wassily Hoeffding, 
2 uam G Madow and Henry B Mann), review by Dr D E Barton, 


46 

Probable Mechanism of Resistance of Varieties of Cocoa to Black Rod 
Disease caused by Phytophthora palmivora (Buti ) But! (Dr John A 
Spence), 278 

Probine, Dr M C Quantitative Biology (Physical Properties of the 
Primary Wall of Plant Cells), 25 

Problems World Food, review by Dr W R Aykroyd, 1006 


INDEX 


Problems on Infection, Immunity and Allergy in Acute Radiation Diseases 
( Kfe@parskaya, O G Alekseyeva, R Y Petrov and V F 
Sosova), translated from the Russian by Lydia Venters, review by 
Dr Hugh D Evans, 6 

Problems in Quantum Mechanics (Dr ] | Gol’dman, Dr V D Krivchenkov, 

Kogan and V M Galitski1), review by S F Edwards, 1005 

Problems in Quantum Mechanics (Dr | I Gol'dman and Dr Y D Kriv- 
chenkov), edited by Prof B T Gerhikman (translated from the 
Russian by E Marguit and E Lepa), authorised revised edition, 
review by S F Edwards, 1005 

Problems of Radioactivity at Water and Sewage Works (Course of lectures 
on, in the Department of Municipal Engineering of Manchester 
College of Science and Technology), 609 

Problems (Agricultural), in Developing Countries (Nutrition Society 
Symposium on), 1028 

Procedure (New Indirect Fick), for the Determination of Cardiac Output 
(Dr 3 G Defares, Dr M E Wise and Prof J W Duyff), 760 

Procedures (Stereotaxic), for Parkinsonism Arrest of Acceleration of 
Speech evoked by Thalamic Stimulation in the Course of (Dr G 
Guiot, and collaborators), 921 

Processes (Combustion) Gas Sampling and Chemical Analysis in. (Prof 
G Tiné), review by Dr C F Cullss, 1108 

Processes (High-Temperature Melting) A Cold Crucible for (H F 
Sterling and R VV. Warren), 745 

Processes (Oxidation), tn Chem:cai Manufacture (Society of Chemical 
Industry Symposium on), !134 

Processing Automatic Data (Derek Wragge Morley), 1024 

Processing (Food), in relation to Health (British. Association for the Ad- 
vancement of Science, Section | (Physiology and Biochemistry), 
Discussion on), 599 

Procrastination (Planned) 
Rodger), 607 

Productig Transplantable pa Tissue in the Laboratory (Dr D Petrucci), 


Occupational Versatility and (Prof Alec 


Production of ‘Active’ Magnesium Oxide by Heating in Vacuum (R Valverde 
and J P Saenz), 653 

Production of Aortic Occlusion resembling Acute Aortic Embolism Syn- 
drome in Cats (Roy K Imhoff), 979 

Production of Chromatid Aberrations by Diepoxybutane and an Iron 
Chelator (Prof Norman S Cohn), 1093 

Production of Collagenase A Simplified Culture Medium for the (Dr 

Warren and Jane Gray), 755 

Production of High Molecular VYeight Products from the Irradiation of 
Methane with the 4-MeV Electrons (R W Hummel), 1178 

Production of Isoleucine by Streptomyces rimosus Possible Causes for 
(Dr | Horvath, 1 Gado and A Szentirmai), 641 

Production by Normal Uninfected Serum-free Cell Cultures — Cytopathic 
Protective Factor, its (Dr Robert W Pumper, Herbert M Yama- 
shiroya and Lawrence J Alfred), 1101 

Production of Slime Substance in Mixed Cultures of Rhodopseudomonas 
capsulatus and Azotobacter vinelandu (Prof Azuma Okuda and 
Michiharu Kobayashi), 1207 

Production and Properties of Di-fluorocarbene (Dr J P Simons and ÀA [I 
Yarwood), 943 

Production (Antibody), in an m vitro System 
for (R W Dutton), 462 

Production (Dihydroxyacetone), in Acetomonas (Dr J G Carr and J L 
Shimwell), 683 

Production (Submerged Culture), of Lysergic Acid a-Hydroxyethylamide 
by Claviceps paspali Stevens and Hali Formation of 2,3-Dihydroxy- 
benzoic Acid in Fermentation Liquors during the (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella), 552 

Productivity in Letterpress Printing (Department of Scientific and [ndus- 
trial Research), 1143 

Productivity (Potential), of Marrow Stem and Thousand-headed Kale (Dr 
L G G Warne), 579 

Products of the y-Radiolysis of Aqueous Cystine Solutions (Dr D W 
Grant, 5 N Mason and M A Link), 352 

Produec ef Orcinol Oxidation. Effect of Copper on (Dr T F Slater), 
42 

Products (Atmospheric Photochemical} (‘Smog’) Interaction of Light and, 
within Plants (O C Taylor, W M Dugger, jun, E A Cardiff and 
E F Darley), 814 

Products (Combustion) 
Cullis, 1108 

Products (Fission) The Entry of, into Food Chains (edited by J F Loutit 
and R Scott Russell), review by Dr Hugh D Evans, 6 

Products (High Molecular Weight), from the [rradiation of Methane with 
4-MeV Electrons Production of (R W Hummel), 1178 

Products (Interaction), of Adenine and Adenosine Phosphates with Formal- 
dehyde (Dr D L Woodhouse), 336 

Products (Long-lived Fisston), and Level of Activity in Milk Analysis of 
the Relationship between Deposition of (Dr W Anderson, L 
Burton and J © Crookall}, 1009 

Products (Stratospheric Fission} Transfer of, into the Troposphere (D H 
Peirson), 497 

Professional Civil Servants in Britain, 1003 

Progesterone Effect of a Phospholipid Factor an the Activity of (Effect 
of Progesterone on Pregnancy), (Dr Tapani Luukkainen and Dr 
Arpad [ Csapo), 331 

Effect of, on Pregnancy—Method of Administration and Effect of 
Progesterone (Dr Arpad] Csapo and Marny A Lloyd-Jacob), 329 , 
Effect of a Phospholipid Factor on the Activity of Progesterone (Dr 
Tapani Luukkainen and Dr Arpad |! Csapo), 331 
Method of Administration and Effect of (Effect of Progesterone on 

Pregnancy), (Dr Arpad [ Csapo and Marny A Lloyd-Jacob), 329 

Progress Cancer, 1960 (edited by Ronald W Raven), review by Dr 

F C Roe, 298 

Progress in Cancer Research, review by Dr F J C Roe, 298 

Progress e Cancer Research (D G Arnott, Dr i Hieger and A L Levene), 
12 


Importance of Cell Division 


Sampling and Analysts of, review by Dr C F 


Progress in Dielectrics (edited by Dr J B Birks and Prof J Hart), Vol 3, 
review by Y Daniel, 203 

Progress in Industry, 689 

Progress in Microchemical Methods and Techniques (A J Barnard, jun , 
and John Y Steel), 410 


Ixxvil 


Prolapsed Nucleus Pulposus of the Humana Intervertebral Disk Paly-* 
saccharide Content of the (Dr F Happey, Dr A Wiseman ant 
A Naylor), 868 

Proline Structures and Conformations of some Naturally Occurring 
Derivatives of (R J Abraham, K A McLauchlan, Shirley Dalby, 
Prof G W Kenner, R C Sheppard and L F Burroughs), 1150 

Prolonged Biological Half-Life of Sodium-22 tn Patients with Essential 
Hypertension (Dr Lewis K Dahl, Maicolm G Smilay, Lawrence 
Silver and Sanford C Spraragen), 267 

Prolonged Storage Stability of Dextran during (Dr. W d'A Maycock and 
Dr C R Ricketts), 174 

Promotion of Nature Reserves, Society for the 
Reporc 608 

Propagation (Serial), of Types 1, 2, 3 and 4 Dengue Virus in HeLa Cells with 
Concomitant Cytopathic Effect (Sonja M Buckley), 778 

Properties of some Copper Complexes—Five-Covalent Copper (ll) Com- 
plexes containing 1,10-Phenanthroline and 2,2'-Bipyridyl (Dr C M 
Harris T N Lockyer and Hanneke Waterman), 424 , The Trigonal- 
Bipyramidal Configuration of the lodo Bis(2-2'-Bipyridyl) Copper 
(Il) ton, 425 

Properties of Di-fluorocarbene 
A J Yarwood), 943 

Properties of the Flavohaemoprotein, Cytochrome bz (L(+ )-Lactate De- 
hydrogenase of Baker's Yeast), and of Haemoprotein, Flavoprotein 
2na Apoprotein Derivacives Structure and (Prof R K Morton), 

Properties of Flour Protein. Modification of the, by Thiolated Gelatin 
(E E McDermott and | Pace), 657 

Properties of Peroxidase in Pig Thyroid Gland 
(Toichiro Hosoya and Nobuo Ui}, 659 

Properties of Xanthine Dehydrogenase in the Silkworm, Bombyx mor: L 
(Yoshivukt Hayash:), 756 

Properties and Uses of Indian Timbers 
Metcalfe, 1110 

Properties (Antibiotic), of Mycelium and Metabolites of Myrothecium roridum 
Tode (Andrzej Nespiak, Marian Kocor and Antoni Stewinski), 138 

Properties (Anti-fouling) A Coating with, from the Reaction between 
or tia Oxide and Sodium Silicate (J R Rischbieth and F Marson), 

Properties (Anti-hypertensive) A Non-diuretic Benzothtadiazine with 
(Dr Alan A Rubin, Franklin E Roth and Martin M Winbury), 176 , 
erratum, 802 

Properties (Dielectric), of Solid Secondary Alcohols 

S Dryden and H K Welsh), 255 

Properties (Inhibitory), of the Catecholamines (Prof E G McGeer, P L 
McGeer and H McLennan), 563 

Properties (Mutagenic), of Alkylating Agents Acidic Dissociation of 
7 9-Dialkylguanines and its Possible Relation to (Dr P D Lawley 
and P Brookes), FOBI 

Properties (Photochemical), of Water-soluble Chlorophyll (Prof Gerald 
Oster and Suse B Broyde), 132 

Properties (Physico-Chemical), of Paracrystalline Spherulites of Biological 
Origin. Some (Dr G T Stewart), 624 

Properties (Staining), of Stressed Bone (Prof M A MacConaill), 368 

Properties (Surface), of Silver lodide (Prof A C Zettlemoyer, Noubar 
Tcheurekdjian and J J Chessick), 653 

Prophylactic Trypanocidal Drug (A New), 2,7-di-(m-amidinophenyldtazo- 
amino)-10-ethyl-9-phenyl-phenanthridinium Chloride Dihydrochlor- 
d U & B 4596), (S S Berg, K N Brown, J Hilland W R Wragg), 
6 


Forty-fourth Annual 


Production and (Dr J P Simons and 


Demonstration and some 


Identification, review by Dr C R 


A Transition in the 


Prophylaxis (Pre-Harvest), for Infestation Control in Stored Food-Gratns 
(S K Mayumder, K Krishnamurthy and S Godavari Bai), 375 

Propionate Metabolism of, by Homogenates of Normal Sheep Liver (R M 
Smith and W S Osborne-VWhite), 868 

Proposed Harmonic Generator or Mixer for Optical Frequencies (Dr K D 
Froome), 859 

Prosimian Primates — Alkali-resistant Haemoglobins in (Prof John Buettner- 
Janusch and Joseph B Twichell), 669 

Prosser, Dr A P. Colloids (Forces which, in conjunction with Electro- 
static Forces, stabilize all Colloidal Systems), 930 

Prostate (Rat) A Zinc-requiring Alkaline Phosphatase in the Ventral Lobe 
of the (Leonora Hopkinson and J C N Wakeley), 357 

Prostatic Cytochromes (Leonora Hopkinson and F L Jackson), 264 

Protease A Gene synthesizing, and a Pre-Viral Genome in Silkworms 
(Prof Kazuo Yamafug: and Fumiko Yoshihara), 782 

Protection Radiation, review by Dr Hugh D Evans, 6 

Protection by Antioxidants against Lethal Doses of Carbon Tetrachloride 
(Dr C 4 Gallagher), 88) 

Protection by Inorganic Condensed Phosphates against the Lethal Effects 
of X-Rays (1 H Barnes and J StL Philpot}, 574 

Protection (Ageing) Fundamental and Practical Approaches to (Natural 
Rubber Producers’ Research Association Symposium on), 115 

Protection and Recovery Radiation (edited by Alexander Hollaender), 
review by Dr Hugh D Evans, 6 

Protective Factor (Cytopathic), its Production by Normal Uninfected 
Serum-free Cell Cultures (Dr Robert WW Pumper, Herbert M 
Yamashiroya and Lawrence J Alfred), {101 

Protem Comparative Effects of Wet and Dry Feeding on the Utilization 
of, by Calves (A M Raven and K L Robinson), 1256 

Protein (Animal), in the Diet Cystine Content tn Hair of Children as 
influenced by Vitamin A and (Tatsuo Koyanagi and Teru Takanoashi), 
457 

Protein (Dye-) Conjugates Purification and Concentration of, by Gel 
Filtration (Dr W George and Or K W Walton), 1188 

Protein (Flour) Modification of the Properties of, by Thiolated Gelatin 
(E E McDermott and J Pace), 657 

Protein (Glycolipo-) Excretion of Uncrystallized Urinary Calculi com- 
posed of, by Normal and Muscular Dystrophic Mice (C McGaughey), 
1267 

Protein (Haemin-) Binding in Peroxidase and Methaemalbumin (Dr AC 
Maehly), 630 

Protein (Increased), and DNA Nature of, in Chronic Hepatic Injury (Dr 
Emanuel Rubin, Ferenc Hutterer, Elemer Cs Gall and Blans Popper), 
B6 


Protein (Nuclea-), of Neoplastic Tissues Binding of RP2-L—a, to Deoxy- 
ribonuclece Acid (Pau! Byvoet and Prof Harris Busch), 870 


[xxvi 


* 

Bgékern Components (Nucleic Acid and) Dissociation of Foot-and-Mouth 
Disease Virus into its (F Brown and B Cartwright), 1163 

Protein Conjugates (Fluorescent) —Purificatton of—Comparison of Char- 
coal and ‘Sephadex’ (Dr J E Fothergill and Dr R C Nairn), 1073 

Protein Fibers Ultrastructure of—Collagen, Muscle and Keratin (Electron 
Microscope Society of America Symposium on), 610 

Protein Fractions (Serum), of the Developing Chicken Embryo Com- 
parison of the, by the Technique of Starch-Gel Electrophoresis 
(A Amin), 356 

Protein Molecules Montmorillonite as a Caliper for the Size of (Prof 
A D McLaren and G H Peterson), 960 

Protein Synthesis. (Microsomal), produced by Drmethylnitrosamine 
Counteraction by Cysteine of Glycogenolysis and Inhibition of 
(Dr P Emmelot and | J] Mizrahi), 42 

Protein-bound Amino-acids in vivo Quantitative Aspects of the Re- 
Utilization of (Dr H Walter and H Zipper), 1292 

Proteinases (Intestinal), in an Insect Calliphora vomitoria L (Dr Alastair 
Fraser Richard A Ring and Robin K Stewart), 999 

Proteins General Nature of the Genetic Code for (D- F H C Crick, 
Leslie Barnett, Dr. S. Brenner and Dr R J Watts-Tobin), 1227 

Nuciear Magnetic Resonance Spectroscopy of—the Hydrogen Bonding 
of Water in Bovine Serum Albumin Solutions (F A Bovey}, 324 
Simpl3 Microdiff ision Technique for the Radioiodination of (Dr R N 

Banerjee and R P Ekins) 746 

Proteins of Gastric Juice Agarophoresis and Immuno-electrophoresis of 
the (M Tenorova, E Stuchlikovi and J Kofinek), 763 

Proteins {Auxin-bound) Formation of (Archana Sen Gupta and S P Sen), 
1290 


Proteins (Globular) Influence of pH and Urea on the Ultra-violet Fluor- 
escence of several (Dr R F Steiner ard H Edelhoch) 873 

Proteins (Iron-Transport), in Serum Presence of Two (Dr M Faber and 
R Jordal), 181 

Proteins (Serum) Starch Gel Electrophoresis of Hen Egg White, Oviduct 
White, Yolk, Ove and (Dr F Steven), 972. 

Proteins (Sulphosalicylo-soluble) Preparation and Determination of, 
using Tannin (W Mepbaum-Karzenellenbogen, VV. Dobryszycka and 
B Morawiecka), 262 , erratum 802 

Proterns and Polypeptides Cobalt Complexes of (Dr Jake Bello and 
Helene R Bello), [184 

Proteolysis of Thyroglobulin by Thyroid Enzymes (Dr Mary T McQuillan, 
J D Mathews and Prof V M Trikojus), 333 

Protoactimum-23|].— Nuclear Spin of, from Hyperfine Splitting (E. W T 
Richards, A Ridgeley, N J Atherton and H S. Wise), 444 

Protoplasts (Yeast) Physical Conditions as Important Factors for the 
Regeneration of Naked (Dr O Nečas), 580 

Protozoa Behaviour of, under the Influence of the Synergetic Action of 
Polyethylene Glycol and Dyes (Leopold Rejnmk and Prof Ludvik 
Komoezynski), 1203 

Protozoa (Gregarine and Coccidian) Periodic Acid-Schiff Technique far 
the Demonstration of Extra- and Intra- cellular Stages of (Dr ! B 
Jennings), 473 

Prouvost-Danon, A, and Moussatche, Dr H Influence of Anaerobic 
Glycolysis on Release of Histamine in the Guinea Pig and Rat Anaphy- 
lactic Reaction fn vitro, 361 

Pseudomonas mors-prunorum Wormald Relationship between Phage Type 
and Host Plant in (J E Crosse and Constance M E Garrett), 379 

Psychical Research, review by F ! G Rawlins, 90] 

Williams James on (compiled and edited by Gardner Murphy and 

Robert O Ballou), review by F | G Rawlins, 90I 

Psychology at Cardiff, 918 

Psychology, British. Journal of Monograph Supplement No 13, Learning 
Theory and the Therapy of Neurosis (Ralph Metzner) 405 

2-''C-Pteroyl-t -Monoglutamic Acid Conversion of, into lsoxanthopterin 
in Drosophila melanogaster (Dr J A Blair), 757 

Public Accounts, Committee of Third Report, Session 1960-61, 691 

Public Expenditure Control of, 485 

Public Health Science and, 1024 

Public Service — Scientists in the—Special Promotions, 214 

Publications (Technical), of the Oak Ridge National Laboratory, 1240 

Pugwash Conference on Science and Warld Affairs Seventh (Internationa! 
Co-operation in Pure and Applied Science), 1232 

Pullman, B Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Electronic Aspects of Nucleic Acid Structure) 24 

Pulmonary Lymph Nodes of Human Beings Concentration of Inhaled 
Cerium-144 in (K Liebscher, Dr T Schonfeld and A Schaller), 1308 

Pumper, Dr R W ,andothers Utilization of Sheep Red Blood Cells in the 
Haemadsorption Test for Myxoviruses, 582 

Cytopathic Protective Factor its Production by Normal Uninfected 

Serum-free Cell Cultures, 1101 

Pupal Brain Surgery — Effect of, on the Rocking Response of Automeris (Dr 
A D Blest), 373 

Pure and Applied Science International Co-operation in (Seventh Pug- 
wash Conference on Science and World Affairs), 1232 

Purification of Fluorescent Protein Conjugates—Comparison of Charcoal 
and ‘Sephadex’ (Dr ! E Fothergilland Dr R C Nairn), 1073 

Purification of Hydrogen Isotopes by Self-Displacement Chromatography at 
Tos Ietüperssures (Dr T R Phillips, D R Owensand A G Hamlin), 

Purification of Urinary Conjugated (Estrogens by Gel Filtration (C G 
Beling), 326 

Purification and Concentration of Dye-Protein Conjugates by Gel Filtration 
(Dr W George and Dr K W Walton), 1188 

Purified Growth Hormone Failure of the, to restore the Size of the Kyd- 
neys in Hypophysectomized Rats (Dr T Astarabad:), 270 

Purtfied Nucleic Acid Preparations Transmission of Mouse Leukaemia 
with (Dr Esther F Hays), 230 

Purify Blue-Green Algae — Use of Antibiotics to (Blue-Green Algae), (Dr 
Y T Tchan and J Gould), 1276 

Purines and Pyrimidines (Methylated) 
R F Bryan and K Tomita}, 812 

Purity (Chromatographic) Use of Phenolin determining (B H Koeppen), 360 

Purnell, Dr J H The Study of Fast Reactions (High-speed Gas Chromato- 
graphy)@ 1137 

Purple Bacteria Biosynthesis of Carotenoids in—a Re-Evaluation based on 
Considerations of Chemical Structure (Synnave Liaaen Jensen, Dr 
Germaine Cohen-Bazire and Prof R Y Stanier), 1168 


Crystal Structures of Sales of 


INDEX 


Pursey, D L 
University of Glasgow, 1132 

Pustular Dermatitis Virus (Contagious) Growth of, in Human Tissue 
Cultures (Prof A Macdonald and T M Bell), 91 

Putnam, A A Vortex Shedding from the End of a Tube as a Result of 
Buoyancy Effects, 1277 

Puzzolanic Activity and Semiconductivity of Fired Kaolin and Kaolinitic Clay 
(A K Chatteryr), 1180 

Pyke, Dr Magnus Food Processing in relation to Health (Dietary Protein 
in relation to Health), 601 

Pyridine N-Oxide Prevention of Freezing Damage to Living Cells by 
(T Nash), 360 

Pyridoxamine Reversal of Toxicity of 5-Fluorouracil and 5-Fluorodeoxy- 
uridine for Candida albicans by Pyridoxine and (Dr M L Littman 
and Dr T Mrwatan:), [155 

Pyridoxine and Pyridoxamine Reversal of Toxicity of 5-Fluorouracil and 
5-Fluorodeoxyurrdine for Candida albicans by (Dr M L Littman and 
Dr T Miwatani), [155 

Pyrimidines (Methylated Purines and) 
R F Bryan and K Tomita), 812 

Pyrolysis and Gas Chromatograpky for the Detection of the Benzene Ring 
in Organic Compounds (J H Dhont), 747 

Pyrolytic Carbon Formation from Carbon Suboxide (B C Banerjee, T J. 
Hirt and Prof P L Walker, jun ), 450 


Appornted to a lectureship in theoretical physics in the 


Crystal Structures of Salts of 


Quapaatic Forms Representations of Primes by (prepared by Hansray 
Gupta, M S Cheema, A Mehta and O P Gupta), (edited by J C P 
Miller), (Royal Society Mathematical Tables, Vol 5), review by Prof 
C A Coulson, 97 

Quadrivalent Metal Halides — Eight-Co-ordinate. Diarsine Complexes of 
(Dr R I H Clark, Dr Jack Lewis, Pæf R S Nyholm, Dr Peter 
Pauling and Dr G B Robertson), 222 

Quantique (l'Électrodynam:que) Introduction à (Prof Daniel Kastler), 
review by Dr P Roman, III! 

Quantitative Aspects of the Re-Utilization of Protein-bound Amino-acids 
im vivo (De H Walter and H Zipper), 1292 

Quantitative Biology, review by Sir Hans Krebs, 591 

Informal Symposium on, at the Dominion Physical Laboratory, New 
Zealand, 25 

Quantitative Estimation of Peak Areas in Gas-Liquid Chromatography 
Q Dykstra), 965 , (Prof K£ K Carroll), 965 

Quantitative Hypothesis Role of Water-regulating Mechanisms in 
Amphibian Morphogenesis—a (Peter Tuft), 1049 

Quantitative Inorganic Analysis (Prof R Belcher and Dr A J Nutten), 
second editron, review by Dr G Kakabadse, 836 

Quantitative Sub-Groups cf the B Antigen in Man and their Occurrence in 
Three Racial Groups (Mary B Gibbs, Colonel Joseph H Akeroyd and 
Jula J Zapf), 1196 

Quantitative Theory of the Character of Chemical Bonding in Binary Com- 
pounds (Prof Edward Gorlich), 133 

Quantum Mechanics Introduction to (Prof Robert H Dicke and Dr. 
James P Wittke), review by $ F Edwards, 1005 

Problems in (Dr 1 t Gol'dman and Dr V D Krivchenkov), edited by 
Prof B T Geilikman (translated from the Russian by E Marquit and 
E Lepa), authorised revised edition, review by S F Edwards, 1005 

Problems in (Dr | | Gol'dman, Dr V D Krivchenkov, V | Kogan and 
V M Galitskii), review by S F Edwards, [005 

The Teaching of, review by S F Edwards, [005 

Quartz Dust Formation of Histamine and Histamine-hke Substances from 
Histidine by (L VY. Marasas), 872 

Quastel, Prof J H , and others Biochemical Aspects of Phagocytosis, 535 

Queen Mary College, London Title of reader in pure mathematics con- 
ferred on Dr K W Gruenberg, 1132 

Queen's University, Belfast Appointment of Dr R H J Sellin as lecturer 
in civil engineering, 710 

Appointment of F J Smith as lecturer in applied digital mathematics 
computing, 710 
Appointment of Dr Uno Opic as lecturer in applied mathematics, 710 

Quenching (Self-) Geiger-Muller Counters Kinetics of Dissociation of 
Echyl Halides in (Prof 1 Zlotowski and H Wincel), 550 

Quesnel, Dr L B . Birds of Tropical Paradise, review, 828 

Quick, Prof Armand} Thromboplastic Activity of Red Cells, 882 

Quiet Auroral Arcs A Morning Discontinuity in the Orientation. of 
(Bengt Hultqvise, Aly Egeland and Georg Gustafsson), 956 

Quiet and Disturbed Days (Magnetically) Diurnal Variation of High- 
Altitude Auroral Frequency on (Knut Lassen), 345 

Quihillailt, Oscar A Elected president of the International Atomic 
Energy Agency, 21 

Quilliam, Dr J P Appointed to the newly created chair of pharmacology 
x St Bartholomew's Hospital Medical College, London, 210 work 
ai, 

Quinchamolium chilense Lam  Synergid Haustorra of (Saroj Agarwal), 1313 

Quinones — Effect of, on the Uptake of Oxygen by Red Cells (D Lovell and 
Dr T A J Prankerd), 561 

Quintiliani, Dr M ‚and others Effects of lodoacetic Acid on the Incorpora- 
tion of Phosphorus-32 into the Deoxyribonucleic Acid of some Radio- 
sensitive Organs in Rats exposed to X-Rays, 573 


R asait Transaminase Activity in Arterial Tissue of the (Dhurjati 
Prasad Chattopadhyay}, 660 

Rabbit (Foetal) Hormonal Control of the Development of the Thymus of 
the (| G Bearn), 875 

Rabbit (Pregnant Rat and) 
E H Morgan), 46] 

Rabbit (Human, Cow and), Native Fibrin Powders as Anticoagulants (Dr 

Copley and Beverly Becher), 568 

Rabbit Appendix Morphological Changes following Transplantation and 
Chronic Obstruction of the (J A Williams, W O Griffen, Jun ,and 
A Sharma), 867 

Rabbit-Heart Sarcosomes Relationship between Oxidation of Isocttrate 
and Metabolism of Fatty Acids in (Dr W C Hulsmann), 1153 


Plasma ]ron and Iron-binding Capacity tn the 


INDEX 


Rabbit Skin Isolation and Identification of Rhamnose rom (Ina Malawista 
«and Prof EA Davidson), 871 

Rabbit Ventricular Fibres Evidence for Independence of Voltage of the 
Membrane Conductance of (Dr Edward A Johnson and J Tille), 663 

Rabbits New Method of preparing Corynebacterium pyogenes Toxoid with 
High Anti-Haemolysin Titre in (Valerie Levy), 189 

Transmission of Lapinized Rinderpest Virus by Contact between (Dr 
G R Scott and C S Rampton), 289 

Raccoon (Eastern) Natural Occurrence of Leptospira icterohaemorrhagiae 
in the Eastern Grey Fox and the (Dr L G Clark, J 1 Kresse, R R 
Marshak and C J Hollister), 1312 

Rachitic Epiphyseal Cartilage of Albino Rat Free Amino-Acids in, and the 
Influence of Vitamin D (G V G Krishna Rao), 269 

Racial Groups (Three) Quantitative Sub-Groups of the B Antigen in Man 
and their Occurrence in (Mary B Gibbs, Colonel Joseph H Akeroyd 
and Julia J Zapf), 1 196 

Rack, R S Agricultural Problems in Developing Countries (Practical 
es of Native Fishing Industries in Northern Rhodesia), 

Racezkowski, Jan (Lawniczak, Maciej, and) 
Strain Recovery in Wood, 583 

Radar Establishment (Royal) Resignation of W J Richards as director, 18 

Appointment of Dr G G Macfarlane as director, 18 
Promotion of Dr A F Gibson to Deputy Chief Scientific Officer, 214 

Radiation—Use and Control in Industrial Application (Dr Charles Wesley 

Shilling), review by B E Jones, 855 
Action. of on Synthesis of Deoxyribonucleic Acid in Normal and 
Tumour Strain Cells (Dr John Seed), 944, erratum, [24] 

Radiation emerging from a Planetary Atmosphere with Rayleigh Scatter- 
ing Tables related to (Kinsell L Coulson, Jitendra Y Dave and 
Zdenek Sekera), review by Prof Zdenek Kopal, 1005 

,-Radiation Effect of, on Escherichia coli grown in Deuterium Oxide 
Medium (Ernest Pollard), 177 

Radiation (Jovian Decametric Presence and Correlation of Fine Structure 
in (James N Douglas and Harlan J Smith), 741 

Radiation. (Solar Type IV)  Decimetre Radio Bursts concurrent with 
(T Krishnan and R F Mullaly), 58 

Radiation (Ultra-Violet), and Desiccation Effect of, on Different Age- 
Cultures of Escherichia coli KI2 (1 L Mulay and G S Sperti), 773 

Radiation (Ultra-Violet and Visible) Emission of, from Metals by the 
Impact of High-Energy Hydrogen lons (Prof Rafi Mohammed Chaud- 
hur: and Mustafa Yar Khan), 

Radiation (Whole-Body) The Delayed Effects of—a Symposium jointly 
sponsored by the Operations Research Office and the Walter Reed 
Army Institute of Research (edited by Bernard B Watson), review 
by Dr Hugh D Evans, 6 

Radiation Botany Vol I, No I, 404 

Radiation Diseases (Acute) Problems of Infection, Immunity and Allergy 
in (N N Klemparskaya, O G Alekseyeva, R V Petrov and V F 
Sosova), translated from the Russian by Lydia Venters, review by 
Dr Hugh D Evans, 6 

Radiation Effects on Lithium-doped Nickel Oxide Catalysts in Carbon 
Monoxide Oxidation (T Braun and | Maxim), 548 

Radiation Protection, review by Dr Hugh D Evans, 6 

Radiation Protection and Recovery (edited by Alexander Hollaender), 
review by Dr Hugh D Evans, 6 

Radiation-induced Grant Cells of the Cultured Fibroblast Increase in the 
Dense Cytoplasmic Bodies in (Dr A F Hayward), 891 

Radical (Difluoromethylene) Heat of Formation of the (Dr J R Majer 
and Dr C R Patrick), 866 

Radical (Free-) Formation during Storage of Freeze-dried Serratia marcescens 
(Dr R L Dimmick, R J Heckly and D P Hollis), 776 

Radio (Trans-Atlantic) Diamond Jubilee of, 919 

Radio Astronomy Observatory The Australian National, [019 

Radio Bursts (Decimetre), concurrent with Solar Type IV Radiation 
(T Krishnan and R F Mullaly), 58 

Radio Bursts (Type ll Solar) Spectral Characteristics of (Prof P A 
Sturrock}, 58 

Radio Communication (Long-Range), by Satellite Microwave Dipoles, 109 

Radio Engineers, British Institution of Clerk Maxwell Premium awarded 
to Dr G T Wright, 609 

Heinrich Hertz Premium awarded to R A Waldron, 609 

A F Bulgin Premium awarded to Dr A Kraus 609 

Arthur Gay Premium awarded to E Davies, 609 

Leslie McMichael Premium awarded to C H Dix and W E Wilshaw, 


Effect of Temperature on the 


609 
Lord Rutherford Award awarded to E C Fellows, 609 
Charles Babbage Award awarded to E M Bradley, 609 
Radio-Luminescence in. Sodium Chloride and Potassium Chloride (S B 
Hyder and B K Gupta), 60 
Radio Waves Cosmic (I S. Shklovsky), translated by Richard B Rodman 
and Carlos M Varsavsky, review by Sir Bernard Lovell, 691 
Radioactive Bismuth Isolation of, from Metallic Lead and its Compounds 
J R W Kerr, Dr D | Coomber and Dr D T Lewis), 546 
Radtoactive Counting A Simple Flattener for holding Filter Papers on 
Planchettes for (Dr Edward A Smuckler and Prof Earl P Benditt), 
191 


Radioactive Fall-outand the Testing of Nuclear Weapons—Statement by the 
Medical Research Council, 400 

Radioactive Males Inhibited Ovipositron of Females of Gryllus assimilis 
(F ), induced by, using L-Methionine-Methyl-"*C (Dr A A Abdel- 
Malek and D K McE Kevan), 681 

Radioactive Phosphorus Specificity of Plant Feeding in Mosquitoes as 
"erminee by (Dr A A Abdel-Malek and Dr W F Baldwin), 
17 

Radioactive Waste Disposal, review by A W Kenny, 846 

Radioactivity Problems of, at Water and Sewage Works (Course of lec- 
tures on, in the Department of Municipal Engineering of Manchester 
College of Science and Technology), 609 

Radioactivity for Pharmaceutical and Allied Research Laboratories—a 
Symposium sponsored by Nuclear Sciences and Engineering Corpora- 
tion (edited by Abraham Edelmann), review by Dr Hugh D Evans, 6 

Radioactivity in Rainfall during September 1961 following the Russian 
Nuclear-Weapons Tests of September 1961 (Keith Boddy), 443 

Radioactivity in Wool (S S Brar, P F Gustafson, M A Kerrigan, B C 
Breidenstetn, U S. Garrigus and W R Usborne), 1094 


xxix 


Radioactivity (Environmental) Report of the Steering Committee er 
Nuclear Energy and Council Decision on the Establishment of a 
Supervision and Emergency Warning System in Cases of Increase tn 
(Organization for European Economic Co-operation), 31 

Radioiodination of Proteins A Simple Microdiffusion Technique for the 
(Dr R N Banerjee and R P Ekins), 746 

Radiological Defense Laboratory (United States Naval), San Francisco 
Appointment of Dr Olivier Heroux as scientist-in-residence, 1026 

Radiolysis of Liquid Acetone—Effect of Dose-rate and Linear Energy Trans- 
fer (R Barker), 62 

y-Radiolysis of Aqueous Cystine Solutions Products of the (Dr D W 
Grant,S N Mason ard M A Link), 352 

Radiometers (Two-Sphere Non-directional) A Method of Calibrating 
(Dr Walter Koch), 960 

Radiometric Standards and Measurements (E J Gillham), (National Physical 
Laboratory, Notes on Applied Science No 23) 1250 

Radioprotective Effects of Reserpine and its N-oxide (Dr Thomas J Haley, 
A M Flesher and L Mavis), 1309 

Radiosensitive Organs in Rats exposed to X-Rays Effects of lodoacetic 
Acid on Incorporation of Phosphorus-32 into the Deoxyribonucleic 
Acid of some (Dr M Quintiliani, M Boccacci and L Tentor:), 573 

Radiosensitive Stages tn the Spermatogenesis of Drosophila melanogaster 
(V A Strangio), 781 

Radiosensitivities Mouse Lymphoma Cells with Different (Dr P Alex- 
ander and Z B Mikulski), 572 

Radioxenon Tracer Loss of Fluorescent Particles in Atmospheric Diffusion 
ee by Comparison with (A E J Eggleton and N Thomp- 
son), 

Radley Research Institute, J A, Reading Co-option of Dr A W Bald- 
win as a governor, 507 

Radouco-Thomas, C , and others (edited by) Proceedings of the First 
International Congress of Neuro-Psychopharmacology (Rome, 
1958), review by Prof W Ross Ashby 392 

Rain Water Concentration of Chloride in Fresh Waters and (A V 
Holden), 961 

Raindrops Size Distribution of (Y N Kelkar), 252 

Rainfall during September 1961 Radioactivity in, following the Russian 
Nuclear-Weapons Tests of September 1961 (Keith Boddy), 443 

Ralph, Dr Lincoln The Fourth R (Library Association Annual Lecture), 931 

Rama Rao, Sri B History of Sciences in Ancient and Medieval India 
(Zoological Knowledge in the Works of Kalidasa), 27 

Ramakoteswara Rao, P,and others Rotational Analysis of *5Cu?*C[ Bands, 
444 

Ramot, Dr Bracha, and others Distribution of Haptoglobin Types in 
Israel, 765 

Rampton, C S (Scott, Dr G R,and) Transmission of Lapinized Rinder- 
pest Virus by Contact Between Rabbits, 289 

Rams (Merino) Seminal Degeneration induced in, by the Administration 
of Stilboestrol Dipropionate (G R Moule and P E Mattner), 364 

Randall, D E — Bibliography ot Tables and Charts for Use in Gas Dynamic 
Studies, 308 

Randall, Prof J T Transferred to the chair of brophysics at King's College, 
London, 922 

Randolph, Dr M L, and others  Electron-Spin Resonance Signals from 
Lyophilized Bacterial Cells exposed to Oxygen, 34 

Random Loads Fatigue under (Dr A N May), [58 

Rao, Dr C Raghupathi Distribution of Intensity among various Ultra- 
sonic Diffraction Orders, 220 

Rao, G V G Krishna Free Amino-Acids in Rachitic Epiphyseal Cartilage 
of Albino Rat and the Influence of Vitamin D, 269 

Rao, V P,andothers Cotton in India, Vol 2, review by Prof S C Harland, 
200 


Rapid Preparation of Fluorescent Antibodies using Gel-Filtration (Johan 
Killander, Jan Ponten and Lennart Roden), 182 

Rapidly Measuring Restriction to Diffusion of Macromolecules chrough Agar 
Gels of various Pore Sizes A Cell for (G K Ackers and R L 
Steere), 436 

Raponda-Walker, Andre, et Sillans, Roger 
review by T A Russell, 693 

Rare Earths Analytical Chemistry of the (Dr R C Vickery), review by 
Dr D T Lewis, 593 

Rare Interspecific Jute Hybrid Skewed Recombination in a (Dr M S 
Swaminathan and R D lyer), 893 

Rare Phenotype within the Gm System (K Henningsen and Jorgen C 
Nielsen), 476 

Rat Demethylation of the Plant CEstrogen Biochanin A in the (Anna 
Nilsson), 358 

Distribution of Ribonucleic Acid in. Subcellular Fractions of various 
Regions of the Central Nervous System of the (T Borkowski, 
S Harth, R Mardell and Prof P Mandel), 456 
Selective Secretion of Circulating Antibodies in the Milk of the (E Ruth 

| Biswas), 883 

Rat (Albino) Free Amino-Acids in Rachitic Epiphyseal Cartilage of, and the 
Influence of Vitamin D (G V G Krishna Rao), 269 

Rat (Female White), during the CEstrual Cycle — Variations in the Nuclear 
Deoxyribonucleic Acid Content in the Adrenal Cortex of the 
(E Brafiez and H Roels), 1043 

Rat (Male) Growth Hormone Activity of the Anterior Pituitary Lobe of 
the, at various Ages (R H Bowman), 976 

Rat Adrenal Slices «n. vitro Enhancement of Steroidogenesis by, with 
CEstradiol-17-8 (Prof Julian | Kitay), 358 

Rat Anaphylactic Reaction in vitro (Guinea Pig and) — Influence of Anaerobic 
Glycolysis on Release of Histamine in the (A Prouvost-Danon and 
Dr H Moussatche), 361 

Rat Brain Effects of Electrical Stimulation of Reticular Formation on the 
Lactic Acid Content of the (Dr Ly Mihailovic, Lj. Krzalicand D Cvet- 
kovic), [166 

Rat Diaphragm (Isolated) Effect of Insulin on the Phosphorus-32 Mono- 
nucleotide Labelling of the, in the Controlled Absence of Extra- 
cellular Glucose (P Volfin, D Eboue and H Clauser), 166 

Rat Kidney Slices in vitro Paradoxical Effect of Phlorizin on Glucose 
Uptake and Intracellular Accumulation of Amino-Acids in (Dr 
Stanton Segal, Alberta Blair and Leon E Rosenberg), 1085 

Rat Lens Effect of Insulin on Pathways of Glucose Oxidation in the (Dr 
R Levari, Prof E Wertheimer, Dr E R Berman and Prof W 
Kornblueth), 1075 


Les Plantes utiles du Gabon, 


x 


xxx 


Rat Liver (Normal and Regenerating) Effects of Irradiation on the Incor- 
poration of Amino-Acid into (Dr Nirmal K Sarkar, Dr Anima Devi 
and Dr Louis H Hempelmann), 179 

Rat Liver (Regenerating) Pituitary Effect on Synthesis of Deoxyribonucleic 
Acid in, following Whole-body X-Irradiation (the lace D M Gould, 
K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Rat Liver Nuclei Incorporation of '*C-Glycine by Sub-Nuclear Prepara- 
tions from (K R Rees, Hazel F Ross and G F Rowland), 17! 

Rat Liver Xanthine Oxidase Effect of Colchicine on (Dr OttiliaR Affonso, 
Emilio Mitidrert and Gilberto G Villela), 666 

Rat Liver and Brain. Effects of 7-Chloro-2-methylamino-5-phenyI-3H- [,4- 
benzodiazepin-4-oxide on Mitochondria from (Bernhard Kadenbach 
and Prof Walter Luhrs), 174 

Rat Preputial Glands (Female), as a Source of 8-Glucuronidase (Dr Margaret 
| Stern), 359 

Rat Prostate A Zinc-requiring Alkaline Phosphatase in the Ventral Lobe 
of the (Leonora Hopkinson and J C N Wakeley), 357 

Rat Red Cells (Incubated), in vitro Effect of Hydrocortisone on Uptake of 
lron-59 in (Peggy Clark), 667 

Rat and Guinea Pig Kidney Slices Glutamyl Peptidases in (George G 
Glenner and John E Folk)—Histochemical Demonstration of 
y-Glutamyl Transpeptidase-like Activity, 338, Histochemical 
Characterization of a Unique a-Glutamyl Peptidase Activity, 339 

Rat and Rabbit (Pregnant) Plasma lron and lron-binding Capacity in the 
(E H Morgan), 461 

Rate of Beating of the Heart of Periplaneta 
K G Davey), 284 

Rate of Erythropoiesis Increased Iron Absorption without Increase in the 
(Dr Gerald A Mendel), 878 

Rate of Growth of Chicks Efect of Feeding Griseofulvin on (Dr W P 
Jaffe), 469 

Rate of Ribonucleic Acid. Biosynthesis 
Fraenkel and F C Nerdhardt), 677 

Rate of Senescence (Dr A E Needham), 579 

Rate (Heating) Dependence of Thermo-stimulated Current Curves on 
(C G Clayton, J B Whittaker,G A Briggsand T G Kelly), 349 

Rate Constant and Activation Energy in Solid State Reactions Definition 
of (W Gomes), 865 

Rates of Emergence of Resistance — Biological Spectrum of some New 
Tuberculostatic [,3,4-Oxadiazolones with special reference to Cross- 
Resistance and (Prof A. E Wilder Smith and Hans Brodhage), 1195 

Ratio (Primary Embryonal Sex), in Normal Pregnancies determined by the 
Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and Ch 
Méhes), 476 

Ratio Oorregation-) Advantage of Abnormal Haemoglobins (L N Went), 


Substances controlling the 


Manner of expressing (D G 


Ratio (Stopping-Power), for Cavity lonization Chambers Measurement of 
T E Burlin), 545 
Ratnoff, O D (Webster, Dr M E,and) Role of Hageman Factor in the 
Activation of Vasodilator Activity in Human Plasma, [80 
Effects of the Sulphur Amino-Acids on the Vitamin A Content in 
Liver of (Tatsuo Koyanagi and Satoshi Odagiri), 168 
Effects of Thymectomy on the Resistance of, to Drowning and Histamine 
Stress (Dr A S Weltmanand A M Sackler), 460 
Hypertensive Effects of Bradykinin in (H Croxatto and J Belmar), 879 
Modification of the Effects of an Amphetamine-Barbiturate Mixture by 
the Past Experience of (Dr Hannah Steinberg, Dr Ruth Rushton and 
Christine Tinson), 533 
Second-Generation Toxicity of Malathion tn (Prof W Kalow and 
A Marton), 464 
Rats exposed to X-Rays Effects of lodoacetic Acid on the Incorporation of 
Phosphorus-32 into the Deoxyribonucleic Acid of some Radio- 
Senate Organs in (Dr M Quintiliani, M Boccacci and L Tentori), 


Rats 


Rats (Hypophysectomized) — Failure of the Purified Growth Hormone to 
restore the Size of the Kidneys in (Dr T Astarabadi), 270 
Rats (Infant) Interrelattonship between Fat and Sugar Metabolism in 
(P Hahn, O Koldovsky, V Melichar and M Novak), 1296 
Rats (Intact and Hypertensive) Effect of Monovalent Cations on the 
Blood Pressure of (| Bach, S Braun, T Gatt, Prof J Sos and 
A Udvardy), 362 
Rats (Intact and Hypophysectomized) — Efiect of Sheep Pituitary Extract on 
Hypercholesterolaemia in (Dr Russel M Barakat), 71 
Rats (Tumour-bearing) Detodination of Thyroxine-!?| in (J A Stem, 
Anbar, S Guttman and N Ernst), 1303 
Rats (Young) Generalized Skeletal Response on Local Trauma in, studied 
y means of *5Ca-Metabolism (Dr Jaromír Kolař and Dr Arnošt 
Babicky), 1297 
Rats and Mice (Laboratory) Feeding of Bamboo Flowers to (V Mahadevan, 
Dr S S Negtand O N Agarwala), 470 
Raus, J (Link, F, and) Multiplication of Mouse-adapted Influenza Virus in 
Mouse Lungs after Infection with Very Low Doses, 478 
Rausen, Dr A R,and others Genetica! Evidence for Synthesis of Trans- 
ferrin in the Foetus, 182 
Raven, A M , and Robinson, K L Comparative Effects of Wet and Dry 
Feeding on the Utilization of Protein by Calves, 1256 
Raven, Rev Charles E A Roman Catholic View of Evolution, review, 827 
Raven, Dr D J (Earland, Dr C,and) Isolation of a Cystine Derivative 
from Silk, 1185 
Raven, Ronald W (edited by) 
F J C Roe, 298 
Ravetz,J R A Short History of Science, review, 825 
Raw, Dr F The Soil as an Environment for Animal Life (The Inter- 
dependence of the Soil and its Fauna), 316 
Rawlins, F I G Sensation and Perception, review, 593 
Formal Logic in Retrospect, review, 693 
Inductive Probability, review, 695 
Psychical Research, review, 901 
Ray, J C, and others Antigenic Structure of Entamoeba histolytica, 893 
Ray, S K (Long, R, and) Inhibition of the Formation of 3,4-Benzpyrene 
during Hydrocarbon Combustion, 353 
Raychaudhuri, Dr S P , and Bhattacharyya, Dr A K History of Sciences 
In cient and Medieval India (Agricultural Practices and Soil 
Science in Ancient India), 27 
Rayleigh Scattering — Lattice-like Vibrations in Associated Liquids and the 
Origin of Anomalous (| K Wilmshurst), 1061 


Cancer Progress, 1960, review by Dr 


INDEX 


Tables related to Radiation emerging from a Planetary Atmosphere 
with (Kinsell L Coulson, Jitendra Y Dave afd Zdenek Sekera), 
review by Prof Zdenek Kopal, 1005 

Rays (Cosmic) World-wide Distribution of Diurnal Variation of the 

Neutron Intensity of (Tsunekichi Kanno), 250 

Effect of, on Thymus Nucleoprotein tn Solution (Dr A R Peacocke 

and Dr B N Preston), 228 

Rayski, Dr C, and Garden, E A 
Parasite of the Eider Duck, 185 

Re-Circulations of Chick Embryo Erythrocytes 
and Z Rychter), 1298 

Re-Educative Treatment of Suppression Amblyopia (Being an abridged 
English version of Jean Sedan’s ‘Post Cure de l'Amblyope Réeduque’) 
(T Keith Lyle, Cynthia Douthwaite and Jill Wilkinson), review by 
Prof O L Zangwill, 695 

Re-Evaluation based on Considerations of Chemical Structure — Biosyn- 
thesis of Carotenords in Purple Bacteria—a (Synnøve Liaaen Jensen, 
Dr Germaine Cohen-Bazire and Prof R Y Stanier), 1168 

Re-Evaluation of some Factors tn Arteriosclerosis (Dr Hans Kaunitz), 9 

Re-Utilization of Protein-bound Amtino-actds rn vivo Quantitative Aspects 
of the (Dr H Walter and H Zipper), [292 

Reaction between Cuprous Oxide and Sodium Silicate A Coating with 
Antifouling Properties from the (J R Rischbieth and F Marson), 748 

Reaction of the Decomposition of Lead Azide Kinetics of (Dr M Stamm- 
ler, J E Abel and Dr R C Ling), 626 

Reaction (Basophil) A New Test for Detecting Anaphylactic Sensitivity— 
the (Prof Walter B Shelley and Lennart Juhlin), (1056, September 9), 
erratum, 21 

Reaction (Guinea Pig and Rat Anaphylactic), in vitro Influence of Anaerobic 
Glycolysis on Release of Histamine tn the (A Prouvost-Danon and 
Dr H Moussatche), 36] 

Reaction (Iso-immune), at the Surface of Ascites Tumour Cells Intra- 
cellular Response to an (D C Dumonde, Clarice M Walter, Lucille 
Bitansky, Prof G J Cunningham an®J Chayen), 1302 

Reaction (Thermal), between Two Light Reactions in Photosynthesis (Prof 
C P Whittingham and P M Bishop), 426 

Reaction Silicon-29(n,a)Magnesium-26 at [4 MeV Neutron Energy (Dr 
W M Deuchars and G P Lawrence), 1278 

Reactions (Fast) The Study of (Cambridge Physical Chemistry [961 
Summer School), 1136 

Reactions (Fast), in Physical Chemistry (Dr W Gerrard), 1136 

Reactions (Light), in Photosynthesis Thermal Reactions between Two 
(Prof C P Whittingham and P M Bishop), 426 

Reactions (Solid State) Definition of Rate Constant and Activation Energy 
in (VW Gomes), 865 

Reactivation (Photo-) of Tobacco Mosaic Virus in vivo (D J Goodchild), 289 

necte Nora, a New Zero Power (Norwegian Atomic Energy Institute), 


y-Rays 
Life-Cycle of an Acanthocephalan 


Number of (L Lemez 


Reactor Centrum Nederland Atoomenergie en haar Toepassingen (Atomic 

Energy and its Applications), Vol 3, No 6, 
High-flux Reactor at the Petten Research Centre, 708 

Reactor Handbook (edited by C R Tipton, Jr), Vol 1, Materials, second 
edition, review by B W Mott, 100 

Reactor (High-flux), at the Petten Research Centre of the Reactor Centrum 
Nederland, 708 

Reactor (Nuclear) Stability (Dr A Hitchcock), review, 203 

Reactors Materials for, review by B W Mott, 100 

Read, Prof Clark P (Chandler, the late Prof Asa C, and) Introduction 
to Parasitology, with special reference to the Parasites of Man, tenth 
edition, review by Dr G Lapage, 488 

Read, W W C (McLaren, Dr D S, and) 
Component in Human Depot Fat, 265 

Reagent (Improved Benzidrine Sugar), for Paper Chromatograms (Bock G 
Chan and Prof J C Cain), 69 

Real Gas Equilibrium Flow of Air in Hypervelocity Test Facilities with 
Total Temperature to 10,000? K Mach Tables for (K L Gorn), 308 

Reception (Millimetre Wave Generation and) Non-Linear Transmission 
Lines for (Or D Walsh), 1064 

Receptors Muscle (University of Hong Kong Symposium on), 805 

Receptors (Colicine) Nature of (Dr Anna Mayr-Harting), [91 

Recherche Scientifique dans l'Industrie et l'Agriculture, Institut pour 
l'Encouragement de la (Bruxelles) Rapport Annuel Exercice (1960), 


An Unusual Major Fatty Acid 


Reciprocals of the Integers from 1000 to 9999, with an Appendix on Mech- 
anical Barrel-setting Calculators (T H Redding), review by Prof 
T A A Broadbent, 856 

Recombination (Skewed), in a Rare Interspecific Jute Hybrid (Dr M S 
Swaminathan and R D lyer), 893 

Recording System (High-Speed Direct-), for Electron Diffraction. (Dr 
C W B Grigson), 647 

Records (Microbarograph), from the Russtan Large Nuclear Explosions 
(E W Carpenter, G Harwood and T Whiteside), 857 

Recovery Radiation Protection and (edited by Alexander Hollaender), 
review by Dr Hugh D Evans, 6 

Recovery from Experimental Sendai Virus Infection 
Mice on the (Dr Leon Sawicki), 1258 

Recovery (Strain), in Wood Effect of Temperature on the (Macte) 
Lawniczak and Jan Raczkowski), 583 

Recrystallization of Lead and Zinc Sulphides (Dr J C Nixon, J D Hayton, 
D Lawrie and A E Tynan), 516 

Rectifying Action of Non-uniform Ftelds in Dielectrics (Dr K C Kao), 650 

Rectum Cancer of the (edited by Dr Cuthbert E Dukes), review by Dr 
Francis J C Roe, [97 

Red Algae New Ninhydrin-Reactive Substance from (Mitsuo Kuriyama), 


96 

Red Blood Cell (Human) _ Metabolism of the (Dr D Mendelsohn), 619 

Red Blood Cell Potassium Concentrations, Medial Corpuscular Fragility and 
Haemoglobin Type in Merino and Southdown Sheep — Relationships 
between (Prof J V Evans), 567 

Red Blood Cells Agglutination and the Electrical Surface Potential of 
(P Sachtleven and Prof G Ruhenstroth-Bauer), 982 

Red Blood Cells (Sheep) Utilization of, in the Haemadsorption Test for 
Dirsevinusee (H M Yamashiroya, Dr R W Pumperand B R Tess), 


Influence of Age of 


Red Cell Enzyme Deficiency Absence of, in Australian Aborigines (Prof 
O Budtz-Olsen and Dr Chev Kidson), 765 


INDEX 


Red Cells Adenosine Diphosphate tn, as a Factor in the Adhesiveness of 
Human Blood Platelets (A Gaarder, Dr J Jonsen, Prof S Laland, 
Dr A Hellem and Prof P A Owren), 531 

Effect of Quinones on the Uptake of Oxygen by (D Lovell and Dr 
T A J Prankerd), 561 
Thromboplastic Activity of (Prof Armand J Quick), 882, (Dr James 

A Inglis and Dr June W Halliday), 882 

Red Cells (Incubated Rat), ;n vitro Effect of Hydrocortisone on Uptake 
of Iron-59 in (Peggy Clark), 667 

Red Clay on the Floor of the Atlantic Natural Glass from beneath (Dr 
G D Nicholls and V T Bowen), [56 

Red Deer in Sweden, 30 

Red Deer and other Species Serum f-Globulin Types in, and their 
Stability tn the Presence of Bacteria (V P W Lowe and E | 
McDougall), 983 

Red Shift The Galactic (Dr A Ward), 858 

Red Spider (Fruit Tree) Evaluation of the Activity of some Diphenyl 
Compounds on Winter Eggs of the (J Meltzer), 474 

Redding, T H  Reciprocals of the Integers from [000 to 9999, with an 
Appendix on Mechanical Barrel-setting Calculators, review by Prof 
T A A Broadbent, 856 

Redistribution (Population), and Economic Growth, United States, [870- 
1950 (Prof Simon Kuznets, Ann Ratner Miller and Richard A 
Easterlin), review by Prof E Grebentk, 853 

Redman, Prof R The Natural History of Galaxies, review, 838 

Reduction (Cell), :n the Embryonic Development of the Cestode Diorchis 
ransom: Schultze, 1940 (Krystyna Rybicka), 771 

Reduction (Polarographical), of some Carbonyl Compounds Role of Keto- 
Enol Tautomerism ın the (Dr P Zuman and Dr J Michl), 655 

Redundant (Non-) Stimulation Visual Effects of (Prof D M MacKay), 739 

Reece, | H , and Werner, Prof R L — Atthe Third Australian Spectroscopy 
Conference (Infra-red Studies on Hydrogen Bonding—Intermole- 
cular Interaction betwgen Carbonyl and Hydroxyl Groups in Solu- 
tion), 927 

Reed, R , and others At the Seventh Biennial Conference of the Inter- 
national Union of Leather Chemists Societies (Experiments to break 
the Insolubil:izing Cross-links of Mature Bovine Collagen after 
Alkaline Pretreatment), 613 

Rees, KÈ R, and others Incorporation of “C-Glycine by Sub-Nuclear 
Preparations from Rat Liver Nuclei, 171 

Reese, Dr C B The Polynucleotide Field, review, 836 

Regenerating Rat Liver Pituitary Effect on Synthesis of Deoxyribonucleic 
Acid in, following Whole-body X-lrradiation (the late D M Gould, 
K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Regenerating Rat Liver (Normal and) Effects of Irradiation on the In- 
corporation of Amino-Acid into (Dr Nirmal K Sarkar, Dr Anima 
Devi and Dr Louis H Hempelmann), 179 

Regeneration Evolution of, and its Possible Bearing on Philosophy (Dr 
R J Spilsbury), 1254, (Dr A E Needham), [255 

Regeneration of Naked Yeast Protoplasts Physical Conditions as Important 
Factors for the (Dr O Nečas), 580 

Regeneration (Leaf) ^ Vacuolation and, tn Splachnum ampullaceum (L) 
Hedw (Prof Kraft E von Maltzahn)—Formation of Secondary 
Vacuoles in De-differentiating Cells, 55, Effect of Ktnetin on 
Attached Leaf Regeneration, 56 

Regeneration (Shell), in Ariophanta sp 
Nar and P T Muthe), 674 

Regeneration (Wound Tissue) Changes in the Concentration of Ribo- 
nucleic Acid during (Martin B Williamson and Wilhelm Guschl- 
bauer), 454 

Regional Research Laboratory, Hyderabad Symposium on Low Tempera- 
ture Carbonization of Non-caking Coals and Briquetting of Coal 
Fines, 406 

Regions of the Central Nervous System of the Rat Distribution of Ribo- 
nucleic Acid in Subcellular Fractions of various (T Borkowski, 
S Harth, R Mardell and Prof P Mandel), 456 

Regions (Heart Dipole), and the Measurement of Dipole Moment (Dr 
M R Barber and Dr E J Fischmann), [41 

Regulation (Chloride), in. Triops (Gwyneth Parry), 468 

Reid, Prof D D The Vehicle Driver, [245 

Reid, Leslie Teaching Machines, [06 

Reindeer Blood and Serum Groups in, compared with those in Cattle 
(Bo Gahne and Jan Rendel), 529 

Rejniak, Leopold, and Komezynski, Prof Ludvik Behaviour of Protozoa 
under the Influence of the Synergetic Action of Polyethylene Glycol 
and Dyes, 1203 

Related (Closely) Antigens in Human Placenta and Kidney (Dr Raymond 
William Steblay), 1259 

Relation to Albumin Binding  Antigenicity of Penicillin and its. (Dr 
Toshio Toru and Dr Yoshth: Kohoriuchi), 429 

Relation between Organophosphorus-Resistance and Non-Diapause in 
Spider Mites (W Helle), 1314 

Relation (Possible), to Mutagenic Properties of Alkylating Agents Acidic 
Dissociation of 7 9-Dialkylguanines and ics (Dr P D Lawley and 
P Brookes), 108! 

Relations (Sun-Earth), and Associated Periodicities (Irvine Paghis), 346 

Relationship between Deposition of Long-lived Fission Products and Level 
of Activity in Milk Analysis of the (Dr W Anderson, L K Burton 
and J O Crookall), [009 

Relationship between 3,4-Dihydroxyphenylethylamine Content and the 
Genome, acuminata (L A Griffiths), 84 

Relationship between Oxidation of Isocitrate and Metabolism of Fatty Acids 
in Rabbit-Heart Sarcosomes (Dr VY C Hulsmann), [153 

Relationship between Phage Type and Host Plant in Pseudomonas mors- 
prunorum Wormald (J E Crosse and Constance M E Garrett}, 379 

Relationship between Tissue Eosinophils and Peroxidase Activity (Tapio 
Rytomaa and Prof Harald Teir), 271 

Relationships between Red Blood Cell Potassium Concentrations, Medial 
Corpuscular Fragility and Haemoglobin Type in Merino and South- 
down Sheep (Prof J V Evans), 567 

Relationships (Moisture Expansion), for a Fired Kaolinite-Hydrous Mica— 
Quartz Clay (Dr VV F Cole), 737 

Relationships (Nutritional), of Fishes Mathematical Theory of, review by 
L Birkett, 297 

Relationships (Serological), between the Nine-spined and the Three-spined 
Stickleback (Tadeusz Penczak), 673 


Effect of Ribonuclease on (K K 


[xxxi 


Relaxation Magnetic and Electric Resonance and (Netherlands Physical 
Society and the Groupement Ampere International Conference on), 213 
Relaxation Enhancement by Paramagnetic lon Binding in Deoxyribonucleic 
Acid Solutions (J Eisinger, R G Shulman and W E Blumberg), 963 
Relaxation. (Contraction-) — Extendability of Tendons undergoing (Dr 
H R Elden and G Webb), 742 
Relaxation. (Fundamental), of Classical Oscillators (Michael Hoare), 63 
Release of Histamine in the Guinea Pig and Rat Anaphylactic Reaction 
in vitro [Influence of Anaerobic Glycolysis on (A Prouvost-Danon 
and Dr H Moussatché), 361 
Release of Noradrenaline from the Spleen of the Cat by Acetylcholine 
(K W Brandon and Helen Boyd), 880 
Removal by Gibberellic Acid Induction of a Light Requirement for the 
Germination of Lettuce Seed by Naringenin, and its (Dr | D J 
Phillips), 240 
Renal Cells (Frog) 
Auclair), 467 
Renal Collecting Tubules — Antidiuretic Hormone and (Paul Breddy, 
Grahame F Cooper and Dr Jeffrey M N Boss), 76 
Renal Tubular Amino-Acid Transport System (New), and a New Hereditary 
Disorder of Amino-Acid Metabolism (Dr C R Scriver, ] A Schafer 
and M L Efron), 672 
Rendel, Jan (Gahne, Bo, and) Blood and Serum Groups in Reindeer 
compared with those in Cattle, 529 
Rendon, Orlando, and others Culture of Human White Cells using 
Differential Leucocyte Separation, [214 
Renfrew, A, and Morgan, Philip (edited by) Polythene, the Technology 
and Uses of Ethylene Polymers, second edition, review by Prof 
C E H Bawn, 837 
Rennie, J, and Smith, W Formation of Air-Water Froths, 419 
Repetitive After-discharge produced by Drugs in Nerves treated with 
Cetyltrimethylammonium Bromide (Michiko Okamoto and Prof 
Albert S Kuperman), 365 
Replacement of an Alternating Temperature Requirement for Germination 
by Gibberellic Acid (J M Tager and Brenda Clarke), 83 
Representations of Primes by Quadratic Forms (prepared by Hansraj 
Gupta, M S Cheema, A. Mehta and O P Gupta), (edited byJ C P 
Miller), (Royal Society Mathematical Tables, Vol 5), review by Prof 
C A Coulson 97 
Reprints Mathematical (Chelsea Publishing Co, New York), 114 
Reproduction of Tick-borne Encephaltis Virus in Hela Cells (Dr H 
Libikova and Dr P Albrecht), 779 
Reprographic Technology, Institute of — Inauguration of the, 919 
Requirement of Essential Fatty Acids and Avian Atherosclerosis (H Fisher, 
A S Fergenbaum and H S Weiss), 1310 
Requirement (Alternating Temperature), for Germination Replacement 
of an, by Gibberellic Acid (J M Tager and Brenda Clarke), 83 
Requirement (Growth), for Four Soil Amoebae Buiotin,a(R N Band), 674 
Requirement (Light) Induction of a, for the Germination of Lettuce Seed 
y Naringenin, and its Removal by Gibberellic Acid (Dr ] D J 
Phillips), 240 
Requirements of an lce Nucleus (G R Edwards and L F Evans), 448 
Requirement (Nutritional), for che Induced Formation of Malic Enzyme in 
Lactobacillus arabinosus (17-5), (Sheila M Bocks) 89 
Requirements (Solute), for Preventing Lysis of some Marine Bacteria (Prof 
Robert A MacLeod and Tibor Matula), 1209 
Research Building (R Paul Johnson), 809 
Control of Government Expenditure on, 485 
Co-operation in, 785 
Fire, 1960—Report of the Fire Research Board with the Report of the 
Director of Fire Research. (Department of Scientific and. Industrial 
Research and Fire Offices’ Committee Joint Fire Research Organi- 
zation), 1250 
Psychical, review by F ] G Rawlins, 901 
Safety in Mines, 709 
Research Experimental Eye, Vol |, No I, [240 
Research on Agriculture Medal and Award for (Royal Agricultural 
Society of England), 609 
Research on the Chemotherapy of Virus Diseases (Fine Chemicals Group 
of the Society of Chemical Industry Discussion on), 806 
Research in the Leather Industry (R G Mitton), 612 
Research in Nuclear Sctence National Institute for Appointment of Dr 
J Howlett as head of the Atlas Computer Laboratory, 918 
Research in Shipbuilding, 919 
Research on Tropical Anaemias 
Research with Tropical Plants, 418 
Research in the Universities (Rt Hon Viscount Hailsham), 787 
Research (Agricultural), Indian Council of Entomological Monographs 
No I, Contributions to the Systematics of Oriental Termites (M L 
Roonwal and P K Sen-Sarma), review by W V Harris, 851 
Research (Building) Board Annual Report for [960 (Department of 
Scientific and Industrial Research), 809 
Research (Cancer) Progress in, review by Dr F J C Roe, 298 
Progress of (D G Arnott, Dr | Hieger and A L Levene), 1251 
Sixteenth Annual Symposium on Fundamental—Conceptual Advances 
in Immunology and Oncology (University of Texas), 1132 
Research (Cancer), in the University of Perugia Medical School (Prof 
Lucio Severi), 217 
Research (Clinical) Senior Research Fellowships in (VVellcome Trust), 1026 
Research (Cosmic Ray), in Latin America (Dr H Elliot), 121 
Research (Cosmic Ray), Latin-American Council for Third Latin-American 
Conference and Course on Cosmic Ray Physics, 121 
Research (Dairy), in Australia, [131 
Research (Forest) Organizations, [International Union of 
gress (F C Ford-Robertscn), 614 
Election of Officers, 615 
Research (Fundamental), in Plastics 
(Princeton University), 921 
Research (Geological and Geographical), in the USSR, I14 
Research (lonospheric), during the International Geophysical Year, review 
by A F Wilkins, 840 
Research (Medical) Gas Chromatography in (Gas C RrOmat qan Dis- 
cussion Group of the Institute of Petroleum Symposium on), 717 
Research (Medical), Fleming Memorial Fund for Grant of £48,000 to the 
University of Oxford, for the Sir William Dunn School of Pathology, 
404 


Cultivation of Monolayer Cultures of (Dr Walter 


Grants for (Wellcome Trust), 211 


Thirteenth Con- 


Fellowships in Engineering Study and 


[xxxii 


&ésearch (Medical), South African Institute for Publications, No 1, Vol 9, 
The Arthropod Parasites of Vertebrates in Africa South of the 
Sahara (Ethiopian Region), Vol 1, Chelicereta (edited by F Zumpt), 
review by Dr F A Turk, [222 

Research (Medical), in the Bricish Caribbean, Standing Advisory Committee 
for Sixth Scientific Meeting, 26 

Research (Medical), and the National Institutes of Health, Bethesda, Mary- 
land (Dr Carl R Brewer), 79 

Research (Natural Rubber) Conference Proceedings of the (Kuala Lumpur 
1960), (sponsored by the Rubber Research Institute of Malaya, with 
the support of the Government of the Federation of Malaya and the 
Rubber Producers’ Council of the Federation of Malaya), review by 
Dr W F Watson, 491 

Research (Neurophysrological) Probability Distribution Analyser pro- 
grammed for (Dr W R Levick, Prof P O Bishop, W O Williams 
and Prof D G Lampard) 629 

Research (Nuclear), European Organization for See under CERN 

Research (Psychical) William James on (compiled and edited by Gardner 
Murphy and Robert O Ballou), review by F | G Rawlins, 901 

Research (Scientific) Current Trends in (Prof Pierre Auger), review by 
R Brightman 850 

Research (Scientific), in Australia, 307 

Research (Scientific), in New Zealand, 713 

Research (Scientific), in Industry and Agriculture, Institute for the En- 
couragement of (Brussels) Annual Report for 1960, 28 

Research (Space) Russian, 19 

Research (Water) Association New Research Station, 803 

Research (Water Pollution), in Great Britain (F E Bruce), 71I 

Research (Wool) Colloquium No I, Wool Structure (Australian Common- 
wealth Scientific and Industrial Research Organization), 709 

Research and Development Control of Government Expenditure on 
(House of Commons Debate on), 1239 

Research and Development in the Gas Irdustry, 306 

Research and Development in Industry Funds for, 1958 (United States 
National Science Foundation, Surveys of Science Resources Series, 
NSF 61-32), 809 

Research and Development (Industrial), in che United States, 809 

Research and Development (Metallurgical) Symposium on Pilot Plants in, 
held at the National Metallurgical Laboratory, Jamshedpur, 1960 
(edited by R M Krishnan), review by E W Voice, 1008 

Research and Education in Physics (International Atomic Energy Agency, 
Unesco and the Central Committee for Swedish Technical Assistance 
International Seminar on), 709 

Research Activities in the Antarctic United States, 919 

Research Council (British Columbia) Seventeenth Annual Report, 516 

Grant of 10 000 dollars a year from the Canadian Uranium Research 
Foundation, for investigation inte the use of uranium compounds as 
toxicant additives to wood impregnants for marine borers, 516 

Research Fellowships and Research Studentships Sentor Research Fellow- 
ships (Zoological Society of London), 211 

Research Fellowships (Senior), in Clinical Research (Wellcome Trust), 1026 

Research Fellowships (Senior), of the New Zealand Department of Scientific 
and Industrial Research awarded to Dr B H Howard and to Dr 
R Melville, 210 

Research Fellowships (Senior) Research Fellowships and Research Student- 
ships (Zoological Society of London), 211 

Research Grants in Science and Medicine in Canada, 308 

Research Institute (Anima! Virus Diseases), Pirbright 
1960, 714 

Research Laboratories (Pharmaceutical and Allied) Radioactivity for—a 
Symposium sponsored by Nuclear Sciences and Engineering Cor- 
poration (edited by Abraham Edelmann), review by Dr Hugh D 
Evans, 6 

Research Laboratory (Regional), Hyderabad Symposium on Low Tem- 
perature Carbonization of Non-caking Coals and Briquetting of 
Coal Fines, 406 

Research Scholars (Science) of the Royal Commission for the Exhibition 
of 1851 (1891-1960) Record of the, 1240 

Research Scholarships in Electrical Engineering or Physics (British Broad- 
casting Corporation), 115 

Research Studentships Senior Research Fellowships Research Fellowships 
and (Zoological Society of London), 211 

Reserpine Antagonism of by Intraventricular Bretylium (Stata Norton 
and Kenneth | Colville), 72 

Reserpine and its N-Oxide — Radioprotective Effects of (Dr Thomas J 
Haley, A M Flesher and L Mavis), 1309 

Reserpine-induced Circulatory Failure (Prof Eleanor Zaimis) 521 

Resistance Biological Spectrum of some New Tuberculostatic | 3,4-Oxa- 
diazolones with special reference to Cross-Resistance and Rates of 
Emergence of (Prof A E Wilder Smith and Hans Brodhage) 1195 

Resistance of Rats to Drowning and Histamine Stress Effects of Thym- 
ectomy on the (Dr A S Weltman and A M Sackler), 460 

Resistance of Varieties of Cocoa to Black Rod Disease caused by Phytophthora 
palmivora (Butl ) But! Probable Mechanism of (Dr John A 
Spence), 278 

Resistance (Organophosphorus-) and Non-Diapause in Spider Mites 
Relation between (W Helle), 1314 

Resistivity (High-) Gallium Arsenide — Energy-Level Model for (J Blanc 
and L R Weisberg), 155 

Resolution of Pathological Human Gamma-Globulins by Starch-Gel Electro- 
Phoresis (J P Binette and K Schmid), 732 

Resonance Electron Spin (Chemical Society Symposium on), 1034 

Resonance (Electron Paramagnetic), and Antiferromagnetism in LaCrOs 
(L Weinberg and P Larssen), 445 

Resonance (Magnetic and Electric), and Relaxation (Netherlands Physical 
Society and the Groupement Arpere International Conference on), 213 

Resonance Phenomenon (Triple), in Plasmas (T J Bellanca, Prof R S 
Elliott and J J Erlinger), 543 

Resonance Signals (Electron-Spin), from Lyophilized Bacterial Cells exposed 
to Oxygen (Dr M B Lion, Dr J S Kirby-Smith and Dr M L 
Randolph), 34 

pee elles g Poel Conca Dy (Nuclear Magnetic) of Proteins—the Hydrogen 

1 


Report for 1956- 


2n ng of Water in Bovine Serum Albumin Solutions (F A Bovey), 
Resources (The Mineral), of Uganda (compiled and edited by Dr J W 
Barnes), 


INDEX 


Resources (Natural) Role of Science in the Development of, with parti- 
cular reference to Iran, Pakistan and Turkey (Stientific Council of 
the Central Treaty Organization Symposium on), 609 

Respiratory Chain Phosphorylation in Sub-Cellular Particles isolated from 
the Hepatopancreas of Carcinus maenas (Dr R B Beechey), 975 

Response of Catfish Barbels to Taste Stimuli (Hideki Tateda), 343 

Response of Chloroplast Cytochromes to Light and Substrates (Prof H 
Lundegárdh), 243 

Response of the Reticulo-Endothelial System to Stimulation with CEstrogens 
(Prof T Nicol, D L J Bilbey, J Cordingley and C Druce), 978 

Response (Generalised Skeletal), on Local Trauma in Young Rats studied by 
means of '*Ca-Metabolism. (Dr Jaromir Kola¥ and Dr Arnošt 
Babicky), 1297 

Response (Intracellular), to an lso-immune Reaction at the Surface of 
Ascites Tumour Cells (D C Dumonde, Clarice M Walter, Lucille 
Bitensky, Prof G J Cunningham and 1. Chayen), 1302 

Response (Motor), of the Isolated Guinea Pig Vas Deferens to Hypogastric 
Nerve Stimulation Effect of some Smooth Muscle Stimulants on the 
(Dr Nils O Sjostrand), 1190 

Response (Rocking), of Automeris 
(Dr A D Blest), 373 

Responses of Dwarf Groundsel to Gibberellic Acid 
on the (K H Basford), 992 

Restriction to Diffusion of Macromolecules A Cell for Rapidly Measuring, 
through Agar Gels of various Pore Sizes (G K Ackers and R L 
Steere), 436 

Result of Buoyancy Effects 
(A A Putnam), [277 

Results (lonospheric), obtained during the International Geophysical Year 
Some—Proceedings of a Symposium organized by the UR S1/A GI 
Committee, at Brussels, 1959 (edited by W J G Beynon), review 


by A F Wilkins, 840 
Maure of (Monica Liu and G W 


Effect of Pupal Brain Surgery on the 


Effect of Environment 


Vortex Shedding from the End of a Tube as a 


Retention (Sulphate), by Acid Soils 
Thomas), 384 
Retention Factors (Group), in the Gas—Liquid Chromatography of Steroids 
(R B Clayton), 524 
Reticular Formation Effects of Electrical Stimulation of, on the Lactic Acid 
Content of the Rat Brain (Dr Lj Mihailović, Lj. Krzalic and D Cvet- 
kovic), 1166 
Reticulo-Endothelial System Response of the, to Stimulation with 
CEstrogens (Prof T Nicol, D L J Bilbey,} Cordingley and C Druce), 
978 
Retinene-[ in Insect Tissues (Michael H Briggs), 874 
Retrospect Formal Logic in, review by F | G Rawlins, 693 
Revans Prof R W At the twenty-seventh Conference of the International 
Federation for Documentation (Documentation of Management) 
219 
Reversal of Toxicity of 5-Fluorouracil and 5-Fluorodeoxyuridine for Candida 
albicans by Pyridoxine and Pyridoxamine (Dr M L Littman and 
Dr T Miwatani), 1155 
Reversible Solid-State Transformation (A New), in Iron-Nickel Alloys in 
the Invar Range of Compositions (Prof N | Ananthanarayanan and 
R J Peavley), 962 
Reversion in T4rll Bacteriophage to rt induced by Ultra-Violet Irradiation 
Detecting (Prof C E Folsome and D Levin), 1306 
Revesz L (Solymosi, Dr F, and) Thermal Decomposition of Ammonium 
Perchlorate in presence of Zinc Oxide, 64 
Revision of School Science Curricula, 307 
Reynolds, Dr G F Appointed reader in analytical chemistry at the Lough- 
borough College of Technology, 115 
Reynolds, Prof S R M Sensory Deprivation and Foetal Circulatory 
Homeostasis, 818 
Rhamnose from Rabbit Skin Isolation and Identification of (Ina Malawista 
and Prof E A Davidson), 871 
Rheological Equipment _ Exhibition of (Cambridge Rheology Club), 308 
Rheology, Society of — Transactions of the, Vol 5, 1951 (edited by E H 
Lee), review by Dr G W Scott Blair 1008 
Bingham Medal for 1960 awarded to Dr B H Zimm, 1008 
Rheology Club (Cambridge) Exhibition of Rheological Equipment, 308 
Rhizobium on Clover Seeds Survival of (J F Loneragan, D V Moye and 
A J Anderson), 526 
Rhizobium meliloti | Survival of, in Soil Culture (H L Jensen), 682 
Rhodes, A, and others — Venturicidin, a New Antifungal Antibiotic of 
Potential Use in Agriculture, 952 
Rhodes, Prof F H T  Chitinozoa from the Ordovician Nod Glas Forma- 
tion of Mer:ioneth, 275 
Rhodesian (Northern) Copper Deposits 
J H Taylor, 98 
Rhodesian (Northern) Copperbelt The Geology of the (edited by Dr F 
Mendelsohn), review by Prof J H Taylor, 98 
Rhodium (23 per cent) Hydrogen Overvoltage at Cathodes of 77 per cent 
Palladium and (4 C Barton and Dr F A Lewis), 549 
Rhodopseudomonas capsulatus and Azotobacter yvinelandi Production of 
Slime Substance in Mixed Cultures of (Prof Azuma Okuda and 
Michiharu Kobayashi), 1207 
Rhubarb Petioles — Auxin Activity in Ether-insoluble Fractions of Extracts 
of (B E S Gunning), 661 
Ribeiro, L P, and others Paper Electrophoresis, review by Dr GVF 
Seaman, 593 
Riboflavin Effect of, on Liver Histomucoid (Luiz A Abreu and R Raposo 
Abreu), 261 
In vivo and in vitro Inhibition of Aromatic Hydroxylation by (K H 
Harper and Dr G Calcutt), 165 
Riboflavin and Liver Sulphydryl-Levels in Mice (Dr G Calcutt, D Doxey 
and Joan Coates), 164 
Ribonuclease Effect of, on Shell Regeneration in Ariophanta sp (K K Nair 
and P T Muthe), 674 
Ribonuclease (Deoxyribonuclease and) Action of, on the Growth of 
Ehrlich Ascites Carcinoma in Mice (Dr Gaston de Lamirande), 52 
Ribonuclease (Deuterated) Crystallization of (Dr J Bello and Dr D 
Harker), 756 
Ribonucleic Acid Changes in the Concentration of, during Wound Tissue 
Regeneration (Martin B Williamson and Wilhelm Guschlbauer), 454 
Distribution of, in. Subcellular Fractions of various Regions of the 
Central Nervous System of the Rat (T Borkowski, S Harth, R Mar- 
dell and Prof P Mandel), 456 


Origin of the, review by Prof 


INDEX 


Ribonucleic Acid Biosynthesis Manner of expressing Rate of (D G 
Fraenkel and F C Neidhardt), 677 

Ribonucleic Acid (Soluble) Conservation of the Biological Activity of a 
(J H Weil, Prof J P Ebel and R Montrer), 169 

Ribonucleoprotein Two Types of, in the Nucleolus of Intestinal Carcinoma 
of the Newt following Injection of Herring-Sperm Deoxyribonucleic 
Acid (Prof A Stolk), 1215 

Rice Soils (Australian) — Nitrogen-fixing Blue-Green Algae in (Dr J S 
Bunt), 479 

Ricerche, Consiglio Nazionale della Monografie Matematiche, 7, Lectures 
on Modern Geometry (Prof Beniamino Segre), review by L Roth, 847 

Richards, Prof E J Astronautics (Some Problems of Noises in Ballistic 
Missiles), 312 

Richards, Prof E J 
Missiles), 312 

Richards, E W T, and others 
Hyperfine Splitting, 444 

Richards, J P (Harris, N D ,and) Influence of Adding Salts to the Medium 
on Counts of Phenol-treated Escherichia coli on Membrane Filters, 87 

Richards, Dr J R (Evernden, Dr J F,and)  Potassium-Argon Ages at 
Broken Hill, Australia, 446 

Richards, Prof O W Insect Polymorphism, 412 

Richards, Dr T C Interpretation of Geophysical Surveys, 1244 

Richards, W J Resignation as director of the Royal Radar Establishmert, 
I8, work of, 18 

Richardson, D N , and others 
trophic Function, 1191 

Ricketts, Dr C R (Maycock, Dr W d’A, and) 
during Prolonged Storage, 174 

Rickettsia-like Micro organisms (Intracellular), in certain Ticks (M A 
Roshdy), [86 

Riddiford, Dr L Appointed senior lecturer in the Department of Physics 
in the University of Birgingham, 406 

Rideal, Sir Eric Colloids (Colloid Science—a Century of Progress), 930 

Ridgeley, A, and others Nuclear Spin of Protoactinium-231 from Hyper- 
fine Splitting, 444 

Rieband, Dr F — Appointed lecturer in the Department of Mechanical 
Engineering in the University of Birmingham, 507, 1241 

Riegels, F W (schrifthetung) Ludwig Prandtl Gesammelte Abhandlungen 
zur Angewandten Mechanik, Hydro- und Aerodynamik (heraus- 
gegeben von Walter Tollmien, Hermann Schlichting und Henry 
Gortler), Teile 1-3, review by M James Lighthill, 841 

Riemann Surfaces (Prof Lars V Ahlfors and Prof Leo Sario), review by 
Prof W K Hayman, 847 

Analysis on, review by Prof W K Hayman, 847 

Riemann Zeta Function Tables of the (C B Haselgrove, in collaboration 
with J C P Miller), (Royal Society Mathematical Tables, Vol 6) 
review by Prof C A Coulson, 97 

Rietveld, H M, and others X-Ray and Neutron Diffraction Examination 
of p-Diphenylbenzene, 154 

Rig (Test) Solid Propellant Rocket Motor (P A Hilton and Co ), 608 

Rigal, Dr W M Uptake and Incorporation of Tritiated Thymidine in 
in vitro Culture, 768 

Rinderpest Virus (Lapinized) Transmission of, by Contact between Rabbits 
(Dr G R Scottand C S Rampton), 289 

Ring, Richard A , and others — Intestinal Proteinases in an Insect, Calliphora 
vomitoria L , 999 

Ring System (Porphyrin) Detection of Carboxyl Groups in Conjugation 
with the (P S Clezy), 750 

Ringbom, A Microchemical Techniques (Value of Photometric Titrations 
for Metal lons present ın Small Amounts or at extremely Low Con- 
centrations), 4l I 

Ringnes, T S Secular Variations of Short-lived Sunspots, 151 

Rings Normed (M A Naimark), translated from the first Russian edition 
by Leo F Boron, review by Dr F Smithies, 201 

Riometer Observations during a Solar Eclipse (M A Gordon), 249, erratum, 


132 

Rischbieth, J R , and Marson, F A Coating with Antifouling Properties 
non the Reaction between Cuprous Oxide and Sodium Silicate, 
7 

River (Mackenzie) Delta Effect of a Lake on Distribution of Permafrost in 
the (G H Johnston and R J E Brown), 251 

River-Names The Grayling Fish and (John Tutin), 1102 

Riviere, M At the Seventh Biennial Conference of the International 
Union of Leather Chemists Societies (John Arthur Wilson Memorial 
Lecture), 613 

Roadside Planting Ornamental Trees for Garden and (S A Pearce), review 
by F P Knight, 852 

Robertson Dr G B Crystal and Molecular Structure of Diphenyl (August 
5, 593), erratum, 1026 

Robertson, Dr G B and others  Eight-Co-ordinate Diarsine Complexes 
of Quadrivalent Meta! Halides, 222 i 

Robertson, Prof H P Obituary by Prof A H Taub, 797 

Robertson Dr RandalM — Appointed associate director (research) of the 
United States National Science Foundation, 922 

Robertson Prof R N, and others Electrolytes and Plant Cells, review 
by Dr James F Sutcliffe, 831 

Robinson, Rev J Priests and People, review, !02 

Robinson, K L (Raven A M,and) Comparative Effects of Wet and Dry 
Feeding on the Utilization of Protein by Calves, [256 

Robinson, Sir Robert Chemistry in the Service of Medicine, [018 

Robinson, S J (Hargrave, P, and) Microwave Measurement Techniques 
(Equipment for Instantaneous Impedance Measurement), 409 

Robinson, Prof T J (Lindsay, D R , and) Cstrous-inducing Activity of 
Testosterone in the Ewe, 761 

Robson, Prof H N (Kinlough, M A, and) Chromosome Preparations 
obtained directly from Peripheral Blood, 684 

Rocha e Silva, M, and others A Micromethod for the Determination of 
Bradykininogen in Blood Plasma, 1194 

Rockefeller Foundation The President's Review from the Annual Report, 
1960 (G J Harrar), 587 

Rocket Motor Test Rig Solid Propellant (P A Hilton and Co ), 608 

Rocket Propulsion Thirty Years Ago (Paul Adorian), reprint, 308 

Rocket Society (American) Spaceflight Report to the Nation, 1244 

Rocking Response of Automeris Effect of Pupal Brain Surgery on the (Dr 
A D Blest) 373 


Astronautics (Some Problems of Noises in Ballistic 


Nuclear Spin of Protoactinium-231 from 


Non-steriod Inhibitors of Pituitary Gonado- 


Stability of Dextran 


Ixxxiti 

Rocks in the Lizard (Cornwall) Area Age Determinations of (J A Millet- e 
and D H Green), 1175 

Rocks (British Cambrian) Differential Secondary Magnetization in some 
(D E T Bidgood), 39 

Rocks and Minerals used by the British Ceramic Industry (Exhibition of, ac 
the Geological Museum, London), 21 

Roden, Lennart, and others Rapid Preparation of Fluorescent Antibodies 
using Gel-Filtration, 182 

Rodger, Prof Alec Occupational Versatility and Planned Procrastination 
(Inaugural Lecture at Birkbeck College, London), 607 

Roe, Dr FrancisJ C Cancer of the Rectum, review, 197 

Progress in Cancer Research, review, 298 

Roels, H (Brafiez, E, and) Variations in the Nuclear Deoxyribonucleic 
Acid Content in the Adrenal Cortex of the Female White Rat during 
the CEstrual Cycle, 1043 

Rogasch, P E At the Third Australian Spectroscopy Conference (Infra-red 
Studies on Hydrogen Bonding—Proton Transfer can occur in Systems 
that are Strongly Hydrogen-bonded), 927 

Rogasch, P E (Drummond, L J, and) At the Third Australian Spectro- 
scopy Conference (Spectral Characteristics of the Emission from 
Active Nitrogen-Chlo-oform and Active  Nitrogen-Methylene 
Chloride Flames), 928 

Rogers, Dr M A T At the twenty-seventh Conference of the Inter- 
national Federation for Documentation (Scientific and Technical 
Information), 219 

Rogoff, Martin H, and Wender, Irving 
Coal, 378 

Role of Cell Diviston in Gastrulation of the Viviparous Toothcarp Xipho- 
phorus helleri (Prof A Stolk), 374 

Role of Experience in Misreaching produced by Visual Cortex Lesions 
(A Cowey and Dr L Weiskrantz), 1319 

Role of Hageman Factor in the Activation of Vasodilator Activity in Human 
Plasma (Dr M E Webster and O D Ratnoff), 180 

Role of Immunization in Communicable Disease Control (United Nations 
World Health Organization, Public Health Papers No 8), 20 

Role of Keto-Enol Tautomerism in the Polarographical Reduction of some 
Carbonyl Compounds (Dr P Zuman and Dr J Mich!) 655 

Role of Science in the Development of Natural Resources with particular 
reference to lran, Pakistan and Turkey, (Scientific Council of the 
Central Treaty Organization Symposium on), 609 

Role of Stenosis of the Extracrarial Cerebral Arterses Cerebral Infarction 
—the (Dr Peter O Yates and Dr Edward C Hutchinson), (Medical 
Research Council, Special Report Series No 300), 319 

Role of the Thymus in Polysaccharide Metabolism (G Csaba, G Toth, 
Prof | Toro, Th Acs and L Csaki), 1304 

Role of Water-regulating Mechanisms in Amphibtan Morphogenesis—a 
Quantitative Hypothesis (Peter Tuft), 1049 

Rolt, WF, and others Effect of Copper Deficiency in White Clover on 
Nitrogen Fixation, 1315 

Roman, Dr P Introduction a l'Électrodynamique Quantique, review, BEN 

Roman Catholic View of Evolution, review by the Rev Charles E Raven, 827 

Romney Ewes Fibre Follicles in (Dr A B Wildman), 997 

Rontgenstrahlinterferenzen (Max von Laue), review by Prof H Lipson, 854 

Room, Prof T G Elected president of the Australian Mathematical 
Society, 114 

Roonwal, M L, and Sen-Sarma, P K Contributions to the Systematics of 
Oriental Termites, review by W V Harris, 851 

Root-Growth Activity of Deoxyribonuclease as related to (Dr R 
Goutier and M Goutier-Pirotte), 371 

Root-Pressures in Palms High (T A Davis) 277 

Rootes, D G , and others Limitations of the Periodic Acid—Schiff Techni- 
que tor the Demonstration of Stages of E:meria in Tissues, 1315 

Rooting (Adventitious) Structure of the Plant Stem in relation. to 
(A Beryl Beakbane), 954 

Roots cee Cotton) Biosynthesis of Gossypol by (Prof F H Smith), 
88 


Biologically Active Materials in 


Roots (Plant) Effect of Plant Growth Compounds on Uptake of Amino- 
Acids by (D E Wright), 1044 

Roots (Tomato) Effect of Water Movement on Salt Movement through 
(William Lopushinsky and Paul J Kramer), 994 

Rootstock Influence on the Flowering of Seedling Apples (H M Tydeman), 
83 


Rorsman, Dr Hans (Fregert, Dr Sigfrid, and) Allergy to a Carbon- 
Functional Organic Silicon Compound Dimethyldi-(4-hydroxy- 
phenyl)-silane, 989 

Rosa, Prof C G , and Tsou, Kwan-Chung Use of Tetrazolium Compounds 
in Oxidative Enzyme Histo- and Cyto- Chemistry, 990 

Rosbaud, Dr P Awarded the John T Tate Medal of the American Institute 
of Physics, 112 , work of, !12 

Rose, C H Rheological Equipment (The Dye Dilution Curve Recorder), 
308 


Rose, Dr F L Chemistry in the Service of Medicine (Origin and Rise of 
the Synthetic Drugs), 1019 

Rose G, and others Round-the-World Sound Waves produced by the 
Nuclear Explosion on October 30, 1961, and their Effect on the 
lonosphere at Sodankyla, 1173 

Rose,Dr H E Title of professor of powder technology (at King's College, 
Londen) conferred on, 1132 

Rosenberg, Leon E and others Paradoxical Effect of Phlorizin on Glucose 
Uptake and Intracellular Accumulation of Amino-Acids tn Rat Kidney 
Slices in vitro, 1085 

Rosenblatt, Dr M G, and others 
Cornea in vitro. 73 

Rosenfeld, Sheldon, and others 
mental Nephrosis, 562 

Rosenhead, Prof L The New Mathematics and Oceanography Building 
of the University of Liverpool, 1133 

Intracellular Rickettsia-Itke Micro-organisms in certain 


Effect of Aldosterone on the Living 


Plasma Albumin Catabolism in Experi- 


Ross, Hazel F, and others Incorporation of '*C-Glycine by Sub-Nuclear 
Preparations from Rat Liver Nuclei, 171 

Ross, Dr | G = At the Third Australian Spectroscopy Conferegce (Optical 
Masers), 928 

Ross, Dr 1 G (McCoy, E F, and) At the Third Australian Spectroscopy 
Conference (Change of Shape tn Electronic Transitions of Polycyclic 
Aromatic Hydrocarbons) 927 


Ixxxiv 


e Rotation (Lattice), at Slip Band Intersections (Dr A S Argon and Prof E 
Orowan), 447 

Rotation Viscometers and their Application to Non-Newtonran Measure- 
ments (Dr R MeKennell), 308 

Rotational Analysis of *Cu?*C| Bands (Prof R K Asundi, P Ramakoteswara 
Rao and J K Brody), 444 

Rotational Analysis of the A7IJ~X2+ System of MgCl (E Morgan and Dr 
R F Barrow), 1182 

Roth, Franklin E, and others A Non-diuretic Benzothiadiazine with Anti- 
hypertensive Properties, [76 , erratum, 802 

Roth, L Modern Geometry, review, 847 

Roth, Dr N , and others Growth Hormone Content of Serum in Infants, 
Children, Adults and Hypopituitary Dwarfs, 1051 

Rothamsted Experimental Station Promotion of Dr B Kassanis to Senior 
Principal Scientific Officer, 215 

Promotion of Dr A Kleczkowski to Senior Principal Scientific Officer, 

215 


Rothschild, Jennifer, and Howden, Dr G F Effect of Chlorinated Hydro- 
carbon Insecticides on Insect Choline Acetylase, Condensing Enzyme 
and Acetylkinase, 283 

Rough Dwarf Virus (Maize) Accumulation of Asparagine in Maize Plants 
infected by, and its Srgnificance in Plant Virology (Dr | Harpaz and 
S W Applebaum), 780 

Round-the-World Sound Waves produced by the Nuclear Explosion on 
October 30, [961, and their Effect on the Ionosphere at Sodankyla 
(G Rose, J Oksman and E Kataja), 1173 

Rous Sarcoma Cells Ultrastructural Alterations during the Crabtree 
Effect in (Prof Alvin S Levine, Ruth Petraitis and James Green), 1271 

Rous Virus Inactivation of, by Phospholipase A (H A Drayton), 896 

Rowett Research Institute, Aberdeen Grant of £10,500 from the Wellcome 
Trust, for the purchase of new radiographic equipment, 212 

Rowland, G F, and others Incorporation of '*C-Glycine by Sub-Nuclear 
Preparations from Rat Liver Nuclei, 171 

Rowlands, Dr 1 W . Appointed by the Zoological Society of London as 
a er Research Fellow in reproductive physiology, 211 , work of, 
211 


Royal Agricultural Society of England Medal and Award for research on 
Agriculture, 609 
Royal Aircraft Establishment, Farnborough Promotion of Prof J C Cooke 
to Senror Principal Scientific Officer, 214 
Promotion of R J Atkinson to Deputy Chief Scientific Officer, and 
head of the Structures Department, 306 
Royal Astronomical Society and the Geological Society Geophysical 
Discussion on the Interpretation of Geophysical Surveys, 1242 
Royal Commission for the Exhibition of 1851 Eleventh Report, 1239 
Record of the Science Research Scholars (1891-1960), 1240 
Royal Dutch Institute of Engineers (Society of Instrument Technology and 
my Joint Conference on Measurement and Control Technology, 
12 
Royal Entomological Society Symposium on Polymorphism in Insects, 412 
Royal Free Hospital School of Medicine, London Appointment of J C G 
Coleridge as reader ir physiology, 1132 
Royal Greenwich Observatory Promotion of B E J Pagel to Senior 
Principal Scientific Officer, 214 
Changes in Times of International Time Signal, 1023 
Royal Institute of Chemistry Atmospheric Photochemistry (Sir Harrie 
Massey and Dr A E Potter), 213 
A Chemist's Introduction to Statistics, Theory of Error and Design of 
Experiment (Dr D A. Pantony), 213 
Recent Developments in Polarography (Dr G W C Milner), 213 
Meldola Medal for 1961 (Society of Maccabaeans), 309 
Summer School in Analytical Chemistry at the Manchester College of 
Science and Technology, 608 
Royal ID EUMU Christmas Lectures by Sir Lawrence Bragg (Electricity), 
026 


Royal Institution of Naval Architects Denny Scholarship in Marine Engin- 
eering (1961) awarded to David K Brown, 309 
Parsons Scholarship tn Marine Engineering (1961) awarded to Alan B 
Turner, 309 
Royal Medal of the Royal Soctety awarded to Prof C F Powell, 707, 905 
Royal Men of the Royal Society awarded to Sir Wilfrid Le Gros Clark, 
07, 906 
Royal Meteorological Society Symposium on Winds and Circulation in the 
Upper Atmosphere, 12 
Symposium on Medium Range Diffusion in the Atmosphere, 13 
Royal Military College of Science, Shrivenham Promotion of Dr G B 
Preston to Senior Principal Scientific Officer, 214 
Royal Ontario Museum New Mineral and Gem Gallery, 607 
Royal Radar Establishment Resignation of W J Richards as director, 18 
Appointment of Dr G G Macfarlane as director, 18 
Promotion of Dr A F Gibson to Deputy Chief Screntific Officer, 214 
Royal Scottish Museum (Dr D A Allan), 215 
Royal Society of Edinburgh Election of Officers, 505 
Royal Society of London Philosophical Transactions of the (Dr W P D 
Wightman), 23 (Dr O M Lidwell), 584 
Mathematical Tables, Vol 5, Representations of Primes by Quadratic 
Forms (prepared by Hansraj Gupta, M S Cheema, A Mehta and 
S P Gupta), (edited byJ C P Miller), review by Prof C A Coulson, 
7 


Mathematical Tables, Vol 6, Tables of the Riemann Zeta Function 
(C B Haselgrove, tn collaboration with J C P. Miller), revrew by 
Prof C A Coulson, 97 

Mathematical Tables, Vol 7, Bessel Functions (edited by F W J Olver), 
Part 3, Zeros and Associated Values, review by Prof C A Coulson 97 

Invitation for a delegation from the Academia Sinica in Peking to visit 
Britain, 21 

Copley Medal awarded to Sir Hans Krebs, 606, 905 

Davy Medal awarded to Prof D H R Barton, 606, 906 

Sylvester Medal awarded to Prof P Hall, 606, 906 

Hughes Medal awarded to Prof A H Cottrell, 606, 907 

Royal Medal awarded to Prof C F Powell, 707, 905 

Royal Medal awarded to Sir Wilfrid Le Gros Clark, 707, 906 

Leverfulme Tercentenary Medal awarded to Sir Cyril Hinshelwood, 907 

Activities of the (Sir Howard Florey), 905 

Anniversary Address, Exchange of Substances between the Blood and 
Tissues (Sir Howard Florey), 908 


INDEX 


Election of Officers for 1962, 918 
The Halley Bay Expedition of the, review by Dr R Stoneley, 1004 
Expedition to Tristan da Cunha, 1129 
Discussion on Mechanisms of Virus Infections, 1246 
Royal Society International Geophysical Year Antarctic Expedition, Halley 
Bay, Coats Land, Falkland Islands Dependencies, 1955-1959 (General 
Editor, Sir David Brunt), Vol 1, Introductions, Aurora and Airglow, 
Geomagnetism, review by Dr R Stoneley, [004 
Royal Society of Medictne Christmas Lectures, 1026 
Roycroft,! D Awarded a Fellowship in solid-state physics in the Univer- 
sity of Glasgow, 1132 
RP2-L—a Nuclear Protein of Neoplastic Tissues Binding of, to Deoxyribo- 
nucleic Acid (Paul Byvoet and Prof Harris Busch), 870 
Rubber Research Institute of Malaya (sponsored by the, with the support of 
the Government of the Federation of Malaya and the Rubber Pro- 
ducers’ Council of the Federation of Malaya) Natural Rubber 
Research Conference—Proceedings of the (Kuala Lumpur 1960), 
review by Dr W F Watson, 491 z 
Rubber (Natural) Producers’ Research Association Symposium on 
Fundamental and Practical Approaches to Ageing Protection, [15 
Rubber (Natural) Research Conference Proceedings of the (Kuala 
Lumpur 1960), (sponsored by the Rubber Research Institute of 
Malaya, with che support of the Government of the Federation of 
Malaya and the Rubber Producers’ Council of the Federation of 
Malaya), review by Dr W F Watson, 49] 
Rubeanic Acid as Stabilizer of Aqueous Solutions of Ascorbte Acid (Alek- 
sandra Smoczkiewiczowa and Janina Grochmalicka), 161 
Rubin, Dr Alan A, and others A Non-diuretic Benzothiadiazine with 
Antihypertensive Properties, [76 , erratum, 802 
Rubin, Dr Emanuel, and others Nature of Increased Protein and DNA in 
Chronic Hepatic Injury, 886 
Rubin, R P (Douglas, Prof W W,and) Mechanism of Nicotinic Action 
at the Adrenal Medulla—Calcium ag a Link in Stimulus-secretion 
Coupling, [087 
Rubin de Celia, Enrique, and others Epidemiological Surveys on Chagas’ 
Disease in the Village of Matalaque, Southern Peru, 921 
Ruby Masers (Optical) Mode Characteristics and Coherence in (Dr 
I D Abella and Dr C H Townes), 957 
Ruhenstroth-Bauer, Prof G (Sachtleben, P, and) Agglutination and the 
Electrical Surface Potential of Red Blood Cells, 982 
Rumberg, B, and others Oxidized Cytochrome and Chlorophyll Cat 
tn Photosynthesis, 967 
Ruminant Dietary Citrate and Hypomagnesaemia in the (A W A Burt 
and D C Thomas), 1193 
Runeckles, Dr V C Plant Phenolics Group of North America, 418 
Runner Bean Seeds ‘Bound’ Gibberellin in Mature (A J McComb), 575 
Rush, C A ‚and Miller, J |  Microchemical Techniques (Barium Isopropyl 
Methylphosphonate as a rigorous Reference Standard for Carbon, 
Hydrogen, Phosphorus, Bartum and Alkoxyl), 411 
Rushton, Dr K R Appointed lecturer in civil engineering at the Univer- 
sity of Birmingham, 406 
Rushton, Dr Ruth, and others Modification of the Effects of an Amphet- 
amine-Barbiturate Mixture by the Past Experience of Rats, 533 
Ruskell, Gordon L, and others Anatomy and Histology of the Eye and 
Orbit in Domestic Animals, review by Dr E N Willmer, 295 
Russell, Sir John The Soil as an Environment for Animal Life (Soil contains 
four groups of Components), 315 
Honour of Commander of the Order of Agricultural Merit conferred 
on, by the French Minister of Agriculture on the occasion of the 
bicentenary of the French Academy of Agriculture, [132 
Russell, Sir John, and Wright, Dr Norman C (edited by) Hunger—Can 
it be Averted ?, 417 
Russell, R Scott (edited by J F Loutitand) The Entry of Fission Products 
into Food Chains, review by Dr Hugh D Evans, 6 
Russell, T A — Trees of Consequence, review, 488 
Wealth of the Forest, review, 693 
Russia (Asiatic) Some Aspects of, review by Prof S | Tomkeieff, 200 
Physical Geography of (S P Suslov), translated from the Russian by 
Noah D Gershevsky , edited by Joseph E Williams, review by 
Prof S | Tomkerteff, 200 
Russian Large Nuclear Explosions Microbarograph Records from the 
W Carpenter, G Harwood and T Whiteside), 857 
Russian Nuclear-Weapons Tests of September 1961 Radioactivity in Ran- 
fall during September 1961 following the (Keith Boddy), 443 
Russian Parasitology Ecological Branch of, review by Dr Ben Dawes, 832 
Russian Space Research, 19 
Rutgers State University Center of Alcohol Studies transferred from 
Yale University to, 404 
Rutherford (Lord) Award of the British Institution of Radio Engineers 
awarded to E C Fellows, 609 
Rutherford Jubilee International Conference on Nuclear Physics (Dr A 
Herzenberg), 794 
Ryan, B  Thalassaemia in Melanesia, 75 
Ryan, Dr B P K ‚and Parsons, | C — Glucose-6-Phosphate Dehydrogenase 
Activity in Papuans, 477 
Ryan, J, and others A Micromethod for the Determination of Brady- 
kininogen in Blood Plasma, 1194 
Rybicka, Krystyna Cell Reduction in the Embryonic Development of the 
Cestode Diorchis ransom: Schultze (1940), 771 
Rychter, Z (Lemez, L, and) Number of Re-Circulations of Chick Embryo 
Erythrocytes, 1298 
Rytomaa, Tapro, and Teir, Prof Harald Relationship between Tissue 
Eosinophils and Peroxidase Activity, 27 


SAACKE, R G, and Almquist, Prof J O 
Spermatozoa, 995 

Saarı, Prof E At the Thirteenth Congress of the International Union of 
Forest Research Organizations (Translations of the Classification, 
and Terminology), 615 

Sabine, T M , and others X-Ray and Neutron Diffraction Examination of 
p-Diphenylbenzene, [54 

Sabine (Wallace Clement) Award of the Acoustical Society of America 
given to Dr Leo L Beranek 507 710 


Freeze-drying of Bovine 


INDEX 


Sachtleben, P, and Ruhenstroth-Bauer, Prof G Agglutination and the 
" Electrical Surface Potential of Red Blood Cells, 982 
Sackler, A M (Weltman, Dr A S,and) Effects of Thymectomy on the 
Resistance of Rats to Drowning and Histamine Stress, 460 
Sadhu, D P (Chaudhuri, Sukhen, and) Thyroid Activity at Higher 
Ambient Temperatures, 560 
Sadler, Dr P W (Bauer, Dr D J, and) Research on the Chemotherapy 
of Virus Diseases (Antiviral Action of Derivatives of Isatin f-thio- 
semicarbazone on Viruses of the Pox Group), 807 
Sadler, Dr P W (O'Sullivan, Dr D G,and) Agents with High Activity 
against Type 2 Poliovirus, 34I 
Sadri, Katy K, and others Complement-fixing Antibodies to Human 
ae Hormone and Sheep Interstitial Cell Stimulating Hormone, 
2 
Sadron, Ch Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Macromolecular Structure of DNA), 24 
Saenz, J P (Valverde, R , and) Production of ‘Active’ Magnesium Oxide 
by Heating in Vacuum 3653 
Safety in Mines Research Establishment 
of Power), 709 
The Arthropod Parasites of Vertebrates in Africa South of the 
(Ethiopian Region), Vol |, Chelicerata (edited by F Zumpt), review 
by Dr F A Turk, 1222 
Saito, Dr S, and others Soluble Collagen in Bone, 758 
Saito, Tsuneyuki (Arai, Ken-ichi, and) Changes in Adenine Nucleotides 
in the Muscles of some Marine !nvertebrates, 451 
Saito, Tsuneyuk: (Tsurino, Isami, and) A New Unsaturated Uronide 
isolated from Alginase Hydrolysate, 970 
Salaries Personnel Management—Report of a Survey undertaken in 
February-March 1961 (Institute of Personnel Management), 506 
Application of Atomic Absorption Spectroscopy to the Deter- 
mination of Calcium tn (Ernest Newbrun), 1I 
Saliva of a Plant-Bug Oxidase Activity in the (P W Miles and Ann 
Helliwell), 374 » 
Saliva (Mixed), from Sheep (W R McManus), II6i 
Saliva (Sheep) Secretion of Nitrogen in (M Somers), 318 
Salivation (Parotid), in Sheep Effect of Urea Ingestion (A D Wilson), 271 
Salmon (Canadian), caught off Greenland (C J Kerswill and M H A 
Keenleyside), 279 
Salmonella typhimurium after Irradiation with Ultra-Violet © Chromato- 
graphy and Nucleotide Sequences of Deoxyribonucleic Acid synthe- 
sized in (T. Hudnik-Plevnik and Dr L A Stocken), 554 
Electrolytic Manufacture of Chemicals from (Dr D W F Hardie), 
review by Dr M J Newlands, 902 
Salt Concentrations (High and Physiological) Antigen—Antibody Preci- 
pitation contrasted in Gels of (Dr Alfred J Crowle and David C 
Lueker), 50 
Salt Deserts of the World Salt Marshes and (Prof V J Chapman), review 
by Prof W T Williams, 833 
Salt Marshes and Salt Deserts of the World (Prof V J Chapman), review 
by Prof W T Williams, 833 
Sale Movement through Tomato Roots Effect of Water Movement on 
(William Lopushinsky and Paul J Kramer), 994 
Influence of adding, to the Medium on Counts of Phenol-treated 
Escherichia coli on Membrane Filters (N D HarrisandJ P Richards), 87 
Salts of Methylated Purines and Pyrimidines Crystal Structures of (R F 
Bryan and K Tomita), 812 
Salts (Organic) Influence of some, on the Absorption of Potasstum by 
Vermiculite (Prof M M Mortland), 481 
Samples of Groundnuts Toxicity associated with certain (Dr M C 
Lancaster, F P Jenkins and J McL Philp), 1095, (Dr K Sargeant, 
Ann Sheridan, J O'Kelly and R A Carnaghan), [096 
Samples (Biological) Estimation of Mass Thickness of, from their Electron 
Micrographs (M L De), 546 
Samples (Nucleic Acid) Ferromagnetic Inclusions in (W M Walsh, jun , 
R G Shulman and R D Heidenreich), 1041 
Sampling and Analysis of Combustion Products, review by Dr C F Cullis, 


Annual Report for 1960 (Ministry 


Sahara 


Saliva 


Salt 


Salts 


Sampling (Gas), and Chemical Analysis in Combustion Processes (Prof 
G Tine), review by Dr C F Cullis, 1108 

Samuel, Prof Pierre (Zariskt, Prof Oscar, and) 
Vol 2, review by Prof L S Goddard, 855 

Sandage, Dr Allan The Hubble Atlas of Galaxies, review by Prof R O 
Redman, 838 

Sandermann, Prof W Wood Extractives (Biogenesis of Terpenes in 
Plants), 511 

Sanders, Dr A G Mechanisms of Virus Infections, [248 

Sanders, Dr H G At the First British Insecticide and Fungicide Con- 
ference (Increasingly Important part played by Chemicals in Farm- 
ing), 1140 

Sanders, Dr J H Maser Theory, review, 202 

Awarded a grant of £1,500 from the Paul Instrument Fund (in supple- 
ment ofa previous grant), for the construction ofan optical maser, 708 

Sanders,J L ,andothers Piturtary Effect on Synthesis of Deoxyribonuclerc 
Acid in Regenerating Rat Liver following Whole-body X-Irradiation, 
1309 

Sanders, Dr L G . Thermionic Generation of Electricity (Processes of 
lonization and De-ionization in a Diode), 612 

Sanderson, A E At the Annual Meeting of the Library Association 
(Functions of Training College Libraries), 931 

Sanderson, R P (McKenna, Dr J M and) Effect of Phagocytosis on the 
Lysis of Staphylococcus aureus (Type 8!) by Bacteriophage, 570 

Sandia Corporation  SCR-299, Bibliography of Tables and Charts for Use 
in Gas Dynamic Studies (D E Randall), 308 

SCR-288, Mach Tables for Real Gas Equilibrium Flow of Air in Hyper- 
velocity Test Facilities with Total Temperatures to 10,000? K 
(K L Goin), 308 

Technical Papers of the, [025 

Sands, Donald E , and others X-Ray Data for the Chrome-Urania System, 
Cr203 QUO;, 86] 

Sandstone (Old Red), of Brown Clee Hill and the Adjacent Area, I, Strati- 
graphy (Harold William Ball and David Lawrence Dineley), 2, 
Palaeontology (Errol Ivor White), (Bulletin of the British Museum 
(Natural History), Geology, Vol 5, No 7), 1250 

Sang, Dr J H . Polymorphism in Insects (Environmental Control of 
Mutant Expression), 414 


Commutative Algebra, 


[xxxv 


Sano, Dr Yumiko, and others A New Mutant of Dermovaccinia Virus, 388 e 

Sansone, Prof G , and Gerretsen, Dr Johan Lectures on the Theory of 
Functions of a Complex Variable, Vol |, Holomorphic Functions, 
review by Prof W K Hayman, 694 

Santapau, Prof H Appointed superintendent of the Botanical Survey of 
India, 606 , work of, 606 

Santholzer, Prof W , and others Systematic Measurement of Fall-out in 
Czechoslovakia up to 196l, 398 

Sarajas, H S S, and others  Thrombocytosis evoked by Exercise, 721 

Sarcione, Edward J , and others Blood Glucose-6-Phosphate in Heterozy- 
gous Carriers and Patients with Liver Glycogen Disease (Von 
Gierke’s Disease), 265 

Sarcoma Cells (Rous) Ultrastructural Alterations during the Crabtree 
Effect in (Prof Alvin S Levine, Ruth Petraitis and James Green), 1271 

Sarcosomes (Rabbit-Heart) Relationship between Oxidation of Isocitrate 
and Metabolism of Fatty Acids in (Dr W C Hulsmann), 1153 

Sargeant, Dr K , and others Toxicity associated with certain Samples of 
Groundnuts, 1096 

Sario, Prof Leo (Ahlfors, Prof Lars V , and) 
Prof W K Hayman, 847 

Sarjant, R J Technical Data on Fuel, review, 1008 

Sarjeant, Dr VV A S andothers Classification of Fossil Microplankton, 471 

Sarkar, Dr Nirmal K , and others Effects of Irradiation on the Incorpora- 
tion of Amino-Acid into Normal and Regenerating Rat Liver, 179 

Sarnoff (David) Award in Electronics of the American Institute of Electrical 
Engineers presented to Dr C H Townes, 606 

Satellite Microwave Dipoles Long-Range Radio Communication by, [09 

Satellites — Artificial Earth (British Astronomical Association), 802 

eames o TRA of Earth Errors in Orbital Predictions for (Kenneth 

oe), [5 

Satellites (Selenoid) Exact Determination of the Lunar Mass by means of 
(Dr E T Benedikt), 442 

Saukkonen, Dr J J Acid-soluble Nucleotides of Staphylococcus aureus— 
Massive Accumulation of a Derivative of Cytidine Diphosphate tn 
the Presence of Penicillin, 816 

Saunders, Dr L Phospholipids and Sulpholipids (Behaviour of fairly Con- 
centrated Sols of Lecithins in Water with Salt Solutions), 808 

Saunders, Prof O A . Appointed a member of the Council for Scientific 
and Industrial Research, 113 

Savage, Dr R J G Obituary of M A C Hinton, 916 

Savige, Dr W E, and others At the Third Australian Spectroscopy 
Conference (Electron Paramagnetic Resonance Properties of Cystine 
and related Compounds after Irradiation with Mercury 2537 
Radiation ard a Sun-lamp (Peak. 3100 A )), 929 

Savory, Theodore H Spiders, Men and Scorpions, review by Dr E 
Duffey, 829 

Sawicki, E Microchemical Techniques (Present Status of Micro Methods 
for the sensitive and selective Detection and Determination of 
Aldehydes and Aldehyde-yielding Substances), 41! 

Sawicki, E , and co-workers Microchemical Techniques (Highly Sensitive 
Spectrophotometric Determination of Azuelene), 411 

Sawicki, Dr Leon Influence of Age of Mice on the Recovery from Experi- 
mental Sendai Virus Infection, [258 

Sawhney, K , and others Cotton in India, Vol 2, and Vol 4, review by 
Prof S C Harland, 200 

Sawkill, J Metallurgy of Berylltum, 1138 

Sawyer,P O . Microchemical Techniques (Value of Photometric Titrattons 
for Metal lons present in Small Amounts or at extremely Low 
Concentrations), 41! 

Saxena, M N, and others 
Siwaliks, Simla Hills, 61 

Scaife, Dr D E (Graham, Dr J, and) 
the Corundum Lattice, 161 

Scale Height (Atmospheric), as a Modifying Influence on Linear Trend of 
chosen Electron Density with Sunsport Number (Jean M Bullen), 


Riemann Surfaces, review by 


Occurrence of Graywacke in the Lower 


Logand Field for Chromic lons in 


Scanning Techniques in. Biological and Medical Microscopy (New York 
Academy of Sciences Conference on), 1030 

Scattering (Rayleigh) Lattice-li<e Vibrations in. Associated Liquids and 
the Origin of Anomalous (J K Wilmshurst), 1061 

Tables related to Radiation emerging from a Planetary Atmosphere 

with (Kinsell L Coulson, Jitandra V Dave and Zdenek Sekera), 
review by Prof Zdenek Kopal, 1005 

Schachter, Dr M Appointed reader (at University College, London), 
in physiology, 802 

Schafer, | A, and others New Renal Tubular Amino-Acid Transport 
System and a New Hereditary Disorder of Amino-Acid Metabolism, 
672 

Schaller, A and others Concentration of Inhaled Cer:um-!44 in Pul- 
monary Lymph Nodes of Human Beings, [308 

Scharfe, Dr J The Better Use of the World's Fauna for Food (Improve- 
ments and Trends of Development tn Marine Fishing Methods and 
Gear), 1114 

Schizophrenia Orosomucoid in (Dr M Goodman, Prof E D Luby, Dr 
C E Frohman and Dr J S Gottlieb), 370 

Schlichting, Dr Hermann Boundary Layer Theory, fourth edition, trans- 
lated by Dr J Kestin, review by E J Watson 842 

Schlichting, Dr Hermann, und andere (herausgegeben von) Ludwig 
Prandtl Gesammelte Abhandlungen zur Angewandten Mechanik, 
Hydro- und Aerodynamik (schriftlietung F W Riegels), Teile 1-3, 
review by M James Lighthill, 841 

Schmid, K (Binette,! P,and) Resolution of Pathological Human Gamma- 
Globulins by Starch-Gel Electrophoresis, 732 

Schmid, O J, and Mann, H Action of a Detergent (Dodecylbenzene- 
sulphonate) on the Gills of the Trout, 675 

Schmid, Prof Rudi, and others Enterohepatic Circulation of Bilirubin, 372 

Schmidt-Kuster, W -J (Wiesner, L, and) Mrcrochemical Techniques 
(Gas Chromatographic Performance of a New Integrating Counter- 
detector using a Flow-type Proportional Counter containing a 
source of Jon:zing Radiation and used with a suitable Scaler), 412 

Schneer, Cecil J The Search for Order—the Development of the Major 
[deas in the Physical Sciences from the Earliest Times to the Present, 
review by Prof Herbert Dingle, 901 e 

Schneider Dr K At the twenty-seventh Conference of the International _ 
Federation for Documentation (Use of Electric Typewriters operated 
by Punched Cards), 219 


Ixxxvi 


e Schoental, Dr R Interaction of the Carcinogenic N-Methyl-Nitroso- 
urethane with Sulphydryl Groups, 670 
Schofield, H J, and others Volatile Mustard Oils of Brassica tuncea Seeds, 
993 


Scholars (Science Research), of the Royal Commission for the Exhibition 
of 1851 (1891-1960) Record of the, 1240 

Scholarship Commission (Commonwealth) First Annual Report (1959-60), 
1130 


Scholarship (Denny) tn Marine Engineering (1961) awarded by the Royal 
institution of Naval Architects to David K Brown, 309 

Scholarship (Parsons) in Marine Engineering (1961) awarded by the Royal 
Institution of Naval Architects to Alan B Turner, 309 

Scholarships Perkin Centenary (Perkin Centenary Trust), 506 

Scholarships (Research), in Electrical Engineering or Physics (British 
Broadcasting Corporation), 115 

Schonfeld, Dr T, and others Concentration of Inhaled Cer:um-144 in 
Pulmonary Lymph Nodes of Human Beings, 1308 

School Chemistry New Thinking in (Organization for European Economic 
Co-operation), 404 

School Science Television for—Report onan OEEC Seminar, Ashridge, 
1960 (Organization for European Economic Co-operation Office 
for Scientific and Technical Personnel), 28 

School Science Curricula Revision of, 307 

School Teaching — Television and, 920 

Schools (American Secondary) Biological Education in, 1890-1960 (Dr 
Paul De Hart Hurd), review, 1007 

Schools (Technica! Colleges and) :n Britain Number of, 708 

Schools Television, a Discussion Document (National Union of Teachers), 
920 

Schreider, Prof Eugéne 
Brothers, 1311 

Schroeder, W A (Zuckerkandl, Emile, and)  Amino-Acid Composition 
of the Polypeptide Chains of Gorilla Haemoglobin 984 

Schroeder, W W Spectroscopic Studies using Time-Resolved Techniques 
(Recent Developments in Photo-electric Recording of Spectra from 
Transient Sparks), 1033 

Schuiling, R D Formation of Pegmatitic Carbonatite in a Syenite-Marble 
Contact, [280 

Schultes, Dr Richard Evans Natıve Orchids of Trinidad and Tobago, 
review by P Francis Hunt, 831 

Schuster, H and Vielmetter, W Structure, Synthesis and Function of 
Deoxyribonucleic Acid (Induced Changes in DNA), 25 

Schutte, C J H, and Buys, K A Difference Band of a Fundamental and 
PIS Mode in the Infra-red Spectra of Lead and other Carbonates, 
35I 

Schutte, C J H, and others Absence of Correlation between Odour 
and Molecular Vibration, 751 

Schutte, Prof Karl, und Kaiser, Hans K (herausgegeben von) Handbuch 
io Astronautik, Band | Lieferungen 1-6, review by D G King-Hele, 
10 


Anthropometric Correlations between Adult 


Schwann, Theodore Lettres de (1810-1882), (éditées et annotées par Prof 
Marcel Florkin), review by Prof Kenneth J Franklin, 692 
Schwartz, Dr Robert N (Townes, Dr Charles H , and) Interstellar 
and Interplanetary Communication by Optical Masers, 348 
Schweinfurth, Charles Orchids of Peru 719 
Sciaky, |, and others Cytotoxic Effect of Aminoacetonitrile on Fibroblast 
Cultures and its Prevention by Histidine, 170 
Science The Amateur in, 95 
Applications of, to Peaceful Uses, review by R Brightman, 850 
The History of, review by Prof Herbert Dingle, 901 
Humanities of, review by Dr W P D Wightman, 825 
The Inspiration of (Sir George Thomson), 696 
Philosophy of (B C Brookes), 508 
Role of, in the Development of Natural Resources with particular 
reference to Iran, Pakistan and Turkey (Sctentrfic Council of the 
Central Treaty Organization Symposium on), 609 
A Short History of, review by J R Ravetz, 825 
Science Corrosion, Vol |, No I, [024 
Science, Australian Academy of (Spectroscopy Committee) 
tralian Spectroscopy Conference, 927 
Senee British Society for the Philosophy of 
08 


Third Aus- 
Sixth Annual Conference, 


Science, Czechoslovak Academy of Second International Symposium on 
Continuous Culture of Micro-organisms, 213 

Science at the British Council, 211 

Science in General Management (SIGMA), Ltd 
Beer as managing director, 115 

Appointment of Roger Eddtson as director of operations, [15 

Science in Parliament, {129 

Science since Babylon (Prof Derek J de Solla Price), review by Dr W P D 
Wightman, 825 

Science in Poetry and Verse, review by T R Henn, 98 

Science teal) Fourth International Conference on (Dr | G C Dryden), 


Appointment of Stafford 


Science (Impact of), on Society, Vol 1I, No 3, 9I9 

Science (Nuclear) Ceramics in (Basic Science Section of the British 
Ceramic Society Meeting on) 21 

Science. (Nuclear), National Institute for Research in Appointment of 
Dr J Howlett as head of the Atlas Computer Laboratory, 918 

Science. (Pure and Applied) — International Co-operation in (Seventh 
Pugwash Conference on Science and World Affairs), 1232 

Science (School) Television for—Report on an OEEC Seminar, Ash- 
ridge, [960 (Organization for European Economic Co-operation 
Office for Scientific and Technical Personnel), 28 

Science (Soil), International Society of Joint Meeting of Commission IV 
(Soil Fertility) and Commission V (Pedology) at Massey Agricultural 
College, New Zealand, 922 

Science (Veterinary) Advances ir (edited by C A Brandly and E J 
Jungherr), Vol 6, review by Prof Harold Burrow, 198 

Developments in, review by Prof Harold Burrow, [98 

Science Curricula (School) Revision of, 307 

Science Museum, London — Exhibits to illustrate various theories of Atomic 
Strdtture and Rutherford's great contribution, 505 

Special Exhibition to commemorate the Diamond Jubilee of Trans- 

Atlantic Radio, 919 

Science Programme A National Youth, 387 


INDEX 


Science Research Scholars of the Royal Commission for the Exhibition of 
1851 (1891-1960) Record of the, 1240 
Science Verse A Book of (selected by W Eastwood), review by T R 
Henn, 98 
Science and Arts (Czechoslovak) Contributions of, to World Culture 
(Czechoslovak Society of Arts and Sciences in America Sympostum 
on), 309 
Science and Government tn a Free Society (Rt Hon Lord Hailsham), 393 
Science and Mathematics Elementary Logic of (Dr P H Nidditch), review 
by Prof R L Goodstein, 856 
Science and Medicine in Canada Research Grants in, 308 
Science and Public Health, [024 
Science and Technology — History of, at the Imperial College of Science 
and Technology, London, 113 
Science and Technology, Federal Council for, 1023 
Science and Technology, Manchester College of Summer School in Ana- 
lytical Chemistry (organized by the Royal Institute of Chemistry), 608 
Course of lectures in the Deparcment of Municipal Engineering on 
Problems of Radioactivity at Water and Sewage Works, 609 
Annual Report for 1960-61, 922 
Science Technology and Education United Kingdom Expenditure on, 1130 
Science and World Affairs Seventh Pugwash Conference on (International 
Co-operation in Pure and Applied Science), 1232 
Sciences in Ancient and Medieval India History of (National Institute of 
Sciences of India Symposium on), 27 
Sciences, National Institute of (of India) Symposium on the History of 
Sciences tn Ancient and Medieval India, 27 
Sciences, New York Academy of Conference on Scanning Techniques in 
Biological and Medical Microscopy, 1030 
Sciences, Paris Academy of Election of Prof N R Dhar as a corresponding 
member in the Chemistry Section, 1026 
Sciences, Polish Academy of Review of the, Vol 6, No t, January-March, 801 
Sciences (Arts and), American Academy é Records of the Academy 
(1960-61), 515 
Sciences (Arts and), in America (Czechoslovak Society of) Symposium 
on the Contributions of the Czechoslovak Science and Arts to 
World Culture, 309 
Sciences (Biological), American Institute of Biological Sciences Curriculum 
Study Bulletin No 1, Biological Education in American Secondary 
Schools, 1890-1960 (Dr Paul De Harc Hurd), review, 1007 
Sciences (Physical), from the Earliest Times to the Present The Search for 
Order—the Development of the Major Ideas in the (Cecil J Schneer) 
review by Prof Herbert Dingle, 901 
Scientific Council of the Central Treaty Organization Symposium on the 
Role of Science in the Development of Natural Resources with 
particular reference to Iran, Pakistan and Turkey, 609 
Scientific Film Association (International) Fifteenth Congress (M Gold- 
smith), 512 
Election of Officers, 514 
Scientific Man-power The Lorg-Term Demand for (Statistics Committee 
of the Advisory Council on Scientific Man-power Survey on), 293 
Scientific Man-power in Britain, 293 
Scientific Man-power (Technical and), in Britain, 1105 
Scientific Policy, Advisory Council on (Statistics Committee) 
the Long-Term Demand for Scientific Man-power, 293 
Scientific Research Current Trends in (Prof Pierre Auger), review by 
R Brightman, 850 
Scientific Research in. Australia, 307 
Scientific Research in New Zealand, 713 
Scientific Research in Industry and Agriculture, Institute for the Encourage- 
ment of (Brussels) Annual Report for 1960, 28 
Scientific Unions, International Council of Ninth Assembly (Dr H W 
Thompson), 703 
Scientific and Industrial Research, Council for 
bers, 113 
Appointment of Sir Harry Melville as a member, 1241 
Scientific and Industrial Research, Department of Conference on Ergo- 
nomics in Industry (Proceedings of the), 113 
Report of the Government Chemist (1960), [22 
National Physical Laboratory, Notes on Applied Science, No l6, 
Modern Computing Methods, second edition, review by Dr R A 
Buckingham, 202 
Promotion of Dr J M Burch (of the National Physical Laboratory) to 
Senior Principal Scientific Officer, 214 
Promotion of D Firth (of the National Engineering Laboratory) to 
Senior Principal Scientific Officer, 214 
Promotion of Dr J T Stuart (of the National Physica! Laboratory) to 
Senior Principal Scientific Officer, 214 
Promotion of Dr R H Wood (of the Building Research Station) to 
Senior Principal Scientific Officer, 214 
Open Days at the Humber Laboratory at Hull, 309, 1027 
Report of the Tropical Products institute Committee with the Report 
of the Tropical Products Institute, 418 
Appointment of Dr J V Dunworth as deputy director of the National 
Physical Laboratory, 606 
Open Days at the Water Pollution Research Laboratory, Stevenage, 711 
Annual Report for 1960 of the Building Research Board, 809 
The Tropical Products Institute—Open Days (B R Smith), 923 
Automatic Data Processing (Derek Wragge Morley), 1024 
The Humber Laboratory at Hull—Open Days (D L Nicol), 1027 
Productivity in Letterpress Printing, 1143 
National Physical Laboratory, Notes on Applied Science No 23, 
Radiometric Standards and Measurements (E J Gillham), 1250 
National Physical Laboratory, Notes on Applied Science No 24, 
Photometric Standards and the Unit of Light (J S Preston), 1250 
Scientific and Industrial Research, Department of, and Fire Offices' Com- 
mittee Joint Fire Research Organization Fire Research 1960— 
Report of the Fire Research Board with the Report of the Director of 
Fire Research, [250 
Scientific and Industrial Research, Indian Council of Botanical Monograph 
No |, Gnetum (P Maheshwari and Vimla Vasil), review by Dr CR 
Metcalfe, 1006 
Coir, its Extraction, Properties and Uses, review, 1007 
Scientific and Industrial Research, Indian Council of (Chemical Research 
Committee) Symposium on Carbohydrates, Cellulose and Cellulose 
Industries 609 


Survey on 


Appointment of new mem- 


INDEX 


Scientific and Industrial Research, Department of (New Zealand) 
Research Fell&wships awarded to Dr B 
Melville), 210 

Report for 1960-61, 713 

Scientific and Industrial Research Organization (Australian Common- 
wealth) Rural Research in the CSIRO, No 36, Diet of Sheep 
(G W Arnold), [13 

Research Review for 1959-60, 307 

Annual Report of the Division of Electrotechnology, 608 
Division of Food Preservation—New Laboratories, 699 
Wool Research Colloquium No 1, Wool Structure, 709 
Thirteenth Annual Report (1960-61), 712 

Annual Report for 1960-61 of the Dairy Section, 1131 


Senior 
Howard and Dr R 


Scientific and Technical Books Recent, cixvi, October 28, ccexlui, 
November 25 , dlxiv, December 30 

Scientist and the Community, 195 

Scientists 1n the Public Service—Special Promotions, 214 

Scientists and Engineers in the Federal Government, October, 1958 (United 


States National Science Foundation), 800 

Scientists and Technologists (Food), in the United Kingdom — Training of 
Industrial (British Association for the Advancement of Sctence, 
Section B (Chemistry), Discussion on), 302 

Scorer, R S Medium Range Diffusion in the Atmosphere (Mechanisms of 
Atmospheric Diffusion), 14 

Scorpions Spiders, Men and (Theodore H Savory), review by Or E 
Duffey, 829 

Scott, Prof Allen B (Hills, Dr Marian E , and) Incorporation of Trivalent 
Cations in Crystalline Potassium Chloride, 1066 

Scott, C G Gas Chromatography in Medical Research 
in Gas-Solid Chromatography), 717 

Scott, Dr D B Appointed professor of mathematics at the Univerzity of 
Sussex, 1241 

Scott, Dr G R,and Rampton, C § Transmission of Lapinized Rinderpest 
Virus by Contact betwe@n Rabbits, 289 

Scott, Peter (Boyd, Hugh, and) Twelfth Annual Report of the Wildfowl 
Trust (1959-1960), 308 

Scott, Dr P F Characteristics of various kinds of Radio Telescope, 22 

Scott, Dr R G The Contribution of Electron Microscopy to Porymer 
Morphology, 610 

Scott, Dr R P W (Hill, D W,and) Gas Chromatography in Medical 
Research (Recent Developments in the Design of Compact Cathode- 
ray Tube Gas Chromatographs), 717 

Scott, T (Collison I, and) Át the Third Australian Spectroscopy Con- 
ference (Calibration of an ARL 'Quantovac' for the Analyzis of 
Sulphur and Phosphorus in Carbon and Low Alloy Steels) 928 

Scottish Horticultural Research Institute, Dundee Promotion of Dr C H 
Cadman to Senior Principal Scientific Officer, 215 

Scottish Museum, Royal (Dr D A Allan), 215 

Scriven, Prof L E (Dahler, Prof J S, and) 
Continua, 36 

Scriver, Dr C R , and others New Renal Tubular Amino-Acid Transport 
2 sem and a New Hereditary Disorder of Amino-Acid Metabolism, 

72 


(Peak Symmetry 


Angular Momentum of 


Sea  Bioluminescence in the Surface Waters of the (Richard H Backus, 
Charles S Yentsch and Asa Wing), 518 

Life in the (text by Prof Gosta Jagersten , photography by Lennart 
Nilsson), review by Prof C M Yonge, 392 


Sea Surface Temperature in Coastal Waters of the British Isles (F E Lumb), 
153 


Sea Urchin, Stomopneustes variolaris (Lamarck) Isolation of Echinochrame 
A from the Spines of the (Dr K Nishibori), 1293 
Sea Water — Ultra-violet Absorption of (F A J Armstrong and G T 
Boalch), 858 
Seafarers The Health of, 1034 
Seals iu Breeding in the Falkland Islands Dependencies (F A O'Gorman), 
14 


Seaman, Dr G V F Paper Electrophoresis, review, 593 

Search for Order—the Development of the Major Ideas in the Physical 
Sciences from the Earliest Times to the Present (Cecil J Schneer), 
review by Prof Herbert Dingle, 901 

Sears, T A (Nathan, Dr P W ,and) Action of Methyl Hydroxybenzcate 
on Nervous Conduction, 668 

Seas (Ancient) Life and its Environment tn (British Association for the 
Advancement of Science, Section C (Geology) and Section D 
(Zoology) Joint Discussion on), 925 

Seasonal Variation in Alginic Acid, Mannitol, Laminarin and Fucoidin in the 
Brown Alga, Ecklonia radiata (C M Stewart, H G Higgins and 
Sue Austin), 1208 

Second-Generation Toxicity of Malathion in. Rats (Prof W Kalow and 
A Marton), 464 

Secondary Alcohols (Solid) A Transition in the Dielectric Properties of 
(J S Dryden and H K Welsh), 255 

Secondary Magnetization (Differential), in some British. Cambrian Rocks 
(D E T Bidgood), 39 

Secondary Schools (American) Biological Education in, 1890-1960 (Dr 
Paul De Hart Hurd), review, 1007 

Secretion of Nitrogen in Sheep Saliva (M Somers), 318 

Secretion (Selective), of Circulating Antibodies tn the Milk of the Rat 
(E Ruth! Biswas), 883 

Section Cutting in Microscopy (Dr H F Steedman), review by Dr 5 
Bradbury, 904 

Secular Variations of Short-lived Sunspots (T S Ringnes), 151 

Sedimentation of B-Lactoglobulin (A,B) under Dissociating Conditions in 
Acid Solution (Lilo M Gilbert and Dr G A Gilbert), 1181 

Sediments (Magnesite-Dolomite), in. South Australia Occurrence of 
(Prof A R Alderman and C C von der Borch), 861 

Sedlak,! Cultivation of Goitrogenous and Non-Goitrogenous Cabbage, 377 

Sedoheptulose in Carpophores and Basidiospores of Inocybe Species 
Occurrence of (Robert G Benedict, Prof Varro E Tyler, jun , Lynn 
R Brady and Daniel E Stuntz), 1080 

Seed, Dr John Action of Radiation on Synthesis of Deoxyribonucleic Acid 
in Normal and Tumour Strain Cells, 944, erratum, 1241 

Seed, J T — At the Third Australian Spectroscopy Conference (Para- 
magnetic Spectra of Manganous lons in Undiluted Crystals of the 
Solid-solution Ammonium Chloride-Manganous Chloride-Water), 
929 


Ixxxvii 


Seed Association The Swedish (F R Horne), 110 : 

Seed Dormancy Effect of Gibberellic Acid, Kinetin and other Substances 
on (B Frankland), 678 

Seed (Lettuce) Induction of a Light Requirement for the Germination of, 
by Naringenin, and its Removal by Gibberellic Acid (Dr | D J 
Phillips}, 240 

Seedling Apples Rootstock Influence on the Flowering of (H M Tyde- 


man), 

Seedlings (Soybean) Effect of Temperature during Germination on the 
Crystalline Type of Starch in (Dr Susumu Hizukuri, Michiko Fujn 
and Prof Ziro Nikuni), 239 

Seeds (Brassica yuncea) Volatile Mustard Oils 
Schofield and Dr J G Vaughan), 993 

Seeds (Ciover) Survival of Rhizobium on (J F Loneragan, D V Moye and 
A J Anderson), 526 

Seeds (Runner Bean) ‘Bound’ Gibberellin in Mature (A J McComb), 575 

Seeley, Dr J S , and Williams, J C Microwave Measurement Techniques 
(Fabry-Perot Interferometers and their use for the Measurement of 
Permittivity of such Substances as T:O2), 410 

Segal, Dr Stanton, and others — Paradoxical Effect of Phlorizin on Glucose 
Uptake and Intracellular Accumulation of Amino-Acids in Rat Kidney 
Slices in vitro, 1085 

Segre, ecl Beniamino Lectures on Modern Geometry, review by L Roth, 


of (| S Hemingway, H J. 


Segregation (Equilibrium) — Embrittlement of Grain Boundaries by (J H. 
Westbrook and D L Wood), 1280 

Segregation-ratio Advantage of Abnormal Haemoglobins (L N Went), 382 

Sehon, A H , and others Chlorogenic Acid, an Allergen in Green Coffee 
Bean, 241 

Sekera, Zdenek, and others Tables related to Radiation emerging from a 
Planetary Atmosphere with Rayleigh Scattering, review by Prof 
Zdenek Kopal, [005 

Selective Secretion of Circulating Antibodies in the Milk of the Rat (E Ruth 
| Biswas), 883 

Selenoid Satellites Exact Determination of the Lunar Mass by means of 
(Dr E T Benedikt), 442 

Self-Displacement Chromatography at Low Temperatures Purification of 
Hydrogen Isotopes by (Dr T R Philips, D R Owens and A G 
Hamlin), 1067 

Self-Quenching Geiger-Muller Counters — Kinetics of Dissociation of Echyt 
Halides in (Prof | Zlotowski and H Wincel), 550 

Self-Stimulation of the Brain Effect of X-Irradiation on (Dr Thomas J 
Haley, P Bach-y-Rita and N Komesu), 1309 

Selinger, B K , and others At the Third Australian Spectroscopy Confer- 
ence (Electron-Spin Resonance Spectra of some Charge-transfer 
Complexes between Chloranil and Aluminium Oxide, Hexamethyt 
Benzene and Tetracyanoethylene, Dibenzacridine and Tetracyano- 
ethylene or Chloranil) 929 

Sellers, Dr Alvin L , and others 
mental Nephrosis 562 

Sellin, Dr R H J Appointed lecturer in civil engineering at Queen's 
University, Belfast, 710 

Semiconductivity of Fired Kaolin and Kaolinitic Clay Puzzolanic Activity 
and (A K Chatterji), [180 

Seminal Degeneration induced in Merino Rams by the Administration of 
Stilboestrol Dipropionate (G R Moule and P E Mattner), 364 

Semliki (Mengo-) Virus Immunity Accolein and (Dr George F Kamen), 
986 


Plasma Albumin Catabolism in Experi- 


Sen, A, and others Antigenic Structure of Entamoeba histolytica, 893 

Sen, Subir (lacob, K T, and)  Haploidy in Jute (Corchorus olttorius L ), 288 

Sen, 5 P (Sen Gupta, Archana, and) Formation of Auxin-bound Proteins, 
129 


Effect of Indole-3-Acetic Acid (IAA) on Phosphorus Metabolism in the 
Avena Coleoptile, 1291 
Sen,SriS N History of Sciences in Ancient and Medieval India (Social and 
International Relations in the Development of Science), 27 
Sen Gupta Archana, and Sen, S P Formation of Auxin-bound Proteins, 
1290 


Effect of Indole-3-Acetic Acid (IAA) on Phosphorus Metabolism in the 
Avena Coleoptile, 1291 
Sen-Sarma, P K (Roonwal, M L,and) Contributions to the Systematics 
of Oriental Termites, review by W V Harris, 85] 
Senda: Virus Infection (Experimental) Influence of Age of Mice on the 
Recovery from (Dr Leon Sawicki), 1258 
Senescence <A Distinction. between Bolting and Flowering Effects on 
(Prof Jules Janick and A C Leopold), 887 
Rate of (Dr A E Needham), 579 
nemen, Research Fellowships in Clinical Research. (Wellcome Trust), 
026 


Sensation and Perception (D W Hamlyn), review by F | G Rawlins, 


593 

Sensitivity (Anaphylactic) A New Test for detecting—the Basophil 
Reaction. (Prof Walter B Shelley and Lennart Juhlin), (1056, 
September 9), erratum, 21 

Sensory Deprivation and Foetal Circulatory Homeostasis (Prof S R M 
Reynolds), 818 

Separation of Bacteria by Counter-Current Distribution (G David Baird, 
Per-Ake Albertsson and Bengt v Hofsten), 236 

Separation of Low Molecular Werght Peptides from Amino-Acids of 'DEAE- 
Sephadex' (P R Carnegie), 658 

Separation (Chromatographical), of Carbohydrate O-Isopropylidene Deriva- 
tives (J E G Barnett and Dr P W Kent) 556 

Separation (Differential Leucocyte) Culture of Human White Cells using 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn), 1214 

Separation (Electrophoret.c), of Conjugated Bilirubin on Paper (Dr E 
Talafant), 972 

Separation, Identification and Determination of the Fatty Acids of Montan 
Wax (D R Hewett, P J Kipping and P G Jeffery) 65 

‘Sephadex’ Purification of Fluorescent Protein Conjugates—Comparison 
of Charcoal and (Dr ! E Fothergill and Dr R C Nairn), [073 

Sephadex’ ('DEAE-) Separation of Low Molecular Weight Peggides from 
Amino-Acids on (P R Carnegie), 658 

Sequence (Amino-Acid) The Complete (Amino-Acid Sequence of Horse, 
Heart Cytochrome c) (Dr E Margolash, Prof Emil L Smith, 
Dr Gunther Kreil and Prof Hans Tuppy), [125 


[XXXVIII 


* Sequence (Amino-Acid), of Horse Heart Cytochrome c—Peptides released 


by Digestion with Chymotrypsin (Dr E Margoliash and Prof Emil L 
Smith), 1121 , Peptides, Terminal and Internal, released by Digestion 
with Trypsin (Dr G Kreil and Prof H Tuppy), [123 , The Com- 
plete Amino-Acid Sequence (Dr E Margoliash, Prof Emil L Smith, 
Dr Gunther Kreil and Prof Hans Tuppy), 1125 

Sequence Studies (Nucleotide) Specific Partial Hydrolysis of Nucleic 
Tide in (Dr D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 

038 


Sequences (Chromatography and Nucleotide), of Deoxyribonucleic Acid 
synthesized in Salmonella typhimurium after Irradiation with Ultra- 
Violet (T Hudnik-Plevntk and Dr L A Stocken), 554 

‘Sera of various Animals Distribution of Trypsin Inhibitors in the (S Naka- 
mura and T Wakeyama), 1077 

Sera of Native Africans Distribution of Group-specific Components (Gc) 
in the (Dr Jan Hirschfeld and Jean Sonnet), 766 

Sera (Chimpanzee) Transferrin Differences in (Prof John Buettner- 
Janusch), 632 

Sergean, R (de la Mare, Gwynneth, and) 
Cross-Sectional Analysis, 1318 

Serial Propagation of Types I, 2, 3 and 4 Dengue Virus in Hela Cells with 
Concomitant Cytopathic Effect (Sonja M Buckley), 778 

Serine and Urea (Glycine,) Some Tetrahydropyranyl Derivatives of 
(S M Amir, Dr M Z Atassi, Dr S A Barker, Dr J S Brimacombe 
and Dr M C Keith), [069 

Serological Evidence of a Chromatographic Sub-fractionation of Human 7S 
y-Globulin (UIf Nilsson), 1301 

Serological Relationships between the Nine-spined and the Three-spined 
Stickleback(Tadeusz Penczak), 673 

Serotonin in the Small Intestine of Conventional and Germ-free Chicks 
(Prof A W Phillips, H R Newcomb, J E Smith and R Lachapelle), 
380 

Serratia marcescens — Free-Radical Formation during Storage of Freeze- 

dried (Dr R L Dimmick, R J Heckly and D P Hollis), 776 

Growth Hormone Content of, in Infants, Children, Adults and 
oa Dwarfs (Dr J Girard, Dr M Vest and Dr N Roth), 
05I 


M Faber and 


Validity of Prediction based on 


Serum 


Presence of Two lron-Transport Proteins in (Dr 

R Jordal), 181 

Serum (Mouse), and Ascitic Fluid 
lins of (Dr R T Jordan, J Banovitz, | 
Campbell), 885 

Serum-free Cell Cultures Cytopathic Protective Factor, its Production by 
Normal Uninfected (Dr Robert W Pumper, Herbert M Yamashi- 
roya and Lawrence J Alfred), IOI 

Serum Albumin Solutions (Bovine) Nuclear Magnetic Resonance Spectro- 
scopy of Proteins—the Hydrogen Bonding of Water in (F A Bo ey), 
324 


Identification of Antibody in £z-Globu- 
L Trapani and Dan H 


Serum y-Globulin in the Guinea Prg Effect of Diethylstilboestrol on the 
(L M Charles and Prof T Nicol), 565 

Serum -Globulin Types in Red Deer and other Species and their Stability 
in the Presence of Bacteria (V P W Lowe and E | McDougall), 983 

Serum Groups (Blood and), in Reindeer compared with those in Cattle 
(Bo Gahne and Jan Rendel), 529 

Serum Protein Fractions of the Developing Chicken Embryo Comparison 
of the, by the Technique of Starch-Gel Electrophoresis (A Amin), 356 

Serum Proteins Starch Gel Electrophoresis of Hen Egg White, Oviduct 
White, Yolk, Ova and (Dr F Steven), 972 

Service Medal of che Textile Institute awarded to P H S Belland toJ Boyd, 
406 


Service of Medicine Chemistry in the (Second British Congress on the 
History of Medicine and Pharmacy), 1017 

Service (Public) Scientists in the—Special Promotions, 214 

Services (Abstracting) Inventory of (Féderation Internationale de Docu- 
mentation), [026 

Services (Health), in Small Factories (World Health Organization Regiona! 
Office for Europe (United Nations), and the International Labour 
Organization Conference on), 618 

Sesquisulphide (Molybdenum) Structure of (Prof F Jellinek), 1065 

Sethi, B L,and others Cotton in India, Vol 2 and Vol 3, review by Prof 
S C Harland, 200 

Severi, Prof Lucio Cancer Research in the University of Perugia Medical 
School, 217 

Sewage Works (Water and) Problems of Radioactivity at (Course of 
lectures on, in the Department of Municipal Engineering of Man- 
chester College of Science and Technology), 609 

Sex Determination in Hemp Influence of the Age of Pollen and Stigmas on 
(Regina Laskowska), 147 

Sex Hormones as a Possible Factor controlling Biosynthesis of Arylesterase 
(Dr Klas-Bertil Augustinsson and Bertil Olsson), 969 

Sex Ratio (Primary Embryonal), in Normal Pregnanctes determined by the 
Nuclear Chromatin (Prof F E Szontagh, A Jakobovits and Ch 
Mehes), 476 

Sexual Phase in the Life-Cycle ofan Amoeba Evidence for a (M R Droop), 
281, erratum, 507 

Seychelles Archipelago — Potassium-Argon Age Determinations on Granite 
from the Island of Mahe in the (| A Miller and J D Mudie), 1174 

Shand, J A, and others Stanford—Pacific Naval Laboratory Conjugate 
Point Experiment, 319 

Shape of Membrane Action Potential of the Heart Effects of Intensity of 
Driving Stimulus on the (T Azuma, H Hayashi, T Kanno and K 
Matsuda), 1295 

Sharma, A , and others Morphological Changes following Transplantation 
and Chronic Obstruction of the Rabbit Appendix, 877 

one prot B D,and Donohue,J Crystal Structure of 2-Phenylazulene, 

Sharma, J D, and others Pharmacodynamical Effects of Asarone and 
B-Asarone, [299 

Shaw, Dr J C Agricultural Problems in Developing Countries (Animal 
Production Problems), 1029 

Shaw, Dr William H R Cation Toxicity and the Stability of Transition- 

al Complexes, 754 

Shcherbakov, D | — Geochronology Research in the Soviet Union, 114 

Shearman, E D R Appointed senior lecturer in electromagnetism tn the 
PM ent of Electrical Engineering, University of Birmingham, 

5 


INDEX 


Shearn, Dr R B X Appointed lecturer in chemical engineering at the 
University of Birmingham, 406 e. 
Shedding (Vortex), from the End of a Tube as a Result of Buoyancy Effects 
Putnam), [277 
Sheep Diet of (G W Arnold), [13 
Effect of Urea Ingestion on Parotid Salivation in (A D Wilson), 271 
Effect of Whole-Body Irradiation and Cortisone on the Development 
of Ostertagia spp tn (J D Dunsmore), 139 
Hormones and Electrolyte Excretion in (R Kinne, Dr. W V  Macíar- 
lane and Prof O E Budtz-Olsen), 1084 
Mixed Saliva from (W R McManus), 116] 
Sheep (Grazing) A New Method of Estimating the Dry-Matter Intake of, 
from their Faecal Output (J V Owen), 92 
Sheep (Merino and Southdown) Relationships between Red Blood Cell 
Potassium Concentrations, Medial Corpuscular Fragility and Haemo- 
globin Type in (Prof J V Evans), 557 
Sheep Interstitial Cell Stimulating Hormone Complement-fixing Anti- 
bodies to Human Growth Hormone and (Allen Trenkle, N R 
Moudgal, Katy K Sadri and Dr Choh Hao Lt), 260 
Sheep Liver (Normal) Metabolism of Propionate by Homogenates of 
(R M Smith and W S Osborne-White), 868 
Sheep Pituitary Extract Effect of, on Hypercholesterolaemia in Intact and 
Hypophysectomized Rats (Dr Russel M Barakat), 71 
Sheep Red Blood Cells Utilization of, in the Haemadsorption Test for 
Myxoviruses(H M Yamashiroya, Dr R W Pumperand B R Tess),582 
Sheep Saliva Secretion of Nitrogen in (M Somers), 318 
Sheldon, R W , and others Life and its Environment in. Ancient Seas 
(Aspects of the Palaeoecology of Marine Faunas in the Upper 
Carboniferous of the Southern Pennines), 925 
Shell Regeneration in ÁArrophanta sp Effect of Ribonuclease on (K K 
Nair and P T Muthe), 674 
Shelley, Prof Walter B , and Juhlin, Lennart A New Test for Detecting 
Anaphylactic Sensitivity—the Basophil Reaction ([056, September 9), 
erratum, 2 ld 
Shepherd,J | Appointed lecturer in electrical engineering at the University 
of Edinburgh, 507 
Shepley, Kathryn (Morton, Prof R K,and) Crystallization of Cytochrome 
b2 Free of the Deoxyribonucleic Acid Component, 639 
Sheppard, Dr P M Polymorphism tn Insects (Recent Work on Poly- 
morphic Mimetic Swallowtail Butterflies), 413 
Molecular Biology and Population Structure, 414 
Sheppard, R C, and others Structures and Conformations of some 
Naturally Occurring Derivatives of Proline, 1150 
Sheridan, Ann, and others Toxicity associated with certain Samples of 
Groundnuts, !096 
Sheridan, Dr J (Job, B E, and) 
nitrile, 160 
Shibuya, Isao, and Benson, Prof A A Hydrolysis of a-Sulphoquinovosides 
by 8-Galactosidase, 1186 
Shifrin, Sidney Examination of Side-Chain Interactions of Poly-L-Trypto- 


Microwave Spectrum of Fluoro-Aceto- 


phan, 751 

Shilling, Dr Charles Wesley | Radiation—Use and Control tn Industrial 
Application, review by B E Jones, 855 

Shimazu H , and Hongo, T Muscle Receptors (Brain-stem Influences on 
the Motor Supply to Muscle Spindles), 805 

Shtmwell, J L (Carr, Dr J G, and) Dihydroxyacetone Production in 
Acetomonas, 683 

Shipburlding Research in, 919 

Shklovsky, | S Cosmic Radio Waves (translated by Richard R Rodman 
and Carmos M Varsavsky), review by Sir Bernard Lovell, 691 

Shoaling Behaviour in a Mysid (Prof D M Steven), 280 

Shock (Thermal) Formation of Cracks in Ice Plates by (L W Gold), 130 

Shooter, Dr E M, and others Haemoglobin a4, 1057 

Shooter, Dr K V,and others Haemoglobin a4, 1057 

Short-lived Sunspots Secular Variations of (T S Ringnes), [51 

Shortage of Medical Men (House of Lords Debate on), 1239 

Shotton, Prof F W . Climates of the Past, review, 828 

Shugar, D Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Shull, Dr H (Magnusson, Dr E A, and) Atthe Third Australian Spectro- 
scopy Conference (Barrier to Internal Rotation about a Single Bond), 
92 

Shulman, R G,and others Relaxation Enhancement by Paramagnetic lon 
Binding in Deoxyribonucleic Acid Solutions, 963 

Ferromagnetic Inclusions in Nucleic Acid Samples, 1041 

Shyamala, G , and others Trypsin [nhibitor in Wholewheat Flour, 360 

Sibship (Macaque) Multiple Haemoglobins and Transferrins in a (Prof J 
Buettner-Janusch, J B Twichell, Bert Yuan-Shu Wong and Gertrude 
Van Wagenen), 948 

Sick, Dr Knud Haemoglobin Polymorphism in Fishes, 894 

Siddall, Dr R G Conventional Methods of Converting Heat into Electri- 
city (Producing Electricity directly from Fast-moving Plasmas), 702 

Side (Other), of the Moon Atlas of the (edited by N P Barabashov, A A 
Mikhailov and Yu N Lipsky), translated into English by Leon 
Ter-Oganian, review by Prof Zdenek Kopal, 839 

Side-Chain Interactions in Poly-L-Tryptophan Examinations of (Sidney 
Shifrin), 751 

Sidman, R L (Angevine, jun, Dr J B, and)  Autoradiographic Study of 
Cell Migration during Histogenesis of Cerebral Cortex in the 
Mouse, 766 

Sie, Edward H, and others Factor converting Mesophilic into Thermo- 
philic Micro-organisms, 86 

Siegbahn, Prof K (edited by) Proceedings of the Second Accelerator 
Conference, Amsterdam (1960), 123 

Sieve (5A Molecular) Behaviour of in Substractive Gas Chromatography 
(E R Adlard and B T Whitham), 966 

Sieve Tubes (Mature) Transcellular Strands and Particle Movement in 
(Dr R Thaine), 772 

Siewinski, Antoni, and others Antibiotic Properties of Mycelium and 
Metabolites of Myrothecium rorrdum Tode, 138 

SIGMA (Science in General Management), Ltd Appointment of Stafford 
Beer as managing director, 115 

Appointment of Roger Eddison as director of operations, 115 

Signals (Electron-Spin Resonance), from Lyophilized Bacterial Cells exposed 
to Oxygen (Dr M B Lion, Dr J S Kirby-Smith and Dr M L 
Randolph), 34 


INDEX 


Significance in Plant Virology Accumulation of Asparagine in Marze Plants 
infected by Maize Rough Dwarf Virus and its (Dr | Harpaz and 
S W ApplebSum), 780 

Stkhote~Alin Meteorite — Urantum tn the, and its relation to the Lead 
Method of Age Determination (Edward L Fireman and David E 
Fisher), 644 

Sikka, D B , and others 
Simla Hills, 61 

Sikka, S M , and others 
S C Harland, 200 

Silicate (Sodium) A Coating with Anti-fouling Properties from the 

Reaction between Cuprous Oxide and (J R Rischbieth and F 

Marson), 748 

New Ternary R-Phases with (D | Bardos, K P Gupta and Prof 

Paul A Beck, 744 

Silicon Compound (Carbon-Functional Organic), Dimethyldi-(4-hydroxy- 
phenyl)-silane Allergy to a (Dr Sigfrid Fregert and Dr Hans 
Rorsman), 989 

Silicon-29(n,a)Magnesium-26 The Reaction, at 14 MeV Neutron Energy 
Dr W M Deuchars and G P Lawrence), 1278 

Silk Isolation of a Cystine Derivative from (Dr C Earland and Dr D J 


Occurrence of Graywacke in the Lower Siwaliks, 


Cotton in India, Vol 2 and Vol 4, review by Prof 


Silicon 


Raven), [185 
bp uci mori Effect of Dietary Ascorbic Acid on the (Dr Toshio 
to), 


Properties of Xanthine Dehydrogenase in the (Yoshiyuki Hayashi), 756 
Silkworms A Gene synthesizing Protease and a Pre-Viral Genome in 
(Prof Kazuo Yamafugi and Fumiko Yoshihara), 782 
Sillans, Roger (Raponda-Walker, Andre, et) Les Plantes utiles du Gabon, 
review by T A Russell, 693 
Silver, Lawrence, and others Prolonged Biological Half-Life of Sodium-22 
in Patients with. Essential Hypertension, 267 
Silver lodide Surface Properties of (Prof A C Zettlemoyer, Noubar 
Tcheurekdjian and J J Chessick), 653 
Silvette, Prof H,and others Tobacco—Experimental and Clinical Studies 
—a Comprehensive Acfount of the World Literature, review by 
Kenneth Bloor, 848 
Simla Hills (Lower Srwaliks,) | Occurrence of Graywacke tn the (D B 
Sikka, M N Saxena, S B Bhatia and S P Jain), 61 
Simon, R W (Landau, R, and) Oxidation Processes in Chemical Manu- 
facture (Production of a variety of Chemicals using Aromatic Hydro- 
carbons from Petroleum or Coal Tar), 1135 
Simon, W, and co-workers — Microchemical Techniques (Refined Ther- 
mistor Circuitry and Instrumentation for the Routine, Precise 
Determination of Molecular Weight), 411 
Simons, Dr J P, and Yarwood, A J Production and Properties of Di- 
fluorocarbene, 943 
Simple Flattener for holding Filter Papers on Planchettes for Radioactive 
Counting (Dr Edward A Smuckler and Prof Earl P Benditt), 191 
Simple Microdiffuston Technique for the Radioiodination of Proteins (Dr 
N Banerjee and R P Elans), 746 
Simplified Culture Medium for the Production of Collagenase (Dr G H 
Warren and Jane Gray), 755 
Simplified Technique for Isolation of Sub-Cellular Particles (Dr David 
W E Smith), 234 
Simpson, G M (Naylor, Prof J M, and) Bioassay of Gibberellic Acid 
using Excised Embryos of Avena fatua L , 679 
Sims, A G Appointed lecturer in the Department of Production and 
Industrial Administration, College of Aeronautics, Cranfield, 406 
Sims, Dr G D . Microwave Measurement Techniques, 408 
Thermtonic Generation of Electricity (The Crossed Field Thermionic 
Converter), 612 
Simulated Wave-Riding Dolphins (Byrne Perry, A J Acosta and Taras 
Kiceniuk), 148 
Singer, Prof S F Interaction of West Ford Needles with Earth's Magneto- 
sphere, 303 
Interaction of West Ford Needles with the Earth's Magnetosphere and 
thetr Life-time, [O61 
Interplanetary Dust near the Earth, 32! 
Singh, Arjan, and others Cotton in India, Vol 4, review by Prof S C 
Harland, 200 
Singh, Avtar, and others 
Harland, 200 
Singh, E J (Dey, A K, and) Microchemical Techniques (Behaviour and 
Application of various Complextng Agents in the Separation of Metal 
lons by the Weiss Ring-oven Technique), 412 
Single Cells Electrical Activity of (edited by Yasujı Katsuki), review by 


Dr P Fatt, 203 

Single-Crystal Graphite from Melts Preparation of (Pei Ching Li), 864 

Singleton, F (Murgatroyd, R J,and) Winds and Circulation in the Upper 
Atmosphere (Possible Meridional Circulations in. the Stratosphere 
and Mesosphere), |2 

Sinsheimer, R L Structure, Synthesis and Function of Deoxyribonucleic 
Acid (Enzyme Synthesis of DNA), 25 

Siwaltks (Lower), Simla Hills | Occurrence of Graywacke in the (D B 
Sikka, M N Saxena, S B Bhatia and S P Jain), 61 

Size of the Kidneys in Hypophysectomized Rats Failure of the Purified 
Growth Hormone to restore the (Dr T Astarabadi), 270 

Size of Protein Molecules Montmorillonite as a Caliper for the (Prof 
A D McLaren and G H Peterson), 960 

Size (Adult) and Fecundity in the Moth Panaxia dominula L 
Larval Environment on (L M Cook), 282 

Size Distribution of Raindrops (Y N Kelkar), 252 

Sizes (Pore) <A Cell for Rapidly Measuring Restriction to Diffusion of 
Macromolecules through Agar Gels of various (G K Ackers and 
R L Steere), 436 

Sjostrand, Dr Nils O Effect of some Smooth Muscle Stimulants on the 
Motor Response of the Isolated Guinea Pig Vas Deferens to Hypo- 
gastric Nerve Stimulation, [190 

Sjostrom, Ake — Kronhjortens Skadegorelse pa Granskog (Kung! Skog- 
shogskolans Skrifter Nr 35), 30 

Skedd, R F Microwave Measurement Techniques (Generation, and 
Measurement of Attentuation of Unwanted Modes associated with 
Long-band Wave-guides), 410 

Skedd, R F (Karbowiak, Dr A E,and) Microwave Measurement Tech- 
niques (Instrument for the Accurate Determination of relative 
Surface Losses tn the Millimetric Band), 410 


Cotton tn India, Vol 4, review by Prof S C 


Influence of 


[XXXIX 


Skeletal Response (Generalized), on Local Trauma in Young Rats studieg 
by means of *5Ca-Metabolism (Dr Jaromir Kolař and Dr Arnošt 9 
Babicky), 1297 

Skewed Recombination in a Rare Interspecific Jute Hybrid (Dr M S 
Swaminathan and R D lyer), 893 

Skin (Rabbit) Isolation and Identification of Rhamnose from (Ina Mala- 
wista and Prof E A Davidson), 871 

Skin Carcinogens (Possible) An Early Test for (Olav Hilmar lversen), 273 

Sky The Night, in November, 213 , in December, 609 

Sky (Blue) Theory and Tables of the, review by Prof Zdenek Kopal, 1005 

Slater, Dr T F Effect of Copper on Products of Orcinol Oxidation, 420 

Slime Mould Dictyostelium mucoroides — Trehalose in the Cellular (James 
S Clegg and Michael F Filosa), 1077 

Sltme-Mould Plasmodium | Circular Streaming Patterns in a (Dr Peter A 
Stewart and Dr Babette T Stewart), 1206 

Slime Substance Production of, in Mixed Cultures of Rhodopseudomonas 
capsuiatus and Azotobacter vinelandi (Prof Azuma Okuda and 
Michinaru Kobayashi), 1207 

Slip Band Intersections Lattice Rotation at (Dr A S Argon and Prof 

Orowan), 447 

Slow- and Fast-contracting Leg Muscles of the Cockroach Lipase Activity 
in the (Prof J C George and N M G Bhakthan), 356 

Small Factories Health Services tn (World Health Organization Regional 
Office for Europe (United Nations), and the International Labour 
Organization Conference on), 618 

Small Intestine of Conventional and Germ-free Chicks Serotonin in the 
gror A W Phillips, H R Newcomb, J E Smith and R Lachapelle), 

Small Intestine of Vertebrates Comparison of the Mitochondria of the 
(P J Stanbury), 67 

Smeed, Dr P J The Vehicle Driver, 1245 

Smellie, Dr R M S Deoxyribonucleic Acid—Structure, Synthesis and 
Functian, 24 

Smelser, George K (edited by) The Structure of the Eye—Proceedings 
of the Symposium held during the Seventh International Congress 
of Anatomists (New York, 1960), review by Dr E N Willmer, 295 

Smidt, Dr Oxidation Processes in Chemical Manufacture (Direct Oxida- 
tion of Ethylene to Acetaldehyde in the presence of a Palladium 
Chloride-Copper Chloride Catalyst), 1134 

Smilay, Malcolm G , and others Prolonged Biological Half-Life of Sodium- 
22 in Patients with Essential Hypertension, 267 

Smirnov, A C Tables of Airy Functions and Special Confluent Hyper- 
geometric Functions for Asymptotic Solutions of Differential Equa- 
tions of the Second Order (translated from the Russian by D G 
Fry), review by Prof C A Coulson, 97 

Smith, Prof A E Wilder, and Brodhage, Hans Biological Spectrum of 
some New Tuberculostatic 1,3,4-Oxadiazolones with special refer- 
ence to Cross-Resistance and Rates of Emergence of Resistance, 1195 

Smith, B R The Tropical Products Institute—Open Days, 923 

Smith, Prof Cyril Stanley A History of Metallography—the Development 
of Ideas on the Structure of Metals before 1890, review by Prof 
F C Thompson, 843 

Smith, C T The Norfolk Broads, 315 

Smith, Deane K., and others X-Ray Data for the Chrome-Urania System, 
Cr203 200», 861 

Smith, Dr David W E 
Particles, 234 

Smith, Prof Emil L (Margoliash, Dr E, and) Amino-Actd Sequence of 
Horse Heart Cytochrome c—Peptides released by Digestion with 
Chymotrvpsin, [121 

Smith, Prof Emil L, and others | Amino-Acid Sequence of Horse Heart 
Cytochrome c—The Complete Amino-Acid Sequence, 1125 

Smith, Prof F H Biosynthesis of Gossypol by Excised Cotton Roots, 888 

Smith, F J Appointed lecturer in applied digital mathematics computing 
at Queen s Uriversity, Belfast, 7 

Smith, Dr Gordon Appointed reader (at the London School of Hygiene 
and Tropizal Medicine) in virology, 802 

Smith, Dr Hamilton, and others Arsenic Content of Napoleon I's Hair 
probably zaken immediately after hts Death, 103 

Smith, Harlan J (Douglas, James N, and) Presence of Correlation of 
Fine Structure in Jovian Decametric Radiation, 741 

Smith, J E,and others Serotonin in the Small Intestine of Conventional 
and Germ-free Chicks, 380 

Smith, Dr K F Appointed to the chair of experimental physics tn the 
University of Sussex, 707 , work of, 707 

Smith, L P Changes of Climate (The Significance of Climate Variations 
in. Britain), [139 

Smith, Dr Maynard Appointed reader (at University College, London) 
in zoology 802 

Smith, M B Appointed lecturer in pathology at the University. of 
Edinburgh, 507 

Smith, Dr Malcolm H 
photometrv, 722 

Smith, M S Modern Physics, review by Prof H Lipson, 854 

Smith, Dr Marian VV Obituary by Dr A E Mourant, 917 

Smith, Dr Neville H P An Electronic Outline of Organic Chemistry, 
review, 7 

Smith, R M, and Osborne-Vfhite, W S Metabolism of Propionate by 
Homogenates of Normal Sheep Liver, 868 

Smith, W (Rennie, J, and) Formation of Air-Water Froths, 419 

Smith, Prof Wilson Mechanisms of Virus Infections (Progress of Virolo- 
gical Knowiedge), 1246 

Smithies, Dr F [nfinite-Dimensional Algebras, review, 201 

Smoczkiewiczowa, Aleksandra, and Grochmalicka, Janina) Rubeanic Acid 
as Stabilizer of Aqueous Solutions of Ascorbic Acid, [61 

(‘Smog’) Interaction of Light and Atmospheric Photochemical Products, 
within Plants (O C Taylor, W M Dugzer, jun, E A Cardiff and 
E F Darley), 814 

Smoke (Cigarette) Amounts of Oxides of Nitrogen and Carbon Monoxide 
in, with and without Inhalation (C Bokhoven and H J Niessen), 
458 

Smooth Muscle (Uterine) Sodium Influx and Excitation in (Prof C Y 
Kao, Dr D Zakim and Dr F Bronner), 1189 e 

Smooth Muscle Stimulants Effect of some, on the Motor Response of the 
Isolated Guinea Pig Vas Deferens to Hypogastric Nerve Stimulation 
(Dr Nils O Sjostrand), 1190 


Simplified Technique for Isolatton of Sub-Cellular 


Modified Cuvettes for Photoelectric Spectro- 


XC INDEX 


* &muckler, Dr Edward A, and Benditt, Prof Earl P A Simple Flattener 
* for holding Filter Papers on Planchettes for Radioactive Counting, 191 

Snake (Carpet) Precipitating Antibodies in the, against Parasitic Nema- 
todes (H Timourian, C Dobson and J F A Sprent), 996 

Sneyers, R Changes of Climate, 1139 

Snow, Sir Charles Presidential Address to the Library Association 
(Functions of the Public Library in the Welfare State), 930 

Sobolev, V J (Liusternik, L A, and) Elements of Functional Analysis 
(translated from the Russtan by Anthony E Labarre, Jr , Herbert 
Izbicki and H Ward Crowley), review by Dr J C Burkill, 491 

Sobotka, Dr Harry, and others Factor converting Mesophilic into 
Thermophilic Micro-organisms, 86 

Social Animals Insects as, 801 

Social Insects, International Union for the Study of Fourth Congress, 801 

Societé de Chimie Physique Eleventh Annual Reunion (Discussion on the 
Structure, Synthesis and Function of Deoxyribonucleic Acid), 24 

Society, Impact of Science on Vol 1l, No 3, 9 

Society (Free) Science and Government in a (Rt Hon Lord Hailsham), 
393 


Sodankyla Round-the-World Sound Waves produced by the Nuclear 
Explosion on October 30, [961, and their Effect on the lonosphere 
at (G Rose, J Oksman and E Kataja), [173 

Sodium-22 Prolonged Biological Half-Life of, in Patients with Essential 
Hypertension (Dr Lewis K Dahl, Malcolm G Smilay, Lawrence 
Silver and Sanford C Spraragen), 267 

Sodium-24, Potassium-42, Chlorine-36 and lodine-13] , Permeability of the 
Mammary Gland to (P-G Knutsson), 977 

Sodium Accumulation Anaerobiosis and (James E Leggett and Lewis H 
Stolzy), 99] 

Sodium and Potassium Content in the Muscles of Hibernating Animals (Dr 
Enar Eliassen and Helge Leivestad), 459 

Sodium Chloride and Potassium Chloride — Radio-Luminescence in (S. B 
Hyder and B K Gupta), 60 

Sodium Influx and Excitation tn Uterine Smooth Muscle (Prof C Y Kao, 
Dr D Zakim and Dr F Bronner), [[89 

Sodium Silicate A Coating with Antifouling Properties from the Reaction 
between Cuprous Oxide and (J R Rischbieth and F Marson}, 748 

Soep, H Combustion Analysis of Paper Chromatographie Spots, 67 

Sogoian, Virginia P (Neuhaus, Prof Otto W , and) Presence of Hapto- 
globin in Synovial Fluid, 558 

Soil as an Environment for Animal Life (British Association for the Advance- 
ment of Science, Section D (Zoology), Symposium on), 315 

Soil and Animals (Precipitation,) in Norway | Caesium-137 and Strontium- 
99 in (T Hvinden and A Lillegraven), 1144 

Soi Amoebae Biotin, a Growth Requirement for Four (R N Band), 674 

Soil Culture Survival of Rhizobium meliloti in (H L Jensen), 682 

Soil Hydraulic Conductivity Method of measuring, in situ (Prof J N 
Luthin), 383 

Soil Science, Internationa) Society of Joint Meeting of Commission IV 
(Soil Fertility) and Commission V (Pedology) at Massey Agricultural 
College, New Zealand, 922 

Soil Water Importance of Osmotic Potential as a Component of the 

Total Potential of the, on the Movement of Nematodes (C D 

Blake), 144 

Aspects of the Dynamic Organic Matter Cycle in (Welsh Soils 

Discussion Group Discusston on), 309 

Soils (Australian Rice) Nitrogen-fixing Blue-Green Algae in (Dr J S 
Bunt), 479 

Soils Discussion Group (Welsh) D scussion on Aspects of the Dynamic 
Organic Matter Cycle in Soils, 309 

Soils (Acid) Nature of Sulphate Retention by (Monica Liu and G W 
Thomas), 384 

Sokal, Dr Joseph E , and others Blood Glucose-6-Phosphate in Hetero- 
zygous Carrters and Patients with Liver Glycogen Disease (Von 
Gierke’s Disease), 265 

Solar Eclipse Riometer Observations during a (M A Gordon), 249, 
erratum, 1133 

Solar Flare Effects (Possible), in the F Region of the lonosphere (Dr G H 
Munro), 347, (Dr R W Knecht and Dr K Davies), 348 

Solar Flares Coincidence of the Explosive Phase of, with [0 7-cm Solar 
Noise Bursts (Arthur E Covington and Gladys A Harvey), 152 

10 7-cm Solar Noise Bursts Coincidence of the Explosive Phase of Solar 
Flares with (Arthur E Covington and Gladys A Harvey), 152 

Solar Radio Bursts (Type ll) Spectral Characteristics of (Prof P A 
Sturrock), 58 

Solar Type IV Radiation Decimetre Radio Bursts concurrent with (T 
Krishnan and R F Mullaly), 58 

Solberg, Bjorn (Dougherty, Dr Ellsworth C, and) 
of an Enchytraeid Annelid, 184 

Solid Propellant Rocket Motor Test Rig (P A Hilton and Co ), 708 

Solid Secondary Alcohols A Transition in the Dielectric Properties of 
J S Dryden and H K Welsh) 255 

Solid-State Polymerizations Effect of Mechanical Stress on some (Dr 
C H Bamford, Dr G C Eastmond and Dr J C Ward), 1036 

Solid-State Reactions Definition of Rate Constant and Activation Energy 
in (W Gomes), 865 

Solid-State Transformation (A New Reversible), in Iron-Nickel Alloys in 
the [nvar Range of Compositions (Prof N ] Ananthanarayanan and 
R J Peavley), 962 

Solomon, Dr G L . Biochemical Engineering, [19 

Soluble Collagen tn Bone (S Araya, Dr S Saito, S Nakanishi and Y 
Kawanishi), 758 

Soluble Ribonucleic Acid Conservation of the Biological Activity of a 
J H Weil, Prof J P Ebel and R Monier), [69 

Solute Requirements for Preventing Lysis of some Marine Bacteria (Prof 
Robert A MacLeod and Tibor Matula), 1209 

Solution Effect of Gamma-Rays on Thymus Nucleoprotein in (Dr A R 
Peacocke and Dr B N Preston), 228 

Solution of Indole-3-Acetic Acid labelled with Carbon-I4 Isolation of an 
Unknown Auxin trom a (Prof J H M Henderson) 1076 

Solution (Acid) Sedimentation of #-Lactoglobulin (A,B) under Dissociating 
Conditions in (Lilo M Gilbert and Dr G A Gilbert), II8I 

Solutions gAqueous), of Ascorbic Acid Rubeanic Acid as Stabilizer of 
(Aleksandra Smoczkiewiczowa and Janina Grochmalicka), [61 

Solutions (Aqueous Cystine) Products of the y-Radiolysis of (Dr D W 
Grant, S N Mason and M A Link), 352 


Soils 


Axenic Cultivation 


Solutions (Asymptotic), of Differential Equations of the Second Order - 
Tables of Airy Functions and Special Confluent Hypergeometric 
Functions for (A D Smirnov), translated from the Russian by D G 
Fry, review by Prof C A Coulson, 97 

Solutions (Bovine Serum Albumin) Nuclear Magnetic Resonance Spectro- 
on of Proteins—the Hydrogen Bonding of Water in (F A Bovey), 

2 


Solutions (Deoxyribonucleic Acid) Relaxation Enhancement by Para- 
magnetic lon Binding on (J Eisinger, R G Shulman and W E 
Blumberg), 963 

Solymosi, Dr F, and Revész, L Thermal Decomposition of Ammonium 
Perchlorate in presence of Zinc Oxide, 64 

Somatic Chromosomes of the Gorilla (J L Hamerton, M Fraccaro, L de 
Carli, Fiorella Nuzzo, H P. Klinger, Lotte Huiliger, Angela Taylor 
and E M Lang), 225 

Somers, M Secretion of Nitrogen in Sheep Saliva, 318 

Sonnet, Jean (Hirschfeld, Dr Jan, and) Distribution of Group-specific 
Components (Gc) in the Sera of Native Africans, 766 

Sorenson, Wayne R, and Campbell, Tod W Preparative Methods of 
Polymer Chemistry, review by Dr 1 C McNeill, 490 

serenum Midge Contarinia sorghicola (Coq ), in West Africa (K M Harris), 


Sorm, Prof F At the Fifth International Congress of Biochemistry 
(Proteins, their Function and Structure), 1116 

Sos, Prof J, and others Effect of Monovalent Cations on the Blood 
Pressure of Intact and Hypertensive Rats, 362 

Sosova, V F,and others Problems of Infection, Immunity and Allergy in 
Acute Radiation Diseases (trans'ated from the Russian by Lydia 
Venters , edited by R Clarke), review by Dr Hugh D Evans, 6 

Sound Waves (Round-the-World), produced by the Nuclear Explosion 
on October 30, 1961, and their Effect on the lonosphere at Sodankylä 
(G Rose, J Oksman and E Kataja), 1173 

Soundranayagan, Dr S Appointed lecturer in engineering at the Univer- 
sity of Edinburgh, 507 

Source of £-Glucuronidase 
garet | Stern), 359 

Sources of Alternating Current and Direct Current 
Nitrogen using (G G Mannella}, 159 

Sources (New), of Energy (United Nat'ons Conference on), 407 

South Richard The Moths of the British Isles, new edition, First Series, 
Sphingidae, Endromidae, Saturniidae, Notodontidae, Thyatiridae, 
Drepanidae, Lymantriidae and Noctuidae , Second Series, Lasio- 
campidae, Arctiidae, Geometridae, Cossidae, Limacodidae, Zygaeni- 
dae, Sesitdae and Hepialidae, review by A Watson, 830 

South African Institute for Medical Research Publications, No |, Vol 9, 
The Arthropod Parasites of Vertebrates in Africa South of the 
Sahara (Ethiopian Region), Vol I, Chelicerata (edited by F Zumpt), 
review by Dr F A Turk, 1222 

South Australa Occurrence of Magnesite-Dolomite Sediments in (Prof 
A R Alderman and C C von der Borch), 86! 

South Australian Museum Report for 1959-60, 20 

Records of the, Vol 14, No I, 921 

Southdown Sheep (Merino and) Relationships between Red Blood Cell 
Potassium Concentrations, Medial Corpuscular Fragility and Haemo- 
globin Type in (Prof J V Evans), 567 

Soviet Hydrometeorological Service (R F Zobel), 1I41 

Soybean Seedlings Effect of Temperature during Germination on the 
Crystalline Type of Starch in (Dr Susumu Hizukuri, Michiko Fuji 
and Prof Ziro Nikunt), 239 

Space (Five) Equation of Motion in (Prof Christopher Gregory), 1320 

Space (Outer) Fourth Colloquium on the Law of, [244 

Space Group and Unit Cell of the m-Bromobenzoate of Photoisopyrocalci- 
ferol (Prof G L Hardgrove), 55! 

Space Research Russan, 19 

Spaceflight Report to the Nation (American Rocket Society), 1244 

SPartine ur at Baldoyle in Ireland (PatriciaJ Boyle and James A Kavanagh), 


Female Ret Preputial Glands as a (Dr Mar- 


Formation of Active 


Spawning Mechanism in the Male Lugworm (Dr D | D Howie), 1100 

Special Confluent Hypergeometric Functions for Asymptotic Solutions of 
Differential Equations of the Second Order Tables of Airy Functions 
and (A D Smirnov), translated from the Russian by D G Fry, 
review by Prof C A Coulson, 97 

Specialists! Conference on Culture Collections, 309 

Species of the Teleostean Genus Lebetus (P J Miller), 675 

Species (Biological), confused under the Name Culicordes austen (Carter, 
Ingram and McFie), (D H Murphy), 186 

Specific Antigens of Human Leucocytes and Thrombocytes (Nechama 
Gilboa-Garber and Dr A Nelken), 466 

Specific Partial Hydrolysis of Nucleic Acids in Nucleotide Sequence Studies 
Dr D W Verwoerd, Dr H Kohlhage and Dr W  Zillig), 

Specificity of Plant Feeding in Mosquitoes as determined by Radioactive 
Phosphorus (Dr A A Abdel-Malek and Dr W F Baldwin), 178 

Specificity (Substrate), and Inhibition. of Nicotinamide Mononucleotide— 
Adenylyl Transferase of Liver Nuclei—Possible Mechanism of Effect 
of 6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Spectra (Infra-red), of Lead and other Carbonates A Difference Band of 
a Fundamental and a Lattice Mode in the (C J H Schutte and 
K Buys), 351 

SERERE sree nares of Type ll Solar Radio Bursts (Prof P A Sturrock), 

Rr ea (Photoelectric) Modified Cuvettes for (Dr Malcolm 

mith), 

Spectroscopic Studies using Time-Resolved Techniques (Institute of Physics 
and the Physical Society Conference on), 1032 

Spectroscopic Survey of English and Continental Medteval Glazed Pottery 
( Thomas and ] W G Musty), [143 

a aad 3 Molecular Structure and (Ohio State University Symposium 
on), 

Time-Resolved (Prof J D Craggs), 1032 

Spectroscopy Conference Third Australian (Dr R A Durie), 927 

Spectroscopy Conference (Western) Ninth Annual (Western Spectro- 
scopy Association), 507 

Spectroscopy (Atomic Absorption) Application of, to the Determination 
of Calcium in Saliva (Ernest Newbrun), 118 


INDEX 


Spectroscopy (Nuclear Magnetic Resonance), of Proteins—the Hydrogen 
Bonding of Wager in Bovine Serum Albumin Solutions (F A Bovey), 


Spectrum (Biological), of some New Tuberculostatic 1,3,4-Oxadiazolones 
with special reference to Cross-Resistance and Rates of Emergence 
of Resistance (Prof A E Wilder Smith and Hans Brodhage), 1195 
BREUI Mr dein of Fluoro-Acetonitrile (B E Job and Dr J Sheri- 
an), 
Spectrum Line 4603 A of Lithium Stark Broadening of the (K C Lap- 
worth), 252 
Speech (British Association for the Advancement of Science, Section i 
(Physiology and Biochemistry) and Section J (Psychology), Joint 
Symposium on), 6 
Arrest of Acceleration of, evoked by Thalamic Stimulation in the 
Course of Stereotaxic Procedures for Parkinsonism (Dr G Guiot, 
and collaborators), 921 
Speech-Rate Experimental Alteration of the, 921 
Speed (High-) Direct-Recording System for Electron Diffraction (Dr 
C W B Grigson) 647 
Speer, Prof J At the Thirteenth Congress of the International Union of 
Forest Research Organizations (Forest Economics), 614 
Elected president of the International Union of Forest Research 
Organizations, 615 
Spence, Dr John A Probable Mechantsm of Resistance of Varieties of 
Eos peace Rod Disease caused by Phytophthora palmivora (Butl ) 
utl, 
Sperm (Herring-) Deoxyribonucleic Acid Two Types of Ribonucleo- 
protein in the Nucleolus of Intestinal Carcinoma of the Newt follow- 
ing Injection of (Prof A Stolk), 1215 
Spermatocytogenesis with Possible Spermiogenesis of Guinea Pig Testicular 
Cells grown in vitro (Dr Russell T Jordan, Dr Seymour Katsh and 
Nadia de Stackelburg), 1053 
Spermatogenesis of Drosophila melanogaster 
(V A Strangio), 781 e 
Spermatozoa (Bovine) Freeze-drying of (R G Saacke and Prof J O 
Almquist), 995 
Spermiogenesis of Guinea Pig Testicular Cells grown in vitro  Spermato- 
cytogenesis with possible (Dr Russell T Jordan, Dr Seymour Katsh 
and Nadia de Stackelburg), 1053 
Sperti, G S (Mulay, | L, and) Effect of Ultra-Violet Radiation and 
Desiccation on Different Age-Cultures of Escherichia coli K12, 773 
Spheroplasts of Marine Bacteria induced by the Action of Penicillin (J R 
Boring and Prof D Pratt), 773 
Spherulites (Paracrystalline), of Biological Ortgin 
Properties of (Dr G T Stewart), 624 
Spider (Fruit Tree Red) Evaluation of the Activity of some Diphenyl 
Compounds on Winter Eggs of the (J Meltzer), 474 
Spider Mites Relation between Organophosphorus-Resistance and Non- 
Diapause in (W Helle), 1314 
spiders, Men and Scorpions (Theodore H Savory), review by Dr E Duffey, 
29 


Radiosensitive Stages tn the 


Some Physico-Chemical 


Spiers, Prof F W A Warning System for Nuclear Accidents, 31 

Spiers, H M (edited by) Technical Data on Fuel, sixth edition, review by 
R J Sarjant, 1008 

Spilsbury, Dr R J Evolution of Regeneration, and its Possible Bearing on 
Philosophy, 1254 

Spin (Electron-) Resonance Signals from Lyophilized Bacterial Cells exposed 
to Oxygen (Dr M B Lion, Dr J S Kirby-Smith and Dr M 
Randolph), 34 

Spm (Nuclear), of Protoactinium-231 from Hyperfine Splitting (E W T 
Richards, A Ridgeley, N J Atherton and H S Wise), 444 

Spin Magnetization Variation in a Two-level Maser Oscillator Detection of 
(| M Firth and Dr D Bul), 860 

Spin Resonance Electron (Chemical Society Symposium on), 1034 

Spines from a Marine Diatom Penetration of, into the Gill Tissue of 
Lingcod (Ophiodon elongatus), (Dr Gordon R Bell), 279 

Spines of the Sea Urchin, Stomopneustes variolaris (Lamarck) 
Echinochrome A from the (Dr K Nishibor!), 1223 

Spinner, Dr E At the Third Australian Spectroscopy Conference (Vibra- 
tional Spectra and Structures of the Hydrochlorides of the Amino- 
pyridines), 927 

Spit, B J (edited by A L Houwink and) Proceedings of the European 
Regional Conference on Electron Microscopy (Delft, 1960), review 
by Prof R D Preston, 1220 

Splachnum ampullaceum (L) Hedw — Vacuolation and Leaf Regeneration in 
(Prof Kraft E von Maltzahn)—Formation of Secondary Vacuoles in 
De-differentiating Cells, 55 , Effect of Kinetin on Attached Leaf 
Regeneration, 56 

Spleen of the Cat Release of Noradrenaline from the, by Acetylcholine 
(K W Brandon and Helen Boyd), 880 

Spleen Cell Injection (Homologous), tn Adult Mice Acquired Tolerance 
to Homografts produced by (Ronald D Guttmann and J Bradley 
Aust), 564 

Spleen Cells Transfer of Immediate (Anaphylactic) Hypersensitivity by 
Homologous Bone Marrow or (Dr V Stanković and S Vlahovic), 
762 

Splitting (Hyperfine) | Nuclear Spin of Protoactinium-231 from (E VV T 
Richards, A Ridgeley, N J Atherton and H S Wise), 444 

Spores of various Filamentous Fungi Formation of 2-Heptanone from 
Caprylic Acid by (R F Gehrig and Prof S G Knight), 1185 

Spots (Paper Chromatographic) Combustion Analysts of (H Soep), 67 

Spotswood, Dr T M At the Third Australian Spectroscopy Conference 
(Formation of Charge Transfer Complexes during the Bromination of 
forms of Carbon known to contain relatively High Proportions of 
Aromatic Structures), 928 

Spotts, Dr Charles R. and Stanier, Prof RY Mechanism of Streptomycin 
Action on Bacteria—a Unitary Hypothesis, 633 

Spraragen, Sanford C, and others Prolonged Biological Half-Life of 
Sodium-22 in Patients with Essential Hypertension, 267 

Sprent, J F A, and others Precipitating Antibodies in the Carpet Snake 
against Parasitic Nematodes, 996 

Spring, Dr K H  Thermionic Generation of Electricity, 611 

Springs The Hidden—an Enquiry into Extra-Sensory Perception (Renée 
Haynes), review by Dr E J Dingwall, 4 

Springs (Hot), of Tiberias (Israel) Thermophilic Micro-organism of 
Uncertain Taxonomic Status from the (David Kahan), 1212 


Isolation of 


XCI 


St Bartholomew's Hospital Medical College, London Appointment of 
Dr J P Quiliram to the newly created chair of pharmacology, 210 
Appoin ment of Dr F W O'Grady as reader in bacteriology, 1132 
Stability Nuclear Reactor (Dr A Hitchcock), review , 203 
Stability of Dextran during Prolonged Storage (Dr W d'A Maycockand Dr 
C R Ricketts), 174 
Stability in tne Presence of Bacteria Serum f-Globulin Types in Red Deer 
and other Specias and their (V. P W Loweand E | McDougall), 983 
Stability of Transition-Metal Complexes Cation Toxicity and the (Dr 
William H R Shaw), 754 
Stabilizer of Aqueous Solutions of Ascorbic Acid. — Rubeanic. Acid as 
(Aleksandra Smoczkiewiczowa and Janina Grochmalicka), 161 
Stacey, Prof M, and others Mannosyl p-Glucosamine Hydrochloride 
lsome-s—6-O-Mannosy! p-Glucosamine Hydrochloride (143, July 8, 
1961), erratum, 710 
Stafford, Dr G H Proceedings of the 1960 Annual International Con- 
ference on High Energy Physics at Rochester, review, 7 
Stage (Juvenile), in Cultivated Forms of Brassica oleracea (Dr L G G 
Warne), 889 
Stages of Eimeria in Tissues Limitations. of the Periodic Acid-Schiff 
Technique for the Demonstration of (P L Long, D G Rootes and 
Dr C Horton-Smith), [315 
Stages (Extra- and Intra-cellular), of Gregarine and Coccidian Protozoa 
Period z Acid—Schiff Technique for the Demonstration of (Dr J B 
Jennings), 473 
Stages (Radiosensitive), in the Spermatogenesis of Drosophila melanogaster 
A Strangio), 78] 
Stahl, F (Weigle, 3, and) Structure, Synthests and Function of Deoxy- 
ribonucleic Acid (Code and Replication), 25 
Staining Properties of Stressed Bone (Prof M A MacConaill), 368 
Stainsby, G , and others At the Seventh Biennial Conference of the Inter- 
nationa! Union of Leather Chemists Societies (Experiments to break 
the Insolubilizing Cross-links of Mature Bovine Collagen after 
Alkaline Pretreatment), 613 
Stammesgeschichte — Grossablaufe der (Prof Arno Hermann Muller), 
review by Dr L R Cox, 3 
Stammler, Dr M , and others 
of Lead Azide, 626 
Stamp, Prof L. Dudley Agricultural Problems in Developing Countries 
(Climatic Limitations to Development in the Tropics), 1029 
Stamp, Prof L Dudley (edited by) A History of Land Use in Arid Regions 
(Unesco Arid Land Research No 17), 1236 
Stanbury, P J Comparison of the Mitochondria of the Small Intestine of 
Vertebrztes, 67 
Standard Work (A New), on Cocoa, review, 592 
Standards, United States National Bureau of Appointment of Dr Ralph P 
Hudson .s head of the Heat Division, 309 
Appointment of Dr Y Beers as chief of the Millimeter-Wave Research 
Section, 403 
Appointment of Dr R P Madden to the Atomic Physics Division, 507 
Appointment of Dr F Ralph Kotter as chief of the newly established 
High Volzage Section of the Electricity Division, 710 
Appointment of Dr Thomas R Lawrence asa member of the Metrology 
Division, 710 
1962 International Conference on Precision Electromagnetic Measure- 
ments, 922. 
Appointment of J R Johler as chief of the new Applied Electromagnetic 
Theory S ction, 1129 
Standards Laboratories National Conference of, 1240 
Standards (Photometric), and the Unit of Light (J S Preston), (National 
Physical Laboratory, Notes on Applied Science No 24), 1250 
Standards and Measurements Radiometric (E J Gillham), (National 
Physical Laboratory, Notes on Applied Science No 23), 1250 
Stanford—Pacific Naval Laboratory Conjugate Point Experiment (J E 
Lokken, J A Shand, Sir C S Wright, L H Martin, N M Brice and 
R A Helliwell), 319 
Stanford University Stanford Studies in Mathematics and Statistics, No 2, 
Contribut ons to Probability and Statistics—Essays in Honor of 
Harold Hotelling (edited by Ingram Olkin S G Ghurye, Wassily 
Hoeffding Willam G Madow and Henry B Mann), review by Dr 
D E Barton, 846 
Stanier, Prof R Y (Spotts, Dr Charles R, and) Mechanism of Strepto- 
mycin Action on Bacteria—a Unitary Hypothesis, 633 
Stanier, Prof R Y and others Biosynthesis of Carotenoids in Purple 
Bacteria—a Re-Evaluation based on Considerations of Chemical 
Structure, 1168 
Stankovic, Dr V and Viahovic,S Transfer of Immediate (Anaphylactic 
Hypersens.tivity by Homologous Bone Marrow or Spleen Cells, 76 
Staphylococcus aureus — Acid-soluble Nucleotides of—Massive Accumulation 
of a Derivative of Cytidine Diphosphate in the Presence of Penicillin 
(Dr J J Saukkonen), 816 
Isolation of Fistones (?) from (Dr H J Cruft and J L Leaver), 556 
Staphylococcus aureus (Type 81) Effect of Phagocytosis on the Lysis of, by 
Bacteriophage (Dr J M McKenna and R P Sanderson), 570 
Staphylococcus pycgenes Acid Extract of Leucocytes and (A G Towers), 
272 


Kinetics of Reaction of the Decomposition 


Starch (Crystalline Type of), in Soybean Seedlings Effect of Temperature 
during Germination on the (Dr Susumu Hizukuri, Michiko Fuji and 
Prof Ziro Nikun1), 239 

Starch-Gel Electraphoresis | Comparison of the Serum Protein Fractions of 
the Develc»ing Chicken Embryo by the Technique of (A Amin), 
356 

Resolution of Pathological Human Gamma-Globulins by (J P Binette 

and K Schmid), 732 

Starch Gel Electrophoresis of Hen Egg White, Oviduct White, Yolk, Ova 
and Serum Proteins (Dr F Steven), 972 

Stark Broadening cf the Spectrum Line 4603 A of Lithium (K C Lapworth), 
252 


Starved and Normal Guinea Pigs — Variation in Lyoglycogen in (W ! C 
Wilkinson and J H Kugler), 466 

Stasis (Kinetin-ind: ced Meiotic-Prophase Acceleration and), in Tradescantia 
Anthers cultured in Media Deficient in Sugar (Prof G W R Walker 
and J Dietrich), 889 e 

State and the Freedom of the University, 212 

State of Food and Agriculture, 1961 (United Nations, Food and Agriculture 
Organization), 1028 


XCII 


estate University of lowa Grant of 498,000 dollars from the United States 
National Science Foundation, for 25 5-MeV Van de Graaff machine, 
1239 
Statistical Model for Chemists (Edward L Bauer), review by Dr D T Lewis, 
102 


Statistics An American Tapestry of, review by Dr D E Barton, 846 
Contributtons to Probability and—Essays in Horor of Harold Hotelling 

(edited by Ingram Olkin,S G Ghurye, Wassily Hoeffding, William G 
Madow and Henry B Mann), review by Dr D E Barton, 846 

Statistics, Theory of Error and Design of Experiment A Chemist's Intro- 
duction to (Dr D A Pantony), 213 

Statistics (Fire), 1960 United Kingdom—Statistical Analysis of Report of 
Fires attended by Fire Brigades in the United Kingdom during 1960, 
H3t 


Status (Uncertain Taxonomic) Thermophilic Micro-organism of, from the 
Hot Springs of Tiberias (Israel), (David Kahan), 1212 

Staveley, Ronald (edited by Raymond Irwin and) The Libraries of London, 
second edition, review by R Brightman, 592 

Steblay, Dr Raymond William Closely Related Antigens in Human 
Placenta and Kidney, 1259 

Stedman Fifty Years of, review by Dr K M Hawkins, 1222 

Stedman’s Medical Dictionary, twentieth edition, review by Dr K M 
Hawkins, [222 

Steedman, Dr H F 
Bradbury, 904 

Steel, John Y (Barnard, jur, A J, and) 
Metheds and Techniques, 410 

Steel, Prof Robert W = Applied Geography, 715 

Steele, J E Occurrence of a Hyperglycaemis Factor in the Corpus 
Cardiacum of an Insect, 680 

Steere, R L (Ackers, G K,and) A Cell for Rapidly Measuring Restriction 
to Diffusion of Macromolecules through Agar Gels of various Pore 
Sizes, 436 

Stein, J A, and others 
Rats, [303 

Steinberg, Dr Hannah, and othes Modification of the Effects of an 
Amphetamine-Barbiturate Mixture by the Past Experience of Rats, 

33 


Steinbuch, Dr M ,and Loeb, Dr J 
Plasma, 1196 

Steiner, Dr Robert F, and Beers, Jr, Dr Roland F  Polynucleotides— 
Natural and Synthetic Nucleic Acids, review by Dr C B Reese, 836 

Steiner, Dr R F, and Edelhoch, H Influence of pH and Urea on the 
Ultra-violet Fluorescence of several Globular Proteins, 873 

Stem (Pea) Sections Effect of Auxin on the Osmotic Value in (Shizuko 
Yoda and Joy: Ashida), 577 

Stem (Plant) Structure of the, in relation to Adventitious Rooting 
(A Beryl Beakbane), 954 

Stenosis of the Extracranial Cerebral Arteries Cerebral Infarction—the 
Role of (Dr Peter O Yates and Dr Edward C Hutchinson), (Medical 
Research Council, Special Report Series No 300), 319 

Stent, G Structure, Synthesis and Function of Deoxyribonucleic Acid 
(Induced Changes in DNA), 25 

Stephen, Dr William | The Laboratory of the Government Chemist, [22 

Stereology, International Society for, 115 

Stereotaxic Procedures for Parkinsonism Arrest of Acceleration of Speech 
evoked by Thalamic Stimulation in the Course of (Dr G Guiwot, and 
collaborators), 921 

Sterling, H F, and Warren, R W A Cold Crucible for High-Temperature 
Melting Processes, 745 

Sterman, M M (Swellengrebel, Dr N H, and) Animal Parasites in Man, 
review by Dr G Lapage, [97 

Stern, Dr Margaret! Female Rat Preputial Glands as a Source of B-Glucu- 
ronidase, 359 

Steroidogenesis Enhancement of, by Rat Adrenal Slices in vitro with 
CEstradiol-17-8 (Prof Julian |. Kitay), 358 

Steroids Gas Chromatography of Androst-l6-en-3a-ol 
(R W R Baker and Dr D B Gower), !074 

Group Retention Factors in the Gas-Liquid Chromatography of (R B 

Clayton), 524 

Sterols other than Cholesterol Persistence of, in Chicken Tissues (David 
Kritchevsky and Vittorio Defendi), 71 

Steven, Prof D M  Shoaling Behaviour ina Mysid, 280 

Steven, Dr F Starch Gel Electrophoresis of Hen Egg White, Oviduct 
White, Yolk, Ova and Serum Proteins, 972 

Stevens, Dr B Evidence for the Photo-Association of Aromatic Hydro- 
carbons in Fluid Media, 724 

Stevenson, F M Companionship of the Textile Institute awarded to, 406 

Steward, Prof F C Prof A J Eames and the Morphology of the Angio- 
sperms, 8 

Steward, S F At the British Electrical Power Convention (British 
Electrical Manufacture in the National Economy), 502 

Stewart, A D G Scanning Techniques in Biological and Medical Micro- 
scopy (An Ion Gun built into an Electron Scanning Microscope, to 
produce Etching of a Specimen Surface during Continuous Electron 
Imaging), 103] 

Stewart, Dr Babette T (Stewart, Dr Peter A , and) 
Patterns in a Slime-Mould Plasmodium, 1206 

Stewart, C M,and others Seasonal Variation in Alginic Acid, Mannitol, 
Laminarin and Fucoidin in the Brown Alga, Ecklonia radiata, 1208 

Stewart, Dr G T Some Physico-Chemical Properties of Paracrystalline 
Spherulites of Biological Origin. 624 

Stewart, Dr Peter A, and Stewart, Dr Babette T 
Patterns in a Slime-Mould Plasmodium, 1206 

sreware A E Astronautics (Advanced Propulsion Systems for Space), 


Section Cutting in Microscopy, review by Dr S 


Progress tn Microchemical 


Deiodination of Thyroxine-''[ in Tumour-bearing 


Isolation of an a2-Globulin from Human 


and related 


Circular Streaming 


Circular Streaming 


At the Twelfth International Astronautical Congress (Àn Examination 
of the Characteristics. of Propulsion Systems for Inter-Orbital 
Transfer), 1244 

Stewart, Robin K , and others 
vomitoria L , 999 

Stickland, Dr L H Enzymes and Cancer, review, 100 

Stickleback (Nine-spined and the Three-spined) Serological Relationships 
between the (Tadeusz Penczak) 673 

Stigmas Influence of the Age of Pollen and, on Sex Determination in Hemp 
(Regina Laskowska), 147 


Intestinal Proteinases in an Insect, Calliphora 


INDEX 


Stilboestrol Dipropionate Seminal Degeneration induced in Merino Rams 
by the Administration of (G R Moule and P E Mattner), 364 
Stimulants (Smooth Muscle) Effect of some, on the Motor Response of the 
Isolated Guinea Pig Vas Deferens to Hypogastric Nerve Stimulation 
(Dr Nils O Sjostrand), [190 

Stimulating Hormone (Sheep Interstitial Cell) Complement-fixing Anti- 
bodies to Human Growth Hormone and (Allen Trenkle, N R. 
Moudgal, Katy K Sadri and Dr Choh Hao Li), 260 

Stimulation with Estrogens Response of the Reticulo-Endotheltal System 
to (Prof T Nicol, D L J Bilbey ,J Cordingley and C Druce), 978 

Stimulation of Uptake of Calcium-45 in the Adrenal Gland by Acetylcholine 
(Prof W W Douglas and A M Posner), 1299 

Stimulation (Electrical), of Reticular Formation Effects of, on the Lactic 
Acid Content of the Rat Brain (Dr Lj Mihailovic, Ly Krzalié and 
D Cvetkovic), [166 

Stimulation (Hypogastric Nerve) Effect of some Smooth Muscle Strmu- 
lants on the Motor Response of the Isolated Guinea Pig Vas Deferens 
to (Dr Nils O Sjostrand), 1190 

Stimulation. (Non-Redundant) Visual Effects of (Prof D M MacKay), 
739 


Stimulation (Self-) of the Brain Effect of X-Irradiation on (Dr Thomas J. 
Haley, P Bach-y-Ritaan N Komesu), 1309 

Stimulation (Thalamic), in the Course of Stereotaxic Procedures for Parkin- 
sonism Arrest of Acceleration of Speech evoked by (Dr G Guiot, 
and collaborators), 921 

Stimuli (Taste) Response of Catfish Barbels to (Hideki Tateda), 343 

Stimulus (Driving) Effects of Intensity of, on the Shape of Membrane 
Action Potential of the Heart (T Azuma, H Hayashi, T Kanno and 
K Matsuda), 1295 

Stimulus-secretion Coupling Mechanism of Nicotinic Action at the Adrenal 
re as a Link in (Prof W W DouglasandR P Rubin), 

087 

Stock A H , and Uriel, José Esterase of Group A Streptococci—Electrc- 
phoretic Mobility and Detection of, Haemolytic Activity of Strepto- 
lysins O and S in Agar-Gel, 435 

Stock, A H , and others Extracellular Esterase of Group A Streptococci— 
Esterase in Extracellular Concentrates of Group A Streptococci and’ 
the Homologous Antibody, 434 

Stock, R (Freeguard, G F, and) 
Chromatography, 257 

Stocken, Dr L A (Hudnik-Plevnik, T , and) Chromatography and Nucleo- 
tide Sequences of Deoxyribonucleic Acid synthesized in Salmonella 
typhimurium after Irradiation with Ultra-Violet, 554 

Stoker, Prof M Mechanisms of Virus Infections (Intracellular Replication 
Mechanisms), 1246 

Stolk, Prof A Role of Cell Division in Gastrulation of the Viviparous 
Toothcarp Xiphophorus helleri, 374 

Two Types of Ribonucleoprotein in the Nucleolus of Intestinal Carci- 

noma of the Newt following Injection of Herring-Sperm Deoxyribo- 
nucleic Acid, [215 

Stollery, J L Appointed to the readership in aeronautics at the Imperrat 
College of Science and Technology, London, 922 

Stolzy, Lewis H (Leggett, James E, and)  Anaerobiosis and Sodium 
Accumulation, 99] 

Stomopneustes variolaris (Lamarck) (Sea Urchin) Isolation of Echinochrome 
A from the Spines of the (Dr K Nishibori), 1293 

xr or R The Halley Bay Expedition of the Royal Society, review, 


Partition [sotherms and Gas-Liquid 


Stopping-Power Ratio for Cavity lonization Chambers Measurement of 
(T E Burlin), 545 

Storage of Freeze-dried Serratia marcescens — Free-Radical Formation 
during (Dr R L Dimmick, R J Heckly and D P Hollis), 776 

Storage (Food) Toxic Chemicals in Agriculture and, 1130 

Storage (Prolonged) Stability of Dextran during (Dr W d’A Maycock 
and Dr C R Ricketts), 174 

Stored Food-Grains — Pre-Harvest Prophylaxis for Infestation Control In 
(S K Majumder, K Krishnamurthy and S Godavari Bai), 375 

Storey, Dr H — At the Thirteenth Congress of the International Union of 
Forest Research Organizations (Forestry Influences), 614 

Stoutemyer, Prof V T (Goodir, J R,and) Effect of Temperature and 
Potassium Gibberellate on Phases of Growth of Algerian Ivy, 677 

Stove, E R , and others New Pentcillins Stable towards both Acid and 
Penicillinase, 1183 

Strachey, C — Scientific Side of Computer Language, 22 

Strain Recovery in Wood Effect of Temperature on the (Maciey Lawniczak 
and Jan Raczkowski), 583 

Strains of Neurospora crassa Effect of Kinetin on the Fertility of some 
(Barry O Lee), 288 

Strands (Transcellular), and Particle Movement in Mature Sieve Tubes (Dr. 
R Thaine), 772 

Strangers’ Hall, Norwich, 1132 

Strangio, V A Radiosensitive Stages in the Spermatogenesis of Droso- 
phila melanogaster, 781 

Stratospheric Fission Products 
Peirson), 497 

Stratospheric Water Origin of High Tritium Content of Atmospheric 
Methane, Hydrogen and (Dr Richard Wolfgang), 1279 

Stratton, G Burder (edited by, assisted by Marcia A Edwards) The 
Zoological Record, Vol 95, Records of Zoological Literature relating 
chiefly to the Year 1958, review by Dr Edward Hindle, 903 

Streaming Patterns (Circular), tn a Slime-Mould Plasmodium (Dr Peter A. 
Stewart and Dr Babette T Stewart), 1206 

Street, Prof H E Biology in Britain, 416 

Streptococci (Group A) Esterase in Extracellular Concentrates of, and the 
Homologous Antibody (Extracellular Esterase of Group A Strepto- 
cocci), (Aaron H Stock, Jose Uriel and Pierre Grabar), 434 

Extracellular Esterase of—Esterase in Extracellular Concentrates of 

Group A Streptococci and the Homologous Antibody (Aaron H. 
Stock Jose Uriel and Pierre Grabar), 434 , Electrophoretic Mobility 
and Detection of Haemolyt c Activity of Streptolysins O and S in 
Agar-Gel (A H Stock and Jose Uriel), 435 

Streptolysins O and S in Agar-Gel Electrophoretic Mobility and Detection 
of Haemolytic Activity of (Extracellular Esterase of Group À Strepto- 
cocci), (A H Stock and Jose Uriel), 435 

Streptomyces rimosus Possible Causes for Production of Isoleucine by 
(Dr 1 Horvath, | Gado and A Szentirmat), 64] 


Transfer of, into the Troposphere (D H. 


INDEX 


Streptomycin Action on Bacteria Mechanism of—a Unitary Hypothesis 
(Dr Charles RfSpotts and Prof R Y Stanier), 633 

Stresemann, E (Herxheimer, H , and) Anti-Asthmatic Effect of Phenazone 
and Amidopyrine, 1089 

Stress in Cattle Diuresis due to (R S Anderson), 460 

Stress Concentration Effects in Tertiary Creep (Dr P W Davies and 
B Wilshire), 1281 

Stress (Histamine) Effects of Thymectomy on the Resistance of Rats to 
Drowning and (Dr A S Weltman and A M Sackler), 460 

Stress (Mechanical) Effect of, on some Solid-State Polymerizations (Dr 

H Bamford, Dr G C Eastmond and Dr J C Ward), 1036 

Stress Fatigue (High- and Low-) Difference between (N E Frost), +46 

Stressed Bone Staining Properties of (Prof M A MacConaill), 368 

Stresses and Friction. Effective Contact (Dr D H Trollope), (July 22, 
376), errata, 213 

Stretch, Dr R Animal Behaviour (Experiments on the Early Experience 
of Animals), 209 

Strong Electrical Fields Effect of on the Boiling Points of some Alcohols 
(Richard K Lyon), [285 (Dr P K Kattiand M M Chaudhrr} 1286 

Strontium-99 (Caesium-137 and), in Precipitation, Soil and Animals in 
Norway (T Hvinden and A Lillegraven), 1144 

Stroud, Dr D B E,and others Mannosyl p-Glucosamine Hydrochioride 
Isomers—6-O-Mannosyl D-Glucosamine Hydrochloride (143, July 8, 
1961), erratum, 710 

Structural Concrete (Prof Kurt Billig), review by Prof A W Hendry 7 

Structural Investigation of a Laminaran isolated from Eisenia bicyclis (Nobu- 
hiko Handa and Prof Kazutosi Nisizawa), 1078 

Structural Polysaccharides of Algal Cell Walls Variants in the (Dr. Eva 
Frei and Prof R D Preston), 939 

Structure Wool (Australian Commonwealth Scientific and Industrial 
Research Organization Wool Colloquium No 1), 709 

Structure of Alpha-Keratin (Prof S Krimm), 810 

Structure of Asparagine Monohydrate (G Kartha and A de Vries), 862 

Structure of the 5,6-DimethylBenzimidazolylcobamide Coenzyme (Dr P 
Galen Lenhert and Dorothy Crowfoot Hodgkin), 937 

Structure of the Eye—Proceedings of the Symposium held during the 
Seventh International Congress of Anatomists, New York, 1960 
(edited by George K Smelser), review by Dr E N Willmer, 255 

Structure of Metals before [890 A History of Metallography—the Develop- 
ment of Ideas on the (Prof Cyril Stanley Smith), review by Prof 
F C Thompson, 843 

Structure of Molybdenum Sesquisulphide (Prof F Jellinek), [065 

Structure of the Oxygen-carrying Cobalt (Il) Histidine Complex (A Earn- 
shaw and L F Larkworthy), 1068 

Structure of the Plant Stem in relation to Adventitious Rooting (A Bary! 
Beakbane), 954 

Structure, Life-History and Distribution of Gnetum, review by Dr C. R 
Metcalfe, 1006 

Structure (Antigenic), of Entamoeba histolytica (A Sen, S N Ghosh, 
S Mukerjee and J C Ray), 893 

Structure (Chemical) Biosynthesis of Carotenoids in Purple Bacteri-—a 
Re-Evaluation based on Considerations of (Synnove Liaaen Jensen, 
Dr Germaine Cohen-Bazire and Prof R Y Stanier), 1168 

Structure (Crystal), of 2,5-Dimethyl-Dithio-Furophthene, a Homologue of 
Thio-Thiophthene (Dr M Mammi, R Bardi, G Traverso and 
S Bezzi), 1282 

Structure Cerystab of 2-Phenylazulene (Prof B D Sharmaand] Donohue), 
8 


Structure (Crystal) Analysis The Theory of (A | Kitaigorodskii), trans- 
lated from the Russian by David and Katherine Harker, review by 
Dr M M Woolfson, 904 

Structure (Crystal and Molecular), of Diphenyl (Dr G B Robertson), 
(August 5, 593), erratum, 1026 

Structure (Fine), of the Artericlar Nerves in the Guinea Pig Pancreas (Dr 

Lever and Dr A C Esterhuizen), 566 

Structure (Fine), in Jovian Decametric Radiation. Presence and Correlatzon 
of (James N Douglas and Harlan J Smith), 741 

Structure (Fine), of Viruses (Electron Microscope Society of America 
Symposium on), 611 

Structu a and Spectroscopy (Ohio State University Symposizm 
on), 12 

Structure (Nuclear) Proceedings of the International Conference ən 
(Kingston, Canada, 1960), edited by D A Bromley and E W Vogt, 
review by D L Allan, 203 

Structure (Population) Molecular Biology and (British Association for the 
Advancement of Science, Section D (Zoology) and Section K 
(Botany), Joint Symposium on), 414 

Structure and Properties of the Flavohaemoprotein, Cytochrome bz (L(+ )- 
Lactate Dehydrogenase of Baker's Yeast), and of Haemoprote:n, 
Flavoprotein and Apoprotein Derivatives (Prof R K Morton), 727 

Structure, Synthesis and Function of Deoxyribonucleic Acid (Société de 
Chimie Physique Discussion on), 24 

Structures (Crystal), of Salts of Methylated Purines and Pyrimidines (R F 
Bryan and K Tomita), 812 

Structures and Conformations of some Naturally Occurring Derivatives of 
Proline (R J Abraham, K A McLauchlan, Shirley Dalby, Prof 
G W Kenner, R C Sheppard and L F Burroughs), 1150 

Stuart, Dr J T Promoted to Senior Principal Scientific Officer, 214 , 
work of, 214 

Stuchlfkova, E, and others — Agarophoresis and Immuno-electrophoresis 
of the Proteins of Gastric Juice, 763 

Student Mental Health—Report of a Conference held tn London, 196l 
(World University Service), 620 

Students for Technical Experience International Association for the Ex- 
change of Fourteenth Annual Report, 1130 

Students for Technical Experience, International Association for the E(t- 
change of (United Kingdom) Report for 1960-61, 1131 

Studentships (Research) Senior Research Fellowships, Research Fellow- 
ships and (Zoological Society of London), 211 

Studies in Endocrinology, review by Sir Solly Zuckerman, 834 

Studies in Paleobotany (Prof Henry N Andrews, Jr), review by Dr Alan 
Wesley, 852 

Studies (Alcohol), Center for Transferred from Yale University to 
Rutgers State University, 404 

Studies (Case) The Preparation and Use of (South London Branch of the 
British Institute of Management Conference on), 21 


XcIH 


Studies (Folk-Life), Society for ? 


Election of Officers, 19 

Studies (Gas Dynamic) Bibliography of Tables and Charts for Use tn 
(D E Randall), 308 

Studies (Nucleotide Sequence) Specific Partial Hydrolysis of Nucleic Acids 
i^ (Dr D W Verwoerd, Dr H Kohlhage and Dr W Zillig), 1038 

Studies (Selected), in Chemical Kinetics (Prof Farrington Daniels), review 
by Prof J M Coulson, 297 

Studies (Spectroscopic), using Time-Resolved Techniques (Institute of 
Physics and the Physical Society Conference on), 1032 

Study ts Desk Worker Morale in the Civil Service, a (Nigel Walker), 


Establishment of the, 19 


Study of Development and Growth, Society for the Symposium on Cyto- 
differentiation and Macromolecular Synthesis, 802 

Study of Diabetes, review, 391 

Study of Fast Reactions (Cambridge Physical Chemistry 1961 Summer 
School), 1136 

Study of Social Insects, International Union for the Fourth Congress, 801 

Study (Autoradiographic), of Cell Migration during Histogenesis of Cerebral 
Cortex in the Mouse (Dr J B Angevine jun , and R L Sidman), 766 

Stuntz, Daniel E, and others Occurrence of Sedoheptulose in Carpophores 
and Basidiospores of Inocybe Species, 1080 

Sturrock, Prof P A Spectral Characteristics of Type II Solar Radio 
Bursts, 58 

Sub-cellular Component of Corynebacterium diphtheriae having the Capacity 
to Bind Anti-Toxin (Prof M Yoneda and M Matsuda), 642 

Sub-Cellular Fractions of various Regions of the Central Nervous System 
of the Rat Distribution of Ribonucleic Acid in (T Borkowski, 
S Harth, R Mardel! and Prof P Mandel), 456 

Sub-Cellular Particles Simplified Technique for Isolation of (Dr David 
W E Smith), 234 

Sub-Cellular Particles isolated from the Hepatopancreas of Carcinus maenas 
Respiratory Chain Phosphorylation in (Dr R B Beechey), 975 

Sub-Fractionation (Chromatographic), of Human 7S y-Globulin Sero- 
logical Evidence of a (UIf Nilsson), 1301 

Sub-Groups (Quantitative), of the B Antigen in Man and their Occurrence 
tn Three Racral Groups (Mary B Gibbs, Colonel Joseph H Akeroyd 
and Julia J Zapf), 1196 

Sub-Lingual Temperatures of Heat-acclimatized People 
the (Dr G C Whittow), 1086 

Sub-molecular Biology Introduction to a (Prof Albert Szent-Gyorgyi), 
review by Prof D D Eley, 852 

Sub-Nuclear Preparations from Rat Liver Nuclei Incorporation of 
%C-Glycine by (K R Rees, Hazel F Ross and G F Rowland), 171 

Subbarayappa, Dr B V History of Sctences in Ancient and Medieval 
Indsa {Indian Atomism), 27 

Sublimation of Ice Crystals at Low Temperatures Investigation with the 
Electron Microscope of the (Prof Tokio Neri), 1177 

Submerged Culture Production of Lysergic Acid a-Hydroxyethylamide by 
Claviceps paspali Stevens and Hall Formation of 2,3-Dihydroxy- 
benzoic Acid in Fermentation Liquors during the (F Arcamone, 
Prof E B Chain, A Ferretti and P Pennella), 552 

Suboxide (Carbon)  Pyrolytic Carbon Formation from (B C Banerjee, 
T J Hirt and Prof P L Walker, jun ), 450 

Substance (New Ninhydrin-Reactive), from Red Algae (Mitsuo Kursyama), 
969 


Heart-rates and 


Substance (Slime) Production of, in Mixed Cultures of Rhodopseudomonas 
capsulatus and Azotobacter vinelandu (Prof Azuma Okuda and 
Michiharu Kobayashi), 1207 

Substances Effect of Gibberellic Acid, Kinetin and other, on Seed Dor- 
mancy (B Frankland), 678 

Exchange of, between the Blood and Tissues (Str Howard Florey), 908 

Substances controlling the Rate of Beating of the Heart of Periplaneta 
(K G Davey), 284 

Substances (Histamine-like) Formation of Histamine and, from Histidine 
by Quartz Dust (L W Marasas), 872 

Substances (Plant Phenolic) Biochemistry of (Plant Phenolics Group of 
North America Symposium on), 418 

Substrate Specificity and Inhibition of Nicotinamide Mononucleotide- 
Adenylyl Transferase of Liver Nuclei—Possible Mechanism of Effect 
of 6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

‘Substrate-Substitute’ Crystallization of the Complex of D-Amino-Acid 
Oxidase and (Kunio Yagt and Takayuki Ozawa), 70 

Substrates Response of Chloroplast Cytochromes to Light and (Prof H 
Lundegardh), 243 

Substractive Gas Chromatography Behaviour of 5A Molecular Sieve in 
(E R Adlard and B T Whitham), 966 

Suceinic Dehydrogenase (Nucleolar), in Mouse Mammary Carcinoma Cells 

De, R Chatterjee and Dr S Mitra), 285 

Sudarshan, E C G, and others (edited by) Proceedings of the 1960 
Annual International Conference on High Energy Physics at Roch- 
ester, review by Dr G H Stafford, 7 

Suelter, Dr C H, and others Detection of a Possible Intermediate in 
Oxidative Phosphorylation, 43 

Suess, Prof E, and others Isotopic Composition of Atmospheric 

Hydrogen and Methane, 648 

Kinetin-tnduced Meiotic-Prophase Acceleration and Stasis in Trade- 

scantia Anthers cultured tn Media Deficient in (Prof G W R 

Walker and J Dietrich), 889 

Sugar Metabolism (Fat and), in Infant Rats — Interrelationship between 
(P Hahn, O Koldovsky, V Melichar and M Novak), 1296 

Sugar Reagent (Improved Benzidrine), for Paper Chromatograms (Bock 
G Chan and Prof J C Cain), 69 

Sugden, Dr T M The Study of Fast Reactions (Recent Developments in 
the Collision and Transition State Theories), 1136 

Sullivan, Dr J V, and others At the Third Australian Spectroscopy 
Conference (Factors affecting the Cathodic Sputtering of various 
Metals), 929 

4-Sulphanilamido-6-methoxy and 6-Ethoxy Pyrimidine (IC! Nos 32,525 
and 33,536) —T wo New Long-acting Sulphonamides (Dr R Clarkson 
and Dr A R Martin), 523 

Sulphate Transport and Metabolism by Desulphovibrto desulphurifans (Prof 
C Furusaka), 427 

Sulphate (Ammonium) Behaviour of Neutron-lrradiated, on Thermal 
Annealing (Dr Nikola Getoff and Masaru Nishikawa), 62 


Sugar 


e Sulphate Retention by Acid Soils 


XCIV 


Nature of (Monica Liu and G W 
Thomas), 384 

Sulphides (Lead and Zinc)  Recrystallization of (Dr J C Nixon, J D 
Hayton, D C Lawrie and A E Tynan), 516 

Sulpholipids Phospholiptds and (Biochemical Society and the British Bto- 
physical Soctety Joint Discussion on), 807 

Sulphonamides (Long-acting) — 4-Sulphanilamido-6-Methoxy and 6-Ethoxy 
Pyrimidine (C1 Nos 32,525 and 33,526)—Two New (Dr R 
Clarkson and Dr A R. Martin) 523 

a-Sulphoquinovosides Hydrolysts of, by -Galactosidase (Isao Shibuya and 
Prof A A Benson), 1186 

Sulphosalicylo-soluble Proteins Preparation and Determination of, using 
Tannin (W  Mejbaum-Katzenellenbogen, W Dobryszycka and B 
Morawiecka), 262 , er-atum, 802 

Sulphur Amino-Acids Effects of the, on the Vitamin A Content in Liver 
of Rats (Tatsuo Koyanagi and Satoshi Odagir:) [68 

Sulphydryl Groups Interaction of the Carcinogenic N-Methyl-Nitroso- 
urethane with (Dr R Schoental), 670 

Sulphydryl (Liver) Levels in Mice Riboflavin and (Dr G Calcutt, D 
Doxey and Joan Coates), 164 

Summer School in Analytical Chemistry at the Manchester College of 
Science and Technology (Royal Insticute of Chemistry), 608 

Summer School in Theoretical Chemistry (University of Oxford), 609 

Summerhayes, V S Peruvian Orchids 719 

Sun-Earth Relations and Associated Periodicities (Irvine Paghis), 346 

Sundberg Prof V — At the Thirteenth Congress of the International Union 
of Forest Research Organizations (Operational Efficiency), 615 

Sundblad, Lars and others Permeability of the Synovral Membrane to 
Glyco-proteins, 1192 

Sunspot Number — Atmospheric Scale Herght as 2 Modifying Influence on 
Linear Trend of F-Region Electron Density with (Jean M Bullen), 542 

Sunspots (Short-lived) Secular Variations of (T S Ringnes), 15I 

Supply Water (Prof Jack Hurshleifer, James C de Haven and Prof 
Jerome W Milliman) review by Prof W G V Balchin, 853 

Suppression Amblyopia — Re-educative Treatment of (Being an abridged 
English version of Jean Sédan's 'Post Cure de | Amblyope Ré- 
éduqué'), (T Keith Lyle, Cynthia Douthwaite and Jill Wilkinson), 
review by Prof O L Zangwill, 695 

‘Suramin’ Inhibition of Lysozyme by (Dr Iwo Lominskt and Samuel Gray), 
683 

Surface of Ascites Tumour Cells Intracellular Response to an lso-rmmune 
Reaction at the (D C Dumonde, Clarice G Walter, Lucille Bitansky, 
Prof G J Cunningham and J Chayen), 1302 

Surface Charge and Coagulant Action of Phospholipids 
between (Dr A D Bangham), [197 

Surface Granulation in Myeloid Leucocytes (Dr A D McCutcheon), 684 

Surface Potential (Electrical), of Red Blood Cells Agglutination and the 
(P Sachtleben and Prof G Ruhenstroth-Bauer), 982 

Surface Properties of Silver lodide (Prof A C Zettlemoyer, Noubar 
Tcheurekdhian and ! J Chessick), 653 

Surface Temperature (Sea) in Coastal Waters of the British Isles (F E 
Lumb), 153 

Surface Waters of the Sea Bioluminescence in the (Richard H Backus, 
Charles S Yentsch and Asa Wingi, 518 

Surfaces Riemann (Prof Lars V Ahlfors and Prof Leo Sario), review by 
Prof W K Hayman, 847 

Surfaces (Riemann) — Analysis on, review by Prof W K Hayman 847 

Surgery (Pupal Brain) Effect of, on the Rocking Response of Automeris 
(Dr A D Blest), 573 

Survey of Antibiotic Literature, review by Dr B K Kelly, 589 

Survey of Astronomy, review by Dr A Danjon, 838 

Survey of Extra-Sensory Perception, review by Dr E J Dingwall, 4 

Survey of New Penicillins (Prof Robert Knox), 492 

Survey (A Spectroscopic) of English and Continental Medieval Glazed 
Pottery (L C Thomas and J W G Musty), 1143 

Surveys (Epidemiological), on Chagas' Disease in the Village of Matalaque, 
Southern Peru (Felix Naquira, Eleazar Cordova, Cesar Naquira and 
Enrique Rubin de Celia), 921 

Surveys (Geophysical) Interpretation of (Royal Astronomical Society and 
the Geological Society Geophysical Discussion on), 1242 

Survival of Rhizobium on Clover Seeds (J F Loneragan, D V Moye and 
A J Anderson), 526 

Survival of Rhizobium melitoti in Soil Culture (H L Jensen), 682 

Susceptibility of Hamsters to the Oral Administration. of Mycobacterium 
johner (N J L Gilmour and J G Brotherston), 1202 

Suslov, S P Physica! Geography of Astatic Russia (translated from the 
Russian by Noah D Gershevsky , edited by Joseph E Williams), 
review by Prof S | Tomkeieff, 200 

Susskind Prof C, and Vogelhut, P O Microwave Measurement Tech- 
niques (Cavity-perzurbation Measurements of the Effect of Micro- 
wave Radiation on Proteins), 408 

Sutcliffe, Dr James F Electrolytes and Plant Cells, review, 831 

Sutcliffe, Dr R C Changes of Climate, [139 

Sutherland, | W . Appointed lecturer in bacteriology at the University 
of Edinburgh, 507 

Suzuki, Kershi, and others ‘Glycerol Effect’ and the Mechanism linking 
Excitation of the Plasma Membrane with Contraction, 1159 

Suzuta, Dr T (Mori, Dr W ,and)  Auto-Immunization and Liver Cirrho- 


A Correlation 


sis, 4] 

Svehla, G (Erdey, L, and) Microchemical Techniques (Chronometric 
Determination of Metal lons based on their Catalysis of suitable 
Reactions), 411 

Swatn, Dr T (Bate-Smith, Dr E C, and) Wood Extractives (Systematic 
Distribution of Phenolic Substances in Plants) 511 

Swallow, Dr J C . Phvsical Oceanography, review, 101 

Swaminathan, Dr M S,andlyer, R D Skewed Recombination in a Rare 
Interspecific Jute Hybrid, 893 

Swaminathan, Dr M S and Nambiar, M C Cytology and Origin of the 
Dwarf Coconut Palm, 85 

Swan, Dr G A Biochemistry of Plant Phenolic Substances (Melanin and 
its Formation), 418 

Sweany, Henry C . Histoplasmosis, 114 


Sweat ‘Acetylcholine in, in Fibrocvstic Disease of the Pancreas (Dr 
Edward L Eyerman, Dr Robert J Hurley and Dr Richard L 
Irwin), 77 

Sweden The Red Deer in, 30 


INDEX 


Swedish Seed Association (F R Horne), [10 

Swedish Technical Assistance (Central Committee fof), and others 
national Seminar for Research and Education in Physics, 709 

Sweet Pea Lathyrism Dissecting Aneurisms of the Large Arteries of 
Chick Embryos due to (Z Zahoř and M Machova), 532 

Swellengrebe!, Dr N H , and Sterman, M M Animal Parasites in Man, 
review by Dr G Lapage, 197 

Swierszczewski, Dr S Appointed to a Research Fellowship in nuclear 
physics in the University of Birmingham, 406 

Swim Bladder of Ophiocephalus striatus (Bloch) Goblet Cells in the (A S 
Monte), 1313 

Syenite-Marbie Contact 
Schuiling), 1280 

Sylvester Medal of the Royal Society awarded to Prof P Hall, 606, 906 ; 
work of, 906 

Symbiosis (Legume) Temperature Characteristics of Bacterial Variation 
in (Dr J S Pate), 637 

Symbiotic Nitrogen Fixation by Alder (Alnus glutinosa Gaertn) Molyb- 
denum and (Dr J H Becking), 1204 

Symons, D B A Appointed to a Research Studentship by the Zoological 
Society of London, 211 

Symons, Prof M C R Spectroscopic Studies using Time-Resolved Tech- 
niques (Use of Electron Resonance in ldentifying the Products of 
Radiation Damage in some Inorganic Oxy-salts), 1034 

Sympathetic Nerve-Endings Fate of Tritiated Noradrenaline at the (G 
Hertting and J Axelrod), 172 

Synapses (Molluscan Central) Cholmergic Transmission Mechanisms for 
both Excitation and Inhibition in (Dr L Tauc and Dr H M Ger- 
schenfeld), 366 

Syndrome (Acute Aortic Embolism), tn Cats 
sion resembling (Roy K Imhoff), 979 

Synergetic Action of Polyethylene Glycol and Dyes Behaviour of Protozoa 
under the Influence of the (Leopold Reyniak and Prof Ludvik 
Komczynski), 1203 

Synergid Haustoria of Quinchamalium chilense Lam (Saroj Agarwal), 1313 

Synovial Fluid Presence of Haptoglobin in (Prof Otto W Neuhaus and 
Virginia P. Sogoian), 558 

Synovial Membrane Permeability of the, to Glycoproteins (Lars Sundblad, 
Dr Eric Jonsson and Erik Nettelbladt), 1192 

Synthesis of Deoxyribonucleic Acid in Normal and Tumour Strain Cells + 
Action of Radiation on (Dr John Seed), 944, erratum, 1241 

Synthesis of Deoxyribonucleic Acid in Regenerating Rat Liver following 

hole-body X-Irradiation Pituitary Effect on (the late D M 

Gould, K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Synthesis of the Toxic Principle of Dichapetalum toxicarium (I8-Fluoro-cis- 
9-Octadecenoic Acid), (Prof F L M Pattisonand R E A Dear), 1284 

Synthesis of Transferrin in the Foetus Genetical Evidence for (Dr A R 
Rausen, Dr P S Gerald and Dr L K Diamond), 182 

Synthesis (Fatty Acid), tn Liver and Yeast Systems Particle Involvement 
in (S Abraham, | L CFaikoff, W M Bortz, H P Klen and Halına 
Den), 1287 

Synthesis (Macromolecular) Cytodifferentiation and (Society for the 
Study of Development and Growth Symposium on), 802 

Synthesis (Microsomal Protein), produced by Dimethylnitrosamine 
Counteraction by Cysteine of Glycogenolysis and Inhibition. of 
(Dr P Emmelot and! J Mizrah:), 42 

Synthesis and Function (Structure,), of Deoxyribonucleic Acid (Sociéte de 
Chimie Phystque Discussion on), 24 

Synthesis and Organisation in the Bacterial Cell (Dr E F Gale), review 
by Dr S Dagley, 489 

Synthes zing the Vitamin Biosynthesis of L-Ascorbic Actd—Missing Steps 
in Animals incapable of (| B Chatterjee, N C Kar, N C Ghosh, 
and Prof B C Guha) 163 

Synthetic Detergents Fourth Progress Report of the Standing Technical 
Committee on (Ministry of Housing and Local Government), [142 

Synthetic Drugs Antibiotics and the Newer (Bradford Chemical Society, 
the Department of Chemical Technology of the Bradford Institute 
of Technology, and the Yorkshire Council for Further Education 
Symposium on), 1132 

Synthetic Nucleic Acids Polynucleotides—Natural and (Dr Robert F 
Steiner and Dr Roland F Beers, Jr ), review by Dr C B Reese, 836 

Synthetic Polypeptide Derivatives Antibacterial (Dr K Kovacs, Dr A 
Kota, | Szabo and R Mecseki), 190 

Syper, L (Bobranski, B, and) Microchemical Techniques (Paper Chroma- 
tography applied to the Identification of Drugs containing Un- 
saturated Radicals following Reaction with Mercuric Acetate), 412 

System (Acetylating Enzyme) from Pigeon Liver Inactivation of A-Methop- 
terin by the (Y Krishnamurthy and Beatriz M Braganca), 68 

System (Arr-filled Elastic) Oscillatory Flow in an (Group-Capt J E 
Malcolm), 875 

System (Autonomic Nervous), and the Occurrence of Visceral Lesions 
(Hiroshi Itoh, Terzo Kasahara, Kazua Amano, Koh Okamoto and 
Samon Tanabe), 1025 

System (Central Nervous), of the Rat Distribution of Ribonucleic Acid in 
Subcellular Fractions of various Regions of the (T Borkowski, 
S Harth, R Mardell and Prof P Mandel), 456 

System (Gm) A Rare Phenotype within the (K Henningsen and Jorgen 
C Nielsen), 476 

System (High-Speed Direct-Recording), for Electron Diffraction. (Dr 
C W B Grigson), 647 

System (in vitro). Importance of Cell Division for Antibody Production 
in an (R W Dutton), 462 

System (New Renal Tubular Amino-Acid Transport), and a New Hereditary 
Disorder of Amino-Acid Metabolism (Dr C R Scriver, [ A Schafer 
and M L Efron), 672 

System (Reticulo-Endothelial) Response of the, to Stimulation. with 
CEstrogens (Prof T Nicol, D L J Bilbey, J Cordingley and C 
Druce), 978 

System {A Warning), for Nuclear Accidents (Prof F W Spiers), 31 

Systematic Measurement of Fali-out in Czechoslovakia up to 1961 (Prof 
W  Santholzer, G Macku and J Podzimek), 398 

Systematics of Man (Dr B G Campbell), 710 

Systematics of Oriental Termites Contributions to the (M L Roonwal 
and P K Sen-Sarma), review by W V Harris, 851 

Systematics Association Lecture on the Systematics of Man (Dr B. G 
Campbell), 710 


{nter- 


Formation of Pegmatitic Carbonatite ina (R D 


Production of Aortic Occlu- 


INDEX 


Systems debug dene Evaluation of Boundary Layer Thickness tn, from 
Decay of Anode Concentration Polarization (Leonard Nanis), 449 

Systems (Liver and Yeast) Particle Involvement tn Fatty Acid Synthesis in 
S Abraham, | L Chaikoff, W M Bortz, H P Klein and Halına 
Den), 1287 

Szabo,l,and others Antibacterial Synthetic Polypeptide Derivatives, 190 

Szent-Gyorgyi, Prof Albert Introduction to a Submolecular Biology, 
review by Prof D D Eley, 853 

Szentirmai, A, and others Possible Causes for Production of Isoleucine 
by Streptomyces rimosus, 641 

Szontagh, Prof F E, and others Primary Embryonal Sex Ratio in Normal 
Pregnancies determined by the Nuclear Chromatin, 476 


Taste of Values of the Function 
z 


w(z) = e-7 (! e ler dt) 





A 


0 
for Complex Argument (V N Faddeyeva and N M Terent'ev), 
edited by V A Fok, (translated from the Russian by D G Fry), 
review by Prof C A Coulson, 97 
Tables Mathematical, review by Prof C A Coulson, 97 
Tables of Airy Functions and Special Confluent Hypergeometric Functions 
for Asymptotic Solutions of Differential Equations of the Second 
Order (A D Smirnov), translated from the Russian by D G Fry, 
review by Prof C A Coulson, 97 
Tables of the Blue Sky Theory and, review by Prof Zdenek Kopal, 1005 
Tables related to Radiation emerging from a Planetary Atmosphere with 
Rayleigh Scattering (Kinsell L Coulson, Jitendra V Dave and 
Zdenek Sekera), review hy Prof Zdenek Kopal, 1005 
Tables of the Riemann Zeta Function (C B Haselgrove, in collaboration 
with J C P Miller), (Royal Society Mathematical Tables, Vol 6), 
review by Prof C A Coulson, 97 
Tables (Mach), for Real Gas Equilibrium Flow of Air in Hypervelocity Test 
Facilities with Total Temperatures to 10,000? K (K L Goin), 308 
Tables and Charts for Use in Gas Dynamic Studies Bibliography of (D E 
Randall), 308 
Tagaya, Dr Isamu, and others A New Mutant of Dermovaccinia Virus, 381 
Tager, J M , and Clarke, Brenda Replacement of an Alternating Tempera- 
ture Requirement for Germination by Gibberellic Acid, 83 
Tagging (Chromium-51), of the a-Chain of Human Haemoglobin (Prof 
Amoz | Chernoff), 327 
Tahourdin, Dr P A I Appointed an assistant controller, Arts and 
Science Division of the British Council, 21E, work of, 211 
Tat, G Interpretation of Geophysical Surveys (Geophysicist’s Views on 
Interpretation of Seismic Surveys), [24 
Tat, G H „and others Biosynthesis of Porphyrins and Chlorophylls, 204 
Takano, K , and others Muscle Receptors (Potentiation of Motoneurones 
by Spindle Discharges, and Human Experiments on Reflexes involving 
Muscle Receptors), 806 
Takanohashi, Teru (Koyanagi, Tatsuo, and) Cystine Content in Hair of 
Children as influenced by Vitamin A and Animal Protein in the 
Diet, 457 
Takeichi, Chiyoko, and Ikeda, Prof Yonosuke 
Haploid and Diploid Nuclet, 1317 
Talafant, Dr E Electrophoretic Separation of Conjugated Bilirubin on 
Paper, 972 
Tanabe, Samon, and others Autonomic Nervous System and the Occur- 
rence of Visceral Lesions, 1025 
Tani, Kazuo, and others Dislocations as Active Centres in Heterogeneous 
Catalysts, 867 
Preparation and Determination of Sulphosalicylo-soluble Proteins 
using (W  Mejbaum-Katzenellenbogen, W Dobryszycka and B 
Morawiecka), 262 , erratum, 802 
Tapestry of Statistics An American, review by Dr D E Barton, 846 
Tarasov, M N Work on Oxygen Isotopes in the Soviet Union, 114 
Taste Stimuli Response of Catfish Barbels to (Hideki Tateda), 343 
Tate (John T ) Medal of the American Institute of Physics awarded to Dr 
P Rosbaud 112 
Tateda, Hideki Response of Catfish Barbels to Taste Stimuli, 343 
Taub, Prof A H Obituary of Prof H P_ Robertson, 797 
Taube, M , and Borkowska, Z Organic Extraction from Fused Uranium 
Chlorides, 745 
Tauc, Dr L, and Gerschenfeld, Dr H M Cholinergic Transmission 
Mechanisms for both Excitation and Inhibition tn Molluscan Central 
Synapses, 366 
Tauman, Gres and others 
76 
Tautomerism (Keto-Enol) Role of, in the Polarographical Reduction of 
some Carbonyl Compounds (Dr P Zuman and Dr J Michl), 655 
Taxonomic Status (Uncertain) Thermophilic Micro-organism of, from the 
Hot Springs of Tiberias (Israel), (David Kahan), [212 
Taylor, Angela, and others Somatic Chromosomes of the Gorilla, 225 
Taylor, Dr A R Electron Microscopy in the United States, 610 
Taylor, B T,and others Isotopic Composition of Atmospheric Hydrogen 
and Methane, 649 
Taylor, Dr C J Obituary of Prof M L Anderson, 502 
Taylor, Dr G Water Gardening, review, 392 
Flora of New Zealand, review, 1108 
Taylor, Dr J B Promoted to Senior Principal Scientific Officer, 215, 
work of, 215 
Taylor, Dr J H 
Taylor, Prof J H 
review, 98 
Taylor, O C, and others Interaction of Light and Atmospher:e Photo- 
chemical Products (‘Smog’) within Plants, 814 
Taylor, Dr S J Appointed reader in mathematics at Westfield College, 
London, 1132 
Tchan, Dr Y T,and Gould, J  Blue-Green Algae—Use of Antibiotics to 
purify Blue-Green Algae, 1276 
Tcheurekdjian, Noubar, and others Surface Properties of Silver lodide, 653 
Teachers, National Union of Schools Television, a Discussion Document, 
920 


A Heterocaryon possessing 


Tannin 


Distribution of Haptoglobin Types in Israel, 


Nutrition and Poultry (Additives for Poultry Diets), 615 
Origin of the Northern Rhodesian Copper Deposits, 


XCV 


Teaching of Quantum Mechanics, review by S F Edwards, 1005 

Teaching (School) Television and, 920 

Teaching Machines (British. Association for the. Advancement of Science, 
Section J (Psychology), Symposium on), 105 

Tears Vision, with and without, review by Dr E N Willmer, 295 

Technetium-99 — a-Manganese Phases containing (D J Lam, J B Darby, 
jun, J W Downey and L J Norton), 744 

Technical Books Recent Scientific and, clxvi, October 28, 
November 25 , dlxiv, December 30 

Technical Colleges and Schools in Britain 

Technical Co-operation, Department of 
Information Services, 708 

Techn:cal Data on Fuel (edited by H M Spiers), sixth. edition, review by 
R J Sarjant, 1008 

Technical Experience, International Association for the Exchange of Students 
for Fourteenth Annual Report, 1130 

Technical Experience, International Association for the Exchange of Students 
for (United Kingdom) Report for 1960-6], 1131 

Technical Papers of the Sandta Corporation, 1025 

Technical Publications of the Oak Ridge National Laboratory, [240 

Technical and Scientific Man-power in Britain 1105 

Technics Histological and Histochemical (Prof Harold A Davenport), 
review by Dr S Bradbury, 904 

Technique for Exposing Individual Flies on Insecticidal Deposits (H C M 
Parr and J E H Grose), 475 

Technique of Starch-Gel Electrophoresis Comparison of the Serum Pro- 
tan Fractions of the Developing Chicken Embryo by the (A Amin), 


cccxlui, 


Number of, 708 
Expenditure on Overseas 


Technique (Drying) Chromosome Preparation from Fresh and Cultured 
Tissues using a Modification of the (M Fox and Dr | M Zeiss), 1213 
Technique (Isolated Ileum) — Antigenicity of Guinea Pig Testicular Cells 
grown in Cell Culture as determined by the (Dr Seymour Katsh 
and Dr Russell T Jordan), 770 
Technique (Periodic Acid-Schiff) Limitations of the, for the Demonstra- 
tion of Stages of Eimeria in. Tissues (P L Long, D G Rootes and 
Dr C Horton-Smith), 1315 
Technique (Periodic Acid-Schiff), for the Demonstration of Extra- and 
Intra-cellutar Stages of Gregarine and Coccidian Protozoa (Dr J B 
Jennings), 473 
Technique (Simple Microdiffusion), for the Radioiodination of Proteins (Dr 
R- Banerjee and R P Ekins), 746 
Technique (Simplified), for Isolation of Sub-Cellular Particles (Dr David 
W E Smith), 234 
Techniques Laboratory Management and (J A Edwards), review by E | 
Johnson, 854 
Microchemical (Metropolitan Microchemical Society of the United 
States 1961 International Symposium on), 410 
Mero 108 Measurement (Institution of Electrical Engineers Conference 
on), 408 
Techniques (Histological), for Electron Microscopy (Daniel C Pease), 
review by Dr V E Cosslett, 5 
Techniques (Microchemical Methods and) 
jun , and John Y Steel), 410 
Techniques (New), in Biology and Medicine (International Atomic Energy 
Agency Conference on), 609 
Techniques (Scanning), in. Biological and Medical Microscopy (New York 
Academy of Sciences Conference on), 1030 
Techniques (Time-Resolved) Spectroscopic Studies using (Institute of 
Physics and the Physical Society Conference on), 1032 
Technologists (Food Scientists and), in the United Kingdom — Training of 
Industrial (British Association for the Advancement of Science, 
Section B (Chemistry), Discussion on), 302 
Technology, Bradford Institute of Course on Chemical Application of 
Diffraction Methods, 21 
Technology, Bradford Institute of (Department of Chemical Technology), 
and others Symposium on Antibiotics and Newer Synthetic 
Drugs, 1132. 
Technology, Liverpool College of Admitted to affiliation with the Univer- 
sity of Liverpool, for a period of three years, 406 
Technology, Loughborough College of Appointment of Dr G F Reynolds 
as reader in analytical chemistry, 115 
Technology, Massachusetts Institute of Given a High-Speed Digital Com- 
puter (a Programmed Data Processor) by the Digital Equipment 
Corporation, Maynard, Mass , 922 
Technology of Ethylene Polymers, review by Prof C E H Bawn, 837 
Technology (Control) Measurement and (Society of Instrument Tech- 
d ears the Royal Dutch Institute of Engineers Joint Conference 
on), 12 
Technology (Dairy), Society of Stanley Clifford Milk Industry Award, 213 
Technology (Instrument), Society of First Thomson Lecture, The Inspira- 
tion of Science (Sir George Thomson), 696 
Technology (Instrument), Society of, and the Royal Dutch Institute of 
Engineers Joint Conference on Measurement and Control Techno- 
logy, 124 
Technology (Reprographic), Institute of Inauguration of the, 919 
Technology (Science and), Federal Council for, 1023 
Technology (Science and), Manchester College of Summer School in 
Analytical Chemistry (organized by the Royal Institute of Chemistry), 
608 
Course of lectures in the Department of Municipal Engineering on 
Problems of Radioactivity at Water and Sewage Works, 609 
Annual Report for 1960-61, 922 
Technology (Science and) History of, at the Imperial College of Science 
and Technology, London, 1131 
Tecnnolosy and Education (Science,) 


Tedeschi, David H , and others A New Potent Analgetic Antagonist, 1089 
Teir, Prof Harald (Rytomaa, Tapio, and) — Relationship between Tissue 
Eosinophils and Peroxidase Activity, 271 
Teis, R Y Work on Oxygen Isotopes in the Soviet Union, I 14 
Teleostean Genus Lebetus The Species of the (P J Miller), 675 
Television BBC—a British Engineering Achievement, secon@ editlon 
(British Broadcasting Corporation), 1240 
Engineering and, 1240 
Twenty-five Years of, 606 
Television (BBC) Twenty-five Years of (Sir Harold Bishop), 1240 


Progress tn (A J Barnard, 


United Kingdom Expenditure on, 


* 


XCVI 


e “Television for School Science—Report of an OEEC Seminar, Ashridge, 


1960 (Organization for European Economic Co-operation Office for 
Scientific and Technical Personnel), 28 
Television and School Teaching, 920 


Television (Schools), a Discussion Document (National Union of Teachers), 
920 


Television Microscope A Flying-Spot Interference (Television Microscopy), 
(Dr P O'B Montgomery and L L Hundley), 1059 
Television Microscopy—A Flying-Spot Interference Television Microscope 
(Dr P O'B Montgomery and L L Hundley), 1059 , Ultra-Violet 
Television Microscopy (Dr R Barer and J Wardley), 1060 
Ultra-Violet (Television Microscopy), (Dr R Barer and J Wardley), 
1060 


Temperature Effect of, on the Strain Recovery in Wood (Maciej; Lawnic- 
zak and Jan Raczkowski), 583 

Temperature of the Environment Flagellar Changes in Escherichia coli 
induced by (Dr Robert B Morrison and Jean McCapra), 774 

Temperature during Germination Effect of, on the Crystalline Type of 
Starch in Soybean Seedlings (Dr Susumu Hizukuri, Michiko Fuji and 
Prof Ziro Nikunt), 239 

Temperature and Potassium Gibberellate Effect of, on Phases of Growth of 
Algerian lvy (J. R Goodin and Prof V T Stoutemyer), 677 

Temperature (Ambient), and Depot Fat lodine Number in Children 
(1 Macdonald), 363 

Temperature (High-) Induczion Furnaces 
Dundas), 114 

Temperature (High-) Melting Processes 
Sterling and R W Warren), 745 

Temperature (Low) Carbonization of Non-caking Coals and Briquetting of 
Coal Fines (Regional Research Laboratory, Hyderabad, Symposium 
on), 406 

Temperature (Sea Surface), in Coastal Waters of the British Isles (F E 
Lumb), 153 

Temperature Characteristics of Bacterial Variation tn Legume Symbiosis 
(Dr J S Pate), 637 

Temperature Requirement (Alternating), for Germination Replacement 
of an, by Gibberellic Acid (J M Tager and Brenda Clarke), 83 

Temperatures (Higher Ambient) Thyroid Activity at (Sukhen Chaudhuri 
and D P Sadhu), 560 

Temperatures (Low) Investigation with the Electron Microscope of the 
Sublimation of Ice Crystals at (Pro: Tokio Nei), 1177 

Purification of Hydrogen Isotopes by Self-Displacement Chromato- 

graphy at (Dr T R Phillips, D R Owens and A G Hamlin), 1067 

Temperatures (Sub-lingual}, of Heat-acclimatized People — Heart-rates and 
the (Dr G C Whitzow), 1086 

Temperatures (Total), to 10,000°K Mach Tables for Real Gas Equilibrium 
Flow of Air in Hype*velocity Test Facilities with (K L Goin), 308 

Tendons undergoing Contractron-Relaxation — Extendability of (Dr H R 
Elden and G Webb), 742 

Tennant, Smithson (1761-1815), (Dr A E Wales), 1224 

Tenorova, M, and others  Agarophoresis and immuno-electrophoresis of 
the Proteins of Gaszr:c Juice, 763 

Tentorr, L, and others Effects of lodoacetic Acid on the Incorporation of 
Phosphorus-32 into the Deoxyribonucleic Acid of some Radtosensi- 
tive Organs in Rats exposed to X-Rays, 573 

Terent'ev, N M (Faddeyeva, V N, and) Table of Values of the Function 

z 


w(z) = e (! ve [ dt) 


Design of Laboratory (P H 
A Cold Crucible for (H F 





A 


0 

for Complex Argument (edited by V A Fok), translated from the 
Russian by D G Fry, review by Prof C A Coulson, 97 

Terminal Oxidase of Iris pseudacorus L Cytochrome c Oxidase, the 
(G G Henshaw, D A Coultand D Boulter), 579 

Termites (Oriental) | Contributions to the Systematics of (M L Roonwal 
and P K Sen-Sarma), review by WY V Harris, 85! 

Ternary R-Phases (New), with Silicon (D | Bardos, K P Gupta and Prof 
Paul A Beck), 744 

Terrestrial Physics (Atmospheric and), Journal of Special Supplement No 7, 
Vistas in Astronomy (edited by Arthur Beer), Vol 3, Part |, Dyna- 
mics, Geophysics, nstruments, Solar System , Vol 3, Part 2, Stellar 
Astronomy, Stella" Evolution, Photometry, Galaxies, Spectroscopy, 
Cosmology, review by Dr A Danjon, 838 

Tertiary Creep Stress Concentration Effects in (Dr P W Davies and 
B Wilshire), 1281 

Tess, B R,andothers Utilization of Sheep Red Blood Cells in the Haemad- 
sorption Test for Myxoviruses, 582 

Test (An Early), for Possible Skin Carcinogens (Olav Hilmar Iversen), 273 

Test (Haemadsorption), for Myxoviruses Utilization of Sheep Red Blood 
es in the (H M Yamashiroya, Dr R W Pumper and B R Tess), 

2 


Test (S rlierothot), for Antigens and Antibodies (Dr Joseph G Feinberg), 
5 


Test (A New), for Detecting Anaphylaczic Sensitivity—the Basophil Reaction 
(Prof Walter B Shelley and Lennart Juhlin), (1056, September 9), 
erratum, 2 

Test Facilities (Hypervelocity) Mach Tables for Real Gas Equilbrium Flow 
of Air in, with Total Temperatures to 10,000°K (K L Goin), 308 

Test Rig Solid Propellant Rocket Motor (P A Hilton and Co ), 608 

Testicular Cells (Guinea Pig), grown in vitro Spermatocytogenesis with 
Possible Spermicgenesis of (Dr Russell T Jordan, Dr Seymour 
Katsh and Nadia de Stackelburg), 1053 

Testicular Cells (Guinea Pig), grown in Cell Culture Antigenicity of, as 
determined by the Isolated lleum Technique (Dr Seymour Katsh and 
Dr Russell T Jordan), 770 

Testing of Nuclear Weapons Radioactive Fall-out and the—Statement by 
the Medical Research Council, 400 

Testosterone A Carcinogenic Action of, provoking Uterine Tumours in 
ics (Dr R var Nre, Dr E L Benedetti and Prof O Muhlbock), 


CEsgious-inducing Activity of, in the Ewe (D R Lindsay and Prof T J 
Robinson), 761 
Tests for Liver Dysfunction in Dogs (Celia M Hoe), 1045 
Tests (Russian Nuclear-Weapons), cf September 1961 Radioactivity in 
Rainfall during September 1961 following the (Keith Boddy), 443 


INDEX 


Tetrachloride (Carbon) Protection by Antioxidants against Lethal Doses 
of (Dr C H Gallagher), 881 ix 
Tetrahydropyrany! Derivatives of Glycine, Serine and Urea Some (S M. 

Amir, Dr M Z Atassi, Dr S A Barker, Dr J S Brimacombe and 
Dr M C Keith), 1069 
Tetramer (A Cyclic), of Chloral (Maximo Baron), 258 
Tetrazolium Compounds Use of, in Oxidative Enzyme Histo- and Cyto- 
Chemistry (Prof C G Rosa and Kwan-Chung Tsou), 990 
Tett, H C Appointed a member of the Council for Scientific and Industrial 
Research, 113 
Text-Book of Inorganic Chemical Analysis, review by Dr G Kakabadse, 836 
Text-Books (Physics) A New Look in, review by G R Noakes, 99 
Textile Institute — Institute Medal awarded to K W L Kenchington, 406 
Service Medal awarded to P H S Bell and to J Boyd, 406 
Companionship awarded to C E Harrison and to F M Stevenson, 406. 
Thane, Dr R Transcellular Strands and Particle Movement in Mature 
Sieve Tubes, 772 
Thalamic Stimulation in the Course of Stereotaxic Procedures for Parkin- 
sonism Arrest of Acceleration of Speech evoked by (Dr G Guiot, 
and collaborators), 921 
Thalassaemia tn Melanesia (B Ryan), 75 
Theorell, Prof Hugo, and McKee, Dr J S McKinley Mechanism of Action 
of Liver Alcohol Dehydrogenase, 47 , erratum, 710 
Theoretical Chemistry Summer School in (University of Oxford), 609 
Theoretical Physics in the University of Sussex, 504 
Theoretical and Experimental Physics (Dr H G Jerrard and Dr D B. 
McNeill), review by D H Trevena, 491 
Theory Boundary Layer (Dr Hermann Schlichting), fourth edition, trans- 
lated by Dr J Kestin, review by E J Watson, 842 
Maser, review by Dr J H Sanders, 202 
Ser ii (Prof Michel Loeve), second edition, review by D G Ken- 
ali, 
Theory of Boundary Layers, review by E J_ Watson, 842 
Theory of Crystal Structure Analysis (A ff Kitaigorodskii), translated from 
the Russian by David and Katherine Harker, review by Dr M M 
Woolfson 904 
Theory of Error and Design of Experiment 
Statistics, (Dr D A Pantony), 213 
Theory of Functions of a Complex Variable Lectures on the (Prof G. 
Sansone and Dr Johan Gerretsen), Vol 1, Holomorphic Functions, 
review by Prof W K Hayman, 694 
Theory of Numbers — An Introduction to the (Prof Ivan Niven and Prof, 
Herbert S Zuckerman), review, 856 
Theory (Function), and its Applications, review by Prof W K Hayman, 694 
Theory (Laminar Boundary-Layer) New Methods in (Dr D Meksyn), 
review by E J Watson, 842 
Theory (Learning), and the Therapy of Neurosis (Ralph Metzner), 405 
Theory (Maser) Elements of (Arthur A. Vuylsteke), review by Dr J H. 
Sanders, 202 
Theory (Mathematical), of Nutritional Relationships of Fishes, review by 
L Birkett, 297 
Theory (A Quantitative), of the Character of Chemical Bonding in Binary 
Compounds (Prof Edward Gorlich), 133 
Theory and Design of Inductance Coils (Dr V G Welsby), second edition, 
review by Prof A H M Arnold, 845 
Theory and Practice of Hydraulic Measurements — Hydrometry— (Prof. 
Adam T Troskolanski), review by Prof S P Hutton, 842 
Theory and Tables of the Blue Sky, review by Prof Zdenek Kopal, 1005 
Therapy of Neurosis _ Learning Theory and the (Ralph Metzner), 405 
Thermal Annealing Behaviour of Neutron-Irradiated Ammonium Sulphate 
on (Dr Nikola Getoff and Masaru Nishikawa), 61 
Thermal Decomposition of Ammonium Perchlorate in presence of Zinc 
Oxide (Dr F Solymos: and L Revesz), 64 
Thermal Emission (Polartzed), from Narrow Tungsten Filaments (Prof. 
Yngve Ohman), 254 
Thermal Reaction between Two Light Reactions in Photosynthesis (Prof. 
C P Whittingham and P M Bishop), 426 
Thermal Shock Formation of Cracks in Ice Plates by (L W Gold), 130 
Thermionic Conversion of Heat to Electricity (R V Harrowell), 611 
Thermionic Generation of Electricity (Central Electricity Generating Board 
Symposium on), 611 
Thermophilic Micro-organisms Factor converting Mesophilic into (Edward 
Sie, Dr Harry Sobotka and Herman Baker), 86 
Thermophilic Micro-organism of Uncertain Taxonomic Status from the 
Hot Springs of Tiberias (Israel), (David Kahan), 1212 
Thermoreceptors The Electro-physiology of (Prof Herbert Hensel), 309 
Thermo-stimulated Current Curves Dependence of, on Heating Rate 
(C G Clayton, J B Whittaker, G A Briggs and T G Kelly), 349 
Thickness (Boundary Layer), in Electrolytic Systems — Evaluation of, from 
Decay of Anode Concentration Polarization (Leonard Nanis), 449 
Thickness (Mass), of Biological Samples — Estimation of, from therr Electron 
Micrographs (M L De), 546 
Thinking (New), in School Chemistry (Organization for European Economic 
Co-operation), 404 
Thio-Thiophthene Crystal Structure of 2,5-Dimethyl-Dithio-Furophthene, 
eee of (Dr M Mammi, R Bardi, G Traverso and $ Bezzi), 


A Chemist's Introduction to 


Thiocysteamine Detection and Distribution of Enzymes for oxidizing 
(D Cavallini, C De Marco and B Mondovi), 557 

Thiolated Gelatin Modification of the Properties of Flour Protein by 
(E E McDermott and J Pace), 657 

Third Molar Polymorphism and the Timing of Tooth Formation (Stanley M. 
Garn, Arthur B Lewis and Batsheva Bonné), 989 

Thirty Years Ago Rocket Propulsion (Paul Adorian), reprint, 308 

Thoday, Prof J M Molecular Biology and Population Structure, 414 

Thomas, A N [Interpretation of Geophysical Surveys (Geological Factors 
in the Planning and Interpretation of Seismic Surveys), 1243 

Thomas, C M,and others  Ultrabasic Liquids, 157 

Thomas, D C (Burt, A W A,and) Dietary Citrate and Hypomagnes- 
aemia in the Ruminant, 1[93 

Thomas, G W (Liu, Monica, and) 
Soils, 384 

Thomas, Ivo (translated and edited by) A History of Formal Logic (Dr. 
| M Bochenski), review by F I G Rawlins, 693 

Thomas, L C ‚and Must, JW G A Spectroscopic Survey of English and 
Continental Medieval Glazed Pottery, 1143 


Nature of Sulphate Retention by Acid 


INDEX 


Thomas, L C, and others Hydrogen Bonding in Alkyl Phosphonic anc 
Alkyl Phosphonothionic Acids, 1283 

Thompson, B A Microchemical Techniques (Radiochemical Techniques 
and especially Neutron Activation applied to the Determination o* 
the Principal Components, Trace Impurities and Thickness of Metal 
Films a few Angstroms in thickness and one square centimetre in 
area), 412 

Thompson, Prof F C A History of Metallography, review, 843 

Thompson, G H B (Lewin, L, and) Microwave Measurement Techniques 
(Measurements in Microstrip), 409 

Tomp on, Dr H W _ The International Council of Scientific Unions, 


Thompson, N (Eggleton, A E J, and) Loss of Fluorescent Particles in 
Atmospheric Diffusion Experiments by Comparison with Radioxenon 
Tracer, 935 

Thompson, N B VW Appointed lecturer in physical metallurgy at the 
University of Birmingham, 406 

Thomson, Sir George The Inspiration of Science (First Thomson Lecture 
of the Society of Instrument Technology), 696 

Thomson, Dr W A R Chemistry in the Service of Medicine (Progress 
from Antisepsis to Antibiotics), 1019 

Thomson Lecture of the Society of Instrument Technology First (Sir 
George Thomson), 696 

Thorp,J A  Thermionic Generation of Electricity (Auxiltary lon Sources in 
Caesium Diodes), 612 

noa C , and Berlincourt, T G de Haas-van Alphen Effect in InBi, 

Thousand-headed Kale (Marrow Stem and) 
L G G Warne), 579 

Three Racial Groups Quantitative Sub-Groups of the B Antigen tn Man 
and their Occurrence in (Mary B Gibbs, Colonel Joseph H Akeroyd 
and Julia J Zapf), [196 

Three-spined Stickleback (Nine-sfined and the) 
between the (Tadeusz Penczak), 673 

Thring, Prof M Conventional Methods of Converting Heat into 
Electricity (Producing Electricity directly from Fast-moving Plasmas), 


Potential Productivity of (Dr 
Serological Relationships 


Thrombocytes (Human Leucocytes and) Specific Antigens of (Nechama 
Gilboa-Garber and Dr A Nelken), 466 

Thrombocytosis evoked by Exercise (H S S Sarajas, A Konttinen and 
M H Frick), 721 

Thromboplastic Activity of Red Cells (Prof Armand J Quick), 882, (Dr 
James A Inglis and Dr June W Halliday), 882 

Thrust Mechanics Application of Palaeomagnetism to (D K Norris and 
R F Black), 933 

Thymectomy Effects of, on the Resistance of Rats to Drowning and 
Histamine Stress (Dr A S Weltman and A M Sackler), 460 

Thymidine (Tritiated) Induction of Tumours in Mice with (Hermann Lisco, 
Renato Baserga and Walter E Kistelesk1), 57] 

Uptake and Culture of, in in vitro Culture (Dr W M Rigal), 768 

Thymus Role of the, in Polysaccharide Metabolism (G Csaba, G Toth, 
Prof | Toro, Th Acs and L Csaki), 1304 

Thymus of the Foetal Rabbit Hormonal Control of the Development of 
the (J G Bearn), 875 

Thymus Nucleoprotein in Solution Effect of Gamma-Rays on (Dr A R 
Peacocke and Dr B N Preston), 228 

Thyroglobulin Proteolysis of, by Thyroid Enzymes (Dr Mary T McQuillan, 
J D Mathews and Prof V M Trikojus), 333 

Thyroid Activity at Higher Ambient Temperatures (Sukhen Chaudhuri and 
D P Sadhu), 560 

Thyroid Enzymes Proteolysis of Thyroglobulin by (Dr Mary T 
McQuillan, J D Mathews and Prof V M Trokojus), 333 

Thyroid Gland (Pig) Demonstration and some Properties of Peroxidase in 
(Toichiro Hosoya and Nobuo Ui), 659 

Thyrotropic and Adrenotropic Mouse Pituitary Tumours Difference tn 
Metabolism of Labelied Thyroxine between (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), 1193 

Thyroxine (Labelled) Difference in Metabolism of, between Thyrotropic 
and Adrenotropic Mouse Pituitary Tumours (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), [193 

Thyroxine-*?| in Tumour-bearing Rats Detodination of (J A Stein, 

Anbar, S Guttmann and N Ernst), 1303 

Tiberias (Israel)  Thermophilic Micro-organism of Uncertain Taxonomic 
Status from the Hot Springs of (David Kahan), 1212 

Tibiotarsi (Embryonic Chick), cultivated in vitro Effect of L-Glutamic 
Acid on the Weight of (Dr J D Biggers), 664 

Tick-borne Encephalitis Virus in HeLa Cells Reproduction of (Dr H 
Libikova and Dr P Albrecht), 779 

Ticks Intracellular Rickettsia-like Micro-organisms in certain (M A 
Roshdy), 186 

Tille, J} (Johnson, Dr Edward A, and) Evidence for Independence of 
Voltage of the Membrane Conductance of Rabbit Ventricular Fibres, 
663 


Tilley, B J Awarded a B B C Research Scholarship, 115 
Tillman, J R The International Dictionary of Physics and Electronics, 
review, III 


Timbers (Indian) Identification, Properties and Uses of, review by Dr C R 
Metcalfe, [110 

Time Signal (International) 
vatory), 1023 

Time-Resolved Spectroscopy (Prof J D Craggs), [032 

Time-Resolved Techniques Spectroscopic Studies using (Institute of 
Physics and the Physical Society Conference on), 1032 

Times of International Time Signal Changes in (Royal Greenwich Observa- 
tory), 1023 

Timing of Tooth Formation Third Molar Polymorphism and the (Stanley 
M Garn, Arthur B Lewis and Batsheva Bonne), 989 

Timms, A B At the Third Australian Spectroscopy Conference (Spectro- 
graphic Determination of Hafnium/Zirconium Ratios), 928 

Timourtan, H , and others Precipitating Antibodies in the Carpet Snake 
against Parasitic Nematodes, 996 

Tine, Prof G Gas Sampling and Chemical Analysis in Combustion Pro- 
cesses, review by Dr C F Cullis, 1108 

Tinlot, J H , and others (edited by) Proceedings of the [960 Annual 
International Conference on High Energy Physics at Rochester, 
review by Dr G H Stafford, 7 


Changes in Times of (Royal Greenwich Obser- 


XCVII 


Tinson, Christine, and others Modification of the Effects of an Amphet- 
amine—Barbiturate Mixcure by the Past Experience of Rats, 533 

Tip (The Growing), of Plants, review by Dr A Allsopp, 830 

Tipton, Jr, C R (edited by) Reactor Handbook, Vol 1, Materials, second 
edition, review by B W Mott, [00 

Tissue (Arterial), of the Rabbit Transaminase Activity in (Dhurjati 
Prasad Chattopadhyay), 660 

Tissue (Connective), and Intestine Alterations in, produced by Hyper- 
vitaminosis A in Xenopus laevis (Gerald Weissmann), 235 

Tissue (Gill), of Lingcod (Ophiodon elongatus) Penetration of Spines from 
a Marine Diatom into the (Dr Gordon R Bell), 279 

Tissue (Human) A New Method for Local Chemical Analysis of (Robert 
C Mellors and Kenneth G Carroll), 1090 

Producing Transplantable, in the Laboratory (Dr D Petrucci), 21 

Tissue (Neoplastic) (Oncolipin) Interaction between Lysozyme and a 
Phospholipid of {R Ferrari and S Matracia), 1187 

Tissue (Nervous) Cytology of (Papers on, at tre Annual General Meeting 
of the Anatomical Society of Great Britain and Ireland), 406 

Tissue (Wound) Regeneration Changes in the Concentration of Ribo- 
nucleic Acid during (Martin B Williamson and Wilhelm Guschl- 
bauer), 454 

Tissue Culture of Human Bone Marrow treated with Human Deoxyribo- 
nucleic Acid Formation of Different Haemoglobins in (Prof 
Lorraine M Kraus), [055 

Tissue Cultures (Human) Growth of Contagious Pustular Dermatitis 
Virus in (Prof A Macdonald and T M Bell), 9 

Tissue Eosinophils and Peroxidase Activity Relationship between (Tapio 
Rytomaa and Prof Harald Teir), 271 

Tissues Exchange of Substances between the Blood and (Sir Howard 
Florey), 908 

Limitations of the Periodic Acid-Schiff Technique for the Demon- 

stration of Stages of Eimeria in (P L Long, D G Rootes and Dr C 
Horton-Smith), 1315 

Tissues of Higher and Lower Plants and their related Uronic Acid Contents 
Cation-Exchange Capacities of (A H Knight, W M Crooke and 
R H E Inkson), 142 

Tissues (Chicken) Persistence of Sterols other than Cholesterol in (David 
Kritchevsky and Vittorio Defend), 71 

Tissues (Fresh and Cultured) Chromosome Preparation from, using a 
a of the Drying Technique (M Fox and Dr | M Zeiss), 


Tissues (Insect) Retinene-! in (Michael H Briggs), 874 

Tissues (Neoplastic) Binding of RP2-L—a Nuclear Protein of—to Deoxy- 
ribonucletc Acid (Paul Byvoet and Prof Harris Busch), 870 

Titanium Getters (Impure) Evolution of Hydrocarbons from (L Holland, 
L Laurenson and P G W Allen), 749 

Titanium i Bronzes Alkali Metal (A D Wadsley and Sten Anders- 
son), 

Tobacco—Experimental and Clinical Studies, a Comprehensive Account of 
the World Literature (Prof P S Larson, Prof H B Haag and Prof 
H Silvette), review by Kenneth Bloor, 848 

Tobacco Indian (Indian Central Tobacco Committee), review, 1007 

Tobacco Mosaic Virus Movement of, through Epidermis of Nicotiana 
glutinosa Leaves (Dr D G Kontaxis), 581 

Photo-Reactivation of, in vivo (D J Goodchild), 289 

Tobago (Trinidad and) Birds of (Dr G A C Herklots), review by Dr 

L B Quesnel, 828 
ae Orchids of (Dr Richard Evans Schultes), review by P Francis 
unt, 83 

Todd, Sir Alexander Chemistry tn the Service of Medicine (Long-standing 
Relationship between Chemistry and Medicine), 1019 

Tolerarce Cellular Dose and Age of Host in the Induction of (Dr L Brent 
and Dr G Gowland), [265 

Tolerance of Tsetse Flies to Insecticides 
the (G F Burnett), [88 

Tolerance (Acquired), to Homografts produced by Homologous Spleen 
Cell Injection :n Adult Mice (Ronald D Guttmann and J Bradley 
Aust), 564 

Tolles, W £,and Mansberg, H P Scanning Techniques in Biological and 
Medical Microsccpy (The 'Cytoanalyser' for the Mass Screening of 
Cervical and Vaginal Smears, to aid in the Early Diagnosis of Cancer), 
031 


Effect of Age and Pregnancy on 


“ollmien, Walter, und andere (herausgegeben von) Ludwig Prandtl 
Gesammelte Abhandlungen zur Angewandten Mechanik, Hydro- 
und Aerodynamik (schriftlietung F W Riegels), Teile. |-3, review 
by M James Lighthill, 841 

Tomato Mosaic Virus Infection Influence of, on the Hollow Fruit Con- 
dition of Tomatoes (D J Harrison), 90 

Tomato Roots Effect of Water Movement on Salt Movement through 
(William Lopushinsky and Paul J Kramer), 994 

Tomatoes Influence of Tomato Mosaic Virus Infection on the Hollow Frurt 
Condition of (D J Harrison), 90 

Tomita, K (Bryan R F,and) Crystal Structures of Salts of Methylated 
Purines and Pyrimidines, 812 

Tomkeieff, Prof S | Some Aspects of Asiatic Russia, review, 200 

Tongue-Worms of African Vertebrates The Mites and, review by Dr 
F A Turk, 1222 

Tooth Formation Third Molar Polymorphism and the Timing of (Stanley 
M Garn, Arthur B Lewis and Batsheva Bonne), 989 

Toothcarp Xiphophorus helleri (Viviparous) — Role of Cell Division in 
Gastrulation of the (Prof A Stolk), 374 

Tori, Dr Toshio, and Kohoriuchi, Dr Yoshihi 
and its relation to Albumin Binding, 429 

Téro, Prof |, and others Role of the Thymus in Polysaccharide Meta- 
bolism, 1304 

Tertonese, Dr Enrico 


Antigenicity of Penicillin 


Mediterranean Fishes of the Family Istiophoridae, 


Total-Body X-Irradiation Enhanced Effect of, in Mice under Mild Hypo- 
thermia (Dr H J G Bloom and K B Dawson), 232 

Tctal Potential of the Soil Water Importance of Osmotic Potential as a 
Component of the, on the Movement of Nematodes (C D Blake), 
44 


Tozal Temperatures to 10,000? K Mach Tables for Real Gas Equilibrium 
Flow of Air in Hypervelocity Test Facilities with (K L Goin), 308 

Toth, G , and others Role of the Thymus in Polysaccharide Metabolism, 
1304 


XCVIII 


Tottle, Prof C R A Obituary of Dr T P Colclough, 706 

Towers, A G . Acid Extract of Leucocytes and Staphylococcus pyogenes, 272 

Townes, Dr C H v Presented with the David Sarnoff Award in Electronics 
of the American [nstitute of Eleczrical Engineers, 606 , work of, 606 

Townes Dr C H (Abella, Dr | D, and) Mode Characteristics and 
Coherence in Optical Ruby Masers 957 

Townes, Dr C H, and Schwartz, Dr Robert N Interstellar and Inter- 
planetary Communicazion by Optical Masers, 348 

Toxic Chemicals in Agriculture and Food Storage, 1130 

Toxic Principle of Dichapetclum toxicarium (18-Fiuoro-cis-9-Octadecenoic 
Acid) Synthesis of the (Prof F L M Pattison and R E A Dear), 
1284 

Toxicity of 5-Fluorouracil and 5-Fluorodeoxyuridine Reversal of, for 
Candida albicans by Pyridoxine and Pyridoxamine (Dr M L Littman 
and Dr T Miwatani) 1155 

Toxicity associated with certain Samples of Groundnuts (Dr M C Lan- 
caster, F P Jenkins and J McL Philp), 1095 , (Dr K Sargeant, Ann 
Sheridan, J O'Kelly and R A Carnaghan) 1096 

Toxicity (Cation), and the Stability of Transition-Metal Complexes (Dr 
William H R Shaw) 754 

Toxicity (Second-Generation), of Malathion in Rats (Prof W Kalow and 
A Marton), 464 

Toxin (Anti-} <A Subcellular Component of Corynbacterium diphtheriae 
having the Capacity to Bind (Prof M Yoneda and M Matsuda), 642 

Toxoid (Corynebacterium pvogenes), with High Anti-Haemolysin Titre in 
Rabbits New Method of preparing (Valerie Levy), 189 

Toyoura, Etsuko, and others Acylase Activity of Ascites Tumour Cells 
on Dichloroacetyl Dertvatives of Amino-Acids, 468 

Tracer (Radioxenon) Loss of Fluorescent Particles in Atmospheric Dif- 
fusion Experiments by Comparison with (A E J Eggleton and N 
Thompson), 935 

Tradescantia Anthers cultured in Media Deficient in. Sugar — Kinetin- 
induced Meiotic-Prophase Acceleration and Stasis in (Prof G W R 
Walker and J Diet-:ch), 889 

Training in France Education and (British Association for Commercial 
and Industrial Education Report on), 920 

Training of Industrial Food Scientists and Technologists in the United 
Kingdom (Brittsh Association for the Advancement of Sctence, 
Section B (Chemist-y), Discussion on), 302 

Training (Education and), on the Continent of Europe (British Association 
for Commercial and Industrial Education. Conference on), 718 

Traité de Zoologie (publié sous la direction de Fierre-P Grassé), Tome 5, 
Fasc |, Annélides, Myzostomides, Sipunculiens, Echiuriens, Priapu- 
hens, Endoproctes, Phoronidiens , Tome 5, Fasc 2, Bryozoaires, 
Brachiopodes, Chetognathes, Pogonophores, Moilusques (Génerali- 
tes, Aplacophores, Polyplacophores, Monoplacophores, Bivalves), 
review by Prof C H O'Donoghue, 590 

Trans-Caffeic Acid isolatec from Coleus rhenaltianus ^ Growth-stimulating 
Activity of (Dr J C Vendrig and K Buffel), 276 

Transaminase Activity in Arterial Tissue of the Rabbit (Dhurjati Prasad 
Chattopadhyay), 660 

Transamination and the Control of Mitochondrial Pathways (Dr H Gut- 
freund, Dr K E Ebner and L Mendio'a), 820 

Transatlantic Radio Diamond Jubilee of, 919 

Transcellular Strands and Particle Movement in Mature Sieve Tubes (Dr 
R Thane), 772 

Transduction versus Transformation of Linked Markers in Bacillus subtilis 
Comparison of (Erela Ephrati-Elizur and Maurice S Fox), 433 

Transfer of Immediate (Araphylactic) Hypersensizivity by Homologous Bone 
Marrow or Spleen Cells (Dr V Stankcvié and S Vlahović), 762 

Transfer of Stratospheric Fission Products into the Troposphere (D H 
Peirson), 497 

Transfer (Linear Energy) Radrolysts of Liquid Acetone—Effect of Dose- 
rate and (R Barker), 62 

Transferase (Nicotinamide Mononucleotide-Adenylyl), of Liver Nuclei 
Substrate Specificity and Inhibition of—Possible Mechanism of Effect 
of 6-Mercaptopurine on Tumour Growth (Dr M R Atkinson, J F 
Jackson and Prof R K Morton), 946 

Transferrin in the Foetus Genetical Evidence for Synthesis of (Dr A R 
Rausen, Dr P S Gerald and Dr L K Diamond), 182 

Annu Differences in Chimpanzee Sera (Prof John Buettner-Janusch), 


Transferrin Types (Haptoglobin and), in Peruvian Indians (Dr Eloise R 
Giblett and Dr William R Best), 1300 

Teansferrins Multiple Haemoglobins and, ın a Macaque Sibship (Prof 3) 
Buettner-Janusch, J B Twichell, Bert Yuan-Shu Wong and Gertrude 
Van Wagenen), 948 

Transformation of Linked Markers in Bocillus subtilis Comparison of 
Transduction versus (Erela Ephrati-Elizur and Maurice S. Fox) 433 

Transformation (A New Reversible Solid-State), in Iron-Nickel Alloys tn 
the Invar Range of Compositions (Prof N | Ananthanarayanan and 
R J Peavley), 962 

Transient Magnetic Fields A New Application of the Faraday Magneto- 
Optical Effect for Diagnostic Measurements of (R Medford, 
W H W Fletcher, J D Herbert and A L T Powell), 622 

Transition in the Dielectric Properties of Solid Secondary Alcohols (J S 
Dryden and H K Welsh), 255 

Transition-Metal Complexes Cation Toxicity and the Stability of (Dr 
Wiliam H R Shaw), 754 

Transitions (Auto-lonizing), in Krypton 
Electron Impact John F Burns), 651 

Translation (Computer), of Chemical Nomenclature 
tics— (A Garfield), 192 

Transliteration Cyrillic, 405 

Translocated Heat Injury in Plants (Prof C E Yarwood), 887 

Transmission of Clover Phyllody Virus by Apnrodes bicinctus (Schrank) in 
North America «Dr L N Chiykowski), 581 

Transmission of Lapinized Rinderpest Virus by Contact between Rabbits 
(Dr G R Scott and C S Rampton), 289 

Transmission of Mouse Leukaemia with Purified Nucletc Acid Preparations 
(Dr Esther F Hays) 230 

Transmi&ion Lines (Non-Linear), for Millimetre Wave Generation and 
Reception (Dr D Walsh), 1064 

Transmission Mechanisms (Cholirergic), for both Excitation and Inhibition 
feld). 360" Central Synapses (Dr L Tauc and Dr H M Gerschen- 
eld), 


Experimental Detection of, by 


Chemico-Lingurs- 


INDEX 


Transpeptidase-like Activity (y-Glutamyl) — Histockemical Demonstration 
of (Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices), 
(George G Glenner and John E Folk), 338 

Transplantable Human Tissue Producing, in the Laboratory (Dr D 
Petrucci}, 21 

Transplantation and Chronic Obstruction of the Rabbit Appendix Mor- 
phological Changes following (J A Williams, W O Griffen, yun, 
and A Sharma), 877 

Transport of Amino-Acids tn Brain 
Neame), 173 

Transport System (New Renal Tubular Amino-Acid), and a New Hereditary 
Disorder of Amino-Acid Metabolism (Dr C R Scriver, | A Schafer 
and M L Efron), 672 

Transport and Metabolism (Sulphate), by Desulphovibrio  desulphuricans 
(Prof C Furusaka), 427 

Trapani, | L, and others Identification of Antibody tn f2-Globulins of 
Mouse Serum and Ascitic Fluid, 885 

Trauma (Local), in Young Rats Generalized Skeletal Response on, studied 
by means of *Ca-Metabolism (Dr Jaromir Kolaf and Dr Arnošt 
Babicky), 1297 

Travel Grants Fulbright, 406 

Travers, Prof M WY . Obituary by Prof D H Everett, 1127 

Traverso, G, and others Crystal Structure of 2,5-Dimethyl-Dithio- 
Furophthene, a Homologue of Thio-Throphthene, [282 

Trawl Fishing in the Tropical Atlantic—Catch-rates and Composition (R H 
Lowe (McConnell) and Alan R Longhurst, 620, Preliminary Bio- 
nomic Data from West African Fisheries (Alan R Longhurst), 621 

Treasury Grant, Academic Year [959-1960 Return from Universities and 
Colleges ın receipt of (University Grants Committee), 617, 786 

Treatment (Medical) Recent Developments in (Practitioner, Vol 187, 
No 1120), 506 

Treatment (Re-Educative), of Suppression Amblyopia (Being an abridged 
English version of Jean Sédan's @Post Cure de l'Amblyope Ré- 
éduque'), (T Keith Lyle, Cynthia Douthwaite and Jill Wilkinson), 
review by Prof O L Zangwill, 695 

Treaty Organization (Central), Scientific Council of the Symposium on 
the Role of Science in the Development of Natural Resources with 
particular reference to lran, Pakistan and Turkey, 609 

Tree coud Cork and the (Dr Giles B Cooke), review by F N Howes, 
8 


Phenylalanine as Inhibitor of (K D 


Tree (Fruit) Red Spider — Evaluation of the Activity of some Diphenyl 
Compounds on Winter Eggs of the (J Meltzer), 474 

Trees of Consequence, review by T A Russell, 488 

Trees (Ornamental), for Garden and Roadside Planting (S A Pearce), 
review by F P Knight, 852 

Tregellas-Williams, Dr J At the Third Australian Spectroscopy Con- 
ference (Methods for increasing the Discrimination between Similar 
Infra-red Spectra), 927 

Trehalose in the Cellular Slime Mould Dictyostelium mucoroides (James S 
Clegg and Michael F Filosa), 1077 

Treisman, Dr M At the Sixth Annual Conference of the British Soclety 
for the Philosophy of Science (Explanation in Psychology), 508 

Trends (Current), in Scientific Research (Prof Pierre Auger), review by 
R Brightman, 850 

Trenkle, Allen, and others  Complement-fixing Antibodies to Human 
SIND Hormone and Sheep Interstitial Cell Stimulating Hormone, 

Trevena, D H . Theoretical and Experimental Physics, review, 491 

Trichothecin and Crotocin Enzymic Inactivation of (Dr I Horvath and 
J M Varga), 88 

Trigonal-Bipyramidal Configuration of che lodo Bis(2-2"-Bipyridyl) Copper 
(I) lon (Properties of some Copper Complexes), (Dr G A Barclay 
and C H L Kennard), 425 

Trikojus, Prof V M , and others 
Enzymes, 333 

Trinidad and Tobago — Birds of (Dr G A C Herklots), review by Dr L., B 
Quesnel, 828 

ae tle of (Dr Richard Evans Schultes), review by P Francis 
unt, 

Trinity College, Dublin Appointment of Dr R G S Hudson to the chair 
of geology and mineralogy, 1022 

Triops Chloride Regulation in (Gwyneth Parry), 468 

Triphosphatase (Actomyosin Adenosine), from Fresh, Frozen and Freeze- 
dried Beef Comparative Effects of 2,4-Dinitrophenol on the 
(L J N Cole), [288 

Triple Resonance Phenomenon in Plasmas (T J Bellanca, Prof R S Elliott 
and J J Erlinger), 543 

Tristan da Cunha (Special Exhibition at the Geological Museum, London), 


Proteolysis of Thyroglobulin by Thyroid 


Royal Society Expedition to, [129 
Tritiated Noradrenaline Fate of, at the Sympathetic Nerve-Endings (G 
Hertting and J Axelrod), 172 
Tritiated Thymidine Induction of Tumours in Mice with (Hermann Lisco, 
Renato Baserga and Walter E Kisteleski), 571 
weeks and Incorporation of, in in vitro Culture (Dr W M Rigal), 
Trittum Content (High), of Atmospheric Methane, Hydrogen and Strato- 
spheric Water Origin of (Dr Richard Wolfgang), 1279 
Trivalent Cations in Crystalline Potassium. Chloride Incorporation of 
(Dr Maran E Hills and Prof Allen B Scott), [066 
Trollope, Dr D H Effective Contact Stresses and Friction (July 22, 376), 
errata, 213 
Tropical Anaemias Grants for Research on (Wellcome Trust), 211 
Tropical Atlantic Trawl Fishing in the—Catch-rates and Composition 
H Lowe (McConnell) and Alan R Longhurst), 620 , Preliminary 
Bionomic Data from West African Fisheries (Alan R Longhurst), 621 
Tropical Paradise Birds of, review by Dr L B Quesnel, 828 
Tropical Plants Research with, 418 
Tropical Products Institute Open Days (B R Smith), 923 
Tropical Products Institute Committee Report of the, with the Report 
of the Tropical Products Institute (Department of Scientific and 
Industrial Research), 418 
Troposphere Transfer of Stratospheric Fisston Products into the (D H 
Peirson), 497 
Troskolanski, Prof Adam T Hydrometry—Theory and Practice of 
Hydraulic Measurements, review by Prof S P Hutton, 842 


INDEX 


Trout Action of a Betergent (Dodecylbenzenesulphonate) on the Gills 

of the (O J Schmid and H Mann), 675 

Trypanocidal Drug (A New Prophylactic), 2,7-di-(m-amidinophenyldtazo- 
amino)-10-ethyl-9-pheny!-phenanthridintum Chloride Dihydrochlor- 
IS SE Hera (S S Berg, K N Brown, J Hilland W R Wragg), 

Trypsin Peptides, Terminal and Internal, released by Dugestion with 
(Amino-Acid Sequence of Horse Heart Cytochrome c), (Dr G 
Kreil and Prof H Tuppy), !123 

Trypsin Inhibicor in Wholewheat Flour (G Shyamala, Barbara M Kennedy 
and Prof R L Lyman), 360 

Trypsin Inhibitors in the Sera of various Animals 
Nakamura and T Wakeyama), 1077 

Tryptophan Interaction of '*C-CEstrone with, in the Presence of Peroxi- 
dase (Dr P H Jellinck and Louise Irwin), 660 

Tsetse Flies Effect of Age and Pregnancy on the Tolerance of, to Insecti- 
cides (G F Burnett), 188 

Tsou, Kwan-Chung (Rosa, Prof C G, and) Use of Tetrazol'um Com- 
pounds in Oxidative Enzyme Histo- and Cyto- Chemistry, 990 

Tsujino, Isami, and Saito, Tsuneyuki A New Unsaturated Uronide isolated 
from Alginase Hydrolysate, 970 

Tube Vortex Shedding from the End of a, as a Result of Buoyancy Effects 

A A Putnam), 1277 

Tube Investments Research Laboratory Appointmentof Dr J W Menter 
as director, 2] 

Tuberculostatic |,3,4-Oxadiazolones (New) Biological Spectrum of some, 
with special reference to Cross-Resistance and Rates of Emer- 
gence of Resistance (Prof A E Wilder Smith and Hans Brodhage), 

Tubes (Steve)  Transcellular Strands and Particle Movement tn Mature 
(Dr R Thane), 772 

Tubular Amino-Acid Transport System (New Renal), and a New Hereditary 
Disorder of Amino-Acid Metabolism (Dr C R Seriver, | A Schafer 
and M L Efron), 672 

Tubules (Renal Collecting) — Antidiuretic Hormone and (Paul Breddy, 
Grahame F Cooper and Dr Jeffrey M N Boss), 76 

Tucker, Dr S Horwood An Electronic Outline of Organic Chemistry, 
review by Dr Neville H P. Smith, 7 

Tuft, Peter Role of Water-regulating Mechanisms tn Amphibian Morpho- 
genesis—a Quantitative Hypothesis, 1049 

Tumour Cells (Ascites) || Acylase Activity of, on Dichloroacetyl Derivatives 
of Amino-Acids (Yukio Kameda, Katsuhiko Matsut, Yukio Kimura 
and Etsuko Toyoura), 468 

Intracellular Response to an Iso-rmmune Reaction at the Surface o 
(D C Dumonde, Clarice G Walter, Lucille Bitensky, Prof G J 
Cunningham and J Chayen), 1302 

Tumour Growth Substrate Specificity and Inhibition. of Nicotinamide 
Mononucleotide-Adenylyl! Transferase of Liver Nucle:—Possible 
Mechanism of Effect of 6-Mercaptopurine on (Dr M R Atkinson, 
] F Jackson and Prof R K Morton), 946 

Tumour Strain Cells (Normal and) Action of Radiation on Synthesis of 
Deoxyribonucleic Acid in (Dr John Seed), 944, erratum, 1241 

Tumour-bearing Rats Deiodination of Thyroxine-?!] in (J A Stern, 
M Anbar, S Guttmann and N Ernst), 1303 

Tumours in Mice Induction of, with Tritiated Thymidine (Hermann Lisco, 
Renato Baserga and Walter E Kisielesk:), 571 

Tumours (Ascites) Types of Cell in (Dr John O Laws), 78 

Tumours (Carcinogen-induced), in Mice Chromosomal Lesion associated 
3s (June Lee Biedler, Lloyd J Old and Dr Donald A Clarke), 


Distribution. of (S 


Tumours (Malignant) Apparent Induction of, by Organ-Specific Antiserum 
(Prof H N Green), 120! 

Tumours (Mouse Pituitary) Difference in Metabolism of Labelled Thyro- 
xine between Thyrotropic and Adrenotropic (Dr Sidney C Werner, 
Eugene M Volpert and Raul Grinberg), 1193 

Tumours (Uterine), in Mice A Carcinogenic Action of Testosterone, 
provoking (Dr R van Nie, Dr E L Benedetti and Prof O Muhl- 
bock), 1303 

Tungsten Filaments (Narrow) 
Yngve Ohman), 254 

Tuplin, Prof W A . The Mechanics of Vibration, review, 844 

Tuppy, Prof H (Kreil, Dr G , and) Amino-Acid Sequence of Horse Heart 
Cytochrome c—Peptides, Terminal and Internal, released by Digestion 
with Trypsin, 1123 

Tuppy, Prof H, and others Amino-Acid Sequence of Horse Heart Cyto- 
chrome c—The Complete Amino-Acid Sequence, 1125 

Turcan, J R Appornted to a Research Fellowship tn engineering pro- 
duction in the University of Birmingham, 406 

Turk, Dr F A The Mites and Tongue-Worms of African Vertebrates, 
review, [222 

Turkey (Iran, Pakistan and) Role of Science tn the Development of Natural 
Resources with particular reference to (Scientific Council of che 
Central Treaty Organization Symposium on), 602 

Turley, H G At the Seventh Biennial Conference of the International 
Union of Leather Chemtsts Societies (American and European 
Practice in Chrome Tanning), 613 

Turn-over (Mast Cell), in Adult Mice (Prof Bruce E Walker), 980 

Turnbull R M Awarded a Fellowship in physics in the University of 
Glasgow, 1133 

Turner, Alan B Awarded the Parsons Scholarship in Marine Engineering 
(1961) by the Royal Institution of Naval Architects, 309 

Turner, C R Astronautics (Communication Satellites), 312 

Turner, L W Obituary of H V Griffiths, 504 

Turnen R J, and Lisney, D L Microwave Measurement Techniques, 


09 

Tutin, John The Grayling Fish and River-Names, 1102 

Twenty-five Years of Television, 606 

Twenty-five Years of B B C Television (Sir Harold Bishop), 1240 

Twichell Joseph B (Buettner-Janusch, Prof John, and) Alkali-resistant 
Haemoglobins in Prostmian Primates, 669 

Twichell, Joseph B, and others Multiple Haemoglobins and Transferrins 
in a Macaque Sibship, 948 

Twigg, G H Oxidation Processes in Chemical Manufacture (Liquid- 
phase Oxidation by Molecular Oxygen), 1135 

Two lron-Transport Proteins in Serum Presence of (Dr M Faber and 
R. Jordal), 181 


Polarized Thermal Emission from (Prof 


XCIX 


Two-Level Maser Oscillator Detection of Spin Magnetization Variation 
ina (I M Firth and Dr D Bil), 860 

Two Light Reactions in Photosynthesis Thermal Reaction between (Prof, 
C P Whittingham and P M Bishop), 426 

Two New Long-acting Sulphonamides 4-Sulphantlamido-6-Methoxy and 
6-Ethoxy Pyrimidine (ICI Nos 32,525 and 33,536)— (Dr R 
Clarkson and Dr A R Martin, 523 

Two Ox Muscles Comparative in vitro Activities of Phosphorylase b and 
Cytochrome Oxidase ın Preparations from (E J Briskey and R A 
Lawrie), 263 

Two-Sphere Non-directional Radiometers 
Walter Koch), 960 

Two Types of Ribonucleoprotein in the Nucleolus of Intestinal Carcinoma 
of the Newt following Injection of Herring-Sperm Deoxyribonucleic 
Acid (Prof A Stolk), 1215 

Tydeman, H M Rootstock Influence on the Flowering of Seedling 
Apples, 83 

Tyler, yun, Prof Varro E, and others Occurrence of Sedoheptulose in 
Carpophores and Basidtospores of Inocybe Species, 1080 

Tynan, A E,and others  Recrystallization of Lead and Zinc Sulphides, 5[6 

Type (New), of Blocking Agent against 5-Hydroxytryptamine — 5-Hydroxy- 
3-indoleacetamidine—a (Dr Laszlo Gyermek) 465 

Type (A Novel) of Antioxidant related to Polyporic Acid (Dr G J Bennett 
and Dr N Uri), 354 

Types of Cell in Ascites Tumours (Dr John O Laws), 78 

Types (Haptoglobin and Transferrin), in Peruvian Indians (Dr Eloise R 
Giblett and Dr William R Best), 1300 

Types (Two), of Ribonucleoprotein in the Nucleolus of Intestinal Carcinoma 
of the Newt following Injection of Herring-Sperm Deoxyribonucleic 
Acid (Prof A Stolk), 1215 

Tyrrell, H J V — Diffusion and Heat Flow in Liquids, review by Prof A. 
R Ubbelohde, 845 


A Method of Calibrating (Dr. 


UspeLronpe, Prof A R lonie Melts, 509 
Diffusion and Heat Flow in Liquids, review, 845 

Udvardy, A, and others Effect of Monovalent Cations on the Blood 
Pressure of Intact and Hypertensive Rats, 362 

Uganda The Mineral Resources of (compiled and edited by Dr 3 W 
Barnes), 921 

Uganda (Western) Carbonatitic Lava from Fort Portal Area in (Dr O 
von Knorring and Dr C G B du Bois), [064 

Uhara, Ituro, and others Dislocations as Active Centres in Heterogeneous. 
Catalysis, 867 

Ut, Nobuo (Hosoya, Torchiro, and) Demonstration and some Properties 
of Peroxidase in Pig Thyroid Gland, 659 

Ukil, Dr A C History of Sciences in Ancient and Medieval India, 27 

Ultrabasic Liquids (Dr H ! Drever, R Johnston and C M Thomas), 157 

Ultrasonic Diffraction Orders Distribution of Intensity among various 
(Dr C Raghupath: Rao), 220 

Ultrastructural Alterations during the Crabtree Effect tn Rous Sarcoma 
Cells (Prof Alvin S Levine, Ruth Petraitis and James Green), 1271 

Ultrastructure of Protein Fibers— Collagen, Muscle and Keratin (Electron 
Microscopy Society of America Symposium on), 610 

Ultra-Violet Chromatography and Nucleotide Sequences of Deoxyribo- 
nucleic Acid synthesized in. Salmonella typhimurium after Irradiation 
with (T Hudnik-Plevnik and Dr _ L A Stocken), 554 

a i iet Absorption of Sea Water (F A J Armstrong and G T Boalch), 
8 


Ultra-Violet Fluorescence of several Globular Proteins Influence of pH 
and Urea on the (Dr R F Steiner and H Edelhoch), 873 

Ultra-Violet Irradiation Detecting Reversion in T4ril Bacteriophage to 
rt induced by (Prof C E Folsome and D Levin), 1306 

Ultra-Violet Radiation and Desiccation Effect of, on Different Age- 
Cultures of Escherichia coli KI2 (1 L Mulay and G S Sperti), 773 

Ultra-Violet Television Microscopy (Television Microscopy), (Dr R Barer 
and J Wardley), 1060 

Ultra-Violet and Visible Radiation — Emission of, from Metals by the Impact 
of High-Energy Hydrogen lons (Prof Rafi Mohammed Chaudhuri and 
Mustafa Yar Khan), 646 

Uncertain Taxonomic Status Thermophilic Micro-organism of, from the 
Hot Springs of Tiberias (Israel), (David Kahan), 1212 

Unconventional Methods of Energy Conversion (Prof D A Wright), 701 

Unerystallized Urinary Calculi composed of Glycolipo-Protein Excretion 
2 by Normal and Muscular Dystrophic Mice (C McGaughey), 

67 

Unesco Arid Zone Research No 17, A History of Land Use in Arid 
Regions (edited by Prof L Dudley Stamp), 1236 

Unesco, and others International Seminar for Research and Education tn 
Physics, 709 

Unesco and the World Meteorological Organization 
Changes of Cltmate, [139 

Unestertfied Fatty Acids Improved Gas Chromatography of (P Jowett and 

J Horrocks), 966 

Uniform (Non-) Fields in Dielectrics Rectifying Action of (Dr K C Kao), 

650 


Symposium on 


Uninfected Serum-free Cell Cultures Cytopathic Protective Factor—its 
Production by Normal (Dr Robert W Pumper, Herbert M Yama- 
shiroya and Lawrence J Alfred), 1101 

Unique a-Glutamyl Peptidase Activity Histochemical Characterization of 
a (Glutamyl Peptidases in Rat and Guinea Pig Kidney Slices), (George 
G Glenner and John E Folk), 339 

Unit of Light Photometric Standards and the (J S Preston), (National 
Physical Laboratory, Notes on Applied Science No 24), 1250 

Unit Cell (Space Group and), of the m-Bromobenzoate of Photoisopyro- 
calaiferol (Prof G L Hardgrove), 551 

Unitary Hypothesis Mechanism of Streptomycin Action on Bacteria—a 
(Dr Charles R Spotts and Prof R Y Stanrer), 633 

United he th The Common Market and the (Westmins@r Bank, 
Ltd ), 801 

Traning of Industrial Food Scientists and Technologists in the (British 
Association for the Advancement of Science, Section B (Chemistry), 
Discussion on), 302 


8 


a 


C INDEX 


United Kingdom Atomic Energy Authority Promotion of J C Martin 
(of the Atomic Weapons Research Establishment, Aldermaston) to 
Senior Principal Scientific Officer, 215 

Promotion of Dr J B Taylor (of the Atomic Weapons Research 
Establishment, Aldermaston) to Senior Principal Scientific Officer, 
215 


Resignation of J B. W Cunningham as managing director of the 
Engineering Group, 505 
Appointment of H V Disney as managing director of the Engineering 
Group, 505 
United Kingdom Expenditure on Science, Technology and Education, [130 
United Kingdom Fire Statistics, 1960—Statistical Analysis of Report of 
Fires attended by Fire Brigades in the United Kingdom during 1960, 
1131 


Conference on New Sources of Energy, 407 
The State of Food 


United Nations 
United Nations (Food and Agriculture Organization) 
and Agriculture (1961), 1028 
United Nations (Fisheries Division of the Food and Agriculture Organiza- 
tron) Conference on Fish, 1013 
United Nations (World Health Organization). Public Health Papers No 8, 
The Role of Immunization in Communicable Disease Control, 20 
Technical Report Series No 223, Programme Development in the 
Mental Health Freld—Tenth Report of the Expert Committee on 
Mental Health, 932 
United Nations (World Health Organization Regional Office for Europe), 
and the International Labour Organization Conference on Health 
Services in Small Factories, 618 
United States Electron Microscopy in the (Dr A R Taylor), 610 
Expectation of Life in the, 515 
Industrial Research and Development in the, 809 
Population Trends inthe USSR and the, 1142 
United States, 1870-1950 Population Redistribution and Economic Growth 
(Prof Simon Kuznets, Ann Ratner Miller and Richard A Easterlin), 
review by Prof E Grebenik, 853 
‘United States Air Force Cambridge Research Laboratories, Bedford, Mass 
Changes at the, 307 
United States Building Research Institute, 507 
United States National Academy of Sciences Kimber Gold Medal for 
genetics awarded to Prof J B S Haldane, 710 
United States National Bureau of Standards Appointment of Dr Ralph P 
Hudson as head of the Heat Division, 309 
Appointment of Dr Y Beers as chief of the Millimeter-Wave Research 
Section, 403 
Appointment of Dr R P Madden to the Atomic Physics Division, 507 
Appointment of Dr F Ralph Kotter as chief of the newly established 
High Voltage Section of the Electricity Division, 710 
Appointment of Dr Thomas R Lawrence as a member of the Metrology 
Division, 710 
1962 International Conference on Precision Electromagnetic Measure- 
ments, 922 
Appointment of J R Johler as chref of the new Applied Electromagnetic 
Theory Section, 1129 
United States National Institutes of Health, Bethesda, Maryland Medical 
Research and the (Dr Carl R Brewer), 791 
‘United States National Science Foundation — Scientists and Engineers tn the 
Federal Government, October 1958, 800 
Surveys of Science Resources Series, NSF 61-32, Funds for Research and 
Development in Industry (1958), 809 
Further allocation of 1,500,000 dollars for research work in the Antarc- 
tic, 919 
Appointment of Dr 
(research), 922 
Grant of 296,700 dollars to the University of Chicago, for a 4-MeV 
Van de Graaff machine, 1239 
Grant of 700,000 dollars to Michigan State University, towards a 
40-MeV cyclotron, 1239 
Grant of 977,600 dollars to che University of Pittsburg, towards an 
|8-MeV three-stage Van de Graaff machine, 1239 
Grant of 1,240,000 dollars to the University of Washington (Seattle), 
towards a 22-MeV three-stage Van de Graaff machine for the Physics 
Department, 1239 
Grant of 499,200 dollars to Ohio State University, for a 5 5-MeV Van 
de Graaff machine, 1239 
Grant of 498,000 dollars to the State University of lowa, for a 5 5-MeV 
Van de Graaff machine, 1239 
‘United States Naval Radiological Defense Laboratory, San Francisco 
Appointment of Dr Olivier Heroux as scientist-in-residence, 1026 
United States Research Activities in the Antarctic, 919 
‘United States Weather Bureau Grant from the United States National 
Science Foundation, for the Antarctic Meteorological Research 
Program, 919 
Untversal Language for Computing Machines (Dr A D Booth), 22 
Universities Research in the (Rt Hon Viscount Hailsham), 787 
Universities of the British Commonwealth, Association of Appointment 
of delegates to the Ninth Quinquennial Congress of Universities of the 
Commonwealth, 115 
Appointment of Sir Douglas Logan as vice-chairman, 922 
‘Universities of the Commonwealth Appointment of delegates to the Ninth 
Quinquennial Congress of (Association of Universities of the British 
Commonwealth), 115 
y mveriues in France—Freedom and Autonomy (Prof M Bouchard), 


Randal M Robertson as associate director 


‘Universities and Colleges in receipt of Treasury Grant, Academic Year 
1959-1960 Report from (University Grants Committee), 617, 786 
University The State and the Freedom of the, 212 
‘University of Birmingham Appointment of R G Bird as lecturer in civil 
engineering, 406 
ppomntment of Dr J S Hough as senior lecturer in charge of the 
Sub-Department of Malting and Brewing in the Department of 
Biochemistry, 406 
ibe age of A W Kwiatkowski as lecturer tn mechanical engineer- 
in, 
Appointment of G Martelli as lecturer in physics, 406 
Appointment of Dr L Riddiford as senior lecturer in the Department 
of Physics, 406 
Appointment of Dr K R Rushton as lecturer in civil engineering, 406 


Appointment of Dr R B Shearn as lecturer tnechemical engineering, 
406 

Appointment of N B W Thompson as lecturer in physical metallurgy, 
406 


Appointment of T Duthte as Wilmot Breeden Fellow in the Depart- 
ment of Mechanical Engineering, 406 

Appointment of Dr H Kaliszer to a Research Fellowship in mechanical 
engineering, 406 

Appointment of B K Gazey to a Research Fellowship in electrical 
engineering, 406 

Appointment of R J Heitzmann to a Research Fellowship in chemistry, 
406 


Appointment of Dr A E Pedlerand Dr C A Barson as senior Research 
Fellows in the Department of Chemistry, 406 
Appointment of Dr B Henderson to a Research Fellowship 1n physical 
metallurgy, 406 
Appointment of G R Orgam to a Research Fellowship tn industrial 
metallurgy, 406 
Appointment of B Walker to a Research Fellowship in industrial 
metallurgy, 406 
Appointment of Dr S Swierszczewskt to a Research Fellowship in 
nuclear physics, 406 
Appointment of J R Turcan to a Research Fellowship in engineering 
production, 406 
Appointment of C J H Williams as James Watt Research Fellow in the 
Department of Mechan:cal Engineering, 406 
Appointment of Dr J S Brimacombe as lecturer in the Department of 
Chemistry, 507, [241 
Appointment of Dr F Rreband as lecturer in the Department of Mech- 
anical Engineering, 507, 1241 
Appointment of E D R Shearman as senior lecturer in electromagnet- 
ism tn the Department of Electrical Engineering, 507, 1241 
Appointment of Dr E C Grant as Re@earch Fellow in the Department 
of Medical Biochemistry and Pharmacology, 507 
Appointment of Dr D E N Davies as lecturer in the Department of 
Electrical Engineering, 1241 
University of Bristol Appointment of C. Andrew as lecturer in mechanical 
engineering, 710 
Appointment of Dr R Binks as lecturer in organic chemistry, 710 
Appointment of J S E David as lecturer in veterinary surgery—ditseases 
of reproduction, 710 
Appointment of Or R P Mercier as lecturer in theoretical physics, 710 
Appointment of Dr J G C Milne as lecturer in physics, 710 
Appointment of D B Peacock as lecturer in bacteriology, 710 
University of Cambridge Election of J A Pateman and C K Philltps to 
Fellowships at Churchill College, 710 
Election of J S. Gibson to a Junior Research Fellowship at Churchill 
College, 710 
Election of Prof Jacques Barzum and Prof Kenneth J Arrow to Extra- 
ordinary Fellowships at Churchill College, 710 
Election of Dr P W Anderson to an Overseas Fellowship at Churchill 
College, 7/0 
Graduate Extenston of Corpus Christ: College, 922 
University of Chicago Grant of 296,700 dollars from the United States 
National Science Foundation, fora 4-MeV Van de Graaff machine, 1239 
University of Dublin Appointment of Dr R G S Hudson to the chair of 
geology and mineralogy at Trinity College, 1022 
University of Durham Lanehead Field Centre, 404 
Digital Computation at King's College, Newcastle-upon-Tyne, 708 
University of Edinburgh Appointment of | W Sutherland as lecturer in 
bacteriology, 507 
Appointment of J Shepherd as lecturer in electrical engineering, 507 
Appointment of W Dudgeon as senior lecturer tn engineering, 507 
Appointment of J A Linnet as lecturer in engineering, 507 
Appointment of Dr S Soundranayagan as lecturer in engineering, 507 
Appointment of H Montgomery as lecturer in pathology, 507 
Appointment of M B Smith as lecturer in pathology, 507 
Appointment of Dr P D Mitchell as senior lecturer in zoology, 507 
Appointment of Dr M E Davies es lecturer in the Department of 
Veterinary Bacteriology, 922 
Appointment of B F Leek as lecturer in the Department of Veterinary 
Physiology, 922 
University of Exeter 
Conn), 108 
Retirement of D R Barker as superintendent of the Norman Lockyer 
Observatory, 112 
University of Glasgow Appointment of Adam Fleck to a lectureship in 
biochemistry, | [32 
Appointment of N J McCorkindale, Dr 1 C McNeill, K C Campbell 
and A L Porte to lectureships in chemistry, 1132 
Abpomnsment of W T Morton to a lectureship in experimental physics, 


The Norman Lockyer Observatory (Prof G K T 


Apparement of D L Pursey to a lectureship in theoretical physics, 


Appointment of A J Baker as Glaxo Fellow in chemistry, 1132 
Fellowships in genetics awarded to G L le Bouvier, June Dixon and 
K R Dronamraju, [132 
Fellowships in nuclear physics awarded to John Cumming, A W 
Hendry and J G Lynch, [132 
Fellowships in organic chemistry awarded to Robert McCrindle, M B 
Meyers and R D H Murray, 1132 
Fellowship tn physics awarded to R M Turnbull, [132 
Fellowship in solid-state physics awarded to] D Roycroft, 1132 
Associated Electrical Industries (RS2) High-resolution Nuclear Magnetic 
Resonance Spectrometer now in operation in the Chemistry Depart- 
ment, [132 
University of Hong Kong Symposium on Muscle Receptors, 805 
University of Leeds Appointment of G J Bibby and Dr A E D Heylen 
to lectureships in the Department of Electrical Engineering, 406 
Appointment of Dr M Holmes to a lectureship in the Department of 
Civil Engineering, 406 
Annual Report of the Court, 124] 
University of Liverpool Liverpool! College of Technology admitted to 
affiliation with the University, for a period of three years, 406 
The New Mathematics and Oceanography Building of the (Prof L 
Rosenhead), 1133 


INDEX CI 


University of London Postgraduate Courses at the Imperial College of 
Science and Technology, 115 
Appointment of Dr J P Quilliam to the newly created chair of pharma- 
cology at St Bartholomew's Hospital Medical College, 210 
Grant of £40,000 from the Wellcome Trust to University College, for 
the extension to the Pharmacology Building, 212 
Grant of £13,500 from the Wellcome Trust to the Imperial College of 
Science and Technology, for the purchase of a nuclear magnetic 
resonance spectrometer, 212 
Title of professor of social statistics in the University (at the London 
School of Economics and Political Science)conferred on C A Moser,406 
Appointment of Dr J Clunie to a readership in mathematical analysis 
at the Imperial College of Science and Technology, 507 
Appointment of Prof K G Denbigh to the Courtaulds chair of chemical 
engineering in the Imperial College of Science and Technology, 710 
Title of professor of geography (at University College) conferred on 
Dr W R Mead, 710 
Title of professor of organic chemistry (at the Imperial College of 
Science and Technology) conferred on Dr L Owen, 7 
Title of reader in anatomy (at University College) conferred on D W 
James, 710 
Title of reader in chemistry (at University College) conferred on Dr 
C A Vernon, 710 
Commemoration Day Address at the Imperial College of Science and 
Technology, Research in the Universities (Rt Hon Viscount Hail- 
sham), 787 
Title of professor of theoretical physics (at the Imperial College of 
Science and Technology) conferred on Dr P T Matthews, 802 
Appointment of Dr A Kermack to a readership (at University 
College) in vertebrate palaeontology, 802 
Appointment of C H Lack to a readership (at the Institute of Ortho- 
paedics) in bacteriology, 802 
Appointment of Dr J E Prentice to a readership (at King’s College), tn 
geology, 802 e 
Appointment of Dr M Schacter to a readership (at University College) 
in phystology, 802 
Appointment of Dr Gordor Smith to a readership (at the London 
School of Hygiene and Tropical Medicine) in virology, 802 
Appointment of Dr Maynard Smith to a readership (at University 
College) in zoology, 802 
Appointment of Dr G L Watson to a readership (at University 
College) in mathematics, 802 
Research Report 1958-61 of the City and Guilds College (Imperial 
College of Science and Technology), 802 
Appointment of Dr B W Lacey to a chair of bacteriology in West- 
minster Medical School, 922 
Appointment of D G MacRae to the chair of sociology in the London 
School of Economies and Political Science, 922 
Appointment of Dr E A Power to the readership tn applied mathe- 
matics at University College, 922 
Appointment of J L Stollery to the readership in aeronautics at the 
Imperial College of Science and Technology, 922 
Title of professor of molecular spectroscopy (at the Imperial College of 
Science and Technology) conferred on Dr A G Gaydon, 922 
Transfer of Prof J T Randall to the chair of biophysics at King's 
College, 922 
Nematology at the Imperial College of Science and Technology (Prof 
B G Peters), 1027 
History of Science and Technology at the Imperial College of Science 
and Technology, 1131 
Appointment of Prof Michael Abercrombie to the Jodrell chair of 
zoology and embryology in University College, 1132 
Appointment of Dr J R Butler as reader in pure geochemistry at the 
Imperial College of Science and Technology, 1132 
Appointment of ] C G Coleridge as reader in phystology at the Royal 
Free Hospital School of Medicine, [132 
Appointment of Dr S J Taylor as reader in mathematics at Westfield 
College, |[[32 
Appointment of S B Watkins as reader in chemical engineering at 
King's College, 1132 
Appointment of Dr F W O'Grady as reader in bacteriology at St 
Bartholomew's Hospital Medical College, 1132 
Appointment of Dr J C Anderson as reader in electrical engineering 
at the Imperial College of Science and Technology, 1132 
Title of professor of civil engineering (at King's College) conferred on 
J K T L Nash, 1132 
Title of professor of powder technology (at King's College) conferred 
on Dr H E Rose, 1132 
Title of professor of electrical engineering (at the Imperia! College of 
Science and Technology) conferred on Dr J H Westcott, [132 
Title of reader in pure mathematics (at Queen Mary College) conferred 
on Dr K W Gruenberg, 1132 
Title of reader in engineering science (at King's College) conferred on 
Dr J M Zarek, [132 
University of London Institute of Orthopaedics 
Lack as reader in bacteriology, 802 
University of Manchester Appointment of Dr Colin Adamson to a newly 
created (second) chair of electrical engineering, 403 
Appointment of J R D Francis as professor of municipal engineering, 
403 


Appointment of C H 


Appointment of Prof P J Collard as professor of bacteriology and 
director of the Department of Bacteriology, 406 
Summer School in Analytical Chemistry at the Manchester College of 
Science and Technology, organized by the Royal Institute of Chem- 
istry, 608 
Course of lectures on Problems of Radioactivity at Water and Sewage 
Works, in the Department of Municipal Engineering of Manchester 
College of Science and Technology, 609 
University of Mrami Appointment of Dr Carl H Oppenheimer as research 
associate professor at the Institute of Marine Science, 710 
University of Oxford Grant of £48,000 from the Fleming Memorial Fund 
for Medical Research, for the Sir William Dunn School of Pathology, 404 
Summer School in Theoretical Chemistry, 609 
Honorary doctorate of science conferred on Prof J B $ Haldane, 710 
Imperial Forestry Institute re-named the Commonwealth Forestry 
Institute, 802 


University of Oxfo-d Expedition to Peru, 1961 (R C Herrera), 610 

University of Perugia Medical School Cancer Research tn the (Prof. 
Lucio Sever:), 217 

University of Pittsburgh Grant of 977,600 dollars from the United States. 
National Science Foundation, towards an 18-MeV three-stage Van de 
Graaff machine, 1239 

University of Rochester Proceedings of the [960 Annual International 
Conference on High Energy Physics (edited by E C G Sudarshan, 
J H Tinlotand A C Melissinos), review by Dr G H Stafford, 7 

University of Southampton Title of reader ın botany conferred on Dr 
J M Lambert, 115 

University of Southampton (NATO Advisory Group for Aeronautical 
Research and Development and the} Seminar on Astronautics, 310» 

University of Sussex Appointment of Dr C Eaborn as professor of 
chemistry, 18 

PARERE of Dr R J Blin-Stoyle to the chai” of theoretical physics, 


Prospectus (1961-62), 619 
Am nen of Dr K F Smith to the chair of experimental physics, 


Appointment of Dr D B Scott as professor of mathematics, 1241 
ep oeent of Dr E R A Peeling as senior lecturer in chemistry, 


University of Texas Sixteenth Annual Symposium on Fundamental Cancer 
Research (Conceptual Advances in Immunology and Oncology), 1132 
University of Wales Grant of £15,000 from the Wellcome Trust to the 
University College of South Wales and Monmouthshire, Cardiff, for 
the purchase of an electron microscope for the Department of 
Anatomy, 212 
Grant of £9,850 to the University College of North Wales, Bangor, to 
increase the accommodation for postgraduate research workers in 
the Department of Zoology, 212 
Appointment of G Westby to the new chair of psychology in the 
University College of South Wales and Monmouthshire, 918 
University of Washington (Seattle) Grant of 1,240,000 dollars from the 
United States National Science Foundation, towards a 22-MeV three- 
stage Van de Graaff machine for the Physics Department, 1239 
University (Johns Hopkins), (sponsored by the McCollum-Pratt Institute of 
the, with support from the National Science Foundation) A Sym- 
posium on Light and Life (edited by William D McElroy and Bentley 
Glass), review by Dr V S Butt, 296 
University, (Michigan State) Grant of 700,000 dollars from the United 
Lr National Science Foundation, towards a 40-MeV cyclotron, 
9 
University (National), of Ireland Retirement of Prof J Doyle from the 
chair of botany in University College, Dublin, 1238 
Appointment of Dr Phyllis M Clinch to the chair of botany in Univer- 
sity College, Dublin, 1238 
University (New York) Combination of its two Physics Departments into 
a single all-University Department, and appointment of Prof Bruno 
Zumino as its head, 507 
University (Ohio State) Grant of 499,000 dollars from the United States 
nd Science Foundation, for a 5 5-MeV Van de Graaff machine, 
Symposium on Molecular Structure and Spectroscopy, 1241 
University (Princeton) Mathematical Series, Vol 26, Riemann Surfaces 
(Prof Lars V Ahlfors and Prof Leo Sarto), review by Prof W K 
Hayman, 847 
A ships in Engineering Study and Fundamental Research in Plastics, 
92 
University (Rutgers State) Center of Alcohol Studies transferred from 
Yale University to, 404 
University (Stanford) Stanford Studies in Mathematics and Statistics, 
No 2, Contributions to Probability and Statistics—Essays in Honor 
of Harold Hotelling (edited by Ingram Olkin, S G Ghurye, Wassily 
Hoeffding, William G Madow and Henry B Mann), review by 
Dr D E Barton, 846 
University (State), of lowa Grant of 498,000 dollars from the United 
States National Science Foundation, for a 5 5-MeV Van de Graaff 
machine, 1239 
University (Yale) Center of Alcohol Studies transferred to Rutgers State 
University, 404 
University College, Dublin 
of botany, 1238 
Appointment of Dr Phyllis M Clinch to the chair of botany, 1238 
University College of East Africa, Nairobi Grant. of £4,000 from the 
Wellcome Trust, to provide a mobile laboratory for field research in 
comparative physiology, 212 
University College, Ibadan Calendar for 1961-62, 710 
University College, London Grant of £40,000 from the Wellcome Trust, 
for the extension of the Pharmacology Building, 212 
Title of professor of geography conferred on Dr W R Mead, 710 
Title of reader in anatomy conferred on D W James, 710 
Title of reader in chemistry conferred on Dr C A Vernon, 710 
Appointment of Dr K A Kermack as reader in vertebrate palaeonto- 
logy, 802 
Appointment of Dr M Schachter as reader in physiology, 802 
Appointment of Dr Maynard Smith as reader in zoology, 802 
Appointment of Dr G L Watson as reader in mathematics, 802 
Appointment of Dr E A Power to the readership in applied mathe- 
matics, 922 
Appointment of Prof Michael Abercrombie to the Jodrell chair of 
zoology and embryology, 1132 
University College of North Stafforcshire Extension to Department of 
Physics, (Prof D J E Ingram), 912 
University College of North Wales, Bangor Grant cf £9,850 from the 
Wellcome Trust, to increase the accommodation for postgraduate 
research workers in the Department of Zoology, 212 
University College of Rhodesia and Nyasaland Appointment of Dr A D 
Kemp as lecturer in organic caemistry, 922 
University College of South Wales and Monmouthshire, Cardiff Grant of 
£15,000 from the Wellcome Trust, for the purchase of an electron 
microscope tor the Department of Anatomy, 212 
Appointment of G Westby to the new chair of psychology, 918 
University Education in Ghana (Dr. C T Mortimer), 14 
University Finance in. Britain. (1959-1960), 617 


Retirement of Prof J Doyle from the chair 


e *University Grants Committee 


ci INDEX 


Returns from Universities and Colleges in 
receipt of Treasury Grant, Academic Year 1959-1960, 617, 786 

University Service (World) Student Mental Health—Report of a Confer- 
ence held in London (1961), 620 

University Support, [960-61 (National Research Council and Medical 
Research Council of Canada), 308 

Unknown Auxin from a Solution of [ndcle-3-Acetic Actd labelled with 
Carbon-14 Isolation of an (Prof J H M Henderson), 1076 

Unsaturated Uronide (A New), isolated from Alginase Hydrolysate (Isami 
Tsuyino and Tsuneyuki Saito), 970 

Unstable Flow of Molten Polymers (J J Benbow, R V Charley and P 
Lamb), 223 

Unusual Major Fatty Acid Component in Human Depot Fat (Dr D S 
McLaren and W W C Read), 265 

Upper Atmosphere Winds and Circulation in the (Royal Meteorological 
Society Symposium on), 12 

A Working Model for the (Luigi G Jacchia), 1147 

Uptake of Amino-Acids by Plant Roots Effect of Plant Growth Compounds 
on (D E Wright), [044 

Uptake of Calctum-45 tn the Adrenal Gland Stimulation of, by Acetyl- 
choline (Prof W W Douglas and A M Poisner), 1299 

Uptake of Injected Norepinephrine _Particle-bound and Free Catechol- 
amines in Dog Hearts and the (A Wegmann and K Kako), 978 

Uptake of Iron-59 in Incubated Rat Red Cells in vitro Effect of Hydro- 
cortisone on (Peggy Clark), 667 

Uptake of Oxygen by Red Cells Effect ot Quinones on the (D Lovell and 
Dr T A J Prankerd), 561 

Uptake and Incorporation of Tritiated Thymidine in in vitro Culture (Dr 

M Rizai), 768 

Uptake (Glucose), and Intracellular Accumulation of Amino-Acids in Rat 
Kidney Slices in vitro Paradoxical Effect of Phlorizin on (Dr 
Stanton Segal, Alberta Blair and Leon E Rosenberg), [085 

Uranium in the Sikhote-Alin Meteorite and tts relation to the Lead Method 
of Age Determination (Edward L Fireman and David E Fisher), 644 

Uranium Chiorides Organic Extraction from Fused (M Taube and Z 
Borkowska), 745 

Uranium Research Foundation (Canadran) Grant of 10,000 dollars a year 

to the British Columbia Research Council, for investigation into the 

use of uranium compounds as toxicant additives to wood impregnants 

for marine borers, 516 

Influence of pH and, on the Ultra-violet Fluorescence of several 

Globular Proteins (Dr R F Steiner and H Edelhoch), 873 

Urea (Glycine, Serine and) Some Tetrahydropyranyl Derivatives of (S M 
Amir, Dr M Z Atasst, Dr S A Barker, Dr J S Brimacombe and 
Dr M C Keith), [069 

Urea Cadmium Nitrate Crystallographic Data for Urea Calcium Nitrate 
and (Dr C G C Catesby), 254 

Urea Calcium Nitrate and Urea Cadmium Nitrate 
for (Dr C G C Catesby), 254 

Urea Ingestion Effect of, on Parotid Salivation in Sheep (A D Wilson), 271 

Uri, Dr N (Bennett, Dr G J,and) A Novel Type of Antioxidant related 
to Polyporic Acid, 354 

Uridine Diphosphoglucose Dehydrogenase in Cartilage Histochemical 
Localization of (Dr Karoly Balogh, jun , and Richard B Cohen), 1199 

Uriel, José (Stock, A H,and) Esterase of Group A Streptococci—Electro- 
phoretic Mobility and Detection of Haemolytic Activity of Strepto- 
lysins O and S in Agar-Gel, 435 

Uriel, José, and others Extracellular Esterase of Group A Streptococci— 
Esterase in Extracellular Concentrates of Group A Streptococci and 
the Homologous Antibody, 434 

Urinary Calcul: (Uncrystallized) composed of Glycolipo-Protetn Excretion 
of, by Normal and Muscular Dystrophic Mice (C McGaughey), 1267 

Urinary Conjugated CEstrogens Purification of, by Gel Filtration (C G 
Beling), 326 

Urine (Human) Identification of an Amylobarbitone Metabolite in (J V 
Jackson and M S Moss), 553 

Uritani, Dr | Biochemistry of Plant Phenolic Substances (Role of Plant 
Phenolics in Disease Resistance and Immunity), 418 

Uronic Acid Contents Cation-Exchange Capacities of Tissues of Higher 
and Lower Plants and their related (A H Knight, W M Crooke 
and R H E Inkson), 142 

Uronide (A New Unsaturated), isolated from Alginase Hydrolysate (Isami 
Tsujino and Tsuneyuki Saito), 970 

Urquhart, D H Cocoa, second edition, review, 592 

Usborne, W R, and others Radioactivity in Wool, [094 

‘Use of Antibiotics to purify Blue-Green Algae (Blue-Green Algae), (Dr 
Y T Tchan and J Gould), 1276 

Use of Fire by Early Man Possible Origin of the (D C Arnold), 1318 

Use in Gas Dynamic Studies Bibliography of Tables and Charts for (D E 
Randall), 308 

Use of Isotopes in Haematology (Dr L G Lajtha), review by Dr | Chanarin, 
903 


Urea 


Crystallographic Data 


Use of Phenol in Determining Chromatographic Purity (B H Koeppen), 360 

Use of Phenol in the Isolation of Erythropoietic Glycoprotein (Peter H 
Lowy and Geoffrey Keighley), 75 

Use of Tetrazolium Compounds in Oxidative Enzyme Histo- and Cyto- 
Chemistry (Prof C G Rosa and Kwan-Chung Tsou), 990 

Use of Very High, Continuous Magnetic Fields Advances in the Generation 
and (Dr Henry H Kolm), 299 

Use (Land), in Arid Regions A History of (edited by Prof L Dudley 
Stamp), (Unesco, Arid Zone Research No 17), 1236 

Use (Potential), in Agriculture — Venturicidin, a New Antifungal Anti- 
brotic of (A Rhodes, K H Fantes, B Boothroyd, Moira P McGon- 
agle and R Crosse), 952 

Use and Control tn Industrial Application Radiation.— (Dr Charles 
Wesley Shilling) review by B E Jones, 855 

Use and Disposal (Nature,) Atomic Energy Waste—its (edited by E 
Glueckauf), review by A W Kenny, 846 

Use (Better), of the World's Fauna for Food (Institute of Biology Sym- 
posium on), 2I, !112 

Use (The Preparation and), of Case Studies (South London Branch of the 

Bgitish Institute of Management Conference on), 21 

Woody Plants of Ghana with special reference to their (Dr R F 

irvine), review by W D Clayton, 695 

Uses of Indian Timbers Identification, Properties and, review by Dr C R 
Metcalfe, ! [10 


Uses 


Uses (Peaceful) Applications of Science to, review by R Brightman, 850 
USSR Gas Dynamics in the, review by Dr [| S Donaldson, 837 
Geological and Geographical Research in the, [14 
Population Trends in the (Population Reference Bureau, Inc , Population 
Bulletin, Vol 17, No 6), 1142 
USSR Biochemical Society Fifth International Congress of Biochemistry, 
1115 


Uterine Smooth Muscle Sodium Influx and Excitation in (Prof C Y Kao, 
Dr D Zakim and Dr F Bronner), 1189 

Uterine Tumours in Mice A Carcinogenic Action of Testosterone, pro- 
roang (Dr R van Nie, Dr E L Benedetti and Prof O Muhlbock), 
303 

Utilization of Protein by Calves Comparative Effects of Wet and Dry 
Feeding on the (A M Raven and K L Robinson), 1256 

Utilization of Sheep Red Blood Cells in the Haemadsorption Test for Myxo- 
viruses (H M Yamashiroya, Dr R W Pumper and B R Tess), 582 

Utilization (Microbial), of Olefins Incorporation of Molecular Oxygen 
during (Tomoyuki Ishikura and J W Foster), 892 


V AAS, K F  TheBetter Use of the World's Fauna for Food (Fish Culture 
in Freshwater and Brackish Ponds), 1114 

Vacuolation and Leaf Regeneration in Splachnum ampullaceum (L ) Hedw 
(Prof Kraft E von Maltzahn)—Formation of Secondary Vacuoles in 
De-differentiating Cells, 55, Effect of Kinetin on Attached Leaf 
Regeneration, 56 

Vacuum Production of ‘Active’ Magnesium Oxide by Heating tn (R 
Valverde and J P Saenz, 653 

Vaginal CEstrus (Persistent) Luteinizing Hormone in (Dr G P van Rees 
and Dr J J van der Werff ten Bosch), 876 

Valence State of Platinum-Alumina Catalysts (R J Bertolacini), 1179 

Validity of Prediction based on Cross-Se&ional Analysis (Gwynneth de la 
Mare and R Sergean), 1318 

Value (Osmotic), in Pea Stem Sections 
Yoda and Joy: Ashida), 577 

Values of the Function 


Effect of Auxin on the (Shizuko 


z 


w(z) = e + : | e? dt) 





X 


for Complex Argument Table of (V N Faddeyeva and N M 
Terent'ev), edited by V A Fok, (translated from the Russian by 
D G Fry), review by Prof C A Coulson, 97 

Valverde, R, and Saenz, J P Production of ‘Active’ Magnesium Oxide 
by Heating in Vacuum, 653 

van Deenan, Prof L L M Phospholipids and Sulpholipids, 808 

van Nie, Dr R, and others A Carcinogenic. Action of Testosterone, 
provoking Uterine Tumours in Mice, [303 

van Rees, Dr G P, and van der Werff ten Bosch, Dr J J 
Hormone in Persistent Vaginal CEstrus, 876 

van Schaik, A C At the twenty-seventh Conference of the International 
Federation for Documentation (Advantages through Brbliographical 
Co-operation within a Country), 219 

Van Slyke, D — Microchemical Techniques (Evolution of Micro-gasometric 
Methods of Analysts), 410 

van Vlimmeren, P J = At the Seventh Biennial Conference of the Inter- 
national Unton of Leather Chemists Societies (Work on Masked 
Chrome Tannages), 613 

Van Wagenen, Gertrude, and others Multiple Haemoglobins and Trans- 
ferrins in a Macaque Sibship, 948 

Van Wyk, J D N,and Kuhn, G J A Novel Electrostatic Machine—the 
Corona Motor, 649 

van de Kamp, Dr Peter  lrterstellar and Interplanetary Communication 
by Optical Masers, 348 

van der Elst, F H, and others Effect of Copper Deficiency in White 
Clover on Nitrogen Fixation, 1315 

van der Werff ten Bosch, Dr J J (van Rees, Dr G P , and) 
Hormone in Persistent Vaginal CEstrus, 876 

Vanéura, V Detection of Gibberellic Acid in Azotobacter Cultures, 88 

Varga, J M (Horvath, Dr [, and) Enzymic Inactivation of Trichothecin 
and Crotocin, 88 

Variable (Complex) Lectures on the Theory of Functions of a (Prof G 
Sansone and Dr Johan Gerretsen), Vol 1, Holomorphic Functions, 
review by Prof W K Hayman, 694 

Variants in the Structural Polysaccharides of Algal Cell Walls (Dr Eva Frei 
and Prof R D Preston), 939 

Variants (Inherited Casein), in Cow's Milk (Dr R Aschaffenburg), 431 

Variation in Lyoglycogen in Starved and Normal Guinea Pigs (W J C 
Wilkinson and J H Kugler), 466 

Variation (Bacterial), tn Legume Symbiosis 
of (Dr J S Pate), 637 

Variation (Diurnal) of High-Latitude Auroral Frequency on Magnetically 
Quiet and Disturbed Days (Knut Lassen), 345 

Variation (Diurnal), of the Neutron Intensity of Cosmic Rays World-wide 
Distribution of (Tsunekichi Kanno), 250 

Variation (Seasonal), in Alginic Acid, Mannitol, Laminarin and Fucoidin in 
the Brown Alga Eck!onia radiata (C M Stewart, H G Higgins and 
Sue Austin), 1208 

Variation (Spin Magnetization), in a Two-level Maser Oscillator 
of (| M Firth and Dr D Bil), 860 

Variations in the Nuclear Deoxyribonucleic Acid Content in the Adrenal 
Cortex of the Female White Rat during the Cstrual Cycle (E 
Brafiez and H Roels), 1043 

Variations (Secular), of Short-lived Sunspots (T S Ringnes), 151 

Varieties of Cocoa Probable Mechanism of Resistance of, to Black Rod 
Disease caused by Phytophthora palmivora (But! ) But] (Dr John A 
Spence), 278 

Varley, Prof G C Polymorphism in Insects, 412 

Vas Deferens (Isolated Guinea Pig) Effect of some Smooth Muscle Stimu- 
lants on the Motor Response of the, to Hypogastric Nerve Stimula- 
tion (Dr Nils O Sjostrand), 1190 

Vasil, le (Maheshwart, P, and) Gnetum, review by Dr D C Metcalfe, 


Luteinizing 


Luteinizing 


Temperature Characteristics 


Detection 


INDEX cil! 


Vasodilator Activity in Human Plasma Role of Hageman Factor in the 
Activation of (D? M E Webster and O D Ratnoff), 180 
Vassy, Prof E Astronautics (Physical Properties of the Upper Atmo- 


sphere), 311 

Vasudeva, R S, and others Cotton in India, Vol 2, review by Prof S C 
Harland, 200 

Vaughan, Dr J G , and others Volatile Mustard Oils of Brassica juncea 
Seeds, 993 

Vegetation Effects of Climate on, review by Prof G Manley, 5 


Vehicle Driver The (British Occupational Hygiene Society Meeting on), [245 

Veis, A, and Anesey, J, with Cohen, J At the Seventh Bienntal Con- 
ference of the International Union of Leather Chemists Societies 
(Production of Gelatin Fractions from Skin Collagens, and their 
Re-Constitution as Fibres), 613 

Vendrig, Dr J C , and Buffel, K — Growth-stimulating Activity of Trans- 
Caffeic Acid isolated from Coleus rhenaltianus, 276 

Ventral Lobe of the Rat Prostate A Zinc-requiring Alkaline Phosphatase 
in the (Leonora Hopkinson and J C N  Wakeley), 357 

Ventricular Fibres (Rabbit) Evidence for Independence of Voltage of the 
Membrane Conductance of (Dr Edward A Johnson and J Tille), 663 

Venturicidin, a New Antifungal Antibiotic of Potential Use tn Agriculture 
(A Rhodes, K H Fantes, B Boothroyd, Moira P McGonagle and 
R Crosse), 952 

Yermiculite Influence of some Organic Salts on che Absorption of Potas- 
sium by (Prof M M Mortland), 481 

Vernalization Leaf (Prof S J Wellensiek), 1097 

Vernon, Dr C A Title of reader in chemistry (at University College, 
London) conferred on, 710 

Vernon, Dr Leo P Appointed director of research of the Charles F 
Kettering Laboratory, Yellow Springs, Ohio, 403 , work of, 403 

Mau (Occupational), and Planned Procrastination (Prof Alec Rodger), 


Verse Science in Poetry and, reyiew by T R Henn, 98 
Verse eee: A Book of (selected by W Eastwood), review by T R 
enn, 98 


Verster, F, and others Absence of Correlation between Odour and 
Molecular Vibration, 751 
Vertebrates Chitinase, an Addition to the List of Hydrolases in the 
Digestive Tract of (Dr Charles Jeun:aux), 135 
Cholinergic Neurons in (Dr Catherine Hebb), 527 
Comparison of the Mitochondria of che Small Intestine of (P J Stan- 
bury), 67 
Vertebrates in Africa South of the Sahara (Ethiopian Region) The Arthro- 
pod Parasites of, Vol |, Chelicerata (edited by F Zumpt), review 
by Dr F A Turk, 1222 
Vertebrates (African) The Mites and Tongue-Worms of, review by Dr 
Turk, 1222 
Verwoerd, Dr D W, and others Specific Partial Hydrolysis of Nucleic 
Acids ın Nucleotide Sequence Studies, [038 
Very High, Continuous Magnetic Fields Advances in che Generation and 
Use of (Dr Henry H Kolm), 299 
Very Low Doses Multiplication of Mouse-adapted Influenza Virus in 
Mouse Lungs after Infection with (F Link and J Raus), 478 
Veryard, R G Changes of Climate, 1139 
Vest, Dr M,and others Growth Hormone Content of Serum in Infants, 
Children, Adults and Hypopituitary Dwarfs, 1051 
Veterinary Scrence Advances in (edited by C A Brandly and E J Jung- 
herr), Vol 6, review by Prof Harold Burrow, 198 
Developments in, review by Prof Harold Burrow, 198 
Vibration The Mechanics of (Prof R E D Bishop and Prof D C Johnson), 
review by Prof W A Tuplin, 844 
Vibration (Molecular) Absence of Correlation between Odour and (K 
Buys, C J H Schutte and F Verster), 751 
Vibrations (Lattice-like), in Associated Liquids and the Origin of Anomalous 
Rayleigh Scattering (J K : Wilmshurst), [061 
Vicinity of Earth Direct Measurement of Interplanetary Dust Particles in 
the (C W McCracken, W M Alexander and M Dubin), 441 
Vick, Dr FA New Extension to the Phyics Department of the University 
College of North Staffordshire opened by, 912 
Vickery, Dr R C Analytical Chemistry of the Rare Earths, review by 
Dr D T Lewis, 593 
Vielmetter, W (Schuster, H , and) Structure, Synthesis and Function of 
Deoxyribonucleic Acid. (Induced Changes in DNA), 25 
View (A Roman Catholic), of Evolution, review by the Rev Charles E 
Raven, 827 
Village of Matalaque, Southern Peru — Epidemiological Surveys on Chagas' 
Disease in the (Felix Naquira, Eleazar Cordova, Cesar Naquira and 
Enrique Rubin de Celia), 921 
Villela, Gilberto G ,and others Effect of Colchicine on Rat Liver Xanthine 
Oxidase, 666 
Viral Cycle Cyclic Events in the (Dr Andre Lwoff and Marguerite Lwoff), 
477 


Virology (Plant) ^ Accumulation of Asparagine in Maize Plants infected 
by Maize Rough Dwarf Virus and its Significance in (Dr | Harpaz 
and S W Applebaum), 780 

Virus (Animal) Chromosomal Aberrations induced by an (Dr Berge 
Hampar and Dr Solon A Ellison), 145 

Virus (Clover Phyllody) Transmission of, by Aphrodes bicinctus (Schrank) 
in North America (Dr L N Chtykowski), 581 

Virus (Contagious Pustular Dermatitis) Growth of, in Human Tissue 
Cultures (Prof A Macdonald and T M Bell), 91 

Virus (Dengue) Serial Propagation of Types I, 2, 3 and 4, in HeLa Cells 
with Concomitant Cytopathic Effect (Sonja M Buckley), 778 

Virus (Dermovaccinia) A New Mutant of (Dr Isamu Tagaya, Dr Takashi 
Kitamura and Dr Yumiko Sano), 381 

Virus (Encephalitis) Reproduction of Tick-borne, in HeLa Cells (Dr H 
Libikova and Dr P Albrecht), 779 

Virus (Foot-and-Mouth Disease) Dissociation of, into its Nucleic Acid 
and Protein Components (F Brown and B Cartwright), 1163 

Virus (Influenza)  Actachment of Antibody to (Dr K J Lafferty and S J 
Oertelis), 764 

Virus (Lapinized. Rinderpest) Transmission of, by Contact between 
Rabbits (Dr G R Scott and C S Rampton), 289 

Virus (Maize Rough Dwarf) Accumulation of Asparagine in Maize Plants 
infected by, and its Significance in Plant Virology (Dr | Harpaz and 
S W Applebaum), 780 


Virus (Mouse-adapted Influenza), in Mouse Lungs Multiplication of, after 
[nfec.ion with Very Low Doses (F Link and J Raus), 478 

Virus (Rous) Inactivation of, by Phospholipase A (H A Drayton), 896 

Virus (Tobecco Mosaic) Movement of, through Epidermis of Nicotiana 
glutirosa Leaves (Dr D G Kontaxts), 581 

Photo-Reactrvation of, in vivo (D J Goodchild), 289 

Virus (Type 2 Polio-) Agents with High Activity against (Dr D G 
O'Sullivan and Dr P W Sadler), 341 

Virus Disease tn East Africa O'Nyong-nyong Fever, an Epidemic of, 30 

Virus Diseases Research on the Chemotherapy of (Fine Chemicals Group 
of the Society of Chemical Industry Discussion on), 806 

Virus un (Mengo-Semlikt) Acrolein and (Dr George F Kamen), 


Virus Infection (Mosaic Virus) Influence of, on the Hollow Fruit Condition 
of Tomatoes (D J Harrison), 90 

Virus Infection (Sendai) Influence of Age of Mice on the Recovery from 
Exper:imenzal (Dr Leon Sawicki), [258 

Virus Infections Mechanisms of (Royal Society Discussion on), 1246 

Virus Research Irstitute (East African) Report ([959-1960), 30 

Viruses Fine Structure of (Electron Microscope Society of America 
Symposium on), 6 

Visceral Lestons Autonomic Nervous System and the Occurrence of 
(Hiroshi Itoh, Terzo Kasahara, Kazua Amano, Koh Okamoto and 
Samon Tanabe), 1025 

Viscometers (Rotation), and their Application to Non-Newtonian Measure- 
ments (Dr R McKennell), 308 

Visible Radiation (Ultra-Violet and) Emission of, from Metals by the 
Impact of High-Energy Hydrogen lons (Prof Rafi Mohammed 
Chaudhuri and Mustafa Yar Khan), 646 

Vision, with and without Tears, review by Dr E N Willmer, 295 

Vision of Nature The (Sir Cyril Hinshelwood), 115 

Vistas in. Astronomy (edited by Arthur Beer), Vol 3, Part |, Dynamics, 
Geophysics, [nstruments, Solar System , Vol 3, Part 2, Stellar 
Astronomy, Stellar Evolution, Photometry, Galaxtes, Spectroscopy, 
Cosmology, review by Dr A Danjon, 838 

Visual Cortex Lesions Role of Experience in Misreaching produced by 
(A Cowey and Dr L Werskrantz), 1319 

Visual Effects of Non-Redundant Stimulation (Prof D M MacKay), 739 

Vitamin. Bicsynthesis of L-Ascorbic Acid—Missing Steps in Animals in- 
capable of Synthesizing the (|! B Chatterjee, N C Kar, N C Ghosh 
and Prof B C Guha), 163 

Vitamin A Content in Liver of Rats Effects of the Sulphur Amino-Acids 
on the (Tatsuo Koyanagi and Satoshi Odagiri), 168 

Vitamin A and Animal Protein in the Diet Cystine Content in Hair of 
Children as influenced by (Tatsuo Koyanagi and Teru Takanohashi), 
457 


Vitamin D Free Amino-Acids tn Rachitic Epiphyseal Cartilage of Albino 
Rat and the Influence of (G V G Krishna Rao), 269 

Vitrain Component of Bituminous Coals Carbonyl Content of the (Dr 
K Littlewood and M T Monaghan), 128 

Viviparous Toathcarp Xiphophorus helleri Role of Cell Division in Gastru- 
lation o! the (Prof A Stolk), 374 

Viahovic, S (Stankovic, Dr V ,and) Transfer of Immediate (Anaphylactic) 
Hypersensitivity by Homologous Bone Marrow or Spleen Cells, 762 

Vogelhut, P CL (Susskind, Prof C, and)  Cavity-perturbation Measure- 
ments of the Effect of Microwave Radiation on Proteins, 408 

Vogt, E W (edited by D A Bromley and) Proceedings of the Inter- 
national Conference on Nuclear Structure (Kingston, Canada, 1960), 
review by D L Allan, 203 

Voice, E W Symposium on Pilot Plants in Metallurgical Research and 
Development review, 1008 

Volatile Mustard O Is of Brassica juncea Seeds (J S Hemingway, H J 
Schofield and Dr J G Vaughan), 993 

Yalana Luna Megashatter Cone Hypothesis of the Origin of (A 3 

ohen), 

Volfin, P , d cthers Effect of Insulin on the Phosphorus-32 Mononucleo- 
tide Labelling of the Isolated Rat Diaphragm in the Controlled 
Absence of Extracellular Glucose, 166 

Volpert, Eugene M, and others Difference in Metabolism of Labelled 
Thyroxine between Thyrotropic and Adrenotropic Mouse Pituitary 
Tumours 1193 

Voltage of the Membrane Conductance of Rabbit Ventricular Fibres 
Evidence for Independence of (Dr Edward A JohnsonandJ Tille), 663 

von Békésy, Dr Georg Awarded the Nobel Prize for Phystology, 800 , 
work of, B00 

von Euler, Dr U S Given an Award by the Gairdner Foundation, 309 

Von Gierke's Disease (Liver Glycogen Disease) Blood Glucose-6-Phos- 
phate ın Heterozygous Carriers and Patients with (Dr Joseph E 
Sokal, Sylvia Fleissner, Edward J Sarcione and Charles U Lowe), 265 , 
(Dr David Yr-Yung Hsta), 266 

von Knorring, Dr ©, and du Bors, Dr C G B 
Fort Portal Area in Western Uganda, 1064 

von Koenigswald, Prof G H R, and others Age of the Basalt Flow at 
Olduvai, East Africa, 720 

von Laue, Max Rontgenstrahlinterferenzen, review by Prof H Lipson, 854 

von Maltzahn, Prof Kraft E Vacuolation and Leaf Regeneration in 
Splachnum ampullaceum (L) Hedw —Formation of Secondary 
Vacuoles in De-differentiating Cells, 55, Effect of Kinetin on 
Attached Leaf Regeneration, 56 

von der Borch, C C (Alderman, Prof A R,and) Occurrence of Mag- 
nesite-Doiomite Sediments ın South Australia, 861 

Vortex Shedding from the End of a Tube as a Result of Buoyancy Effects 
(A A Putnam), 1277 

Voyages of Discovery The Journals of Captain James Cook on his (edited 

Dr J C Beaglehole), Vol 2, The Voyage of the Resolution and 
Adventure, 1772-1775, review by Prof R Firth, 1107 

Vuylsteke, Arthur A Elements of Maser Theory, review by Dr J H 
Sanders, 202 

Vydra, F (PFibil, R, ard) Microchemica!l Techniques (Oxidimetric Micro- 
titration of Cobalt), 411 


Carbonatitic Lava from 


W ape, M J,andothers Oxidation Processes in Chemical Manufacture 
(Recent Developments in the Oxidation Recovery of Chlorine from 
Hydrochloric Acid), 1135 


e ° Wadsley, A D, and Andersson, Sten 


civ INDEX 


Alkalt Metal Titanium Oxide 
Bronzes, 55] 

Wakeley, J C N (Hopkinson, Leonora, and) A Zinc-requiring Alkaline 
Phosphatase tn the Ventral Lobe of the Rat Prostate, 357 

Wakeyama, T (Nakamura, S, and) Distribution of Trypsin [nhibitors in 
the Sera of various Animals, 1077 

Waldmann, E — Microchemical Techniques (Systematic Differentiation and 
A TTA of Crystalline Deposits in Body Tissue by Microscopic 
Tests), 4/1 

Waldron, R A Awarded the Heinrich Hertz Premium of the British 
Institution of Radio Engineers 609 

Wales, Dr A E Smithson Tennant, 1761-1815, 1224 

Wales, National Museum of Bibliography and Index of Geology and 
Allied Sciences for Wales and the Welsh Borders, 1897-1958 (D A 
Bassett), review by V A Eyles, 491 

Wales and the Welsh Borders Bibliography and Index of Geology and 
to Sciences for, 1897-1958 (D A Bassett), review by V A Eyles, 


Walker, B Appointed to a Research Fellowship tn industrial metallurgy 
in the University of Birmingham, 406 

Walker, Prof Bruce E Mast Cell Turn-over in Adult Mice, 980 

Walker, Prof G B and Luthra, 5 P Microwave Measurement Techniques 
(‘Ghost Modes’ for the Determination of Complex Permittivity), 410 

Walker, Prof G B, and others Microwave Measurement Techniques 
(Normal Cavity Techniques for the investigation of the Properties 
of Titanium Dioxide and Magnesium Titanate Ceramics at S, X, J 
and Q Bands), 410 

Walker, Prof G W R., and Dietrich, J Kinettn-induced Meiotic- 
Prophase Acceleration and Stzsis in Tradescantia Anthers cultured on 
Media Deficient in Sugar, 889 

Walker, Dr Joan B , and Kerridge, David 
munity review, 391 

Lia d Morale in the Civil Service, a Study of the Desk Worker, 


Diabetes in an English Com- 


Walker, jun, Prof P L, and others 
Carbon Suboxide, 450 

Wallén, C C Changes of Climate [139 

Walliker, D A J Microwave Measurement Techniques (Resistive 
Attenuators and their Calibration), 409 

Walls (Algal Cell) Variants in the Structural Polysaccharides of (Dr Eva 
Frei and Prof R D Preston), 939 

Walne, P R The Better Use of the World's Fauna for Food (Culture of 
Marine Molluscs and Crustaceans), 1114 

Walsh, Dr A (Ham, Dr N S,and) Atthe Third Australian Spectroscopy 
Conference (Development of Improved Microwave-powered Raman 
Sources), 927 

Walsh, Dr A, and others At the Third Austraban Spectroscopy Confer- 
enea (Factors affecting the Cathod:c Sputtering of various Metals) 

Walsh, Dr D Non-Linear Transmission Lines for Millimetre Wave 
Generation and Reception, 1064 

Walsh, jun, W M , and others Ferromagnetic Inclusions in Nucleic Acid 
Samples, [041 

Walter, Clarice M, and others  !Intracellular Response to an lso-immune 
Reaction at the Surface of Ascites Tumour Cells, 1302 

Walter, Prof Heinrich, and Lieth, Dr Helmut Klimadiagramm-Weltatlas, 
Lief |, review by Prof G Manley, 5 

Walter, Dr H , and Zipper, H Quantitative Aspects of the Re-Utilization 
of Protein-bound Amino-acids in vivo, 1292 

Walton, G N The Balance of Energy in Nuclear Fisston, 1062 

Walton, Dr K W (George, Dr W ,and) Purification and Concentration 
of Dye-Protein Conjugates by Gel Filtration, 1188 

Walpole, A L, and others Non-steroid Inhibitors of Pituitary Gonado- 
trophic Function, 1191 

War Department (Microbiological Research Establishment, Porton) 
Promotion of Dr A L Davies to Senior Principal Scientific 
Officer, 214 

Ward, Dr A The Galactic Red Shift, 858 

Ward, A G, and others At the Seventh Biennial Conference of the 
International Union of Leather Chemists Societies (Experiments to 
break the Insolubilizing Cross-links of Mature Bovine Collagen after 
Alkaline Pretreatment), 613 

Ward, ies Conor K Priests and People, review by the Rev J Robinson, 


Pyrolytic Carbon Formation from 


Ward, Dr J C, and others Efect of Mechanical Stress on some Solid- 
State Polymerizations, 1036 

Wardley, J (Barer, Dr R, and) 
Television Microscopy, 1060 

Warfare (Chemical), on Plant Pests and Diseases (W C Moore), 1140 

Warne, Dr L G G Potential Productivity of Marrow Stem and Thousand- 
headed Kale, 579 

Juvenile Stage in Cultivated Forms of Brassica oleracea, 889 

Warner, Bran Moon Atlas, revrew, 1111 

Warning System for Nuclear Accidents (Prof F W Spiers), 31 

Warning System (Supervision and Emergency), tn Cases of Increase in 
Environmental Radioactivity Report of the Steering Committee 
for Nuclear Energy and Council Deciston on the Establishment of a 
(Organization for European Economie Co-operation), 3I 

Warren, Dr G H, and Gray, Jane A Simplified Culture Medium for the 
Production of Collagenase, 755 

eren A A Education and Training on the Continent of Europe, 

Warren, R W (Sterling, H F,and) A Cold Crucible for High-Tempera- 
ture Melting Processes, 745 

Wassén, Dr Anders, and others Arsenic Content of Napoleon I's Hair 

probably taken tmmediately after his Death, 103 

Atomic Energy—its Nature, Use and Disposal (edited by E Gluec- 

kauf), review by A W Kenny, 846 

Waste Disposal Radroactive, review by A W Kenny, 846 

Water in Bovine Serum Albumin Solutions Nuclear Magnetic Resonance 
Se cAreaeopy of Proterns—the Hydrogen Bonding of (F A Bovey), 


Television Microscopy—Ultra-Violet 


Waste 


Water-Flow Measurement of, review by Prof S P Hutton, 842 

Water Gardening (Frances Perry), third edition review by Dr G Taylor, 392 

Water Movement Effect of, on Salt Movement through Tomato Roots 
(William Lopushinsky and Pau! J Kramer), 994 


Water Pollution Research in Great Britain (F E Bruce), 711 

Water Pollution Research Laboratory of the Dep&rtment of Scientific and 
Industria! Research Open Days, 711 

Water Research Association New Research Station, 803 

Water Supply (Prof Jack Hurshleifer, James C de Haven and Prof Jerome 
W Milliman), review by Prof W G V Balchin, 853 

Water and Sewage Works Problems of Radioactivity at (Course of 
lectures on, in the Department of Municipal Engineering of Manches- 
ter College of Science and Technology), 609 

Water (Air-) Froths Formation of (J Rennie and W Smith), 419 

Water (Fresh-) Fishes Feeding Habit of some Central African (H Matthes), 
78 - 


Water (Rain) Concentration of Chloride in Fresh Waters and (A V 


Holden), 96 

Water (Sea) Ultra-vrolet Absorption of (F A J Armstrong and G T 
Boalch), 858 

Water (Soil) Importance of Osmotic Potential as a Component of the 


Total Potential of the, on the Movement of Nematodes (C D Blake), 


Water (Stratospheric) Origin of High Trittum Content of Atmospheric 
Methane, Hydrogen and (Dr Richard Wolfgang), 1279 

Water-regulating Mechanisms Role of, in Amphibian Morphogenesis—a 
Quantitative Hypothesis (Peter Tuft) [049 

Water-soluble Chlorophyll Photochemical Properties of (Prof Gerald 
Oster and Suse B Broyde), 132 

Waterman, Hanneke, and others Properties of some Copper Complexes 
—Five-Covalent Copper (I!) Complexes containing, 1,10-Phenanthro- 
line and 2,2’-Bipyridyl, 424 

Waters (Coastal), of the British Isles 
Lumb), 153 

Waters (Fresh), and Rain Water 
Holden), 96 

Waters (Icelandic) Fluctuations in Marine Populations in (G Bodvarsson 
and J Jonsson), 768 e 

Waters (Surface), of the Sea Broluminescence in the (Richard H Backus, 
Charles S Yemtsch and Asa Wing), 518 


Sea Surface Temperature in (F E 


Concentration of Chloride in (A. V 


Watkins, S B Appointed reader in chemical engineering at King's College, 
London, [132 
Watson, A British Moths, review, 830 


Watson, Bernard B (edited by) The Delayed Effects of Whole-Body 
Radiation—a Symposium jointly sponsored by the Operations Re- 
search Office and the Walter Reed Army institute of Research, 
review by Dr Hugh D Evans, 6 

Watson, E J Theory of Boundary Layers, review, 842 

Watson, Dr G L Appointed reader (at University College, London) in 
mathematics, 802 

Watson, Prof S J Nutrition and Poultry, 615 

Watson, Dr W F Proceedings of the Natural Rubber Research Confer- 
ence, review, 491 

Watt, D A, and McWilliams, | A — Thermionic Generation of Electricity 
(Two Engineering Design Studies of Experimental In-pile Thermionic 
Generators), 612 

Watts, Dr H (Field, G J, and) 
through Porous Media, [277 

Watts, M M (Zarembo, J E, and) M Microchemical Techniques (Determi- 
nation of the Carbodumide Function), 4 

Watts-Tobin Dr R J,and others General Nature of the Genetic Code 
for Proteins, 1227 

Wave-Riding Dophins 

Kiceniuk), [48 

Cosmic Radio (I S. Shklovsky), translated by Richard R Rodman 

and Carlos M Varsavsky, review by Sir Bernard Lovell, 69] 

Waves (Round-the-World Sound), produced by the Nuclear Explosion on 
October 30 1961, and their Effect on the lonosphere at Sodankyla 
(G Rose, J Oksman and E Kataja), 1173 

Wax (Montan) Separation, Identification and Determination of the Fatty 
Acids of (D R Hewett, P J Kipping and P. G Jeffery), 65 

Way M J At the First British Insecticide and Fungicide Conference (Soil 
Pests and Diseases of Agricultural Crops), !140 

Weale, Dr R A The Eye and its Function, review by Dr E N Willmer, 
295 


Distribution of Pressure for Flow of Gas 


Simulated (Byrne Perry, A J Acosta and Taras 


Waves 


Wealth of the Forest, review by T A Russell, 693 

Weapons (Nuclear) Radioactive Fall-out and the Testing of—Statement by 
the Medical Research Council, 400 

Weapons (Nuclear-) Tests (Russian), of September 1961 Radioactivity in 
Rainfall during September 1961 following the (Keith Boddy), 443 

Weather Bureau (United States) Grant from the United States National 
Science Foundation, for the Antarctic. Meteorological. Research 
Program, 919 

Webb, Dr E C Advances in Enzymology and related Subjects of Bio- 
chemistry, review, 854 

The Enzymes, review, 1 [09 

Webb G (Elden, Dr H R , and) 
Contraction-Relaxation, 742 

Webster, Dr G R Phospholipids and Sulpholipids, 807 

Webster, Dr M E, and Ratnoff, O D Role of Hageman Factor tn the 
Activation of Vasodilator Activity in Human Plasma, [80 

Weems, Capt P V H X Astronautics (Space Navigation), 311 

Wegmann, A, and Kako, K  Particle-bound and Free Catecholamines in 
Dog Hearts and the Uptake of Injected Norepinephrine, 978 

Weight of Embryonic Chick Tibiotarsi cultivated im vitro Effect of 
L-Glutamic Acid on the (Dr J D Biggers), 664 

Weigle, J, and Stahl, F Structure, Synthesis and Function of Deoxyribo- 
nucleic Acid (Code and Replication), 25 

Weil,J H,andothers Conservation of the Biological Activity of a Soluble 
Ribonuclere Acid, 169 

Weinberg, L , and Larssen, P Electron Paramagnetic Resonance and Anti- 
ferromagnetism in LaCrOs, 445 

Weinstein, Dr L, and Meade, Dr R H Absorption and Excretion of 
Peniellin injected into the Muscles of Patients with Diabetes Mellitus, 


Extendability of Tendons undergoing 


Radiometric and Photometric Standards, 1249 
Energy-Leve! Model for High-Resistivity 


Abnormal Globin 


Weintroub, S 

Weisberg, L R (Blanc, J, and) 
Gallium Arsenide, [55 

Wersberger, Prof Austin S, and Noble, Ernest P 
Formationzin Human Megaloblasts, 1261 


INDEX cv 


Weisenberger, E Microchemical Techniques (Use of the Electron Micro- 
scope for the Detétion of Substances via the Observation of Chemi- 
cal Reactions), 411 
Weiskrantz, Dr L Animal Behaviour (Behavioural Techniques), 209 
Weiskrantz, Dr L (Cowey, A, and) Role of Experience in Misreaching 
produced by Visual Cortex Lesions, 1319 
Weiss, H S, and others Requirement of Essential Fatty Acids and Avian 
Atherosclerosis, 1310 
Weissmann, Gerald Alterations in Connective Tissue and Intestine 
produced by Hypervitaminosts A tn Xenopus laevis, 235 
Weissman, Prof S | Electron Spin Resonance (Line-Widths in Electron 
Resonance Spectra), 1034 
Welch, L H Appointed industrial relations consultant to the British 
Electrical and Allied Industries Research Association, 115 
Wellcome Trust Grants for Research on Tropical Anaemias, 211 
Awards in the United Kingdom and the United States, 212 
Grant of £40,000 to University College, London, for the extension to 
the Pharmacology Building, 212 
Grant of £15,000 to the University College of South Wales and Mon- 
mouthshire, Cardiff, for the purchase of an electron microscope for 
the Department of Anatomy, 212 
Grant of £13,500 to the Imperial College of Science and Technology, 
London, for the purchase of a nuclear magnetic resonance spectro- 
meter, 2/2 
Grant of £10,500 to the Rowett Research Institute, Aberdeen, for the 
purchase of new radiographic equipment, 212 
Grant of £10,000 to the Department of Medicine at the Fulham Branch 
of Charing Cross Hospital, 212 
Grant of £9,850 co the University College of North Wales, Bangor, to 
increase the accommodation for postgraduate research workers in 
the Department of Zoology, 212 
Grant of £4,000 to the University College of East Africa, Nairobi, to 
provide a mobile laboratory for field research in comparative 
physiology, 212 e 
Grant of 50,000 dollars to provide a five-year Senior Wellcome Research 
Fellowship for Dr Karlis Adamsons in the Columbia-Presbyterian 
Medical Center, New York, 212 
Retirement of Lancelot Claude Bullock as a trustee, 212 
Appointment of Robert Malleson Nesbitt as a trustee, 212 
Senior Research Fellowships in Clinical Research, 1026 
Wellcome Veterinary Research Station Appointment of R M Arnold as 
deputy head, 922 
Wellensiek, Prof S J Leaf Vernalization, 1097 
Welsby, Dr V G The Theory and Design of Inductance Coils, second 
edition, review by Prof A H M Arnold, 845 
Welsh, H K (Dryden,J S,and) A Transition in the Dielectric Properties 
of Solid Secondary Alcohols, 255 
Welsh Borders (Wales and the) Bibliography and Index of Geology and 
oe Sciences for, 1897-1958 (D A Bassett), review by V A Eyles, 
Welsh Soils Discussion Group Discussion on Aspects of the Dynamic 
Organic Matter Cycle in Soils, 309 
Weltatlas Klimadtagramm- (Prof Heinrich Walter und Dr 
Lieth), Lief I, review by Prof G Manley, 5 
Weltman, Dr A S, and Sackler, A M Effects of Thymectomy on the 
Resistance of Rats to Drownirg and Histamine Stress, 460 
Werder ne (Rogoff, Martin H , and) Biologically Active Materials in 
oal, 
Wender, Dr S H Elected president of the Plant Phenolics Group of 
North America, 418 
Penh N Segregation-ratio Advantage of Abnormal Haemoglobins, 


Werner, Prof R L At the Third Australian Spectroscopy Conference 
(Analysis of the Vibrational Spectrum of Tri-methyl Borate), 927 

Werner, Prof R L (Reece, 1 H,and) At the Third Australian Spectro- 
scopy Conference (Infra-red Studies on Hydrogen Bonding—tnter- 
molecular Interaction between Carbonyl and Hydroxyl Groups in 
Solution), 927 

Werner, Dr Sidney C, and others Difference in Metabolism of Labelled 
Thyroxine between Thyrotropic and Adrenotropic Mouse Picuitary 
Tumours, 1193 

Wertheimer, Prof E ‚and others Effect of Insulin on Pathways of Glucose 
Oxidation in che Rat Lens, 1075 

Wesley, Dr Alan Studies in Paleobotany, review, 852 

West, S S (Loesner, C N , and) Scanning Techniques in Biological and 
Medical Microscopy (Scanning Techniques for Cyto-chemical Studies 
of Transient Processes in Cells), 1030 

West Africa Sorghum Midge, Contarima sorghicola (Coq), in (K M 
Harris), 187 

West African Fisheries Preliminary Bionomic Data from (Trawl Fishing in 
the Tropical Atlantic), (Alan R Longhurst), 621 

West Ford Needles Interaction of, with Earth's Magnetosphere (Prof 
S F Singer), 303 

Interaction of, with the Earth's Magnetosphere and their Life-time 

(Prof S F Singer), [061 

Westall, R G (Cusworth, D C,and) Determination of Argininosuccinic 
Acid by lon-Exchange Chromatography, 555 

Westbrook, | H , and Wood, D L . Embrittlement of Grain Boundaries 
by Equilibrium Segregation, 1280 

Westby, G Appointed to the new chair of psychology tn the University 
College of South Wales and Monmouthshire, 918 , work of, 918 

Westcott, Dr J H Title of professor of electrical engineering (at the 
anpara College of Science and Technology, London) conferred on, 

Westcott, R J (Hamer, R, and) Microwave Measurement Techniques 
(Millimetre Wave Techniques), 409 , Method for Measuring the 
Complex Permittivity of Dielectric Films), 410 

Western, Dr A E Obituary by Prof H Davenport, 1022 

Western Malaysia Nature Conservation in (edited by J Wyatt-Smith and 
P B Wycherley), 801 

Western Spectroscopy Association 
Conference, 507 

Western Spectroscopy Conference 
Assocation), 507 

Western Uganda Carbonatitic Lava from Fort Portal Area in (Dr O von 
Knorring and Dr C G B du Boss), 1064 


Helmut 


Ninth Annual Western Spectroscopy 


Ninth Annual (Western Spectroscopy 


Westfield College, London 
mathematics, [132 
Mibi a Bank, Ltd 


Appointment of Dr S J Taylor as reader in 
The Common Market and the United Kingdom, 


Westminster Medical School, London 
a chair of bacteriology, 922 

Westwood, Dr J C N Mechanisms of Virus Infections, [246 

Wet and Dry Feeding Comparative Effects of, on the Utilization of 
Protein by Calves (& M Ravenand K L Robinson), 1256 

Weymouth, F J (John, J A, and) Oxidation Processes in Chemical 
Manufacture (Development of a Commercial Process for the Manu- 
facture of Peracetic Acid by the Vapour Phase Oxidation of Acetalde- 
hyde), 1[35 

Wheat Leaf Enzyme Oxidative Decarboxylation of Indole-3-acetic Acid 
by Mangani-Versene and by (Prof R A Abramovitch and K S 
Ahmed), 259 

Whelan, S  Elsevier's Dictionary of Automation, Computers, Control and 
Measuring in Six Languages, review, 904 

Wheland, Prof G W Advanced Organic Chemistry, third edition, 
review by Dr D T Lewis, 835 

White, Errol Ivor The Old Red Sandstone of Brown Clee Hill and the 
Adjacent Area, 2, Palaeontology (Bulletin of the British Museum 
(Natura! History), Vol 5, No 7), 1250 

White, G L At the Third Australian Spectroscopy Conference (Theoreti- 
cal Paper on Polarization 1n Raman Spectra), 928 

White (Hen Egg), Oviduct White, Yolk, Ova and Serum Proteins 
Gel Electrophoresis of (Dr F Steven), 972 

White (Oviduct), Yolk, Ova and Serum Proteins (Hen Egg White,) Starch 
Gel Electrophoresis of (Dr F Steven), 972 

White Cells (Human) Culture of, using Differential Leucocyte Separation 
(James Hastings, Stanley Freedman, Orlando Rendon, Herbert L 
Cooper and Kurt Hirschhorn}, [214 

White Clover Effect of Copper Deficiency in, on Nitrogen Fixation (F H 
van der Elst, K J McNaught and W F Rolt), [315 

White Rat (Female), during the CEstrual Cycle Variations in the Nuclear 
Deoxyribonucleic Acid Content in the Adrenal Cortex of the 
(E Brafiez and H Roels), 1043 

Whitehead, Prof R W , and others Pituttary Effect on Synthesis of 
Deoxyribonucleic Acid in Regenerating Rat Liver following Whole- 
body X-lrradiation, [309 

Whiteside, T, and others — Microbarograph Records from the Russian 
Large Nuclear Explosions, 857 

Whitham, B. T (Adlard, E R, and) Behaviour of 5A Molecular Sieve in 
Substractive Gas Chromatography, 966 

Whittaker, J] B, and others Dependence of Thermo-stimulated Current 
Curves on Heating Rate, 349 

Whittem, R N Acthe Third Australian Spectroscopy Conference (Spec- 
crochemical Analysis of Toxic and a-Active Materials), 928 

Whittem, R N (Dale, L S, and) At the Third Australian Spectroscopy 
Conference (Spectrographic Techniques tn use in Health Surveys of 
Beryllium Contamination), 928 

Whittingham, Prof C P,and Bishop, P M Therma! Reaction between 
Two Light Reactions in Photosynthesis, 426 

Whittingham, Prof C P (Bishop, P M,and) Gsbberellic Acid and Chioro- 
phyli Content of Leaves of Meteor Peas, 576 

Whittow, Dr G C Flow of Blood in the Forearm of Persons acclimatized 
to Heat, 759 

Heart-rates and the Sub-lingual Temperatures of Heat-acclimatized 

People, [086 

Whole-Body Irradiation and Cortisone Effect of, on the Development of 
Ostertagra spp tn Sheep (J) D Dunsmore), 139 

Whole-Body Radiation The Delayed Effects of—a Symposium jointly 
sponsored by the Operations Research Office and the Walter Reed 
Army Institute of Research (edited by Bernard B Watson), review by 
Dr Hugh D Evans, 6 

Whole-Body X-Irradiation Pituitary Effect on Synthesis of Deoxyribo- 
nucleic Acid in Regenerating Rat Liver following (the late D M 
Gould, K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

Wholewheat Flour Trypsin Inhibitor in (G Shyamala, Barbara M Kennedy 
and Prof R L Lyman), 360 

Whyte, Dr R O Changes of Climate, 1139 

Wickstead, J Plankton on the North Kenya Banks, 890 

Wiesner, L , and Schmidt-Kuster, W,-J  Microchemical Techniques (Gas 
Chromatographic Performance of a New Integrating Counter- 
detector using a Flow-type Proportional Counter containing a source 
of lonizing Radiation and used with a suitable Scaler), 412 

Wigglesworth, Prof V B Polymorphism in Insects, 413 

Wightman, Dr W P D Philosophica! Transactions of the Royal Society, 23 

Humanities of Science, review, 825 

Wild, H (edited by A W Axell and) Flora Zambesiaca— Mozambique, 
Federation of Rhodesia and Nyasaland, Bechuanaland Protectorate, 
Vol |, Part 2, review by E Milne-Redhead, 1220 

Wildfowl Trust Twelfth Annual Report, [959-1960 (Hugh Boyd and Peter 


Appointment of Dr B W Lacey to 


Starch 


Scott), 308 
Wildman, Dr A B Fibre Follicles in Romney Ewes, 997 
Wilhelm, F Metallurgy of Beryllium, [138 


Wilkes, Dr M V Computer Design, review, 489 

Wilkins, A F  lonospheric Research during the International Geophysical 
Year, review, 840 

Wilkins, M H F Structure, Synthesis and Function of Deoxyribonucleic 
Acid (Macromolecular Structure of DNA), 24 

Wilkinson, Prof G Obituary of Prof H V A Briscoe, 604 

Wilkinson, Jill, and others Re-educative Treatment of Suppression 
Amblyopia (Being an abridged English. version of Jean Sédan's 
'Post Cure de | Amblyope Reeduque), review by Prof O L Zangwill, 

95 


6 

Wilkinson, W J C ‚and Kugler, J H Variation in Lyoglycogen in Starved 
and Normal Guinea Pigs, 466 

Williams, B At the Annual Meeting of the Library Association (Exercise 
of Censorship tn Reading by a Local Authority of other Body), 931 

Williams, C J H Appointed James Watt Research Fellow in the Depart- 
ment of Mechanical Engineering in the University of Birmingham, 406 

Williams, G L, and others Classification of Fossil Microplankton,€&71 

Williams, G Z , and Neuhauser, R G Scanning Techniques in Biological 
and Medical Microscopy (Quantitative Investigations in the Ultra- 
violet), 1031 


cvi 


Williams, J A,and others Morphological Changes following Transplanta- 
tion and Chronte Obstruction of the Rabbit Appendix, 877 

Wilhams, J C (Seeley, Dr J S, and) Microwave Measurement Tech- 
niques (Fabry-Pérot Interferometers and their use for the Measure- 
ment of Permittivity of such Substances as TiO2), 410 

Williams, M C,and others O’Nyong-nyong Fever, 30 

Williams, Dr R V Spectroscopic Studies using Time-Resolved Techniques 
(Time-Resolved Spectroscopic Work on Toroidal Plasma Discharges 
such as those in the Apparatus Spectre 4), 1033 

Williams, W O , and others Probability Distribution Analyser program- 
med for Neurophysiological Research, 629 

Wiliams, Prof W T Appointed a member of the Agricultural Research 
Council, 213 

Salt Marshes and Salt Deserts, review, 833 

Williamson, G Obituary of Sir Arthur Oliver, 17 

Williamson, Martin B , and Guschlbauer, Wilhelm Changes in the Con- 
centration of Ribonucleic Acid during Wound Tissue Regeneration, 


4 

Willis, Dr J B At the Third Australian Spectroscopy Conference (Use of 
Atomic Absorption to determine traces of Heavy Metals such as 
Lead, Mercury, Bismuth, Nickel, Cadmium and Zinc in Biological 
Materials), 929 

Willis, J L (Penfold, A R, and) The Eucalypts—Botany, Cultivation, 
Chemistry and Utilization, review by T A Russell, 488 

Willmer, Dr E N Cytology and Evolution, review by Dr | Leslie, 4 

Vision, with and without Tears, review, 295 

Wills, Prof L J Geology of Brown Clee Hill and the Adjacent Area, 1250 

Wilmshurst, J K  Lattice-type Vibrations in Associated Liquids and the 
Origin of Anomalous Rayleigh Scattering, 1061 

Wilsdorf, H G F Meta lurgy of Berylltum, 1138 

Wilshaw, W E (Dix, C H,and) Awarded the Leslie McMichael Premium 
of the British Institution of Radio Engineers, 609 

Wilshire, B (Davies, Dr P W , and) Stress Concentration Effects in 
Tertiary Creep, [281 

Wilson, Sir Alan Appointed chairman of Courtaulds, Ltd , 918 

Wilson, A D Effect of Urea Ingestion on Parotid Salivation in Sheep, 271 

Wilson, Dr A T Quantitative Biology (Theories on the Physical System 
in which Life may have Originated), 26 

Wilson, C L Microchemical Techniques (Contemporary Position. of 
Small-scale Methods in the Teaching of Chemistry at the Secondary 
School and Colleg ate Levels), 412 

Wilson, Eileen M H (edited by Dr Geoffrey H Bourne, assisted by) 
World Review of Nutrition and Dietetics, Vcl. 2, review by Dr 
W R Akyroyd, [006 

Wilson (John Arthur) Memorial Lecture (M Riviere), 613 

Wilson, Prof J Tuzo Continental and Oceanic Differentiation, 125 

Wilson Leslie At the Annual Conference of the Library Association 
(Librartes and Information Services—the Challenge of the Future), 
930 

Wilson, L A (Hewitt, Dr E J, and) 
Leaf Primordia, 578 

Wilson, Dr R Spectroscopic Studies using Time-Resolved Techniques 
(Time-Resolved Irtensity Investigation of Spectral Lines emitted by 
Impurity lons in Zeta Hydrogen Plasmas), 1033 

Winbury, Martin M , and others A Non-diuretic Benzothiadiazine with 
Antihypertensive Properties, 176 , erratum, 802 

Wincel, H (Zlocowski, Prof 1, and) Kinetics of Dissociation of Ethyl 
Halides in Self-quenching Geiger-Muller Counters, 550 

Winds and Circulation in the Upper Atmosphere (Royal Meteorological 
Society Symposium on), 12 

Wing, Asa, and others Bioluminescence in the Surface Waters of the Sea, 
518 


Determination of Cell Numbers in 


Winkler, E J, and Pramer, Prof David A Chamber for Culturing and 
Collecting the Nematode Panagrellus redivivus, 472 

Winter Eggs of the Fruit Tree Red Spider Evaluation of the Activity of 
some Diphenyl Compounds on (J Meltzer), 474 

Wisdom, Dr J O At the Sixth Annual Conference of the British Society 
for the Philosophy of Science (Explanation in Psychology), 508 

Wise, H S, and others Nuclear Spin of Protoactinium-23l from Hyper- 
fine Splitting, 444 

Wise, Dr M E,and others New Indirect Fick Procedure for the Deter- 
mination of Cardiac Output, 760 

Wiseman, Dr A, and others Polysaccharide Content of the Prolapsed 
Nucleus Pulposus of the Human Intervertebral Disk, 868 

Wiseman, W A . Detection by lonization of Gases in Helium used tn Gas 
Chromatography 964 

Wisse, M J (Manten, A, and) Antagonism between Antibacterial Drugs, 
6 


Witnauer, L P, and Kahn, L D At the Seventh Biennial Conference of 
the Internationa: Union of Leather Chemists Societies (Electron 
Microscopy Photographs of Collagen Fibrils precipitated by Inorganic 
lons from Solution), 613 

Witt, Dr H T, and others 
in Photosynthesis, 967 

Wittke, Dr James P (Dicke, Prof Robert H, and) Introduction to 
Quantum Mechanics, review by S F Edwards, 1005 

Wolfgang, Dr Richard Origin of High Tritium Content of Atmospheric 
Methane, Hydrogen and Stratospheric Water, 1279 

Wollish, W G Microchemical Techniques (Accelerating Interest ın 
Alumina and Silicic Acid for Thin-layer Chromatography in the 
Separation and Identification of Organic. Compounds, including 
Drugs), 412 

Wong, Bert Yuan-Shu and others Multiple Haemoglobins and Trans- 
ferrins in a Macaque Sibship, 948 

Wood, Dr Albert B Presented with the Pioneers of Underwater Sound 
Award of the Acoustical Society of America, 507, 710 

Wood, D L (Westbrook, J H,and) Embrittlement of Grain Boundartes 
by Equilibrtum Segregation, 1280 

Wood, Dr R H Promoted to Senior Principal Scientific Officer, 214 , 
work of 214 

Wood, Dr R K S At the First British Insecticide and Fungicide Con- 
ference (Contrcl of Botrytis Diseases), 1141 

Wood® Effect of Temperature on the Strain Recovery in (Mactey Lawniczak 
and Jan Raczkowsk:), 583 

Wood Extractives (Plant Phenolics Group Symposium on), 511 

Woodall, J P, and others O’Nyong-nyong Fever, 30 


Oxidized Cytochrome and Chlorophyll C2t 


INDEX 


Woodhead, A D Appointed by the Zoological Society of London to a 
Research Fellowship (at the Fisheries Labosatory, Lowestoft) on the 
physiology and reproduction of fish, 211 

Woodhouse, Dr D L Demonstration of Interaction Products of Adenine 
and Adenosine Phosphates with Formaldehyde, 336 

Woodroffe, G E (Leston, Dennis, and) Increase in Distribution of 
Deraeocoris olivaceus, 188 

Woods, D Microwave Measurement Techniques, 409 

Woods Indian (Dr K A Chowdhury and S $ Ghosh), Vol 1, Dillenia- 
ceae to Elaeocarpaceae, review by Dr C R Metcalfe, 1110 

Woody Plants of Ghana with special reference to their Uses (Dr R F 
Irvine), review by W D Clayton, 695 

Wool Radioactivity in (S S Brar, P F Gustafson, M A Kerrigan, B C 
Bretdenstern, U S Garrigus and W R Usborne), 1094 

Wool Research Colloquium No |, Wool Structure (Australian Common- 
wealth Scientific and [ndustrial Research Organization), 709 

Woo! Structure (Australian Commonwealth Scientific. and Industrial 
Research Organization Wool Research Colloquium No 1), 709 

Woolfson, Dr M M The Theory of Crystal Structure Analysis, review, 904 

Woolmer, Prof R F Re-elected president of the Biological Engineering 
Society, 507 

Gas Chromatography in Medical Research, 717 

Wootton, Baroness Opening Address at the twenty-seventh Conference 
of the International Federation for Documentation, 219 

Work Half Done (Annual Report for 1960 of the Bernice P Bishop Museum), 
213 

Worker (Desk) Morale in the Civil Service, a Study of the (Nigel Walker), 
1003 


Working Model for che Upper Atmosphere (Luigi G Jacchia), 1147 

Works (Water and Sewage) Problems of Radioactivity at (Course of 
lectures on, in the Department of Municipal Engineering of Man- 
chester College of Science and Technology), 609 

World Salt Marshes and Salt Deserts of the (Prof V J Chapman), review 
by Prof W T Williams, 833 9 

World Affairs Seventh Pugwash Conference on Science and (International 
Co-operation tn Pure and Applied Science), 1232 

World Culture Contributions of Czechoslovak Science and Arts to 
A Uc uiae Society of Arts and Sciences in America Symposium 
on), 309 

World Food Problems, review by Dr VV R Aykroyd, 1006 

World Health Organization (United Nations) Public Health Papers No 8, 
The Role of Immunization in Communicable Disease Control, 20 

Technical Report Series No 223, Programme Development in the 

Mental Health Field— Tenth Report of the Expert Committee on 
Mental Health, 932 

World Health Organization Regional Office for Europe (United Nations), 
and the International Labour Organization. Conference on Health 
Services in Small Factories, 618 

World Importance Parasites of (Parasitology Group of the Institute of 
Biology Autumn Meeting on), 21 

World Meteorological Organization (Unesco and the) 
Changes of Climate, 1139 

World Picture The Mechanization of the (Prof E J Dijksterhurs), trans- 
lated by C Dikshoorn, review by J R Ravetz, 825 

World Review of Nutrition and Dietetics (edited by Dr Geoffrey H 
Bourne, assisted by Eileen M H Wilson), Vol 2, review by Dr 
W R Aykroyd, 1006 

World University Service Student Mental Health—Report of a Confer- 
ence held in London (1961), 620 

World's Fauna for Food The Better Use of (Institute of Biology Sym- 
posium on), 21, 1112 

World-wide Distribution of Diurnal Variation of the Neutron Intensity of 
Cosmic Rays (Tsunekicht Kanno), 250 

Worm (Army) Control of the, on Grazing in Kenya (J A Bullock and 
D C Bond), 480 

Worm (Lug-) Spawning Mechanism in the Male (Dr D | D Howie), [100 

Worms (Tongue-) of African Vertebrates The Mites and, review by Dr 
F A Turk, 1222 

Worshipful Society of Apothecaries of London (Faculty of History), in 
co-operation with the Chemical Society Second British Congress 
on the History of Medicine and Pharmacy—Chemistry in the Service 
of Medicine, 1017 

Wound Tissue Regeneration Changes in the Concentration of Ribonucleic 
Acid during (Martin B. Williamson and Wilhelm Guschlbauer), 454 

Wragg, W R,andothers A New Prophylactic Trypanocidal Drug, 2,7-di- 
(m-amidinophenyldiazoamino)-10-ethy!-9 - phenyl - phenanthridinium 
Chloride Dihydrochloride (M & B 4596), 367 

Wright, Sir C S, and others Stanford-Pacific Naval Laboratory Conjugate 
Point Experiment, 319 d 

Wright, Prof D A Unconventional Methods of Energy Conversion, 701 

Conventional Methods of Converting Heat into Electricity (Thermo- 

electricity as a means of Generating Power directly from Heat), 702 

Wright, D E Effect of Plant Growth Compounds on Uptake of Amino- 
Acids by Plant Roots, 1044 

Wright, Dr G T Awarded the Clerk Maxwell Premium of the British 
Institution of Radio Engineers, 609 

Wright, Dr Norman C (edited by Sir E John Russell and) 
Can it be Averted ?, 417 

Wunderlich, F B At the Third Australian Spectroscopy Conference 
(Low-resolution Infra-red Spectra for the Identification of Consti- 
tuents tn Paints and Plastics), 928 

Wunderwele Kakteen (Dr Curt Backeberg), review by Dr N L Bor, 1223 

Wyatt, Dr H V Biology in Britatn, 417 

Wyatt-Smith, J , and Wycherley, P B (edited by) 
in Western Malaysia, 801 

Wycherley, P B (edited by J Wyatt-Smith and) 
in. Western Malaysia, 801 

WYynder, Ernest L, and Hoffmann, Dietrich 
(a,1) pyrene, 1092 


Symposium on 


Hunger— 


Nature Conservation 
Nature Conservation 


Carcinogenicity of Dibenzo 


X.- IRRADIATION Effect of, on Self-Stimulatton of che Brain (Dr 
Thomas J Haley, P Bach-y-Rita and N Komesu), 1309 

X-irradiation (Total-Body) Enhanced Effect of, in Mice under Mild Hypo- 
thermia (Dr H J G Bloom and K B Dawson), 232 


INDEX 


X-Irradiation (Whole-body) Pituitary Effect on Synthesis of Deoxyribo- 
nucleic Acid in Regenerating Rat Liver following (the late D M 
Gould K W Floyd, Prof R W Whitehead and J L Sanders), 1309 

X-Ray Analyser The Microsan (Cambridge Instrument Co, Ltd ), 220 

X-Ray Data for the Chrome-Uranta System, CrzOa 2UOs (Deane K Smith, 
Car! F Cline and Donald E Sands), 861 

X-Ray Micro-Analysis, 220 

X-Ray and Neutron Diffraction Examination of p-Diphenylbenzene (Prof 
C J B Clews, Dr E N Maslen, H M Rietveld and T M Sabine), 154 

X-Rays Effects of lodoacetic Acid on the Incorporation of Phosphorus-32 
into the Deoxyribonucleic Acid of some Radiosensitive Organs in 
Rats exposed to (Dr M Quintiliani, M Boccacci and L Tentori), 573 

Protection by Inorganic Condensed Phosphates against the Lethal 
Effects of (J H Barnes and J StL Philpot), 574 

Xanthine Dehydrogenase in the Silkworm, Bombyx mor: L 
(Yoshiyuki Hayashi), 756 

Xanthine Oxidase (Rat Liver) Effect of Colchicine on (Dr Ottilia R 
Affonso, Emilio Mitidiert and Gilbert G Villela), 666 

Xenopus laevis Alterations in Connective Tissue and Intestine produced 
by Hypervitaminosis A in. (Gerald Weissmann), 235 

Xiphophorus helleri (Toothcarp) Role of Cell Division in Gastrulation of 
the Viviparous (Prof A Stolk), 374 


Properties of 


Y ci, Kunio, and Ozawa, Takayuki Crystallization of the Complex of 
p-Amino-Acid Oxidase and ‘Substrate-Substitute’, 70 
Yale University Center of Alcohol Studies transferred to Rutgers State 
University, 404 
Yamafugi, Prof Kazuo, and Yoshihara, Funiko A Gene synthesizing 
Protease and a Pre-Viral Genome in Silkworms, 782 
Yamaguchi, Toshio, and others — 'Glycerol Effect’ and the Mechanism link- 
ing Excitation of the Plasma Membrane with Contraction, 1159 
Yamashiroya, H M, and others Utilization of Sheep Red Blood Cells in 
the Haemadsorption Test for Myxoviruses, 582 
Cytopathic Protective Factor, its Production by Normal Uninfected 
Serum-free Cell Cultures, 1101 
Yanagimoto, Sadao, and others Dislocations as Active Centres in Hetero- 
geneous Catalysis, 867 
Yarwood, A J (Simons, Dr J P, and) 
Di-fluorocarbene, 943 
Yarwood, Prof C E Translocated Heat Injury in Plants, 887 
Yates, Dr Peter O , and Hutchinson, Dr Edward C. Cerebral Infarction— 
the Role of Stenosis of the Extracranial Cerebral Arteries (Medical 
Research Council, Special Report Series No 300), 319 
Yeast (Baker's) Distribution of Potassium in (Dr W McD Armstrong) 65 
Yeast Protoplasts (Naked) Physical Conditions as Important Factors for 
the Regeneration of (Dr O Nečas), 580 
Yeast Systems (Liver and) _ Particle Involvement in Fatty Acid Synthesis in 
(S Abraham, | L Chaikoff, W M Bortz, H P Klein and Haltna 
Den), 1287 
Yentsch, Charles S , and others 
of the Sea, 518 
Yoda, Shizuko, and Ashrda, Joji 
Pea Stem Sections, 577 
Yolk, Ova and Serum Proteins (Hen Egg White, Oviduct White, ) 
Gel Electrophoresis of (Dr F Steven), 972 
Yoneda, Prof M, and Matsuda, M A Subcellular Component of Coryne- 
bacterium diphtheriae having the Capacity to Bind Anti-Toxin, 642 
Yonge, Prof C M Life in the Sea review, 392 
Endocrinology and Evolution, 796 
Life and its Environment in Ancient Seas, 925 
Yorkshire Council for Further Education, and others 
Antibiotics and Newer Synthetic Drugs, 1132 
Yoshihara, Fumiko (Yamafugr, Prof Kazuo, and) A Gene synthesizing 
Protease and a Pre-Viral Genome in Silkworms, 782 
Young, Prof F G Chemistry in the Service of Medicine (Rise of Bio- 
chemistry between 1800 and 1900), 1017 
Young, Dr G H Obituary by O D Hunt, 917 
Young Rats Generalized Skeletal Response on Local Trauma im, studied 
by means of *Ca-Metabolism (Dr Jaromir Kolaf and Dr Arnošt 
Babicky), 1297 
Younger, Dr A Appointed Research Fellow in the Department of 
Materials, College of Aeronautics, Cranfield, 406 
Youth Science Programme A National, 387 
Yudkin, Prof John Food Processing in relation to Health (Dretary Fat), 600 


Production and Properties of 


Bioluminescence in the Surface Waters 
Effect of Auxin on the Osmotic Value tn 


Starch 


Sympostum on 


Z kunok, Z, and Machova, M Dissecting Aneurisms of the Large 
Arteries of Chick Embryos due to (Sweet Pea) Lathyrism, 532 

Zatmis, Prof Eleanor Reserpine-induced Circulatory Failure, 521 

Zakim, Dr D, and others Sodium Influx and Excitation in Uterine 
Smooth Muscle, 1189 


cvii 


Zambesiaca Flora— Mozambique, Federation of Rhodesia and Nyasaland, 
Bechuanaland Protectorate, Vol 1, Part 2, (edited by A W Axell 
and H Wild), review by E Milne-Redhead, 1220 

Zambezi Basın Flora of the, review by E Milne-Redhead, 1220 

Zangwill, Prof © L Speech, 603 

Re-educative Treatment of Suppression Amblyopia, review, 695 

Zapf, Julia J, and others Quantitative Sub-Groups of the B Antigen in 
Man and their Occurrence in Three Racial Groups, 1196 

Zarek, Dr J M Title of reader in engineering science (at King’s College, 
London) conferred on, 1132 

Zarembo, ] E, and Watts, M M  Mrerochemical Techniques (Determina- 
tion of the Carbodimide Function), 411 

Zariskt, Prof Oscar, and Samuel, Prof Pierre 
review by Prof L S Goddard, 855 

Zeiss, Dr | M (Fox, M, and) Chromosome Preparation from Fresh and 
Cultured Tissues using a Modification of the Drying Technique, 1213 

Zero Powar Reactor Nora, a New (Norwegian Atomic Energy Institute), 


Commutatıve Algebra, 


t Function (Riemann) Tables of the (C B Haselgrove, in collaboration 
with J C P Miller), (Royal Society Mathematical Tables, Vol 6), 
review by Prof C A Coulson, 97 

£etHemoren Prof A C,and others Surface Properties of Silver lodide, 


Zikert-Duvdevani, Poriya, and others 
in. [srael, 765 
Ziliig, Dr W , and others Specific Partial Hydrolysis of Nucleic Acids in 
Nucleotide Sequence Studies, [038 
Zimm, Dr B H Awarded the Bingham Medal for 1960 of the Society of 
Rheology, 1008 
Zinc Oxide Thermal Decomposition of Ammonium Perchlorate tn 
presence of (Dr F Solymosi and L Révesz), 64 
Zinc Sulphides (Lead and) Recrystallization of (Dr J C Nixon, J D 
Hayton, D C Lawrie and A E Tynan), 516 
Zine-requiring Alkaline Phosphatase in the Ventral Lobe of the Rat Prostate 
(Leonora Hopkinson and J C N Wakeley), 357 
Zipper, H (Walter, Dr H,and) Quantitative Aspects of the Re-Utiliza- 
tion of Protein-bound Amino-acids in vivo, 1292 
Zlotowski, Prof 1, and Wincel, H Kinetics of Dissociation of Ethyl 
Halides in Self-quenching Gerger—Muller Counters, 550 
Zobel, R F The Soviet Hydrometeorological Service, 1141 
Zodiacal Light (False) ^ Confirmation of Outer Atmospheric Asymmetry 
postulated to explain the (E R Hope), 742 
Zolotuhin, A A The Soviet Hydrometeorological Service, 1141 
Zoo Year Book The International (edited by Dr Desmond Morris and 
Caroline Jarvis), Voi I, 1959, review by G S Mottershead, IPI 
Zoological Licerature for 1958, review by Dr Edward Hindle, 903 
Zoological Record Vol 95, Records of Zoological Literature relating 
chiefly to the Year 1958 (edited by G Burder Stratton, assisted by 
Marcta A Edwards), review by Dr Edward Hindle, 903 
Zoological Society of London Appotntment of Dr | W Rowlands as 
Senior Research Fellow in reproductive physiology, 211 
Appointment of Dr G H Manley to a Research Fellowship (at St 
Mary’s Hospital Medical School) on the reproductive behaviour of 
the lower primates, 211 
Appointment of A D Woodhead to a Research Fellowship (at the 
rehenes TRE Lowestoft) on the physiology and reproduction 
of fish, 2 
Appointment of D B A Symons and G Glough to Research Student- 
ships, 2 
The International Zoo Year Book (edited by Dr Desmond Morris and 
Caroline Jarvis), Vol 1, 1959, review by G S Mottershead, 1111 
Zoologie Traité de (publié sous la direction de Pierre-P Grassé), Tome 5, 
Fasc |, Annélides, Myzostomides, Sipunculiens, Echiurtens, Priapu- 
liens, Endoproctes, Phoronidiens , Tome 5, Fasc 2, Bryozoaires, 
Brachiopodes, Chétognathes, Pogonophores, Mollusques (Génerali- 
tés, Aplacophores, Polyplacophores, Monoplacophores, Bivalves), 
review by Prof C H O'Donoghue, 590 
Zoology (Comparative), Museum of, Harvard College [O!st Annual 
Report (1959-60), 405 
Zuckerkandl, Emile, and Schroeder, W A = Amino-Acid Composition of 
the Polypeptide Chains of Gorilla Haemoglobin, 984 
Zuckerman, Prof Herbert S (Niven, Prof lvan, and) An Introduction 
to the Theory of Numbers, review, 856 
Zuckerman, Sir Solly Studies in Endocrinology, review, 834 
Zuman, Dr P, and Michl, Dr J Role of Keto-Enol Tautomerism tn the 
Polarographical Reduction of some Carbonyl Compounds, 655 
Zumino, Prof Bruno Appointed head of the all-Untversity Department 
of Physics, New York University, 507 
Zumpt, F (edited by) The Arthropod Parasites of Vertebrates in Africa 
South of the Sahara (Ethiopian Region), Vol 1, Chelicerata, review 
by Dr F A Turk 1222 
Zworykin, V K , and Berkeley, C Scanning Techniques in Biological and 
Medical Microscopy (Applications of the Colour-translating Tele- 
vision Microscope), 1031 
Zyka, J Microchemical Techniques (Lead Tetraacetate as an Oxidizing 
Titrant for the Potentiometric Titration of various Metals and 
Organic Compounds in Acetic Acid or in an Aqueous Medium 
containing Mineral Acid), 411 


Distribution of Haptoglobin Types 


Printed in Great Britain by FISHER KNIGHT & Co Lip , The Gainsborough Press, St Albans, e 
and published by MACMILLAN & CO LIMITED, at St Martin’s Street, London, W C 2, 
and St MARTIN’S PRESS, INC , 103 Park Avenue, New York 17, NY,USA. 
Saturday, April 28, 1962 


^ wo47e7; October ra 1961 


NATURE l 


CREATIVE ABILITY 


1o his presidential address to Section F (Economics) 
at the British Association meeting at York in 
1959, Prof John Jewkes asked some searching ques- 
tions about accepted correlations between mdustrial 
output and the number of scientists and technologists, 
and suggested that we needed better criteria for 
determming how much of its resources the com- 
munity should devote to science and technology 
Prof Jewkes’s views on the shortage of scientists 
were promptly challenged by Sir Solly Zuckerman, 
particularly ın the lght of figures afterwards issued 
by the Scientific Mae&-power Committee of the 
Advisory Council on Scientific Policy, although Sir 
Solly agreed entirely as to the need for more satis- 
factory criteria In the past two years there has been 
no serious suggestion that the supply of scientists or 
technologists ıs mereasing unduly Shortages of 
particular categories of scientists, as, for example, 
teachers of mathematics, have, however, emphasized 
the soundness of some of Prof Jewkes’s remarks 
about the decisions required in striking the right 
balance between the numbers of scientists and 
technologists 

This 1s equally true of Prof Jewkes’s comment on 
the extreme importance of employing the scientists 
and technologists we already have to the best effect, 
a matter on which Prof Jewkes already had some 
doubts ‘This year, at Norwich, his successor as 
president of Section F devoted the whole of his 
presidential address to an examination of the con- 
ditions which affect the economic use of mtellect 
Prof C F Carter also has reservations as to the 
extent of the alleged shortage of scientists and tech- 
nologists He finds no evidence that the present 
educational system of Britain 18 biased towards arts 
subjects On the contrary, he believes that the 
specialized study of science and technology 1s in 
danger of attracting an undue proportion of able 
minds, and that, at the higher levels of ability, ıb is 
more significant to examine the general shortage 
rather than the specialist “deficiencies 

Prof Carter begms, indeed, by stressing the 
importance of the supply of first-rate ability All too 
often ın discussions on trained man-power, or univer- 
sity or technical education, or m such matters as 
traimng for management, there ıs a disposition to 
ignore the importance of really first-rate ability and 
its umplications to-day and to concentrate on the 
needs and the supply of the middle and lower ranges 
of abihty Prof Carter rightly pomts out that, 
leaving aside for the moment the question of how 
limited 1s the supply of such ability, its mportance 
relative to other natural resources mcreases as tech- 
nology becomes more complex, and because ideas and 
methods of organization and working are capable of 
bemg copied, those of the highest ability, ingenuity 


and inventiveness, who are an example to others, 
are of special importance It ıs the supply of first- 
rate ability which determines the speed of change, 
all other shortages bemg of secondary importance 

Nevertheless, Prof Carter contends that we have 
given surprisingly little thought to the nature and 
proper use of this factor, and that there 1s consider- 
able need for further study and research It 1s, of 
course, difficult to define what 1s meant when m 
common, speech we talk of an ‘able man’ We do not 
mean one whose only skill 1s the perfect performance 
of a very narrow task The shortage of the higher 
forms of ability, Prof Carter points out, 1s a shortage 
of men, capable of dealing with new and unexpected 
tasks within a certan range, and who are not con- 
fined withm too narrow a specialization We are 
looking for an intelligence which 1s capable of 
analysing a new situation and reacting to ib m a 
sensible way, and this quite clearly 1s something 
which will be found mdependently of the particular 
disciphnes ın which that intelligence has been trained 

We are thus at once reminded of the importance 
of general education itself—but Prof Carter 1s not 
deflected from his main discussion Something more 
is required than developed intelligence, and he notes 
that since people can be intelligent but meffective, 
the causes of ineffectiveness themselves may well be 
worthy of more attention In fact, serious errors are 
frequently made m both directions in our judgment 
as to how intelligent men will react to the stress of 
responsibility, while Prof Carter does not doubt that 
scientific selection procedure can reduce these errors, 
he also considers that personnel selection at the 
highest levels has far to go before 16 can claim to be 
very scientific 

Properly speaking, the waste of ability due to 
failure to find appropriate occupation—because of 
adverse social or economic conditions durmg the 
educational period—is scarcely a matter of the 
economic use of brains, though ıt ıs the aspect that 
has most commonly been considered Prof Carter, 
moreover, is hesitant in accepting the conclusion, 
drawn, from reports such as Harly Leaving, which 
demonstrate a contmuing connexion between a long 
and successful educational career and high social 
class of the parents, that the supply of able people 
will necessarily be mereased by a wider and better 
educational system He questions, in fact, whether 
improved educational provision will necessarily pro- 
duce this result, though he agrees that we might be 
able to alter the supply of ability 1f we could alter 
the social structure or environment ın some relevant 
way As yet, however, we do not know whichgof the 
inter-related characteristics of a poor social environ- 
ment are most important in restricting the develop- 
ment of a child, and 15 1s highly probable that while 
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change of this kmd may, m fact, be proceeding, 1t 18 
a long-term process. Further, 1b is equally possible 
that the ultimate result of all such changes will be 
mereased numbers in the middle ranges of ability 
rather than in the high levels of ability with which 
Prof Carter ıs primarily concerned m this address 

For such reasons, Prof Carter ıs mdisposed to 
accept, on the evidence available, that there 18 plenty 
of high ability available, at present running to waste, 
and easily conserved, and he turns to discuss the 
question of what 1s the best use of an able man’s 
time Prof Carter at once recognizes the extreme 
difficulty of finding any satisfactory criteria, quite 
apart from the extent to which the personal 1d10- 
synerasies of ability must be recognized and given 
due allowance The complex nature of intellectual 
effort does not permit any ready separation of easy 
or routine tasks and those of greater complexity or 
strenuous activity While 16 18 umportant that the 
best qualities of mnd and experience should be 
available to deal with difficult, controversial and 
complicated matters, 1b 18 seldom possible to filter 
out all lesser problems and deal with them at a lower 
level ın the organization It might be possible to 
design information systems which could help here in 
taking care of the lesser problems, but there would 
remain the problem of how experience 1s to be gained 
by the high ability which 1s coming on; and there 
is also liable to be disagreement as to function and 
abiıty Prof B R Williams and Prof Carter found 
m their industrial studies. ın fact, that very little 
attention had been given to the science of using 
scientists productively, and he suggests 1n the present 
address that in all forms of work which use high 
ability, there ıs need for much more study of the 
conditions which favour effective work. He con- 
siders that there are valuable principles to be dis- 
covered, and reforms to be made 

It 18 curious, m view of the dearth of material to 
which Prof Carter refers, that he makes no reference 
to the report of the Barlow Committee on Scientific 
Staff, ssued ın 1945, which provided one of the best 
analyses of the cond:tions for effective scientific work, 
at least m the Government service, which has yet 
appeared He notes, indeed, that men of high ability 
are often in positions in which they are able to 
create their own conditions of work, though at the 
same time he pomts out that the economic use of 
brains may involve protecting a man from the self- 
imposed wastage of his talents, as well as giving him 
freedom to use them to the full What needs to be 
said here, above all. is that ıt ıs not so much fresh 
knowledge about the conditions conducive to effective 
work—whether ıt be creative or administrative—at 
the highest level that 1s required, but the perceptive 
application of existmg knowledge So far as the 
Government 18 concerned, disregard of what 1s already 
known about such conditions 1s largely responsible 
for much of the present frustration and wastage, 
parti$ularly among scientific staffs, and 1t would 
seem & sufficiently rmportant matter to warrant 
attention by the Mmuster for Science or the Advisory 
Council for Scientific Policy 
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From this aspect of the efficient use of distributed 
man-power, Prof. Carter turns to discuss the dis- 
tribution of ability between different occupations 
Here he suggests that the determmant factor 1s the 
mitial choice of occupation, and he stresses the 
desirability of greater attention to factors which 
promote mobility between different occupations 
Desirable 1n itself on the grounds of experience, such 
mobility 18 a corrective to mistaken or excessive 
choice of particular occupations, and all the more in 
that there is still much to learn about factors 
influencing the initial choice of occupation More- 
over, the choice at present seems often to be need- 
lessly haphazard, ıt should be possible even with 
existing knowledge for this choice to be much better 
mformed both m regard to the potentialities of the 
boy or girl, and the advantages or responsibilities to 
be found in the occupations to which specialization 
leads ° 

The present shortage of mathematics teachers 
underlınes the ımportance of Prof Carter’s remarks 
on the distribution of high ability between the 
universities and elsewhere Surveys of the employ- 
ment of graduates made by Political and Economic 
Planning and other sımıler surveys have given no 
full answer to such questions as the distribution of 
high ability between expanding and declining, or 
modern and traditional industries, between large and 
small firms, between different parts of Britain, 
between the nationalized industries and other parts 
of the public service Yet under certain conditions 
this could be the decisive factor in the success 
or failure of an mdustry or a firm, and despite 
the imperfections of definitions of ability, more 
research on these matters and on the trends in the 
demands of various industries and services 18 
needed 

By and large, Prof Carter outlmes very fairly the 
problems im this field that require attention, although 
he ıs inclined to make too little of what could be done 
with existing knowledge and resources. Curiously 
enough, while he takes a much less optimistic view 
as to the existence or extent of the pool of ability on 
which we can draw than did Prof. G Seth in address- 
ing Section J (Psychology), he ignores completely, as 
such, the reservoir of ability to be found m the 
employment of women which, Prof Seth notes, could 
go far to meet any existing shortage of skilled talent 
Further, he does not discuss the contribution which 
improved methods of teaching could make, either in 
the development of the student or m the more 
efficient use of the time of the tramed teacher Two 
points, however, should be noted 1n conclusion Prof 
Carter fully recognizes that the effective use of 
trained man-power in the universities 18 not simply a 
matter of usmg the university teacher's time to the 
best advantage, but 1s also a part of the national 
effort 1n research and the right use of man-power m 
relation to scarce and expensive scientific equipment 
—a matter to which also more critical and construc- 
tive thought must be given 

Finally, there ıs the question of what economies 
of scale may be possible in the use of high ability 
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Prof Carter does not discuss that difficult question 
m any detail Indeed, he seems to raise ıt only to 
illustrate the complexity of all these issues and how 
readily they may meline to decisions which are self- 
frustrating or defeating. It ıs only too easy to take 
decisions for one purpose only to find that they have 
created conditions which destroy the incentives 1t 18 
sought to provide We must indeed recognize the 
existence of these economic problems and give them 
the study and attention they need, but ıt cannot be 
too carefully kept ın mind that nothimg 1s easier than 
to plan out of existence the conditions m which high, 
end especially creative, ability functions most 
effectively and efficiently 
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PHASES IN EVOLUTION 


Grossablaufe der Stargmesgeschichte 
Erschemungen und Probleme Von Prof Arno 
Hermann Muller. Pp vwu+116 (Jena Gustav 
Fischer Verlag, 1961) 1820 DM 


HE work under review is & revised edition of 
one originally published m 1955 , some of its 
subject-matter and diagrams have also been incor- 
porated m Vol 1 of 1ts author's Lehrbuch der Palao- 
zoologie (1957) Its purpose 1s to study the fluctuating 
fortunes, during them long geological histories, 
of those major animal groups of which abundant 
fossil remains are preserved, and to draw such general 
conclusions as seem possible The author uses as 
data the number of genera recorded ın successive 
subdivisions of the geological column, each represent- 
ing some 15-18 million years He ıs not the first 
paleontologist to have taken up this line of mvestiga- 
tion, for an account of very similar work by a group 
of United States authors has appeared m the Journat 
of Paleontology, 26 (1952) For presentation of the 
facts he relies mainly on symmetrical diagrams in 
which the number of genera, grouped according to 
their time-ranges 1n differently shaded areas, 18 plotted 
horizontally across a median axis representmnE 
geological time 
The obvious objection to the choice of genera as 
the basis of the study 1s that of differmg taxonomic 
standards among workers who have specialized 
(as most modern paleontologists tend to do) in fossils 
belonging to particular families or geological forma. 
tions, for irresponsible genus splittmg might well 
become interpreted as evidence of unusually intense 
evolutionary diversification By taking his data from 
treatises m which the material has already been 
digested according to more or less uniform standards 
the author has probably avoided this pitfall to some 
extent In discussing the trilobites he gives two 
diagrams, based respectively on modern works in 
which 996 and 1,395 genera are recognized, and he 
shows that both present the same general picture 
In the case of Mollusca other than Cephalopoda 
his information does not appear to be derived from 
up-to-date sources Thus on p 94 the number of 
known gastropod genera ıs given as about 700, 
whereas m the Wenz-Zileh treatise on this class 
(1938-60) m the Handbuch de» Palaozoologie the 
number of shell-bearing genera, recognized is 3,400, 
the figure 296 given for known genera of Bivalvia 
(Lamellibranchia) is similarly disproportionately 
low 
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It 1s probable (although some authors deny it) 
that the concept of a species 18 less subjective than 
that of & genus, so that a census of species would 
have been a more satisfactory basis for the present 
study According to a recent estimate, however, 
among mvertebrates alone the total number of 
extinct species with hard parts capable of becoming 
fossilized has been 7-8 millions, and, even though 
(according to estimates from other sources) those so 
far described number only from one-hundredth to 
one-twentieth of the whole, 1t would clearly have 
been beyond the capacity of a single worker to as- 
semble the necessary data about them A count of 
genera was the only practicable approach to the 
vestigation. One thing 18 clear , the number of 
genera and species living at any period does not 
necessarily bear any relation to the total of adult 
individuals belonging to a group or g've any indica- 
tion of rts relative competitive success The former 
18 incalculable, the latter unassessable 

In the work under review the diagrams already 
mentioned show a succession of bulges and contrac- 
tions , not one 1s a steadily broadenmg triangle, 
although there 18 some approach to this with the 
Gastropoda and Bivalvia A marked bulge corre- 
sponds to what the author terms a ''Virenzphase", 
a phase of profuse mutational changes. The most 
abrupt and intense of such phases are the ‘explosive’ 
or ‘eruptive bursts’ of United States and British 
writers According to the author, three types of 
evolutionary history are distinguishable. In the 
“regressive” type (Trilobita, Graptohthma, Nautil- 
oidea) there 1s a series of ““Virenzphasen” decreasing 
in intensity and duration and leading eventually to 
extinction In the “progressive’’ type there is a 
succession of such phases increasing in intensity 
and duration, although ultimately the group may 
fail to survive a subsequent phase of shrmkage 
and crisis (For example, durmg the two intervals, 
at the close of the Permian and of the Triassic periods 
respectively, between their three ‘“‘Virenzphasen”’ 
the Ammonoidea almost died out, but two or three 
genera just managed to survive m each case ; a third 
crisis at the end of the Cretaceous, however, sealed 
the fate of the whole order) In the third type 
of evolutionary history, the “intermediate” type 
(Brachiopoda, Amphibia), there is a series of complex 
'*Virenzphasen" each consisting of a relatively weak 
initial phase, an intense main phase, and a weak 
late phase. 

Applying these results to groups now living, the 
author considers the Nautiloidea, reduced to a single 
genus following what he believes to be the final 
phase of a history of the “regressive”’ type, to be 
probably well on the way to extinction. The Echinoi- 
dea and Reptiha, however, although now on the 
decline, would appear to have further ‘“Virenzphasen”’ 
ahead The Brachiopoda may pass through a weak 
phase of increase before their final extinction The 
Mammalia are now passing through the main phase of 
a ''progressrve" series , at least, they were doing so 
before the advent of man 

Chapters are devoted to a survey of knowledge of 
pre-Cambrian hfe (illustrations of recent finds ın 
South Australia are reproduced m some of the plates) 
and to a discussion of the various factors which may 
have combined to determine the history of life through 
the ages A study of the diagrams m this*book 
suggests to me that the author's three-fold classifica- 
tion 18 an over-simplification The future, in fact, 
seems to be entirely unpredictable. , L R. Cox 
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CELLS IN EVOLUTION 


Cytology and Evolution 

By Dr. E N Wilmmer Pp x+430 (New York 
Academic Press, Inc , London: Academic Press. 
Ine (London), Ltd , 1960) 70s 


HIS is a scholarly work, for Dr. Willmer has 
d thought to his subject for many years 
Inevitably, ıb 18 not an easy book to read and assımı- 
late Cytology and Evolution 18 a challengmg title , 
at one extreme, 16 18 concerned with the techniques 
required to reveal the nature of cellular physiology, 
and at the other, the mfinitely complicated problem 
of cell evolution ın higher organisms Characteristi- 
cally, Dr Wilmer mtroduces the subject by visualiz- 
ing “the conversion of the Victorian carriage into the 
racing car of to-day" as & lesson m evolution He 
18 intrigued by “the mystery of a common organiza- 
tion", and his argument opens by exammuing the 
similarity in the fine structure of ciha throughout 
the lower and higher forms of life 

The author knows as much as anyone could about 
the behaviour of cells isolated from their normal 
environment and grown in tissue culture From his 
experience, he has developed the interesting simphfiea- 
tion that tissue culture encourages the growth of 
three stem-lines of cells These are the epitheliocytes, 
the mechanocytes, and the amcebocytes, and the 
photographs selected are most effective m illustrating 
his pomt of view 

The book begins its own organie growth with the 
definition of these different cell forms, and here the 
reader meets the first complications m the argument. 
What, the author has asked himself, are the morpholo- 
gical and physiological features which define an 
epithelocyte, a mechanocyte, and an amosbocyte? 
Many examples can be cited which apparently define 
or separate one cell from another, such as the strange 
phenomenon that an epitheliocyte will be unaffected 
by the death of 1ts neighbour (punctured through his 
nucleus), while a fibroblastic cell will:choose to die 
along with its neighbourmg cell There is also the 
problem of the permanent cell hnes which have been 
maintamed for many years m tissue culture and 
which appear to have become a ‘classless’ society 

The basic ideas of the author take up one-third 
of the book , ther effect on the analysis of embryo- 
genesis 18 developed in the remaimmg two-thirds 
of the book Dr Willmer takes the reader as gently 
as possible through the reversible transformation 
of flagellate cell types to amoeboid cell types, as 
found in certam lower organisms, particularly 
Naeglerza, on which he has himself done fascmating 
work One reader, at least, ıs concerned that he has 
chosen only to discuss the transformations in terms of 
homoiostasis, and does not envisage, for example, 
the possibility that the ionic environment might 
alter the templates for enzyme formation within the 
cell 

In developmg his theme, Dr Walmer seems at 
first to be ‘Lamarckian’ rather than ‘Darwinian’ 
m his outlook He mstances the fact that “many 
anumals independently under Arctic conditions 
cease to produce melanin m ther skins, and s0 all 
become white", and evidently considers this to be an 
adaptation to the icmess of ther environment 
inste&d of natural selection How else can one 
construe the observation on the same page (227) 
that “when. phenyl-alanme 1s added to tissue cultures 
of even the ventral ectoderm, the cells of which 
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would never normally produce melanin, some of 
these cells can actually be induced to doso”? Perhaps 
it 1s only a lapse m analogy, for clearly the author 
favours natural selection when he later describes the 
disadvantages of “poor form-vision under critical 
conditions of hunting or being hunted” 

In discussmg the development of the kidneys, 
gonads, adrenal cortex, and other cell populations 
closely related to them, he envisages their origin from 
the colomoduets and the nephridia of the more 
primitive mvertebrates Thuis last third of the book 
is a mine of valuable mformation hidden in cata- 
combs of unresolved definition and delineation 
When, for example, at page 274, the reader finds 
that the nephron of kidney tissue would best be 
described as “some sort of nephromixium’’, he later 
has to try to understand why the spermatic tubules 
and their mesonephrie elements should be described 
as a "mixonephridium". 

Appropriately the book ends on the subject of 
light and evolution of vision, and the final chapter 1s 
an uUlumimatmg summary of the author's concepts 
of evolutionary cytology Here, Dr Willmer states 
concisely the principles on which he bases his view 
about the evolution of cell types and embryogenesis 
As a cytologist he treats cell structure with reverence 
and appears to be horrified by the butchery volved 
in the biochemical analysis of sub-cellular fractions 
Nevertheless, the book concludes that there 1s an 
exciting ‘jungle pathway’ ahead for microbiochemistry 
and cellular physiology. Dr Willmer has done a 
great service by creating a new and well-mdexed 
route through the jungle of cytological embryology. 
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A SURVEY OF EXTRA-SENSORY 
PERCEPTION 


The Hidden Springs 

An Enquiry into Extra-Sensory Perception By 
Renée Haynes. Pp. 264+9 plates (London 
Hollis and Carter, Ltd , 1961) 30s net 


LTHOUGH this book 1s said on the title-page to 

be an inquiry into extra-sensory perception, ib 
13 much more a descriptive historical summary 
than an inquiry Miss Haynes, writing from the 
point of view of a Roman Catholic, traces the belief 
in extra-sensory perception from early times, showing 
how the faculty was believed to exist and how ıb was 
described and became a part of various theological 
and philosophical systems Passing from the sup- 
posed appearance of extra-sensory perception in 
animals, insects, etc., Miss Haynes proceeds to 
describe 1ts occurrence and treatment among people 
in ancient, medieval and modern times, and traces 
the story from the days of the Roman Augurs to the 
late Prof Jung’s theory of synchronicity. 

This book, like others on the same subject recently 
published, ulustrates a trend in psychical research 
which 18 becoming increasingly apparent Although 
there have been some trenchant criticisms of some of 
the more famous and supposedly ‘water-tight’ experi- 
ments, the tendency is to ignore and belittle such 
work and to proclaim that extra-sensory perception 
is now an established fact, and that, as Miss Haynes 
puts it, resistance to the idea springs from dread of 
the acute intellectual discomfort mvolved in recog- 
nizing 1ts rmplications, & feeling which would be new 
to many scientific men What the author fails to 
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realize 1s that thô resistance ın the mind of the well- 
informed reader 1s engendered by precisely the kind 
of book that she has written Thus when she speaks 
of certain early experiments where the methods of the 
‘exact sciences’ were used to organize the tests and 
evaluate the results, ıt can scarcely be thought that 
she can be ignorant of the nature of these tests and 
of the damagimg criticisms levelled agamst them 
Nevertheless, 1f the book ıs to be read as a popular 
and well-written historical mtroduction to the subject, 
1t will serve at least one of 1ts main purposes, since 1b 
provides the reader with a clear sketch of the develop- 
ment of the study of extra-sensory perception 
accompanied by a series of mteresting religious and 
philosophical speculations 

The book 1s well produced and mdexed and would 
have been improved had the author taken a httle 
more care with her proper names and a good deal 
more caution m the treatment of some of her material 

E J DrNGWALL 
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EFFECTS OF CLIMATE ON 
VEGETATION 


Klimadiagramm-VVeltatlas 

Von Prof Hemrich Walter und Dr Helmut Laeth 
1 Lieferung Mit emer Deutschen Emlertung und 
Auszugen in Englscher, Franzosischer, Russischer 
und Spanischer Sprache 11 Karten und 65 Beiblat- 
tern (Jena Gustav Fischer Verlag, 1960) 120 DM 


ERMAN work on the relationship between climate 
and vegetation is of long standing, stemming 
fiom the celebrated work of Humboldt; and our 
1deas with regard to the classification of climates 
owe much to Koppen One turns accordingly with 
keen expectation to the first section of this newly 
produced and bulky atlas 
Prof H Walter, as director of the Botanical 
Institute of the Landwirtschafthchen Hochschule 
at Stuttgart-Hohenhem, with his assistant Dr H 
Lieth, has embarked on the mapping of all the 
meteorological stations for which information 1s 
accessible, and on the presentation for each station of 
‘climate graphs’ to illustrate the extent of character- 
istic types of chmate This ıs to fulfil the need to 
compare the climates of different regions in which 
the vegetation is very simular They quote as an 
example a recent mquiry as to where a climate 
corresponding to that of the central Anatolian steppe 
might be found ın the United States, or m Central 
Asia, moreover, regions with sumilar types of vegeta- 
tion offer the same possibilities for land utilization, 
for example, ın agriculture or forestry An explana- 
tory introduction is given in four languages , ıb 18 
hoped that the diagrams will also yield a basis for a 
more accurate classification of chmates 
This characteristic aim is supported by the ad- 
muirably clear printing of a very large number of 
station diagrams showmg the annual march of the 
monthly means of temperature and precipitation , 
deed, an elaboration of the famuihar diagrams of 
present-day school atlases Vertical scales are so 
chosen that 10°C corresponds to a precipitation 
of 20mm This1ssaid to derive from a paper by Gaus- 
sen, which demonstrates that m the Mediterranean 
region aridity can be said to prevail when on such a 
scale the precipitation curve falls below the tempera- 
ture curve, and vice versa Additional information 
with regard to excessive rainfall, the length of the 
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frost-free season and severity of winter frost 1s 
provided ; and Prof Walter also mtroduces his 
concept of the limit between forest-steppes and woody 
regions E 

This first selection of maps and diagrams gives a 
pleasant umpression of useful and orderly compilation; 
one can run one’s eye along scores of ‘climatic graphs’ 
with mterest But many will dispute whether, m the 
hght of our knowledge of evaporation-losses, humid 
and arid months can be distinguished over a wide 
range of latitudes on such & very simplified basis 
Such detailed mappmg of climatic regions also begs 
the question of purpose; 1816 1n order to tell American 
troops at what pomt they must put their boots on? 
Some of the subdivisions are quite fascinating; 
that an outher of the maritime climate of North 
France appears to be found at Cologne raises the 
interesting question of where the observations are 
kept It ıs curious to find no use made of the long- 
standing record at Stanley in the Falkland Islands 
This atlas seems in these days to be a httle old- 
fashioned , ıt makes a very fine compilation of 
information and the pictorial presentation has its 
advantages , but 1t 1s decidedly expensive and bulky 
for the more general reader, and lacks the detail for 
which some specialists will probably ask 

G MANLEY 


HISTOLOGY AND ELECTRON 
MICROSCOPY 


Histological Techniques for Electron Microscopy 
By Damel © Pease Pp xu+274 (New York 
Academic Press, Inc , London Academic Press, 
Ine (London), Ltd , 1960) 7 50 dollars 


I spite of the extensive use of the electron micro- 
scope m biological and medical research in the 
past decade, there has beon a complete lack of a 
comprehensive guide to techniques since Drummond 
edited The Practice of Electron Microscopy m 1950 
Presumably all the leading exponents of the subject 
have been too busy cutting ever thinner and thinner 
sections in, the exciting exploration of the ultra- 
structure of tissues and micro-organisms Certainly 
there has been no lack of publication m the way of 
original papers , but for one reason or another no 
general survey of methods has been compiled One 
of the pioneers of ultra-microtomy has now remedied 
the situation The text under review starts from the 
proposition that a novice should be able “to gam 
reasonable competence through his own mgenuity 
if he has a guidebook to help with the maze of detal”? 
This function the author proceeds to fulfil in the 
course of nine chapters and two appendixes After 
general advice on the organization and management 
of an electron microscopical laboratory, the fixation, 
embedding and sectioning of tissues are discussed in 
great detail The mounting of sections and their 
examination imn the microscope are then considered, 
and a further chapter 1s devoted to photographic 
techniques The final chapter describes preparation 
procedures other than sectionmg, mcluding shadow- 
casting and replica making The appendixes give 
useful guidance to the beginner about the hterature 
of the subject and available sources of equipment 
and materials ? 

The treatment ıs clear and thorough, bemg illus- 
trated with photographs of various operations, as well 
as with typical micrographs The author 1s at pains 
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to describe many “seemingly small, but actually 
critical details" of preparation This1s a praiseworthy 
aim, but 1t opens the way to dogmatism and the gloss- 
ing over of differences of opinion between rival schools 
of thought However, the author ıs usually frank ın 
stating where his own experience has been lmuited, 
and he also provides a list of references at the end 
of each chapter, so that the novice can seek alternative 
advice In the almost complete absence of regular 
courses of instruction m the techniques of electron 
microscopy, the present text provides as compre- 
hensive a handbook as can be expected from a single 
pen liis designed to be used at the bench rather than 
m the library, and should be beside every electron 
microscope in use m. a biological or medical laboratory 
* V E Cossterr 


RADIATION PROTECTION 


Radiation Protection and Recovery 

Edited by Alexander Hollaender (International 
Series of Monographs on Pure and Apphed Biology 
Division Modern Trends m Physiological Sciences, 
Vol 7) Pp v+392 (London and New York. 
Pergamon Press, 1960) 70s net 


Problems of Infection, Immunity and Allergy in 
Acute Radiation Diseases 

By N N. Klemparskaya, O G Alekseyeva, R V 

Petrov and V F Sosova Translated from the 

Russian by Lydia Venters Translation edited by 

R Clarke. Pp vin+165 (London and New York 

Pergamon Press, 1961) 50s 


The Delayed Effects of Whole-Body Radiation 

A Symposium Edited by Bernard B Watson 
(Jomtly sponsored by the Operations Research 
Office and the Walter Reed Army Institute of Re- 
search) Pp 1x+80. (Baltimore, Md The Johns 
Hopkins Press , London Oxford University Press, 
1960 ) 36s net 


The Entry of Fission Products into Food Chains 
Edited by J F Loutit and R Scott Russel (Pro- 
gress in Nuclear Energy Series 6  Bhological 
Sciences, Vol 3) Pp vu+154+xn (London and 
New York Pergamon Press, 1961) 45s net 


Radioactivity for Pharmaceutical and Allied Research 
Laboratories 
Edited by Abraham Edelmann (A Symposium 
sponsored by Nuclear Sciences and Engineering 
Corporation, held ın Uniontown, Pennsylvania ) 
Pp xu+171. (New York. Academic Press, Ine , 
London Academic Press, Ine (London), Ltd. 
1960) 6 dollars 


URRENT and fortheommg legislation, in the 

form of Factories Acts such as the “Iomsmg 
Radiations (Sealed Sources) Regulations 1961”, and 
its companion dealing with the use of unsealed radio- 
active substances in industry, require the appoint- 
ment of a medical officer, who will carry out examina- 
tions on those workers exposed to radioactive 
materials Much of this work will fall on the mdus- 
trial medical officer already connected with the firm, 
or the local medical officer of health, but ıt will be 
extremely unusual to find one with any knowledge 
on the effects of radiation Itis true that a set of notes 
(Medical Supervision vn Radiation Work) has been 
drawn up by the World Health Organization, but the 
keen medical officer will generally wish to supplement 
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this knowledge with mformation oh the effects of 
relatively high doses or chronic exposure to relatively 
low doses of radiation 

The subject 18, however, still ın its mfancy, and 
much of the information 1s contained only in profes- 
sional journals or proceedings of learned societies. 
The production of any text-book on the subject is 
therefore of considerable interest at the present time, 
though from this pomt of view the books under 
review are rather too specialized for the average 
medical officer On the other hand, there 1s much 
to be learned from them, even by the non-specialized 
reader, and while the first three are primarily medical 
in character, the health physicist can also find much 
to mterest him here 

All five books are the products of a team of authors, 
each a specialist in some particular part of the field 

Probably the most important 1s Radzation Protec- 
tion and Recovery This 1s not & comprehensive text- 
book, rightly concentrating on biological, physio- 
logical and biochemical methods of protection and 
leaving discussion of shieldang, etc, to physicists 
Its stated aim 1s to present some of the background 
of a rapidly developmg subject, and m this it suc- 
ceeds. A considerable amount of space 1s devoted to 
experimental treatment of acute whole-body radiation 
injury m mammals and to the alhed problem of 
antibody formation, which ıs of great 1mportance m 
connexion with bone-marrow implantation 

A remarkably extensive bibliography of some 1,500 
references 18 included ; this alone should make the 
book a valuable source of information m this field 

The second book 1s a translation, sponsored by the 
US Atomic Energy Commission, of a monograph 
published ın Moscow ın 1958 and is probably not, 
therefore, fully representative of current thought m 
the Soviet Union It deals exclusively with the 
results of animal experiments on  auto-infection 
following wrradiation, natural and mduced mmuniza- 
tion, allergic reactivity, and mfectious diseases in 
radiation sickness , again there is an extensive 
bibhography, about half the 326 references bemg 
non-Russian mn origin. 

From the research worker’s pomt of view, The 
Delayed Effects of Whole-body Radiation will be disap- 
pointing, though for those generally concerned with 
radiation protection there 1s some interesting material 
Effects on life-span, the mduction of mahgnant 
diseases and the production of cataracts are each 
covered m two chapters, one on anrmals and the other 
on man, genetic aspects are treated Jointly 

The Eniry of Fession Products «nto. Food Chains 
is not directly comparable with the previous three 
books, but 1t 1s justifiable to include ıt ın this review 
since the subject is so closely connected with radiation 
protection As one might expect of the editors, who 
are authorities in this field, we have here a most 
informative group of papers, which were originally 
produced as reports by the Atomic Weapons Research 
Establishment There are two sections on the reten- 
tion of fall-out on herbage and ripe cereals, but the 
majority of the papers deal with animal experiments 
connected with actual nuclear weapon tests. This is 
definitely a specialist’s book, but should also be of 
great interest to anyone concerned with the wider 
aspects of radiation protection and civil defence 

The last book 1s unfortunately titled It 1s certainly 
not a text-book for pharmaceutical laboratories, 
being simply the proceedings of a symposium, it 18 
very mixed in character and 18 too varied m standard 
to be of great terest Hoces D Evans 
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Structural Concrete : 

By Prof Kurt Billig Pp xx--1020 (Londen. 
Macmillan and Co, Ltd, New York St. Martin's 
Press, Inc , 1960) 84s. net 


ROF. BILLIG 1s a well-known author of books 
and papers on remforced concrete and pre- 
stressed concrete His present volume aims to pro- 
vide a *mmor encyclopedia on structural concrete”, 
and this 18 indeed a fair description of the work. 
It ıs divided into three sections, the first dealmg with 
materials, the second with structural design and the 
third with design and construction. In attempting to 
cover such a wide field ın a single volume of manage- 
able size the author 1s mevitably faced with very 
difficult problems of selection and condensation On 
the whole, Prof Bilhg has tackled these problems 
successfully although the depth of treatment varies 
somewhat from one chapter to another 
Part 1 1s devoted mamly to concrete technology, 
that 1s to a discussion of the properties, selection and 
testing of cements and aggregates and the techniques 
of mixing, placmg and consolidating concrete A 
chapter is devoted to the important question of 
durability Part 2 considers first the basis of struc- 
tural design m concrete and goes on to discuss in 
considerable detail the methods of proportioning 
practically every kind of structural element in rem- 
forced concrete, mcluding beams, columns, slabs, 
arches and shells A great amount of ground 1s 
covered, and numerous diagrams, tables and examples 
are included The third section of the book discusses 
the use of structural concrete for a wide variety of 
building and engineermg structures, with reference 
to actual examples 
A very good balance has been achieved between 
structural analysis, practical design considerations 
and concrete practice The book ıs a veritable mme 
of information for structural engineers and, architects, 
to whom 1t can be highly recommended 
A W HENDRY 


An Electronic Outline of Organic Chemistry 
By Dr. S Horwood Tucker Pp xvi+478 (London: 
University of London Press, Ltd , 1959.) 63s net 


HIS 18 a book, written for undergraduates, mn 
which the reactions of the commoner types of 
organic compounds are interpreted m terms of the 
electronic theory Dr. Tucker 1s to be congratulated 
for having rescued so effectively the “gems of elec- 
tronic exposition" from submergence m the “heavy 
matrix of comprehensive fact". Not that the mpor- 
tance of experimental fact ıs 1n any way dimmushed 
mdeed, just sufficient significant facts have been 
carefully selected and lucidly expounded to present 
to the undergraduate a clear and reasonable account 
of the essentials of organic chemical theory 
There are, however, certain omissions which, though 
they do not detract from the overall value of the book, 
nevertheless seem surprising, especially since these 
topics are now included m undergraduate lecture 
courses Thus, the reactions of benzyne, and of 
carbenes (even in connexion with the Reimer—Tiemann 
reaction, p 407) are neglected ; hkewise Bender’s 
work on ester hydrolysis receives no mention 
"The text is well supplied with references to both 
individual papers and review articles 
It 18 & pity that several misprints remained un- 
detected ın the proofs Fortunately, most of them are 
relatively trivial and they do not seriously affect 
the sense of the text 
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The book ıs well produced and possesses a good 
index. 

While this book can be strongly recommended to 
students, 1t 1s hkely that 1ts price will deter all but the 
most affluent, or the most self-denying of the impec- 
unious, from purehasing ib. | NevinLLE H. P SwrrE 


Proceedings of the 1960 Annual International 
Conference on High Energy Physics at Rochester 
N.Y., August 25-September 1, 1960. Edited by 
E C Œ Sudarshan, J H Tinlot, and A. C. Melissinos 
Pp. xxv--890 (Rochester, N Y University of 
Rochester, 1960 Distributed by Interscience Pub- 
lishers, Ine , New York and London ) 13 50 dollars 


HE International Conference on High Energy 
Physics which was held in Rochester, N.Y , was 

the tenth in the series This annual conference 1s 
acknowledged to be the most mnportant one in this 
field Its purpose is to assemble a representative 
group of workers from high-energy laboratories 
throughout the world to discuss the experimental 
results obtamed and the theoretical developments 
which have occurred during the previous year 

The Proceedings are divided into three sections 
The first section covers the mitial “‘working’’ or 
"S" sessions, several of which were usually held 
concurrently The second, “R” section, contains the 
reports of the rapporteurs Finally, in the last three 
chapters are contained, in full, the papers presented 
at three “plenary”? sessions The subject-matter 
of the conference was limited, to the following topics 
the strong mtéractions of pions and nucleons ; 
the strong interactions of strange particles , weak 
interactions ; the structure of elementary particles , 
new results at super-high energies, and finally, 
theories of elementary particles 

The editors, secretaries and all concerned with the 
publication of the Proceedings deserve the highest 
praise for producing such a magnificent record within 
two months of the end of the Conference No physi- 
cist interested in elementary particle physics can 
afford to be without the volume close at hand 

G H STAFFORD 


Probability Theory 
By Prof. Michel Loéve Second edition (The 
University Senes ın Higher Mathematics) Pp. 
xv1+685. (Princeton, NJ D Van Nostrand Com- 
pany, Ine, London: D Van Nostrand Company, 
Ltd, 1960) llls 

HE first edition of this book appeared in 1955 

and went a long way to fill a serious gap in the 
mathematical literature The new edition, revised m 
detail and longer by two chapters, comes a little 
nearer to closing the gap and 1s still the only (and an 
excellent) approximation to a comprehensive text- 
book on mathematical probability. The new chapter 
11 (64 pages) deals with the generalities of the 
theory of stochastic processes (mcluding separabilty 
and measurability), contmuous-parameter martın- 
gales, and decomposability theorems The new 
chapter 12 (95 pages) deals with Markov processes 
It starts with an account of the ‘strong’ Markov 
property, and passes on to a discussion of the differ- 
entiabilty of transition functions before taking up 
the theory of one-parameter sem1-groups of operators, 
which ıt pursues as far as a proof of the basic Pulle- 
Yosida theorem  Fmally, there is a valuable synthe- 
sis of the recent work by Feller, Dynkin and others 
on diffusion theory. ' D G. KENDALL 
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PROF. A. J. EAMES AND THE MORPHOLOGY OF THE 
ANGIOSPERMS : 


By Pror F. C. STEWARD, F.R S 


Cornell University 


Y a happy combination of circumstances, the 
B McGraw Hull Publications in the Botanical 
Sciences have issued Morphology of the Angiosperme, 
by emeritus professor of botany, Arthur J Eames, m 
the author's eightieth year* It ıs therefore fitting 
that botamsts should congratulate Prof Hames on 
October 10, his eightieth. birthday, on an active and 
fruitful life devoted to the study of plants and to the 
teaching of botany Hus latest book, which 1s a 
crowning achievement in an already distinguished 
career, is also a proper subject for congratulation 

For almost fifty years (sce 1912) Prof Eames 
has been identified vith botany at Cornell University 
He joined the staff of that University, fresh from his 
first travels to Austraha and New Zealand, and, when 
botany was transferred wholly from the College of 
Arts and Sciences vo the College of Agriculture m 
1913, Prof Eames formed one of that group which 
was to make the newly constituted Cornell Botany 
Department known and. respected the world over by 
the mid-1920’s and °30’s Now, m his eightieth year, 
Prof Eames 1s the only one of that first group who 18 
still actively engaged ın botanical research on the 
Cornell campus Throughout that near half-century, 
his presence has lent distinction to Cornell botany, 
and his work has enriched the subject everywhere 
This distinction was recognized by the University of 
Glasgow in 1956 by the award of an honorary LL D 
degree 

Although Prof. Eames retired from active teaching 
in 1949, he has led a full life smce, and the title 
‘emeritus professor’ has been to him a challenge and 
an opportunity to pursue further scholarly work, of 
which the Morphology of the Angrosperms 18 a product 
Never was the title ‘emeritus professor’ more richly 
deserved, nor more gracefully borne, for throughout 
this period of retirement he has set an example of 
eontinued dedication to his lifelong study of plants 
He has also been ever ready to share his knowledge, 
whether ın the casual conference or the country walks 
in which his love of Nature excels These brief 
congratulations would, however, be incomplete— 
and even mappropriate—without reference to Mrs 
Eames, who was herself technically tramed in botany 
and has been a great help to Prof Eames throughout, 
and especially so in the laborious task of producing 
this latest book 

It is appropriate at this point to look back on 
Prof Eames's career and on his influence on teaching 
and research ın botany Together with the late Prof. 
Wiegand, he produced the Flora of the Cayuga Lake 
Basin—in the obvious desire to know first the plants 
which were closest at hand Indeed, many of the 
early collections which formed the basis of the 
present Wiegand herbarium were a part of this rela- 
tionship Although morphology has always been 
his consuming interest, Prof Eames first became 
most widely known for the Iniroduchon to Plant 
Anatémy, first pabhshed in 1925 and revised m 


* Morphology of the Anguosperms By Prof Arthur J Eames. 
(McGraw-Hill Publications 1n the Botanical Sciences) Pp xui+518 
(New York McGraw-Hill Book Co, Inc, London McGraw-Hull 
Publishing Co, Ltd., 1961) 104s 6d 


1947 Ths book, compiled with his first graduate 
student, Prof. McDaniels (also now an emeritus 
professor) was, and in many places still ıs, the essential 
modern text on which successive generations of 
botanical students have become aware of plant 
anatomy Those who, in the 1920’s and 1930's, 
were privileged to take Eames’s course in plant 
anatomy know that much of the wealth of illustrative 
material m the form of prepared slides and sections 
had actually been produced by Eames and McDaniels 
It was a rich experience for the student to see not 
merely a stem, or one example of this or that 
anatomical feature or tissu& but a rich array of 
representative examples In this, as indeed in the 
study of morphology, Prof Eames's outlook was 
always comprehensive Even then, however, the 
book on anatomy was essentially the background, or 
working manual, for ıt had. distilled the essence of 
Eames’s experience of anatomy, and his lectures 
clothed this framework with much more that had 
been gained from a rich observational experience 
Yet, with this far-ranging mterest to comprehend 
the plant kmgdom as a whole, Prof Hames has in 
all his books shown that rare ability to state the 
essentials, to distil ıt down to 1ts mmimum, so that 
often a paragraph presupposes the equivalent of a 
research investigation before 1t could be written 

The new Morphology of the Angiosperms 1s again 
in this style, though necessarily ıt is a larger work 
than 1ts predecessor on the Morphology of Lower 
Vascular Planis, which was published in 1936 
The new book comprises 518 pages, 147 well-chosen 
figures, with often several pages of selected references 
at the end of each chapter The Morphology of the 
Angiosperms 18 agam remarkable for 1ts concise style 
and for the way 1ts author has been able to compress 
the knowledge gained from the hterature and his own 
experience. Again one senses that, over the years in 
which this volume has been prepared, Prof. Eames 
had conducted the equivalent of many research 
projects, each worthy of separate review, on subject- 
matter which in the book is concisely treated 

Prof Eames’s first book on morphology dealt with 
the lower vascular plants In respose to an evident 
need, however, the new work deals with the angio- 
sperms—the largest ın number, most complex and 
most important vascular plants. One wonders 
whether, and even hopes that, Prof Eames will now 
fill the gap and enrich botanical science by yet another 
work on the gymnosperms. 

Characteristically, Prof Eames does not m his 
introduction enlarge on what morphology is, and in 
these days of ever-narrowmg  specialzation—of 
plant physiology and biochemistry, of cytology and 
genetics, of cell physiology, cytochemistry and ultra- 
structure, of enzymology and molecular biology— 
some may even ask, what 18 16 all about? 

The book ıs sumply and completely about angio- 
sperms—the largest modern group of seed plants 
and morphology here implies strictly that the work 
deals with the structure and the form of these plants 
The work distils from the hterature and from Prof. 
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Eames's own riah experience what one can interpret 
about angiosperms from what one observes of them, 
and observation here means visual observation, 
aided, by the lens and the optical microscope Among 
the alhed disciplines that are invoked to mterpret 
angiosperms from this point of view, physiology, 
biochemistry, genetics, ultra- and sub-microscopic 
structure as yet find no place Prof Eames looks at 
plants as they are, as he sees them, and by an essenti- 
ally comparative approach seeks mformation which 
is to be interpreted against the background of 
evolution and phylogeny In this sense the book 
follows a classical tradition 

But 1t 1s precisely because so much modern biology 
and botany has become so dissected into specialties 
that this comprehensive work 1s now so valuable 
Indeed, 1t should be especially valued even by those 
students of plants whose interests lead them to expert- 
mentation, to culturmg organs and cells, to the 
study of biochemistry and nutrition, and to the 
approach to truth at the molecular level A genera- 
tion which 1s steeped in this sort of thing has rarely 
had the time, even if i5 had the interest, bo acquire 
the breadth of knowledge and scholarship about 
plants that Prof Eames’s book now contains Even 
a glance at the table of contents, for the headings 
and sub-headings of the chapters, may be a salutary 
reminder to some that although biological events 
may often be determmed at the cellular and sub- 
cellular level, they finally culmmate m organization 
that needs to be comprehended at much higher levels 
Those of us who attempt to exploit the new tools of 
physiology, biochemistry and ultra-structure need 
particularly to appreciate the nature and the relation- 
ships of the cells and organs with which we work 

Here then ıs a modern work which synthesizes 
knowledge ın a comparative way about such parts 
of the plant body as shoots and roots, leaves and 
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stipules, nodes and branches, the mflorescence and 
the flower, the androecium, the stamens and pollen, 
the gyncectum, carpel and ovule, sporogenesis, 
fertihzation, embryology, seeds and fruits, ete , and, 
in the course of this treatment, ib introduces the 
reader succinctly to classical morphological concepts 
and to the author's contemporary views But it 1s 
in the chapters on the stamen and the carpel and their 
derivation from fohar organs that Prof Hames’s 
personal interest and interpretations are particularly 
evident 

Inevitably this work, which could not possibly 
be summarized here, will find a sure place among the 
botanical classics, and ıt will necessarily be read by 
those who make morphology them speciahty But 
this book should do more than this, for 1t should be 
a ready means to guide those who work experiment- 
ally with angiosperms, and especially those concerned 
with problems of growth and reproduction, mto 
the proper interpretation of the nature of the 
material with which they deal There ıs a danger- 
ous and mistaken idea abroad that biology has out- 
grown. the older descriptive disciplines of morphology, 
anatomy and taxonomy Prof Eames’s book should 
dispel this idea by bringing a fresh presentation of this 
older subject In fact one notes, parenthetically, 
that Prof Eames finds that the older literature ıs 
often nearer the truth than much which has been 
written more recently 

A less-modest man than Piof Arthur J Eames 
might, in his eightieth year, have titled his book 
“The Angiosperms as I see them", for he 1s one of the 
very few who have had the experience and have the 
knowledge, the vision and the understanding for this 
great task 

Botanists everywhere will feel indebted to him for 
this additional achievement m a long and fruitful 
career 


RE-EVALUATION OF SOME FACTORS IN ARTERIOSCLEROSIS 
By Dr HANS KAUNITZ 


Department of Pathology, and Institute of Comparative Medicine, College of Physicians and Surgeons, 
Columbia University, New York 


ORPHOLOGICALLY, arterioselerosis 18 defined 
as a disease of the intimal layers of the arterial 
wall occurring focally and associated with intimal 
thickening and lipid deposition ‘The earliest changes 
can be seen in infants The internal elastic membrane 
becomes deformed, calcified, and fibrotic These foci 
are eventually called atheromata Disturbances 
of the flow of blood may ensue Frequent sites of these 
changes are, un addition to the aorta, the coronary, 
cerebral, and lower leg arteries Any theory of the 
disease will have to account for these facts at least 
Thickened arteries (xayem aptepen) were noted 
nearly two thousand years ago by Aretaeus of Cap- 
padocia The term artheromatous (or tuberculous) 
was used by Morgagni! and perhaps even by others 
before him, but modern ideas about the disease were 
developed by the great French physicians of the 
Napoleonic era Lobstem? classified the disease as a 
nosological entity between 1820 and 1833 and was 
the first to use the name arteriosclerosis He had the 
first mkhng that the disease may be related to 
cerebral accidents The relation of myocardial 
infarction to arteriosclerosis was established much 


later After the great English physicians of the 
eighteenth century had recognized the association 
of coronary disease and angina pectoris, it took 
another century to establish that this coronary 
disease 1s arteriosclerosis 

Soon after Lobsteim's description, two theories 
as to the pathogenesis of the disease were developed 
which stil domimate our thinking Rokitansky 
thought that abnormal clottmg processes, resulting 
secondarily in the organization of thrombi, were 
responsible for the arterial roughness? Virchow 
assumed that, m what he called endarteritis chronica 
deformans!, focal mflammatory changes are followed 
by deposition of lipids such as cholesterol, which 
had just been discovered Virchow may have been 
somewhat handicapped by his inability to distinguish 
arteriosclerosis from other arterial diseases, such as 
syphilitic aortitis, which became possible only at 
the end of the nineteeth century 

In addition to syphiltic aortrtis, other agterial 
diseases involving caleification were recognized, 
particularly media necrosis® Whether or not the 
latter ıs at all related to arteriosclerosis 1s by no means 
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sure For purposes of definition it should, at the 
present time, be excluded This would make un- 
necessary the use of such terms as atherosclerosis, 
angiosclerosis, and the like 

At about the turn of the century, 16 was discovered. 
that early arteriosclerotic lesions occur in children’, 
and this observation has smce been extended to 
infants? However, at the same time, the rapid 
progress of biochemistry and nutrition began to 
influence the work on arteriosclerosis’, so that, since 
then, most investigations have centred around the 
disturbances of lipid. metabohsm and their association 
with dietary fat It 1s curious how little attention 
has been paid to the early occurrence of the lesions 

By the end of the nineteenth century, 1$ had been 
well established, that arteriosclerosis, n common. with 
other systemic diseases, 1s subject to modifications 
by a number of general factors 

The disease runs in famihes, and probably has a 
genetic factor Sex plays a part m that women 
below the age of fifty have fewer heart attacks than 
men Physical activity 1s also a factor because 
people with sedentary work show extensive lesions 
more frequently than people domg manual work 
Arterial hypertension 1s associated with more ad- 
vanced lesions Arteriosclerosis occurs more exten- 
srvely ın old persons The abuse of coffee and tobacco 
leads to more frequent myocardial infarctions, 
whereas the incidence in heavy drinkers 1s relatively 
low The stress that those in managerial positions 
are subjected to has been cited, although not com- 
pletely convmemgly, as contributing to a high ino 
dence among this group 

The accummulation of fatty substances ın the 
atheroma suggested examination of lipid metabolism 
At about the turn of the century, 16 was found that 
patients afflicted with advanced arteriosclerosis 
have hpsmie sera’, and ıt was soon established 
that the serum cholesterol 1s frequently elevated? 
Further work elucidated other disturbances of lipid 
metabolism in arteriosclerosis Important ıs the 
elevation of the B-lipoprotem fraction of the serum?! , 
it contains most of the cholesterol, two-thirds of 
which is esterified with oleic and Imoleie aeids!? 
Finally, ıt was discovered that, m advanced arterio- 
sclerosis, the saturated and oleic acid-levels of the 
serum are often elevated, whereas the polyunsatu- 
rated levels are lower than normal 

When these lipid disturbances were first examined 
investigators considered them as the consequence 
rather than the cause of the lesion , and 1t 1s certainly 
true that many chionic diseases are accompanied 
by simular lipid changes However, since the fateful 
experiments with cholesterol feeding, which were 
interpreted as proof that cholesterol produces arterio- 
sclerosis m animals}, many leading investigators 
have been inclined, during the past fifty years, to 
accept disturbances of lipid metabolism as etiological 
factors 1n arteriosclerosis 

If one were to summarize the evidence imphcating 
cholesterol (or perhaps the §-lipoprotein fraction), 
one might choose these animal experiments involv- 
ing the feeding of large amounts of cholesterol or the 
induction of an abnormal rise in serum cholesterol , 
its presence in large amounts in the atheroma ; 
higher serum cholesterol-levels ın diseases predisposing 
people to arteriosclerosis (hypothyroidism, nephrosis, 
famileal hyperchalesterolamia) , and the fact that 
its inerease ın arteriosclerosis patients permits 
some degree of predictability as to the state of the 
disease 
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With regard to animal expériments, ıb has 
frequently been pomted out that the high cholesterol 
diets which induce lesions having a high cholesterol 
content are entirely unphysiological One finds that 
cholesterol is deposited m most organs’ , but i6 ıs 
usually the blood vessels which are smgled out for 
discussion It has been argued by some pathologists 
that the morphology of the lesions bears little resem- 
blance to arterioselerosis!? and that the disease 
scarcely ever gives rise to myocardial mfarctions. 
A number of experiments has been described m 
which arterial disease associated with cholesterol 
deposits has been produced on cholesterol-free 
diets!9, whereas, 1n others, the serum choleste1ol-level 
was raised to ten times its normal value without 
producing arterial lesions Therefore, at the present 
tune ıt does not seem that the lesions induced in 
animals by cholesterol feeding are analogous to human 
arteriosclerosis 

In a discussion of the presence of cholesterol in 
the lesions, 1t 1s well to recall some general facts about 
cholesterol metabolism Ale organs, and especially 
the liver, produce much more cholesterol than a 
human being would eat m any reasonable diet, and 
feeding of as much as 10 gm of crystallme cholesterol 
(compared with about 500 mgm ın anormal diet) does 
not influence the serum cholesterol-level in humans 
(it does 1n animals) Of the total cholesterol produced 
by the body, about 2 per cent 1s known to be used in 
the synthesis of steroid hormones The function 
of the rest ıs largely unknown One may speculate 
that, under normal conditions, ıt forms a buildmg 
material for all cells?" , and this guess is supported 
by its role in disease As I have stated before, dis- 
turbances of lipid metabolism like those m arterio- 
sclerosis occur 1n many chronic diseases In tuber- 
culosis, for example, the onset of the disease 1s followed 
by hypercholesterolamia and the deposition of large 
amounts of cholesterol in the tubercle, which, in the 
lungs, may afford some protection against cavitation 
These changes in cholesterol metabolism can be con- 
sidered as a defence mechanism of the body — Similar 
mechanisms are seen 1n many other chronic diseases, 
(nephrotic kidneys, thyroid tumours, uterine fibroids, 
old scars) Sometimes, the inflammatory process 
leads to such an accummulation of cholesterol that 
the repair process becomes a danger, as with gall 
stones and kidney stones or when cholesterol crystals 
break off an arteriosclerotic lesion and produce an 
embolsm!* If one assumes that the pathology of 
cholesterol metabolism m arteriosclerosis 1s similar 
to that in other chronic diseases, one could interpret 
the presence of cholesterol ın the lesions as a process 
of repair 

Such a hypothesis could also explain the premature 
arteriosclerosis associated with chronic diseases such 
as nephrosis and hypothyroidism These conditions 
are associated with generalized tissue damage which, 
m turn, evokes a generalized repair process, as in 
severe rheumatic conditions or in syphilis , this repair 
process may involve the arterial lesions which are 
present m all of us to some extent from infancy Thus, 
one may also understand the predictive value of 
elevated serum cholesterol-levels in arteriosclerosis 
and even of the apparently anomalous low levels 
seen 1n some advanced cases!® Furthermore, one may 
speculate that therapeutic reduction of serum chole- 
sterol may have its disadvantages unless one 1s sure 
that the lower level m serum does not reflect some 
damage to the anımal This ıs not such a remote 
possibility ın view of the fact that feeding of oxidized 
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fats which are toxic leads to a reduction in serum 
cholesterol?° 

Because arteriosclerosis, in Western countries, 
is now the main cause of death, mvestigation of life 
expectancy can m a general way be interpreted as 
work on arteriosclerosis The fact that obese people 
have a shorter life expectancy needs no elaboration 
Careful autopsy studies immediately after the lean 
years of the two World Wars m Vienna and Norway 
respectively showed a remarkable decrease in the 
mceidence and severity of arteriosclerosis, which manı- 
fested itself im fewer strokes and heart attacks?! 
There was a rapid. increase as soon as the food intake 
returned to normal This ıs at the bottom of all 
speculations about the relation of diet to arterio- 
sclerosis 

Dietary fats have been given tremendous impor- 
tance in the consideration of arteriosclerosis They 
exert a two-fold influence Unspecifically, they are the 
densest source of calories and their feeding reduces 
energy requirements which increases body-weight and 
arteriosclerosis But mre specifically, they wield a 
strong influence on serum cholesterol unrelated to 
their own cholesterol content It has been claimed 
that the number of heart attacks 1s a function of 
the fat content of the diet , Japan, with a dietary 
fat-level of about 8 per cent, has the fewest, and the 
United States, with 40 per cent of fat in the diet, 
heads the lst The meidence among Japanese hving 
in California and eating the same diet as the rest of 
the population ıs the same as for the rest of the 
United States? 

This hypothesis has not remained uncontested 
It has been pointed out that the meidence of strokes 
in Japan is higher than in the United States and that 
arteriosclerosis 1s less of a problem in Thailand than 
in Japan despite a much higher dietary fat-level?? 
Similarly, ıt has been claimed that there ıs no differ- 
ence in the meidence of arteriosclerosis m London 
and Calcutta despite widely differing diets?! Further- 
more, 1t has been shown that, among those countries 
having a daily fat intake of about 120 gm , the rate of 
myocardial mfaretion is four times as high in the 
United States as in the Netherlands?: In general, 
however, there 1s fair agreement that & very low fat 
intake, especially in association with a low total 
caloric intake, leads to fewer myocardial mfarctions 
With regard to strokes, 1t 1s difficult to evaluate the 
data 

Human life-time studies do not exist, and anımal 
experiments are sparse and contradictory with re- 
gard to the level and kind of fat eaten Therefore, the 
main argument as to the advisability of eating 
specific fats rests on their mífluence on'serur chole- 
sterol, and possibly also on blood coagulation, From 
the point of view of the tenuous hypothesis that serum 
cholesterol-levels may reflect the extent of tissue 
damage and in view of the over-all predictive value of 
these levels, the question of whether manipulation of 
serum-levels by fat is meaningful is of interest , 
but ardent public discussion 1s, at best, premature 
Much has been made of animal versus vegetable 
fats?9;??, saturation versus unsaturation?9, and lmoleic 
acid deficiency?? The fact that the saturated long- 
chain fraction of coconut oil increases and the 
saturated medium chain fraction decreases serum 
cholesterol-levels??:31 ıs one of the many examples 
that no generalization can be made and that fats 
have to be considered individually Only the theory 
that hquid fats have some advantages over had 
ones has received some experimental support 
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The discovery of heparm and the ‘spoiled sweet 
clover disease’ opened the way for an important 
advance in the treatment of arteriosclerosis Based on 
Rokitansky’s hypothesis as to the importance of 
thrombus formation, the newly developed anti- 
coagulants have been used successfully ın preventing 
many heart attacks and strokes This approach was 
almost immediately influenced. by prevailing ideas 
about the role of fat ın arteriosclerosis, and a large 
number of papers has been written dealhng with the 
question of whether the hpzmua occurring after the 
intake of fat mereases the tendency of the blood 
to clot Although, with respect to this, opmion 1s 
divided, most investigators agree that certain fats 
(especially butter) do have some effect on coagulation 
in that they shorten the Russell viper venom time 
In vwo studies corielating changes ın the clottmg 
mechanism with those of the arterial wall may be of 
considerable interest?? because the normal arterial 
wall produces enzymes which affect clotting, as 
in the clearmg factor?? In the arteiiosclerotie artery, 
the surface 1s more irregular, the lipid content 18 
higher?*, the lipid breakdown products are diffeient?5, 
and the atheromata themselves have a higher throm- 
boplastie activity?* One should also keep m mind 
that the hpid composition of all organs 1s influenced 
by dietary fut, and this may in turn influence coagula- 
tion In any event, the relation of fats to coagulation 
18 still a wide-open fieid 

More recent work relating infectious processes 
to intra-arterial clotting may shed some lght on 
arteriosclerosis It is an old idea that infectious pro- 
cesses, by damaging the arterial wall, may be respon- 
sible for some of the changes seen m arteriosclerosis?? 
McKay has been able to produce mtra-arterial 
platelet and fibrin deposits m pregnant rabbits by 
injecting endotoxins?? It is important that this 
process was observed when the organism was 
under the stress of pregnancy or when an 
endotoxm was injected together with substances 
of higher molecular weight?? It remains to be seen 
in which way these changes may be hnked to 
arteriosclerosis 

The factos so far enumerated can modify the 
arteriosclerotic lesion, but are unspecific because 
they cannot account for the early occurrence of what 
1s now believed to be the primary lesion m infants, 
neither can they account for the focal distribution 
of the lesions 1n the arterial system These aspects of 
the disease mvite the speculation that ıt may have 
a specific chronic imfectious origin, as do leprosy, 
tuberculosis, and syphilis Such a hypothesis could 
account for the early onset of the disease, for the 
focal distribution of the lesions, for the specificity 
of the organ attacked, for the eventual emergence 
of a histologically rather characteristic lesion from 
its early form, and even for the occasional disappear- 
ance of the lesion? Furthermore, m view of the 
fact that the total population is affected by the 
disease at an early age, differences in the development 
of the lesions among members of the population 
would be accounted for by general factors such as 
heredity, nutrition, and the lke Something akin to 
this has actually happened ın parts of the world where, 
at one tyme syphilis infected the whole population 
and where, before the infectious origin of the disease 
was known, the clinical manifestations were ascribed 
to factors similar to those impheated m agterio- 
sclerosis Even the rapid mecrease ın the consequences 
of the disease ın younger age-groups may be explained 
by the known increase of an unchecked infection 
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if others are suppressed, as has happened m our lfe- 
time Finally, such chrome mfectious diseases as 
syphilis and tuberculosis have been with the human 
race for a long time, and ther natural history was 
characterized by sudden epidemics Is ıb possible 
that we are witnessing such an outbreak of an old 
mfectious disease ? 

Whether or not arteriosclerosis, as 1b 18 defined 
to-day, will remain a nosological entity or will be 
seen as several diseases, or whether ıt will be recog- 
nized as an unspecific response (like fever) to a 
number of etiological factors, 1s uncertain Haston- 
cally, the instrument of the physician of the nineteenth 
century was the microscope and of the twentieth 
century the paraphernalia of the biochemical 
laboratory Notions about arteriosclerosis were 
formed accordingly At the present time, virology 
and electron mucroscopy may enter the picture , 
1t would be interesting to apply to these problems 
the methods used for the study of mfectious nucleic 
acids?! Again, our sense of the etiology may be 
influenced, by the methods we use 

Arteriosclerosis, bemg a part of the life process, 
can scarcely be pmned down to one etiological factor 
Any investigator will, according to his temperament 
and talent, pick out just those of the infimty of 
factors which he beleves are important , and one 
would be satisfied to elucidate one facet which would 
permit us to mfluence decisively the course of the 
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MOVEMENT IN THE ATMOSPHERE 


HE Royal Meteorological Society held its 
i summer meetmg this year in the University of 
Exeter during July 12-14, this included two symposia, 
on “Winds and Circulation in the Upper Atmo- 
sphere” and ‘“‘Medium Range Diffusion in the 
Atmosphere” 


Winds and Circulation in the Upper Atmosphere 


At this symposium the upper atmosphere was 
regarded as extending from the tropopause (10-15 
km) to the ionosphere (100 km) This region is 
one of great interest to meteorologists since ıb 1s 
situated between the outer layers of the atmosphere, 
which are under direct solar control, and the tropo- 
sphere, where the weather occurs Due to mdireet 
measurements and the more recent rocket investiga- 
tions its general composition, temperature and wind 
structure are now fairly well known Broadly, the 
composition is not very different from that m the 
troposphere the temperature rises from 200-230? 
A near the tropopause to 260-300? A around 50 
km, falls to 160—230? A near 80 km and then rises 
agam at higher levels , the winds are mainly strong 
westerly in the winter hemisphere and easterly in 
the summer hemisphere Many measurements have 


been made of the distribution of ozone, water vapour 
and atomic debris m the lower stratosphere and these 
have been used to infer the meridional circulations 
Since electromagnetic forces, dissociation, excitation 
and ionization are still comparatively unimportant 
and mean free paths small, ıt ıs possible to apply 
the well-known meteorological equations used for 
the troposphere imn the examination of 1ts dynamics 
and interpretation of experimental observations 
The first paper, Possible Meridional Circulations 
m the Stratosphere and Mesosphere", by R J 
Murgatroyd and F Singleton, deseribed a calculation 
of the meridional circulation sufficient to transport 
heat between the sources and smks of radiation 
in a simple model of this region The sources and 
sinks have been estimated from differences of solar 
energy absorbed by ozone and molecular oxygen 
and that emitted by long-wave radiation from carbon 
dioxide, water vapour and ozone The principal 
sources are near the equatorial tropopause and in the 
mesosphere over the summer pole The corresponding 
smks are near the polar tropopause and the winter 
pole in the mesosphere The calculation showed 
the air to be rising near, and possibly through, the 
equatorial tropopause, spreading polewards and 
sinking towards the polar tropopause In the meso- 
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sphere the air rfses near the summer pole, flows 
across the equator and subsides near the winter pole 
This scheme 1s 1n good general agreement with many 
of the observed phenomena ın this region, such as 
noctilucent clouds at high latitudes in the summer 
hemisphere near 80 km , comparatively high tempera- 
tures in. the winter polar mesosphere, the ‘sudden 
warming’ phenomena, and the observed distributions 
of ozone, water vapour and atomic debris in the lower 
stratosphere 

The second paper, “Winds at 80-100 km as 
revealed by Radar Reflexions from Meteor Trails”, 
by J S Greenhow and E L Neufeld, contamed the 
results of systematic work carried out at Jodrell 
Bank durmg 1953-58 The observation of drifts of 
ionized meteor trails using high-powered radio-echo 
equipment has produced upper wind data of a volume 
and accuracy unobtainable at other levels Regular 
prevailing winds with westerly components of about 
20 m see ~! have been observed each year in summer 
and winter with easterly components in spring and 
autumn Large nortleerly components occur in 
summer and smaller southerly components in winter 
There ıs a semi-diurnal periodic wind of about 20 
m sec -! which can usually be represented by & vector 
which rotates in a clockwise direction with constant 
amphtude every 24 hr Although large departures 
occur from this simple model, it provides good 
general confirmation of the resonance theory Measure- 
ments of the 24-hr and 8-hr periodic wind systems 
and also non-periodie (turbulent) components were 
also described and comparisons made with Australan 
data It ıs clear that with world-wide measurements 
of this type 16 will soon be possible to obtam a com- 
prehensrve picture of the atmospheric circulation at 
these levels The final paper, “Fluctuations m 
Tropical Stratosphere Winds", by R A Ebdon, 
described detailed analyses of winds and temperatures 
found by radio-sonde and rada: wind methods 
between about 15 and 25 km near the equator 
The winds were shown to have had a 26-months 
periodicity in east-west direction during the past 
ten years The north-south components are usually 
small This effect appears to be world-wide, greater 
at the higher levels and near the equator but observ- 
able up to 1,000—1,500 miles fromit When a change- 
over occurs, 15 starts at high levels and spreads down- 
wards At present there 1s no explanation for this 
phenomenon and there are dynamical difficulties 
in explaming how west winds can occur at all exten- 
sively 1n equatorial regions 

These three papers, which are bemg published 
in the Quarterly Journal of the Royal Meteor ological 
Society, provoked considerable discussion Recently, 
there has been increasing evidence that the humidity 
mixing ratio in the stratosphere may increase from 
about 2 x 10-9 to 4 x 10-5 between 15 and 30 km , and 
this 1s difficult to explain unless there 1s a large extra- 
terrestrial source of water vapour, but this seems 
unlikely Recent measurements by the Meteorological 
Research Flight have shown values at 15 km around 
2x 10-5 at all latitudes (although no measurements 
have yet been made at high latitudes in winter), so 
that vertical upwards moisture transfer, except 
perhaps by some penetrative convection, 1S ruled. out 
for most latitudes Other points needing clarification 
include the nature of the meridional transfer mech- 
anisms, that 1s, the respective roles of the mean and 
eddy components on all scales The next steps in 
the advance of our knowledge of the dynames of 
this region will be to take account of the angular 
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momentum as well as the energy balance, and to 
formulate criteria for the onset of dynamic instability 
(which depends on lapse-rates and wind shears and 
will therefore be different at different levels) Turbu- 
lent transfer wil be more mmportant in the lower 
stratosphere and the region between 50 and 80 km 
than in the stable region between about 25 and 50 km , 
but the circulation here will of course also have to fit 
in with that for the region above and below 1t 


Medium-scale Diffusion in the Atmosphere 


The second symposium was concerned with the 
propagation and spread of particles 1n the atmosphere 
up to distances of 100 miles or more from the source 
This subject ıs of very wide application (since ıt 
involves all forms of atmospheric pollution including 
dust, radioactive materials, condensation and freezing 
nuclei and spores), and the study of concentrations 
at different points down-wind in different meteoro- 
logical situations and their possible prediction 1s 
of great importance In the first paper, “Some 
Observed Properties of Medium-scale Diffusion in 
the Atmosphere", by F Pasquill, a series of exper- 
ments were described m which zine-cadmium sulphide, 
a fluorescent pigment, was used as a tracer to mvesti- 
gate the horizontal spread of particles both in the 
cross-wind and along-wind duections The particles 
were discharged either from a maintained point source 
on the ground and sampled at different heights down- 
wind, by an aircraft, or alternatively dispensed from 
an aircraft flymg across the wind (which could be 
regarded as @ contmuous line source) and sampled 
down-wind by instruments carried on the cable of a 
captive balloon In each case 16 was possible to count 
under a microscope by using ultra-violet light the 
number of particles caught in unit volume at the 
different locations, and to relate them in terms of 
bearmgs and spread of the plume of particles to 
measurements of the strength of the source and the 
winds and other meteorological parameters 

When. diffusion occurs over considerable distances 
and height-ranges the systematic wind shear with 
height affects the cross-wind and along-wind disper- 
sion of material spread out in depth, and this effect 
depends on the amount of vertical mixing (both 
mechanical and convective) The question arises 
as to whether at medium ranges the horizontal spread 
of the particles bears a consistent relation to the 
apparent horizontal field of turbulence, as 1t does in 
short-range diffusion, oi whether there 1s a contribu- 
tion which cannot be provided by this turbulence 
and 1s recognizably due to shear The analysis of the 
observations indicated that, when vertical mixing 
is present, the tendency for a cloud of particles to be 
sheared is strikmgly removed , but when vertical 
mixing ıs inhibited, distortion of the cloud takes place, 
yielding horizontal displacements which would be- 
come effective on the revival of the mixmg Due 
to this effect there 1s usually a diurnal cycle of vertical 
but not horizontal spread 

The details of intermediate cases require further 
examunation for a full quantitative understanding, 
although ıt ıs clear that turbulent spread, especially 
that due to the low-frequency components, always 
makes a large contribution apart from the shear 
There was also usually only a small variation with 
height of the direction and speed of travel gf the 
particles compared with that of the wind In some 
cases, however, the mean direction was several 
degrees backed from the direction of the mean wind in 
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the layer, and even from that of the surface wind, 
and was difficult to account for m terms of vertical 
momentum transfer 

Dr J M Hirst then presented a paper on “The 
Long-range Travel of Fungus Spores” Plant diseases 
such as potato bight and black rust of wheat can be 
transmitted hundreds of miles due to the diffusion 
of spores m the atmosphere, and an exammation 
of this mechanism ıs of considerable economic 
importance At the place of origin, the spore con- 
centration may be as much as l/ec and the con- 
centration in the vertical 1s controlled by turbulence 
and, atmospheric stability The decrease at inver- 
sions 18 usually rapid Furthermore, the presence 
of an immigrant as opposed to a locally produced 
spore can often be 1ecognized by its different vertical 
distribution The concentration of the former 
tends to increase with height over the first few 
thousand feet and then decrease above, an effect 
which appears to be due to dry deposition durmg 
its relatively long period of travel ‘The efficiency 
of raindrops as collectors of spores 1s high, so that 
spores are quickly removed from the atmosphere 
during ram Examples were shown of the measure- 
ment of the spread of spores of black rust of 
wheat from Europe to Britain The disease appears 
m early summer in southern Europe and slowly 
spreads northwards and is often observed in Britain 
by about August Samples obtamed over the English 
Channel using the aircraft of tho Meteorological 
Research Fhght durmg periods of southerly winds 
had produced vertical profiles of spore concentrations 
which illustrated their travel m the atmosphere 
from Europe, whereas on other occasions 1t had been 
demonstrated by back-trackmg ar trajectories 
that they were not present m air of Atlantic origin 
reaching samplers on the ground Work of this 
type 18 continuing, and further experiments are now 
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in hand to examme the diurnal vdriation of spore 
content at various heights and other characteristics 
of their diffusion m the atmosphere. 

The final paper, “Mechanisms of Atmospheric 
Diffusion”, by R S Scorer, was concerned with 
diffusion by turbulent eddies and by thermals In 
certain meteorological situations the latter are very 
important and may even be the dommant mechanism 
When diffusion of momentum occurs followmg any 
disturbance 1n the flow, there will be a loss of energy 
as the energy of shear 1s disorganized into smaller 
fluctuating motions, & process which may best be 
studied in terms of the vortex hnes in the flow 
(Scorer, R S, Natural Aerodynamnacs, Pergamon 
Press, London, 1958) Momentum, however, 1s not 
always transferred at the same rate as heat or material, 


Gg 
and in the case of thermals, K momentum = =. 
material 2 


where o is the fraction of the horizontal area 
occupied by the thermals and is usually 0 1-0 01 
Hence thermals are about 20 times more efficient at 
transferrmg material than® momentum, whereas 
in the case of mechanical stirrmg ther rates of 
transfer are more equal As a consequence, the wind 
shear can be retamed, and there can still be consider- 
able transfer of material when thermals are operating 
The ensuing discussion was principally concerned 
with the generation of thermals, which are mtermut- 
tent and frequently confined to preferred areas, 
the relative importance of form drag and viscous 
drag and the necessity of considering eddies in three 
rather than m two dimensions As regards the practi- 
cal aspects, ıt now appears that, observationally 
and empirically, at least the problem of determming 
the concentration of particles down-wind from a 
given source m given meteorological conditions is 
well understood and considerable progress has now 
been made, R J Mourcatroyp 


UNIVERSITY EDUCATION IN GHANA 


By Dk C T MORTIMER 
University College of North Staffordshire, Keele, Staffordshire 


ip report of the Commission on University 
Education m Ghana, and a statement by the 
Government on the report*, were published on 
July 5, 1961 Mr Kojo Botsio, a Minister of the 
Ghanaian Government, was the chairman of the 
Commission, which included American, British, 
Russian and Sierra-Leonean members The original 
terms of reference were “to advise on the future 
development of university education m Ghana, 
m connection with the proposal to transform the 
University College of Ghana, at Legon, and the 
Kumasi College of Technology into an independent 
University of Ghana” Afterwards, these terms were 
altered slightly, because the Government later 
proposed that the two institutions should be indepen- 
dent universities They are to be called the University 
of Ghana and the University of Science and Tech- 
nology, Kumasi 

In formulating their constitutional proposals 
for these two Universities, the Commussion was 
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* Report of the Commission on University Education Pp 43 4s 

Statement by the Government on the Report of the Commission on 

University Education WP No 5/61 Pp 7 6d (Accra, Ghana 

Ministry of Information, London Crown Agents for Overseas 
Governments and Administration, 1961 ) 


guided by two main principles These are that the 
Universities should be able to respond to the immed- 
1ate and future needs of the community, and that 
they should have the greatest possible autonomy 
in their organization, teaching and research The 
report deals first with the relationship between the 
Universities and the Government of Ghana The 
prevailing opmion was that new developments m 
higher education should be planned and financed 
at a national level by a single body, which would also 
co-ordinate and finance research programmes, both 
within and outside the Universities It was recom- 
mended that a National Council for Higher Education 
and Research be established Prof L A Bornholdt, 
of the University of Pennsylvania, did not support 
this recommendation “If such a body were to be 
created and were given full responsibility for planning 
research and for financing university education 
throughout Ghana, the Commission's recommenda- 
tions for the autonomy and freedom of mdividual 
institutions would become no more than pious hopes ”’ 
This mmority opmion suggested a division of respon- 
sibilities and the creation of three bodies in place of 
the National Council a Jomt Research Board, a 
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University Grants Committee, and a Research Grants 
Committee The Government has accepted the major- 
ity opmion and has created a National Council 

Although the Commission made no specific recom- 
mendation, the Government has appointed znterem 
University Councils, which have taken over the 
responsibilities of the College Councils until the 
governing bodies of the new Universities have been 
established The Government Statement notes that 
these «nierum Councils have been unable to offer 
appomtments to five members of the existing aca- 
demic staff The «nierwn vice-chancellors and the 
Secretary of the National Council will be asked 
to report on recommendations of the Commission 
and those of committees which have been appointed 
by the President of Ghana Some of the functions 
of these committees were (1) to prepare proposals 
for the constitution of the National Council , (2) to 
draft constitutions for the new Universities , (3) to 
consider the supply of students , (4) to consult with 
College authorities on syllabuses 

The Commission considered in some detail the 
type of university government which would best 
meet the needs of higher education ın Ghana For 
the composition of the University Councils, the 
Commission suggested the following the Chancellor, 
the Vice-Chancellor, and one member appointed by 
the Council of the sister University Of the remaming 
members, one-third should be nomunated by the 
Government, one-third by various educational bodies, 
and one-third should be selected by the University 
Senate from its membership Membership of the 
Senate would be broadly representative the head 
and two other teaching members of each Department, 
at least one of whom should be Ghanaian 

In its statement, the Government endorses the 
views of the Commission on the steps which should be 
taken to accelerate the Africanization of University 
staff, ın order that there will be a substantial majority 
of Ghanaians by 1967-70 ‘The report notes that, 
at present, of a total academic staff of 201 at Kumasi 
and Legon, only 35 are Ghanaians Ghanaians who 
are of professorial calibre, workimg in departments 
which already have professors, should be appointed 
either as additional full professors or as associate 
professors When professorships fall vacant m 
departments im which there is no Ghanaian 1mmed- 
1ately qualified for appomtment, distinguished scholars 
from other parts of the world might be brought 
in as visiting professors for periods of two or three 
years, while the departmental responsibilities would 
be entrusted to a Ghanaian lecturer The report 
stresses that efforts to increase the proportion of 
Ghanaians on the staffs of the two Universities should 
not involve the displacement of existing expatriate 
members of the staff In fact, the Government 
recognizes that the expansion of higher education 
wil make ıb necessary to continue, for some time to 
come, the recruitment of overseas personnel on short- 
term contracts 

The total ‘high-level man-power’ requirement 
during the period 1960-65 in administrative, manag- 
erial and professional employment and ın secondary 
school teachmg has been estimated at 7,000, or an 
average annual requirement of 1,400 To meet this 
there must be an increase, as rapidly as possible, 
in the flow of students mto the two Universities 
Under the present entrance regulations, possible 
student numbers are controlled by the number of 
those obtamung the General Certificate of Education 
with two subjects at advanced level This consequently 
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depends on the extent to which sixth-forms have 
been developed in the secondary schools On the 
basis of existmg sixth forms and plans for expansion 
of sixth-form work, 16 has been estimated that the 
student population of the Universities in 1964 would 
be about 1,400, representmg an annual output of 
some 450 graduates This estimate does not take nto 
account courses at Kumasi in such subjects as engin- 
eering, architecture and pharmacy, which can be 
entered at the ordinary level of the General Certificate 
of Education To ensure that the rate of development 
of university education 1s not so dependent on the 
rate at which sixth forms can be developed, ıt 
is proposed that there should be a special entry into 
the University of Ghana for students who have 
passed General Certificate of Education (ordmary 
level), but who lack the normal advanced-level 
qualifications, sumilar to the arrangement which 
already exists at Kumasi. By 1964 the estimated 
annual output of General Certificate of Education 
ordinary-level certificates will be about 1,800 

It has been agreed that the two Universities should 
remain predominantly residential, though making 
provision for a proportion of non-residential students 
To accommodate the increased student numbers 
at Legon, the Governmeni has authorized the building 
of a fifth hall of residence, to accommodate 320 
students At the same time plans are to be drawn up 
for the building of hostel-type annexes to the four 
existing Halls, which at present can accommodate 
about 700 students It has often been suggested 
that the system of hall membership has tended to 
inhibit the growth of student hfe and restrict students’ 
social activities To overcome these objections, 
and to cater for non-residential and part-time 
students, the Commission has proposed that centrally 
situated cafeterias, common rooms, gymnasia and 
other common facilities for staff and students should 
be built at both Universities 

With the ending of the ‘special relationship’ with 
the University of London, the time was considered 
opportune to review the structure of degree courses 
Many of the suggestions presented to the Commission 
on this matter would be met by an arrangement 
whereby all students in their first year would take 
one of a limited number of prescribed general courses 
Each of these courses would normally include three 
subjects Students could then proceed either to a 
two-year general degree course in two or three subjects 
or to a special degree course in one or two subjects, 
terminated by a final exammation In addition, 
all students at both Universities would take some 
courses in African studies | Since much of the re- 
organization of the structure of degiee courses has 
already been under consideration, 1t 1s hoped that 
students entering the University of Ghana ın October 
1961 would begin at once to work for the BA and 
BSc degrees of the new University 

In considermg the division of responsibilities for 
teaching and research between the existing Colleges 
at Legon and Kumasi there were three areas 1n which 
actual or potential overlapping existed—in engineer- 
ing, agriculture, and m work for general degrees 
The Commission recommended that engineering be 
concentrated at Kumasi, together with architecture, 
building technology, rural and urban planning, and 
pharmacy The four-year diploma course in agricul- 
ture at Kumasi should be strengthened, although 
the degree course in agriculture should be contined 
to Legon It ıs hoped that with the development of 
science laboratories at Kumasi, 1t might be possible 
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to start general degree courses In some combination 
of science and technology , metallurgy, wood tech- 
nology, agricultural engmeering and industrial chem- 
istry are cited as examples The Government accepts 
the Commiussion’s proposal for the establishment 
of an Institute of African Studies, based on the 
University of Ghana, but having some measure of 
autonomy ‘The future of the College of Business 
Management at Achimota remains uncertain, and 
the National Council will examme ways of associating 
the College and also the Ghana School of Law with 
the Universities The Commission welcomed the 
suggestion made by Prof Carl Iversen, vice-chancellor 
of the University of Copenhagen, that the Government 
of Denmark might be willing to associate itself with a 
scheme for establishing further residential adult 
colleges in the various regions of Ghana 
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In addition to the mam proposalethat the Colleges 
at Legon and Kumasi should become independent 
Universities, the Commission has recommended 
that a University College of Cape Coast be established 
This College would be in some relationship with the 
University of Ghana, though few of the details have 
been worked out 

As one phase of the development of higher educa- 
tion in Ghana ends and another begins, the Govern- 
ment has paid tribute to the encouragement and 
practical assistance given to the Colleges by the 
University of London, the Inter-University Council 
for Higher Education Overseas and the Council 
for Overseas Colleges of Arts, Science and Technology 
it records with satisfaction the high standards already 
achieved by the Colleges and its confidence ın their 
future as independent Universities 


OBITUARIES 


Dr Otto Maass, C B.E., F R.S. 


Dr Orro Maass, one of the most eminent of 
Canadian chemists, died in Montreal on July 3 
at the age of seventy As assistant to the President 
of the National Research Council durmg the war 
years, director of chemical warfare in the Department 
of National Defence and later as scientific adviser 
to the Chief of General Staff, he was well known to a 
multitude of colleagues m both the United Kingdom 
and the Umted States As general director of the 
Pulp and Paper Research Institute of Canada, he 
had a wide acquaimtance in the pulp and paper ın- 
dustry But he ıs best and most affectionately 
remembered by the many generations of graduate 
students who gained their first msight into the 
significance of physical chemistry and the meaning 
of chemical research under his stimulating guidance 

Otto Maass was born in New York City on July 8, 
1890, but went to Montreal with his parents at an 
early age He was educated m Montreal High 
School and McG:ll University, obtammg the BA 
degree in 1911 anc the M Se ın 1912 He was awarded 
an 1851 Exhibition scholarship and went to Berlin 
in 1913 to work in the laboratory of Prof Walther 
Nernst Trapped m Germany by the outbreak of 
war in the followmg year, he was able to escape 
across the border into Switzerland and thence 
return home His mterrupted studies were contmued 
at Harvard under the late Prof T W Richards 
He submitted a thesis and recerved the Ph D degree 
from Har. ard in 1919 

In 1917 he was appointed lecturer m physical 
chemistry at McGill In 1923 he became Macdonald 
professor of physical chemistry and, m 1937. char- 
man of the Department, appoimtments which he 
occupied until his retirement ın 1955 

From the very outset of his teaching career, he 
began to be surrounded by a rapidly expanding 
group of enthusiastic young graduate students eager 
to share m the development of his ideas One very 
early achievement was the preparation, for the first 
time, of pure hydrogen peroxide , and this gave rise 
to a whole series of publications reporting accurate 
measurements of its physical properties Another 
early investigation involved devising a simple and 
accurate method of measuring densities of condens- 
able gases This was ultimately refined to the point 
where reliable figures for the atomic weights of carbon 


and, sulphur were obtained from the molecular weights 
of carbon dioxide and sulphur dioxide Meanwhile, 
simular techniques had been applied to observe 
density changes on mixing two gaseous components 
and to detect reaction between two components in 
the vapour phase This led on to a comparison of re- 
action velocities below and above the critical tempera- 
ture which, m turn, gave rise to the prolonged series 
of mvestigations of critical phenomena which brought 
about a wholesale revision of ideas concerning the 
critical region 

As early as 1920, Maass became aware that very 
few reliable physical data were available on sulphur 
dioxide solutions such as were used in the manu- 
facture of sulphite pulp Work in this field was fol- 
lowed by a series of investigations of the factors 
mfluencıng the rate of penetration of sulphite solu- 
tions into wood chips In 1928 the Pulp and Paper 
Research Institute of Canada was founded, and by 
arrangement with the Graduate Faculty of McGull, 
Maass and his students were enabled to pursue 
further researches in the laboratories of the Institute 
He became its general director m 1940 and was 
instrumental m mitiatmg a variety of investigations 
of problems directly concerned wtth the war effort 

On his retirement ın 1955, Maass was appointed a 
principal research officer m the Division of Chemistry, 
National Research Council, and he spent the next 
three years in the laboratories of the Council in 
Ottawa Then he returned once more to McGill as 
8 research associate in the Chemistry Department 
Much of his time was spent in his laboratory m the 
Chemistry Building up to the day of his death 

Space does not permit even a bare enumeration 
of the degrees, medals, memberships of learned 
societies and other honours which came to him It 
would seem, in any event, superfluous to those who 
knew him His work was his hfe and brought with 
1b its own reward By his work he will be remembered 

J H MENNIE 


Prof R F Naylor 


RALPH FRancis NAYLOR, professor of chemistry 
m the Royal College, Nairobi, was killed m a motor 
accident at Mkushi m Northern Rhodesia on August 
6 In this tragic accident, at the regrettably early 
age of thirty-nine, one who has done much for 
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chemistry and for university education generally in 
East Africa was lost 

Boin m 1921 m London, Ralph Naylor was edu- 
cated at Emanuel School and at the Imperial College 
of Science and Technology, London, where he 
graduated B Se with honours in 1942 He then 
joined the British Rubber Products Research Associa- 
tion where he worked on olefinic reactivity and 
aliphatic sulphur compounds Some twelve publica- 
tions on this work resulted, moluding one in Nature, 
over the period 1943-1949 

In 1949 he went to Makerere College as a lecturer 
m organic chemistry and became a senior lecturer 
three years later In September 1953 he was given 
nine months leave of absence to work with Dr J H 
Hanks in the Department of Bacteriology and 
Immunology at Harvard, in which he was assisted by 
Smith-Mundt Research and Fulbright Travel Grants 
He returned to Makerere as acting head of the Chem- 
istry Department The head of Department, Prof 
Tenniswood, had. died shortly before, also m a motor 
accident He acted methis capacity for nearly two 
years Although one of the new chemistry buildings 
had just been completed, much of the design of the 
second building and the planning for future expansion, 
which he performed enthusiastically and ın masterly 
fashion, fell to him 

In spite of these imnereased responsibilities, Naylor 
continued his research on the chemotherapy of 
leprosy drugs He took much interest 1n leper colonies 
and villages throughout Uganda and neighbourmg 
territories He was on the Board of Governors of the 
Kumi Leprosy Settlement, which he visited regularly 
Having decided that a radiochemical approach to 
this problem was likely to be fruitful he spent most 
of one long vacation at Harwell learning tracer 
techniques, so that he might design and equip a 
radiochemical laboratory in the Chemistry Depart- 
ment at Makerere He read a paper on his work at 
the seventh International Congress on Leprosy m 
Tokyo m 1958 

The East Africa Section of the Royal Institute of 
Chemistry held its first annual general meeting early 
m 1956 Ralph Naylor was one of those responsible 
for its foundation He became the Section’s first 
secretary, and up to the time of his death he never 
relaxed in arranging, organizing and reporting 
meetings, visits, excursions and exhibitions East 
African, chemists owe him a particular debt m this 
connexion 

At Makerere he always took an active personal 
interest in students and student affairs, particularly 
in his own tutorial group He was for a time a resident 
tutor, and later deputy warden of Mitchell Hall, 
one of the student halls of residence He was much 
sought after as a lucid lecturer, an enthusiastic 
committee member and an impartial chairman 
Ralph Naylor was a man of deep religious conviction 
He was the founder leader of a Boys’ Crusader Bible 
Class in Kampala, and also for some years secretary 
of the Uganda auxiliary of the British and Foreign 
Bible Society 

His interest 1n open-air activities was shown by his 
love of travel and mountain climbing He was for a 
time president of the Uganda Mountam Club, and 
had made ascents of several of the difficult Ruwen- 
zori peaks as well as other mountains m East Africa 
He was also a trustee of the East Africa Outward 
Bound organization, which has its headquarters at 
Loitokitok at the base of Kilimanjaro, and carries 
out its activities on that mountain He had also been 
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president of the Uganda Amateur Athletic Associa- 
tion at the time when Uganda was begmning to play 
a part ın international athletics Photography was 
one of his hobbies 

In 1955 he married Miss Dilys Rees She was 
slightly 1njured in the accident through which he died, 
and their son Paul, aged four, rather more seriously 

In January 1961 he took up duty as first professor 
of chemistry at the Royal College, Nairobi, and in his 
short time there he was also dean of the Faculty of 
Science, and worked enthusiastically on the planning 
of the new chemistry building It ıs sad that he will 
not now see the building through to final completion 
and occupation 

It will thus be clear that Ralph Naylor was charac- 
terized by the energy which he put into so many 
diverse activities, and the thoroughness with which 
he carried them out He took a pride in meticulous 
planning down to the finest detail and his plans 
nearly always succeeded His loss will be felt by his 
many friends and by all who have an imterest in 
scientific education and development ın East Africa 

MALCOLM CRAWFORD 


Sir Arthur Olver, CB, C M.G. 


Wirs the death on August 15 of Sir Arthur Olver 
at the age of eighty-six, the vetermary profession 
has lost one of 1ts most eminent authorities on 
livestock development The son of a successful 
Cornish livestock breeder, he was early introduced 
to the exactions of animal husbandry After studying 
in. London and becommg a member of the Royal 
College of Veterinary Surgeons, of which he later 
became a Fellow, he was commissioned in the Army 
Vetermary Department some months before the 
outbreak of the South African War 

He saw active service with the cavalry, and later, 
as senior veterinary officer, Natal, first showed his 
flair for administration. 

In 1904 he obtaimed permission to work, under 
Theiler at his Daspoort laboratory when that authority 
was so successfully competing with the prevalent 
epizooties, as well as demonstrating with exactness 
connexions between nutrition and disease In 1906, 
while still a captain, he was appomted principal 
vetermary officer, Egyptian Army and the Sudan 
Cıvıl Service In his first year he stamped out rinder- 
pest ın the Nile Valley. organized the Sudan Veter1- 
nary Service and enabled the cattle trade between 
Central Africa, the Sudan and Egypt to be reorganized 
on. a satisfactory basis, for which he was awarded the 
Order of Osmanieh, 4th class. 

He then was appointed assistant director general, 
Army Veterinary Service, at the War Office For the 
greater part of the First World War he served at 
headquarters of the British Expeditionary Force and 
besides bemg mentioned in dispatches four times 
was madea CMG In 1917 he was sent to re-organize 
the veterinary arrangements of the Remount Com- 
mission in the United States and Canada, where 
equine infectious diseases were causing havoc 
Once again his efforts were successful and he was 
made a C B 

In 1930, when a colonel, he retired from the Army 
to become animal husbandry commissioner with the 
Government of India, an appomtment which had been 
created on the recommendation of the RoyaleCom- 
mission to mvestizate the state of agriculture m 
India During his eight years in that office he brought 
under centralized supervision all aspects of official 
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livestock research and development throughout 
the subeontinent, drafted an all-India Act for the 
Control of Contagious Diseases of Animals, defined 
and published a description of most of the important 
breeds of cattle m India and organized the All-India 
Cattle Show Society as well as origmating research 
and promoting veterinary education He was knighted 
1n 1937 

He left India in 1938 to become principal of 
the Royal (Dick) Vetermary College m Edinburgh, 
which he admunistered through the difficult war 
years that followed He retuned from Edmburgh and 
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public life ın 1946 to farm with thé enthusiasm and 
zest with which he had pursued all his undertakings 

He had many outside interests, but he excelled 
at, and derived most pleasure from, field sports 
Since an illness some five years ago lessened his 
physical activity he took up painting with the 
smgle-minded concentration so characteristic of 
him Two of his paintings were accepted by the 
Royal Academy, and he was gieatly amused that a 
critic predicted a promising career foi the artist 

He 1s survived by a widow and one son 

G WILLIAMSON 
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The Royal Radar Establishment 
Mr W J Richards, CB, CBE 


Mr W J RxoHamps resigned from the post of 
director of the Royal Radar Establishment in July 
in order to become first director of the new Staff 
College for Further Education recently established 
by the Mmustry of Education (Natwe, 190, 308, 
1961) He jomed the Scientific Civil Service m 1925, 
and was attached to the Royal Acraft Establish- 
ment, Farnborough, where most of his active research 
work was carried out, his main interest being m the 
development of instruments for use m aircraft He 
was appomted head of the Instrument Department 
in 1936 After a penod at Ministry of Aureraft 
Production Headquarters in London, Mi Richards 
succeeded Dr W B Lewis in 1946 as chief super- 
intendent of the Telecommunications Research 
Establishment, Malvern, and when this was amalgam- 
ated with the Radar Research and Development 
Establishment ın 1953 (Nature, 172, 277, 1953) he 
was made director of the combined establishment 
now known as the Royal ‘Radar Establishment 
Under his directorship the amalgamation was achieved. 

m a happy and efficient manner and the Royal Radar 
Establishment became a central research establish- 
ment for electronics serving both the Royal Air 
Force and the Army It has played a notable part 
in the expansion of Britain’s defence system, and, 
m particular, has made significant contributions to 
the electronic aspects of guided weapons, to the 
electronic equipment of the V-bomber force and to 
the modernized early-warning radar The Estabhsh- 
ment has achieved an international reputation for 
fundamental physics research, particularly in the 
physics of solids, and has pioneered ın the develop- 
ment of many new radio techniques now commonly 
used inindustry One of Mr Richards’s main interests 
has been in education, and training of new staff 
members It was largely due to his initiative that the 
Malvern College of Electronics was founded, 1n associa- 
tion with the Royal Radar Establishment His new 
post will give him further scope for the development 
of these interests 


Dr G G Macfarlane 


Dr MACFARLANE, at present deputy director of 
the National Physical Laboratory, has been appointed 
to succeed Mr Richards as director of the Royal 
Rad&r Establishment Dr Macfarlane, who ıs 
forty-five, graduated with first-class honours in 
electrical engineering at the University of Glasgow in 
1937, and went on to do two years postgraduate 


- 


reseaich at Dresden, wheie he obtained the degree of 
Dr Ing m 1939 He joined the Telecommunications 
Research Estabhshment (now the Royal Radar 
Establishment) m 1939  Tifroughout the War years 
he concentrated on mathematical problems in rada: 
and microwave physics In 1945 he became head of 
the Mathematical Group and a year later took charge 
of the Theoretical Physics Division In 1953, Dr 
Macfarlane began individual research work on sem1- 
conductors in the Physics Department at the Royal 
Radar Establishment In a series of fundamental 
studies of the optical properties of germanium and 
stucon he and his group obtained and explamed 
detailed fine structure in the absorption spectra of 


“germanium and silicon over a wide temperature- 


range They demonstrated the occurrence of excitons 
and phonon-assisted indirect transitions in the 
absorption edge spectra of these semiconductors He 
continued this work until early 1960 when he became 
deputy director at the National Physical Laboratory 
with special responsibilities for relations between the 
Laboratory and industry Dr Macfarlane will take 
up his new appointment at Malvern in March 1962 


Chemistry in the University College of Sussex: 
Prof C Eaborn 


Dr C EABORN has been appointed professor of 
chemistry in the new University College of Sussex He 
is best known for his publications on the chemistry of 
organosilicon compounds, including a book of which 
Prof H J Emeléus recently wrote, “The outstanding 
impression on reading this book is that, for the first 
time, order has been introduced into the widely 
scattered literature" His major research contribu- 
tions have involved mechanistic studies of reactions 
of silicon—hydrogen and silicon—carbon bonds, par- 
ticularly cleavages of aryl-silicon bonds He has 
shown that these cleavages are usually electrophilic 
aromatic substitutions, and with his co-workers has 
accumulated a large body of mformation on effects 
of substituents on the ease of such substitutions, has 
extended the study to mclude the reactions of aryl- 
gelmanium, —tin, and -lead bonds, and he has shown 
that these cleavages are useful in synthesis, for 
example, they can be used to attach a nitro- or 
sulpho-group at a specified position of an aromatic 
compound Recently, Dr Eaborn and his co-workers, 
using a simple method they devised for counting 
tritium, have carried out detailed studies of the rates 
of acid-catalysed aromatic hydrogen-exchange re- 
actions, and the results, combmed with those from 
the aryl-metal cleavages mentioned here, have been 
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used to test and modify concepts of electrophilic 
substitution based in the past on more familar 
reactions such as nitration Incidental observations 
mn the course of Dr Eaborn’s work which attracted 
considerable attention were the first isolation of an 
optically active organosilicon compound having a 
silicon as its single asymmetric centre, and his 
detection of the mesomorphism of di-isobutylsilane 
diol, which does not fall into any one of the three 
classes previously thought adequate for classification 
of hquid crystals 

Dr Eaborn’s researches involve at present, m addı- 
tion to extensions of the work mentioned here, a 
general study of mechanisms of reactions of organo- 
metallic compounds, meluding the effects of high- 
energy radiation on such compounds, and investiga- 
tion of the reactivity of fluorene derivatives Dr 
Eaborn ıs a graduate of the University of Wales, of 
which he holds the D Se degree He was appointed 
an assistant lecturer m the (then) University College 
of Leicester 1n 1947, promoted lecturer in 1950, and in 
1954 was given the title®of reader ın physical-organic 
chemistry m recognition of his distinguished work in 
that field He has recently been awarded a Robert A 
Welch visiting scholarship at the Rice University in 
Texas, which he expects to take up early m 1962 


The Falkland Islands Dependencies Survey 


THe RRS Shackleton left Southampton on 
October 3 for the Falkland Islands Dependencies 
Survey, 1961-62, taking twenty scientists and tech- 
nicians of the Survey and two meteorologists for 
South Georgia The RRS Shackleton has been 
extensively used since it was taken over by the 
Survey ın 1955 Earlier this year. usmg the Shackleton, 
the Survey was able to collect geological specimens 
from the Clerke Rocks and to make landings on 
Visokoi Island (South Sandwich Group), Leskov 
Island and Vindication Island Durmg the same 
voyage, a magnetic survey of the Scotia Are (the 
submarine mountain range running from South 
Georgia through the South Sandwich Group and the 
South Orkneys to the South Shetlands) was carried 
out Mr Cameron and Mr Kennett, who were 
responsible for this survey, hope to take seaborne 
seismic soundings this season in the same area, 
extending them magnetic study of the rocks below 
the ocean floor, with the view of tracing the course 
of the Arc and 1ts connexion with the Andean moun- 
tams of South America Also arranged for the 
RES Shackleton 1s a series of regular observations 
to check the secular change ın the Earth's magnetic 
field, this investigation 1s bemg made at the request 
of Prof Takes: Nagata, Tokyo University, on behalf 
of the International Union of Geodesy and Geo- 
physics 

The purpose of the Falkland Islands Dependencies 
Survey, the director of which 1s Sir Vivian Fuchs, 1s 
to carry out scientific research m the Antarctic, 
under the administrative control of the Governor 
of the Falkland Islands For nearly seventeen 
years ıt has maimtaimed permanent bases on the 
mainland of Graham Land and on nearby islands 
At these bases between ninety and one hundred 
scientists and technicians spend periods of up to 
two years carrying out a systematic series of 1nves- 
tigations which, so far, have been producing valuable 
information about the weather and structure of 
the south polar continent In addition, numerous 
investigations are bemg made im the fields of geo- 
physics and human physiology ın Antarctic con- 
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ditions Each Antarctic summer (November-March) 
the sea ice clears sufficiently for specially strengthened 
ships, such as the RRS Shackleton, to make voyages 
to these bases with rehef staff and stores 


Russian Space Research 


RECENT cosmic flights in the USS R found their 
reflexion 1n the popular scientific journal, Priroda, 
for 1961 Thus, N M Sisakyan (1, 7) discusses 
the biological factors, while space-time problems 
are discussed by D A Frank-Kamenetsky (1, 16) 
and by A S Kompaneets (5, 17); V G Kurt (2, 
23) discusses the upper atmosphere and the inter- 
planetary space V D Davydov (3, 3) concerns 
himself with the Earth-Venus flight, and finally in 
No 5 (May) of Priroda there 1s a number of articles 
dealing with the flight of Y A Gagarm on April 12 
(pp 3, 5, 6, 8, 14, 16) The space ship which circum- 
navigated the Moon on October 7, 1959, automatically 
photographed the other side of the Moon, and an 
account of these photographs and of the map con- 
structed of the other side of the Moon are given by 
Y N Lipsky (Pruoda, 1, 35, 1961), a map on the 
scale of 1 10,000,000 1s appended 


Atomic Energy and its Applications 


Atoomenergie en haar Toepassingen (Atomic Energy 
and its Applications), the scientific and technical 
periodical published. under the auspices of The Nether- 
lands Reactor Centre (Reactor Centrum Nederland), 
normally contains articles ın Dutch deahng with 
various aspects of nuclear energy, but the June issue 
(3, No 6), which 1s devoted entirely to the activities 
and achievements of the nuclear industry imm The 
Netherlands, ıs printed. m English for the benefit of a 
wider public The introductory article, which 1s 
written by Prof M Bogaardt, adviser to the Centre, 
gives a general picture of the mdustrial activity m 
the nuclear field in The Netherlands, and 1s followed. 
by & brief illustrated description of the Centre and a 
number of short articles contributed by leadmg Dutch 
firms The comprehensive buyers’ guide of nuclear 
and alhed products, materials and services—the 
first of 1ts kind—which concludes the issue, has been 
compiled from answers received to a questionnaire 
circulated among a large number of Dutch firms which 
are actively engaged m the nuclear field The guide 
consists of two sections, the first bemg an alpha- 
betically arranged classified lst of products with 
the names of the respective manufacturers, and the 
second an alphabetical mdex of firms and their 
addresses with brief details of their chief products 


Society for Folk-Life Studies 


A vERY successful conference to maugurate the 
Society for Folk-Life Studies was held at University 
College, London, durmg September 6-8, 1961 More 
than eighty people from many parts of Great Britain 
and Ireland attended and, at a general meetmg held 
on September 8, the Society was formally established 
The followmg officers were elected President, 
Dr Iorwerth C  Peate (Welsh Folk Museum), 
Vice-President, Mi Andrew Jewell (University of 
Reading), Secretary, Mr J Geraimt Jenkins (Welsh 
Folk Museum), Treasurer, Mr Stewart F Sanderson 
(University of Leeds) The followmg members were 
elected to serve on the Council Mr Frank Athmnson 
(Barnard Castle, Durham), Mr G Ewart Evans 
(Ipswich), Mr A T Lucas (National Museum of 
Ireland), Mr B R S Megaw (University of Edin- 
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burgh), Mr C S Mundy (University of London), 
Dr Melville Richards (University of Liverpool), 
Mr G B Thompson (Ulster Folk Museum), Mr 
D M Wilson (British Museum) 

Membership 18 open to all individuals and institu- 
tions interested in the study of the traditional patterns 
of lıfe both ın rural and urban communities Although 
various bodies such as the Folklore Society, the 
British Agricultural History Society and several 
other societies are each interested m particular 
aspects of folk-hfe and social history, this new Society 
to cover the complete field fulfils a long-felt need 
It can serve as a focus for the activities of those 
individuals, amateur and professional alike, who 
take an interest ın their native culture In addition 
to holding an annual conference at various centres 
in Great Britain and Ireland in turn, the Society will 
also publish its own journal Further information can 
be obtamed from the Secretary, c/o Welsh Folk 
Museum, St Fagans, Cardiff 


The Mankind Quarterly 


A RECENTLY published new journal seems to be 
devoted to the promotion of the idea of the basic 
significance of the biological endowment of human 
races in determinmg psychological and cultural 
characteristics (The Mankwd Quarterly An Inter- 
national Journal dealing with Race and Inheritance 
n the Frelds of Ethnology Ethno- and Human Genetics 
Ethno-Psychology Racal History Demography and 
Anthropo-Geography Vol 1, No 4, April 1961, 
Vol 2, No 1, July-September 1961 Edinburgh 
6s each) It presents some descriptive articles, 
for example, on the Kurumbas and Todas of the 
Nigri Hills of South India (by Ruggles Gates) and 
on Bantu facial conformation (by J D J Hofmeyr 
and H MHiutzeroth), and some cautiously analytical 
ones, for example, on “the cultural hypothesis” of 
mental types (by Gutorm Gjessmg) But most of the 
contributions argue strongly that there is a close 
relation between innate physical and mental racial 
characteristics In various contexts i6 ıs stated: 
that there 1s a genetic predilection for certain cultural 
forms, that there 1s a significant correlation between 
the occurrence m ancient times of “the Aryan speech” 
and the peoples of largely Nordic stram that within 
any society an intellectually élte group tends to 
maintam its genetic superiority through selective 
mating The “equalitarian dogma" of Negro apti- 
tudes—as ilustrated by Gunnar Myrdal’s work—is 
attacked, and ıb 1s imphed that social segregation of 
the Negro in the United States would be a proper 
course The material im this journal 1s of very 
uneven quality and ıt ıs unreliable as a guide for 
students 


The South Australian Museum 


Museums in many places are, at the present time, 
undertaking extensive re-organization schemes The 
report of the Board of the South Australian Museum 
for 1959-60 1s yet another example of this world-wide 
movement, and 1t ıs only labour and finance which 
dictate the speed of these transformations (Pp 16 
Adelaide Government Printer, 1961) The activities 
of the Museum include television broadeasts, a dis- 
play of Australian wild flowers at the Adelaide 
Festal of Arts and an extensive programme of field 
work both in archeology and natural history A 
rather unusual feature is the formation of an under- 
water research, group, the members of which have 
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collected marine mvertebrates and have been especi- 
ally successful in stupefymg fish by means of the 
distribution of rotenone imn the wreckage of a ship 
lying ın 50 ft of water The fish are collected ın nets 
by the aqualung divers Members were fortunate m 
being able to observe and capture two specimens of 
the rare leafy sea-dragon, Phycodurus eques 


Neurology of Language 


In a wide-ranging review of the neurology of 
language, Sir Russell Bram shows how difficult 16 is 
to infer from cases of aphasia the physiological 
organizations underlying speech (Brain, 84, Part 2, 
1961) He also shows the madequacy of purely 
psychological classifications of aphasia and of the 
attempt to correlate disturbances which can be 
classified psychologically with lesions m particular 
situations The physiological organizations on which 
speech depends are of great complexity, extending 
over considerable areas of the bram, and are organized 
in time as well asin space hese serve psychological 
functions, but the breakdown of a physiological 
schema does not necessarily, or indeed usually, dıs- 
turb speech in a way that corresponds to a smgle type 
of psychological defect Moreover, the anatomical 
organization of the schemas means that only rarely 
will a single type of schema be disturbed in isolation 
from others What the clinician calls aphasia 1s 
almost always the product of a mrxture of physio- 
logical disturbances resulting 1n a complex medley of 
psychological disabilities For the present, the 
classification of the aphasias must be largely em- 
pirical The task for the future is to use all the 
available modern methods of psychological testmg, 
linguistics, phonetics and communication theory, to 
correlate psychological with physiological functions 
Already the directions in which progress is likely to 
be made can be seen From a number of investiga- 
tions 1t 1s hoped to arrive at an analysis of speech 
disturbances at both the psychological and physio- 
logical levels, and of their mterrelationships, which 
will provide a scientific basis for the recognition of 
the type of disorder of function present ın each 
individual aphasic patient 


Immunization against Disease 


THE subject for discussion at the Thirteenth World 
Health Assembly m 1960 was “The Role of Immuniza- 
tion in Communicable Disease Control" A recently 
published, volume contains the introductory address 
of the chairman, Prof Zhdanov of Moscow, 
papers on the background of immunization, by Prof 
Cruickshank of Edmburgh, and the efficiency of 
immunization procedures used in public health 
practice by Prof Edsall of Harvard, there is also a 
paper on compulsory or voluntary vaccmation, by 
Dr J de Moerloose of the World Health Organiza- 
tion, and finally, the report of the technical 
discussion (The Role of Immunzation n Com- 
mumoeable Disease Control Various authors World 
Health Organization Public Health Papers No 8, 
1961 Pp 118 Price 6s 8d Also published in French 
Available through HMSO) There are nowadays 
so many vaccines and mmunization schedules that 
the average practitioner 1s understandably bewildered 
and uncertain which to use and when This small 
volume contains authoritative and up-to-date views 
on the value of the various vaccines, and the pros 
and cons of immunization as well as the most suitable 
times for vaccination 
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Producing Transplantable Human Tissues in the 
Laboratory 


THE July issue of Descovery contains an article by 
Dr D Petrucci, Medical Biological Studios, Bologna, 
entitled ‘Producing Transplantable Human Tissue 1n 
the Laboratory" The article resulted from Dr 
Petrucci’s original work on building tissues which, in 
contrast to adult tissues, would be transplantable 
and acceptable by adult organisms ‘The idea was 
that the chances of a glandular transplant surviving 
would be improved if the gland were obtained from 
an embryo that 1s first cultivated outside the maternal 
body The technique was to fertilize the ovum 
between two chamois disks, in what Dr Petrucci 
calls his ‘‘biological cradle?” — Various ‘cradles’ have 
been used in which the developing zygote and embryo 
could be photographed contmuously The article 1s 
extensively illustrated, and the 48 illustrations show 
the fertilization and development of the embryo 
covering a period of 58 days of growth from fertiliza- 
tion, they also demonsérate the ‘cradle’ In a field 
80 sparse in workers, who themselves tend to be 
highly sceptical of all and everybody's work in that 
field, ıt 18 a pleasant relief to find a general article. 
The illustrations will be of great use to science 
teachers 


Geology and Ceramics 


To mark the occasion of the Seventh International 
Ceramic Congress, held m London durmg May 1960, 
a special exhibition of rocks and minerals used by the 
British ceramic industry was shown at the Geological 
Museum in South Kensington A _ booklet ‘(Geology 
and Ceramws Pp u+28 London HMSO,, 
1961 3s 6d net), prepared by Dr P J Adams, was 
issued to give a brief account of the rocks and 
minerals used 1n the industry, describing their nature 
and geological occurrence The many ways in which 
the raw materials ae used by the ceramist, potter 
and engineer are also described The booklet 1s well 
illustrated and the subject-matter 1s dealt with under 
the headings of pottery and whitewars, structural 
clay products and refractories and technical ceramics 


Announcements 


Tre first award of the Herbert E Gregory Medal 
for distmguished service to science in the Pacrfic, 
established by the Trustees of the Bernice P Bishop 
Museum, Honolulu, Hawau, in memory of Prof 
Herbert E Gregory, director of Bishop Museum 
during 1919-36 and Silluman professor of geology in 
Yale Universiby, was recently made at the tenth 
Pacific Science Congress to A P Ellin, emeritus 
professor of anthropology at the University of Sydney 
Prof Elkm is distinguished by his contribution to 
anthropological research in Australia and Melanesia 
and by his active role ın the development of institu- 
tions supporting Pacific research 


Pror SEYMOUR S Kery, professor of psychiatry, 
Johns Hopkins University, has been awarded the 
Alvarenga Prize by the College of Physicians of 
Philadelphia for his work on cerebral blood flow and 
the effect of drugs on the central nervous system 


OSCAR A QUIHILLALT, of Argentina, has been 
elected president of the International Atomic Energy 
Agency at its recent meeting m Vienna 

Dr J W Menver has been appointed director of 
the Tube Investments Research Laboratory at 
Hinxton Hall, near Cambridge The Laboratory 
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carries out fundamental research ın metal physics and 
physical metallurgy | Durmg seven years at Hinxton, 
Dr Menter has directed research teams studying the 
microstructure of metals and has promoted notable 
advances ın the techniques of electron microscopy and 
X-ray microanalysis 


Mr J CO HANBURY, chairman of Allen and Han- 
burys, Ltd , has been elected chairman of the British 
Pharmaceutical Conference for 1961-62 Mr Han- 
bury took the Natural Science Tripos at Cambridge 
and later obtained the degree of bachelor of pharmacy 
of the University of London He has spent the whole 
of his working life with Allen and Hanburys, Ltd 


Dre W J Bares, lecturer m physics at the Univer- 
sity of Bristol, has been appointed chief engineer at 
R and J Beck, Ltd Dr Bates will lead Beck’s 
design team at the Lister Works, Dickenson Street, 
London, NW 5 Later he and his team will move 
on to the Company’s new factory at Watford when 
it 1s completed 


Tue Basic Science Section of the British Ceramic 
Society 1s holding a meeting on “‘Ceramics in Nuclear 
Science” at the Atomic Energy Research Establish- 
ment, Harwell, durmg November 28-30 Further 
informazion can be obtained from Dr J P Roberts 
(honorary section secretary), Houldsworth School of 
Appled Science, University, Leeds, 2 


THE Institute of Biology 1s organizing a symposium 
on. “The Better Use of the World's Fauna for Food", 
which will be held in the Lecture Hall, Royal Geo- 
graphical Society, Kensington Gore, London, S W 7, 
during October 27-28 Attendance at the symposium 
is open, and further mformation can be obtamed from 
the Institute of Biology, 41 Queen’s Gate, London, 
SW 7 


A SHORT course on ‘Chemical Applications of Dif- 
fraction Methods" 1s bemg organized by the Depart- 
ment of Chemical Technology, Bradford Institute of 
Technology, and will be held at the Institute during 
November 24-25 The fee for the course 1s 45s , and 
further information can be obtained from the 
Registrar, Institute of Technology, Bradford, 7 


THE autumn meeting of the Parasitology Group of 
the Institute of Biology 1s to be held at the National 
Institute for Medical Research, Mill Hill, London, 
NW 7. on November 10 , The meeting will be 
devoted to a series of papers under the general title 
of “Parasites of World Importance" Further 
information can be obtamed from the acting secretary 
of the Group, L P Joyner, Central Vetermary 
Laboratory, Mumstry of Agriculture, Fisheries and 
Food, New Haw, Weybridge, Surrey 


Tar South London Branch of the British Institute 
of Management 1s organizing a second conference on 
the preparation and use of case studies This is to 
be held at the British European Airways Staff 
College, Hast Burnham, Slough, Bucks, during 
October 13-15 Inquiries should be addressed to Mr 
B E Baldrey, Conference Secretary, Palmer’s Tiavel- 
ling Cradle and Scaffold, Ltd, 3 Woodside Green, 
London, S E 25 


E»ratum In the article entitled “A New Test 
for detecting Anaphylactic Sensitivity the Basophil 
Reaction", appearmg on p 1056 of the Septenfber 9 
issue of Nature, the fixative solution consisted of 
ethyl alcohol 6 ml , chloroform 2 ml, and acetic acid 
2ml The solution did not contain acetone as stated 


la 324 tc 
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UNIVERSAL LANGUAGE FOR COMPUTING MACHINES 


HE traditional pattern of Section A* (Mathe- 
matics) meetings at the British Association, 
consisting of a division into pure and applied mathe- 
matical sessions, was this year preserved with a 
difference 
On September 1 at Norwich the ‘pure’ session 
opened with a paper by Prof R L Goodstem having 
the title “Truth Tables’? — Starüng with a simple 
account of formal mathematical logic Prof Goodstein 
showed how the apparently ‘basic’ operations and, 
or, not, etc , could successively be reduced to a single 
pair and, eventually, to the single ‘Sheffer stroke’ 
function The talk was a model of systematic presen- 
tation and took the audience from the elements 
to up-to-date 1esearch im the field of multi-valued 
logics 
In the discussion which followed 16 was made clear 
that this very ‘pure’ subject had considerable practical 
application, particularly as the Sheffer function gives 
a means for constructing the most complex digital 
computer from a single type of building block 
The second paper, by Prof P J Hulton, was 
concerned with group theory and showed how the 
basie ideas of elementary arithmetic might better be 
taught via this fundamental discipline than by the 
present rote-learning methods 
To conclude this session, a paper by Dr P F Scott 
described the characteristics of the various kinds of 
radio telescope After showing that any large morease 
in size over the instrument at Jodrell Bank was 
impossible, he went on to show that, by using rela- 
tively small movable aerials of simple geometry, 
and by making the rotation of the Earth act asa 
scanning mechanism the effect of receiver areas of 
several acres could be simulated The catch was, 
that to obtain a picture of the heavens of the type 
used by astronomers, ıt was necessary to use a 
digital computer to process the 250,000 or so observa- 
tions Thus the first session ended with a distmet 
flavour of computers 
Qn September 5, there was a symposium on artificial 
computer languages Mr P V Ells, of International 
Computers and Tabulators, Ltd , opened the meeting 
by explammg how, in the early computers, a 
programme was set into the machine almost by the 
individual operation of switches which controlled the 
electronic elements He pomted out that an operation 
which took only a few human words to mention might 
take as many thousards of the code symbols under- 
standable by a computer From this basis he ex- 
plained how the notion of a human/machme language 
for communication arose and described the early 
attempts at formulating such systems for both 
mathematical and busmess use These were, he 
said, now tending to merge, but difficulties existed 
because, while the language of mathematics was 
relatively precise, that of commerce was not. so 
that the same words might mean quite different 
things to different people 
Ta show the three stages of mterpretation which 
are involved, the example of developmg a simple 
statement lıke ‘We wish to take Smith's pay and 
compute the income tax", into a detailed procedure 
expressed in Words and appropriate mathematical 


symbols and thence mto a detailed machine coding, 
was analysed After rejecting the simple solution 
that accountants and busimess men should learn 
mathematics—“because they will not’’—current 
progress in the development of a commercial lan- 
guage ‘Cobol’ was deseribed The value of such a 
language, 1f accepted, was shown by the fact that, 
over the life of a machine, the cost of programming 
was about 14 times that of the machine itself 

The theme of commercial compute: languages 
was then taken up by Mr R M Paine, of the Corpora- 
tion for Economic and Industrial Research After 
explaining that about 6,000 electronic computers of 
various sizes were now in operation, he went on to 
remark that a computer code such as 


60 6 31 
25 72 5 34 
400 4 17 

etc 


would be difficult to explam to people unfamuliar 
with the particular machine concerned—and possibly 
even to those who were On the other hand, a state- 
ment im ‘Cobol’ d 


Overtune 
If month-number 1s not equal to 3, 
go to print 
If overtime rate 1s equal to 0, 
mulüply salary by 0 015 giving overtime, 
otherwise multiply salary by overtime 
rate giving overtime, 
go to print, 


could be understood by all 

‘Cobol? was a begmnmg of an agreed language 
and was accepted by the produceis of some 90 per 
cent of the world’s output of computers Some other 
attempts at artificial languages such as the Ferranti 
‘Nebula’, were mentioned and the paper ended with 
an account of a modern development whereby 
computers could directly understand selected words 
of ordinary language presented to them 

The scientific side of computer language was then 
taken up by Mr C Strachey, who suggested that 
programming was now emerging from its adolescent 
phase in which an intimate knowledge of the machine, 
ad hoc tricks, and infinite patience on the part of 
the programmer were of supreme importance He 
suggested that the two ‘new techniques of greatest 
future promise were a function language, and the 
replacement of the idea of linear sequences of mstruc- 
tions by branched chains m which no attempt was 
made to maintain natural order, but m which each 
constituent gave explicit reference to 1ts successors 
Having dismissed these topics Mr Strachey then 
developed an attack on British computer designers 
and research workers 1n the universities and elsewhere 
The burden of his discontent was that, whereas the 
American approach was to use a machine of any 
cost, however high, to save human effort, the 
British machines required the use of human genius 
to help the machine He ended by claimmg that this 
trouble was caused by the absence of very large 
random access stores on the British machines 

The last of the formal papers was read by Mr R G 
Goodman, of the Brighton College of Technology 
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The basic structure of the mathematical ‘language’ 
‘Algol’ was explained and developed to the state in 
which a complete problem was coded for illus- 
tration 

The discussion was opened by Dr A. D Booth, of 
Birkbeck College, London, who, after commenting 
on the implication of Mr Elhs's figure of 1$ for 
programming/machine cost, pomted out that Mr 
Strachey’s strictures were, to a large extent, unjust 
The ideas of function languages were well known m 
Great Britain and much work has been done ın them 
The branched chain technique had been m use at 
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Birkbeck College for at least three years and was 
described in several papers so that a claim that 
“no one m Britain had experience of 1t” was patently 
false So far as lack of large, random-access, stores 
on British machmes was concerned, Dr Booth 
maintamed that far from bemg due to lack of imagin- 
ation the situation was actually caused by lack of 
Government support for British machines 

A vigorous discussion in which the topics ranged 
from qualifications and trammg of programmers 
to the various kinds of ‘meta-language’ in machine 
translation, ended the session A D BoorH 


PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOCIETY 


By Da W. P D WIGHTMAN 
Department of History and Philosophy of Science, King's College, University of Aberdeen 


HE spate of publiestions relating to the Royal 

Society of London durmg the past two years 
seems to have increased rather than diminished. the 
already existing misunderstanding of the relation 
between the Society and the famous periodical 
which 16 encouraged, but for which on several occa- 
sions the Society published or caused to be published 
disclaumers for any responsibility Recently, refer- 
ences have been made to volumes of the Philosophical 
Transactions of the Royal Socwty (sometimes with 
‘of London’ added) in the seventeenth century, when 
no periodical with this title existed, statements 
have been made (or implied) that there was only one 
(or no) interruption ın its publication, and, worst of 
all, that ıt was the ‘official’ journal of the Royal 
Society. The precise title would perhaps not be of 
any serious import but for the fact that the clusion 
of the words ‘of the Royal Society’ suggests that it 
was a record of the ‘Transactions’ of that body and 
hence gives plausibility to the term ‘official’ Since 
statements about the Philosophical Transactions (a 
few incorrect, and others by condensation definitely 
misleading) are scattered about over a large number 
of recent articles, ıt seemed desirable to assemble 
a sufficient number of ‘advertisements’ by the Society 
or its officers to establish the facts relating to the 
Philosophical Transactions The purpose of this 
article 1s thus primarily bibhographieal ın the broad 
sense 1518 not concerned with the purpose or quality 
of the Transactions. It 1s based on an examination 
(though, of course, far from exhaustive) of every 
volume of the Transactions (and Philosophical Collec- 
trons to be referred to below) 1n the first two centuries 
of 16s existence 

The title on the first number issued and on the title 
page of every subsequent volume until Vol 66 of 
1776 was ‘Philosophical Transactions giving some 
accompt of the present undertakings, studies, and 
labours of the Ingenious ın many considerable parts 
of the world" 

There 1s no mention of the Royal Society other 
than in the imprint of its printers, John Martyn and 
James Allestry, and ın Oldenburg’s dedicatory 
epistle Moreover, there 18 a clear mdication that the 
editor and publisher had cast his net widely to get 
a representative review the result was m fact a great 
deal more like Nature than a mere organ of publica- 
tion of mdividual researches But, despite this clear 


mdication, confusion must have arisen at so early 
a date as to require the following disclamer to be 
published m No 12 of May 1666 “Whereas ‘tis 
taken notice of that several persons perswade them- 
selves that these Philosophical Transactions are 
pubhsh't by the Royal Society, notwithstanding 
many circumstances to be met with ın the already 
publish’t ones that import the contrary: the Writer 
thereof hath thought fit, expressly here to declare 
that that perswasion, if there be any such indeed, 
18 & mere mistake Though he denies not, but that 
having the honour and advantage of bemg a Fellow 
of the said Society, he mserts at times some of the 
Particulars that are presented to them" 

The last number of the Transactions in the first 
run was dated February 1679. From some time in 
the same year (colophon of first number) to April 
1682 ther place was taken by Robert Hooke’s 
Philosophical Collections ‘‘contammg an account of 
such physical, anatomical," or other mathematical 
and philosophical experiments and observations as 
have lately come to the publisher’s hands As also 
an account of some books of this kind lately pub- 
hshed" A simular ‘advertisement’ was printed in 
the number of December 1681 The Philosophical 
Transactions recommenced in January 1683 with 
the preface: “Although the writing of these T'ransac- 
tons 1s not to be looked upon as the Business of the 
Royal Society, yet m regard they are a Specimen 
of many things which lie before them — . . They have 
thought fit to take care for the revival thereof. ” 
Vol 16 contamed the numbers issued during 1686 
and 1687 and bore the imprint “London 1688" 
(some previous volumes were printed at Oxford “at 
the [Sheldonian] Theater"). Thereafter, publication 
was suspended until early ın 1691 “chiefly by reason 
that the unsettled posture of publick affairs did 
divert the thoughts of the curious towards matters 
of more 1mmediate concern than are physical and 
mathematical enquiries . ° These were, of course, 
the years of the ‘Glorious Revolution’, and this gap 
in the Transactions has been overlooked m some 
accounts 

It ıs not possible, nor indeed necessary, to cite every 
declaration of editorial policy. all call the sam@tune 
with variations—a review of what is gomg on in the 
world of ‘philosophy’, meluding “an exact account 
of such experiments as having been made before the 


24 


illustrious Royal Society they shall be pleased 
to order or permit the publication of” (Halley, 
1714). 

Then in the Volume 47 (London 1753, but as usual 
contaming the numbers issued durmg the years 1751 
and 1752) came the announcement of a fundamental 
change “The Committee appomted by the Royal 
Society to direct ths publication of the Philosophical 
Transactions, take this opportunity to acquaint the 
publi, that ıt fully appears, as well from the Council- 
books and journals of the Society as from the 
repeated declarations which have been made in 
several former Transactions, that the printing of them 
was always, from time to time, the single act of the 
respective Secretaries, till this present XLVII 
volume And this information was thought the more 
necessary, not only as it has been the common 
opinion, that they were published by the authority, 
and under the direction, of the Society itself, but 
also, because several authors, both at home and 
abroad, have in their writings called them the Transac- 
tions of the Royal Society {italic m original] . 

“But the Society bemg of late years greatly 
inlarged 1t was thought adviseable that a Com- 
mittee of ther Members should be appointed to 
- reconsider the papers read before them, and select 
out of them such, as they should judge most proper 
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for publication m the future Transactions, which 
was accordingly done upon the 26 of March 1752 " 

In 1752, then, for the first tume the Philosophical 
Transactions were in fact, but not yet m name, 
“of the Royal Society" the old, and by then quite 
unsuitable, title was retamed until Vol 66, dated 
1776 

That the announcement of this change of pohcy 
was not a mere formality 1s shown by reference to the 
Council mmutes for January and February 1752, 
when & number of ‘questions’ put by Lord Maccles- 
field (not yet president) were considered ‘The only 
one relevant to our purpose was whether there was 
any evidence of “mtermeddling’ by the Society 
with the Transactions, to decide which Thomas 
Birch, secretary, was requested to take the relevant 
literature home and examme ıt Within a week he 
had made a sufficient mvestigation to satisfy the 
Council, and the changes were made as already 
described. 

It remains only to add that the announcement 
made in 1752 appeared regylarly for the next 123 
years ıt appeared for the last tıme ın 1875, by which 
time ıt was no longer true that “in late years" the 
Society had been “greatly mlarged’’, ıt had, on the 
contrary, in pursuance of the ‘reforms’ of 1847, 
been greatly reduced 


DEOXYRIBONUCLEIC ACID: STRUCTURE, SYNTHESIS 
AND FUNCTION 


HE eleventh Annual Reunion of the Société de 
Chimie Physique was held at the Col de Voza 
during June 26-30 and was devoted to papers and 
discussions on the structure, synthesis and function 
of deoxyribonucleic acid (DNA) There were some 
thirty contributors to the symposium and the total 
number of participants was about 100 The full texts 
of the contributions, including the discussions, are to 
be published m the October and November issues of 
Journal de Chime Physique and will be republished 
afterwards m the form of a book 
The papers were divided mto groups according to 
ther subject-matter and the meeting commenced 
with a session on “Macromolecular Structure of DNA?" 
Ch Sadron (Strasbourg) presented results pomting 
to the exstence of sub-units m DNA particles m 
solution and this was followed by a paper from C 
Levinthal (Cambridge, Mass) on the hydrodynamic 
shear degradation of T2 bacteriophage DNA imn 
solution This degradation of DNA can be brought 
about by normal laboratory procedures, and this had 
led to the conclusion that the molecular weight of 
DNA 1n cells 1s probably very much greater than the 
6-10 milhon usually quoted and might be as much as 
100 milton M H F Wilkins (London) presented 
new data on the A, B and C configurations of DNA 
and evidence against the existence of base pairing 
other than that of Watson and Crick In addition, 
the structure of denatured DNA and the relation of 
such structures to RNA was discussed X-ray 
diffraction studies on DNA in solution were reported 
by V Luzzati (Strasbourg), who concluded that the 
formeand molecular weight of DNA were the same in 
dilute solution and ın gels 
The second session dealt with ‘‘Electronic Aspects 
of Nucleic Acid Structure” and started with a paper 


by B Pullman (Paris), who dealt with the electronic 
structure of nucleic acid constituents and the influence 
of this on the chemical and physico-chemical proper- 
ties of DNA This was followed by a paper from 
M Kasha (Tallahassee), who was concerned with 
^—-T* optical transitions m polynucleotides, the 
exciton splitting phenomenon im hydrogen-bonded 
N-heterocyclic base pairs, and energy transfer and 
hypochromism in polynucleotides L A Blumenfeld 
(Moscow), who unfortunately was not present, sub- 
mitted an abstract on the magnetic and dielectric 
properties of DNA, and P Douzou (Paris) presented 
results of experiments on the excitation and emission 
spectra of purime and pyrimidine bases, the corre- 
sponding mononucleotides, polyadenylic acid, DNA 
and nucleoprotems 

The third session was entitled “Chemical Sequence 
and Heterogeneity’, and commenced with a presenta- 
tion by B. Horecker (New York) of some recent results 
of Hurwitz and his collaborators on the DNA-requir- 
ing system for polyribonucleotide biosynthesis In 
this system, the base composition of the newly formed 
polyribonucleotide appears to be determmed by that 
of the DNA primer J Marmur (Brandeis University) 
described m some detail work on strand separation 
in DNA, on the recombination of strands and on 
the formation of hybrid chains A system capable of 
the non-enzymic synthesis of polydeoxyribonucleo- 
tides from mono- and oligo-nucleotides present m 
deoxyribonuclease digests of DNA was described by 
A Bendich (New York) 

"Enzymie Synthesis of DNA” was the title of the 
fourth session, which was opened by a paper from 
R M.S Smelle (Glasgow) on the properties and m- 
tracellular location of the DNA polymerase ın certain 
mammahan systems and on some possible mechan- 
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isms of control of the biosynthesis of DNA This was 
followed by a presentation by J A V Butler (London), 
who described some experiments on the phosphoryla- 
tion of thymudme by tissue extracts and on the 
incorporation of labelled thymidme into DNA 
S S Cohen (University of Pennsylvania) discussed 
the changes in enzyme complement of bacteria 
infected with even bacteriophage, and referred in 
particular to the appearance of an active system 
which converts ribonucleotides to deoxyribonucleo- 
tides Some recent work on the mechanism of replica- 
tion of bacteriophage 9X 174 were described by R. L 
Sinshermer (Pasadena), from which it seems that on 
infection a replicative form of DNA 1s produced 
which has characteristics of a double-stranded DNA 

The fifth and sixth sessions dealt with ‘Induced 
Changes m DNA” R Litman (University of 
Colorado) discussed the effects of ultra-violet irradia- 
tion and nitrous acid on pneumococcal-transforming 
DNA, and the chemical and biological effects of 
nitrous acid and hydroxylamine on DNA from tobacco 
mosaic virus and Zeeven bacteriophages were 
described by H. Schuster and W Vielmetter (Tubin- 
gen) P D Lawley (London) reported on the effects 
of alkylating agents on DNA The relative reactivi- 
ties of the different bases 1n DNA were described and 
the possibilities of cross-hnking m the DNA molecule 
were discussed Experiments directed towards 
elucidatnmg the mechanism of action of succinic 
peroxide on DNA by chemical, physico-chemical and 
biological procedures were discussed by D Luzzati 
(Strasbourg) G Stent (Berkeley) discussed the 
susceptibility to mutagenesis by 5-bromodeoxy- 
uridine and the stabilization to phosphorus-32 decay- 
mactivation of T4 bacteriophage-mfected bacteria 
D Shugar (Warsaw) was unable to attend the 
meeting, but submitted an abstract dealing with the 
primary effects of ultra-violet radiation on nucleic 
acids; these clude hydration and dimerization of 
pyrimidine residues An additional paper on the 
dimerization of thymine by ultra-violet radiations 
was presented by W  Berends (Pays Bas) PR 
Latarjet (Paris) described recent investigations on the 
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action of X-rays on pyrimidine bases in aqueous 
solution with the formation of hydroperoxides, and 
some work on the lethal effects of radioactive decay 
in bacteria after labelling of the DNA ın different 
sites with phosphorus-32, carbon-14 and tritium 
W Harm (Cologne) discussed the reactivation of 
bacteriophage following inactivation by exposure to 
ultra-violet hght and divided the reactions into 
two principal classes, namely, ‘recombinative reactiva- 
tion’ and ‘true repair mechanisms’ 

The seventh session was concerned with “Code and 
Repleation” A Garen (Philadelphia) described 
alterations imn alkaline phosphatase resulting from 
mutations, and J Weigle and F Stahl (Pasadena) 
discussed chromosome breakage and genetic recom- 
bination m bacteriophage à and the role of duplication 
in recombination 

“Genetic Aspects” provided the subject of the final 
session of the symposium L Grossman (Brandeis 
University) presented some work on the chemistry 
and antigenecity of DNA from T2, T4 and T6 bacterio- 
phage Thermally denatured DNA from these 
bacteriophages will react with antibodies m the 
antisera of rabbits mmmunized with the respective 
ruptured bacteriophage, but native or renatured 
DNA shows little reactivity H  Ephrussi-Taylor 
(Paris) described a study of recombination at the 
molecular level in bacterial transformations and 
F Jacob and F Gros (Paris) discussed the regulation 
and mode of action of genes The role of messenger 
RNA in these reactions was also discussed The final 
paper of the session was delivered by R  Herriott 
(Baltimore), who described expermments on the 
annealing of mixtures of transforming DNAs 

The timing of the meeting was such as to allow for 
plenty of discussion durmg each session, and advan- 
tage was taken of this by many of the participants 
with the result that lively and valuable discussions 
followed most of the presentations In every respect 
this was a highly successful meeting and the organizing 
committee of the Société de Chimie Physique ıs to be 
congratulated on the arrangements 

R M S8 MELLE 


QUANTITATIVE [BIOLOGY 


N informal symposium on ‘Quantitative Buo- 
logy”, at which sixty biochemists, biophysicists 
and biologists met to discuss their common problems, 
was held at the Dominion Physical Laboratory, Lower 
Hutt, New Zealand, on May 12 The meeting was 
arranged by the biophysicists, who felt that New 
Zealand workers m these fields had insufficient oppor- 
tunity to get together The enthusiastic response 
and the success of the meeting showed how general 
this feeling must have been 
In the morning session of the symposium the hosts 
introduced their own work Dr M C Probine, who 
18 measuring the physical properties of the primary 
wall of plant cells, showed how changes in the shape 
of growing Nitella cells could be predicted from the 
initial orientation of the reinforcing microfibrils and 
the elastic and plastic properties of the wall Dr 
K J McCree discussed his programme for measuring 
the photoconductivity of oriented monolayers of 
organic materials, produced by the Langmuir 
technique Mr M A Collins described his electron- 
spimn-resonance spectrometer, and demonstrated the 


signals of free radicals occurring naturally in coal and 
those produced by the y-irradiation of cellulose The 
spectrometer will also be used to study the physics 
of photosynthesis, ın conjunction with the photo- 
conductivity experiments 

Some strikmg electron micrographs of the wax 
on the surfaces of clover leaves were exhibited by 
Mr D M Hall They showed how the pattern 
varied with the species of clover, and how the wax 
could be removed by the rubbing together of leaves 
ina hgh wind Mr W S Bertraud described the 
changes in the components of the spermatid cells of 
the cave weta (Pachyrhamma fascrfer) which took 
place during spermiogenesis 

In the afternoon, Dr E G Bollard, of the Fruit 
Research Division, Department of Scientific and 
Industrial Research, described the utilization of 
various organic nitrogen compounds as sole sources 
of nitrogen, in the sterile culture of Neurospora, 
Chlorella, Spirodela and carrot root tissue He was 
followed by Dr R E F Matthews, of the Plant 
Diseases Division, who had found (working with 
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Dr R I B Francki) that the uracil analogue 2-thio- 
uracil had very different effects on the rod-shaped 
tobacco mosaic virus and on the spherical turnip 
yellow mosaic virus After tea, Dr G A Nicholls, of 
New Zealand Forest Products, Ltd , took his audience 
on an illustrated tour of his firm’s plant. and discussed 
the work of his laboratory m the fields of bark 
utilization, pulping, bleaching and turpentme refining 
Dr A T Wilson, of Victoria University of Wellington, 
then wound up the proceedings with & highly enter- 
taming exposition of his theories on the physical 
system in which life may have originated 
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In the discussion of the way ın which future meet- 
ings should be organized, there was general agreement 
that they should be kept as mformal as possible, so 
that ideas could be aired and discussed before they 
had reached the stage of publication It was also 
agreed that the meetings should be held at various 
laboratories 1a turn, so that m time everyone would 
have a first-hand knowledge of what everyone else 
was doing Of the various time-mtervals which were 
suggested, a year was most favoured, and Drs 
McCree and Probine were asked to handle the arrange- 
ments for the next meeting K J MoCnEÉEE 


MEDICAL RESEARCH IN THE BRITISH CARIBBEAN 


Ta sixth scientific meeting of the Standing 
Advisory Committee for Medical Research 1n the 
British Caribbean was held at the Marme Hotel, 
Bridgetown, Barbados, during April 10-13. Thirty- 
eight communications were delivered, and six were 
read by title only Chairmen for the five sessions 
were Sir Harold Himsworth, Prof T H Weller, 
Prof. A C Frazer, Dr E T C Spooner and Prof. 
E K Cruickshank 

The meeting was remarkable for the high standard 
of presentation, the diversity of subject-matter, and 
for the evidence which it offered of the stimulating 
effect of a research interest on all fields of medieme 
and 1ts ancillary professions The theme of the 
meeting—the impact of research on public health— 
was chosen to be as nearly all-embracing as possible 

R A Irvine, C. Miller and L S Grant (Univ 
Coll, West Indies) reviewed typhoid mfection in 
Jamaica  Durmg the period 1952-59, typhoid fever 
had affected chiefly the younger age groups, with a 
relapse-rate of 8 per cent and a case fatality of 5 8 
per cent M T Ashcroft (British Guiana) reported 
a steady decline m fatality of typhoid fever m British 
Guiana, partly due to improved water supply and 
partly to the mtroduction of chloramphenicol 
treatment CO C Nicholson and J M Ritchie 
(British Guiana) directed attention to imperfections 
still remaining m British Guiana water supplies 
E H Back and S E Brooks (Univ Coll, West 
Indies) analysed 134 cases of gastroenteritis m 
infants admitted to University College Hospital, 
Jamaica, and discussed prognosis F C Ramsey 
(Barbados) described scarlet fever in Barbados, 
suggesting that the disease 1s less rare than 1t 18 said 
to have been G Bras, D Watler and S E Brooks 
(Univ Coll, West Indies) quoted figures from the 
Cancer Registry at University College Hospital to 
show that carcmoma of the cervix in Jamaica 18 
responsible for more than 30 per cent of all malignancy 
m females J D Arneaud (Trmudad) discussed drug 
resistance of tubercle bacilli isolated in Trmidad 
K D B Charles (Jamaica) and L S Grant (Univ. 
Coll , West Indies) reviewed poliomyelitis in Jamaica 
with special reference to the epidemics of 1954, 
1957 and 1960 J S R Golding (Univ Coll, West 
Indies) described the management of those disabled 
in a moderately severe epidemic of poliomyelitis, 
and demonstrated the necessity for a planned pro- 
gramme L Spence (Trimdad) gave an account of 
the distribution of Eastern equine encephalitis virus 
m ‘Irmidad and British Guiana In Trinidad, the 


virus has been isolated on sıx occasions from culicine 
mosquitoes, and in British Quiana from horses durmg 
an outbreak In Trimdad, immunity has been 
demonstrated m humans, birds and poultry L S. 
Grant (Univ Coll, West Indies) reported a survey of 
Q fever antibodies in Jamaica, showing that this 
infection 1s not at present prevalent W G Downs, 
L H Turner and A E Green (Trmidad) found 10 
per cent of human sera from cases of undiagnosed 
fever in Trimdad agglutinated leptospire, and 
reported 17 isolations of leptospire m culture 

They directed attention to the lack of knowledge of 
the local ecology of leptospirosis A V. Wells (St 

Lucia) described the successful eradication of malaria 
from St Lucia G Guigholi (British Guiana) discussed 
the effect of malaria eradication m British Guiana on 
mortality from chronic nephritis F R S Kellett 
(Trmudad), as part of the malaria eradication plan m 
Trinidad, had used ‘Baytex’ (S 29493) as a spray, 
and showed that this insecticide 1s effective on various 
household pests ineluding culicine mosquitoes T H G 

Aitken, (Trinidad) discussed the ecology of Culex 
quinquefascratus and its importance for public health 
in the Caribbean area as a vector of filara, St. 
Louis encephalitis and Cache Valley fever L M 

Burke (Jamaica) gave an account of the clinical 
features of polomyelitis m Jamaica, as seen m a study 
of 309 cases admitted to Kingston Public Hospital 
durmg 1957-60 J A. S Hall (Jamaica) discussed 
the role of infection in a series of twenty cases of 
myelomatoss E H Back and E E  DePass 
(Univ Coll , West Indies) considered rheumatic fever 
as seen in University College Hospital, Jamaica, 
during 1952-60, and described the beneficial effect 
of maintenance benzathine penicillm. F M. MeWatt 
(British Guiana) read an interesting paper on liver 
cirrhosis ın cattle on the savannahs of British Guiana, 
where three species of Crotalaria have been identified 

The cause of the disease has not been ascertained, but 
liver biopsies have shown that the fibrosis regresses 
at certain times of year or when the animals are 
moved to improved pastures E E Ward and E. H 

Back (Univ Coll, West Indies) reported work on 
electrolyte disturbance in infantile gastroenteritis. 
I Poon-King (Trinidad) gave an mportant account 
of electrocardiographic changes observed in patients 
stung by the Trimidad scorpion, Tetyus tronitates 

The sting of this scorpion produces severe physiologi- 
cal disturbance and sometimes kills. Electrocardio- 
graphic abnormalities were found 1n 39 of 45 patients 
studied E E Ward (Umv Coll, West Indies) 
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discussed, y-globulin-levels in Jamaicans; he found no 
racial differences, but levels were higher m those with 
chronic infections than in the healthy R A Webb 
(Barbados) analysed 330 first admussions to the 
Barbados Mental Hospital, in which records of mental 
ul-health for the whole island have been kept for 
many years Heredity was revealed as a more 
important etiological factor than environment K L 
Standard (Barbados) presented an analysis of child 
mortality ın Barbados, reporting a marked reduction 
m infant mortality over the past six years Muss G 
Shaw, L S Grant and A A Peat (Jamaica) gave 
an account of the statistics of communicable disease 
in Jamaica up to 1956 K H Uttley (Antigua) 
discussed mortality from tuberculosis in the negro 
population of Antigua over the past 100 years B 
Weinstem (British Guiana) reported a survey of 
diabetes among residents on the sugar estates of 
British Guiana He found an overall incidence of 
204 per cent and discussed etiological factors J 
Parker-Williams (Untv Coll, West Indies) described 
a survey of abnormal Hemoglobin in Barbados, with 
special reference to the sickling gene He compared 
Barbados with Jamaica in this respect, and discussed 
genetical implieations R J Gourlay (Univ Coll, 
West Indies) described the meidence of certain worm 
infestations in Jamaica Miss A Walters and Mrs 
G Jordan (Barbados), two public health nurses in 
Barbados, presented a most interesting time-study 
of the work of public health nurses at three health 
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centres m Barbados, showing that more time was 
spent on maimtenance and records than on the treat- 
ment and care of patients H M. Beadnell (British 
Guiana) recounted eight years experience with 
Injuries and workmen’s compensation in the sugar 
estates of British Guiana D O Gore (Univ Coll, 
West Indies) gave a cliical and pathological account 
of the portal hypertension produced by ‘veno-occlu- 
sive disease’, and reported on six patients treated 
by establishing porto-caval shunts F F Laband 
(Trinidad) gave an account, illustrated with colour 
slides, of four years experience of oral surgery ın the 
San Fernando General Hospital, Trmidad A G. 
Leacock and R K Rowley (Barbados) reported the 
results of repairmg mguinal hernias by the ‘nylon 
darn’ technique J. A B Jones (Univ Coll., West 
Indies) discussed some anatomical and pathological 
abnormalities of the alimentary tract as seen in 
Jamaica. Winston Adams (British Guiana) gave an 
account of the control of two malaria outbreaks in 
the interior of British Guiana, discussed the difficul- 
ties of control of Anopheles darung, the local malaria 
vector, and mentioned the programme of chloro- 
quinized salt prophylaxis now in operation in this 
area E L S. Robertson (Trinidad) showed a film 
demonstrating the surgical treatment of filara 
lymphcedema. 

Excellent arrangements were made for the meeting 
by Dr Maurice Byer, director of Medical Services, 
Barbados, and his staff 


HISTORY OF SCIENCES IN ANCIENT AND MEDIEVAL INDIA 


SYMPOSIUM on the “History of Sciences in 
Ancient and Medieval India” was held during 
August 4-5 at the Bose Institute, Calcutta, under the 
auspices of the National Institute of Sciences of India 
The symposium was inaugurated by Dr D M Bose, 
director of the Bose Institute In his opening remarks, 
‘Dr A C Ukil, convener of the symposium, referred 
to the importance the study of the history of sciences 
in India had assumed durmg recent years and the 
problems which the workers in the field have to face, 
especially in connexion with the source materials 
The discrepancy of knowledge regarding chronology, 
he observed, constituted a serious difficulty which 
should engage the attention of the research workers 
m the subject Regarding the investigations already 
made, which he termed secondary sources, the 
attitude taken ın the past and points of view expressed 
required m many instances to be re-examined and 
re-evaluated 
Thirty-five papers were received for the symposium 
of which twenty-three were read and discussed In 
his paper on the social and international relations 
in the development of science, Dr R. C Majumdar 
pomted out that there ıs direct evidence to show 
that scholars from India visited Western countries 
and taught the people there medical science, astrology, 
astronomy, algebra and arithmetic as known to India 
and also indirect evidence of international exchange 
of scientific knowledge between India and foreign 
countries European scholars have generally held 
that in scientific matters 1t was India that must have 
borrowed from Western countries But with the 
advance ın knowledge of history, he observed, ıt was 
difficult to subscribe to this view of one-way traffic 
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This observation was further substantiated in the 
paper by Sn S N Sen, who furnished archzological 
and epigraphic examples and also case-histories 
such as the transmission of the knowledge of the 
decimal place-value notation, and some medical 
and astronomical ideas. 

In biology, health and medicine, Dr N. H. Keswani 
discussed the concepts of generation, reproduction, 
evolution and human development as found m the 
writings of Indian scholars of the ancient and medieval 
period He noted that the results of their observa- 
tions, unaided by microscopes and modern appliances, 
approached in accuracy those of modern work, 
especially m the field of embryology Zoological 
knowledge in the works of Kalidgsa formed the sub- 
ject of two papers "by Sn C S. Gupta and Sn B 
Rama Rao, while Dr S S. Misra gave a review of the 
development of medical sciences ın India. 

On Indian chemistry, Dr B V. Subbarayappa’s 
paper dealing with Indian atomism showed inde- 
pendent development of the atomic concept of matter 
in the Hindu, Buddhist and Jaina literature and the 
difference between the Indian ideas and those pro- 
pounded by the Greek scholars headed by Democritus 
and Leucippus Dr S P Raychaudhuri and Dr 
A K Bhattacharyya dealt with the agricultural 
practices and soil science in ancient India 

The geographical ideas of the Hindus were presented 
by Dr S M Ah. Besides these were the discussions 
on the development of mathematical series m India 
after Bhaskara II, Bhaskara’s works on differential 
and mtegral calculus, science and society in the 
Arthaáaástra and the Ramayana, and the general 
scientific contents in the Vedic hterature S N § 
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TELEVISION FOR SCHOOL SCIENCE 


HE economic strength of Western Europe 

depends inereasmgly on the application of 
sclence and technology and, consequently, on a 
growing supply of scientific and technical man- 
power Unfortunately, there 1s a growing shortage 
of teachers and schools are already overburdened 
School television could perhaps be of considerable 
assistance in overcoming such deficiencies in educa- 
tional facilities The medium has proved effective 
in various countries, including France, Italy, the 
United Kingdom and the United States of America, 
while its scope has been considerably extended by 
recent technical developments such as the use of 
closed-circuit systems A year ago, the Organization 
for European Economic Co-operation, believing 
that much could be gamed from the experience of 
countries which had been exploiting the new medium 
for teaching science subjects, conducted a survey on 
the present status of school television m Western 
Europe, and convened a forum of international 
experts in this field, “‘Teachmg through Television", 
durmg June 1960 The report of this meeting 18 now 
available *. 

The semmar was held at Ashridge (Nr Berkham- 
sted), with three main objectives to give countries 
beginning educational television an opportunity 
to learn from the experience of those where educa- 
tional television has been ım operation for some 
years, to encourage the development of mternational 
contacts, on a personal basis, between programme 
producers and to seek ways and means to secure 
improved co-ordination m securing sources of nforma- 

* Organization for European Economic Co-operation Office for 
Scientific and Technical Personnel Television for School Science 


Report on an OE EC Seminar, Ashridge (England), July 1960 
Ib iy 181 (Pans Organization for European Economic Co-operation, 


tion on programme material Two different tenden- 
cles emerged durimg the conference the use of 
school television as & complete substitute for tradi- 
tional teaching (this is the case with the “Telescuola’ 
in Italy, where there 18 a severe shortage of teachers 
and schools) or as a complementary broadcast for 
use in the framework of normal school activities 
School television 18 also used for teachers’ traming, 
as, for example, 1n the ‘continental classroom’ of the 
United States 

Other topics included technical aspects of pro- 
gramme-production problems, the use of films, of 
consultants, advisers and specialists, of economical 
visual techniques and devices Future developments 
were concerned chiefly with the use of closed-circuit 
television Great progress has been made in the 
development of mexpensiveesystems which can be 
used to link any number of classrooms (or even 
schools) to a central school studio from which live 
or recorded lessons are ‘piped’ to pupil audiences 
Durmg the semmar it became clear that great 
possibilities exist for the exchange of information on 
films and other material and the international 
exchange of production facilities and personnel 

The report also provides mformation about the 
Tele-Lile mathematics experimental project, lists 
of films available for educational television, examples 
of science programmes, and a list of scientific film 
associations and their addresses A small group has 
been set up to carry out the recommendations 
(umproved information, traming school science pro- 
ducers, research, experimental projects, co-operation 
with industries) of the semmar It will report pro- 
gress to the Organization for European Economie 
Co-operation and ensure laison with organizations 
concerned with science teaching, films and television 


THE INSTITUTE FOR THE ENCOURAGEMENT OF SCIENTIFIC 
RESEARCH IN INDUSTRY AND AGRICULTURE, BRUSSELS 


HE annual report of the Institute for the En- 
couragement of Scientific Research in Industry 
and Agriculture, Brussels, for 1960* records sixty 
subsidies, totalling 264,772,837 francs, durmg the 
year, including 3 million francs to the Committee for 
the Study and Exploitation of Electronic Computers, 
and estimates that 267 research workers and 529 
technicians are thereby employed ‘The National 
Centre for Metallurgical Research received 29,275,000 
franes for analytical research, mvestigations on the 
physical metallurgy of steel, analytical research on 
the physical metallurgy of zmc, research on the 
agglomeration of minerals, etc, while the Belgian 
Society for Nitrogen and Chemical Products, of 
Marly, recerved 25,898,000 for research on the pyro- 
lysis of hydrocarbons, on the synthesis of vinyl 
chloride and other mvestigations in the field of 
heterogeneous catalysis 
The Committee for Mapping the Soils and Vegeta- 
tion of Belgium received a grant of 20,155,000 francs 


* Institut pour l'Encouragement de la Recherche Scientifique dans 
l'Industrie et l'Agriculture Rapport Annuel Exercice, 1960 Pp 255 
(Bruxelles Institut pourl'Encouragement de la Recherche Scientifique 
dans l'Industrie et l'Agriculture, 1961 ) 


for its systematic study of the pedological character 
of the soil and towards the pedological map of 
Belgium, while grants of 10,000,000 frances and 
8,560,000 francs went to the Centre for the Study of 
High Polymers for its work on high polymers and their 
degradation, on photopolymerization mutiated by 
silver salts and the stability of the polymers and for 
some industrial work on the extrusion of crystal- 
hzable polymers The Centre of Apphed Electronics 
received, 12,450,000 francs for work on passive cew- 
cuits, on amplifiers, modulators and oscillators of 
transistors and on industrial circuits, 11,505,000 
francs went to the Committee for the Study of 
Diseases and Feeding of Farm Animals, 9,950,000 
francs to the Centre for Scientific and Technical 
Research of the Metal Manufacturmg Industry 
for investigations on the adaptation of numerical 
techniques to other machine tools and in automa- 
tion, as well as 2,980,000 francs for research on 
resistance to fatigue of cooled alloys, ete , 8,317,590 
francs to the National Centre of Metallurgical Research 
for low-temperature furnace research, and 7,474,273 
franes to the Scientific and Technical Centre of the 
Belgian Textile Industry for research on wool, cotton, 
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Jute, linen and »ayon, as well as 1,534,000 francs for 
investigations of the utihzation of acrylic fibres. 

A grant of 7,050,000 franes went to the Commuttee 
for the Study of the Sohd State for continuation of 
work on the mechanism of photographie processes 
and of sensitization; 6,520,000 francs to the National 
Committee for the Study of Frut Cultivation, 
5,360,000 francs to the Committee for the Scientific 
and Technical Study of Milk and 1ts Derivatives, 
4,300,000 francs to the National Centre for Research 
on Herbage and Forage for botanical, phytosocio- 
logical and ecological studies on herbage and on 
the control of adventitious plants of the prairies, 
4,050,000 francs to the Centre for Scientific and 
Technical Research on the Conservation of Vege- 
tables, and 3,817,000 francs to the Belgian Centre 
for the Study and Documentation of Water, for 
studies on water supply, corrosion, residual water, 
and on atmospheric corrosion 

The Belgian Institute of High Polymers received a 
grant of 3,710,000 francs towards its experimental 
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thermodynamic work at high pressures on the 
mhibitaon of the explosiveness of acetylene, the 
Centre for Studies and Research m Agriculture, 
3,590,000 franes for research on cultivation 1n mineral 
substrates and on the mueral requirements of 
vegetables, the Scientific and Technical Centre of 
the Brewing, Malt and Related Industries, 3,316,000 
francs, and the Committee for the Study of the 
Structure of the Soil, 3,000,000 francs Among other 
grants may be mentioned 2,770,000 francs for studies 
on diseases of cereals, 2,280,000 francs for ceramic 
research, 2,125,000 franes for research on the syn- 
thesis of saturated heterocyche amines substituted 
m position 3 or 4; 2,065,000 francs for phytoviro- 
logical research, 2,049,500 franes for research on 
pamts, varnishes and printing inks, 2,040,000 francs 
for studies on the creep of metals at high tempera- 
tures, 2,000,000 francs for work on new penicillins 
and the new antibiotic, staphylomyein, and 1,840,000 
francs for research on the culture of medicinal 
plants 


HELICOPTER STATIONS IN LONDON 


I5 July 1959, the Minister of Transport and Civil 
Aviation formed a committee to consider the 
settmg up of helicopter stations m the London area, 
assuming (1) that the helicopter 18 developed to the 
point of offermg sufficiently low fares on regular 
services to attract large numbers of passengers for 
inter-city flights on international routes and possibly 
internal ones as well, (2) that the helicopter will not 
offer fares sufficiently low for mass travel, but will 
meet the needs of small numbers of travellers for 
whom the extra time saved 1s more important than 
the money spent 

In its recommendations *, the Committee assumes 
that regular services between London and the near 
Continental cities with helicopters carrying twenty- 
five passengers or more will begin in 1965, or soon 
after, that fares will be offered approximating those of 
first-class ‘fixed-wing’ services, and that services to 
provincial cities in the United Kingdom will follow 
1f fares can, be reduced to compete with those of the 
other forms of transport 

Allowing for executive and charter flights with 
passengers, freight and mail as well as regular 
services, the total traffic could amount to 20-25 
helicopter movements ın a peak hour, with a mixture 
of single- and multi-engined types by 1975, when the 
heliport would have to handle 14 million passengers 
a year These estimates, the committee suggests, 
represent a reasonable basis for plannmg the area 
required for the first permanent heliport 

In order to provide enough space for helicopters 
to land and take-off and for working stands (for 
loading, unloading, minor maimtenance, ete ) at the 
heliport, a level area of about 8 acres would be 
required to handle 25 movements an hour In 
addition, an area of about 4 acres would be needed 
for terminal buildings and ear parks, which, if the 
landing area were on a raised platform, could be 
provided on a lower deck or at ground-level 

— For reasons of air traffic control, the capacity of a 
heliport could not be increased much beyond 25 
movements an hour even by providing an additional 


* Ministry of Aviation Report of the Committee on the Planning 
of Helicopter Stations in the London Area Pp 105 (10 plans) 
(London HMS0O,1901) 7s net 


landmg area, which would involve a disproportionate 
amount of extra space 

The heliport should satisfy the following require- 
ments 

(1) Since the appeal of the hehcopter depends on 
saving time, the heliport should be brought as close as 
possible to the main source and destination of & 
substantial proportion of the traffic More specifically, 
16 should not be much more than a quarter of an 
hour from Grosvenor Square, and ideally, between 
the West End and the City Because of the heh- 
copter’s potentialities for freight and mail, nearness 
to one of the sorting offices of the General Post Office 
would also be an advantage 

(2) It should be conveniently placed for all forms 
of surface transport, good road connexions and local 
traffic access bemg especially important m view of 
the high proportion, of passengers who will travel to 
the heliport m private cars and taxicabs 

(3) It should have sufficient unobstructed ap- 
proaches to enable operations to continue safely in 
all weathers, allowing for a climb and descent gradient 
not much steeper than lin 4 This may entail some 
restriction. on buildmg heights m the neighbourhood 
of the site 

(4) To be usable at all by single-engined heh- 
copters 1t should be beside the River Thames 

(5) In order to avoid conflict between helicopter 
and fixed-wing traffic to and from London Aurport, 
1t should not be located farther west than Battersea 
For effective control of air traffic, ıt 1s unlikely 
that two sites on the Thames within easy reach 
of the West End could be simultaneously used to 
capacity 

(6) It should be compatible with the proposals of 
the County of London, development plan 

(7) It should be so placed as to avoid interference 
with the normal life and work of the neighbourhood 

Measurements of the noise of the various types of 
helicopters indicate that noise m level flight at 1,000 
ft would be no greater than traffic noises m a busy 
street, but, since 1t will be more widespread, goutes 
should be chosen, which, so far as possible, reduce 
flights over areas particularly sensitive to noise The 
greatest noise will be in the rmmediate locality of the 
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" hehport, and withm a radius of half a mule of it 
under the take-off and landmg paths 

Provided the site :s carefully chosen, that is, on 
the Thames and ın an area where the activities are 
mainly industrial and commercial, the quieter types 
of turbine-driven helicopter, as well as existing 
piston-engined types, should be able to use 1t at mod- 
erate frequencies without causing a serious problem 
Whether the same would apply to high-frequency or 
night operations remains to be seen Furthermore, 
tests carried out m open country and over London 
suggest that interference with television and very- 
high-frequency broadcasting 1s unlikely to be serious 

A continued effort will be needed to clarify the 
effects of the noise of helicopters and means of 
abating 1t. Research into noise abatement at source 
1s bemg carried out by Government establishments 
and manufacturers Meanwhile, proposals for heliport 
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development should be expedited on the basis that 
noise can and will be brought down to reasonable levels. 

After a preliminary survey, nine sites near the 
River within reasonable range of the West End have 
been exammed and the following locations are con- 
sidered the most promismg Nine Elms, Cannon 
Street Station, St Katherine Docks 

No attempt has been made to assess precisely the 
cost, since this 18 a matter for the promoters. The 
capital cost is hkely to run into several millions of 
pounds, although 16 may vary considerably between 
one site and another A single heliport of 12 acres 
should be capable of handling traffic well mto the 
1970’s, but will not be able to handle all the traffic 
mdefinitely if the heheopter becomes accepted as a 
means of mass travel The question of a second 
hehport must be left for a decision until nearer the 
time when the requirement 18 seen to emerge 
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THE RED DEER IN SWEDEN 


ROM information furnished by A Sjostrom, ın a 
Fbutienn from the Royal School of Forestry in Stock- 
holm, ıt appears that the red deer ın Sweden 18 now 
reduced to some 150 animals confined to three 
relatively isolated localities ın the southern province 
of Skane*. The paper gives the results of a study 
conducted over an area of about 740 acres within the 
Sovdeborg locality, which extends to some 4,300 
acres and contains a herd of 30 deer The annual 
hunting licence allowed the shooting of 5 animals 
but might be extended to equal the annual moerease, 
which 13 8 The area studied contains some 376 acres 
of Norway spruce plantations and 179 acres of beech 
forest, to which the deer do a considerable amount of 
damage, said to be due to & deficiency of certain 
nutrient elements ın their diet A careful assessment 
18 made of the damage, which 18 caused mainly to 
trees from 15 to 45 years old, and leads to the 


* Kungl Skogshógskolans Skrifter (Bulletin of the Royal School 
of Forestry, Stockholm ) Nr 85 Kronhjortens Skadegörelse på Grans- 
hog  Esamensarbete vwd Skogshogskolan 4 ammet Skogszoolog. med 
Viltvård Utfört ar 1959 Av Ake Sjöström Pp 36 (Stockholm 
Skogsbibhoteket, Skogshogskolan, 1961) 5 kr 
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conclusion that the cost of produemg one red deer 
is 4,000 kr (£280) In a Damish deer-forest of 
some 7,200 acres with a head of 60-100 animals, 
Prof Gren has estimated that the cost of production 
of one animal 18 about 6,700 kr (£465). Among the 
suggestions for dealing with these remnants of 
Sweden's original fauna are fencing of plantations— 
regarded as too expensive, change of tree-species— 
thought to be a possible solution, use of chemical 
repellents—regarded as of doubtful and uncertain 
efficiency and too expensive, heavier shootmg— 
mapplieable in view of the already small number of 
animals, formation of red deer reserves and, finally, 
transfer to more suitable localities 1n, natural spruce 
forests in west and central Sweden One such transfer 
has already started The mteresting proposal 1s made 
that & charge of 10 kr (14s) per head on every roe 
deer, for which a shooting licence 1s required, should be 
levied. This would brmg 1n about 300,000 kr (£20,800) 
a year, which would be used to purchase and maintain 
an area of suitable land where a new and vigorous 
stock of the Swedish red deer could be built up 


O'NYONG-NYONG FEVER: AN EPIDEMIC OF VIRUS DISEASE IN 
EAST AFRICA í 


ARLY in 1959 an outbreak of unfamılıar disease 
appeared ın human populatıons ın the north-west 
corner of Uganda, and spread across the northern half 
of the country m a south-easterly direction The disease 
was usually characterized by headache, fever, 
adenrtis and crippling jo:nt pains, frequently followed 
on about the fourth day by an eruption of an itching 
rash, manly on the trunk and arms These symptoms 
usually persisted for 5—7 days and were generally 
followed by quick and complete recovery 
The chmical, and some of the epidemiological, 
aspects of the disease were mvestigated by Dr H 
Shore, the actmg provincial medical officer m the 
Northern Province of Uganda, who reported that a 
dengue-like disease was affecting “vast numbers of 
people, old, young, men, women and children”, and 
provisionally estumated from the rate of attack that at 
least 25-50 per cent of the population was at risk 
That all ages were affected led him to suspect a causa- 
tive agent new to the region This view 1s supported 
by the fact that the local African population have 


coined a new name for the disease in each successive 
language group ın which ıt has appeared, one of the 
first of these bemg ‘o’nyong-nyong’ 

The epidemic advanced steadily on about a 100- 
mile front for ten months, crossing the Uganda- 
Kenya border some 300 miles south-east of the original 
site of the disease m Uganda, m November, 1959 
Between December 1959 and February 1960, the 
epidemic fanned out 1n the Kano Plains near Kisumu, 
Kenya It 18 still active at discontinuous points east, 
south and west of Lake Victoria From June, the 
epidemic has been under detailed study by members 
of the East African Virus Research Institute Staff, 
m close collaboration with members of the Uganda, 
Kenya and Tanganyika Medical Departments 

In a report*, prepared by J D Gillet, M. C 
Wiliams, J. P Woodall, P S. Corbet and J M 
Ellice, ıt 18 shown that the isolation of o’nyong-nyong 


* East Africa High Commission East African Virus Research 
Institute Report, July 1959-June 1960 Pp 1+ 57 (Entebbe East 
African Virus Research Institute, 1960 ) 














virus allowed fidld epidemic studies and attempted 
‘transmission work to be followed virologically, and 
opened the way for quantitative investigations. These 
support the general epidemiological and vector 
findings that Anopheles species and, in particular, 
(500A. funestus are responsible for the transmission of 
~~ o’nyong-nyong fever, but they do not exclude the 
... possibility of transmission by A. gambiae. It is 
. thought that this is the first time that a patchy 


) ADIOACTIVITY, which was once the practical 
(0 ÀX interest of no more than a few scientists and 
|. medical men, is now the daily concern of a great 
|». many people in most industrialized communities. 
|... Moreover, as events at Windscale demonstrated in 
. . Great Britain, radioactivity can be released accident- 
. ally in quantities sufficient to affect the life and 
livelihood of consideraBle numbers of the general 
. population. With the increasing use of nuclear energy 
< for peaceful purposes, nuclear installations will become 
more numerous, and, in the event of a nuclear 
accident, radioactive material might be transmitted 
over wide areas and across national boundaries. 
"The decision of the Council of the Organization for 
. European Economie Co-operation* to establish “a 
supervision and emergeney warning system in cases 
of increase in environmental radioactivity” is there- 
fore an important and encouraging step in inter- 
national collaboration in the field of nuclear energy. 
... The main purpose of the supervision and emergency 
. warning system is to facilitate and improve health 
, protection measures in the event of a substantial 
.. ànerease of radioactivity in any member country of 
_ the Organization for European Economie Co-opera- 
. ion by immediately notifying it to the responsible 
 , authorities in the other member countries. The 
transmission of information is to be governed by 
three criteria: (1) health protection in the event of a 
‘nuclear incident; (2) health aspects of an increase in 
environmental radioactivity of undefined origin ; and 
`- (3) scientific interest of any case of abnormal increase 
|n environmental radioactivity. As monitoring 
stations for measuring airborne radioactive material 
-.. are already in existence in all member countries of 
<c the Organization the proposed system is to be based at 
first on air monitoring, although the importance of 
. water and dietary contamination is recognized, and 






e I Report of the Steering Committee for Nuclear Energy and Council 
c. jDBeeision on the Establishment of a Supervision and Emergency 
; Warning System in Cases of Increase in Environmental Radioactivity, 
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should. be possible, if we choose an appropriate 
o0 observe directly in the electron micro- 
tice disarray caused by the passage of 
gent, and an attempt has been made to 
is. The first observations of crystal lattices 
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alopecia has been used as an indicator in mice of 
arthropod-borne virus infection. An attempt has” 
been made to measure threo of the variable factors 
involved in order to gain an understanding of the — 
epidemie. 'lhese are the mosquito infection-rate, the |... 
inapparent human infection-rate and the period of =- 
viremia. Considerable work will be required before ^. 
the success or failure of this attempt can be | 


A WARNING SYSTEM FOR NUCLEAR ACCIDENTS 


extension of the system to these fields of monitoring 
is envisaged at a later stage. L | 

The three levels of artificial total B-radioactivity. 
in alr, given as a basis for determining the categories 
of increase in radioactivity, are: (1) an ‘emergency’ 
level of the order of 1,000 uuc./m.?; (2) a 'pre-emerg- ^ o. 
ency' level of the order of 100 uuc./m.*; and (3) alevel ^ 
of ‘scientific interest’, set at ten times higher than the ~~ 
previous monthly average and exceeding the value of 
5 puc./m.*. The levels are averages over one day, the 
‘emergency’ level being determined in relation to 
possible nuclear incidents and regarded as valid for 
emergencies of short duration. Very approximately 
in terms of the Windscale reactor accident, the 
‘emergency’ level corresponds to that observed 
within 50 miles (downwind) of Windscale itself, the 
'pre-emergeney' level to radioactivities observed at 
that time in Devon, and the level of ‘scientific inter- 
est’ to observations made at some places on continen- 
tal Europe. It should be noted that the warning- 
levels are those of artificial B-radioactivity, and that — 
average levels of natural D-activity in the air in Great 
Britain are typically of the order of 100 uuc./m.*. 

An administrative organization is laid down, and 
reports are to be made to the European Nuclear 
Energy Agency as well as to the “designated authori- 
ties" in the member countries. After an initial period 
of two years operation, the Steering Committee for 
Nuclear Energy is to make a report to the Council 
of the Organization for European Economic Co-opera- 
tion on the way the system has worked. 

Perhaps the most important aspect of the scheme is 
that it represents the beginning of collective action 
on à problem which transcends national boundaries, 
and that, as the Steering Committee itself suggesta, 
“when the supervision and warning system is set up, 
the possibilitieg of more extensive international 
collaboration should be considered”. There would 
appear to be no insuperable difficulties to complete 
international collaboration on this aspect of the 
peaceful uses of nuclear energy. F. W. SrPrERS 


MOLECULAR DISARRAY IN A CRYSTAL LATTICE PRODUCED 
BY A FISSION FRAGMENT 


By Dr. F. P. BOWDEN, C.B.E., F.R.S., and L. T. CHADDERTON 
Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


and associated defects were made by Menter! with 
phthalocyanine and its metal derivatives. These are 
polycyclic hydrocarbons with large flat molecules and 
the shape of the molecule influences the mode of 
crystallization. Platinum phthalocyanine, for ex- 
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ample, crystallizes in the monoclinic form* as long 
Flat needles and with a large unit cell (a, = 23-9 À., 
o = 3'81 Å., ce = 169 Å., 8 = 129-6A.). It is this 
property, in addition to the fact that the platinum 
atom, a heavy scatterer of electron waves, lies in the 
centre of the molecule, which facilitates the direct 
observation of (201) lattice planes, separated by 
11-94 A5. in the electron microscope. In a carefully 
aligned electron microscope with a nominal resolving 
power of ‘better than 10 A.’, transmission electron 
micrographs of thin unstrained crystals of platinum 
phthalocyanine possess parallel fringes the separa- 
tion** and direction® of which correspond to (201) 
lattice planes in the crystal structure. The experi- 
mental detail so far is in full accord with the only 
extensive theoretical analyses published*’. 

Platinum phthalocyanine was prepared from plat- 
inous chloride and phthalonitrile* 
and purified by repeated vacuum 
sublimation. Crystalline specimens 
suitable for the electron micro- 
scope examination were obtained in 
two ways. The first method in- 
volved simple mechanical grinding 
of the pure crystals, a drop of a sus- 
pension in ethyl alcohol being 
allowed to evaporate from a perfor- 
ated carbon film on a copper elec- 
tron microscope specimen grid. The 
second method, by far the more suc- 
cessful, consisted of condensing the 
crystals directly on to the support 
films from the vapour phase*. Crys- 
tals varying in thickness from some 
40 A. upwards could thus be pre- 
pared at will. Specimen grids were 
placed in contact with thin foils of 
natural uranium and irradiated with 
thermal neutrons in the experimen- 
tal reactor Bepo at the Atomic 
Energy Research Establishment, 
Harwell, for periods of 5 min.-20 
hr. at a pile factor of 12. After a 
few weeks the specimens irradiated 
with fission fragments and thermal 
neutrons were safe enough to handle 
and were examined in transmission 
at high magnification in a Siemens 
Elmiskop I electron microscope. 
Crystals which were not placed in 
contact with natural uranium foil, 
and which consequently suffered 
neutron irradiation only, were 
also examined. 

In electron micrographs taken in 
transmission at low beam intensi- 
ties with exposure times of up to 
30 sec., the platinum phthalocy- 
anine crystals show tracks and 
spots about 100 A. in diameter. 
These can be attributed unambigu- 
ously to individual fission frag- 
ments, since they do not appear in 
crystals irradiated with thermal 
neutrons only and since their 
number correlates with that cal- 
culated from dose considerations. 
The® tracks, which are sometimes 
dashed and which sometimes 
have an alternating light and dark 
contrast, woyld appear to result and within the 








Fig. 2. Electron micrograph of a 
sustained when a fission fragment trav 
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from fission fragments which are "travelling at an 
oblique angle, or almost parallel, to the plane of the 
erystal. The spots, however, have a light contrast on a 
dark background and these may be attributed to fis- 
sion fragments travelling at a high angle or perpendic- 
ular to the plane of the crystal. We shall consider here 
the damage due to particles such as these which pass 
normally through crystals about 100 A. thick in a 
direction roughly parallel with the (201) planes. 
Figs. 1 and 2 show what can happen to the (201) 
fringes when the damage is in the main body of the 
crystal. In Fig. 1, for example, the regular lattice 
is disordered and there is a roughly circular diffuse 
region which extends over about 80 À. Close to the 
edge of the diffuse region the (201) fringes curve 
inwards towards the disordered region : this is shown 
in the adjoining diagram. In Fig. 2, however, the 
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Fig. 1. Electron micrograph of a platinum phthalocyanine crystal showing the molecular 
disarray when a fission fragment travels perpendicular to the projection of the (201) planes 
and within the main body of the crystal. 


The drawing illustrates the situation more clearly, 


Scale, 100 A. 


latinum phthalocyanine stal showing damage 
perpendicular to the cofection of the (S01) lanes 
body of the crystal. A dislocation dipole resulta, Scale, 1 
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Fig. 3. Electron micrograph of a platinum 


sustained when a fission fragment strikes a crystal edge. 


picture is quite different. Instead of a diffuse region 
the fringes are resolved clearly over the damaged 
area. Although those bordering this area are again 
curved, the reason for this is apparent; it will be 
that there are two fringes which terminate 
abruptly within the area of damage. 

When the fission fragment penetrates the crystal 
close to one of its parallel edges, the damage is very 
much greater in extent. This is illustrated in Fig. 3. 

If we assume that fringe patterns obtained with 
platinum phthalocyanine erystals in the electron 
microscope represent in some measure the behaviour 
of the (201) molecular planes (and for thin crystals 
the approximation is a good one*), then certain 
conclusions can be drawn from the above observations. 
In the first instance, a measure of the extent of the 
damage due to a fast-moving fission fragment is 
obtained. In the body of the bombarded crystal the 


seen 


Fig. 4. 


at high magnification and low beam intensity: (a) after 40 sec.; 


phthalocyanine crystal 
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showing 
Scale, 100 Å. 


damage 


diameter of the damaged region 
caused by one nuclear fragment 


varies between 80 and 120 A. (that 
. between 7 and 10 molecular 
planes). In Fig. 3, however, at a 
crystal edge, the appropriate figure 
is nearer 250 A. The perfection of 
the (201) lattice planes is destroyed 
over this and to it 
there is evidence for a curvature of 
the molecular planes. An interest- 
ing conclusion may derived 
from Fig. 2. It has been em- 
phasized that a terminating half. 
fringe is not to be interpreted as 
& terminating half-plane, that is, 
an edge dislocation of Burgers 
vector (201)'. On the contrary, 
we can only infer that a disloca- 


IS 


region close 


be 


tion of quite general character, 
with both screw and edge com- 
ponents, passes from the top to 


the bottom surface of the crystal. 
In Fig. 2, however, a Burgers 


circuit traced around the damaged 
region closes completely, and indeed we might have 


expected this since we started with a perfect 
lattice. It would seem that the effect of the fis- 
sion fragment on the lattice has been the intro- 


duction of two dislocations of quite general character 
but of opposite polarity. The concept of the dis- 
location dipole is not entirely new—Bollman" has 
recently shown, using moiré fringe techniques, that 
dislocation dipoles may be present in neutron- 
irradiated graphite. 

The energy of a fission fragment at birth is about 
100 MeV. and the atomie weight may be anywhere 
between 72 and 161. "Thus we are dealing with very 
fast moving particles (^ 10° cm./sec.) and so the 
fragments have high charges (~18e). It can 
deduced, using a value of 1:70 eV. (Chadderton, L. T., 
unpublished work) for the low-energy limit of the 
main optical absorption band, that loss of energy by 


be 





Changes in the electron diffraction pattern from a thin single crystal of platinum phthalocyanine after irradiation with electrons 


(b) after 80 sec. ; (e) after 120 sec, Apparently the platinum atoms 


remain roughly in their original positions 







zation exceeds that due to elastic collisions by 
arge factor. The production of primary knock- 
ns by Rutherford collisions accounts for only about 
ne part in a thousand of the total loss of energy. 
such circumstances we may consider the resulting 
itation to be a purely thermal temperature spike ; 
he damage arises from the rapid delivery of heat to 
o: the lattice by the moving particle. Temperatures 
^. exceeding 1,000? C. endure for times in the neigh- 
" bourhood of 10-!! sec., exact values depending on the 
-o thermal properties of the lattice. Since platinum 
". ‘phthalocyanine sublimes in air at temperatures above 
.. 500? C., it becomes evident that ‘evaporation’ will 
-... Oeeur along the length of the cylindrical track of the 
moving fragment and that reerystallization, if it 
— takes place, is unlikely to be in perfect register with 
|: the undamaged lattice. Bombardment of platinum 
^ phthalocyanine with hesvy nuclear particles of high 
> velocity. and charge may therefore introduce dis- 
location arrangements into an initially perfect crystal. 
^ Other authors have examined the damage produced 
by fission fragments in mica, uranium oxide!*!s, 
and graphite", but without the assistance of direct 
lattice observations. Bowden and Montagu-Pollock 
have described the damage produced by a fission 
fragment in an explosive crystal!*. 










cU Effect of Electron Bombardment 


cos One important factor has been so far omitted, 
| namely, the effect of the electron waves on the 
^ crystal while it is being examined and photographed 
in the electron mieroseope. The electrons them- 
-selves constitute a radiation capable of producing 
considerable damage to the lattice since they are 
accelerated to relativistic velocities by a high voltage 

| of 80 kV. Their effect has been investigated with 
the assistance of the electron miero-diffraction device, 
whereby changes in erystal structure can be examined 
gs irradiation with electrons proceeds. Fig. 4 shows 
-— what happens to the diffraction pattern from a single 
-crystal of platinum phthalocyanine while it is being 
-irradiated with electrons at a low beam intensity. 

— A fringe pattern is obtainable from the crystal 
_ throughout the irradiation, but its nature and origin 
. "ehange. In the first instance the pattern is derived 

^ from the (201) molecular planes, but as the cumu- 
-lative electron dose on the specimen builds up the 
^s erystal structure changes. All order in the lattice 
(except that which gives rise to the (201) and (201) 









resulting fringe pattern observed 











cules are being destroyed, the platinum atom 
roughly in their original positions in the (20T) 
embedded in a matrix of carbonaceous matter DE 
information derived from fission fragment bombarded | 
crystals is, however, not affected by these considera- 
tions, since the electron micrographs were taken 
before decomposition by electron irradiation had 
proceeded to any marked extent. | 









Conclusion 


We see that it is possible to make a direct observa- 
tion of the molecular disarray produced in a crystal 
lattice when a single fission fragment passes through. 
it. The extent of the damage ean be measured to 
within one molecular plane and in platinum phthalo- 
cyanine varies between seven and twenty (201) planes, 
being dependent on where, and at what angle, the | 
fragment strikes the crystal? In some cases dis- o 
location dipoles are formed. The method appears to | 
be a perceptive one for studying the detailed mech-._ 
anisms of radiation damage. DEBER T AS 
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| ELECTRON-SPIN RESONANCE SIGNALS FROM LYOPHILIZED 
BACTERIAL CELLS EXPOSED TO OXYGEN 





“SCHERICHIA COLI celis, lyophilized from dis- 

ALL tilled water, lose their viability very rapidly when 
exposed to oxygen, but not when kept in vaeuum!. 

' Certain aspects of these observations suggested that 
free radicals might be involved in this phenomenon. 
An investigation of electron-spin resonance was 
therefore undertaken. "The details of the spectro- 
meter have been described®*. An associated analogue 


* On leave of absence from the Israel Institute for Biological 
Research, Nes-Ziona, Israel, whieh is Dr. Lion's present address. 


* 


By Da. M. B. LION*, Dr. J. S. KIRBY-SMITH and Dr. M. L. RANDOLPH 
l Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


computer enabled the determination of the number 
of magnetic centres in the sample as compared with 
the diphenylpicrylhydrazy] (DPPH) standard‘. 
Cells of E. coli strain B/r were grown on nutrient 
agar and, after collection, were washed and re- 
suspended in distilled water. About 2 x 10" cells 
were lyophilized in each ampoule. An electron-spin 
resonance sample tube (diameter 5 mm.) was sealed 
to each ampoule as a side arm. After completion 
of the lyophilization the samples were either sealed 
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off under vacuum or filled with dried oxygen and 
thensealed The dry bacterial powder was pulverized 
by some large-diameter glass beads which had been 
introduced into the ampoules before lyophilization 
The powder was then poured into the side arm, which 
was introduced into the cavity of the spectrometer 
Fig 1 shows the spectra of two samples of dried cells 
One had been exposed to oxygen for 2 days while the 
other remained in vacuum The signal produced in 
presence of oxygen was apparent 30 mm after the 
beginning of exposure, when the earliest measurement 
was made, and reached its final height after some 
hours After reaching a peak no change either in 
height or shape of the signal occurred for at least 
4 months Contrary to experiments performed on 
lyophihzed tissue by Miyagawa et al5, the signal 
remamed stable even after removal of oxygen by 
re-evaeuation, as shown m Fig 2 While heating 
the lyophilized cells to 100? C for 75 min after 
exposure to oxygen did not affect the signal obtained 
(Fig 3, ID), the cells heated at 100° C for 5 min 
before freeze-drying prg¢duced_a much smaller signal 
after exposure to oxygen (Fig 3, III) 

This behaviour of free-radical signals present after 
lyophilization with respect to heat and exposure to 
oxygen differed from radiation-mduced resonances 
Dried bacteria irradiated with 750 kr of X-rays 
showed a broad, weak, and double-peaked signal 
which became higher and sharper after heat treat- 
ment and rapidly decayed on exposure to oxygen 
(fig 4) Ths change ın pattern after heating sug- 
gests a heat-mduced transition from one radical 
species to another, and a fundamental difference 
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Fig 1 First derivative of electron-spın resonance absorption 
curve of E cok cells lyophilized from distilled water I, 18 ia 


II, 21 mgm kept m vacuum 


exposed to oxygen for 2 days 





Fig 2 First derivative of electron-spin resonance absorption 

curve of E coh cells lyophihized in distilled water and exposed 

to oxygen I, before removal of oxygen by re-evacuation, 
II, after re-evacuation 





Fig 3 First derivative of absorption curve of E cola cells 
lyophilized from distilled water and exposed to oxygen I, normal 


cells (60 mgm) II, cells heated to 100° C for 75 min after 
exposure to oxygen (60 mgm), III, cells heated to 100° C for 
5 min before lyophilization (70 mgm ) 
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between radiation-mduced radicals and those occur- 
ring after lyophihzation alone 

Dried E colt cells may be protected against the 
lethal effect of oxygen by different substances, as, for 
example, by thiourea or even more effectively by 
sodium 10dide$, but cysteme (as hydrochloride par- 
tially neutralized to pH 6 0 with sodium hydroxide) 18 
completely ineffective m this respect? In a typical 
experiment the viability of dried cells after exposure 
to oxygen for 4 hr at 28° C was found to be 
control, 0 05 per cent , 1n presence of cysteme, 0 001 
per cent, in presence of thiourea, 42 per cent; in 
presence of sodium iodide, 80 per cent® 





Fig 4 

lyophilized and irradiated in vacuum by 750 kr X-rays 

I, before heating, II, after heating to 100° C for 20 min 

Spectrometer sensitivity about one-sixth that for other figures 
All rates of scanning were equal 


First derivative of absorption curve of E coh cells 


Measurements of electron-spm resonance were 
therefore made on dried cells exposed for 2 days to 
oxygen in the presence of these substances The 
ampoules were then opened in relative humidity less 
than 35 per cent, and the fluffy material was rapidly 
compressed with a glass rod mto sample tubes used 
m measuring electron-spin resonance, thus enabling 
greater amounts of material to' be mtroduced mto 
the sensitive volume of the cavity The sample 
tubes were sealed immediately Fig 5 shows the 
signals produced when dried cells are exposed to 
oxygen in the presence of cysteine, thiourea, sodium 
iodide, and no additive Each sample contained 
50 mgm of bacterial cells, the additives comprising 
a further 16-18 mgm A qualitative relationship 
seems to exist between the ability of these additives 
to suppress the signal from electron-spin resonance 
of oxygen-exposed, dmed bacterial cells, and their 
abihty to protect these cells against the lethal effect 
of oxygen 





Fig 5 First denvative of absorption curve of E col cells 

lyophilized and exposed to oxygen for 2 days in presence of 

I, cysteino , II, no additive one , III, thiourea , IV, sodium 
1odide 
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The approximate number of magnetic centres pro- 
duced by oxygen in dried bacteria 1s about 2 x 1016 
spins/gm ‘Thuis figure is probably correct only within 
a factor of two owing to the high gain needed 1n the 
detection system of the apparatus with consequent 
drift and noise when the signals af these materials 
were determined Since the number of bacterial cells 
in l gm of dry maternal ıs roughly 4 x 10%, the 
number of free radicals produced for each dry cell 
reacting with oxygen ıs about 5,000 Possibly the 
oxygen reaction 1s quite specific and mvolves only 
few molecular species the normal state of which might 
be vital to the survivalof the cell It also seems that 
the ‘oxygen acceptor’ m this reaction 1s quite heat- 
sensitive while the reaction product 1s not 

The experiments of Miyagawa et al * were done on 
ground, non-viable animal tissues and are therefore 
not directly comparable with our results They show 
that molecular species of biological origin which 1n the 
dry state are able to react quickly with oxygen are 
not restricted to bacteria Our results differ in that 
the reaction between oxygen and the sensitive site 
of bacteria seems to be irreversible 

This last observation would exclude a normal 
metabolic role for the reaction, for otherwise one 
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might expect a resonance signal im dried bacteria 
(which are intact and viable cells) kept ın vacuum. 
One might rather mnagme that the site sensitive to 
oxygen ıs protected ın a wet-cell system by the action 
of normal metabolic machmery m removing excess 
oxygen. Once this normal machinery 1s stopped in 
the dry cell, the site becomes easily accessible to 
oxygen Unless other protecting materials are pre- 
sent, there follow consequent mactivation and loss 
of the capability of the cell to recover when it 1s 
re-introduced into its normal environment This 
latter property of the bacterial cell makes~1t an 
interesting model for investigating biological phen- 
omena by means of electron-spin resonance 

The Oak Ridge National Laboratory ıs operated 
by the Union Carbide Corporation for the US 
Atomic Energy Commission 
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ANGULAR MOMENTUM OF CONTINUA 
By Pror J. S DAHLER and Pror L E SCRIVEN 


Department of Chemical Engineering, University of Minnesota, Minneapolis 


Y X THEN applied to the contmuum model of matter, 

the principle of conservation of hnear momentum 
becomes Cauchy’s law of motion, which m spatial 
co-ordinates 1s the familar equation of change of 
lnear momentum In Cartesian tensor notation, with 
D/Dt the substantial time derivative and other 
symbols having thew usual meanmgs 


DV; 
Ppp PF t Pun (1) 


The stress-tensor can be resolved mto symmetrical 
and anti:symmetrical parts T + r , the second 18 


given by (1/2) eix Ax, where the pseudo-vector 
Ar = Ckmn Tmn With this resolution, the first 
moment of equation (1) about an arbitrarily chosen 
origin is found to be 


D 
p p, 6 Ri Vj) = pex Ri F4 
(exi Ri Tu) — An (2) 


This equation of change of moment of momentum, 
or external angular momentum, eji Ry V; (per unit 
mass), shows that quantity to be conserved in the 
usual sense only when the stress-tensor happens to 
be symmetrical, for otherwise A, does not vanish, 
and the last term represents local consumption (or 
production) of moment of momentum throughout the 
system What 1s the fate of this external angular 
momentum ? 

A system may exchange with its surroundings not 
only dinear but also angular momentum The two 
classes of interaction need not be wholly equivalent 
in the case of real materials, although they are so 
regarded in most traditional continuum models But 


just as the distant material surroundings may exert 
locally a vector body force F, they may also exert 
locally on the system a pseudovector body-couple G; 
per unit mass and just as the contiguous material 
surroundings may exert a vector surface traction 
T, = n, Ti; they may also exert on the surface of 
the system a pseudovector couple C; = n; C.; per 
unit area, where Cy; 18 the couple stress-tensor If 
the pseudovector Lep denotes the local density of 
angular momentum per umt mass, the prmoeiple of 
conservation of angular momentum for the constant 
mass system associated with an arbitrary, convected 
volume 1s 


a | pLa y = | p(exc F4. F; + Geld V + 
t Jy y 


|. ny (ex hil yy + CdS (3) 


In the usual way this leads directly to the equation 
of change of total angular momentum 


DL 
p 36 = peri E, F} + e Gy + (x14 Ri; Tia + 


Ci (4) 


Even more important than this equation is the 
following, obtamed by subtracting equation (2) from 
equation (4) and denotmg as Mp the difference 
Ly — exi Ri Vz between total angular momentum and 
moment of momentum 


DM: - 


p -pr = POr Cus + Ax (5) 


This equation of change of mternal angular momentum 
makes clear the fate of the external angular momen- 
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tum it ıs transmuted to the internal form by the 
alchemy of an unsymmetrical state of stress After 
transformation 16 may be accumulated withm the 
system or removed, to the surroundings Just as the 
body-force 1s the rate of arrival of hnear momentum 
from distant material surroundings, the body-couple 
Gx 18 the rate of arrival of internal angular momentum 
from the same source, and m a similar analogy the 
net surface couple Cix, is the rate of arrival, by 
diffusion, of mternal angular momentum from con- 
tiguous material surroundings 

So far as we know, equation (5) was first given in 
complete form m 1959 by Dahler!, who derived 1t as 
a general hydrodynamical equation m the context of 
a statistical mechanical theory of transport processes 
in fluids composed of polyatomic molecules In his 
developments for classical and quantum cases, 
patterned after the methods of Irving and Kirkwood 
and of Irving and Zwanzig, a key step (as m the 
continuum development here) consists of distin- 
gushing interactions of a system with distant from 
those with contiguoug surroundings Somewhat 
earher Grad? had argued im favour of a version 
lackmg only the body-couple term Much earher the 
Cosserats? had given another version lacking the 
accumulation term, long neglected, theirs has been 
revived in the modern theory of rheology (cf refs 4 
and 5) and re-discovered m the theory of elasticity® 
Other incomplete versions have appeared in various 
contexts, for example, the theories of liquid crystals 
and of what are called anisotropic fluids"? 

The derivation sketched here confirms that equa- 
tion (5) 18 a basic law of continuum mechanics fully 
as general as Cauchy’s What are some of its con- 
sequences ? In the first place, equations (2) and (5) 
dicate that moment of momentum and internal 
angular momentum are separately conserved only 
when the local state of stress 1s symmetrical There- 
fore the usual proof of symmetry fails when there are 
couple stresses and accumulation of internal angular 
momentum, as Grad? has observed, as well as when 
there are body couples to be accounted for This 
imphes that whenever the adoption of a continuum 
model requires averaging over the centres of mass of 
sub-continuum units having rotational degrees of 
freedom, the stress-tensor 18 1n general asymmetrical, 
its asymmetry stemming from the interaction of the 
centres-of-mass system with an interpenetrating twist 
or spin system! An example 18 provided by Toupin’s 
theory of the elastic dielectric*, a farther-reaching 
one 1s provided by the new Laval-LeCorre-Raman 
theory of elasticity®®1° Indeed, equation (5) ıs a 
means of jomimg that theory to extensive researches 
on nuclear and molecular spin systems in the solid 
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state It suggests, mcidentally, a need for directing 
attention to the angular momentum aspect of mag- 
netism in quantitative descriptions of macroscopic 
behaviour of not only solids but also fluids and less- 
well-defined forms of matter As yet, in the physics of 
fluids there are few examples of antisymmetrical states 
of stress predicted for polyatomic fluids m general by 
the statistical mechanical theory, they seem to have 
been first considered m detail only recently by Erick- 
sen m a theory of certain non-Newtonian fluuids?^? The 
complete equation of internal angular momentum, 
which 1s basic to any full consideration of such states 
of stress, merits further attention in rheology, par- 
ticularly as an aid to understandmg non-lmear 
behaviour There might be mteresting consequences 
for the hydrodynamic theory of helium II The 
possible existence of asymmetrical stress seems to 
have been overlooked, and perhaps the pecuhar 
system of spm-excitations in that hquid might be 
more conveniently described in terms of intrinsic 
angular momentum density and equation (5) than ın 
terms of vorticity smgularities The equation does 
suggest the existence of unexplored effects of mter- 
change between moment of momentum and mternal 
angular momentum in macroscopic systems rotated 
at high angular velocities 

Another consequence of the angular momentum 
equation is the need ıt shows for discovering the 
constitutive relations giving the dependences of antı- 
symmetrical stress, couple stress, and body-couples 
on a set of mdependent variables that completely 
describes the dynamical state This need compels one 
to recognize that contmuum models of real matter 
must be endowed with point structure, a notion that 
goes back to Duhem and the Cosserats?-5 This 
structure must then be characterized quantitatively 
Further work on energy and entropy accountmg, on 
constitutive relations, on certain appheations to polar 
fluids, and on consequents for turbulent flow is in 
progress 

We are grateful to Prof W. H Schwartz, of Stan- 
ford University, for brmging the most recent papers 
by Ericksen to our attention 
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APPLICATION OF PAL/EOMAGNETISM TO GEOLOGICAL 
CORRELATION 


By A LAROCHELLE 


Geological Survey of Canada 


HE Monteregian Hills are formed from the 
dq. remnants of eight igneous plugs which 
intrude the Paleozoic sedimentary beds of south- 
eastern Quebec (Fig 1). Work on these intrusive 
rocks! by a number of geologists has shown that they 


were derived from a common magmatic source of 
basic composition å 
Suggestions have been made? to melude in the 
Monteregian Hills series a number of alkaline intru- 
sives which are located outside the immediate area 
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Fig 1 Areal distribution of Monteregian hilis (BN, H, R, J, Y, 
S, B) and Mount Megantie (M) 





of the Hills One of these bodies forms the collar 
of basre rocks on the outer rim of Mount Megantic, 
some seventy-five miles east of the mam group This 
body (labelled M ın Fig 1) was recently shown (Reid, 
A M, unpublished M Se thesis, University of Western 
Ontario, 1961) to bear petrological affinities with the 
Monteregian Hills series The contemporaneity of 
the Mount Megantic rocks and the Monteregian 
Hills 18 suggested m this article on the basis of 
palzomagnetic data. 





Fig 2 Directions of magnetization of Mount Megantic rocks 


o, original readings, x, mean direction for other Monteregian 
hills, O, after magnetic cleaning, ©, circle of confidence and 
mean directian for Mount Megantie rocks 


A suite of twelve oriented specimens was collected 
from different sections of the basic part of Mount 
Megantic For the sampling, a solar compass was 
used to ebmunate the possible error that could be 
introduced by the interaction of the magnetic needle 
of an ordmary compass with the relatively strongly 
magnetic rocks dealt with Two l-im cubes were cut 
from each specimen, and their magnetization directions 
were measured The mean direction of magnetization 
of the two cubes was taken as representative of the 
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speermen For the purpose of elimanating unstable 
components of magnetization in the rocks, the latter 
were then submitted to the action of a decreasing 
amplitude, alternating field ın a magnetic-field-free 
space The maximum initial field amphtude used 
was 250 cersteds. This treatment improved the 
clustermg of the magnetization duections a consider- 
able amount, as illustrated im Fig 2 

The mean, direction of magnetization for the group 
18 represented by a cross centring the dotted line 
circle of confidence, the radius of which was com- 
puted using Fisher’s method x 

The fact that the parameter K of the group 1s 
relatively high, coupled with the fact that the mean 
direction of magnetization 1s almost diametrically 
opposed to the direction of the present field of 
Earth at the collecting site, suggest strongly that 
the mean, direction, given in Fig 1 1s that of a stable 
component of magnetization m the rocks and that 
1t reflects the attitude of the ambient magnetic field 
of Earth at the time the rocks cooled from magmatic 
temperatures : 

In & previous study?, I found that the mean 
directions of magnetization of the Monteregian 
Hills he along an axis represented by two X's in 
Fig 2 The attitude of this axis was computed from 
the mean directions of magnetization of two groups 
of rocks which were respectively polarized downward 
mn, the north-west quadrant and upward in the south- 
east quadrant Although the magnetization direction 
of the Mount Megantic rocks 1s almost parallel to this 
axis, 16 18 more accurate, for the sake of geological 
correlation, to compare the pole positions, which may 
be inferred from the Mount Megantic and the Mon- 
teregian Hills paleomagnetic directions respectively. 
The reason for this 18 the remoteness of the two groups 
of collecting sites These pole positions are repre- 
sented stereographically m Fig 3, end they are 
labelled ‘mw and ‘M’ respectively Ther proximity 
and the overlappmg of their respective ellipse of 
confidence strongly suggest that the Mount Megantic 


VoL 192 


180 





Fig 3 Paleomagnetic pole positions inferred from North 
American rocks M, Monteregian Hills, Mount Megantic excluded , 
m, Mount Megantic, 1, Tertiary rocks, 2, Pliocene and Miocene 
rocks, 3, Cretaceous rocks, 4, 5, 6, 7, Triassic rocks, 8, 9, 10, 
Permuan rocks, 11, 12, Carboniferous rocks, 18, Silurian rocks 
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Table 1 DIRECTIONS, OF MAGNETIZATION OF BASIC INTRUSIVE ROCKS 


N, Number of samples, 9, radii of circles of confidence, Ê, dispersion 
parameter, D, declination, J, inclination 


N 0 K D I 
Mount Megantic 12 65 44 157 — 62 
Other Monteregian Hills 10 18° 79 340 +57 
Other Monteregian Hills 39 9° 75 142 — 62 
Table 2 PALO POLE POSITIONS 
Latitude Longitude 

Monteregian Hills 65° N 157° W 

Mount Megantic 685 N 1715 E 

Dakota sandstones * 74N 168 W 


* Pole position as computed by me from directions of magnetization 
and collecting sites given by Runcorn (1956) 


Table 3 
Mineral in Age in 
parent rock 10° yr $ Laboratory 
Mount Royal Pyroxene 1n Tinguaite 100 MIT 
Mount Johnson Biotite in Essexite 110 MIT 
Mount Brome Biotite in Nordmarkite 122 GSC 
Mount Megantie Biotite ın Gabbro 115 GSC 


Potassirum/argon age determinations by Geological Survey of Canada 
(GS C) and the Massachusetts Institute of Technology (MIT) 


basic rocks and the Monteiegian Hulls were intruded 
at the same time si 

Pole positions derived from other North American 
rocks of known ages‘ are also plotted in Fig 3 
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lt appears from these data that a marked shift of 
the pole occurred between Cretaceous and Triassic 
times It would seem, therefore, that pre- and 
post-Triassic rocks could be distmguished on the 
basis of their paleomagnetic directions If this 
hne of reasoning were legitimate, the ‘M’ and ‘m’ 
poles belong to the post-Triassic group and ther 
proximity to the Cretaceous pole would suggest 
further a Cretaceous age for both the Mount 
Megantic and the Monteregian Hills rocks This 
conjecture was recently supported by potassium/ 
argon age determination date (Table 3) released by 
two independent laboratories on samples collected 
from three of the Monteregian Hills and from Mount 
Megantic Thus, paleomagnetic and radiogenic 
data support independently the synchronous intru- 
sions of these two rock units and place them in 
Cretaceous times 

I thank the Director of the Geological Survey of 
Canada for permission to publish this work 


+ Adams, F D, J Geol , 2, 239 (1903) 


* Dresser, J A , and Denis, T C , Quebec Department of Mines, Geol 
Report 20,2, 455 (1944) 


> Larochelle, A , Geol Surv of Canada Bull No 79 (in the press) 
i Runcorn, S K , Bull Geol Soe Amer , 67, 301 (1956) 


DIFFERENTIAL SECONDARY MAGNETIZATION IN SOME 
BRITISH CAMBRIAN ROCKS 


By D E T BIDGOOD 
Department of Geology, University College, Cardiff 


WELVE orientated rock specimens were col- 
lected from three horizons in the Hartshull 

Quartzites and the Hyolithus Limestones from two 
locahties near Nuneaton Geologically! the quartzites 
include true quartzites and ferrugmous sandstones 
coloured red or pink, while the limestones consist of 
organic material m a8 fine-grained matrix of calcite, 
iron mimerals and other material, the whole strongly 
1ed stained The rocks dip to the south-west at 
about 40 deg 

Magnetic results were obtained for eleven rocks 
and are plotted on the equal area stereonet (Fig 1) 
in. their field orientations, the twelfth was too weak 
to give significant results with the existing magneto- 
meter Combining the vectors for the four specimens 
from the Hyolithus Limestones by taking the mean 
of the direction cosines and making a statistical 
estimate of the dispersion after Fisher? gives 

D 017° I23? «16? x33 

The following abbreviations aie used JD, declina- 
tion measured from true north, J, inclination to the 
horizontal, positive downwards, «, semi-angle of 
the cone of confidence drawn at the 95 per cent 
piobability-level, x, estimate of precision In 
contrast, the mean direction obtained from the seven 
specimens from the quartzites 1s 

D 132° I 64° «25° x6 

Correcting for the dip of the rocks moves both the 
mean directions towards the south-west by about 
20 deg, so that when these directions are compared 


with those found in Cambrian rocks from Wales? 
the quartzites give a similar direction, but the 
mean vector for the lmestones is about 90 deg 
removed 

All the rocks were demagnetized ın ac fields of 
up to 100 cersteds using apparatus simular to that 
described by Creer The new vectors obtained on re- 





Fig 1 Equal area stereonet showing the positions of the magnetic 
vectors for eleven rocks from the British Cambrian together with 
the group mean vectors All vectors are in field orientation 
e, Vector plotting in lower hemisphere, 1;, mean vector for 
limestones, la, mean vector for limestones after ac washing, 
2, mean vector for quartzites, 23, mean vector for quartzites 
after ac washing, 2;, mean vector for quartzites aftemac 
washing and correction for dip, ©, vector for Trias rocks, 
BE, vector for Cambrian rocks, A, direction of present dipole 
field The broken hnes show the circles of confidence drawn at 
the 95 per cent level 
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* * measuring (Fig. 2) give mean directions for the 


quartzites 

D 161° 255° «15? x14 
and for the limestones. 

D 015° I44? a9? xil5 


where the rocks are m their field orientations Both 
groups show a reduction in the amount of scatter and 
both show a displacement of the direction of the 
mean towards the south-west which cannot be 
attributed to the removal of a component of secondary 
magnetization parallel with the present geomagnetic 
field 

The displacement of both mean vectors m a simular 
direction would also rule out the possibility that the 
hmestones were originally magnetized in a reverse 
direction to the quartzites and have both taken on a 
component of secondary magnetization to give their 
present positions ‘The presence of a reversal 1s also 
unlikely since the lmestones occur stratigraphically 
within the quartzite series, samples “rom above and 
below the limestone horizon give similar directions of 
magnetization and there 1s no evidence of any marked 
break in deposition 

Comparing the change im the intensities of mag- 
netization produced by the ac washing there 1s a 





Fig 2 Equal area stereonet showing the positions of the magnetic 
vectors after ac washing, together with the group mean vectors 
All vectors ın field orientation Symbols asin Fig 1 





@ 
Fig 3 Equal area stereonet showing the relation of the mean 
positions for these Cambrian rocks to directions determined by 
other workers from Trias ane ag rocks Symbols as in 
1g 
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marked difference between the lmestones, which 
lose about 85 per cent, and the quartzites, which show 
httle change 1n intensity This suggests that the two 
rock types have taken on very different components 
of secondary magnetization 

The mean vectors for the two groups in field 
orientation are given in Fig 3 both before and after 
ac washing together with mean vectors for rocks of 
Trias age from Europe®* and for the Caerbwdy 
Sandstones of Cambrian age from Wales? The mean 
direction for the Hyohthus Limestones before washing 
hes within the group of Trias results and accords 
well with those from rocks of Bunter age, the effect 
of the washing is to shift the mean direction towards 
the Cambrian direction For the Hartshill Quartzites 
the mean before washing hes close to the Cambrian 
direction, and the washing moves the vector still 
closer so that 1f this mean direction 18 corrected for 
the observed dip of the rocks the resultant vector 
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D 193° I34? «16° x12 
is 1n good accord with the Cambrian direction 

Combining the magnetic and geological evidence 
these observations may be explained as follows 
The Hartshill Quartzites and the Hyolithus Lime- 
stones were weakly magnetized parallel to the geo- 
magnetic field in Cambrian times Uplhft and erosion 
having removed any overlying rocks, these Cambrian 
rocks lay at or near the surface in the Trias During 
the deposition of the thick series of red beds of Trias 
age which are now exposed to the north-west of the 
Cambrian rocks, these were penetrated by won- 
bearing ground waters which, in depositing new won 
minerals and oxidizmg existing minerals to new forms, 
imposed a chemical remanent magnetization?! The 
degree to which the Cambrian rocks were affected by 
this process depended on their permeability, this was 
shght m the quartzites, but greater in the more 
permeable hmestones That this new magnetization 
of the limestones could not be removed completely 
by washing ın ac fields up to 100 cersteds 1s ın agree- 
ment with Creer’s work’ on unstable Keuper Marls 
which ın some cases stil retamed components of 
secondary magnetization after washing in fields of 
up to 850 cersteds 

If ıt 1s correct to assume that the quartzites after 
ac washing give a true record of the direction of the 
Cambrian geomagnetic field the position of the 
magnetic pole at that time can be calculated as 

Lat 18° N Long. 165° E di10° dy 18° 

where di and dy are the lengths of the semi-axes 
of the elipses of confidence drawn at the 95 per cent 
probability-level This pole position 1s in good 
agreement with those determmed from the British 
Cambrian and from rocks of similar age from Norway? 

This work was carried out while I was a student 
at the Sedgwick Museum, Cambridge, and I take this 
opportunity to thank W B Harland and Dr R Hey 
of that department for their help and encouragement 


1 Eastwood et al, Mem Geol Surv Eng and Wales, Explanation of 
Sheet 169 (1923) 
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‘Creer, K M , Geophys J ,2, 261 (1959) 

$ Irving, E , Geophys J, 3, 96 (1960) 
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? Hagh, G, Phil Mag, 8, 267 (1958) 

* Kobayasm, H , J Geomag and Geoelec (Kyoto), 10, 99 (1959) 
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AUTO-IMMUNIZATION AND LIVER CIRRHOSIS 


By Dr. W. MORI* 
Department of Pathology 
AND 


Dr T. SUZUTA 
Department of Serology, University of Tokyo, Faculty of Medicine 


ECENT progress of work on auto-rmmunization 
18 remarkable, and the occurrence of this unusual 

condition has been reported or suggested m various 
sorts of diseases, one of which is liver cirrhosis 
Gajdusek? apphed the complement-fixation reaction 
widely and revealed the existence of auto-antibodies 
against the liver as well as several other tissue 
homogenates in cases of some chronic diseases, mm- 
cluding liver cirrhosis ° Tsujmo? succeeded in pro- 
ducing by means of an immunologieal method some 
experimental condition which he called cirrhosis-like 
liver Recently, Kimg* reported a case of liver 
cirrhosis m which many L#-cells were revealed, and 
with a review of similar conditions reported, he con- 
cluded that some kinds of liver cirrhosis should be a 
manifestation of auto-immune reaction of the liver 

In our recent work, we tried to reveal the presence 
of an auto-antibody m serum agamst liver tissue 
obtained from the same individual, which we thought 
to be the real auto-rmmunization As shown m 
Table 1, fifteen cases have been tested so far, most 
of which at autopsy revealed various kinds of liver 
alterations such as eirrhosis or fibrosis, liver cell 
necrosis, primary liver cell carcinoma, etc Age of 
the patients varied between 8 and 74 yr, and all 
these were Japanese males ‘The time of autopsy 
after death varied from 225-15 hr , most of them 
were rather fresh and less than 4 hr, durmg which 
period the bodies were not kept under refrigeration 
In one case of primary liver cell carcinoma, both the 
tumorous and non-tumorous parts of the liver 
were examined As for the cases with metastatic 
tumours in the liver, special care was taken to avoid 
contamination of the liver specimen with the tumour 
tissue 

A small piece (20-30 gm ) of the liver tissue and a 
cup of blood were collected from each case of autopsy 
Within 24 hr, the blood was centrifuged, and the 
separated serum was incubated in a water bath kept 
at 56° C, for 30 mm Sodium azide was added in 
01 per cent as a preservative On the other hand, 
the tissue specimen was weighed and cut with a razor 
blade mto small pieces, four times by weight of 
saline solution was added ‘This crude suspension 
was homogenized thoroughly, first with a Waring 
blender, and next with tissue grinder. After sodium 
azide (0 1 per cent) was added the tissue homogenate 
was centrifuged (5,000 r p m , 20 mm ) and the super- 
natant was preserved for the serological test A 
small segment of tissue was put mto formalin solution 
for histological study 

To reveal auto-antibodies, Ouchterlony's agar 
reaction method’, modified by Wilson and Pringle’, 
was used Interactions between matched serum and 
liver tissue were chiefly observed 


* Present address Department of Pathology, Tokyo Medical and 
Dental College, Ushima, Bunkyo-ku, Tokyo 


Among fifteen cases examined, two showed a posi- 
tive reaction, as shown ın Table 1 Incubation for 
4 days at 38° C was necessary to develop a definite 
lme on the agar plate m one case (No 2), and ıt 
took 10 days in the other (No 14) Table 1 also 
shows the histological feature and weight of the liver 
of each case None of the five cases, includmg one 
each of hemolytic anzemia and chronic nephritis, 


Table 1 RESULTS OF AUTOPSY EXAMINATION 

Autopsy Pathological diagnosis — Liver  Serolo- 
Case Age Sex (hr after (brief histopathological weight gical 
No (yr) death) findings of the liver) (gm) reaction 


1 74 M 15 Stomach carcinoma 720 (—) 

(marked, periportal flb- 

rosis and moderate con- 

gestion) 

(isophagus carcinoma 

(fine-nodular cirrhosis 

and three nodes of meta- 

stasis) 

Acquired hemolytic 940 
anamia 

(extra-medullary hsem- 

atoporesis ın periportal 

areas and sinusoids) 

Stenosis of inferior vena 1,950 
cava 

(irregular fibrosis and 

granular  pseudolobuli 

formation) 

Stomach carcinoma 

(meso-nodular, atrophic 

cirrhosis with necrosis 

and tumour metastasis) 

Iatrogenic massive liver 985 
necrosis 

(extensive, total necrosis 

and fatty degeneration 

of liver cells) 

Primary liver cell car- 2,260 
clnoma 

(hepatocellular carcin- 

oma in non-cirrhotic, 

icteric liver) 

Stomach carcinoma 

(multiple, nodular meta- 

stases ın congestive, 

atrophic hver) 

Chronic glomerulo- 
nephritis 

(cloudy swelling of liver 

cells, marked) 

Acute bulbar paralysis 625 
and polomyelopathia 

(shght congestion of 

liver) 

Accessory sinus carcin- 

oma (two, small nodular- 

metastases and slight 

lymphocytic infiltration) 

Hsemochromatosis 900 

(hemochromatotic liver 

cirrhosis with degenera- 

tive change) 

Aortic aneurysma, lrver 1,040 
cirrhosis 

(macro-nodular cirrho- 

sis with marked, nodu- 

lar hyperplasia) 

Fatty cirrhosis of the 1,500 
liver 

(fine-nodular cirrhosis 

with marked, fatty 

metamorphosis) ° 

Liver cirrhosis 780 

(fine-nodular, atrophic, 

uregular currhosis with 

scarring) 


2 60 M 2k 


1,540 (+) 


(—) 


(—) 


1,390 


1,680 


10 8 M 63 


11 51 M 24 


1,404 


12 70 M 24 


13 68 M 3 
14 36 M 6 


(+) 


15 67 M 5k 


42 


" which showed no remarkable primary liver change at 
autopsy, gave positive results in the serological test 
Actually, there were ten cases with more or less 
altered liver tested in our work, among which none 
of the cases of acute hiver necrosis, primary liver cell 
carcinoma, and liver fibrosis showed the development 
of auto-immunization A total of six cases of orr- 
hosis of the lver were tested, and both the cases 
which showed serologically positive results were m 
this last group 

Grossly, no atrophy was noticed 1n either of those 
two cirrhotic livers which showed positive serological 
reaction, one weighed 1,540 gm and the other 
1,500 gm Three metastatic tumour nodes were 
found in the liver of case No 2, but they were too 
small to mfluence the weight of the liver 

Microscopical investigation of those cases revealed 
an interesting fact that the two were quite similar 
also m histological character Sections of the liver 
in those two cases showed rather small, uniform 
pseudolobules surrounded with thin trabecule of 
fibrous tissue, without any marked scar formation 
Lymphocytic infiltration and bile-duct proliferation 
in portal areas were seen, but quite shght Neither 
nodular hyperplasia nor adenomatous growth of hver 
cells was noticed — Elastosis was not marked Fatty 
metamorphosis of the liver cells was especially marked 
m ease No 14 As shown ın Table 1, the cirrhotic 
or fibrotic livers tested m this work showed various 
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histological features, and the only two cases of those 
which had quite the same gross and histological 
characters gave a positive auto-rmmune reaction 
This fact was considered to be too serious to be 
neglected as a matter of accidental comeidence 
Moreover, those two cases had one common feature 
in regard to previous histories, namely, alcoholism 
The liver of those two cases showed the feature of 
mild, slowly-progressing cirrhosis of a rather portal 
type which could be classified as nutritional when 
both clinical and pathological results were considered 

The definite serological mteractions were found 
only in cases of hver cirrhosis so far as examined, and 
they could be exclusive for certam types of this disease. 
Even so, the reason why the auto-antibodies against 
the liver tissues were found only in cases of a so- 
called nutritional type of cirrhosis are still unknown 
However, the fact that numerous fat droplets were 
revealed histologically in the lung capillaries of those 
cases apparently suggests the possibility of an outflow 
of the fat extracts of the liver cell components mto 
the blood stream in the casg of severe fatty meta- 
morphosis of the liver, which might cause developmg 
auto-immunization 
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COUNTERACTION BY CYSTEINE OF GLYCOGENOLYSIS AND 
INHIBITION OF MICROSOMAL PROTEIN SYNTHESIS 
PRODUCED BY DIMETHYLNITROSAMINE 


By Dk P EMMELOT and | J MIZRAHI 


Department of Biochemistry, Antont Van Leeuwenhoek-Huts The Netherlands Cancer Institute, Amsterdam 


THIN a few hours of administration of 

dimethylnitrosamme (DMNA) and before any 
other lesion can be observed, there 1¢ found a severe 
inhibition. of ammo-acıd meorporatian into the pro- 
tems of the isolated muerosomal-soluble fraction of 
rat liver’?  Indnect evidence has been presented! 
that DMNA ıs not imhibitory m itself, but that the 
compound ıs first converted by an oxygen- and 
reduced triphosphapyridine — nucleotide-dependent 
N-demethylase, located in the microsomal mem- 
branes, to the N-hydroxymethyl (methylol) derty- 
ative. The latter ıs very reactive and unstable so 
that either this derivative, or the formaldehyde 
released therefrom, may act as the toxic agent en sutu 
Moreover, the monomethylol derivative might also 
give rise to diazomethane? Any one of these deriv- 
atives may react with susceptible groups of the 
enzymes, cofactors or ribonucleic acid (RNA) 
templates of the protem synthetic prozess! Although 
it 18 not known which of the possible derivatives, 
O—N—N-(CH,OH), H,CO or CH.N,, is im fact 
responsible for the toxic action of DMNA, all three 
may react with sulphydryl groups wnich have been 
recogwized* as cofactors of protem synthesis at the 
microsomal level — Io ıs of interest that the lesion, 
in 1ncorporation of amino-acid produced by DMNA, 1s 
located m the microsomes? and not 12 the soluble (s) 


faction which catalyses amino-acid activation and 
the transfer of the latter to s-RNA Next to its 
effect on protem synthesis, DMNA has also been 
found to cause the disappearance of glycogen from 
rat hvert Three hours after the administration of 
DMNA. (50 mgm /kgm body-weight), when changes 
in the endoplasmic reticulum‘! and an imhibition of 
microsomal protem synthesis were observed, the 
glycogen content appeared, both by electron micio- 
scopy and chemical analysis, to be normal, whereas 
17 hr later almost all the glycogen had disappeared 
Three hours after a two-fold greater dose of DMNA, 
20 per cent (average) of the glycogen had disappeared, 
the bulk of the Jatter being lost 1n the period 3-10 hr 
after DMNA injection 

In the present experiments we have been able 
to show that administration of cysteme to rats 
markedly counteracts both the percentage mhibrtion 
of microsomal protein synthesis and the glycogenolysis 
which result from the injection of DMNA Cysteme 
administration according to the régime Listed in the 
legend of Table 1 (or shghtly varied) caused a marked 
mcerease in the ın vtro protem labelling of the later 
isolated mucrosomal-soluble fraction of liver by 
leueme-1-4C (50-150 per cent increase in 8 experi- 
ments) A relatively greater effect (150-350 per cent 
merease) of cysteme administration was always 
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Table 1 In vitroe INCORPORATION OF LEUCINE-1-*C INTO THE 

PROTEINS OF THE MICROSOMAL-SOLUBLE FRACTION AND THE GLYCOGEN 

CONTENT OF LIVERS FROM NORMAL AND DMNA-TREATED RATS AS 
AFFEOTED BY CYSTEINE ADMINISTRATION 





Protein radioactivity | Glycogen content | 
DMNA Cysteine of of | 
microsomal-soluble liver slices 
fraction 
(counts/min (per cent (per cent of wet 
at ‘infinite’ change) weight of lrver) 
| thickness) 
— — 85 81 
| — + 1409 +106 61 
+ — 201 —71 29 
T T 832 +314 —41 55 


150 mgm DlL-cysteine was administered subcutaneously twice daily 
for 2 days to 300 gm rats of the inbred strain Ų Early next morning 
the rats received saline (01 ml ) or DMNA (100 mgm /kgm body-wt ) 
dissolved in saline mtravenously and another 150 mgm of cysteine 
subcutaneously These, and similarly treated rats which had not 
received the cysteine, were killed 5 hr later The incorporation of 
leucine-1-4C into the proteins of the isolated mucerosomal-soluble 
fractions (10,000g supernatant) was studied as described in ref 1 
Glycogen was measured in slices prepared from the same livers by 
the anthrone method 


observed on the decreased mcorporation of amino- 
acid of the correspontling fractions prepared from 
the livers of rats 3-10 hr after injection of DMNA 
The experimental results in Table 1 illustrate a case 
m which the rats had been subjected to the toxic 
effect of DMNA for 5 hr Experiments of this kind 
can only be interpreted in terms of an increase in 
amino-acid incorporation, or of a counteraction by 
cysteine of the DMNA-inhibited amimo-acid incorpora- 
tion, if the radioactivity of the 1mmediate precursor 1s 
known If cysteme m some way or another had 
produced a decrease in the concentration of the 
endogenous leucine of the soluble fraction, a smaller 
dilution of the added 14C-leucine and an increase in 
labelling of protem would have resulted The follow- 
ing results, however, make 1t hkely that this was not 
the case 

Experiments on the ineorporation of amuno-acid 
into the protems of liver slices of the various rats, 
treated according to Table 1, gave results identical 
to those of Table 1 Since the merease in the in- 
corporation of amuno-aeid into the protems of the 
liver slices of rats which had received eysteme (con- 
trols 40 and 66 per cent, DMNA-treated 62 and 
112 per cent inerease in two expermnents) was not 
accompanied by an increase m earbon-14 content of 
the respiratory carbon dioxide derived from leucme- 
1-4C, as compared with the corresponding data 
obtained with rats which had not received cysteine, 
it followed that the increase in protein labelling 
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. 
was not due to a decrease ın the amount of endo- 
genous leucine The results of four experiments m 
which the 105,000g supernatants of the livers from 
four rats, treated according to Table 1, were m- 
cubated with leueimne-1-4C and adenosine triphos- 
phate, followed by isolation (phenol method) and 
purification (through ‘Sephadex’) of the !*C-leucyl- 
s-RNA formed, supported the latter conclusion The 
radioactivity of the control- and DMNA-treated pre- 
parations (+ cysteme) was identical This suggests 
that both the stimulatory effect of cysteme on the 
incorporation of ammo-acid system of the normal 
rats and the counteraction by cysteme of the per- 
centage inhibition by DMNA is exerted at the micio- 
somal level 

It 1s shown ın Table 1 that cysteme admunistration 
also counteracted the glycogenolysis produced by 
DMNA, some measure of variation in this and the 
above effect of cysteme being noted with mdividual 
rats  Cysteme admunistration (150 mgm _ twice 
daily for 2 days) also resulted m, or markedly pro- 
longed, the survival of rats which had received a 
lethal dose of DMNA (22 5 mgm /300 gm rat, given 
immediately after the fourth cysteme administration , 
all controls dying within 40 hr) 

It may thus appear that cysteme, although not 
being tolerated too well by some of the rats (especially 
the younger ones), and apart from its more specific 
effect on microsomal protem synthesis (compare the 
controls), prevents or counteracts DMNA toxicity m 
general It1s of interest that cysteme and cysteamine 
(cysteamine per se shows also some measure of 
toxicity) also protect against a lethal dose of nitrogen 
mustard’ Although not permitting a definite choice, 
the correspondence in protective effect of cysteine 
against DMNA and the alkylating agent nitrogen 
mustard, might indicate that the methylating agent 
diazomethane 1s the actual toxic derivative of 
DMNA The protective effect of cysteine against. 
DMNA toxicity may be due to a direct interaction 
of the sulphydryl groups of the former with the 
highly reactive and toxic DMNA derivative, or to a 
transitory blockage of tissue SH-groups which are 
thus unable to react with the DMNA derivative 
1 Brouwers, J A J, and Emmelot, P, Exp Cell Res , 19, 467 (1960) 
2 Hultin, T, Arrhenius, E, Low, H, and Magee, P N, Biochem J 

76, 109 (1960) 
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DETECTION OF A POSSIBLE INTERMEDIATE IN OXIDATIVE 
PHOSPHORYLATION 


By DR C H SUELTER, M DeLUCA, Dr J B. PETER and Pror P. D BOYER 


Department of Physiological Chemistry, University of Minnesota, Minneapolis 


STRIKING feature of oxidative  phos- 
A phorylation is that although occurrence of the 
process has been recognized for some twenty years, 
no phosphorylated mtermediates have been demon- 
strated The formation of three or more molecules 
of adenosine triphosphate (ATP) for each reduced 
nicotinamide or flavin-contamung co-enzyme oxidized 
by oxygen suggests participation of one or more 
intermediates Several investigations! have md1- 


cated that mitochondria, in the absence of an added 
phosphoryl acceptor, may accumulate material 
capable of allowing rapid formation of ATP Whether 
the observations reflect the presence of a phos- 
phorylated mtermediate or some other form of energy 
storage is uncertain Data on ADP = ATP exchange 
have been interpreted as indicating a phospho- 
enzyme intermediate’ Various findings, 1n particular 
the demonstration that oxygen between the B- and 
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e 'y-phosphorus atoms of ATP is furnished by ADP, 


strongly infer that any phosphorylated mtermediates 
formed are derived from orthophosphate (Ji), fol- 
lowed by reaction with ADP to give ATP Present 
information does not exclude, however, the possibility 
that the first covalent compound formed from both 
P; and ADP m one or more steps of oxidative phos- 
phorylation 1s ATP itself 

The importance of detection and isolation of any 
mtermediates in oxidative phosphorylation to the 
understanding of the reaction mechanism served as 
the motivation for our work As reported in pre- 
hmmary communieavi0ns$, these mvestigations have 
led to the demonstration of the rapic uptake of 32P, 
into a protein-bound form Conditions affecting the 
labeling of this unidentified phosphate suggest 1ts 
participation in oxidative phosphorylation, and 
presentation of some details in this regard, together 
with some properties of the substance. 1s the principal 
purpose of this article 


Rapid Formation of an Unidentifizd Phosphate 


Conditions which might be expected to favour 
accumulation of an mtermediate of oxidative phos- 
phorylation m mutochondri& are mcubation im the 
presence of excess substrate, oxygen and P;, but 
without added ADP In our experiments, mito- 
chondria have been incubated under such conditions 
but in the absence of added Pi, then exposed for 
short periods to a trace of high specific activity °*P; 
The trace of added ?*P, to the medium was avoided 
because such addition would reduce the possibility 
of detecting a small fraction of the total added 
phosphorus-32 that might be presens in any mter- 
mediate Stopping of the reactions and nearly com- 
plete removal of ??P, and AT*P from the protem- 
bound phosphorus-32 was achieved by addmg a 
concentrated urea solution contamung a non-ionic 
detergent to give apparent solubilization of the mito- 
chondria’, followed by passage through a column of 
anion exchange resin. After incubation for a few sec 
or more with **P; presence of ??P in tnis unidentified 
material and im AT??P are shown nm ig 1 In this 
and other comparable expermnents, the average 
amount of ??P in the unidentified fraction has been 
shghtly greater at 10 sec than at 1 min. The tendency 
for the decrease 1n 1 min sometimes noted might 
reflect decrease in specific activity of ?*P,; resulting 
from interchange with P, and ATP pools of mito- 
chondria Evidence exists for the presence of intra- 
mitochondrial P, which does not readily mix with 
medium P, (refs 10, 5) 

The rate of labelling of the unident:fied phosphate 
18 much more rapid than that of phosdho-proteins or 
phospho-lipids, as reported by Conover et al © and 
by Burnett and Kennedy??, and thus does not appear 
to represent the initial uptake into a large pool of 
phosphorylated compounds A time-course as given 
in Fig 1 ıs m harmony with participation of the 
unidentified phosphate as an intermediate A rate 
of labeling comparable with or slower than that of 
ATP would not, however, preclude participation of 
a compound as an mtermediate m view of possible 
effects of relative reaction-rates as well as compart- 
mentation in mitochondria An effsact of relative 
reaction-rates arises from the demonstrated dynamic 
reversal of ATP formation accompanying oxidative 
phosphorylation!?3* The pathway of phosphorus-32 
may be simply represented as follows 

P, = phosphorylated mtermediase = ATP 


. 
v 
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After addition of ?*P;, the specifie.activity of the 
intermediate would be expected to be similar to that 
of the P, if the interchange in the first step were 
rapid compared with that in the second step Con- 
versely, the specific activity of the intermediate 
would approximate that of the ATP if the mter- 
change ın the second step were more rapid Indeed, 
in some of our experiments with small variations in 
conditions, the rate of appearance of P m ATP and 
in the unidentified phosphate has been simular. 

The absolute amount of phosphorus-32 appearmg in 
the unidentified fraction 1s only about 0 2-0 3 per cent 
of the added ?*P, It became important, therefore, 
to assess the possibility that the small activity found 
might arise from experimental artefact and not 
represent a metabolically derived phosphate com- 
pound Controls in which ??P, or ATP was added 
with or after the concentrated urea demonstrated 
that appearance of the product depends on 
meubation for the short periods with mitochondria 
That the product very hkely ıs a derivative of P; 1s 
shown. by the liberation on short heat treatment at 
neutral pH of the radioactivity ın a form extractable 
with added P; by isobutanol-benzene from acid 
molybdate® and precipitable with P; as magnesium 
ammonium phosphate In addition, the product had 
a radioactivity with penetration characteristics and 
half-hfe similar to ??P 

The experiments have been hampered considerably 
by the presence of varying amounts of impurities m 
3? P, as received which appear m the column eluates 
of controls Of various purification techniques, that 
used at present, and which 1s successful with most 
samples, 1s as follows ‘The sample is made alkaline 
with ammonia, adsorbed on to a small column of 
“Dow-1-bicarbonate’ anion exchange resin, and the 


Maximum ??P in fraction (per cent) 





^ ` 30 60 90 120 
See after ?* P; addition 


Fig 1  Time-eourse of appearance of **P; in ATP and in the 
unidentified phosphate A mixture containing 11 mM sodium glu- 
tamate,6mM KCl, 240 mM sucrose, 1 mM ethylenediamine tetra- 
acetate (EDTA) and mitochondria from roughly one-fourth of a rat 
liver in a total volume of 2 ml was incubated with rapid stirring 
under oxygen at pH near 7 and 15? C fori mm A drop of high 
specific activity **P; was then added, and the reaction stopped at 
the desired time by additions of 6 vol of cold 6 M urea and 4 per 
cent detergent (‘Triton X-100') The sample was passed through 
a column (about 08 x 8 cm) of 'Dow-1-CI' and ?3P 1n the eluate 
measured The incorporation of **P,; into ATP was estimated as 
the “P not extracted by isobutanolbenzene in the Berenblum and 
Chain assay (ref 8), performed on the supernatant solution after 
precipitation of protein by cold 03 M perchloric acid The 
urea-'Triton' and the sucrose solutions were purified by passage 
through a mixed ion-exchange resin The mitochondria were 
prepared essentially as described by Schneider and Hogeboom 
(ref 9) with 1 mM EDTA, pH 7 4, added to the 0 25 M sucrose 
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sP ag unidentified phosphate (per cent) (x 10) 





0 20 40 
"p ag ATP (per cent) 
Fig 2 Comparison of the percentage of the total ?? Pi incorporated 
into the unidentified phosphate and ATP Experimental con- 
ditions were as given in Fig i, with incubation for 30 sec after 
32P: addition, for results designated by crosses For results 
designated by circles, 10-° M 2,4-dinitrophenol was present 
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Fig 3 Effect of added P, and ATP on the percentage of ?*P; 

appearing 1n the unidentified phosphate Experimental conditions 

were as given in Fig 1, with addition of P, and ATP to give final 

concentrations of 1 mM each at the times indicated &, No 

added P; and ATP, x, P, and ATP added at 60 sec, O, P, 
and ATP added before ?* P, 


322P; eluted with 015 M ammonium bicarbonate— 
0 013 M ammonia Mixing of the column eluate with 
‘Dow-50(H*+)’ removes ammonia and liberates carbon 
dioxide to give a ??P, solution low ın total salt con- 
centration This procedure has given ??P, in which 
controls showed less than 1 per cent as much phos- 
phorus-32 in column eluates as did incubated samples 

The amount of the unidentified phosphate detected, 
although representing only a small fraction of the 
3? Pi added, 1s about comparable on a molar basis with 
the level of cytochromes present, as estimated from 
the data of Chance and Wilhams! If one assumes 
that the specific activity of the unidentified phosphate 
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is equal to that of the P; of mitochondria, the 
maximum amount detected ıs roughly 005 umole 
per gm of rat hver mitochondrial protem. The 
possibility exists that this amount represents only 
partial phosphorylation of the precursor of the 
unidentified phosphate. 

Production of material from a given preparation 
of mitochondria 1s fairly reproducible, but different 
preparations show considerable variation m their 
ability to moeorporate °2P; mto both the unidentified 
phosphate and ATP A summary of results collected 
over a period of several months with hver mito- 
chondria 18 given m Fig 2 These show that mito- 
chondrial preparations with ability to accumulate 
a higher per cent of the added trace amount of 
322P; as ATP show a tendency for formation of more 
of the unidentified substance On storage for a few 
hours at 0°, ability to form both intramitochondrial 
ATP and the unidentified substance declines 

A similar labelling of the unidentified phosphate 1s 
obtained with glutamate, «-ketoglutarate, B-hydroxy- 
butyrate or succmate as substrates or without added 
substrate The maternal has also been detected in 
mitochondria from rat live: and heart, as well as ox 
liver and heart and rabbit heart i 


Effect of Added P, and ATP and of Inhibitors 
on the Unidentified Phosphate 


Any substance which was an intermediate in the 
formation of ATP from P, would be expected to 
undergo rapid interchange with added P, or ATP or 
both ‘The results given ın Fig 3 show that addition 
of unlabelled P; and ATP after incorporation of ??P 
into the unidentified phosphate readily results in loss. 
of ?*?P from the fraction Clearly, a dynamic mter- 
change between the fraction and P;-ATP exists. 
Further, addition of unlabelled P; and ATP before 
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Fig 4 Effect of addition of 2,4-dimtrophenol on the labelling 

of the unidentified phosphate and ATP Experimental conditions 

were as noted with Fig 1, except that the added urea was&t pH. 

about 95 and no detergent was present 2,4-Dinitrophenol 

additions were made as noted ‘The solid lines indicate the **P 

in the unidentified phosphate and the dashed lines the ?*P in the 
ATP ©, O, No DNP, N, x, 10° M DNP at 10 sec 


? 
e 


46 ~ NATURE 


e 
Table 1 REPRESENTATIVE EFFECTS OF INHIBITORS ON LABELLING 
OF UNIDENTIFIED PHOSPHATE AND ATP 
Percentage added as 
Sec after 3? p. as 
Exp Inhibitor ?*Pr addn Unidentified 
phosphate ATP 

1 None 10 0 07 9 
2,4-Dinitrophenol, 10-* M 10 0 06 6 
2,4-Dimitrophenol, 10 M 10 0 01 0 
None 30 010 14 
2,4-Dinitrophenol, 10-* M 30 0 04 5 
2,4-Dinitrophenol, 10-7 af 30 0 00 1 
None 90 0 14 34 
2,4-Dinitrophenol, 10-* Af 90 0 04 11 
2,4-Dinitrophenol, 10-7 M 90 0 02 3 

2 None 380 011 20 
Cd**, 10-5 M 30 0 02 1 

3 None 30 0 14 27 
Ohgomyem, 12 ugm /ml 30 013 6 

4 None 30 0 07 30 
Olhigomyein, 50 ugm /ml 30 0 06 9 
2,4-Dinitrophenol, 10-5 M 30 0 02 5 

5 Y. cre jack ar 30 0 08 18 

,4- Dinitrophenol, 10- 

Ohigomyein, 100 ugm /ml j 30 0 01 4 

6 None 30 0 17 6 
KON, 107? M 30 0 05 8 
Amytal, 3 x 10-3 M 30 0 04 4 
p-Mercuribenzoate, 10-3? M 30 0 00 0 


Conditions were essentially as given with Fig 1 with rat hver 
mitochondria unless otherwise specified In some experiments, urea 
solutions made alkaline w:th N H, were used instead of urea-detergent 
solutions 2,4-Dinitrophenol was added 1 min before aP; Odtt 
were added 5 min before ?P. Ohgomyemn, KCN, amytal and 
P-mercuribenzoate were present during 5-10 min at 0° and 1 mm 
ab 15? before ?*P, addition In experiment 6, ox liver mitochondria 
were used — Mitochondriz from about 1 gm of hver were used in 
experiments 1, 3, 4 and 6, and from about 0 2 gm of liver in exper- 
ments 2 and 6 
the trace of 322P, nearly prevents incorporation of 
phosphorus-32 into the unidentified phosphate This 
18 the expected result from marked diminution of the 
specific activity of 2P, 

The effect of various inhibitors of oxidative phos- 
phorylation establishes a close relationship between 
the labeling of the unidentified phosphate and 
oxidative phosphorylation Presence of 2,4-dimtro- 
phenol, a well-recognized ‘uncoupler’ of oxidative 
Phosphorylation, both reduced the formation and 
accelerated the disappearance of the fraction, as 
shown by the results in Fig 4 and Table 1 The 
effectiveness of a given concentration of 2,4-dinitro- 
phenol was not as great as might at first be anticipated 
from 1ts known action on net oxidative phosphoryla- 
tion and on the P,-AT'P exchange reaction, 10-4 M 
2,4-dinitrophenol nearly completely abolishes these 
processes!*.15 As noted from Tablo 1, considerable 
phosphorus-32 was incorporated into the unidenti- 
fied phosphate even in the mitial presence of 10-3 M 
dinitrophenol Two factors may be responsible for 
this Furst, with decrease imn the concentration of 
mitochondria, lower concentrations of 2,4-dinitro- 
phenol are more effective, and secondly, the mability 
of 2,4-dimitrophenol, when initially present, sharply to 
reduce the labeling of the unidentified phosphate 
was paralleled by continued ability to label mtra- 
mitochondrial ATP This could reflect a resistance of 
intra-mitochondrial ATP to breakdown in presence 
of 2,4-dimtrophenol as noted by Azzone and Ernster!’ 

Effects of other mhibitors are also summarized in 
Table 1 Of particular interest are the effects of 
ohgomyem This antibiotic has been shown by Lardy, 
Johnson and McMurray?’ to prevent ATP formation 
without an ‘uncoupling’ action Uptake of ?*P, into 
the unidentified phosphate fraction 18 not affected or 
actually shghtly mereased when mitochondria are 
expoSed to oligomycm Under these conditions, 
formation of AT*?P is markedly decreased This 
gives strong evidence that the unidentified phosphate 
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??P arises from ?*P, and not from.AT??P Further, 
as shown in Table 1, presence of 2,4-dinitrophenol 
decreases formation of the unidentified phosphate in 
presence of olgomycin 

Cadmium ions, which Jacobs and Jacobs have 
shown to be potent mbibitors of oxidative phos- 
phorylation", also prevent formation of the unidenti- 
fied phosphate Azide, which has effects like both 
2,4-dimitrophenol and oligomyem!%, as well as an 
mhibitory action on electron transport, also ıs 
effective in reducmg formation of the unidentified 
phosphate Cyanide and presence of a mitrogen 
atmosphere cause some. but not marked, decreases 
In incorporation of 322P; mto the unidentified phos- 
phate These effects of mhibitors on formation of the 
unidentified phosphate are similar to the effects noted 
on the ??P,-A' TP exchange reaction!?:1$ 
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Properties and Fractionation of the 
Unidentified Phosphate 


The unidentified phosphate as present m column 
eluates 18 non-dialysable, ret&med on charcoal, and 1s 
separable from P, by passage through ‘Sephadex 
G-50’ It ıs partly cleaved to P; but mostly pre- 
cipitated by brief exposure to dialysed eluates to 
cold 0 3 M trichloracetic acid, and 18 precipitated by 
acidic or neutral ammonrum sulphate, ammonium 
sulphate plus dodecyl sulphate or ethanol It is not 
extracted from lyophilized fractions by ethanol, 3 to 1 
ethanol diethyl ether, or acetone Treatment of the 
unidentified material with a bacterial protemase has 
yielded a radioactive product which 1s dialysable and 
not precipitated as magnesium ammonium phosphate 
Dialysis of column eluates m presence of crude 
alkalhne phosphatase markedly accelerates the appear- 
ance of ?2?P, m the dialysmg medium ‘These various 
findings suggest that the phosphoryl group of the 
unidentified phosphate is attached to a co-factor 
firmly bound to the protem or hpo-protem of mito- 
chondria or to an ammo-acıd side-cham 

After heating the dialysed eluates in a boiling water 
bath for 5 min at neutral pH, the phosphorus-32 
readily passes through charcoal and 1s identifiable as 
Pi A pH-stabihty curve as based on the charcoal 
absorption test 1s shown in Fig 5 The half-life at FH. 
7 and 77? 1s 22 mın First-order rate plots for the 
decomposition at pH 7 are essentially hnear, giving 
strong indication that only one phosphorus-32 com- 
pound is present The rate of decomposition 1s not 
markedly modified by the presence of hydrogen 
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Fig 5 Effect of pH on the stability of bound ?*P, The first- 
order rate constant, kı, was determined as follows the eluates 
from columns after extensive dialysis against 0 02 M Pi, pH 6 8, 
were used directly in cleavage measurements The pH was varied 
by addition of HCl or NaOH, the sample heated at 77°, cooled, 
and the pH adjusted to near 7 The amount of bound fraction 
remaining was approximated by the amount retained on charcoal, 
33 P, appears 1n the eluate 
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peroxide, hydrosulphite, molybdate, 2,4-dmitrophenol 
or p-mereuribenzoate, by 1onic strength variation, or 
by replacement of aw by nitrogen, but 1s about 
doubled ın the presence of bromme The data are ın 
agreement with attachment to a mtrogen, sulphur or 
oxygen atom m a structure not susceptible to hydroxyl 
10n attack but modifiable by bromine The stability 
work appears to eliminate the possibility of attach- 
ment of the phosphoryl] residue to a seryl side-chain 
The unidentified phosphate 1s considerably more 
stable and shows a different dependence of stability 
on pH than 2,3-dimethyl-1,4-naphthaquinol l-phos- 
phate? Ubiquinone monophosphate 1s, however, 
more stable than the methyl substituted naphtha- 
quinol phosphate*?? 
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Relation of the Unidentified Phosphate to 
Oxidative Phosphorylation 


If the unidentified phosphate ıs an intermediate of 
oxidative phosphorylation, certam suggestions con- 
cerning the mechanism of formation can be offered 
Data from experiment$ with olgomycin, which 1s 
known to inhibit phosphate oxygen exchange associ- 
ated with oxidative phosphorylation?!, mdicates that 
the P, molecule 1s mcorporated intact into an mter- 
mediate The phosphoryl group 1s then transferred 
to ADP and the remammg oxygen exchanges with 
water oxygens as depicted in the following scheme 


O O 

| | 
~~-Y + HO~P-O- = Y-0-P-0O- 

| | 

O- O- 


O 


| 
Y—-O-—-P-—0O-+ADP<Y — OH + ATP 
| 
O- 
followed by a rapid oxygen exchange, 
Y — OH + HOH = Y — 10H + HOH 
Reversal of the above reactions would give rise to 


an exchange of P, oxygens Such a possibility has 
been suggested by Boyer et al *:13 and by Drysdale and 
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Cohn?? Furthermore, even though the” search 
for possible phosphorylated intermediates is by -no 
means complete, the finding at this time of only one 
apparent candidate for an intermediate together with 
other data suggests consideration of mechanisms by 
which the various oxidation steps are 1n some manner 
coupled to formation of & common phosphorylated 
precursor to ATP 

In summary, the conditions governing the forma- 
tion and disappearance of the unidentified phosphate 
fraction are consistent with, but by no means prove 
that, the substance 1s an mtermediate in oxidative 
phosphorylation 

This work was supported ın part by US Public 
Health Service grant RG-4930, by US Atomic 
Energy Commission Contract AT(11-1)-841, and by 
the Hil Family Foundation Thanks are extended 
by Drs C H Suelter and J B Peter for support as 
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MECHANISM OF ACTION OF LIVER ALCOHOL DEHYDROGENASE 


By Pror HUGO THEORELL, For.Mem.R.S., and Dr. J. S McKINLEY McKEE 
Biochemistry Department, Medical Nobel Institute, Stockholm 60, Sweden 


EVERAL Imes of inquiry have now shown that 

liver alcohol dehydrogenase (LADH) acts by form- 
mg binary and ternary complexes with coenzymes 
and substrates!. 


ER EQ 
ky ka k ka ki 
E ERS Z> EOS! E 
$ 8 ki Ke 
ES ES’ 


There are two reaction phases with interconversion 
between them (LADH and YADH represent liver 
and yeast alcohol dehydrogenase, respectively 
E represents 1/2 LADH, smce each molecule has 


two mdependent binding sites R and O represent 
reduced (DPNH) and oxidized (DPN) diphosphopyri- 
dine nucleotide, respectively S and S’ represent 
aldehyde and alcohol, respectively) It has also 
been confirmed that this complicated mechanism 
can, from a kinetic pomt of view, be described by 
the Theorell-Chance mechanism? 


ka 
E +R2=ER 


ka 
ks 
ER + So EO + & 
is ° 
i 
HO =H +0 
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However, among previous attempts at experimental 
confirmation?-5, there had been indications that at 
lower pH the ternary complexes affected the rate > 


Kinetics without Inhibitors 
For the general two-substrate equation: 


e[v = Qo + qi/TS1] + es/DS2] + P12/fSi 11S] 


(primed symbols represent the reverse reaction), 
Dalziel has derived the relations po = PoP? f1: 
Po = PiPe/Pi2 and Ke (09 x 1077 M) (ref 7) = 
Qia/Qis! = PoPiP2e/P0 Qi 9s, Which distinguish the 
Theorell—Chance mechanism from other possible alter- 
natives Consequenily, Lineweaver—Burk plots were 
determined for various concentrations of each con- 
stant partner and the mtercepts and slopes plotted 
against these concentrations to give the desired 
v-values? Initial rates were measured on a sensitive 
fluorimeter with pen recorder*, by following the 
-DPNH fluorescence as DPN does not fluoresce 
"Table 1 shows the experimental p-values The rela- 
tionship between them fulfils very well the sensitive 
requirements of the Theorell-Chance mechanism The 
rate constants calculated on the basis of that mech- 
anism and the binary dissociation constants, Kz 14d, 
KE ac, Kg, and Exo, calculated from the rate 
constants are also given The agreement of the 
binary enzyme-coenzyme dissociation constants 
Kg,n and Ky,0, with the values determined spectro- 
photofluormetrically ın equilibrium experiments 
in the absence of substrates (below), underlines further 
the operation of the Theorell-Chance mechanism 
There are several reasons for the simplifications in 
the overall mechanism which lead to Theorell-Chance 
kinetics 


Table 1 Olu PHOSPHATE, 235° C, pH 7 
(a) ~-Values and Theorell-Chance mechanism rate constants (1/9) 


ky’ = 0525 sec > uM- 
ky = 0012 sec ~- uM- 


Po = 00135 sec ky’ = 74 sec -1 

Pı = 0 090 sec uM ky = 11 1 sec ~! u M71 
Pa -— 328sec uM ka = 031sec -1 uM- 
Pıa = 09sec uM (ref 2) 

Po = 0 32 sec Ags = 812 sec ~? 


Pa uM 
fi: = 10 500 sec uM (ref 2) 
(b) Calculated equilibrium constants for binary complexes 


KE,R(Ky/k,) = 0 28 uM KE,0(F,'[k;) = 141 uM 
K E,alc(K,4']K,') = 1060 uM KEad(KkyEs) = 100 uM 


(1) b, œ k, and k’ xk,’ The rate constants for 
the binding of the coenzyme are nearly independent 
whether the enzyme 18 free or already combined with 
the substrate, (2) k and k’ are both high, the ternary 
complexes bemg ın rapid equilibrium, (3) kj; kg 
and k? © k; The ternary complexes prefer to 
liberate the substrates first, these bemg less tightly 
bound than the coenzymes Thus, the dissociation 
velocity of the binary complexes in the last phase of 
the reaction becomes rate-limiting when both sub- 
strate and coenzyme are present m high concen- 
tration in the first phase and the maximum velocities 
are k, and £, rather than k, and k,’ k, and k,’ 
determined in the presence of high concentrations of 
aldehyde or alcohol really reflect the ‘on’ velocity 
constants k, and k’,, which, since the equilibrium and 
kinetic values of Kp; and Kp are practically the 
same, means that b, ~ k, and k,’ e k,’ 


Spectrophotofluorimetric Dissociation Constant 
Determinations 


Previously, fatty acids were found to form EI and 
HOI, but no HRI complexes, while the amides formed 


October 7, 1961 vo. 192 


Fluorescence (in ) 





500 


450 
A, mu 


400 


Fig 1 Fluorescence emission curves for LADH, DPNH and 
imidazole Excitation = 330 m 
(1) Buffer (0 14 phosphate, pH 7, 23 5? C), (2) buffer +01 M 
imidazole, (3) buffer + 01 M imidazole +22 uM LADH, 
(4) buffer +21 uM DPNH, (5) buffer +- 21 uM DPNH + 
01 M imidazole, (6) buffer + 21 M DPNH + 22 uM LADH 
(ER), (7) buffer -+821 uM DPNH +22 uM LADH +01M 
imidazole (ERI) 


EI and ERI, but no EOI complexes? Many nitrogen 
compounds have now been found to form ternary 
complexes with both R and O, and imidazole has 
proved particularly interesting, as 1t forms complexes 
with zinc i10ns? and LADH contams zme? like 
YADH", while the ternary ımıdazole complex #RI 
also had an even greater fluorescence than R and HR 
(Fig 1) This mereased fluorescence may be due to 
interaction between the pyridme rmg and zine, 
although greater ngidity!?!3 and most probably 
energy transfer’ have also been suggested The 
formation of the ER and ERI complexes 1s also shown 
by the different maximum wave-lengths of their 
emission spectra 

Table 2 summarizes the dissociation constants 
determined using the recording spectrophotofluort- 
meter (a Bausch and Lomb grating monochrometer 
to isolate the activatmg wave-lengths was coupled 
to a Beckman DU _spectrophotometer with pen 
recorder to analyse the emutted fluorescence) 
Except for Kg o and Kgo,r the dissociation constants 
are essentially invariant with pH However, Kgpg 
increases rapidly above pH 9 (ref 5), suggesting that 
SH-groups jom the protem to the DPNH pyridine 
ring!® The Kz,o values were now higher than before, 
which resulted in the disappearance of previous dis- 
agreements between the equilibrium and kmetic values 
at lower pH (ref 5), the results now agreemg through- 
out with the Theorell-Chanee mechanism They also 
show that with LADH-DPNH, the fluorescent and 
active sites are identical, which 1s apparently not the 
case with glutamic dehydrogenase!* It 1s noticeable 
that at pH 6, ER 1s a thousand-fold more stable than 
EO, at pH 9 only twenty-fold, the change bemg 
caused largely by the increase m the stability of HO 
The variation of Kgo with pH was found to fit a 
monovalent dissociation curve which indicated the 
presence of a titratable group with a pK of 86 
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DISSOCIATION CONSTANTS FOR LADH, COENZYME AND 
IMIDAZOLE COMPLEXES 4 = 01, 235° € 


(The values are calculated using the concentration of un-i0nized 
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Table 2 


imidazole) 
pH  KEzR Keri Ket KEIR Kz,o Keo,  KELO 
uM mM mM uM uM mM H 
6 0 23 42 0 47 2 01 266 0 80 448 
7 031 35 0 55 203 160 1 45 430 
8 0 41 36 0 68 2 20 51 59 440 
9 0 65 30 0 67 291 12 24 9 435 


m the free enzyme, and of 71 m the binary HO 
(DPN-LADH) complex 

Prehminary experiments with YADH mdıcated 
complex formation simular to that with LADH, while 
lactic dehydrogenase gave no such indication, which 
supports the hypothesis that umidazole and certam 
nitrogen compounds are joined to zme and lactic- 
dehydrogenase does not contan zinc’? 


Kinetics with Imidazole and Inhibitors 


Whereas with fatty acids and amides the ternary 
complexes were more stable than the binary®, the 
opposite 1s the case with umidazole (Table 2) The 
influence on the kmetics of caprate, zsobutyramide 
(IB) and imidazole was therefore studied For the 
general mechanism described here, kı ~ k, and 
k, œk; This was found to be an example of a 
general rule that partners imn a ternary complex do 
not seem to interfere appreciably with each other m 
regard to ‘on’ velocity constants, but mainly with the 
‘off? velocity constants, these mcreasing or decreasmg 
to the same extent as there 1s mutual repulsion or 
stabilization ın the complex While caprate and IB 
had only inhibitory actions, imidazole was interest- 
mg as at high concentrations of substrate and 
coenzyme it gave a stimulation of reaction velocity 
due to the formation of labile ternary complexes m 
the second phase of the reaction (Fig 2), but, when 
either concentration was low enough, inhibition 
occurred 

Imidazole, which forms both the ternary com- 
plexes ERI and EOI, also competed with both 
aldehyde and alcohol This behaviour of mmidazole, 
m view of ıts complexmg properties with zinc, 
strongly suggests that zine binds the substrates. 
That the binding of both coenzymes 1s weakened or 
disrupted by imidazole favours the idea that the 
adenine moiety which, unlike the pyridine rng, ıs the 
same 1n the coenzymes, forms a bidentate chelate to 
zinc#® Inhibition experiments with the bidentate 
hgands orthophenanthrohne and ««’-dipyridyl’*, and 
equilibrium experiments with glycine, all of which do 
not form ternary complexes and are strictly com- 
petitive with the coenzymes, as would be expected 
when only three bonds are free and the coenzyme- 
adenine forms a bidentate itself, support this They 
also indicate that the zine bonds are octahedral*5, 
that zine plays a central part in the bindmg of 
coenzymes and substrates!??!, and that ıt 1s bound 
by three bonds to the protem In the natural 
8-isomer of DPNH the pyridine ring 1s so close to 
the adenine that energy transfer takes place between 
them”, and, since adenine ıs presumably bound to 
gine, the pyridme rmg must also he close to zinc 
In the free enzyme the free zinc bonds presumably 
hold water molecules, one of which at high pH 
(pH 86) loses a proton, the resultmg attraction 
between ZnOH- and the positively charged pyrid- 
mium ring of DPN accounting for the increase 
in the stability of the DPN-LADH complex with 
increasing pH 
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This does not operate with DPNH-LADH, where the 
pyridine ring carries no charge, while introduction of 
immidazole mstead of OH- elmunates the attraction 
effect, as 18 observed (Table 2) 

Zinc 18 also 1mplicated as the centre of the ternary 
complexes! , one bond which, m ER, accommodates a 
water molecule and in HO 1s jomed to the pyridine 
ring, now 1s occupied by the substrate. Caprate was 
found to compete with DPNH and alcohol, «sobutyr- 
amide with aldehyde and DPN, and imidazole, with 
the exception of DPNH, with all four partners 
This suggests that alcohol and caprate have a 
different site of attachment from aldehyde and 
asobutyramide with imidazole able to go on ether 
site Thus, while the A-bond of the DPN complex 
would be the bond at which alcohol ıs attached, ıt 
would not seem to be the bond for aldehyde How- 
ever, two possibilities arise (a) T'wo bonds here a type 
of three-centre problem arises with one of the adenine 
bonds switching or flickmg over Thus, alcohol 
would be on bond A and DPN across B and C 
Durmg the rapid mterconversion HO,ale. = ER,ald 
the adenine-N(7) would remain on bond C and 
the adenie-NH, would switch to the A-bond, 
DPNH thus bemg across AC and aldehyde on the 
B-bond (or the N(7) could flick to A, C becommg 
the aldehyde bond) Thus with DPN on two of 
the zme bonds, B and C, the A-bond will only 





0 05 01 
1/[DPN]4.M : 
Fig 2 Stimulation and mhibition by 1midazole (0 1x phosphate, 
235° O and pH 9) 
x, No rmidazole, O, 2 mM e mM, +,50mM, [alc] = 
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Fig 3 LADH ternary complexes (schematic) 


accept alcohol, capraze or 1midazole. DPN changing 
to DPNH implies a bond flick over, so that B (or C) 
becomes free, which anly accepts aldehyde, ewobutyr- 
amide or imidazole Consequently, as a result of a 
presumably small mtermolecular rearrangement, the 
coenzyme determmes which of two bonds 1s available, 
each bond determmmg what can become attached 
This concept gains some support from the different 
structures of the substrates S and S’ and the stereo- 
specific requirement that they change ther position 
somewhat, relative to the enzyme surface*® (b) One 
bond bond switching 1s unnecessary 1f the coenzymes 
stay on the same two bonds, but affect the third 
differently, so that ı ıs a particular type of bond 
for each This 1s mdeed the case with the bmary 
complexes and presumably the positively charged 
pyridmium ring (DPN) allows or directs alcohol, 
caprate and imidazole on to the zine bond, while 
the neutral pyridie rmg (DPNH) only allows 
on aldehyde, zsobutyramide and mmidazole This 
mechanism, depending on the different charges of 
the pyridine (DPNH) or pyridimum (DPN) rings, 
with one bond and no molecular shifts, 1s of course 
attractive, but meets with some difficulties Perhaps 
the alcohol hydroxy group takes the place of the 
water molecule or OH- involved ın the Zn—OH-—N+ 
interaction (Fig 3) As has been remarked above, 
the bonds mvolved ın the stability of the complexes 
are, apart from the zmc—protem bonds, weak to 
varying extents”, but this seems necessary as strong 
bonds result in inhibition rather than catalysis 
Thus in our opmion octahedral zinc 18 the centre of 
the ternary complex, although there have been 
suggestions previously that, like the protein, 1t 18 not 
joined to the substr&tes?9?5, but to the coenzyme 
pyrophosphate groups** The tertiary structure of 
LADH seems to depend on SH-groups!, and, while 
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the coenzymes bind to the enzyme through adenme, 
SH-bonds in addition seem necessary with DPNH, 
but not DPN, where there 18 the zinc—N+ interaction 
The amide group is not considered jomed to the 
zinc, nor necessarily to the protem at another 
site, as the protem SH-addition to the pyridme 
rng in DPNH and the pyridmmum-zine bond m 
DPN can give the rng its necessary stereospecific 
rigidity?? 

This mode of bonding gives an explanation of how 
enzymes cause coenzymes and substrates to select, 
with great preference, their active reaction partners, 
while substances like imidazole, which can stimulate 
reaction at high substrate concentrations and mhibit 
at low substrate concentrations, could be physio- 
logically significant m having a homeostatic function 
to mamtain substrates at a suitable concentration 
An excess would be removed rapidly, but the process 
would be inhibited strongly when lower concentra- 
tions were reached 
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ANTIGEN-ANTIBODY PRECIPITATION CONTRASTED IN GELS OF 
HIGH AND PHYSIOLOGICAL SALT CONCENTRATIONS 


By Da ALFRED J. CROWLE and DAVID C LUEKER 


Division of Immunology, Webb Institute for Medical Research, and Department of Microbiology, 
University of Colorado School of Medicine, Denver 


ABBITS are the usual source of supply of pre- 
R cipitins for serological analyses. The chicken, 
however, 1s becoming increasingly popular for this 
purpoSe as an animal both readily housed m the 
laboratory and able to provide volumes of antiserum 
matching those produced by rabbits! The use of 


chicken antiserum m precipitin tests performed in 
liquid. medium has led to the discovery that 16 differs 
from rabbit antiserum m usually, although not always, 
precipitating antigen optimally m electrolyte solu- 
tions of 10-12 times higher ionic strength than that 
of physiological saline? At these high electrolyte 
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concentrations,. specific pieeirpitat)on of antigens 
by mammalian antisera is grossly inhibited? The 
recent rise m popularity of chicken antiserum also 
has extended to its utilization ın mmmunodiffusion 
tests, that 1s, m antigen-antibody precipitin tests 
carried out in gels We wish to show here that 1t 18 
false to deduce that if high salt concentrations are 
optumal for chicken precipitin reactions in liquid 
media they also must be ın semi-solid media Indeed, 
not only do physiological electrolyte concentrations 
seem to offer considerably better conditions than high 
concentrations for immunodiffusion tests with chicken 
antisera, but also at high salt concentration m these 
tests the chicken precipitm reaction is as much 
inhibited as that of mammalian antisera 

Bovine serum albumin (Armow ‘Fraction V’ from 
bovine plasma) was used as antigen for the experi- 
ments reported here Although in this, albumin 1s 
the predommating antigen, immunodiffusion. expen- 
ments with strongly hyper-immune antiserum show 
that ıt contams at least 6 other independent antigens 
(Fig 1) Sineo the 1eaction of each of these with its 
particular antibody can be resolved and identified 
im these tests, our results apply at least to these 6 
independent antigen-antibody systems examined 
simultaneously under identical conditions By chance 
1t happens that at least 2 other antigens also are ın- 
volved, as constituents of chicken serum (Fig 1, 
arrow), bringmg the total of antigen-antibody 
systems at least to 8 
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Fig 1 Comparison in miero-immunodtiffusion tests of specific 
precipitation produced against bovine serum albumin (BSA) by 
chicken (C), mouse (M) and rat (R) antisera at twelve times 
physiological and at physiological electrolyte concentrations 
Arrow points to precipitm bands formed between rat serum and 
à chicken serum and presumably due to antigens found in the 
latter, for the rat had been immunized, in addition to BSA, with 
chicken ovalbumin, à preparation known to contain antigens in 
common with adult chicken serum 


Mammahan antiserum ıs represented by mouse 
and rat sera , ın espect to the purposes of the present 
nivestigation we have found them equivalent to 
comparable antisera obtained from rabbits and guinea 
pigs Serum from these two species was used partly to 
emphasize the not widely known fact that both are 
useful precipitin producers Animals from which 
antiserum was obtamed had been vaccinated sub- 
cutaneously with water-in-oil emulsions of bovine 
serum albumin contammg hvmg avirulent (H37Ra 
strain) tubercle bacilli as adjuvant For example, 
an animal was injected with 01 ml of emulsion 
contamung 1 mgm of antigen and 1 mgm of baeilh 
The injection was repeated a week later, and bleedmgs 
for antiserum were performed two weeks after the 
second injection Our basic requirement was that an 
antiserum produce readily detectable specific preerpi- 
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tate with 1ts antigen, and 1t has been satisfied most 
regularly by this paiticular umunizmg procedure 
However, several variations ın vaccination protocol 
have been made, meluding deletion of water-in- 
oi emulsion during vaccination, without altering 
the basic facts pointed out here regarding mam- 
malian antiserum and salt concentration 1n precrpitin 
tests 

Chicken antisera were obtained by essentially the 
same procedures, although antigens were used in 
quantities five times larger Again, however, vacci- 
nation procedures purposely were varied, including 
whether emulsions were used, to learn whether they 
conditioned qualitatively the results which were 
obtamed As among mammalian antisera, they did 
not Foi experments reported here, two chicken 
antisera were used, one of high puecipitin content 
and the other with a content barely detectable in 
micro-immunodiffusion tests 

The crux of our experiments was to discover 
whether chicken antiserum which precipitates antigen 
better in aqueous medium at high electrolyte concen- 
trations than at low also would m semi-solid medium, 
and how this would compare with findings for typical 
mammalhan antisera Therefore, ıt was necessary to 
show that chicken antisera which were to be used did 
indeed form more preerpitate with antigen m high 
electrolyte concentiations and that mouse antiserum 
precipitated antigen best at physiological concentra- 
tion Optimal proportions for test antisera with 
antigen were dete1mmed at physiological and twelve 
times physiological salt concentration by timing the 
appearance of precipitates at the interfaces, m the 
classic ring test in aqueous medium, im series of 
tubes in which constant quantities of antisera were 
overlaid with varying dilutions of antigen In both 
this and most immunodiffusion tests, the pH. of 
diluent was held at 7 4 with sodium barbital buffering!?, 
electrolyte strength was varied solely by changes in 
sodium chloride concentration Then, ] ml volumes of 
antigen and antibody, used at their predetermmed 
optimal precipitating ratios, were mixed in centrifuge 
tubes and allowed to stand for 1 hr at room tempen- 
ature and then for 12 hr at 4°C Specific precipitate 
was centrifuged out at 4? C and 41,000g appled 
for 30 min , washed twice with the same kind of buffer 
as used for specific precipitation, and quantitated 
with Boyd's technique for the Folin—Ciocalteu phenol 
reagent? ‘These tests established that mouse anti- 
serum yielded 20 per cent as much specific precipitate 
at high salt concentration as at physiological, while 
chicken antiserum yielded 5 times as much at high 
as at low With the classic responses of these respec- 
tive antisera clearly estabhshed, ther respective 
activities 1n. 1mmunodiffusion tests were next mvesti- 
gated 

Numerous mmunodiffusion tests, most of them of 
micro type?, were set up using these and other antisera 
and varying for them not only electrolyte concentra- 
tions but also the time of reaction development, 
temperature (4° or 24°C), type of buffermg agent, 
puiity of agar, and type of gel The results from these 
experiments were consistent like mammalian anti- 
serum chicken antiserum produces heavier preerpitin 
bands in larger numbers and more rapidly at salt 
concentrations equal to or close to physiological than 
it does at concentrations 10 or 12 times this, in which 
by contrast they react so well im aqueous media 
Typical findings are illustrated in Fig 1 

Our findmgs agree with those recently shown 
photographically for chicken antisera by Makinodan 


et al., who also used bovine serum albumin antigen, 
but they are at variance with the assertions of Good- 
man’ regarding the detection of certain human 
y-globulin antigens with such antisera Although 
possibly chicken antisera precipitate certam antigens 
ın sem1-solid media better at high salt concentrations 
than at low, just as they obviously do in liquid media, 
the present experiments suggest that this 1s the excep- 
tion rather than the rule Thus, none of the several 
antigen-antibody systems shown in Fig 1 precipitated 
better (usually not at all) at high salt concentration 
Precipitin band curvature for these suggests! that 
the molecular weights of antigens mvolved ranged 
from that of bovine serum albumin through that 
equivalent io mouse, chicken, and rat antibodies 
(that ıs, 65,000-180,000) However, in more extensive 
experiments at present bemg carried out, we are 
examming the possibility that human or other 
y-globulin antigens reacting with chicken antiserum 
may indeed, because of some peculiarity of their own, 
precipitate better 1 immunodiffusion tests, as in 
aqueous precipitin tests, at high rather than at low 
electrolyte concentrations 

At present, we attribute the difference which we 
have found between liquid and gelled media 1n connex- 
10n with salt concentrations and chicken antiserum 
precipitin effectiveness to at least two significant 
differences between the physics of specific precipita- 
tion in the two media One 1s that in the former, antigen 
and whole antiserum mix all at once mechanically, 
by convection, and by diffusion, while in the latter 
antigen and antibody, separated to some extent from 
other serum constituents, mix only by diffusion 
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The other 1s that m a gel antigen-anttbody complexes 
probably are mmmobihzed shortly after they form, 
so that if they have tendencies either to dissociate 
again or to cease growing larger, whence they might 
fail to precipitate ın aqueous medium, these are 
counterbalanced by surrounding gel? 

A few additional remarks concernimg our experi- 
ments are appropriate Inhibition of specific preeipi- 
tation by mammahan and chicken antisera at high 
salt concentrations m semi-solid media occurs in both 
macro and micro double diffusion tests, although ıt 18 
more obvious in the latter test because of its abihty 
to resolve more individual precipitm bands This 
mhibition occurs to similar extents in highly purified* 
as well as unpurified “Difco ‘Bacto’ agar and 1n gelatin, 
and ıt 1s present ın either barbital- or phosphate- 
buffered saline solutions Superficially 16 seems to be 
greater in barbital-buffered solutions because these 
tend to provide resolution of precipitin bands superior 
to that realized with phosphate-buffered solutions 

This work was supported by US Publc Health 
Service grant £-3697. e 
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ACTION OF DEOXYRIBONUCLEASE AND RIBONUCLEASE ON THE 
GROWTH OF EHRLICH ASCITES CARCINOMA IN MICE 


By Dr GASTON DE LAMIRANDE* 


Institut du Cancer de Montreal, Laboratoires de Recherche, Hópital Notre Dame, et Université de Montreal 


HERE are few reports in the hterature on the 
action of enzymes on cell growth In tissue 
cultures, addition of deoxyribonuclease (DNAase) 
and ribonuclease (RNAase) affected the mitotic rate 
and the metabolism of the nucleic acidst-5 Haddow 
et al have shown that «n vwo xanthine oxidase had 
a definite action on the growth of spontaneous 
mammary tumours in mice’’® and Ledoux and Bergel 
have demonstrated that tumour growth was depressed 
by mbonuclease*" Jn relation with the above- 
mentioned facts, 1t ıs of wnterest that DNAase and 
RNAase activities could not be demonstrated in a 
variety of experimental and human tumours? An 
an vwo study of the effect of DNAase, RNAase and 
xanthine oxidase on regenerating rat liver has shown 
that DNAase and rzanthme oxidase affected signi- 
ficantly the proportions of the various mitotic phases 
whereas ribonuclease did not? Ths situation 
prompted me to mvestigate the effect of DNAase 
on growth of tumours and to re-investigate further 

that of RN Aase 
Swiss mice of an average body-weight of 20 gm 
were used | Ehrhch carcinoma in ascites form was 
transplanted mtraperitoneally using 0 5 ml of asertic 
fluid contaimmg an average number of 65 milhon 

* Research Associate of the National Cancer Institute of Canada 


cells The total number of cells was determined as 
follows the mice were killed by breaking their necks, 
their abdomens were skinned and a needle was intro- 
duced at the top of the abdominal cavity The 
ascitic fluid was drawn out with a Syrmge, and the 
cavity was washed four times, once with 2-ml and 
then with l-ml portions of 0 85 per cent sodium 
chloride solution The ascitic fluid plus the washing 
hquid was adjusted to an exact volume and the cells 
were counted in an hematocymeter after stamung 
with orcein!4 

Smears of ascitic fluid were prepared for metaphase 
counts and cytological examinations They were 
stained by the Feulgen method!5 and, on some occa- 
sions, counterstained with methyl green!® At least 
3,000 cells were counted at random to determine the 
ineidence of metaphase 

In all the assays reported here the control mice 
were injected intraperitoneally daily with 05 ml 
0 85 per cent sodium chloride in & similar manner 
Each morning the deaths were recorded in order to 
establish the survival-curves of both the contro] and 
the treated mice 

Deoxyribonuclease Fig 1 shows the percentage num- 
ber of surviving mice m relation with time The 
control and treated mice were injected daily from 
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the fourth day after ımplantatıon of the tumour 
except on the tenth and seventeenth day There 
were 17 mice ın each group The curves show that 
when 50 per cent of the controls were dead, 88 per 
cent of the treated mice were still alive The mean 
life of the controls was 9 8 + 3 2 days whereas the 
treated mice lived on the average 131+ 3 5 days 
This merease of 34 per cent m the survival-time was 
statistically significant at a level better than 98 per 
cent 

In each group there was a mouse still hving 33 
days after the transplantation of the tumour These 
mice were killed and examined The mouse in the 
control group did not show any apparent sign of 
tumour whereas the mouse of the treated group had 
8 tumour mass of 1 5 cm 1n diameter 

Fig 2 shows the survival-curve of the control and 
treated mice for an experiment m which the treat- 
ment was started on the day following the trans- 
plantation of the tumour The groups contained 
10 and 9 mice respectively and the animals were 
injected daily When 50 per cent of the controls 
were dead, all the treated mice were ahve The 
mean life of the controls was 7 2 + 2 9 days whereas 
the treated mice lived 120 +36 days This ım- 
crease of 67 per cent 1n the survival-time 1s statistic- 
ally significant at a level better than 99 per cent 
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Fig 2 Effectofinjections of DN Aase on Ehriich ascites carcinoma 
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Thus the myection of DNAase one day after the 
transplantation of the tumour instead of the fourth 
dav doubles the increase ın survival-time 

From these results ıt would seem that DNAase 
exerted an action on the growth of Ehrlich ascitic 
carcinoma, and that the magnitude of this action 
depended on the time the injections were started 
following the transplantation of the tumours 

The action of DNAase on the growth of Ehrlich 
ascites tumour cells was also ascertamed by counting 
the total number of cells in control and treated mice 
The ineidenee of metaphase was also determined 
The mice were injected daily for four days starting 
the day followmg the transplantation of the tumour 
Table 1 shows that the total number of cells 1n the 
treated mice was one-third that of the control mice 
The number of cells 1n the controls from the day of 
transplantation to the fifth day, mcreased nearly six 
times whereas in the treated mice ıt increased only 
four-fold The meidence of metaphase 1n the treated 
mice was only one-half that ın the controls, indicating 
that cell division was impaired in the presence of the 
injected DNAase 


Table 1 EFFECT OF DNAASE ON CELL NUMBER AND INCIDENCE 


OF METAPHASE IN HHRLIOH ASCITES CARCINOMA 


Total No 
of cells 
( x 10-5) 


Incidence of 


Animals metaphases 


Controls 56 
320 


15+03 


Treated 56 
230 072-03 





Daily injections of enzyme started the day following the implantation 
of the tumour 


Ihe action of the injected DNAase on the deoxy- 
ribonucleic acid of the cells was followed by Feulgen 
staiung Examination of Feulgen-stamed smears 
of tumour cells from control and treated muce indi- 
cated that the nucle: of the tumour cells from the 
treated mice were not stained at all or were much 
less steined than those from the controls This 
shows that some deoxyribonucleic acid of these cells 
was most probably destroyed by the enzyme A 
large number of cells also contained Feulgen-positive 
material in thei cytoplasm 

These facts seem to indicate that the injected 
DNAase acts on the growth of the tumour, impairing 
cell division by attackmg deoxyribonueleie acid 
Similar results were obtained by Chevremont et al ?-5 
on the action of DNAase in tissue culture These 
authors reported that DNAase impaired the growth 
of fibroblasts and myoblasts of chicken embryos in 
tissue culture and stopped cell division A lack of 
DNA was observed in the nucleus and some found in 
the cytoplasm 

The activities of five enzymes of the purine- 
catabohzmg enzyme system have been determmed 
as previously described!” m control and treated mice 
to gain information on the possible effect of DNAase 
injections since the enzyme seemed to depolymerize 
the deoxyribonucleic acid of the cell Table 2 shows 
that the activities per average cell of 5-adenylic 
acid nueleotidase, mosme phosphorylase, guanase, 
xanthine oxidase and uricase were very low m 
Ehrlich ascites tumour cells, even lower than in 
primary liver tumours or Novikoff hepatoma!” 
Injections of DNAase for four consecutive days did 
not seem to affect the activities of these enzymes 
except for 5-nucleotidase, which was increased about 
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Table 2 EFFECT OF DNAASE ON PURINE CATABOLIZING ENZYMES 
IN EHRLICH ASCITES CARCINOMA 





Activity in uM jmn cun (x 109) 


Enzymes ontrols | reated 
Uricase 0 0 
Xanthine oxidase 0 021 0 024 
+0013 + 0 009 
Guanase 0 24 0 21 
— 010 +011 
Inosine phosphorylase 143 114 
+ 037 + 0 42 
5-nucleotidase 0 38 2 13 
+021 +070 


six-fold However, this activity was still so low 
that the significance of this increase was questionable 
It would thus seem that, under the present conditions, 
the catabolism of purme or purine derivatives was 
not affected 

Ribonuclease Fig 3 shows the percentage number of 
surviving mice m relation with tıme The injections 
were started the day followmg the transplantation 
of the tumour Both groups contained thirty mice, 
and the animals were injected daily It can be seen 
from the curves that the period of 50 per cent death 
was the same for the two groups The mean life 
of the controls was 83 +39 days whereas the 
treated mice lived on for 101 +45 days This 
increase of 22 per cent in the survival-time was not 
statistically significent 
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Effect of mjections of RN Aase on Ehrlich ascites carcinoma 


Fig 3 


Mean life controls, 83 +39, treated, 101 +46 Increase, 


22 per cent 

To ascertain that the difference between the action 
oi RNAase and DNAase was not due to a lack of 
penetration of the RNAase ın the cells, ribonuclease 
activity of the ascites cells and of the ascitic fluid 
from control and treated mice has been determmed 
Immediately after withdrawal of the fluid with a 
syringe, the cells were centrifuged and re-suspended 
in sodium chloride, and RNAase activity was deter- 


Table 3 


EFFECT OF RNAASE INJECTION ON THE ENZYME-LEVEL 
OF THE CELLS 







Ribonuclease activity* 
Acid Alkaline 
Controls Treated Controls Treated 


a | 


0 070 0127 0110 0 426 
0 058 0 262 0134 0 902 







Sungrnatant 
Celis 





* Expressed in O D 
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maimed on both cell suspension and supernatant as 
previously deseribed!? Table 3 shows that the 
RNAase activity, either at acid or alkaline pH, was 
the same for both the supernatant and the cell 
re-suspension for the controls For the treated mice, 
however, the enzyme activity of the cell re-suspension. 
was more than twice that of the supernatant Further- 
more the ribonuclease activity, measured at acd 
pli, of the treated cells was nearly five times that of 
the control cells, and the activity, measured at alka- 
hne pH, nearly seven times ‘This indicated that the 
injected enzyme penetrated inside the cells as shown 
by Ledoux and Puileri?® and that the lack of effect 
on tumour growth was not due to a lack of pene- 
tration of the enzyme 

The lack of action of RNAase on the growth of 
Ehrheh ascites carcinoma does not confirm previous 
results of Ledoux, who reported significant effect of 
the enzyme on the growth of this tumour?  How- 
ever, this might be due to a different source of 
RNAase since Ledoux has shown that the biological 
activity of different RNAases from various sources 
varied tremendously Furthermore, the tumour 
inoculum, in the present work was much larger than 
that employed by Ledoux and the mjected dose of 
RNAase was much smaller 

Concluswons Injections of DNAase increased the 
survival-time of mice bearmg the Ehrlich ascites 
carcinoma by 34 and 67 per cent, depending on the 
time the injections were started following transplanta- 
tion ‘This increased survival-time was accompanied. 
by a decreased metaphase index and by the dis- 
appearance of deoxyribonucleic acid from a number 
of cell nucle: The injections of DNAase had no 
effect on the activities of five enzymes involved m 
the catabolism of purme and purme derivatives 

Injections of RNAase had no significant action on 
the survival-time of mice bearing Ehrlich ascites 
tumour This lack of action was not due to a lack 
of penetration of the enzyme inside the tumour cells 

The advice of Dr R Daoust for the cytological 
examinations 1s gratefully acknowledged The work 
has been supported by grants to Dr A Cantero, 
director of the Research Laboratories, from the 
National Cancer Institute of Canada 
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VACUOLATION AND LEAF REGENERATION IN 
SPLACHNUM AMPULLACEUM (L.) HEDW. 


By PRor KRAFT E vou MALTZAHN 


Botanical Laboratories, Dalhousie University, Halifax, N S, Canada 


Formation of Secondary Vacuoles in 
De-differentiating Cells 


T was shown in ref 1 that cellular de-differentiation 

m Splachnum mvolves profound changes m the 
intracellular configuration, one of the first signs of 
this 1s the formation of mtravacuolar cytoplasmic 
lamelle leading to systrophe This communication 
13 concerned with the formation of these mtravacuolar 
cytoplasmic layers and some considerations arising 
from these observations 

Plant material and methods are the same as de- 
scribed in ref 2 Leaves isolated from three-week- 
old plants were, however, transferred mto hqud 
Beyermek solution adjusted to pH 68  Regenera- 
tion takes place readily from isolated leaves at this 
pH 

Fig l represents a composite drawing of a leaf 
cell 1n eross-sectional view parallel to the leaf surface 
showing various stages in the development of the 
primary cytoplasmic lamelle It is evident that 
these lamelle origmate m the form of secondary 
vacuoles These vacuoles are formed m various parts 
of the peripheral cytoplasm, predominantly in the 
viemnty of the nucleus One secondary vacuole 
expands mitially into the central vacuole and moves 
about considerably until 1t reaches ultimately the 
peripheral cytoplasm across the vacuole Fusion of 
separate intravacuolar cytoplasmic layers appears to 
take place not mfrequently Lamelle may origmate 
also in the form of a secondary vacuole from the per1- 
pheral cytoplasm opposite the nucleus expanding 
toward the nucleus Secondary vacuolar formation 
continues over considerable periods of time from other 
sites of the peripheral cytoplasm durmg and after 
the formation of the primary intravacuolar cyto- 
plasmic lamellze 





Fig 1 Composite drawing of leaf cell (marginal position) showing 

[ formation of primary intravacuolar cytoplasmic lamell The 

numbers represent successive stages in the expansion of a 
secondary vacuole 


The pattern described ıs characteristic of cells near 
the leaf margin In other portions of the leaf, only 
one primary intravacuolar lamella is formed initially, 
originatmg in the form of a secondary vacuole from 
the peripheral cytoplasm, frequently not in the 
viemiby of the nucleus 

The similarity between secondary vacuole form- 
ation m de-differentiating cells and that ın plasmo- 
lysed cells should be noted — Haberlandt?-5 observed 
intravacuolar lamellar structures in plasmolysed cells 
and his observations were fully confirmed by those 
of Pfeffer Both Haberlandt and Pfeiffer found 
cellulose incorporation nto the ntravacuolar lamelle 
Kuster? has been unable to confirm this incot- 
poration, and doubts, therefore, that intravacuolar 
formation of lamella has anything to do with c1oss- 
wall formation or cell-division Although the present 
work has not been concerned with this question, 
cellulose meorporation ıs unlikely to occur up to the 
time of phragmosome formation and would appear 
to be restricted to ıt Haberlandt? suggested, on the 
basis of his interpretation of the nature and fate of 
the lamelle, that divisional substances are normally 
present in cells which inerease ın concentration 
following the decrease m water concentration result- 
ing from the plasmolytie treatment of the cell 
Division, according to Haberlandt, may set ın, once 
a critical concentration in divisional substances has 
been reached The present results make this ex- 
planation unlikely since plasmolysis and, therefore, 
loss of water do not appear to take place and since 
primary intravacuolar cytoplasmic lamella formation 
does not represent division — Pfeiffer* concluded on 
different grounds that Haberlandt’s proposed mech- 
anism can at least not be the primary one 

Kuster® has discussed the ontogeny of intravacuolar 
lamelle ın plasmolysed cells and concluded that they 
are the result of a process of furrowing of the primary 
vacuole and do not arise as a result of secondary 
vacuole formation from the peripheral cytoplasm 
This conclusion cannot be mamtamed considering 
the present results and those of Wartenberg® 
Wartenberg has recently given strong evidence that 
plasmolysis represents an active swelling process, 
that 1s a process of active vacuole formation m the 
outer peripheral cytoplasm The present observa- 
tions on early stages of secondary vacuole formation 
resemble Wartenberg's on secondary vacuoles arising 
in plasmolysed cells Similarities between changes 
m the intra-cellular configuration of de-differentiating 
cells and that of plasmolysed cells have been noted 
earher? The resemblance between the formation of 
a secondary vacuole in plasmolysed cells and in 
non-plasmolysed but de-differentiatmg cells stressed 
in the present discussion appears to be significant 
It may be suggested that plasmolytie treatment 
results m the initiation of cellular de-differentiation 
Ths is supported by observations, for example, 
Isaburo, Nagai’, that plasmolysed cells may regener- 
ate, that 1s de-differentiate and re-differentiate, when 
the plasmolytic treatment 1s followed by deplas- 
molysis Secondary vacuole formation would then 
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generally represent early stages in the process of 
cellular de-differentiation It may not be sufficient 
to explam the colloid chemical behaviour of the cell 
in terms of an interaction between the cell and the 
environment (for example, plasmolyticum), ıt may 
rather have to be considered also m terms of the 
interaction between different cells or the lack of ıt, 
that ıs, 1n terms of the correlative influences between 
different parts of the organism 


Effect of Kinetin on Attached Leaf 
Regeneration 


It has been shown recently™ that the realization of 
regenerative potentialities m cells of a leaf attached 
to a stem segment isolated from a gametophore ıs 
inhibited by this stem segment, while the presence 
of the attached leaf creases regeneration from cells 
of the stem segment In the course of an investiga- 
tion into the nature of this correlation system, the 
effects of locally apphed  kmetin have been 
investigated 

Stem segments with one attached leaf from which 
the distal third was removed were 1solated from the 
middle region of the gametophore, one segment for 
each gametophore ‘They were planted on BeirJerinek's 
medium solidified vith 2 per cent agar with various 
concentrations of kmetin added, only the region near 
the wound surface of the attached two-thirds leaf 
being ın contact with the medium They were 
grown under contmuous white light provided by 
daylight fluorescent lamps. Gametophores used were 
always 20-21 days old 

The number of protonematal 1egenerates for the 
attached two-thirds leaf was determined three days 
following planting and the results are shown in 
Fig 1 Regeneration is almost absent in attached 
leaves planted on the medium without kmetin In 
the presence of certam kinetin concentrations, how- 
ever, attached leaf regeneration 1s promoted It 
should be noted that the effective concentration 
range shown m Fig 2 was obtamed only with 
freshly dissolved kinetin Kinet dissolved and 
kept in the refrigerator showed effectiveness only at 
higher apparent concentrations Kinetin locally 
applied to the distal end of the attached leaf may 
therefore overcome, to some extent, mhibition of 
attached leaf regeneration The stem segment repre- 
sents apparently a region of attraction for substances 
essential for regeneration and produced predominantly 
by the leaf The dramage of the leaf by the stem 
prevents attached leaf regeneration while 16 promotes 
regeneration from tbe stem segment  Basipetal trans- 
port of these substances 1s locally counteracted in the 
leaf by lieti application, transport taking place 
also toward the site of kinetin application leading to 
regeneration m cells near thus site 

This suggestion 1s supported by the following 
experimental observations When intact gameto- 
phores are grown on Beijerinck's medium contaming 
twice the normal ammonium nitrate concentration, 
increased regeneration takes place from a two-thirds 
leaf attached to a stem segment in the absence of 
kinetn It appears that m this case nitrogenous 
compounds are produced at higher concentrations 
and that basipetal transport of these substances from 
the leaf toward the stem segment does not lead to 
conaentrations in the leaf himiting regeneration 

The present concept of the nature of the correlation 
system and kinetin action described here 1s supported 
by the original observations by Richmond and Lang” 
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Fig 2 Protonematal regeneration from two-thirds leaves attach- 
ed to a stem segment ın the p of various concentrations of 
netin 


and the extensive investigations by Mothes e£ al 8 
on the effects of kinetin on the directional transport 
of soluble nitrogenous compounds Localized appli- 
cation of kmetm im isolated leaves of Necotana 
rustica led to a localized accumulation and retention 
of soluble nitrogen compounds against concentration 
gradients, these substances bemg available for 
renewed protem synthesis Simce regeneration 1m- 
volves increased synthetic activities, particularly m 
terms of proteins (see ref 14 for present material), such 
accumulation would appear to be significant also for 
regeneration In MHeitz’s view, accumulation of 
sugars is the most 1mportant factor for the initiation 
of regeneration m isolated leaves Although regen- 
eration did not result, he obtained increases in nuclear 
size by applying sucrose to leaves Stange!® observed 
a dependence of increases 1n size of nucleus 1n regen- 
erating cells of Rella on length of periods of photo- 
synthesis 

The present interpretation of the system described 
here may have wider applications for correla- 
tions mhibiting the realization of regenerative poten- 
tialities and the distribution of processes of de- 
differentiation taking place m normal plant 
development" 

This work was supported by a grant from the 
National Research Council of Canada 
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LETTERS TO THE EDITORS 


COSMOLOGY 


Dirac’s Cosmology 


Drrac’s cosmology was based on the principle 
“that any two of the very large dimensionless num- 
bers (of the order 10°° and 1075), occurring in Nature, 
are connected by a simple mathematical relation 1n 
which the coefficients are of the order of magnitude 
unity"! From this principle Dirac deduced that the 
gravitational ‘constant’ G œ (epoch)-! In order to 
describe a cosmological model according to the 
principles of the general theory of relativity he then 
changed the units of distance and time so as to 
make G constant With the new units the metric 
can be written 


ds? = cdi — R(t) (da? + dy? + dz?) (1) 


with R(t) = 22/3 Afterwards I considered this model, 
and by making certain assumptions, which appeared 


I 
reasonable, obtained Gc 1) ta 4 x 10? years?. This 


gives the values 


H ss 160 km /sec /105 parsec , q = —05 (2) 


for Hubble’s constant H( = 5) and the acceleration 


_ RR 
parameter « = pi 


Recently, L Egyed? has proposed a theory of the 
origin of the solar system which uses these results 


1 
(a Oc tos 4 x 10° years ), and P Hédervari‘ has 


used the same results ın a theory of the internal 
structure of the Moon My main object ın this com- 
munication 1s to point out that the assumptions made 
in these interesting theories are not necessarily 
associated with the values of H and q given above, 
but may also give the values 


H x 80 km /sec /10* pasece , q = —2 (3) 


from a different description of the Dirac model m 
Riemannian, space-time It seems advisable to point 
this out, since the empirical values of H and q may 
soon be sufficiently accurate to be able to distinguish 
between, (2) and (3) 

Rindler® shows how cosmological models, includmg 
those which are not described according to the 
principles of the general theory of relativity, may 
be described in Riemannian space-time, and he gives 
a metric for the Dirac model of the form (1) with 
R(t) = t's This method of discussing the model ıs 
based on the results derived from Dirac’s principle, 
and does not provide a theory of gravitation for the 
model Recently, however, I have shown that a 


I 
theory of gravitation with Ga | may be based on 


field equations derived from a principle of stationary 
action® In that theory the characteristic metric was 


(1) with R(t) = t”, and the gravitational theory 
may therefore be associated with the Dirac model 
If one assumes ¢ a 4 x 10? years, this description of 
the Dirac model gives (3) for H and q 

When one considers the empirical values of H and g 
it 18 of interest to observe that McVittie’ discussed 
the observational results available up to July 1955 
and found values for H of 143—227 km /sec /105 parsec 
Later, Sandage®, ın studymg galaxies m the Virgo 
cluster, found that Hubble mistook glowing H II 
regions for brightest stars and, by applying corrections 
to Hubble's data, found that H can range between 
50 and 100 km /sec/1095 parsec with a very large 
uncertainty De Vaucouleurs? suggested that the local 
group 18 part of a super cluster of galaxies, and, by 
making allowance for the velocity of our own system 
which would occur on account of the differential 
rotation and expansion of the cluster, he obtained 
the value H œ 140 km /sec /10* parsec The empirical 
value of q 1s also very uncertain at present Humason, 
Mayall and Sandage!* give q = —30 +08 and 
Baum" finds from photoelectric determinations of 
red shifts that q has a value m the range — 0 5 to 
—15 

Thus 1t would appear that no definite conclusions 
can be reached from consideration of the empirical 
results, and that the values of H and q given by 
either (2) or (3) are withm the ranges of these 
results 

Finally, consider the assumption that ? œ 4 x 10? 
years, m relation to some recent astrophysical calcula- 
tions — Hoyle!? has estimated the time required for 
the evolution of certam stars as > 10!9 years, but 
in his calculations he has taken G = constant, 
whereas in the Dirac model Ga - Hoyle's figures 
are not, therefore, strictly comparable with the 
assumption that the age of the universe a; 4 x 10? 
years "This age 18, however, too small to allow time 
for ihe synthesis of the heavy isotopes of uranium 
m a star (~ 66 x 10° years) by the process 
described by Burbidge, Burbidge, Fowler and 
Hoyle™ 

I am indebted to Dr G J Whitrow for mformation 
concerning the empirical results 


C GILBERT 
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RADIOPHYSICS 


Spectral Characteristics of Type II Solar 
Radio Bursts 


IT has been recognized foi some time that Type II 
solar radio bursts are due to the excitation of plasma, 
oscillations ın the solar corona by some exciting 
agency which moves through the corona Roberts}, 
In reviewing observations and theories of these 
phenomena. leaves unexplained two salient charac- 
teristics (1) the appearance of radiation at the 
fundamental and second harmonic at comparable 
powers and the lack of radiation at all higher har- 
monies, (2) the frequent splitting of each of these 
two ‘lines’ into a paur of lines, the fractional splitting 
of each of these two pairs being the same, typically a 
few per cent 

Plasma oscillations are mherently non-radiative, 
so that we must ascribe our observation of these 
oscillations to their coupling to electromagnetic 
waves In a homogeneous plasma, such coupling 
occurs only through non-hnearity of the field and 
dynamical equations It has been pomted out else- 
where? that the dommant coupling process 18 between 
two plasma-oscillation modes and one electro- 
magnetic wave, wkich leads to radiation at 2a ,, 
that 18, twice the plasma frequency wp, where «o,?— 
4rne*/m, and that this 18 the key to understanding 
of pomt (1) The next most important non-lnear 
process couples three plasma-oscillation modes and one 
electromagnetic wave, and leads to radiation at œp and 
at 30, with comparable mtensities Since the third 
harmonic 1s not observed, we may conclude that the 
plasma-oscilation amplitude (measured as a frac- 
tional change im election density) 18 small, and that 
emission at the fundamental 18 not due to non- 
hneaiity Radiation at the fundamental may be 
ascribed to inhomogeneity of the coronal plasma, 
due to thermal fluctuations, to turbulence, or to a 
shock wave associated with the exciting agency. 

In order to understand point (2), we should now 
consider the plasma to be permeated by a magnetic 
field. In the ‘electrostatic’ approximation, a/k<e, 
the dispersion, relation has the form 


w? = 4| cp? + oy! + (upt + og* — 205^, *c0820):| 


where 0 is the angle between the wave vector k and 
the magnetic field vector B, and ®, 18 the electron 
gyro-frequency eB/me I 1s noteworthy that œ does 
not depend on |k| For w< wp, this separates into 
two bands, one extending from 0 to w, and the other 
from wp to (o5*--o,2)!'3, the former of which one 
would not expect to radiate through the corona 
Since one observes two closely spaced frequencies 
rather than a wide band, we must mquire whether 
some modes of the upper band are more strongly 
excited than others 

The significance of group velocity m the problem 
of the excitation of waves ma plasma by a moving 
source of finite dimensions has been recently dıs- 
cussed? The problem may be regarded as that of the 
excitation of a resonator by an aperiodic force, and 
we know that the excitation varies proportionately 
with the Q of the resonator Modes of highest Q will 
be those which lose their energy most slowly If the 
wavenumber spectram and the dimensions of the 
source are subject to certam limitations, then loss of 
energy radiation, by electron-ion collisions and by 
Landau damping, will be subordinate to loss of energy 
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by convection, a process which 1s characterized by 
the group velocity We then expect that the most 
highly excited modes will be those of lowest group 
velocity 

By setting dw/ékz = dw/dk, = d0/dk, = 0, we 
may find the modes of zero group velocity Since w 
here depends only on 0, the condition reduces to da/dé 
=0, which 1s satisfied at 6=0 and at 0— x/2 Hence, 
considering only the upper band, we should expect 
the frequencies wp and (o5*-F- 052)!/* to be preferen- 
tially excited It ıs proposed that these are the two 
frequencies to be identified with the pair of frequencies 
of the observed spectrum when ıb ıs split The 
separation 1s seen to be approximately }w,?/w, 
This leads typically to estimates of 20 gauss for the 
strength of the magnetic field 1n the region associated 
with the begining of a Type II burst 

The above interpretation of the spectral charac- 
teristics of Type LI bursts would make 1t possible to 
obtain, from observations, information about the 
magnetic field 1n the solar corona 

The observed frequency ratio of ‘first harmonic’ 
to ‘fundamental’ is slightly less than 2 1 This 
effect has been attributed’ to the propagation 
characteristics of the corona It may be due m part to 
differences between the coupling mechanisms for 
certain forms of the plasma oscillation and mhomo- 
geneity spectra, one finds that radiation at the 
fundamental 1s due to a band of wave numbers, and 
hence of frequencies, higher than that due to radiation 
at the second harmonic, thermal velocities of the 
plasma electrons now being taken into account 

An amplified version of the above arguments and a 
discussion of the nature of the exciting agencies of 
Type II and Type III bursts will be given in a 
forthcoming article 
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Decimetre Radio Bursts Concurrent 
with Solar Type IV Radiation 


lr ıs known that when there is an ımportant Ha 
flare on the Sun’s disk there 1s often considerable 
radio emission over a wide band of frequencies While 
the spectrum at metre wave-lengths 1s relatively well 
understood, the decimetre and centimetre radio 
bursts have not been related very clearly to the overall 
spectrum 

Especial interest is attached to the broad-banded 
centimetre and decimetre radiation that occurs 
concurrently with the metre wave-length contmuum 
emission, known as Type IV radiation, and thought to 
be ‘synchrotron’ emission Takakura! suggested that 
the microwave emission might be an extension of 
the metre wave-length Type IV spectrum to shorter 
wave-lengths 

From many observations of 1,420-Mo /s solar 
radio bursts with the Christiansen crossed-grating 
interferometer used to provide a fan-beam (2’ of 
are to half-power in the east-west direction) we have 
chosen for study eight occasions characterized by 
intense Type IV activity at metre wave -lengths 
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Fig 1 Position of decimetre and metre wave-length sources, 
July 29, 1958 


Accurate estimates of position were obtained at 4-min 
time intervals, and were compared with the position 
of the Type IV source ın the frequency range 45-60 
Mc /s | While the metfe wave-length sources were 
located in the high corona, the 1,420-Mc /s sources 
remained at rest m the chromosphere or lower 
corona, probably at the same height as the H4 flares 
and certainly not more than about 50,000 km. above 
them ‘The positions of the microwave burst and the 
flare were always closely coincident The low- 
frequency sources showed large-scale movements 
(presumably outward) on two occasions (one of which 
is shown, Fig. 1), while the decimetre source was 
stationary 
Typical sizes of the 1,420-Mc /s sources were 2’—5’ 
of arc, and brightness temperatures of 108-10° ° K, 
were observed concurrently with the Type IV con- 
tinuum at lower frequencies, indicatmg a non- 
thermal mechanism at decrmetre wave-lengths. 
Since the decimetre burst and the metre wave-length 
Type IV source are located at widely different parts 
of the solar atmosphere they must be different This 
conclusion supports a recent view of Takakura and 
Kai?, who suggest, from spectral considerations at 
4,000-Mc /s , that the microwave bursts “are not the 
high-frequency component of Type IV bursts on 
metre-waves but another distinctive type of burst 
emitted from radio sources fixed ın the coronal con- 
densations" 
These results were first presented at an Institute of 
Physics Symposium (Brisbane, May, 1961) 
T KRISHNAN 
R F MuLLALY 
Radiophysics Laboratory, 
Commonwealth Scientific and 
Industrial Research Organization, 
Sydney 
1Takakura, T, Pub Astro Soc Japan, 12, 55 (1960) 
? Takakura, T, and Kai, K , Pub Astro Soc Japan, 13, 94 (1901) 


PHYSICS 


Gravitational and Electrostatic Forces 


In a recent communication}, 1t was pointed out that 
dimensional difficulties met with in the usual gravi- 
tational equation F = GM?L-, where F ıs the 
attractive force and G the gravitational constant, are 
avoided 1f the mass of a body ıs replaced by Nie, 
where N, ıs the number of positive (or negative) 
charges contained in the body and e 1s the elementary 
charge It then follows that for two bodies placed a 
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distance r apart and contamung N, and N, charges, 
respectively, Fo N,N.,etr-? 

For two electrons, the ratio between their electro- 
static repulsion and their gravitational attraction 1s 
close to 42 x 104 Attempts have been made, 
notably by Eddington, to explain this enormous 
value, but without much success It 1s now possible 
to make a fresh approach along the lines suggested 
here 

Consider two very small bodies r era. apart and each 
containing 1 gm of matter, and suppose that each 
body contains N protons (or electrons), a neutron for 
our present purpose being regarded as equivalent to 
one proton and one electron Then the electrostatic 
force in dynes between the protons (or electrons) m 
the two bodies 18 N?e?/r* and the gravitational force 
between the protons is very close numerically to 
G/r? Ifthe ratio of proton mass to electron mass 18 a, 
the gravitational force between the groups of electrons 
in the two bodies ıs G/a?r?, and the ratio of electro- 
static force to gravitational force is N?e*a?/G = R, 
where R is the numerical value of this ratio Thus 
R/N* 18 a pure numeric, equal to 4 23 x 1042 divided 
by (6 023 x 10?3)? The result, 1 166 x 10-5, ıs equal 
to e?a2/G and 1t18 reasonable to inquire 1f this value 
can be derived 1n terms of the fundamental constants 
e, h and c, where h 1s Planck’s constant and c is the 
velocity of light ın vacuo Only one dimensionless 
combination of these constants 1s known, namely, 
2ne*/he, equal very nearly to 1/137, and it 1s natural 
to see whether this quantity can be utilized. A possible 

ea? = 2/2re*\2 e?u? / he N? 
relationship 1s G QV The ) ; Since -a 5a) = 
0 219 when the experimentally determined values are 

&? 2 /AxeV? 
substituted. Assummg that G à ( 1) , lt 18 


tempting to split this equation into separate expres- 
sions for «? and G One possibility 1s 





a? = tren = *) ore = : J (% , numerically, and 


G (referred to masses of 1 gm ) 
_ he(go = 1) _ he 
2e 2Tc€ 


lt is necessary to introduce q,, with the dimensions of 
charge, into these equations to make them dimen- 
sionally correct, and q, = 1 simply means that q, 18 
the charge which when placed 1 cem away from a 
similar charge causes an electrostatic force of 1 dyne 
to act between them, the unit of mass bemg 1 gm 

If the unit of mass 1s changed, q, and G also change, 
but «1s unaltered Using the best available data for e, 


h and c, hc[2re = 6 58 x 10-8 and 2, / (25) = 1,837 4. 


, numerically 





These results compare with the experimentally de- 
termined values 6 67 x 10-§ and 1,836 1 The shght 
disagreement between the calculated and experi- 
mentally determined values of G 1s not surprismg, 
since the assumption that mass 18 proportional to the 
number of positive (or negative) charges 1s not 
strictly true For hydrogen there are 1 008 mass units 
for one pair of positive and. negative charges, whereas 
for mosb of the Periodic Table the ratio 18 close to 1 
mass unit per pair of charges In every atom but 
hydrogen, mass 18 used in stabihzmg the nucleus, and 
since the electrical value of the gravitational conatant, 
he/2xe, takes no account of this loss of mass, the value 
6 58 x 10-? must refer to hydrogen atoms Now the 
gravitational force between two ordinary bodies r em 
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apart may be expressed as F = GN,N,/N?*r?, where 
N in this ease 18 the number of protons in 1 gm of 32 
average matter For hydrogen N 1s replaced by 
N/1 008, so that F = (1008)? N,N,he[2r-N?r*e The 28 
normal value of G 1s therefore equal to 1 008? x 6 58 
x 10-5, that 18, 6 68 x 10-3, in close agreement with 
the experimentally determined value 

For two l-gm masses of hydrogen r em apart, the 
gravitational force between the electrons 1s given by 
G/(1 + a)*r? rather than G/a?r?, so that the calculated 
value of a, 1,837 4, should really be equated to « + I. 
Thus the ratio of proton mass to electron mass 
becomes 1,836 4, m, excellent agreement with the 
experimental value 
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Summarizmg, 1t is possible, apart from minor 
corrections, to represent the electrostatic force 
between two charged bodies and also the gravitational 
force between protons and between electrons by the 
following equation 

Fe A? N N° IT 
8kr? me? 
where 7 has, respectively, the values 1, 2 and 3 for the 
three cases in the order given, and k 1s a dimensionless 
constant with numerical values as follows 
n 1 2 3 
k 1/8 N*3e N? 

For electrons and protons contained m each case m 
1 gm of matter and placed 1 cm apart, the gravita- 
tional force in dynes 1s given numerically by 

8 f(he\3?? 
Fep = - ~~) 


TES A. E. MARTIN 


Sir Howard Grubb, Parsons and Co , Ltd , 
Optical Works, Walkergate, 
Newcastle upon Tyne. 6 
1Martin, A E, Nature, 191, 588 (1961) 


Radio-Luminescence in Sodium Chloride 
and Potassium Chloride 


Work on radio-lumimescence in rock salt and 
fluorite and other naturally occurrmg mumerals 
excited by X-rays and nuclear radiations has been 
reported by some workers and summarized by 
Przibram! The present communication deals qualı- 
tatively with the production and quenching of 
luminescence ın pure and additively coloured crystals 
of sodium chloride and potassium chloride, excited 
by X-rays from a copper target 

A narrow beam of X-rays was allowed to enter a 
lead box umpervious to light through a small circular 
aperture The crystal was mounted on a holder with 
‘Apiezon Q’, and was centred 1n such a way that the 
X-ray beam fell squarely on to the crystal ‘Apiezon’ 
was found to scatter a mmumum of X-rays An EMI 
9502 photomultipher was mounted at right angles to 
the direction of the X-ray beam, and was made to 
look on to the crystal through a lead glass window 
and a shutter The recording of continuous readings 
was made possible by such an arrangement, without 
any interference from the X-ray beam The micro- 
ammeter readings at the output of the photomultiplier 
gave a measure of the lummescence The photo- 
multipher was worked with a cathode to first dynode 
voltage of 160 V and subsequent mterdynode voltage 
of 80 V 

Tke crystals were continuously radiated with 
30-keV X-rays at 10 mamp, and at various time 
intervals the luminescence output for different mten- 
. gities was noted In Figs 1 and 2 the lummescence 
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Fig 1, Resultsforsodium chloride Fig 2 Results for potassium 
e chloride 
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output ıs plotted against time of exposure for sodium 
chloride and. potassium chloride, at all the mtensities 
used In both cases the luminescence output 18 found 
to rise steeply in the first few minutes and to fall 
slowly to the saturation value as more and more 
lummescent centres are destroyed 

The luminescence output is plotted against X-ray 
intensity at different times of exposure, m Fig 3 for 
pure sodium chloride and in Fig 4 for pure potassium 
chloride crystal and for the same crystal additively 
coloured with about 101’ F-centres/ec c These plots 
bring out the interesting feature of the variation of the 
slopes of these lnear relations with the tıme of 
exposure As the time of exposure increases, the slope 
decreases, and the curves tend to that due to the 
additively coloured sample, showmg that after high 
tames of exposure & crystal irradiated with X-rays 
reaches a saturation value, where ıt behaves luke an 
additively coloured crystal; although 1t can still lose 
its trapped, electrons by exposure to white ight The 
intercepts of the y-axis gives the level of phosphor- 
escence introduced into the crystal due to irradiation 

Prehmmary results with a number of alkali halides, 
pure and additively coloured, usmg the photon- 
counting technique, showed similar behaviour with 
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Fig 3 Results for sodium chloride 
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10dide showed, very fast quenching with virtually no 
phosphorescence, whereas potassium bromide gave 
excellent response but long-lasting phosphorescence 
The deterioration of lummescence efficiency was almost 
exponential m potassium chloride and rather slow m 
sodium chloride, showmg that quenching centres are 
produced in potassium chloride faster than 1n sodium 
chloride 

Thanks are due to Dr K S Iyengar for his keen 
interest and constant encouragement durmg the 
course of thus investigation and to Mr R Thyagarajan 


for the crystals S B HYDER 


Physics Department, B K. GUPTA 


Osmania University, 
Hyderabad-7, India 


1Przibram, K , Irradiation Colours and Luminescence (Pergamon 
Press, London, 1956) 


GEOLOGY 


Occurrence of Graywacke in the Lower 
Siwaliks, Simla Hills 

WE would like to direct the attention of scientists 
regarding the occurrence of gray wacke ın the Nahan 
Series near Kalka, Simla Hulls, Panjab, which has 
1emained unnoticed 1n Indian, geology 

Duiing the course of a traverse near Kalka, while 
studying the terraces of Kaushalha and Jhajjar 
Rivers, we came across a grey to greenish micaceous 
‘sandstone’ type of rock which m hand specimens 
appeared to be graywacke This was confirmed in 
thin sections of the rocks, which revealed the presence 
of angular grains of quartz (approximately 50 per 
cent) embedded in a matiix composed of fragments 
of slate, schist, quartzite, chert, felspar, chlorite and 
authigenic sericite The rock grades imperceptibly 
into the underlying red clays 

This graywacke ıs considered to be a part of the 
lower Siwaliks known as Nahan Series of the area All 
the existing text-books on the geology of India state 
that these deposits are of fresh-water origin They are 
considered to be made up of sandstones, grits, con- 
glomerates, clays, and silts having the characters of 
fluviatile deposits of torrential streams and floods in 
shallow water basins 

It 18 interesting to note that as early as 1937, 
Krynine had referred to the presence of graywacke 
from the Siwalik formations of north-west India 
However, 1t has failed to direct the attention of the 
Indian geologists and hence remained out of the 
present-day Indian geological literature We would 
lke to state that the present findings were made 
mdependently of Krynine’s observation, 

Although very diverse types of graywacke having 
variable mineral composition have been described 
from different parts of the world, 1t 1s generally 
accepted that the graywackes are characteristic of the 
geotectonie belts The presence of this rock in the 
Himalayan, foothills 1s therefore noteworthy as 16 will 
throw lght on the sedimentation history of the 
Srwaliks and other adjomig formations at least of 
this area It 1s therefore probable that the notion 
that the Srwaliks are entirely of fresh-water origm 
may no longer be true at least in this part of the sub- 
Himalayan, region, D B SIKKA 


M N. SAXENA 
S B BHATA 


Department of Geology, NORD aes 


Panjab University, Chandigarh-3 
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RADIATION CHEMISTRY 


Behaviour of Neutron-irradiated 
Ammonium Sulphate on Thermal 
Annealing 


Tue behaviour of a neutron-irradiated substance m 
thermal annealing is known to depend on the tem- 
perature and on the period of heating Normally, 
the retention reaches a saturation value after a few 
hours of heating Very recently, experimental evid- 
ence was obtained which indicates that the ammonium 
group m a compound can,influence the course of 
thermal and radiation annealing! Potassium and 
ammonium dichromate were irradiated with thermal 
neutrons under the same conditions and their 
behaviour in thermal annealmg was compared. 
Retention of potassium salt for various temperatures. 
was as expected, while the retention of ammonium 
salt passed through a maximum above 170° C This 
suggests that a reduction process is taking place at, 
the same time as thermal annealing Similar results 
have been obtamed for the radiation annealmg 
process 

Experiments with ammonium sulphate were cai- 
ried out m, order to see 1f this anomaly 1s also common. 
to other ammonium compounds The sample of 
‘Analar’ grade ammonium sulphates was irradiated 
in a polythene tube in the thermal column of the 
Bepo reactor at Harwell for four weeks at a neutron. 
flux of 10!°n /em ?/sec (pile factor 0 1) The tempera- 
ture during the irradiation was below 50°C Together 
with sulphur-35 formed by the nuclear reaction 
84S (n,Y)358, 9??P[9?S(n,p)??P] and ??P[??*8(m,p)?*3P] were 
also produced Phosphorus-32 and -33 were subjected 
to separate investigations 

Under the conditions of irradiation used in these 
experiments sulphur-35 1s distributed into several 
fragments because of recoil It was found that about 
60 per cent of the total sulphur activity was m the 
form of sulphate, the rest bemg present as sulphite. 
It ıs possible that other fragments of sulphur could be 
formed as intermediates which, however, are readily 
transformed into sulphate and sulphite under the 
conditions of analysis The samples were dissolved 
m oxygen-free, boiling, diluted hydrochloric acid 
together with sulphate and sulphite carrier and 
phosphate hold-back carrier Thereby sulphite and 
other volatile sulphur compounds were immediately 
separated as gases These were removed by a stream 
of nitrogen and absorbed under oxidation ın strongly 
alkaline hydrogen peroxide solution This part of the 
sulphur activity as well as the remaining sulphate 
activity were precipitated as barrum sulphate and 
measured, with a suitable end-window Geiger counter 
All the necessary corrections have been, made 

The thermal annealing of the irradiated ammonium. 
sulphate was carried out m an oven at various 
temperatures and various heating periods in the 
presence of air The heated samples were analysed 
as stated here The retention at 100? + 0 5? C. was. 
plotted against heating time and found to follow a. 
typical annealing process curvo However, at tem- 
peratures above 150° C, the curve passed through a 
maximum. This anomaly was most conspicuous at. 
180° + 05°C ,asshown in Fig 1 A certain radiation, 
annealing ıs assumed to occur also during the pile 
radiation ra 

It 1s supposed that free radicals are formed in the 
target under the influence of the y-radiation im. 
the pile, probably m a relatively large 'steady-state* 
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Fig 1 Thermal annealing at 100° and 180°C of ammonium 
sulphate irradiated 1n BEPO, Harwell, for 4 weeks 


concentration, which are available for reaction with 
the recoil-atoms The ammonium group can be trans- 
formed. under these conditions into certain fragments, 
which could give rise to formation of reducing com- 
pounds, for example, hydrazme This could either 
occur during the irradiation, 1n the pile or later 1n the 
thermal annealing process All these products formed 
from the ammonium group can act as reducing agents 
during the annealing process, although the reducing 
effect becomes clear only at higher temperatures 

The reformed sulphate arises chiefly durmg the 
process of thermal annealing directly from the 
reduced sulphate fragments Another contribution 
could'also be the oxidation of some recoil fragments 
which form sulphate on dissolvmg Consequently, 
two counteracting processes are taking place in the 
irradiated ammonium sulphate durmg the period of 
heating at temperatures greater than 150° C , namely, 
thermal annealing and reduction 

A full report on the role of the ammonium group in 
thermal annealing will be published in the Mitteilungen 
des Instituts fur Radwumforschung wn Vienna (Proceed- 
mgs of the Austrian Academy of Sciences) 

We are indebted to Prof B Karhk for her interest 
m this work One of us (M N ) wishes to thank the 
Bundesmunusterrum fur Unterricht in Austria for a 


fellowship NIKOLA QETOFF 
MASARU NISHIKAWA 
Institut fur Radrumforschung 
und Kernphysik, Wien IX, 
Boltzmanngasse 3 


1 Getoff, N , and Maddock, A G (n the press) See Getoff, N, 
IAEA Internal Report, No 6, SC/202/4/7 (Oct 31, 1960) 


Radiolysis of Liquid Acetone: Effect 

of Dose-rate and Linear Energy Transfer 

Ty effect of the linear energy transfer parameter 
of the radiation and of dose-rate on the radiolysis of 
aquepus solutions can be understood m terms of 
interactions between. spurs along a track and between 
spurs on adjacent tracks! In contrest the radiolysis 
of organic hquids shows (1) no effect of lmear energy 
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transfer on pure alkane lquds?, although a slight 
effect has been found with solutions contamung 
iodine?, and a pronounced effect with aromatic 
hquids* (see also ref 5), (2) effects at much lower 
values of dose-rate than in the case of aqueous 
solutions®. 

In the course of a more general study of the 
radiolysis of liquid acetone I have found that the 
yields of products are affected both by the hnear 
energy transfer of the radiation and also the dose-rate 
The G value for carbon monoxide production was 
found to decrease with mereasing dose-rate this 1s 
somewhat surprising, but may be due to scavenging 
of radicals by carbon monoxide, for which there 1s 
some evidence? Since this trend would imply that 
less methyl radicals are available for reaction at high 
dose-rates than at low ones, I have normalized the 
yields of methane, ethane and methyl ethyl ketone 
(these are thought to be the only products arismg 
from reactions of methyl radicals) to the yield of 
carbon monoxide and plotted them against dose-rate 
m Fig 1 The radiation used was y-rays from a 
cobalt-60 source and 1-MV electrons from a Van de 
Graaff machine All runs were carried out at 20° C. 
and in a dose-rango where ıt had previously been 
shown that G values were independent of absorbed 
dose 


VoL 192 


ea 
2 4 *-e-9—— — —————— 

{ m 
20 


Ratios 
j 
e» 





10? 10* 105 10* 107 10° 10° 


Dose-rate (rads/min ) 


Effect of dose-rate on product ratios @, CH,/CO, 
A, (C,H,)27/CO, O, CH,CH4,CO CH;/CO 


Fig 1 

It ıs known that more than three-quarters of the 
yield of methane in the radiolysis of pure hquid acetone 
at low dose-rates 1s derived from the reaction of a 
thermal methyl radical? 


CH, +CH, CO CH, — CH,+CH, COCH, (1) 


and it 1s probable that ethane and methyl ethyl 
ketone arise from the reactions 


CH, +CH, —> C.H, (2) 
CH, +CH, CO CH,—> CH, CH, CO CH, (3) 


The variation. of the product ratios with dose-rate 
shown m Fig 1 can then be explained ın terms of the 
competing reactions (1), (2) and (3) and the overlapping 
of ‘diffused’ spurs at higher dose-rates The dose-rate 
at which such an effect starts to occur ıs mainly 
determined by the efficiency of reaction (1) in removing 
methyl radicals Since reaction (1) 1s very slow com- 
pared with ‘normal’ scavengmg reactions, the effect 
on the yields of products occurs at much lower dose- 
rates than in aqueous solutions? Knowmg the rate 
of reaction (1) one can calculate the dose-rate above 
which combination of methyl (and other) radicals 
diffusmg from spurs on adjacent tracks might be 
expected to occur This gives the same value (within 
the limits of the calculation) as that shown in Fig 1 
The decrement in CH,/CO on going from low to high 
dose-rate (= 0 97) ıs greater than the increment ım 
(2C,H,+CH, CO CH, CH;)/CO=(071) this one 
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might anticipate, smce we have no experimental 
measure of the reaction 


CH,+ CO CH, — CH, CO CH, (4) 


which should be more important at higher dose-rates' 

Table 1 contains G values of some products as a 
function of dose-rate  (cobalt-60y and electron 
irradiations) and of lmear energy transfer of the 
radiation at the same dose-rate (electron and proton 
irradiations) Comparison of the results of y- and 
proton-irradiation illustrates more markedly the 
effect of dose-rate and lmear energy transfer on the 
products of the radiolysis of acetone, which can be 
explained as an enhancement of reactions (2) and (3) at 
the expense of reaction (1), occurring between radicals 
from spurs on adjacent tracks and between radicals 
from spurs on the same track It will be noted that 
Goo appears ito be the same for the y- and proton- 
radiations and that Gg, (total) for y-1rradiation 
is equal to 247+018, compared with Gg, (total) 
equal to 2 24+ 0 25 for proton irradiations. the differ- 
ence, 1f significant, may agam be a measure of 
reaction (4) @ 
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Pi 
Table 1 PRODUCT YIELDS AS A FUNCTION OF DOSE-RATE AND 
LINEAR ENERGY TRANSFER 
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* Dose-rate = 9 6 x 10? rads/mm 


These experiments together with scavenging 
experiments allow some speculation to be made about 
the mode of formation of some of the products It has 
been suggested? that ethane ıs formed in the low 
dose-rate irradiation entirely from radical-radical 
reactions in the spur, and this ıs supported by the 
present work The suggestion^? that hydrogen 
formation arises from an abstraction reaction of hot 
hydrogen atoms appears in conflict with the depen- 
dence of the yield on lmear energy transfer the 
latter indicates a hydrogen atom recombination 
process in the spur Scavenging experiments (with 
iodine) showed that at low dose-rates at least half 
and probably appreciably more of the yield of methyl 
ethyl ketone was unaffected: this product 1s therefore 
hkely to be formed in radical-radical reactions in 
spurs also 

I thank Dr W Wild for helpful criticism and the 
United Kingdom Atomic Energy Authority for the 
award, of a fellowship. 

R BARKER 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell, Berkshire 
?Dainton, F S , Radiation Res , Supp 1, 1 (1959) 
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CHEMISTRY 


Fundamental Relaxation of Classical 
Oscillators 


THE relaxation of systems of gaseous oscillators 
and the related process of non-equilibrium chemical 
reaction have recently received detailed considera- 
tion However, while satisfactory formal theories 
have been presented both for the quantum!-* and 
classical*:9 cases, little progress has been made in 
formulating the detailed transition probabilities which 
control the time evolution of these systems, and little 
can, be expected ın view of the extraordinarily complex 
nature of the collision process 

The present purpose is to direct attention to an 
important limiting case in the classical theory 
Vibrational energy alone 1s considered and is assumed. 
to be conserved during all collisions If now the 
precise details of the collisional act are ignored and 1t 
18 assumed instead that the total energy 18 redistribu- 
ted ‘statistically’ m every collision, then the transition 
probabihty distribution (transition kernel) governing 
the exchange between single harmonic oscillators and 
a heat bath consisting likewise of single oscillators 
may easily be shown to be the following. 


k(E, E.) = (Z[ET) exp(E,/ET) efmax(E,,E.)/ET] (1) 
Here Z 1s the collision number per molecule per unit 


time, max(£,,E,) 1s the maximum of a given initial and 
final energy, kT has the usual significance, T bemg the 
z oo 


heat-bath temperature, and ex) = | (1/s)e-*ds 18 


z 
the exponential integral (k(#,,H,)dH#,/Z 1s the 
probability that an oscillator initially with energy E, 
will undergo a transition to dE, at E, on collimon 
with a heat-bath oscillator ) 

This result follows immediately on considering the 
probabilities that (1) an oscillator with energy E, will 
form a collision complex with specified total energy, 
(2) the complex will divide to leave the oscillator of 
interest with energy m dE, at E all distributions 
assumed equally probable, then finally mtegrating 
over all possible collisions and multiplymg by the 
collision number. 

It will be seen that k(E,, E.) has a smgularity at 
k(0,0) while from a given energy all down-transitions 
are equally probable 

The relaxation process is described by a tıme- 
dependent distribution function c(H,¢) which is the 
solution of the followmg continuity equation® 


oo 


(2 t Z) (Ht) = | (E )e(6,0dE (2) 


0 


Now ıt 18 known that the transition kernel (1), 
with a symmetrizing factor, 1s essentially the Green's 
function corresponding to the Laguerre polynomials, 
and the solution of the above equation with this kernel 
18 1n fact 


c(E,t) = (1/kT) exp(— E/kT) = 
[1 + X cele (H/kL) exp(—(_-* Z0 | (3) 
k=1 
where cr 1s determined by the muitial distribwtion 


c(#,0) through the orthogonalty property of the 
polynomials. 
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Ck = [«(2,0)1,2]iT) dE (4) 
0 


In the special case where the in:tial distribution 18 
itself a Boltzmann one, though at a different tempera- 
ture from the heat bath, 1v can be shown that 

ck = (1—- TIT (5) 
T, T, being the temperatures of heat bath and initial 
distribution, respectively 

The importance of the transition kernel derived 
here 1s that 1t expresses what, within the scope of the 
model, 18 the most efficient possible coupling between 
heat bath and system 

An extended account of the above approach, 
together with 1ts application to the theory of chemical 
reaction, 1s In preparation 

J am indebted to the Office of Naval Research, 
Washington, and the Department of Scientific and 
Industrial Research, London, for financial assistance 
at different stages of this work 
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5 Widom, B, J Chem Phys, 31, 1387 (1959) 

‘t Widom, B, J Chem Phys , 32, 913 (1960) 


Thermal Decomposition of Ammonium 
Perchlorate in Presence of Zinc Oxide 


THE decomposition, of ammonium perchlorate has 
been examined by Bircumshaw and Newman!, and 
Galwey and Jacobs’, respeewvely They have ob- 
served that the decomposition of the salt occurs 
according to two different mechanisms At lower 
temperature (between 200° and 280? C), when only 
about 30 per cent of the substance decomposes, the 
electron transfer mechanism dommates, the energy 
of activation 18 32 kcal, and at higher temperature 
(between 350° and 400° C ) the proton transfer mech- 
anism plays a decisive part (E = 39 5 cal) 

Recently, we have investigated the mfluence of 
several metal oxides on thermal decomposition of 
different solids (potasstum chlorate, potassium per- 
chlorate, etc )* The most effective catalyst for both 
reactions was nickel oxide, which not only increased 
the reaction-rate but also lowered the energy of 
activation of the process According to earlier 
observations the rate of decomposition of ammonium 
perchlorate 1s influenced by metal oxides‘, especially 
by manganese dioxide In our experiments with 
ammonium perchlorate from among nickel, zinc, 
ferric and cadmium oxides 1t was especially the zinc 
oxide which was outstanding 

As a rule, the experiments were carried out both 
In ar and ın vacuo, and the reaction-rate was followed 
by determming the amount of gas evolved The 
decomposition of ammonium perchlorate between 
200° and 300? C , 1n absence of a catalyst, occurred 
to the extent of 30 per cent Kuinetical results were 
evaluated by the Prout-Tompkins equation, the 
unimolecular decay and Avrami—Erofeev’s equations 
respectively. The activation energies calculated from 
the dependence of rate constants on temperature 
agree generally fairly well with those calculated by 
the authors referred to 
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The decomposition of ammonium perehlorate was 
effectively catalysed by zinc oxide and then decom- 
position occurred at 240°C to the extent of 75- 
85 per cent However, as in our earlier experiments, 
the rate of reaction decreased ın each caso with the 
decrease of the amount of the catalyst?, now the 
rate scarcely depended on the amount of zinc oxide, 
and a considerable catalytic effect was observed even. 
1n the presence of about 01 per cent of the oxide 
The contracting-cube formula was found to be the 
best to evaluate the rate constants m the catalysed. 
decompositions Some data on the energy of activa- 
tion, found at different ammonium perchlorate and 
zine oxide mixtures are given in Table 1 


Table 1 
NH4CIO, ZnO Activation energy * 
(mole ratio) 
50 1 29 5 keal 
16° 1 33 » 


1 1 335 ,, 
* Rate constants were calculated from the equation 1 — (1 — a1/*— Kt. 


These values are approaching 32 keal, which 
corresponds to the electron transfer mechanism, 
indicating that m the temperature-range investigated. 
the electron mechanism plays a part even in the 
presence of zinc oxide As 18 well known, zine oxide 
belongs to the n-type group of semiconductors Its 
electric properties can be effectively influenced by 
doping with small amounts of foreign 10ns of different 
valence Thus we have studied the effect of changes m. 
the electric conductivity of zme oxide on the catalysed 
decomposition of ammonium perchlorate According 
to our measurements the rate of reaction was accel- 
erated by mereasing the conductivity of zme oxide 
(building-in of 1 per cent of alummium oxide) and 
16 was lowered by decreasing the conductivity (build- 
mng-m of 1 per cent of lithium oxide), and it largely 
lengthened the mduction period On the contrary, 
activation energies practically do not change on. 
doping with zinc oxide 

While the catalysed decomposition of ammonium. 
perchlorate could at 240° C be followed easily, above 
this temperature the course of kinetic curves changed, 
and already m presence of 01 per cent zine oxide, 
after an mduction period, the substance exploded. 
The explosion occurred very sharply at mole fraction. 
of 300 1-10 1 ammonium perchlorate-zme oxide 
and 16 was accompanied by a lummous phenomenon 
In presence of zinc oxide apphed m equal mole ratio 
the decomposition of ammonium perchlorate similarly 
resulted in an explosion, but not so violently as in. 
the case of mixtures containing a small quantity of 
zinc oxide By further mcreasing the concentration of 
zinc oxide, instead of explosion, degeneration occurred 
From dependence on temperature of the times until 
explosion we obtained the energies of activation, given. 
in Table 2, which are practically independent of the 
amount of zine oxide between 1 1 and 100-1 mole 
ratio of ammonium percehlorate-zine oxide mixtures. 


Table 2 
NH,CIO, ZnO Activation energy 
(mole ratio) 
100 1 29 5 keal 
50 1 280 ,, 
25 1 270 , 
10 1 276 ,, 


According to Galwey and Jacob’s measurements" 
the explosion of ammonium perchlorate at 1 atm. 
pressure occurs only at temperatures above 440° C. 
From the dependence on temperature of the induction 
period these authors obtamed almost identical value 
for the activation energy (415 kcal) as m the de- 
composition of ammonium perchlorate at high 
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temperatures from what they stated ıt appears that 
the proton transfer mechanism plays a part in the 
explosion In our experiments the explosion tem- 
perature was lowered almost to 200°C by a very 
small amount of zme oxide (02 per cent) The 
values of activation, energy found by us are consider- 
ably lower than those obtained by Galwey and 
Jacobs and well approach those corresponding to the 
electron transfer mechanism and determmed at a 
lower temperature 
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Separation, Identification and Determination 
of the Fatty Acids of Montan Wax 


CRUDE montan wax is essentially a mixture of the 
esters of long-chain carboxylic acids, with free acids, 
resin and asphalt!. Much of the work devoted to a 
study of the wax acids prior to 1930 ıs clearly un- 
rehable In that year, using micro-distillation and 
X-ray analysis, Holde and Bleyberg? isolated and 
identified a normal C;, acid, and indicated the presence 
of a normal C,, acid Further progress was made by 
Fuch and Dieberg? using absorption and elution 
chromatography and infra-red spectroscopy They 
succeeded in isolating and identifying all the normal 
straight-chain carboxylic acids with even carbon 
numbers from C, to Cya 

Using gas-chromatography, we have succeeded in 
resolving the methyl esters of carboxylic acids from a 
saponified bleached montan wax A total of 11 com- 
ponents were separated, and identified as the esters 
of the normal straight-chain acids with both even and 
odd carbon numbers from C,, to C,,, inclusive The 
Cz, acid identified by Fuch and Dieberg was not 
detected 

This separation was achieved usmg a ‘Shandon’ 
gas-chromatograph and a flame-ionization detector 
The column originally used was 4 ft m length and 
contained 100—200 mesh ‘Celte’ with 10 per cent 
polyethyleneglycol adipate as stationary phase. 
More recently the columns have been reduced ım 
length and the paekmg has meluded also 1 per cent 
of orthophosphorie acid* 

The identifications were made using the well-known 
relation of the logarithms of retention times with 
earbon numbers for each homologous series From 
the work of Fuch and Dieberg, establishmg the 
presence of the normal straight-chain carboxylic 
acids C,, to C,, 16 should be possible to assign. carbon 
numbers to the retention times recorded, provided 
that one or preferably two reference retention times 
are known Such reference times were obtained 
from stearic and palmitic acids present in a com- 
mercial sample of stearic acid From these ıb was 
possible to identify not only the Cy, to C4, even- 
numbered acids noted by Fuch and Dieberg but also 
the remaming 5 components, as the intervening odd- 
numbered acids 


NATURE 65 


18 


14 


1) 


10 


Log-retention time (Ci, 


0 2 


18 22, 26 30 
Carbon No. 


Fig 1 Linear relationship between carbon number and log- 
retention time 


The vahdity of this identification was confirmed 
by an examination of arachidic C,, and behenic Cpe 
methyl esters The linear relation of retention for 
all the methyl esters recorded ıs shown m Fig 1 
(methyl stearate =1). 

It has been possible to derive an approximate 
composition of the mixture of esters by measurmg 
the areas below the ehromatogram, when the follow- 
ing was obtained 


Ci, Ci Cgo Ces Css Cas Ces Cas Ca, Cas Cao C;o Cai Css 
Per cent less than 
025 025 75 20 220 35 275 830 240 20 80 


0 05 each 
D R. HEWETT 
P. J KIPPING 
P G JEFFERY 
Warren Spring Laboratory, 
Stevenage, 
Herts 
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BIOCHEMISTRY 


Distribution of Potassium in Baker’s 
Yeast 


BAKER's yeast m the resting state normally con- 
tains a relatively large amount of potassium In 
addition, 1t has been shown by a number of workers 
that durmg active metabolism (aerobic or anaerobic 
utilization of glucose! or aerobic respiration of certain 
other substrates?) considerable net absorption of 
potassium can occur even though the concentration 
of potassium in the external medium may be very 
much less than that mside the cells Accumulation of 
potassrum, and of other cations, by yeast mvolves 
active transport of the 10ns across the cell membrane’, 
the mward movement of ions bemg mediated by 
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relatively specific carrier mechanisms‘ therem Many 
facts require this interpretation and have been stated 
m detail elsewhere 

The results of an mvestigation recently carried out 
in this laboratory’ showed that the presence of 
relatively large amounts of bound potassium within 
the yeast cell is very unlikely In these experiments 
the total intracellular concentration of free solutes m 
washed and centrifuged yeast, which had previously 
been, subjected to a repeated process of freezmg im, 
hgud oxygen and thawing, was determined by a 
microcryoscopic method, a mean value, for resting 
yeast, of 059 M being obtained This value was in 
close agreement with that calculated from the known 
eoncentrations, determined by chemical analysis, of 
low-molecular weight substances, mcludmg potas- 
stum, 1n the same strain of yeast (0 60 M) In dialysis 
experiments in which the fuid material obtamed by 
alternate freezing 1n liquid oxygen and thawing of the 
centrifuged. cells was allowed to come to equilibrium 
with a relatively small volume of distilled water, it 
was found that the total mtracellular concentration 
calculated from the freezing-point depression of the 
dialysate was m good agreement with that obtamed 
from direct measurements on the frozen and thawed 
yeast. From these results 1t seemed possible that a 
determination of the proportion of the total potas- 
sium in yeast appearing m such dialysates might 
yield some information about the extent to which 
this 10n 18 bound m the cells 

A series of experiments was carried out m which 
fresh yeast was twice washed 1n de-10nized water and 
centrifuged, the second centrifuging bemg contmued 
for 20mm, at 3,000r pm The packed cells from this 
second cenitrifugmg (which were contamed in stop- 
pered plastic centrifuge tubes) were then frozen in 
hquid oxygen and allowed to thaw, this procedure 
bemg repeated twice 2-ml samples of the hquid 
material from the freezing and thawing process were 
dialysed overnight 1n the cold against an equal volume 
of de-ionized water and the potassium content of the 
dialysate determined This was compared with the 
total potasstum estimated directly on a sample of the 
frozen and thawed yeast In a group of mne experi- 
ments of this kind, the total potassrum ranged from 
102 5 to 130 0m equiv /kgm washed and centrifuged 
yeast, the mean value being 1190 m equiv /kgm 
The potassium concentration m. the dialysates ranged 
from 940 to 125 0 mequiv /kgm with a mean of 
109 0 m equiv /kgm 

These results mdicated that by fer the greater 
proportion of the total potassrum content of yeast 18 


Table 1 ACOUMULATION OF POTASSIUM BY YEAST FERMENTED UNDER 
VARIOUS CONDITIONS 


Total 
potassium 


Potassium 
m dialysate Potassium 


accumu- 


Potassium 
Sample 
Rest- Fer- 


mented 





In all cases, 1 part by weight of washed and centrifuged yeast was 
suspended, with aeration, in 20 vol of fluid contaming 5 per cent 
glucose Other condittons were as follows Sample 1 fermentation 
for 1 hr in the presence of 10 m moles/litre of potassium chloride 
plus colhdme/hydrechioric acid buffer Final pH of suspensions, 4-4 5 
Sample 2 “conditions as for 1, but with 2 m moles/litre external 
potassium chloride Sample 3 fermentation for 45 min ın the 
preseifte of 200 m moles potassium acetate Sample 4 fermentation 
for 4 hr in potassium citrate (200 mequiv potassium 10ns[litre) 

All values are in mequiv/kgm washed and centrifuged yeast 
Each sample represents the mean of two experiments with duplicate 
estimations in each experment 
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free to diffuse out of the cells once the membrane has 
been broken by suitable means, and that the amount 
bound io high-moleeular weight cytoplasmic con- 
stituents 1s relatively small This small amount of 
bound potassium, amounting m the average to about 
8 per cent of the total, appears to be quite firmly held 
In experiments ın which the solid residue from the 
dialysis process was washed ın about 50 times its own 
volume of de-1onized water ıt was found that, after 
three such washmgs, some 50-60 per cent of ıt still 
remained. bound to the solid cell debris The unhke- 
hhood of relatively large amounts of potassium, 
previously bound, bemg released durmg dialysis i8 
indicated by the close agreement observed5 between 
the total mtracellular concentration determined from 
the freezing-pomt depression of such dialysates and 
that of the frozen and thawed yeast 

Further expermments were concerned with an 
attempt to determine the distribution between these 
two fractions of the extra potassium entermg the cells 
duimg fermentation under a variety of conditions In 
these experiments the yeasts after fermentation, was 
twice washed in de-ionized water as before, frozen in 
hquid oxygen and thawed and the total and ‘dialys- 
able’ potassium estimated as described above. In 
each case the results were compared with those 
obtamed from a sample of the same yeast m the 
resting state These results are summarized in 
Table 1 

From Table 1 1% is seen that, with the exception of 
the long-period fermentation in potassium citrate 
(sample 4), virtually all the extra potassram aceumu- 
lated during fermentation appears m the freely 
dialysable fraction In the case of samples 1 and 2, 
where the external potassium concentration 18 
relatively low, the results shown in Table 1 would 
appear to indicate the accumulation of free potassium 
against a high concentration gradient 
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Table 2 DISTRIBUTION OF i AND POTASSIUM IN SODIUM-RIOH 
EAST 


Yeast Potassium (m equiv /kgm ) Sodium (m equiv /kgm ) 
Total In dialysate Total In dialysate 
Resting 112 0 97 0 — — 
Sodium-rich 550 84 0 80 0 800 


Results give the mean for three experiments each with duplicate 
estimations 


Conway and Moore* have shown that when yeast 1s 
fermented in 5 per cent glucose with the addition of 
Sodium citrate, there 1s a marked accumulation of 
sodium, potass:um being lost. In Table 2 1s shown the 
results of an mvestigation by the technique outlmed 
here of the distribution of sodium and potassrum in a 
sodium yeast prepared by fermenting fresh yeast for 
two successive 2-hr periods in 20 volumes of a sodium 
citrate-glucose medium contammng 200 m equiv 
sodium tons per litre. From Table 2 3t appears that 
virtually all the sodium accumulated is in a freely 
diffusible form In these experiments there appeared 
to be some increase 1n the amount of bound potassium 
in the cells 
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Comparison of the Mitochondria of the 
Small Intestine of Vertebrates 


MrrocHoNDRiA of the intestinal mucosa of the 
following vertebrates have been examined by electron 
microscopy: the rat (Rattus norvegicus), guinea pig 
(Cavia percellus), chicken (Gallus domesticus), lizard 
(Tiliqua rugosa), toad (Bufo marinus) and carp 
(Carassius auratus) (Fig. 1). The mitochondria in the 
intestinal cells of these species showed no major 
differences in structure from the other mitochondria 
that have already been described’*. The intestinal 
mitochondria from all these species swelled when they 
were isolated by differential centrifugation in 0-25 M 
sucrose (Fig. 2), but all except those from the rat 
exhibited considerable succinoxidase activity as 
measured manometrically (Table 1). The oxygen 
uptake of homogenates of the intestinal mucosa of 
rats was also low and variable compared with that of 
homogenates of intestinal mucosa prepared from 
guinea pigs. In contrast, the oxygen uptake (per 
mgm. dry weight) of whole intestinal cells of both the 
rat and the guinea pig similar. 

Homogenates of the intestinal mucosa of rats were 
found to inhibit the oxygen uptake of homogenates of 
the intestinal mucosa of guinea pigs. The inhibitor 
present in the rat intestinal homogenate was not 
destroyed by heating for 3 min. in a boiling water 
bath, or by adding hydrochloric acid to a final con- 
centration of 2 N. The inhibitor was not dialysable, 
but it could be extracted with iso-octane. The iso- 
octane extract contained a substance that absorbed 
light strongly at wave-lengths below 250 my. This 
suggested the presence of long-chain unsaturated 
fatty acids. Chromatographic examination of the 
extract showed the presence of oleic acid and a smaller 
amount of linoleic acid. Small quantities of oleic acid 





Fig. 1, Electron micrograph of a section of a cell of the intestinal 
mucosa of Carassius auratus — the mitochondrial structure, 
x , 





Fig. 2. Electron micrograph of a section of mitochondria isolated 
m 


the intestinal mucosa of Carassius auratus. x 37,500 
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Table 1. SUOCINOXIDASE ACTIVITY EXPRESSED AS THE N or 
MITOCHONDRIA ISOLATED FROM THE INTESTINAL MUCOSA OF VARIOUS 

VEETEBRATES 
Animal QO0,N Standard error 
Rat « 15 -— 
Guinea pig 420 13 
Chicken 526 13 
Lizard 407 13 
Toad 212 25 
Carp 356 13 


(= 0-005 ml./mgm. mitochondrial N), or of the 
material recovered from the iso-octane extract, 
inhibited by 95 per cent the succinoxidase activity of 
mitochondria isolated from guinea pigs. The inhibi- 
tory effect of oleic acid on a succinoxidase preparation 
from  ox-heart has previously been reported’, 
Nakamura et al.‘ also ascribed the low succinoxidase 
activity of rat intestinal mucosa to the presence of 
fatty acids. That mitochondria from the intestine of 
the rat do contain succinic dehydrogenase can be 
shown cytochemically. When these mitochondria 
are incubated with 2:3:5 triphenyl tetrazolium 
chloride in the presence of succinate, deposits of 
formazan can be seen. No reduction of the dye occurs 
in the absence of succinate. As c me oxidase 
has been shown’ to donate electrons to triphenyl 
tetrazolium chloride, it is suggested that the inhibitor 
of succinoxidase released on the rupture of rat 
intestinal cells acts between cytochrome oxidase and 
oxygen. Some evidence to confirm this has been 
obtained. The cytochrome oxidase activity (measured 
manometrically) of mitochondria isolated from the 
intestinal mucosa of the rat is less than one-tenth of 
that of intestinal mitochondria isolated from the 
guinea pig. 
P. J. SrTANBURY 
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South Australia. 
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Combustion Analysis of Paper 
Chromatographic Spots 
THE quantitative determination of paper chromato- 
graphic spots is usually carried out by using a variety 
of photometric techniques. In many instances, how- 
ever, the known methods lack specificity, reliability 
and sensitivity. 


o 
F< > 4 (CH,),— N 


Haloperidol (R1625) 


OH 


Cl 


For haloperidol'-, a new potent neuroleptic agent 
recently developed in this Laboratory, a satisfactory 
method of photometric analysis, suitable for the 
analysis of minute amounts in chromatographic 

ts, has not yet been found. I have therefore 
y n A an alternative method, based on the 
quantitative micro-analysis of the organic fluorine 
content of the spots. 
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After one-dimensional chromatographic separation 
(using methanol, amyl alcohol, benzene, water, 
40/20/40/5) on buffered’ Whatman No. 1 papor, of a 
solution containing 8-40 ugm. of haloperidol, the 
haloperidol spots are located by inspection under an 


'^ ultra-violet light source. The fluorescent area is then 


cut out and burned in a modified Schéniger oxygen 
flask5-5, 150 ml. in volume and with a small valve 
constructed at the bottom of the fiask. The combus- 
tion produets are absorbed in 3 ml. of water and the 
inorganic fluoride determined by the colorimetric 
method of Singer and Armstrong’. In a series of 15 
experiments, the estimated haloperidol content of the 
Spots varied between 85 and 110 per cent of the 
actual amounts (8-40 ugm.) which were put on the 
paper ehromatogram. 
-This general method should be applicable to the 
quantitative analysis of paper chromatographic and 
: paper electrophoretic spots of compounds containing 
. other halogens, sulphur, phosphorus, arsenic, boron, 
cadmium, mercury and zinc’. 
H. SOEP 
Research Laboratory Dr. C. Janssen, 
Beerse, Belgium. 
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Inactivation of A-Methopterin by the 
- Acetylating Enzyme System from Pigeon 
Liver 


A-METHOPTERIN (4-amino-N!°-methyl — pteroyl 
glutamic acid) inhibits the growth of certain tumours! 
as well as of many folic acid dependent miero- 
organisms?. It is a powerful inhibitor of enzyme 
systems reducing folic acid to tetrahydrofolie acid’. 
Recent investigations** have shown that A-metho- 
pterin inhibits acetylation of aromatie amines. Small 
quantities of A-methopterin have been found to 
decrease considerably the urinary excretion in mice of 


: : . the acetylated aromatic amine formed from injected 
folie acid (unpublished results). 


2 Evidenee presented 
.; here shows that A-methopterin is inactivated by the 
E acetylating enzyme system of pigeon liver. 

Crude enzyme preparations employed in the present 


; ~ ‘work consisted of 5 per cent extracts of pigeon liver 
-. acetone powder in 0-2 M sodium fluoride. 


A-metho- 
 pterin was assayed by the inhibition analysis using 
S. faecalis as the test organism‘. Initial experiments 
showed that the assay system was most sensitive in 
the presence of 0-8 mygm. of folie acid per ml. The 


~ ». diletions of the test material were made so that the 
. . final concentration. 






] of A-methopterin in the assay 
system was 0-5-0-8imugm. per ml. Each determination 
VES donei in m dup icate at 3 different levels of dilution. 


| Table 1 1.  irnor 6 or öös oF Componmsts: OF THE AOETYLATING ` 


SYSTEM ON THE INACTIVATION OF A-METHOPTERIN . 





Growth of 8. faecalis 
| Expresse 
Exp. alae Timeof Klett age of con- 
No. System (mi) incuba- units — trolin - 
tion. 660 my absence D 
of A-meth-  . 
opterin 
(min.) 
. 1 Complete system 
Crude enzyme extract) 0-6 0 76 42-0 
(Crude od fara extract) 0-6 180 118 65-6 
Autoelaved system * 0-6 180 87 48-0 
2 Complete system 
(Fractio 40 + 4-60) 0-6 0 900 45.5 
(Fractions 4-40 + 4-60) 0-6 180 132 65-7 
8 Fraction 4-40 omitted 0-6 0 78 86-4 
Fraction A-40 omitted 0-6 180 76 35-0 
4 Fraction 4-60 omitted 0-6 0 70 35-0 
Fraction A-60 omitted 0-8 180 66 33-0 
5 Acetate omitted 0-6 0 91 45-5 
Acetate omitted 0-6 180 91 45-5 
6 CoA omitted 0-6 0 35 17:8 
CoA omitted 0-6 180 83 17-0 
7 ATP omitted 0-6 0 92 48-0 
ATP omitted 0-6 180 84 44-5 
Incubation system: Na, HPO,,0:02 M; NaHCO,, 6-028 M ; acetate, 
0-02 M; ATP, 0-004 M; A-methopéerin, 139-2 ugm; CoA, 12-5 


HED; 
Mg**, (-0055 M: cysteine, 0-005 M; crude enzyme extract (0-5 mL) 
or fraction A-40 and 4-60, 0-4 rol. each. Volume, 3-0 ml. pH 70: 
temperature, 37? C. 
* Autoclaved at 10 Ib. pressure for 10 min. 


Table 2. EFFECT OF p-AMINOBENZOIO ACID ON THE INACTIVATION OF Ur : 
A-METHOPTERIN 
Growth of S. faecalis 


Expressed 
Time of as percent s 
Exp. Aliquot incuba- Klett age of cone oo 
No. System (mi) tion units trolin ; 
660 mæ absence 9°. 
of A-meth+ —— 
amin.) opterin 
1 Crude enzyme system 0-4 0 75-0 43-0 
Crude enzyme system 0:4 180 125-0 TLS 
2 Crude enzyme system 
+ PABA (132 pgm.) 0-4 0 86-0 49-7 
+ PABA (13-2 ugm.) 0-4 180 107-0 61-5 


Incubation system same as in Table 1. 


The inactivation of A-methopterin in the test system 
occurred rapidly. "Values more consistent with the =< 
quantity of added A-methopterin were, however, .. 
obtained by autoclaving the zero-time samples at 
10 Ib. for 10 min. prior to assay. The storilization of 
the test samples was earried out by filtration through 
sintered-glass bacteriological filters. : 
Results given in Table 1 show that incubation of 
A-methopterin for 180 min. with the complete 
acetylating system from pigeon liver leads. to more = 
than 40 per cent decrease in the activity of A-metho- 
pterin as a growth inhibitor of S. faecalis. The fact 
that the original inhibitory activity of A-methopterin  . 
is recovered by autoclaving the incubated mixture . 
indicates the formation of a less active or an inactive |. 
derivative of A-methopterin which is unstable to high 
The effect of omission of various components of the 
acet: ylating system on the inactivation of A-metho- 
pterin was investigated using pigeon liver extracts 
prepared according to Chou and Lipmann’. In these 
preparations, fraction A-40 activated acetate to form 
acetyl-coenzyme A and fraction A-60 catalysed the 
transfer of the acetyl group to the acceptor amine. — 
The results (Table 1) demonstrate that the inhibi- 
tory activity of A-methopterin is decreased only in 
the presence of the enzyme system containing all the - 
co-factors (adenosine triphosphate, coenzyme A and = 
acetate) required for the acetylation of aromatic 
amines. By extensive dialysis, it was possible to 
demonstrate the requirement for acetate. Tho inact- ` 
vation of A-methopterin did not occur in absence of 
any one of the active protein fractions. This excludes -© 








No 4797 October 7, 1961 ` 


the possibilty of mactivation due to non-specific 
adsorption on proteins p-Ammobenzoic acid (PABA), 
which can be acetylated by the pigeon liver enzyme 
system and so may be expected to compete with the 
acetylation of other ammes, was consistently found 
to dimmish the inactivation of A-methopterm 
(Table 2) The quantity of extra PABA added m these 
experiments did not affect the growth in the control 
System These observations, and the fact that tho 
A-methopterm molecule contams the necessary 
structural features, suggest that the inactivation of 
A-methopterin ıs brought about through the forma- 
tion of acetyl derivatives which are less active or 
completely mactive as mhibitors for the growth of 
S faecalis ^ Amunopterm is also inactivated by a 
simular enzyme system, but to a lesser extent than 
A-methopterm ^ Earher work of Jacobson? on the 
effect of ammopterm on cell division have indicated 
the formation of an mactive derivative from ammo- 
pterin on incubation with various animal tissues, 
including leukemic cells Fountain et al? have 
reported that the concentration of A-methopterin 
detected in liver and kidney of mice injected with 
- A-methopterm increased several fold when the 
samples were boiled before assay Smce both these 
organs contain the acetylatmg enzymes, the 
mereased activity produced on boiling the tissue 
could have resulted from breakdown of acetyl deriva- 
tives of the type which the present work has shown 
to be unstable to high temperatures 

A-methopterm was found to mhibit the acetylation 
of sulphanilamide m pigeon liver preparations but had 
no effect on acetyl-CoA formation Similar results 
have been obtained also by Johnson et al *. Apparently 
A-methopterin inhibits the acetylation of aromatic 
amines by interference with the transferase com- 
ponent of the overall system The removal of acetyl 
groups for the acetylation of A-methopterm as 
inferred from the present findmgs could explam the 
type of mhibition produced by A-methopterm on 
biological acetylations 

Acknowledgement 1s made to the International 
Division of the Lady Tata Memorial Trust for a 
research assistantship (to V K ) and a grant in aid 
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improved Benzidine Sugar Reagent for 
Paper Chromatograms 


BENZIDINE has been found to be a useful reagent 
for sugar detection on paper chromatograms? and 
for quantitative determmation ın test-tubes‘ 
Horrocks? first found that benzidme-acetic acid 
detected reducing aldoses on paper chromatograms, 
but ketoses were detected only at high concentration 
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Bacon, and Edelman} added trichloracetic acid to the 
benzidme-acetic acid reagent to increase its acid 
strength and claimed that ıt detected less than one 
microgram of glucose m free or combined form 
Its sensitivity to fructose was considerably less An 
acid 18 required for the formation of furfuraldehyde 
from sugars ^ Furfuraldehyde, or a degradation 
product of it, then reacts with an aromatic amine or 
phenol (benzidine in this case) to form a coloured 
product It ıs important that the acid should be 
strong enough to cause the reaction to proceed, but, 
1n the case of paper chromatography, 16 should not 
cause partial destruction of the paper or produce a 
dark background colour For this purpose, organic 
acids (acetic, phthalic, or trichloracetic acid) have 
been used However, when mineral acids at low con- 
centrations are used, an umproved reagent 18 obtained 
without paper destruction or serious background 
interference 

In an attempt to improve this reagent, 15 was dis- 
covered that addition of mmeral acids to the benzi- 
dine-trichloracetic-acetic acid reagent caused pre- 
cipitation, but this difficulty was overcome by the 
application of the components separately to the 
paper ‘The use of mmeral acids with the benzidine 
reagent permits the detection of aldoses and ketoses 
in free or combined form in l-mgm quantities 
Through the manipulation of the procedures to be 
described, below, classes of simple sugars and mono- 
mers of ohgosaecharides can be distinguished on one 
chromatogram Procedure a is relatively specific for 
aldoses, and procedure b for ketoses If both aldoses 
and ketoses are to be revealed ın one chromatogram, 
procedure e or d should be used 

The benzidine reagent ıs prepared by dilution of 
10 ml. of stock 1 (5 0 gm. benzidine in 100 ml glacial 
acetic acid) plus 10 ml of stock 2 (40 0 gm trichlor- 
acetic acid in 100 ml distilled water) to 100 ml with 
95 per cent ethanol! The stock solutions keep 
indefinitely in brown bottles The mineral acids are 
03 N hydrochloric acid in 95 per cent ethanol and 
1 N phosphoric acid in 95 per cent ethanol. 

Procedure a Spray a chromatogram with the 
benzidine reagent and heat at 70° C for 10-15 min 
Aldoses of 1 mgm quantity m free or combined form 
are revealed as brown spots against a white back- 
ground Ketoses are detected only at high concen- 
tration, 

Procedure 6 Spray a chromatogram with the 
benzidine reagent Follow this with a light spraymg 
of 0 3 N hydrochloric acid in 95 per cent ethanol, and 
then heat at 70? C for 10-15 mm  Ketoses of 1 mgm. 
quantity in free or combined form are revealed as 
yellow spots agamst a pale background Aldoses ab 
high concentration give famt brown spots The 
yellow colour intensity 1s enhanced under ultra-violet 
light 

Procedure e It 1s essentially the same as procedure 
b, except that hydrochloric acid ıs replaced by 1 N 
phosphoric acid in 95 per cent ethanol Both aldoses 
and ketoses in free or combined. form are revealed m 
their characteristic colours on a chromatogram which 
appears moist and has a light background 

Procedure d Spray a chromatogram with the 
benzidime reagent and heat at 70° C for 10-15 mm 
for the detection of aldoses, spray lightly with 0 3 N 
hydrochloric acid in 95 per cent ethanol and heat 
again at 70? C for 10-15 min to detect ketoses This 
procedure ıs better than procedure c because of 1ts 
high sensitivity and relative specificity for classes of 
sugars By this procedure both aldoses and ketoses in 
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either free or combined form are revealed as brown 
and yellow spots respectively against a light back- 
ground Stachyose, raffinose, cellobiose, melibiose, 
sucrose, maltose, lactose, rhamnose galactose, glucose, 
fructose, mannose, arabinose, xylose and ribose give 
their characteristic colours, brown for aldoses, yellow 
for ketoses, and the colour of the oligosaccharides 
containing aldoses and ketoses depends on the sugar 
concentration and heating temperature 

By the addition of mmeral acids at low concentra- 
tion the benzidme reagent! is improved to detect 
simple sugars and oligosaccharides with high sensı- 
tivity and relative specificity 

Bock G. CHAN 
J C CAIN 
Department of Pomology. 
New York State Agricultural Experiment 
Station, 
Geneva, New York 
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Crystallization of the Complex of 
D-Amino-Acid Oxidase and 'Substrate- 
Substitute’ 


In an earlier communication’, 16 was reported that a 
crystal was obtamed from the mixture of D-amino- 
acid oxidase apo-protem, flavin-adenine-dinucleotide 
and benzoate, a ‘substrate-substitute’. It was also 
found that the crystal ıs composed of equimoles of the 
apo-protein, coenzyme and benzoate By addmg 
D-alanine to the solution of the crystal, the com- 
plete decolorization of the coenzyme accompanied, by 
the liberation of the benzoate 
was observed ‘This result indi- 
cated that the benzoate can bo 
replaced by the substrate, and 
that the enzyme 1s not denatured 
when crystalized by combining 
with benzoate In the present 
experiment, we sought to find 
another ‘substrate-substitute’ to 
crystallize this enzyme 

Among the benzoic acid deriva- 
tives, p-nitrobenzoic acid was also 
considered to be a ‘substrate-sub- 
stitute’ from our former experi- 
ment? p-Nitrobenzoic acid was 
expected to be detected more 
easily by its absorption peak at 
275 my than benzoate Using 
p-nitrobenzoic acid as ‘substrate- 
sul stitute’, a crystal was obtamed 
from the mixture of the apo- 
protem, flavim-adenime-dinucleo- 


tide and ‘substrate-substitute’ m oe 
the same way as reported in the 
previous report?. The solution 


of the crystal retams its full \ 
activity after heating at 60° C 

for 3 min, indicating that the 
apo-proteim 18 considerably stabil- 
ized in the crystal The shape of 
the*crystal ıs nearly the same as 
that of the crystal obtained from 
the mixture of the apo-protein, 
coenzyme and benzoate. The 
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crystals were collected, by filtration, and the filter cake 
was washed twice by distilled water The crystals 
thus obtamed were dissolved m pyrophosphate buffer 
(M160, pH 8 3) 

The absorption spectrum of the crystal in the visual 
wave-length region is shown by curve I m Fig 1 
It exhibits the same characteristic feature as m the 
case of the crystal of the apo-protem-coenzyme- 
benzoate complex the peaks appeared at 380 my 
and 465 mu, a marked shoulder bemg recorded at 
485 mu 

To lhberate the combined coenzyme and the 
‘substrate-substitute’ from the apo-protein, the pH of 
the solution of the crystal was adjusted to pH 5 0 and 
heated at 90°C for3mm The completely denatured 
protem was removed, by centrifugation After the 
pH of the supernatant was corrected to 8-3, 1ts 
absorption spectrum was measured as shown by 
curve II m Fig 1 The spectrum was considered to 
be the sum of the spectra of two compounds, the 
coenzyme and p-nitrobenzoic acid ‘The spectrum, 
however, is identical with that of flavin-adenine- 
dmucleotide ın the range from 370 my to the longer 
wave-length, and p-nitrobenzoic acid has no absorp- 
tion m this region. So the theoretical spectrum of the 
coenzyme (curve III) was calculated from the optical 
density at 450 mu of curve II Consequently, the 
absorption spectrum of p-nitrobenzoic acid in the 
supernatant can be calculated to be curve IV, which 
has the same shape with that of the standard p-nitro- 
benzoic acid (curve V) | Comparmg the optical 
density at 275 mu of curve IV with that of curve V, 
the molar concentration of p-nitrobenzoie acid as 
compared with those of the apo-protem and co- 
enzyme in the crystal was calculated as follows 
1 2 moles of p-nitrobenzoic acid, 1 1 moles of the apo- 
protem, and 10 mole of flavin-adenine-dmucleotide. 
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Fig 1 Absorption spectra of the crystal and p-nitrobenzoic acid in pyrophosphate buffer 
I, The crystal, II, the supernatant obtained after heating I to de- 
nature the apo-protein (see text), III, flavin-adenine-dinucleotide calculated from 
the optical density of II at 450 mu, IV, theoretical spectrum of II-III, 


V, p-nitro- 
benzoic acid (40 x 10-5 M) 
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From these results, it was concluded that D-amino 
acid oxidase apo-protem can also be crystallized by 
combining with equimoles of p-nitrobenzoie acid and 
coenzyme m the same way as 1n the case of benzoate. 
This fact may be attributed to the low specificity of 
this enzyme 

Furthermore, 1t seems clear that the enzyme can be 
easily erystalhzed by combmmg with a suitable 
compound as ‘substrate-substitute’ which can com- 
bine with the protein at the same binding sıtes as the 
substrate, but not be oxidized by the enzyme ‘The 
crystal of the complex of the enzyme and such a 
‘substrate-substitute’ may provide a valuable clue m 
elucidating the actual features of enzyme-substrate 
compounds 
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Persistence of Sterols other than 
Cholesterol in Chicken Tissues 


RECENT work by Davison and his collaborators!-? 
has shown that cholesterol may be incorporated in 
the nervous tissues of myelinatmg chickens and 
rabbits and that this cholesterol will persist ın these 
tissues for considerable lengths of time Our interests 
in the metabolism of cholesterol and other sterols 
prompted us to compare the distributions ın chicken 
tissues of injected sitosterol and lanosterol with that of 
cholesterol Emulsions of cholesterol-7-2H (purchased 
from New England Nuclear Co, Boston, Mass ), 
sitosterol’-H (randomly labelled, gift of Dr Leon 
Swell), and lanosterol-?H. (randomly labelled, gift of 
Dr George J Alexander) in saline were prepared by 
the method used for preparation of cholesterol-14C 
emulsions for experiments involving mitochondrial 
oxidation of this sterol’ Newly hatched White 
Leghorn ‘chicks were used and the appropriate sterol 
emulsion (050 ml) was injected directly into the 
yolk sac After four days, radioactivity could be 
deteeted in the brain tissue of chickens from each 
group After 9 weeks the one surviving chicken in 
each group was killed by exsanguination. The blood 
was collected in centrifuge tubes and the erythrocytes 
separated. Al the brain, cord, liver, spleen and 
aorta was excised, weighed and dissolved m strong 
potassium hydroxide The non-saponifiable fraction 
was assayed for tritium radioactivity in a hqud 
scintillation counter Small pieces of sciatic nerve 
were taken from each chicken and all showed shght 
but consistently detectable radioactivity Other 
findings are shown in Table 1 

It ıs of mterest that all three sterols were imcor- 
porated into brain tissue The rather large mcorpora- 
Table 1 RECOVERIES OF TRITIUM RADIOACTIVITY FROM NON-SAPONI- 


FIABLE FRACTIONS OF CHIOK TISSUES NINE WEEKS AFTER INJECTION 
OF CERTAIN STEROLS 


Recovery (per cent) 


Sterol Cholesterol-*H Sitosterol-3H Lanosterol-H 
Input (e p ni) 43 x 105 8 2 x 10* 87 x 105 
Brain 0 60 0 76 0 28 
Cord Lost ND* 0 02 
Erytbrocytes 0 33 0 24 0 49 
Liver 0 40 0 25 107 
Spleen 0 14 ND* 0 35 
Aorta 0 02 018 013 


* ND, not detectable 
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tion into erythrocytes ıs also noteworthy as 1s the 
small but persistent mecorporation of radioactivity 
into the aortic tissue. That a small percentage of 
orally mgested cholesterol will be deposited in the 
aorta of adult rabbit or man! has been shown ‘The 
relative persistence of lanosterol-?H in the liver could 
indicate greatly reduced turnover as compared with 
the other two sterols In view of reports that some 
insects and mammals may convert sitosterol and 
ergosterol to cholesterol or cholesterol-like com- 
pounds'-19, 1t was necessary to prove the presence of 
the injected material Gas chromatography of the 
non-saponifiable fractions from the brains and livers 
of all three chickens showed the presence of only the 
injected sterol and cholesterol (We are greatly 
indebted to Dr. W M Holmes of Smith, Kline and 
French Laboratories, Philadelphia, for these analyses ) 

Work with larger groups of chickens ıs ın progress 
Prelimmary results are consistent with those pre- 
sented here Experiments mvolving more accurate 
characterization of the labelled sterols as well as 
autoradiography of specific tissues are under way 

This work was supported, ın part, by grants from 
the National Institutes of Health (H-3299) and the 
American Cancer Society (£88 and E89) 
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Effect of Sheep Pituitary Extract on 
Hypercholesterolamia in Intact and 
Hypophysectomized Rats 


THE prolonged administration of cortisone or 
adrenocorticotrophic hormone (ACTH) has sometimes 
been. found to cause a change in the concentration of 
cholesterol in serum ın human beings and in experi- 
mental animals While some workers'* report that 
they have found such an elevation, others have noted 
no effect’; still others have reported the opposite? 

A study of endoerme factors influencing the 
cholesterol! content of serum has shown that, although 
& mild increase m the concentration of serum choles- 
terol occurred in rats from daily subcutaneous 
myection of 2:5 mgm. of cortisone acetate for two 
weeks, there was no significant change from cortico- 
tropin5 in a dose of 0 3 mgm (about 20 1 v.) suspended 
ın peanut ol and grven subcutaneously over the same 
period of time However, in hypophysectomized rats 
there was an increase of 80 per cent or more m the 
cholesterol content of serum on treatment with 05 
mgm of cortisone acetate daily for a period of 4 days 
or with daily injection of 03 mgm corticotropin jw oil 
for two weeks The effect of corticotropm was media- 
ted through the adrenals as there was no such eleva- 
tion m adrenalectomized hypophysectomized. animals, 


79 NATURE 


The inereased sensitivity of the hypophysectomized 
rat, over the normal animal, to the development of 
hypercholesterolemia from cortisone or corticotropin 
was found to be much greater in the case of hyper- 
cholesterolemia induced. by feeding 5 per cent chole- 
sterol and 0 1 per cent sodium cholate m ‘Purina’ fox 
chow diet for periods of from four days to three weeks 
A crude pituitary extract was found to lower the 
concentration of cholesterol under these circum- 
stances 

Acetone-dried sheep pituitary powder was extracted 
by stirring with distilled water and adjusting the pH. 
to 10 with 2 5 N sodium hydroxide, after centrifuga- 
tion the extract was lyophilized The dry material 
easily dissolved in saline at a concentration of 100 
mgm per ml ‘The animals were injected subcutan- 
eously with a daily dose of 40 mgm over the period of 
cortisone treatment, or over the last four days of 
feedmg a high-cholesterol diet Forty mgm of this 
extract was given to hypophysectomuzed rats twice 
daily for four days On the fifth day body weight and 
the weight of thyroid, adrenals, testes, seminal 
vesicles and ventral prostate were noted It was found 
that the extract was rich in gonadotropins and, in 
addition, contamed small amounts of growth hormone, 
thyrotropin and corticotropm 

None of the purified or semi-purified fractions of 
pituitary gland tested inhibited cortisone-mduced or 
dietary hypercholesterolemia completely The frac- 
tions tested were growth hormone of Raben et al *5 m 
a dose of 03-3 0 mgm daily, an extract prepared 
by the method of Koenig and King? in a daily dose of 
2-6 mgm , Armour thyrotropin (“Thytropar’), 0 2 
unt daily, Armour lactogenic hormone ('Panhtar'), 
2-4 mgm daily, Schering pregnant mare serum 
gonadotropm (‘Anteron’), 20 rv daily, desiccated 
thyroid, 0006-001 per cent in diet, and testo- 
sterone propionate, 2 5 mgm twice weekly (Estrogen 
increased somewhat the serum cholesterol in the rat 
Anrmmals given posterior pituitary powder in a dose of 
5 mgm daily all died by the third day The extract of 
Koemg and King and desiccated thyroid had only a 
moderate effect alone or m combination However, 
the effect of these compounds was more pronounced 
when given m higher doses There was also a moderate 
effect noticed with testosterone and when bovine liver 
extract, prepared in a similar way and administered 


Table 1 EFFECT OF DIFFERENT HORMONES ON THE SERUM CHOLE- 
STEROL CONTENT OF INTACT AND HYPOPHYSECTOMIZED RATS 
For details of dosage and period of treatment, see text 


Normal Hypophysectomized 
(mgm per cent) (mgm per cent) 

Control 85 (117)* 73 (198) 
ACTH 89 i 134 (10) 
Growth hormone 84 (7 73 (7 
ACTH + growth hormone 79 (7) 118 (6) 
Cortisone alone 91 (5) 120 (18) 
Cortisone + pituitary extract — 71 (15) 
Cortisone + growth hormone — 181 (5)t 
Cortisone + thyroxine (20 pgm 

daily) 109 (6t 150 (6)T 
Cortisone + thyrotropin — 127 (5) 
Cortisone 4- Koenig's extract — 113 (5) 
Cortisone + chorionic gonado- 

iropin — 126 (5) 
Cholesterol dieti 285 (4) 373 (4) 
Cholesterol diet + pituxtary 

extract 121 (0) 124 (5) 
Cholesterol diet -- Koenig's 

extract 224 (7) 241 (5) 
Cholesterol diet 4- testosterone — 205 (6) 
Cholesterol diet + desiccated 

thyroid (0 006 per cent) — 306 (10) 
Cholesterol diet + desiccated 

thyroid (0 01 per cent) 164 (10) 150 " 
Cholesterol diet + hver extract 245 (5) 210 (5 


* Number of rats used 
+25 mgm of cortisone given daily 
i 5 per cent cholesterol diet for three weeks 
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in the same dosage as the pituitary extract, was 
given (Table 1) 

In the doses used these fractions contained greater 
activity, as judged by the weight of the respective end 
organs m hypophysectornized rats, than was obtained 
from alkaline extract of sheep pituitary powder 

This work was supported 1n part by research grants 
from the Massachusetts Heart Association and the 
United States Public Health Service (4—612) I am 
indebted to Drs E B Astwood and M.S Raben for 
ther many valuable suggestions and helpful advice 
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Antagonism of Reserpine by 
Intraventricular Bretylium 


BRETYLIOM, as shown by Boura and Green’, 
causes an inhibition of sympathetic nervous trans- 
mission, by a blocking action at adrenergic post- 
ganglionic neurons Reserpine also inhibits peripheral 
sympathetic nervous transmission but does so by 
depleting adrenergic nerve endings of the transmitter 
substance norepinephrine? It also causes a depression, 
of central nervous activity (tranquillization or 
sedation) which 18 associated with depletion of brain 
stores of norepinephrme? and 5-hydroxyitryptamme*. 
It seemed of interest to see 1f bretylium could block the 
actions of reserpine on the central nervous system 
In order to study interactions of the two drugs 
on the central nervous system both had to be given 
so that effective concentrations of each could be 
attamed at this site. Investigations by Boura et al 5 in 
which labelled bretyhum, which 1s a quaternary 
amine, was administered to cats, demonstrated 
that only small quantities reached the central 
nervous system In order to attam a higher concen- 
tration the bretyhum in the present work was 
administered. intraventricularly 

Male albino mice of CF-1 stram were used 
Bretylium tosylate, 4 mgm /kgm dissolved in normal 
saline, was given, subcutaneously or ın a single mtra- 
ventricular injection of 0 03-0 05 ml followmg the 
method described by Haley and McCormick® Control 
intraventricular injections of equal volumes of normal 
saline were also made Reserpine phosphate, 25 
mgm /kgm, was injected subcutaneously 05 hr 
after the intraventricular mjection The mice were 
kept in individual jars The following tests were 
begun on the mice 0 5 hr after the reserpine injection 
(1) spontaneous actwy as each jar cover was 
removed the mouse was scored 100 (moving body), 
50 (moving head), or 0 (no movement), (2) evoked 
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Table 1 EFFECT OF INTRAVENTRICULAR BRETYLIUM ON RESERPINE IN MICE 





Treatment No 1 Treatment No 2 No of mice 
(intraventricular) (subcutaneous) 
Bretyhum — 5 
Saline — 17 
— Reserpine 15 
Bretylium Reserpine 15 
Saline Reserpine 20 
— Reserpine plus bretylium 5 
Bretyhum — 5 
Saline — 17 
— Reserpine 15 
Bretylium Reserpine 15 
Sahne Reserpine 20 
— Reserpine plus bretylium 5 
Bretyluum — 5 
Saline — 17 
— Reserpine 15 
Bretylium Reserpine 15 
Saline Reserpine 20 
— Reserpme plus bretyhum 5 
Bretyhum — 5 
Saline — 17 
— Reserpine 15 
Bretyhum Reserpi 15 
Salme Reserpm z 20 
— Reserpine plus bretylium 5 


Time tested after treatment No 2 
1 hr 2hr 3 hr 


ihr 4 hr 
Blepharospasm (complete closure = 100) 
0 20 0 0 
0 0 ~ 0 0 0 
0 6 30 52 67 
0 7 12 13 23 
0 6 30 44 56 
0 0 0 3 80 
Plasticity (complete immobility = 100) 

100 90 90 20 0 
0 47 29 24 8 
0 30 30 73 90 

75 90 60 47 60 
95 63 70 68 80 
40 2 30 100 
Evoked activity (normal mouse = 100) 
60 10 100 
86 88 91 94 92 
90 90 63 37 17 
40 40 47 57 53 
87 83 40 33 25 


93 41 29 32 38 
95 57 50 30 10 
0 0 23 33 30 
17 10 5 10 0 
100 80 60 70 40 





actwity the mouse was picked up by the tail and 
scored 100 (marked sidéways movement or arching of 
body), 50 (shght movements of body), or 0 (no move- 
ment), (3) blepharospasm while held by the tail the 
degree of opening of the palpebral fissure was scored 
100 (complete closure), 67 (almost closed), 33 (slightly 
narrowed), or 0 (wide open), (4) plasticity the mouse 
was replaced in the jar ın a semi-standing position 
with its forefeet resting on the vertical sides of the jar 
and the degree of plasticity or immobiliby im this 
unusual position was scored 100 (retains unusual 
position for more than 15 sec), 50 (retams unusual 
position for 5-15 sec ), or 0 (gets back on all four feet 
in less than 5 sec) The scores resulting from each 
series of mice are given in Table 1 

The most marked effect observed was the block by 
intraventricular bretylum of the reserpme induced 
blepharospasm. Four hours after reserpine all mice 
without intraventricular bretyhum had marked or 
complete blepharospasm (scores 67 or 100) while 
those with bretylum ranged from no closure to 
marked blepharospasm Subcutaneous bretylium was 
not effective ın counteracting this action of reserpme 

The mtraventricular mjections of salme or bretyl- 
ium produced some plasticity, as defined above, m 
the responses of the mice This was more marked with 
bretylium, but disappeared over the 4-hr test period 
Reserpine had a slow onset, gradually produemg 
plasticity, and this appeared to be inhibited by 
intraventricular bretylium 

At 4-hr , evoked activity of reserpme-treated mice 
was depressed Subcutaneous bretylium and reserpine 
also blocked evoked activity Intraventricular bretyl- 
rum did not depress evoked activity of the mice 
and tended to counteract the depression caused by 
reserpine 

Spontaneous activity was the most variable 
parameter tested Mice receiving reserpine without 
bretylhum showed somewhat less activity at 4 hr 
than, those receiving intraventricular bretyhum in 
addition, to reserpine 

The interpretation which we would give to the 
above results 18 that bretylium 1s capable of antagon- 
izing the central effects of reserpine 1f it 18 mjected 
so that 1t reaches the same sites of action as reserpme 
This correlates with the interaction of bretylum and 


reserpine peripherally reported recently by Costa’, 
who has shown that when the two drugs are admmmus- 
tered together the ability of reserpime to deplete 
cardiac stores of norepmephrine is markedly reduced. 
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Effect of Aldosterone on the Living 
Cornea in vitro 


EARLIER work has shown that the cornea of the 
rabbit, excised and mounted between two chambers, 
ean be kept alive and functioning for 8 hr? during 
which time ıt can be demonstrated that the epithelium 
generates an electrical potential of 20-50 mV !, that 
sodium 1s actively transported across the epithelium 
into the corneal stroma’, and that the net flux of 
sodium 1s equivalent to virtually all the neutrahzing 
current? This system appeared to afford a satıs- 
factory model for the «n vetro study of the effect on 
sodium transport of aldosterone, the principal sodium- 
retaining steroid of the adrenal cortex of most 
mammals studied* Aldosterone 1s assumed to affect 
sodium exchange ın the renal tubule*, and has been 
demonstrated n vro to stimulate transport of 
sodium across the isolated, bladder of a toad! and skin 
of a frog’ In the present mvestigation the effect of 
aldosterone on the excised, cornea of the rabbit was 
assessed «n vitro 

The cornea was excised and mounted in a lueite 
clamp between two chambers, each contaimng a 
facsimile of rabbit aqueous humour! (‘The composition 
of this fluid was the same as that used ın the earher 


14 


wOork?? except that 2 0 instead of 1 0 ml of glucose 
12 per cent were added Ascorbic acid (20 mgm per 
cent) was added in several experiments, &lso? ) The 
pressure within the chamber was adjusted to approxi- 
mate normal imtraocular pressure, 20 cm of 
water Thirty experiments were carried out with 
measurements of potential difference, electrical 
resistance, and neutralizing current being made ab 
20-min intervals The preparation was allowed to 
stabilize over a 2-hr period. Measurements were then 
made over an additional hour to establish a base-line 
for readings during the experimental period At the 
end of the hour, d-aldosterone (kindly provided by 
Dr Robert Gaunt of CIBA, Inc ) was added to the 
bathing medium, m 15 instances to the epithelial side, 
and in 15 to the endothelial side The d-aldosterone 
was dissolved in distilled water The steroid was 
added to the preparation in such quantities as to 
arrive at & final concentration 1n the ambient fluid of 
1-1,000 ugm /100 ml, that ıs, in concentrations 
ranging from 10? to 105 times those encountered under 
physiological conditions Such high concentrations 
are effective in enhancing sodium balance «n vwo? and. 
sodium transport sn vitro? In two experiments, 
cortisol, dissolved in small quantities (0 1~1 0 per 
cent, final concentration) of ethanol, was added in 
addition to aldosterone, in order to assay a possible 
‘permissive’ effect of cortisol on aldosterone action, 
as shown in the whole organism® 

In order to provide for optimal diffusion and tissue 
binding of the steroid, 2-3 hr. were allowed to pass 
In two instances, tritiated aldosterone was added 
to the bathimg fluid in order to determine the 
permeability of the cornea to steroid At the end of a 
5-hr period, fluid was removed from both sides of 
the cornea, carrier aldosterone was added, the fluid 
specimens were extracted, with ethyl acetate, and the 
extracts were washed, dried, and chromatographed 
m the Bush B5 system (benzene methanol water)!?, 
the steroids bemg localized by reaction with blue 
tetrazolium and eluates counted 1n a liquid seintilla- 
tion counter 


Table 1 PERCENTAGE CHANGE IN ELECTRICAL INDICES OF RABBIT 
CORNEA on tiro DURING THE ADDITION OF d-ALDOSTERONE* 


Electrical indices 


— 


Experimental conditions 


Compound added to fluid 


bathing epithelium 905 AI 


96 ^ PD 


HAR 


(per cent) 
aldosterone 
aldosterone 
aldosterone 
aldosterone 
aldosterone 
aldosterone 


Compounds added to fwd 
bathing endothelium 


(per cent) 
10 ugm aldosterone 
20 mgm sodium ascorbate 
10 ugm aldosterone 
10 ugm aldosterone 
20 mgm sodium ascorbate 
10 ugm aldosterone 
1 mgm cortisol 
10 ugm aldosterone 
1 mgm cortisol 
100 ugm aldosterone 
10 mgm cortisol 
Control—nothing added 





* These figures represent percentage changes in current (7), potential 
difference (PD) and resistance (R) from a time one half-hour before 
the addition of aldosterone to a time 2 hr after addition of the hormone 
There 18 no large or consistent change 1n neutralizing current (sodium 
flux) Experience has shown that the small increases in PD and R 
cannot be interpreted as indicating anvthing more than the viability 
of the preparations 
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Current (vamp ) 


Potential difference (mV ) 
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ALDOSTEAONE CONCÉMTAATION — IO ya 





1 2 3 4 5 6 
Time (hr ) 


Fig 1 Results of experiment 6 No significant changes in 
electrical indices can be found in response to the addition of 
aldosterone to the bathing media The changes at the far right of 
the graph indicate the end of the useful life of the preparations 


The results of 13 represgntative experiments are 
summarized ın Table 1, and one of these experiments 
(No 6) is illustrated m Fig 1 It will be noted that 
the addition of d-aldosterone over a wide range of 
concentrations elicited no significant change m any 
parameter of electrical activity, that 1s, addition of 
the steroid did not enhance the active transport of 
sodium Further, addition of cortisol was without 
effect Aldosterone was shown to pass through the 
cornea, the concentration on the opposite side bemg 
about 1/100 that on the side to which the steroid 
was originally added 

The results do not agree with those of Crabbé: or of 
Penney e£ al? They are, however, in harmony with 
those of Maetz et al 11, who failed to demonstrate an 
enhancement by aldosterone of active sodium trans- 
port in the skin of a frog wm vitro, but showed such an 
enhancement 1n the isolated skin of frogs which had 
been pre-treated with the steroid A possible explana- 
tion for the lack of «n vitro effect of aldosterone 1n this 
preparation 1s that more than 6 hr may be required 
for such an effect to become manifest However, it 18 
not possible to keep the rabbit cornea alive and 
functioning effectively much m excess of 6 hr An 
alternative hypothesis 18 that sodium transport m 
this multi-layered, avascular membrane occurs in 
large part independently of hormonal control There 
18 no a prior} reason for supposing that aldosterone 
acts ubiquitously on cellular membranes 
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Use of Phenol in the Isolation of 
Erythropoietic Glycoprotein 


THE erythropoietic activity in the plasma of rabbits 
made ansmie with phenylhydrazme can be isolated 
as an acid glycoprotem A dialysed and lyophilized 
ethanol fraction from heat-coagulated plasma con- 
sistently gives us a potent stable highly water-soluble 
preparation Sıx laboratories have found good corre- 
lation ın a comparative assay of a batch prepared by 
us! Further di-ethyl-amino-ethyl cellulose column 
fractionation removes 40-50 per cent of mert protem 
and results m the active glycoprotem previously 
described? 

While the active peak could be re-chromatographed 
on di-ethyl-amimo-ethyl cellulose without apparent 
change m electrophoretic and elution properties, 
there was usually a drop of 25—75 per cent 1n specific 
activity Even more strifing losses occurred in the 
fractionation of erythropoietin from human urmes 
Urine from patients with congenital hypoplastic 
anemia was precipitated with 4 volumes of ethanol 
The non-dialysable portion of the precipitate, a 
mixture consisting in the maim of glycoproteins, 
contained essentially all the erythropoietic activity 
of the origmal urine It could be further resolved on 
di-ethyl-amino-ethyl cellulose but with variable, 
sometimes complete, loss of activity 

One ethanol precipitate from human urine, after 
removal of the dialysable part, had this activity im 
a fasted rat assay! 1 mgm total dose per rat gave 
26 8 per cent 5?Fe-uptake m the blood When 100 
mgm portions of the precipitate were fractionated on 
di-ethyl-amino-ethyl cellulose we repeatedly lost 
90-100 per cent of the activity although all the 
protem was recovered in successive eluates with 0 01 
to I 0 M sodium chloride 

We had observed before that plasma erythropoietin 
is not damaged by phenol and 1s extractable into a 
phenol upper layer lıke some other glycoproteins in 
the procedures of Morgan and Partridge?, Westphal 
et al* and Kirby® By using as little as 0 1 per cent 
phenol in all equilibration and elution buffers in 
di-ethyl-ammo-ethyl cellulose chromatography, as 
well as on both sides of the membrane during dialysis, 
we are now consistently recovering more than 50 per 
cent of the activity contained in the original urme 

The dialysed and lyophilized ethanol fraction from 
plasma, fractionated as previously described on 
di-ethyl-amino-ethyl cellulose’, but m the presence of 
phenol, yields a peak with 2-3 times the specific 
activity of the origmal fraction, corresponding with 
the removal of inert material 

Evidence to date indicates that erythropoietic 
activity requires integrity of a glycoprotem since 
proteolytic enzymes as well as neuraminidase macti- 
vate Erythropoietin could be a glycoprotein asso- 
ciated with inert glycoprotem or even some other 
compound. which becomes labile on disintegration 
of carrier glycoprotem Enzymes like those men- 
tioned, or other as yet undefined carbohydrases, 
either secreted with the urme or coming from other 
sources, could be responsible for large losses of urmary 
activity The presence of phenol during isolation may 
prevent subtle changes through bacteriostasis, 
enzyme inactivation, anti-oxidant action, ete 

If ıt were not for measurement of the biological 
activity the protective effect of phenol would not 
have heen noted We hope that this preliminary 
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report might be useful to those working with glyco- 
proteins with or without biological activities 

This work was supported by a grant of the American 
Cancer Society 
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Thalassæmia in Melanesia 


THALASSZEMIA has previously been regarded as 
non-existent m Melanesians! In August 1960, a 
Papuan female from the Milne Bay area of New 
Guinea, aged 18-20 yr , was admitted to the General 
Hospital. Port Moresby, for re-3:nvestigation of a 
refractory anzmuia first noticed during pregnancy m 
1957 On that occasion she had been delivered of a 
full-term. apparently normal, infant, her hæmoglobin- 
level having been maintained by transfusions 
Since discharge she had received no treatment and 
had been able to carry on normal village life, 1n. spite 
of a hemoglobm-level remamimg fairly constant at 
5-6 gm per cent Investigation m August 1960 
showed typical bony changes, a hypochromic micro- 
eytic anemia with target cells and normoblasts 
present in the perrpheral blood, and the alkali 
denaturation, test? showed 67 per cent undenatured 
hemoglobin The presence of hemoglobin F as a 
major component was confirmed by hemoglobin 
electrophoresis on cellulose acetate strips Since then 
three other cases of thalassemia major m Papuan 
children have been diagnosed, two of the children 
aged 5 yr and 15 yr came from the Kerema district, 
and one aged 3 yr from the Oro Bay area m Papua 

All showed typical bony changes on radiological 
examination, a hypochromic microcytic anemia with 
normoblasts and target cells in the peripheral blood 
and excess hemoglobin 7— 32 per cent, 39 per cent and 
46 per cent—by alkali denaturation, confirmed by 
hæmoglobin electrophoresis All had been treated by 
transfusion on many occasions In two of them 
diagnosis was delayed, presumably m, one because of 
suppression, of endogenous erythropoiesis by tians- 
fusion’, and 1n the other by the presence of an aplastic 
crisis? One of the children from Kerema has under- 
gone splenectomy and his tiansfusion, requirements 
have been greatly diminished simce operation 
Glucose-6-phosphate dehydrogenase estimation 1n this 
child. on two occasions showed 46 and 56 units/100 ml 
red blood cells respectively, suggesting that he has the 
negroid type of glucose-6-phosphate dehydrogenase 
deficiency 1n addition, to thalasszemia, 

In view of the fact that these cases have come 
from widely separated districts, it 1s considered that 
thalassemia may be widespread in New Guinea 

Thanks are due to Dr P Brain of the Red Cross 
Transfusion, Service, Perth, who carried out the 
hemoglobm electrophoreses, Dr D -Curnow and 
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Dr W Pitney, of the Royal Perth Hospital, Perth, 
who performed the alkali denaturation tests and 
examined the peripheral blood and marrow smears, and 
Prof J B Chatterjea of the School of Tropical 
Medicine, Calcutta, who confirmed the presence of 
hemoglobin F ın two of the cases, being the first to 
demonstrate ıt ın one ease Mr Ian Parsons, of the 
Peter MacCallum Institute, Melbourne, carried out 
the estimations of glucose-6-phosphate dehydro- 
genase 
B Ryan 
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HISTOLOGY 


Antidiuretic Hormone and Renal 
Collecting Tubules 


GiNETZINSKY! has reported that, in the kidneys of 
rats treated with posterior pituitary extract, the 
epithelium of the collecting tubules becomes flattened 
and its basement membrane less distinct We have 
attempted to repeat Gimetzinsky’s observations 

Fifty-two young male white rats, 150-200 gm in 
weight, were fasted overnight with free access to water 
and then treated in one of four ways 

(1) Eighteen rats were given water by stomach tube 
(5 per cent of body-weight followed by 3 per cent after 
l hr , or 7 per cent of body-weight with replacement of 
lost water every $+ hr) and were killed during a 
diuresis of 2 0-8 5 m] (11 rats) or 1 0-2 0 ml (7 rats) 
per + hr 

(2) Sixteen rats were treated similarly, but the water 
diuresis was inhibited by a subcutaneous mjection of 
‘Pitressin’ (Parke Davis), 25-30 m units per 100 gm 
body-weight These rats were killed when urme flow, 
which was rapidly mhibited, had fallen to 0 3 ml /15 
mun or less, in 4 rats the flow had ceased completely 
for a half-hour or more 

(3) Nine rats were given, the hormone but no water, 
and (4) nine were given neither water nor hormone 
but killed after being handled similarly to the other 
groups In groups (3) and (4) the output of urine did 
not exceed 03 ml im any single 15-min period 

The followmg methods were used for staining 
sections of kidneys of these rats (a) Bharadwaj and 
Love’s method for muitochondria?, (b) LaCour, 
Chayen and Gahan’s method for lipids’, fixation jn 
Zenker’s fluid, followed by (c) hamatoxylm and eosin, 
(d) Heidenhain’s azan, (e) toluidme blue or (f) the 
periodic acid—Schiff reaction (PAS), (g) fixation in 
formol saline, followed by Heidenhain’s iron hæma- 
toxylin In each group, Bharadwaj and Love's 
method, the PAS reaction and either azan or hæma- 
toxylin and eosin were each- used for at least half the 
rats and the other methods for two animals of the 
group 

The stamung of mitochondria and lipids showed 
differences between rats and between tubules in 
individual kidneys These variations are reported 
elsewhere? 

From the examination, of sections stamed by the 
PAS reaction, by toluidme blue, by azan, and by 
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Heidenhaun's 1ron hematoxylin, the following general- 
1Zations can be made 

(1) In all rats the collecting ducts were bhned by 
cuboidal epithelium, which became low columnar in 
form near the tip of the pyramid The height of the 
epithelium of these ducts did not differ perceptibly 
from one rat to another or between groups of rats, 1f 
similar distances from the tips of the pyramids were 
taken 1n choosing fields for comparison, 

(2) The collecting ducts converge early im their 
course, so that sections parallel with the plane of the 
pelvis and ureter must be central 1f the ducts are to be 
seen in the pelvic half of the pyramid Besides these 
ducts, the only tubular organs in the innermost 
medulla are blood vessels and thin segments of 
Henle’s loops Thus ıt ıs possible to obtam longi- 
tudinal sections of the pelvic half of the medulla 
which show only tubules lined by low cells, such as 
those ın Gmetzinsky’s Fig 4, but ıt does not follow 
that some of these must be collecting ducts, which in, 
this region are to be found only in the centre of the 
pyramid 

(3) The basement membranes varied 1n, appearance 
between sections of the same block when toluidine 
blue was used, but, after the PAS reaction, these 
membranes were clearly seen, constant in appearance 
for each part of the nephron, and did not vary 
appreciably between the expermmental groups 

(4) The PAS reaction showed the collecting ducts to 
differ between mdividual kidneys in the ffroportion of 
intercellular boundaries which showed stained cement 
In the ducts of some kidneys PAS-positive material 
was present in the lumina in masses up to 50u in 
diameter These two features were not obviously 
correlated with each other, nor did either provide a 
point of distinction between, experimental groups 

These findings do not support the suggestion that 
hyaluronidase, which Ginetzmsky?* reported to be 
secreted in increased concentration 1n the urme under 
the influence of antidim etic hormone, acts by altering 
the visible form of basement membranes and inter- 
cellular cement in the collecting ducts Since such 
variability m tubular mucopolysaccharides as was 
found m our experiments could not be correlated with 
the treatment of the rats, our results may be com- 
pared with those of Berlyne*>, who, estimating 
hyaluronidase ın the presence of a constant concen- 
tration of electrolytes’, reported that the rate of 
excretion, of hyaluronidase 1n the urine was unrelated 
to the rate of urme flow We did not obtain any 
evidence for the apocrine activity which, according to 
Ginetzinsky}, 1s indicated by a loss m height of the 
epithelium of the collecting ducts 

The findings reported here agree with those of 
Heller and Lojda*, who examimed renal histology 
under the influence of water and antidiuretic hormone 
but did not record rates of urme flow 
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Acetylcholine in Sweat in Fibrocystic Disease 
of the Pancreas 


THE varied secretory abnormalities in fibrocystic 
disease of the pancreas in which elevated sweat 
electrolytes and deficient pancreatic enzymes are 
linked to viscid mucus gly2oproteins and increased 
parotid secretory rate suggest an underlying mechan- 
ism of overstimulation of exocrine 
cholinergic innervation!-*. Roberts® further hypo- 
thesizes that excessive exocrine gland stimulation 
might result should acetylcholine (ACH), released at 
secretory nerve endings, persist owing to defective 
enzymic breakdown by cholinesterase, or, alterna- 
tively, to excessive quantities released. It seemed to 
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us that a stimulating neurohumor not completely in- 
activated at its site of release might be found in the 
secretion of the gland it stimulates. Thus we examined 
sweat, a secretion abnormal in fibrocystic disease, for 
evidence of any characteristic neurohumoral activ ity. 
We have found in thermal sweat well-defined levels of 
a free choline-ester indistinguishable from acetylchol- 
ine. The activity was detected in sweat samples from 
normal individuals as well, but appeared to be of a 
significantly higher order in the fibrocystic. 

Patient subjects were twenty-nine children in 
hospital at the National Institutes of Health, sixteen 
with and thirteen without fibrocystic disease of the 
pancreas. Their average age was eight years. Each 
was sweated thermally for 1 hr. in a plastic bag under 
blankets by a modification of Schwachman's method*, 
in which collections were made from a restricted area 
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-SW-2b, 0:4 ml. vol. of sweat inactivated by acetylcholin- 


n./ml. (several constituents of sweat affect the frog 


rectus contraction—we have found the highly s specific Venus-heart assay gives a more accurate ACH level)—0-5 ml. of sweat 


gave à 17-mm. contraction, not shown) 
0:25 ugm./ml., giving 38 mm. perna LA of dit S 


x 107*, acetylcholine chloride, final eoncentration in bath of solution containing 
W-4, 0-55 ml. of sweat inactivated for ACH with acetylcholinesterase 


treatment; 4 mm. contraction from non-inactivated substances remains . 


"s body surface. 






- of the back and simultaneously from the rest of the 
e Sweat obtained by another method? 
and for shorter time-periods gave similar results. 
— Measurement was made of sweat volume, pH, 


sodium and potassium. Samples were acidified to pH 


4-0 with 1 N hydrochloric acid and assayed imme- 
diately or frozen to preserve activity. Sweat was 
tested in volumes of 1 ml. or less for choline-ester 
activity by bioassay on the heart of Venus mercenaria 
according to Welsh's method? and occasionally, when 
feasible, on the eserinized frog rectus muscle’. 
Two inactivation procedures used on each sample 
distinguished choline-ester activity from that of 
. choline and inorganic ions. Activity was abolished by 
boiling for 15 min. at pH 12-0, after addition of 


- "sodium hydroxide but preserved after boiling at. acid 


pH 4-0 (ref. 9). In the second procedure the activity was 
destroyed on ineubation for 1 hr. with 0-5 mgm. of 
commercially purified bovine erythrocyte cholin- 
esterase (ACHE) in buffer at pH 6:8. pH measure- 
ments were made with a glass electrode. 

Fig. 1 shows an example of the activity found in 
sweat.from a representative fibrocystie patient. The 
average choline-ester activity for the sixteen fibro- 
cystic patients expressed as acetylcholine was 0-075 
ugm./ml. of sweat (range 0-01-0-25 ugm./ml.). The 
corresponding figure for the thirteen control patients 
owas 0-0065 ugm./ml. (range 0-002-0-02 ygm./ml.). 
Five. fibrocystic patients gave very high values 
averaging 0-19 ugm./ml. Some scatter appears in the 
data frora the disease group. Also overlap occurs 
between groups as one fibrocystic failed to give levels 
higher than 0-01 ygm./ml. while two non-fibrocystics 
presented levels of 0-015 and 0-020 ygm./ml. Levels 
tended to be constant on retesting the same individual 
and did not appear to be related to sweat volume or 
pH. 

Our work has not been extended to adults or to 
infants, nor is it controlled for variable degrees of 
acclimatization or for the finer physiological para- 
meters of sweat collection. The relationship of the 
findings to funetion of sweat glands therefore remains 
to be clarified. Two previous reports describe acetyl- 
eholine in sweat from normal individuals in levels 
estimated at 0-001—0-002 ugm./ml. (ref. 10). The 
presence of this neurohumor in remarkably higher 
amounts in the sweat of fibrocystic patients is being 
investigated. 


EbwaARD L. EYERMAN 
ROBERT J. HURLEY 
RicuHanp L. IRWIN 
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National Institute of Neurological Diseases 
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| Types of Cell in Ascites Tumours 

Tur mouse tumour MOIM (Klein) exists in two. 
sub-lines, the Mgs, which only grows im the solid 


form, and the Maa, which grows as an ascites 


tumour and also in solid form, designated M 4s. The 
difference between the behaviour of the sub-lines is 
as yet unexplained in terms of cell structure. 
Bergstrand and Ringertz have recently found no 
constant difference on examination with the electron 
microscope’. These tumours have been investigated 
recently by means of the aniline-blue staining tech- 
nique?. 

Tt has been found that solid tissue cells, including 
those of solid tumours, show & blue rim- or surface- 
staining which is believed to be associated with 
staining of the common part of the cell walls of 
adjacent cells which lie between the electron-dense 
cell membranes. In the Msg tumour such staining is 
seen in fresh preparations and in sections. The fresh 
ascites cells of the M 44 tumour, like all ascites tumour 


cells examined, fail to stairgat all with the aniline-blue - $ 


reagent, and stand out as clear, refractile spheres in the 
blue solution. However, there are also present in the 
fluid, and sometimes loosely adherent to the peri- 
toneum, small compact masses of cells which, when 
washed to remove loosely attached free cells, are firm 
in consistency and show a blue staining surface which 
may be thick and irregular. 

When fresh preparations of the M 4s tumour are so 
treated, it is found that both types of cell are present 
but in different proportions. There is, in young 
tumours, a preponderance of solid tumour masses 
which show blue-staining surfaces, with isolated 
pools of ‘free’ cells which can readily be washed out 
from the tissue and which fail to stain. 1t appears, 
therefore, that tumours of either type derived from 
the 44 sub-line contain both elements, the pre- 
dominating form depending on the environment. 
This accounts for the appearance of apparently 
typical ‘ascites’ cells in the M 4s tumours examined by » 
Bergstrand and Ringertz. The softening found in the .. 
centre of older Mgs tumours is probably due to the 
cell degeneration so commonly found; in the Mas > 
tumours there may, in addition, be a predominance of... 
‘free’ cells in such areas. 

Whether the two forms of cell breed true or | 
whether the surface changes are reversible is not yet < 


clear. Further investigations into this and into the . 
reason, for the failure of the free ascites cells to stain - 


with aniline-blue are 1n progress. 
Jonn O. Laws 


Department of Experimental 
Pathology and Cancer Research, 
School of Medicine, 

Leeds, 2. 


1 Bergstrand, A., and Ringertz, N., J. Nat. Caneer Inst.,25, 525 (1980), F 
? Laws, J., and Stickland, L. H., Ezp. Cell Res., 24, 240 (1961). oe 


BIOLOGY 


Feeding Habit of Some Central African 
Freshwater Fishes 


Fisues of the family Citharinidae, belonging to the 
genera Phago Steind.,  Eugnathichthys Blgr. and 
Belonophago Gilt. (Figs. 1-2), together forming part 
of the sub-family Ichthyoborinae, have an extremely 
specialized and curious feeding-habit, being, namely, 
fin-eaters. | i ` 
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This most ımterestıng fact was discovered during an 
ichthyological survey of Lake Tumba and the Central 
Congo Basin by our Institute ın 1959 Amongst other 
biological observations, the examination, of all gut 
contents was particularly stressed, and a large number 
of specimens belonging to these genera were found to 
have fin fragments ın their stomachs All species 
belonging to these genera apparently are exclusively 
fin-eating, at least in the adult stage (Only Phago 
loricatus Gunth, from the Niger, has not been 
examined ) Other genera, lke Gavalocharax Pell 
and Paraphago Blgr , judging from their morphology 
(dentition), probably also belong to this inte1esting 
little group, while Phagoborus Myers , though ichthyo- 
phagous, also has been found to eat fins occasionally 

Several authors, amongst others G Marler, had 
already noticed that most fishes ın the Central Congo 
rivers had mutilated fins, often even severely torn and 
cut up This condition was thought to be caused by 
some carnivorous species of leech, msect or fish, but 
was mostly ascribed to bacteria or some type of fin rot, 
and at first we put forwaré the hypothesis that 1t was 
done by a large predaceous Dytiscid beetle (Cybister 
sp), which often attacks (small) fish Mr J P 
(osse, of the IN E A C, had also recently noticed 
this strange fin-eating habit 1n some of these species 
of fish, thus further confirming our observations 

Morphologically, these fish are very specialized 
and possess a powerful dentition, well adapted to their 
method of feeding They are very elongate species, 
Belonophago even needle-like ın form Phago and 
Belonophago are very slender, possessing large, 
extremely hard scales, often strongly ridged, their 
jaws are long, narrow and beak-like Bugnathichthys 
has numerous small soft ctenoid scales and shorter, 
broad and strong jaws The first two genera are small, 
respectively reaching a size of 16 and 12 cm , whereas 
Eugnathachtys can grow to 30 cm 

The mouth ıs large, the jaws elongate, closing 
tightly on one another, the premaxillary 1s mobile 

The teeth are cuspidate (bicuspid, usually), m two 
parallel rows, those im the outer one much larger, 
strong, sharp and firmly inserted on the external 
border of the jaw, forming a saw-like ridge This last 
character 18 particularly apparent m Eugnathwhthys, 
the dentition of which reminds one of that of South 
American Piranhas (Serrasalmus) 

The intestine 13 very short, nearly straight, bemg 
coiled back only once on itself, with numerous pyloric 
cæca, the stomach 1s large and muscular In spite of 
the bony nature of the material ingested, digestion 
seems to be fairly rapid, to yudge from the fact that 
many specimens had empty stomachs The stomach 
contents are composed exclusively of diverse fin 
fragments and some scales, the mtestine containing 
only hard concretions, largely of a calcareous nature 
The young (of less than 30-40 mm standard length), 
feed mostly on aquatic insect larve (Ephemerada, 
Trichoptera) 

Observations effected ın a large aquarium contam- 
ing a specimen of Belonophago hutsebautr Gilt and 
several other fish species (Distechodus, Chrysichthys 
spp ) revealed some interesting aspects of its mode of 
feeding The fish ‘hovered’ in horizontal position just 
below some floating grass, the fins (especially the 
pectorals) vibrating As soon as some other fish swam 
within reach, ıt darted out, grabbed hold of a fin 
between its long jaws and snipped off part with a 
quick twist, the startled victim unconsciously favour- 
ing this action by also twisting and pulling away 
minus a piece of fin 
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Fig 1 Belonophago nants Poll (x 2/9) (ref 10) 





(a) (5) 


(a) B nanti, upper Jaw, showing dentition (ref 10) 
(b) E eetvelds, mouth, showing dentition (ref 10) 


Fig 2 


The species belonging to the genera mentioned 
often go about in small groups in lakes and large 
rivers, close along the shores, and preferably m 
relatively calm zones where vegetation (bushes, 
grass) trails in the water, or near the expanses of 
floating grass (Echinochloa and Panicum) which clog 
up the river arms and coves The species attacked 
usually are slow-movimg herbivores like Dzstechodus, 
Tylochroms, or bottom-feeders like Chrysichthys, 
though more vigorous swimmers like Alestes, Lates 
and even Hydrocyon often also show lacerated fins 
The dorsal, anal and caudal fins are those commonly 
bitten off, paired fins rarely showing mutilations 
Moreover, according to the native fishermen, they 
appear to attack man on some occasions 

A similar feeding habit has been suspected for the 
Nyassa cichlid fish Docwnodus johnstonw Blgr, the 
strong jaws and, cutting teeth of which are figured by 
Boulenger? Of this 1t 1s written! ‘This fish 18 well 
named Chiluma—‘the thing that bites’ Stomach 
contents suggest that the cutting teeth may be used to 
bite pieces from the fins of other fishes” Trewavas 
states (personal communication) that of eleven 
stomachs examined six were empty, four contained 
fragments of fins and one a httle plant and insect 
débris Among marine fishes the Blennidae Runula* 
and Aspidontus’ are described as parasites, biting 
bits off fins and skin of other fishes, Aspidontus 
approaching its victim by means of a mimetic resemb- 
lance to a ‘cleaner-fish’ An allied habit 18 that of scale- 
eating, practised not only by certam Cichlidae of 
lakes Tanganyika®® and Nyasa?9:3* but also by a 
Panamanian characid, Roeboides occidentalis® 

Considered economically, these fishes are a nuisance 
in the sense that the wounds inflicted not only pave 
the way for various diseases (especially bacterial and 
fungal), lıke fin rot, but often contribute to make the 
victim an easy prey for predators, some having their 
fins nearly entirely amputated, thus considerably 
hampering their locomotion and balance 

Fin-eating fish are very common m some places, 
for example, m Lake Tumba, where many species 
show serious fin mutilations Unfortunately, there 
exists no effective method actually of reducing their 
numbers, as they are hard to catch with conventignal 
fishing gear Small-meshed gill-nets, however, placed 
perpendicularly to the shore m appropriate zones, 
often catch quite a number, but have the disadvantage 
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of also catchmg the young of many economic species, 
at least 1n certain seasons 

This curious mode of feeding almost certainly 
evolved from the voracious habits of their ancestors, 
this bemg supported by the fact that related genera, 
lke Mesoborus Pell and Phagoborus, for example, 
are distinctly ichthyophagous, the latter even partly 
fin-eating occasionally, whereas all members of the 
sub-family Ichthyoborinae are predommantly car- 
nivorous 
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Mediterranean Fishes of the Family 
Istiophoridae 


SCOMBROID fishes belonging to the family 
Istiophoridae are rather uncommon, in the Mediter- 
ranean However, a species has been known for a 
long time and was actually discovered there It ıs 
Tetrapturus belone, described by Rafinesque! from 
Sicily, where 1t 1s captured chiefly during the summer 
months, later, ıt was found m other localities, foi 
example, Spam, Genoa, Naples, Malta and the 
Adriatic 

A second Istiophorid was described by Canestrm1? 
after a specimen was caught in the bay of Genoa This 
was given the name Tetrapturus lessonae, which was 
synonymuzed by subsequent authors with T herschelw 
Gray or with T georg Lowe The type of T lessonae 
18 now preserved in, the Museum of Natural History m 
Genoa; another similar specimen was also caught 
long ago ın the Bay of Genoa and still exists in the 
Zoological Museum of Turm? Both these fishes are 
adult and are easily recognizable as Makara albida 
(Poey) Such identity was suggested by La Montet 
and is fully confirmed by careful study of all their 
characters, during a recent visit to Florida I became 
familiar with M albida This species 1s well known ın 
the Atlantic, including its eastern part, where ıt has 
been recently observed? It certamly exists ın the 
Mediterranean too, but ıt seems to be of very rare 
occurrence in this Sea, maybe 1t does not reproduce 
there It is probable, however, that some records of 
T belone really belong to  albida We do not know 
at present whether the Tetrapturus livmg m the 
Atlantie (for example, Florida) are the same species as 
those of the Mediterranean It would appear unlikely 
that such widespread pelagie fishes as Istiophorids 
should melude a species restricted to the Mediter- 
ranean As new investigations on these huge fishes are 
carried out, 1t becomes moie and more evident how 
far we stil are from adequate knowledge of them 
T'e belone and M | albida are very similar, both mor- 
phologically and biologically, and I do not feel certain 
that they deserve to be generically separated (rather 
than meluded m Makara Lac ‘1803, which has 
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priority over Tetrapturus Raf , 1810) I would entirely 
reject their placing m different families, Istiophoridae 
(Tetrapturus, Istiophorus) and Makairidae (Makara), 
which 1s the procedure adopted by Bertin and 
Arambourg® 

Ben Tuvia’ reported a young Istophorus gladaus 
(Brouss ) from Haifa (Israel) and supposed 1t to be an 
immigrant from the Red Sea through the Suez Canal 
I know no other Mediterranean records of this easily 
identifiable genus It 18 to be looked for chiefly in the 
southern parts of this Sea, not only eastward, but also 
in the western section, where the occasional occurrence 
of the Atlantic form (I americanus Cuv Val), that 
exists along the coasts of Africa and Europe, 1s quite 
possible Makaira albidais to be expected in the whole 
western basm of the Mediterranean An expert 
student of Istiophorids, Col J K Howard (Marine 
Laboratory, University of Miami), recently told me 
that this fish ıs sometimes caught off Ceuta and 
La Linea 

In conclusion, the Mediterranean fauna certainly 
includes at least three especies of Istiophoridae 
Tetrapturus (or perhaps Makara ?*) belone Raf (the 
commonest, known for a long time in the Mediter- 
ranean only), Makara albida (Poey) (Atlantic, 
recorded from the Bay of Genoa), Ishophorus gladvus 
(Brouss ) (Indo-West Pacific, recorded from Haifa) 

As stated above, further researches are needed 
With the co-operation of some ichthyologists from 
the United States, we hope to improve the knowledge 
of the Mediterranean Istiophorids and to reach a 
better understanding of their relationships with the 
species living in the Atlantic 
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Development of the Polychaete Fabricia 
sabella (Ehr) 


A STRIKING feature of the rock shores of the 
southern coast of Northumberland is the presence of 
extensive silt patches which he on top of the rock 
platforms in the intertidal area These patches are 
occupied, characteristically by dense populations of the 
s&belhd worm, Fabricia sabella (Ehr) 

While engaged on an ecological study of this 
annelid the opportunity was taken to investigate its 
breeding | Rasmussen has been quoted by Thorson! 
to have expressed the opmion that the reproduction 
of this species 18 non-pelagic A study of the Northum- 
berland population has shown that not only 1s the 
development non-pelagic but also that the entire 
larval development takes place within the tube of the 
adult female 

When. the tubes of adult females collected m May 
were dissected open the presence was observed of 
small batches of eggs and larve in various stages of 
development situated in small dilations of the tube, 
each batch being covered with a mucus envelope 
Up to ten batches could be found in a single tube 
with 1—7 individuals in each batch The batches 
were distributed along the length of the tube from the 
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Table 1 
Tube Bottom 
No Top of tube «———— Batch No —— of ue 
1 4 Stage I 6 Stage IV Larve hatched, 
mucus envelope 
4 Stage V 


left 
4 Stage I 5 Stage ITI-IV 2 Disintegrating 
3 Stage I 


2 

3 4 Stage III-IV 2 Stage I 
4 7 Stage I 

5 4 Stage III-IV 3 Stage IV 5 Stage V 


bottom to the top and all stages of development from 
fertihzed egg to active pre-adult worm could be 
observed 

At no stage was any swimmmnmg larva observed, and 
in fact the early larve appear to be atrochous Five 
arbitrary stages of external characters have been 
recogmzed in the development (1) large yolky 
uncleaved egg 150-2004, (2), cleavage stages to 
gastrula, (3), early hatched larve—pyriform in 
shape and without obvious external features (250— 
300p), (4), a more elongated form (3504) with 2 
velum-like branchial lobes and incipient ventral lip, 
8 ehstigers and both anterior and posterior eyes, 
(5), the final stage has ‘hme of the adult eleven 
chetigerous segments, the branchiz are well developed 
and the worm 1s crawling actively At this stage the 
young worms apparently leave the tube of the adult 
Table 1 gives the data derived from the tubes of five 
adult females and shows the number of batches in a 
tube, the number of mdividuals per batch, and the 
aibitrary stages of the individual's development 

The mformation regarding reproduction m the 
Sabellidae has been summarized by Wilson? The 
most simular development to Fabr: appears to be 
Dasychone lucullana Delle Chiaje, the eggs of which 
are enclosed m a mucus sac shaped hke a thick rng 
around tho mouth of the tube of the parent Although 
in this case the early larva has a strong prototroch, 
it is not clear from the account of Claparède and 
Meeznikow? whether a swimming larva occurs 

D B Lewis 
Dove Marine Laboratory, 
King’s College, 

Newcastle upon Tyne, 1 

‘Thorson, G , Medd Komm Havundersog (d) Kbh (1946) 
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A Spartinetum at Baldoyle in Ireiand 


In 1870, a species of Sparta, known later as S 
townsendw (H and J Groves), was collected from the 
mud-flats near Southampton It was growmg in a 
mixed community of S alterneflora and S marituma 
(then S stricta) It resembled the latter species so 
strongly that ıt was labelled 'S sirzcta’, and was over- 
looked until 1878, when Townsend recorded the 
species officially in his Flora of Hampshire! It was 
assumed generally that the mtermediate S townsend 
was a hybrid between S alterniflora and S stricta, for 
example, Stapf? stated “the evidence 1s cireumstan- 
tial but strong, resting upon many of the characters 
being intermediate between those of its presumed 
parents, «£s pronounced instability, and ws varying 
ferity” [The italics are ours] In 1930, Huskins? 
furnished cytological evidence favouring this assump- 
tion when he found that S townsend2 had a mitotic 
chromosome count of 2n = 126, while S altermflora 
and © marma have 2n = 70 and 2n = 56, respec- 
tively. 

From that tame until recently, ıt was accepted that 
all S townsend growing at Southampton would be 
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amphidiploid In 1956, however, male-sterile plants 
were found at several locahtres nea: Southampton‘ 
They resembled the type specimens of S townsendn, 
and had a chromosome count of 2n=c 63 (ref 5) 
Thus ıt was estabhshed that the primary F, hybrid 
was still in existence in the area, and that 16 was sterile 
in all cases examuned It was suggested that this 
sterile P, hybrid was S townsendz, that the seed- 
bearing Sparta had been incorrectly identified with 
S townsendez, and that this seed-bearmg species was 
temporarily nameless 

Ine only species of Sparta known 1n Ireland! was 
introduced as cuttings ın 19257 It was planted soon 
afterwards m mud in the Baldoyle Estuary some 
eight miles north-east of Dublin, but was not officially 
recorded from that area until 19378 In November, 
1958, an investigation was begun of the extensive 
and spreading meadow of Spartena which now fills 
part of the estuary The following mteresting facts 
have already emerged from the mvestigation 

Sparina plants show the “pronounced instability"! 
and “varying fertility” recorded by Stapf? They vary 
in stature from short, stunted ones closely resembling 
S maritvma, to tell vigorous ones which exceed 
S altermflora m height by as much as 1 ft This range 
m stature is wider than that usually ascribed to the 
amphidiploid S altermwflora x S martıma It is 
paralleled by a correspondingly wide variation m the 
inflorescence, where one spike is very frequent on 
stunted plants, and up to sixteen have been found on 
tall, vigorous ones Lush growth 1s typical of older 
Sparina meadow where the plant is growing 1n foul- 
smelling, deep, soft mud, and 1s clearly visible at full 
tide, shorter stature 1s characteristic of meadow 
where the plant 1s growing ın more sandy mud, and 1s 
completely covered for some time by every tide, 
finally, extreme stunting and a red eolour character- 
ize small clones growing ın sandy areas bordering the 
muddy reaches of the estuary, they are covered by 
every tide Similar stunting has been observed by 
Chater and Jones? for Sparta plants growmg in a 
sandy habitat m the Dovey Estuary 

Male sterihty ıs quite common In any clone, 
inflorescences vary from completely male-sterile to 
normal The term ‘male-sterile’ ıs used here to 
describe inflorescences in which the anthers fail to 
emerge, or if they do emerge, fail to dehisce, and in 
which pollen 1s variable m size and content ‘Normal’ 
inflorescences are those in which abnormalities were 
not observed Seeds have been found ın inflorescences 





Fig 1 The three quadrivalents are marked with arrows 
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of all types and m all parts of the marsh, but so far, 
80 per cent of the inflorescences contamed 0-5 seeds 
only Jt was not possible to detect the presence of 
seed m spikelets except by dissection or touch The 
latter method was used All seeds were normal, and 
100 per cent germmation was obtamed The chromo- 
some number of all plants examined was 2n = 126 
(Fig 1) Three quadrivalents and 57 bivalents are 
present in the cell illustrated, and quadrivalents are 
common at meiotic metaphase Meuotic abnormalities 
were observed in some pollen mother cells of all 
anthers exammed, multivalents, asynapsis and 
lagging chromosomes bemg the most usual 

Male sterihty has been used to distinguish the diploid 
hybrid S alierniflora x S mariuvma with 2n = 63, 
from the tetraploid with 2n = 126, but m the Baldoyle 
Estuary male sterility 1s quite frequent in clones with 
2n = 126 It1s suggested, therefore, that until some 
clear-cut morphological distinction 18 observed, the 
name S townsendw {H and J Groves) ıs equally 
appheable to both known cytotypes. 
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Influence of Date of Flushing on Flowering 
in Pinus banksiana 


NUMEROUS attempts have been made to relate 
the year-to-year variability m flowering of forest 
trees to seasonal fluctuations m weather conditions 
which, m turn, are believed to mfluence the mternal 
physiological processes regulating flower initiation? 
The pronounced effect of photoperiod on flowering, 
noted m many herbaceous species, appears to be 
Jacking ın forest trees, and observations indicate that 
most trees aie photoperiodically — day-neutral^? 
However, until more definitive experiments have been 
undertaken, photoperiod cannot be ruled out as a 
factor mfluencing flower formation 

Since weather factors, primarily temperature and 
rainfall, appear to exert an influence on flower- 
formation, 1t may be that favourable weather con- 
ditions and/or photoperiod must be synchronized 
with a particular developmental stage of the bud for 
flower primordia to form It mght be assumed that 
such synchronization would be thrown out of phase 
by an exceptionally early or late sprmg which would 
shift the receptive stage of development mto a more 
favourable or unfavourable set of environmental 
conditions 

To test this possibility, an exploratory study was 
conducted with jack pme (Pinus banksiana Lamb ) 
Three-year-old potted trees were overwintered in 
oujdoor cold-frames, and. the following spring (1959), 
prior to normal flushing, the trees were transferred 
to a cold-storage room On the dates indicated in 
Table 1, lots of 30 trees each were brought into a 
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greenhouse maintained at mmimum temperatures of 
60° F (night) and 72° F (day), late April and May 
day-temperatures usually exceeded this minimum in 
the greenhouse The plants were exposed to the 
natural photoperiod and were watered daily Shortly 
after the last group (May 18) was removed from cold 
storage, the trees of all treatments were transplanted 
in nursery beds and exposed to prevailing environ- 
mental conditions The controls were 3-year-old 
trees transplanted directly ın the nursery beds 1 year 
prior to the treated plants and were therefore sub- 
jected to a natural environment during the spring of 
1959 At the time of floral duction, the treated 
trees were m their fourth, and the controls in their 
fifth, growmg season 
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Table 1 FLOWERING RESPONSE OF YOUNG Jack PINE TREES FOR 
VARYING DATES OF FLUSHING 
Treat- Total No No of trees flowering Total No of 
ment oftrees Male Per Female Per strobili 
date cent cent Malet Female 
4} 8/50 28* 5 178 29 786 199 40 
4/20/59 30 12 40 Qa 20 66 7 482 30 
Bi 4/59 30 -— — 19 633 -—— 33 
5/18/59 30 1 33 15 50 0 1 23 
Control 128 — — 70 56 9 — 134 


* Excluding two trees that died in the nursery 
1 Male strobili produced ın clusters of aments varying from 1 to 32 
in number 
t Control, 5-year-old trees, treated groups, 4-year-old trees 
ra 


The results, shown 1n Table 1, are based on strobili 
counts made in late May and early June, 1960 The 
results show a marked superiority of the April 20 
date for stammate, and the April 6 date for pistillate, 
strobili-formation This differential response 18 no 
doubt due to the location and the sequential initiation 
of the flower primordia of the two sexes Male strobili 
occur on the basal portion, of the new shoot of older 
lateral branches whereas the female strobih, at least 
in, young jack pme, occur primarily on, the apical end 
of the main shoot contiguous with the lateral branch 
buds Jack pme i8 multinodal in the budt, and 
occasional female strobtll may be found at the 
secondary whorl positions of the new shoot as well as 
at the apical end of the newly formed laterals These 
differences m position, which are characteristic of the 
genus Panus’, mdicate that the stamimate flowers may 
be laid down well m advance of the pistillate flowers, 
as shown for other members of the hard pine group*-*, 
Although phenological data are not available for Jack 
pine, information for other species of Penus indicates 
that the time differential between the muitiation of 
flower primordia for the two sexes may be m excess of 
several weeks $ 

Several environmental factors may contribute to 
the vanable flowering response between treatments, 
the most obvious of which are photoperiod and 
temperature Hach set of buds would be subjected to 
a different régime of photoperiod and temperature 
from the buds of the previous and subsequent treat- 
ments a8 they attamed the stage of development at 
which flower primordia were mitiated Photoperiod 
varies uniformly and can be readily evaluated 
Temperature and temperature-photoperiod Inter- 
actions, however, cannot be readily evaluated under 
natural conditions as wide fluctuations occur through- 
out the growing season The possibility must also be 
considered that neithe: photoperiod nor temperature 
exerts a direct influence on flower initiation and that 
the differential response to treatment may be due to 
the length of the growmg season available for bud- 
development Data have been presented mdicating 
that source of seed also influences significantly the 
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flowering response of young jack pine? Because of the 
preliminary nature of the present investigation, 
definite conclusions cannot be drawn, but contmuation 
of the work under more exacting conditions may 
permit critical evaluation of the mfluenemg factors 

The data obtamed nevertheless suggest that 
the seasonal fluctuations in date of flushmg may be 
one of the factors responsible for variable flowermg 
behaviour Such fluctuations would place the dates of 
male and female flower initiation in different sets of 
environmental conditions and these would vary from 
year to year Moreover, due to the vagaries of 
weather conditions, the same date of flushing in 
subsequent years may not necessarily evoke the same 
flowering response 
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Rootstock Influence on the Flowering 
of Seedling Apples 


THERE has long been divergence of opinion as to 
whether or not the flowermg of seedling trees, 
especially pome fruits, could be hastened by cultural 
practices or through environmental changes At the 
California Institute of Technology, 1t was found with 
Penus that the ‘juvenile’ or mitial non-flowermg 
period of the seedling’s life could be shortened follow- 
ing artificial lengthening of the period of summer 
growth and prolonged wmter dormancy? In, apples, 
any treatment that restricts or retards growth has 
been held by some to delay the onset of reproductrve 
ability, while others have held the contrary view?:3 

Experience at East Malhng has long suggested that 
seeding material budded on the dwarfing Malling 
(M ) IX (Jaune de Metz) rootstock fruited distmetly 
earher than could be expected of seedlings on their 
own roots* No evidence was available as to whether 
this effect was attributable to the mdividual charac- 
teristics of the M LX rootstock as such or directly to 
1ts dwarfing and precocious character 

In the course of a very considerable programme of 
clossing and selfing to produce, directly or through 
later back-crossing, apples combining eating quality 
with disease resistance and with the character of 
late flowermg as & means of avoidance of spring 
frost damage, hundreds of seedlings selected from large 
families on the basis of late leafing and disease resis- 


Table 1 
Trees on their own roots Trees budded on MIX 


Family No Flower- Flower- Flower- Flower- Flower- Flower- 
No of  iangat meat ıngat ingat ngat mgat 
sced- — five SIX seven three four five 
lmgs years years years years years years 
1 138 0 13 24 11 83 107 
2 126 0 3 12 29 83 95 
3 13 0 0 2 1 6 10 
4 7 0 0 2 6 6 
5 164 0 1 I 5 47 41 
6 15 0 1 0 0 5 6 
7 139 0 2 5 1 24 14 
Totals 602 0 20 46 48 264 279 
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tance have been retamed on their own roots, to 
provide material for future propagation A bud from 
each of these seedlings, usually taken m the seedling’s 
second, year, has also been grown on one or other of 
two dwarfing rootstocks, M LX and 3431, the latter 
having the parentage M XIIL x MIX Normal T 
budding on 18-month old bedded layers was practised 

Seven famuhes were raised m 1954 and buds from 
602 selected seedlings were worked on M IX root- 
stocks m the summer of 1956 The numbers that 
flowered are given in Table 1 

A, further seven families were raised im 1955 and 
buds from 302 selected seedlmgs were worked on 
rootstock 3431 The numbers that flowered are 
shown in Table 2 


Table 2 


On their own roots Budded on 3431 


Family No of Flowering Flowermg Flowermg  FJlowerimng 
No seedlings at five at 81x at three at four 
years years years years 
8 169 11 19 37 67 
9 36 0 4 5 12 
10 39 0 3 7 19 
11 20 2 2 1 8 
12 2 0 1 1 1 
13 9 0 0 0 3 
14 27 0 0 0 4 
Totals 302 13 29 51 114 


Thus, on M IX, 43 per cent had flowered m the 
sixth year from germination as against 3 per cent on 
their own roots On rootstock 3431, 38 per cent had 
flowered m sıx years from the seed as against 9 per 
cent on their own roots 

As neither the famulies nor the period of experi 
ment were identical, 1¢ 1s difficult to compare the 
effects of M IX and rootstock 3431 on such lunited 
data It may not, however, be out of place to note 
that 3431 ıs more dwarfing than M IX 5 <A more 
comprehensive experiment 18 needed if this clearly 
demonstrated effect of dwarfing rootstocks 1n reducing 
the ‘juvenile’ period 1s to be related more clearly to 
the degree of ‘dwarfing’ characteristic of the individual 
rootstock Further, 1t must not be forgotten that, 
while M XIII is markedly more vigorous, M IX 18 
one of the parents of 3431 The possibility of a specific 
heritable attribute 1s therefore not excluded 

It would seem*'* that the effect reported here 1s not 
to be related either to the relatrve mass or to the 
physiological age of the stock, smee working small 
seedlings on large trees of long-established commercial 
varieties of apples had no effect on shortening the 
‘juvenile’ period The work reported here supports the 
view that its length, while clearly susceptible to 
influence by dwarfing rootstocks, also varies markedly 
from seedling to seedling and from family to family 
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Replacement of an Alternating 
Temperature Requirement for Germination 
by Gibberellic Acid 


In many species of plants, seed-germination dods 
not take place readily except under special eonditions 
A barrier to germination may be 1mposed by the seed 
coats or other coverings, by the presence of germina- 
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tion inhibitors in some part of the seed, by morpho- 
logical or physiological rmmaturity of the embryo, 
by the need for hght or for 1ts absence, or by the need 
for alternating temperatures durmg germination! 
Chemical substances can in some cases substitute for 
specific environmental factors m effecting seed 
germination Nitrates, for example, promote the 
germination of some light-requiring seeds 1n the dark}, 
and the results of recent work indicate that the plant 
hormone gibberellic acid 1s particularly effective in 
overcoming several types of germmation inhibition 
In the germination of ‘Grand Rapids’ lettuce seeds, 
the primary lght-requirement?? and the hght- 
requirement imduced by high temperature or dark- 
osmotic treatments? can be replaced by gibberellic 
acid Gubberellic acid overcomes the inhibiting effect 
of coumarm on lettuce seed germination’ and of 
endogenous germination mhibitors present m Avena 
fatua* and Betula spp * seeds Kallio and Puromen’ 
found that gibberellic acid has a marked stimulating 
effect on the germmation of seeds of 8 species, 
including Gentiana mvalis and Geranvum sylvaticum , 
their experiments were conducted ın the hght at 24? 

We have examined the effect of gibberellic acid on 
another type of germination mhibition, namely, that 
caused by a requirement for alternating temperatures 
A series of expermnents has been conducted with 
Asclepras fruticosa seeds, which do not germinate at 
constant temperatures ranging from 10 to 35°C, 
but only at alternating temperatures? Repeated 
cycles of alternating temperatures are not essential, 1f 
the seeds are kept at 18° C for 7 days, transferred to 
35° C for 4 hr and replaced at 18° C , 80-100 per cent 
germination is obtained withm 3 days after the 
return to the lower temperature? These seeds are not 
hght-sensitive 


Table 1 EFFECT OF GIBBERELLIC ACID ON THE GERMINATION OF 
Asclepras fruticosa SEEDS 


50 seeds per treatment No germination took place before treatment 


with gibberellic acid 
Gibberellic acid Percentage germination after 
(ppm) 2 days 4 days 6 days 8 days 14 days 
0 2 4 4 4 4 
1 2 4 4 10 20 
10 16 30 46 56 72 
50 12 50 74 82 96 
100 12 64 92 94 96 
500 6 16 26 34 38 
1,000 0 0 0 6 10 


The effect of gibberellic acid on the germination of 
Asclepwas fruticosa seeds was studied at a constant 
temperature of 18° C m the hght The seeds were 
placed on moist filter paper m Petri dishes After 3 
days, the seeds were pricked by passing a fine needle 
through the seed coats, endosperm layers and coty- 
ledons, and were transferred to Petri dishes contammg 
filter papers moistened with gibberellic acid solutions 
at concentrations ranging from 0 to 1,000 ppm The 
results of a typical experiment are presented ın Table 1 
Rapid, almost complete, germination was obtained 
when the seeds were treated with 50 or 100 ppm 
gibberellic acid Concentrations of gibberellic acid 
lower than 50 p p m were less effective 1n promoting 
germination and concentrations higher than 100 
ppm wereimhibitory Gibberellic acid was completely 
without effect if the seeds were not pricked, which 
mdicates that the seed coats and/or the endosperm 
layers may be impermeable to gibberellic acid In this 
respect, Asclepias fruticosa seeds are similar to those of 
Geranium sylvaticum’, which do not respond to 
gibberellic acid unless they are first scarified with 
sulphuric acid 
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These results show that gibberellic acid 1s highly 
effective in replacing the need for alternating tem- 
peratures m the germination of Asclemas fruticosa 
seeds Experiments are in progress with the seeds of 
Argemone mexicana, which normally germinate only 
uf subjected to repeated cycles of alternating tem- 
peratures ın the presence of potassium nitrate, and 
the preliminary results indicate that gibberellic acid 
promotes rapid seed germmation at a constant tem- 
perature in the absence of nitrate It will be of interest 
to determine how general the promotive effect of 
gibberellic acid on the germination of seeds having 
special requirements ıs The effect of gibberellic acid 
on dark-germinators, for example, does not seem to 
have been investigated 

This work was supported by grants from the South 
African. Council for Scientific and Industrial Research 
and the Department of Agricultural Technical 
Services We thank Messrs Chas Pfizer Inc, New 
York, for a gift of gibberellic acid 
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Relationship between 3,4-Dihydroxypheny!- 
ethylamine Content and the Genome, 
acuminata 


THE major polyphenoloxidase substrate responsible 
for the blackening of the fruit of the banana, has been 
identified! already as 3,4-dihydroxyphenylethylamine 
Although the origmal work was carned out using 
material of the clones Gros Michel and Mysore, a 
range of clonal varieties was investigated afterwards 
to determine whether this substrate was responsible 
for blackening in other clones or whether other 
phenolic compounds were implicated in the blackening 
reaction, 

It has been found that ın all clones of the edible 
banana investigated the major polyphenoloxidase 
substrate ıs 3,4-dihydioxyphenylethylamine and 
furthermore that a positive correlation could be 
shown, between the content of 3 4-dihydroxyphenyl- 
ethylamine and the extent of the contribution of the 
genome acumenata to the genotype 

It 1s now recognized? that the majority of the edible 
bananas had their origin in only two wild species, 
Musa acuminata and M balbistana Simmonds and 
Shepherd?, using a scoring method, were able to estab- 
lish the relative contribution of the two wild-species 
to any given clone The genetic composition of each 
of the clones investigated 1s shown im Table 1 All 
plant material for the investigation was obtained 
from the collection of banana plantings at the Imperial 
College of Tropical Agriculture, Trmidad Earlier 
work on the distribution of 3,4-dihydroxyphenyl- 
ethylamine ın the banana indicated that although 
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Table 1 CONTENT OF 3,4-DIHYDROAYPHENYLETHYLAMINE IN PRE- 
PARATIONS OF CLONES OF DEFINED GENOTYPE 


Dihydroxyphenyl- 
Clone Genotype (ref 2) ethylamine 

content * 
Kelantan AA E B M ee 
Ceylon BB T 
Pancha Bontha Bathees ABB +++ 
Nendra Padaththı AAB +++ 
Red AAA +++ 
Calcutta AA di 
SH 02 AB ++ 
Ney Mannan ABB + 
Guindy AB + 
Mporo Moka AAB + 
Bluggoe ABB 4 
Tiparot ABBB + 
Rajah AAA +++ 
Gigi AAA E ebd 
Nkonjwanshansha AAB PL 
Dwarf plantam AAB +p 


* Amounts assessed by sıze and intensity of the corresponding 
p-nitroaniline spots on two-dimensional chromatograms 
A, Genome, acuminata, B, genome, balbistana 


present in small amounts in the pulp, larger amounts 
were present m. the skin of the fruit Extracts of the 
skin were therefore used fA the comparative mvest- 
gations described here 

Methanolic hydrochloric acid extracts of skin tissue 
obtained from a range of clones were prepared by 
methods described before 002 ml of each extract 
was applied to duplicate paper chromatograms 
(Whatman No 1) and subjected to two-dimensional 
development with butanol/acetic acid/water (40 
10 50) followed by 2 per cent acetic acid One mem- 
ber of each pair of duplicate chromatograms was 
sprayed with p-nitroanihne reagent and the other 
with a banana polyphenoloxidase preparation After 
incubation of the enzyme-sprayed chromatogram in a 
humid chamber, brown colorations developed in the 
position corresponding to that of 3,4-dihydroxy- 
phenylethylamme The size and intensity of the spots 
obtamed with p-nitroaniline reagent m the position 
were proportional 

The results which are shown in Table 1 indicate 
that the content of 3,4-dihydroxyphenylethylamine 
18 determined by the extent of the contribution of the 
acuminata genome to the genotype 
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Fig 1 Composite diagram showing the position of fruit phenolics 
of banana cultivars 1, 3,4-dihydroxyphenylethylamine, 2-5, 
unknown minor phenolic constituents (Colorations with p-nitro- 
aniline 1, purple, 2 and 3, red, 4 and 5, brown Ultra-violet 
fluorescence 2, white, 3, green, 1, 4 and 5, non-fluorescent) 
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Two-dimensional chromatography (Fig 1) showed 
that 3,4-dihydroxyphenylethylamine ıs the only 
major phenolic present m the fruit mvestigated 
Although a number of minor phenolic constituents 
were detected, these were present in trace quantities 
only and clearly did not contribute to any appreciable 
extent to the blackening of the frut Clonal differ- 
ences were almost wholly quantitative, the same 
phenolics being present 1n all the clones to a varying 
degree The major source of variation was (as noted 
in Table 1) the content of 3,4-dihydroxyphenyl- 
ethylamine, the amounts present ranging fron trace 
quantities in M balbzs:ana varieties to very high levels 
m the M acuminata cultivars 
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CYT OLOGY 


Cytology and Origin of the Dwarf 
Coconut Palm 


DisTINCT varieties of dwarf coconut (Cocos nucifera 
L ) occur m Malaya, Philippines, F1j1 Islands, Viet 
Nam, Ceylon and India These varieties grow to a 
height of 15-30 ft compared with more than 50 ft 
among normal tall types and need only 3-5 years to 
commence bearing 1n contrast to 8-10 years taken by 
the tall strans While the tall varieties are largely 
obligatorily cross-pollimated, the dwarfs usually 
undergo self-pollmation owing to the overlapping of 
the female and male phases 1n the same inflorescence 
As a result, many dwarf strams yield homogeneous 
progenies and they can be used with advantage for 
identifying the most pre-potent males! The poor 
vigour and copra quality of the dwarf palms, however, 
render them unsuitable for cultivation on a planta- 
tion scale? In addition to the typical tall and dwarf 
palms, various intermediate categories occur m 
Nature and have also been obtaimed by crossing the 
tall and dwarf strains? 

Several semi-tall and dwarf varieties of coconut 
show 15-35 per cent pollen sterility, as judged by a 
tendency to become stained with aceto-carmine The 
tall varieties, on the other hand, contain less than 5 
per cent of sterile pollen‘ A detailed study of me1osis 
in microsporocytes was hence undertaken m two tall, 
one semi-tall and three dwarf palms While meiosis 
was always regular m the tall plants, the following 
abnormalities occurred 1n several cells ın the others 
(a) one quadrivalent at diakmesis and metaphase I, 
suggesting heterozygosity for a reciprocal trans- 
location, (b) a dicentric bridge and an acentric 
fragment at anaphase I indicating heterozygosity for 
an Inversion, (c) nucleoli which persist at metaphase 
and anaphase I, (d) pollen mother cells with varying 
chromosome numbers, (e) lagging chromosomes at the 
first and second anaphase and (f) sporads with vary- 
ing number of spores There was also a significant 
reduction m, chiasma-frequency m Apricot (sem1-tall) 
and Green (dwaif), as compared with the two ta 
varieties The percentage of cells with abnormalities 
at different stages of meiosis in the varieties examined 
1s given ın Table 1 ‘ 
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Table 1 MEIOSIS IN SOME COCONUT VARIETIES 
Percentage of cells with abnormalities at 


Variety Type Metaphase I AnaphaseI Second Sporad 
division 

Laccadive 

ordinary Tall 0 0 0 08 
Local type Tall 0 0 0 0 
Apricot Semi-tall 204 40 1 247 29 9 
Dwarf red Dwarf 40 23 6 86 79 
Dwarf green Dwarf 0 51 29 43 
Dwarf yellow Dwarf 0 46 22 13 


The occurrence of various abnormalities and 
‘chromosome mosaic’ cells at meiosis, and a poor 
development of the endosperm in the dwarf palms, 
indicate that the efficiency of the chromosome 
mechanism has been affected 1n samatic, gametie and 
endosperm cells It 1s probable that the imposition 
of inbreeding on a normally out-crossed species 1s 
responsible for this situation, since 16 1s known that 
inbreeding upsets the chromosome mechanics in 
eross-polhnated species*-" Some authors?? have 
suggested that the dwarf strains of coconut may have 
originated through a sudden discontmuous mutation 
from the common tall palm From the cytological 
results it seems equally probable that the dwarf 
coconuts occurring in Nature in, different countries 
may be the products of breeding among different 
tall varieties This view 1s also supported by the 
followmg First, the tall and dwarf palms differ in not 
one but a series of characters all of which seem to lead 
to reduced vegetative vigour and aberrant cytological 
behaviour Secondly, all gradations between the two 
contrasting categories represented by typical talls and 
dwarfs occur in Nature Thirdly, the F, progeny of a 
dwarf x tall cross gave a wide range of segregates 
and the data did not suggest any simple genetic 
explanation? The more regular meiosis observed ın 
the dwarf varieties ın comparison with the semi-tall 
type suggests that with progressive inbreeding an 
equilibrium condition may be reached with regard to 
cytological behaviour The same may also be true 
of vegetative vigour An initial mutation, if any 
responsible for the origin of the dwarf coconut might 
have led to the overlapping of the male and female 
phases of the inflorescence, thus rendering self- 
pollmation both possible and predommant How- 
ever, self-pollination can occur in, the tall palms during 
certain seasons and a mutation facilitatmg this 
process 1s not a prerequisite for inbreeding to occur 
Alternatively, a situation, analogous to that described 
by Harland’ ın the maize strains of Trinidad may be 
responsible for the evolution of stable self-pollinating 
dwarfs 

Whatever may be the mode of origin of the dwarf 
coconut, the fact that many geographically distinct 
and true-bieeding dwarf strains exist indicates the 
possibility that they may be useful both to estimate 
and exploit heterosis ın coconut Much of the hybrid- 
ization work carried out on coconut so fai 1elates to 
crosses between tall and dwarf varieties or among tall 
strains The only record of a cross between two 
geographically distinct dwarfs seems to be that made 
by Marechal!? between two dwarf strains from Malaya 
and the Fıjı Islands The F, plants of this cross showed 
outstanding performance and have been much sought 
after m Fip!! Harland? has suggested the induction 
of haploidy ın coconut for obtainmg homozygous 
genotypes and, if the view that some dwarf coconuts 
wepresent stable mbred les 1s correct, they may 
serve the same purpose as the autodiploids derived 
from haploids MHarland’s technique for identifying 
pre-potent males would be ideal for estimating 
combining ability in different dwarf x dwarf crosses 
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We are indebted to Drs B P Pal and A B Joshi 
for their mterest ın this work and to Prof S C 
Harland for advice on the manuscript 
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Factor converting Mesophilic into 
Thermophilic Micro-organisms 


Iw the course of work on thermophilic, aerobic, 
spore-forming bacteria, we have observed that the 
thermophilic cells contain, in certain conditions, a 
principle, which, when added in small quantity to a 
fresh culture medium, permits an inoculum of a meso- 
phihe organism to grow at elevated temperatures 
Moreover, this induced thermophily ıs carried from 
one transfer to another for an indefinite period 

Concentrated preparations of this factor produced 
the effect m quantities of 5 ugm per ml of medium 
The properties, described here, suggest that the 
factor 18 ın the nature of a nucleoprotem We have 
also observed that ıt is only present, or at least 
extractable, durmg vigorous growth of the thermo- 
philic culture, but not after the exhaustion of nutrient 
has led to sporulation 

The addition to a medium of an autolysate 
obtamed from Saccharomyces cerevisiae also per- 
mitted the growth of a mesophilic inoculum at 55°, 
but this effect appears to differ from that obtamed 
by the homologous factor masmuch as thermophily 
cannot be indefinitely maintained without renewed 
addition, of the yeast factor 

The source of the principle 1s Bacillus stear othermo- 
phus No 194, grown in a medium described else- 
where}, and supplemented with 1 per cent casein 
hydrolysate This medium was moculated with a 
stock culture of the thermophilic bacillus and 
incubated overnight at 55° This culture, now germin- 
ated, was inoculated into fresh basal medium and 
incubated at 55° for 9-11 hr , this procedure resulted 
ın à small amount of spore-formation Incubation for 
15 hr or longer periods, when sporulation had set 1n, 
did not yield the principle 

After an meubation period of 9-11 hr , cells were 
collected in a Sharples refrigerated centrifuge at 
50,000 rpm Packed cells were washed by homo- 
genization m a Waring blendor with cold distilled 
water and again centrifuged The packed bacilli were 
lyophilized and stored at 4? C The converting factor 
was obtained from the lyophilized bacillus powder by 
suspension 1n 0 05 M sodium citrate and grinding with 
glass beads (type 112, Minnesota Mming and Mfg 
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Co, USA) for 10 mm 1n a Waring blendor at 4? C 

The debris was centrifuged off at 2,000 rpm , the 
remaiming cell suspension was further centrifuged at 
5,000 rpm for 6 hr at 4? C The supernatant was 
discarded The residue was extracted twice with 
50 ml of 2 M sodium chloride, the transformmg 
factor 1s not stable 1n aqueous solution The extract, 
diluted with 016 M sodium chloride, was added in 
varying amounts to a medium, which was then 
moculated with a mesophilic strain of B sphaericus 
This mesophil was found to grow at 37° m 05 per 
cent beef extract (Difco) plus 05 per cent proteose 
peptone (Difco) but not at 55° It now grew at 
55° on addition of the converting factor down to 
dilutions of 5 ugm /ml , growth 1s still obtamed at 
37° with or without addition to the principle 

The converting principle 1s destroyed by deoxyribo- 
nuclease, ribonuclease, pepsin and. papain (Worthmg- 
ton Biochemical Corp , U S A ), while trypsin, chymo- 
trypsin, and carboxypeptidase do not inactivate ıt 
The principle 1$ non-dialysable against distilled water, 
and ıs unstable m aqueous Solution as compared with 
2 M sodium chloride This behaviour is similar to 
that of deoxyribonucleic acid? 

Lhe factor will stand 1 min of heating at 100°, but 
its heat stability 1s influenced by the rate of cooling, 
its efficacy will be less dimmushed 1f cooling 18 carried 
out slowly, for analogous observations on, depolymer- 
ization, of bacterial nucleic acid, see ref 3 

These findings suggest that the factor 1s nucleo- 
proten Nucleic acid preparations from thermophilic 
bacteria were not effective In order to test substances 
rich im nucleic material, yeast autolysate (Albumi 
Laboratories, Brooklyn, N Y) was tested and a 
sumilar transformation of the mesophilic organism was 
observed! Growth in medium containing yeast auto- 
lysate was required to maintain thermophily, con- 
trary to this finding, once thermophily was induced 
with thermophil extract, 1t was no longer required to 
maintain thermophily on repeated sub-culturmg 
Attempts to purify and compare the converting factor 
from the thermophilic bacteria and from yeast auto- 
lysate are now under way We are also studying the 
specificity of the effect 

This work was supported by giant G~8250 of the 
National Science Foundation, 
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Influence of adding Salts to the Medium 
on Counts of Phenol-treated Escherichia 
coli on Membrane Filters 


Ir has been shown! that suspensions of Escherichia 
col; which had been treated with phenol gave lower 
counts on membrane filters than on the surface of 
nutrient agar Many workers* have observed that 
bacteria which have been exposed to bactericides or 
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heat exhibit a marked sensitivity to the nature of 
the subculture medium, and both Flett ef al? and 
Jacobs and Harris? have shown that when ferric 
chloride was added to the medium ıt exerted a 
beneficial effect, demonstrated by longer extinction 
times than in control media, on the growth of phenol- 
treated organisms The latter workers found that the 
rate and extent of the death of phenol-treated cells 
of E cols and Staphylococcus aureus which occurred, 
in nutrient broth* was reduced by the inclusion of 
5 x 10-*.M of magnesium chloride, and that the 
inclusion of ferric chloride and other metal chlorides 
m nutrient agar gave surface-viable counts of such 
cells greater than were obtamed on nutrient agar 
without metals’ In view of the present widespread 
use of membrane filters, and suggestions that these 
filters should be used to recover damaged cells from 
a variety of harmful environments, for example, in 
sterility tests, ıt was thought useful to examine the 
effect of adding salts to the nutrient broth on which 
the membranes are incubated 

Chlorides of iron, chromium, calcium, magnesium 
and magnanese were added to the nutrient broth 
(‘Oxoid CM 15’, 16 gm /1) before sterilization to give 
concentrations of 0 0037, 0 00185, 0 000925, 0 00037, 
and 0 000185 M The method of counting has been 
described in ref 1, ten drops of a diluted suspension 
were placed on the surface of the membrane and 
counts on membranes using media contamimg added 
salts were compared with those obtamed on a control 
nutrient broth, without salts In this work only one 
strain of E cols was used (stram A of Harris and 
Richards’), since two of the straims used in the earlier 
work were known to behave similarly when salts 
were added to nutrient agar 

The counts of untreated cells did not differ 
significantly from those on the control whatever the 
nature or concentration of the cation used, and the 
results are not presented here Table 1 gives the 
mean percentage counts from phenol-treated sus- 
pensions m numerous trials at each concentration of 
the cations, and the significance of the results, given 
by the analysis of variance tést, 1s mdicated also 
In contrast to untreated cells, counts of phenol- 
treated cells were influenced markedly by the presence 
of salts However, only iron influenced favourably 
the counts from treated suspensions at all the con- 
centrations used. except at 0 00037 M of chromium 
and 0000925 M of ealexum and magnesium, with 
which counts did not differ sigmficantly from the 
control, these three cations also gave favourable 
responses Manganese gave variable results and 
counts were greater and less than on the control with 
equal frequency The most favourable of the con- 
centrations tested was 0 00185 M with all the cations, 
and the improvement in counts was most marked 
with chromium and iron 

Possible mechanisms for the beneficial action of 
salts have beon discussed by Jacobs and Harris‘. 


Table 1 MEAN RELATIVE MEMBRANE FILTER COUNTS OF PHENOL- 
TREATED E colt ON MEDIA CONTAINING VARIOUS CONCENTRATIONS 
OF A RANGE OF CATIONS 


Molarity of Mean relative viable count* on 


lon (x 10°) Tron Chromium Calcium Magnesium Manganese 
3,700 160 154 152 134 54§ 
1,850 841 1,421 364 478 208 
925 221 179 1007 99T 41§ 
370 174 159T 167 140 186t 
185 166 183 165 180 157 ® 


* Relative to nutrient broth without added salt as 100 

+ No significant difference from control, § significantly less than 
control, all others significantly greater than control, all at the 5 
per cent level at least 
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They suggested that substances 1n the medium which 
are toxic to damaged cells could be removed by 
adsorption on metal precipitates or by co-precipita- 
tion with them, and that cations which are not pre- 
erpitated could reduce the permeabihty of the 
damaged cell membrane and so reduce the mward 
diffusion of such toxic substances and the leakage 
from the cell of vital metabolites*:?’ The protective 
influence of metallic cations, especially those of high 
valency, against the action of phenol has beer 
observed in ref 7 
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Enzymic Inactivation of Trichothecin and 
Crotocin 


Work on the inhibitory action of trichothecin! and 
crotocin (substance T, ref 2) on the inductive amylase 
synthesis of Penrcilleum chrysogenum? suggested that 
these antibiotics may undergo enzymic inactivation 
in, certain circumstances The possibility of such an 
enzymic inactivation was first recognized by Darpoux 
and Faivre-Amuiot? 

Penacillvum chrysogenum was grown on a synthetic 
medium as described previously’ Cultures for the 
experiments were prepared by moculating 200 ml. 
synthetic medium with 10 ml of a 72-hr -old vegeta- 
tive mycelium suspension The fate of crotocm 
added, was examimed by two different methods — First, 
the antibiotic was added m a 1 mgm /ml smgle dose 
after 48 hr incubation The level of the antibiotic in 
such a culture remained unchanged for a minimum of 
24 hr as revealed by the Bradler* agar-diffusion 
method In the second series of experiments 10 ugm / 
ml crotocın was added after 40 hr and this was 
followed by the addition of 1 mgm /ml of the same 
antibiotic after 48 hr incubation Under these 
experimental conditions a 70 per cent decrease in the 
antibiotic activity of crotocm was observed in 5 hr 

This phenomenon, suggested the possible presence 
of a crotocm-imactivating enzyme im cultures pre- 
treated with a low dose of the antibiotic The enzyme 
appeared to be bound to the mycelia as the super- 
natant was mactive, while 1 gm of washed mycelium 
(calculated on dry material) mactivated an average o= 
40 mgm crotocin per hr The prelimmary examina- 
tions carried out up to now mdicated that the enzyme 
was probably bound to the cell-wall of the mycelium 

It ıs known that trichothecm 1s an ester of tricho- 
thecolon and isocrotonie acid’ The alcoholic com- 
ponent of crotocin 1s very similar, though not identical, 
to that of trichothecolon It seemed plausible that 
the decrease of the biological activity was a result of 
enzymic cleavage of the ester hnkage The validity 
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of this assumption was later confirmed by isolating 
and chromatographing the split products 

After mactivation of crotocm by washed mycelia 
the mixture was filtered and the fluid phase was 
saturated with sodium chloride and extracted with 
chloroform at pH 10 (ref 8) ‘The extract was 
evaporated and the oily residue crystallized from 
benzene The isolated substance had a melting point 
of 155 5? C, identical with the melting point of the 
alcoholic component obtamed by alkaline hydrolysis 
of crotocin Mixed melting points of the two materials 
obtaimed by the two different methods did not exhibit 
any depression The acid component was identified 
by paper chromatography 

According to the above observations crotocin 1f 
applied ın small quantities can act as an mductor 
The enzyme thus induced 1s able to hydrolyse the 
ester linkage in the antibiotic which destroys its 
biological activity On the addition of a single large 
dose of crotocm no inactivation of the antibiotic 
activity could be observed since this quantity 
inhibited also the synthésis of the mductive enzyme 
Crotocm might be replaced by trichotheem, both as an 
mduetor and a substrate 

Other fungi such as Penecillvum urticae, Aspergillus 
parasiticus and Aspergillus oryzae failed to exhibit 
similar action Aspergillus niger, however, when 
tested under the same experimental conditions, had 
an effect similar to that observed for Penecallewm 
chrysogenum 

This work will be published m detail in Acta 
Microbiol. Hung 
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Detection of Gibberellic Acid in 
Azotobacter Cultures 


IT 18 known that Azotobacter cultures can affect the 
germination of seeds and growth of plants It 1s 
assumed that this influence 1s due to the presence of 
physiologically active substances and vitamins in the 
cultures Actually, imdole-3-acetic acid has been 
detected in Azotobacter cultures!? In a previous 
paper? the detection of another growth-active com- 
pound, m addition to indole-3-acetic acid, was 
described More details about this compound, which 
appeared to be gibberellic acid, are presented here 

Azotobacter chroococcum was grown ın Burk’s 
solution containing traces of molybdenum and boron, 
the same procedure as that used for growth of cultures 
when 1solating indole derivatives? The medium did 
not contain calerum carbonate, however After ten 
days of mcubation the culture was centrifuged, the 
supernatant evaporated «n vacuo to a tenth of its 
original volume, made acid with 1 N hydiochlorie 
acid (to pH 2 8-3 0) and extracted with n-butanol? or 
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Fig 1 Chromatogram of gibberellic acid from culture of Azoto- 
bacter chroococcum 1 and 3, various concentrations of n-butanol 
extract, 2, 50 ugm of gibberellic acid 


e 

peroxide-free ether? Individual extracts were placed 
n Whatman No 1 filter paper and chromatograms 
developed in four systems butyl acetate saturated 
with water’, benzene / pyridine / 3 M - ammonium 
hydroxide (3 6 1)*, benzene/acetic acid/water (10 

25 5)5 and n-butanol/formic acid/water (4 1 5) 
Best separation of ndole-3-acetic acid from gibberellic 
acid was obtamed in butyl acetate saturated with 
water Gibberellic acid remamed at the start 
(Rr = 01) while indole-3-acetic acid moved nearer 
the front (Ry = 0 8). 

The last-named system, however, has the drawback 
of forming ‘tails’ behind the spots of both acids From 
the point of view of shape and sharpness the system 
with acetic or formic acid 1s more advantageous as 
dissociations of indole-3-acetic acid and gibberellic 
acid are suppressed and sharp round spots are 
obtamed In the formic acid system the Ry values 
of the two growth substances are very close, which 
represents a handicap ın elution of the spots from the 
chromatogram and m biological testing of the eluate 

Detection of gibberellic acid on chromatograms 
was carried out with 3 per cent sulphuric acid in 
methanol followed by heating to 60° C for 5 min 4, or 
with 0 5 per cent aqueous potassium permanganate? 
By adding 0 05 per cent ferric chloride to the methan- 
olic sulphuric acid the reagent can be used for 
detectmg both indole-3-acetic acid and gibberellic 
acid Indole-3-acetic acid gives a violet-red colour 
and displays no ultra-violet fluorescence while gib- 
berellic acid shows a blue-green ultra-violet fluores- 
cence but gives no colour reaction in visible light 

The position of the spot of the substance tested 
which gives a colour reaction with both reagents 
corresponds 1n all the four systems used to the Er of a 
standard solution of gibberellic acid- Fig 1 shows a 
chromatogram developed for 8 hr in benzene- 
pyridine-3 M ammonium hydroxide (3 6 1) in the 
downward direction We used the system described 
by Bird and Pugh® to demonstrate that the 
Azotobacter strains contam mostly gibberellic acid 
(gibberelhn A;) rather than gibberelln A, The 
chemical detection of gibberellic acid was confirmed 
by & biological test Undetected spots corresponding 
to gibberellic acid on the chromatograms were eluted 
with distilled water and a part of the eluate was 
tested on etiolated sections of maize leaves 
and mesocotyls, as described by Boyarkim and 
Dmitriyeva® The test 1s specific for gibberellins 
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Indole-3-acetic acid, 1f present ın the solution tested, 
has a slight inhibitory effect A positive significant 
influence of the eluate on longitudinal growth of the 
maize leaf was established 

The positive influence of the biological test, to- 
gether with the results obtained by paper partition 
chromatography technique, indicates the presence of 
gibberellic acid in Azotobacter cultures The amount 
of gibberellic acid in, the supernatant of a 10-day-old 
culture varied under the above cultivation conditions 
between 2 and 5 ugm /ml In a 17-day-old culture, 
where the source of carbon had been exhausted, the 
amount of gibberellic acid rose to 20 ugm /ml It 1s 
assumed that the presence of gibberellic acid together 
with indole-3-acetic acid in Azotobacter cultures can 
have a connexion with the frequently noted effect of 
Azotobacter cultures or their filtrates on germination 
of seeds or growth of seedlings 

So far as 1s known from the literature the presence 
of gibberellic acid has been demonstrated 1n cultures of 
F'usarvum monalforme? and other F'usarvum species’, 
of some non-identified Actimomycetes® and of the 
soil yeast Torula pulcherrvma? The finding described 
here supplies evidence for the existence of gibberellic 
acid in Azotobacter chroococcum Bei}. It appears that 
gibberellic acid 1s more prevalent among micro-organ- 
isms than was believed, even if in lower concentra- 
tions than those found ın Fusarvum cultures 

I am indebted to M Podojil of the Institute 
of Biology for a gift of a mixture of gibberellin 
A, +A, 
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Nutritional Requirements for the Induced 
Formation of Malic Enzyme in 
Lactobacillus arabinosus (17-5) 


Iw 1948, Eorkes and Ochoa! described an enzyme 
preparation from Lactobacillus arabinosus which 
catalysed the conversion of L-male acid to lactic 
acid and carbon dioxide They called ıt malic enzyme. 
The activity of this enzyme was found to be very low 
1n organisms grown on ordinary medium When malic 
acid was also mcluded in the medium during growth, 
the ability of the organisms to break down malic acid 
was found to have increased about fifty times They 
also demonstrated that the presence of the growth 
medium and glucose was essential to the formation 
of the enzyme 

The growth medium of L arabwwsus, like that of 
other lactic acid bacteria, 18 very complex It containg 
hydrolysed casem, a mixture of morganic salts, 
glucose, and special supplements of ammo-acids, 
vitamins, purines and pyrimidines Gale has shown? 
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Fig 1 The effect of nutrition on male enzyme induction 


The samples contained 0 04 M L-malio acid, pH 6 0, manganese 
ions, 01 M phosphate buffer and 50 mgm dry weight cells, 
suspended in phosphate buffer Curve 1, complete medium, 
curve 2, supplement containing eleven amino-acids and a purine/ 
pynmidine mixture, curve 3, supplement containng eleven 
amino-acids only, curve 4, supplement containing purine/pyrim- 
idine mixture only, curve 5, control, eontained no supplement 
In all cases the incubation mixture also contained 1 per cent 
glucose, manganese 1ons and phosphate buffer 


that the nutritional requirements for optimum growth 
of organisms may differ from those necessary for the 
formation of a particular enzyme, and in a recent 
review Lichsteim* has directed further attention to 
this phenomenon It was interesting, therefore, to 
find out which constituents of this complex medium 
may be more directly involved in the formation of 
malic enzyme 

The activity of malic enzyme m intact cells of 
L arabinosus was determmed manometrically, by 
recording the evolution of carbon dioxide from malic 
acid, at pH 6 0 and 30°C using small Warburg flasks 

In order to separate the requirements of mduced 
enzyme formation from those of growth, it was 
necessary to use resting cells in these expermments 
The organisms were collected from the ordinary 
growth medium by centrifugation, washed and re- 
suspended in phosphate buffer (pH 60) The cell 
suspensions were incubated for 90 mim with malic 
acid (adjusted to pH 60 with sodium hydroxide), 
glucose, manganese ions and the supplement to be 
tested That no net growth occurred during the incu- 
bation period was judged from optical density meas- 
urements After the incubation period, chlorampheni- 
col was added to the incubation mixture to prevent the 
formation of more enzymes. The cells were agam 
separated by centrifugmg, resuspended in buffer 
contamung chloramphenicol, and ther ability to 
dissumiulate r-malie acid was determined mano- 
rgetrically 

In the initial experiments, the supplement used in 
the incubation mixture was made up of 5 per cent 
vitamin-free casamino-acids and a purme/pyrmuidine 
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supplement, and the results showed that enzyme 
formation had been stimulated to the same extent 
as ın the control which contamed the complete 
medium The investigation was therefore limuted 
maimly to testing the effect of various amino-acids, 
purines and pyrimidines m promoting the formation 
of malic enzyme ‘The vitamin-free casammo-acids 
were then replaced by a mixture of the 19 amino- 
acids known to be present ın hydrolysed casem 
Finally the amino-acids were appropriately deleted 
and substituted until ıt was found that a mixture 
of the followmg eleven amimo-acids could promote 
malic enzyme synthesis to the same extent as the 
complete mixture of nineteen acids 

L-arginine, L-cystine, L-histidme, L-1soleucine, L- 
leucine, L-lysme, r-methionme, pL-phenylalanine, 
L-tryptophan, L-tyrosine and ptL-valine, the final 
concentration of each amino-acid in the supplement 
being 25 mgm per 100 ml The purme/pyrimidine 
supplement consisted of adenine sulphate, guanine, 
thymine and uracil, the final concentration of each 
base bezng 10 mgm /100enl 

When tested separately the amino-acid mixtures 
proved more effective than the purme/pyrimidine 
supplement m promoting the synthesis of the malic 
enzyme in this organism But only when added 
together was the enzyme formed to the same extent 
as in the presence of the complete growth medium 
(Fig 1) 

It was mteresting to find that the vitamin supple- 
ment showed no effect in promoting synthesis of the 
enzyme, especially since a large number of vitamins 
have to be provided 1f this organism 1s to grow success- 
fully m a synthetic medium. Ochoa and others had 
also demonstrated the mabuility of cells starved of 
biotin to form malic enzyme It 1s possible, however, 
that washed suspensions of normal cells contain 
enough vitamins to permit the formation of this 
induced enzyme 

This work was carried out with a grant from the 
Department of Scientific and Industrial Research 

SHEILA M. Bocxs 
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Department of Botany, 
University College, London, 
WCIl 
* Korkes, S, and Ochoa, 8, J Bol. Chem , 176, 463 (1948) 
3 Snell, E E,J Bact, 50, 378 (1945) 
* Gale, E F, Biochem J, 94, 392 (1940) 
* Liehstemn, H C, Ann Rev Microbiol , 14, 17 (1960) 
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VIROLOGY 


Influence of Tomato Mosaic Virus Infection 
on the Hollow Fruit Condition of Tomatoes 


INFECTION of tomato plants by tomato mosaic 
virus (T M. V ) may have a very considerable influence 
on the quality of the fruit harvested It has been 
demonstrated}? that poor colourmg and/or fruit 
bronzing may follow virus infection 

Hollowness 1s the term used to deseribe a condition 
of the maturmg fruit in which the pericarp becomes 
separated by a cavity from the seed-bearmg axial 
placenta (Fig 1) This cavity may be erther dis- 
continuous or continuous, 1n the latter event separat- 
mg the seed-bearmg pulp entirely from the pericarp 
The hollow condition 1s especially a feature of tomato 
varieties yielding bilocular fruits, as the frut wall is 
less rigidly supported by the carpels than 1s the case 
with the fruit of tri- or multi-locular varieties As a 
consequence of this, when hollowness is associated 
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Fig. 1. Left, hollow biloeular fruit; right, normal bilocular fruit 


with bilocular fruits, they frequently assume a 
flattened, angular appearance. This misshapen 
appearance, coupled with a lack of firmness and poor 
eating qualities, makes for low market value. 

While investigating several aspects of the hollow 
fruit problem the relationship between this and 
tomato mosaic virus infection was examined. From 
a series of glasshouses, sparsely infected with virus, 
pairs of infected and virus-free plants were contrasted. 
Ten such random pairs were examined in each of 
twelve widely separated glasshouses. In all cases the 
numbers of hollow tomatoes borne on four consecutive 
trusses were compared with the total number of 
tomatoes on the same four trusses. 

The results are presented in Table 1. 








Table 1 
| Ratio . 
sound/ | Standard | Difference 
Series Plants No. hollow | deviation | (per cent) 
tomatoes 

1 T.M.V. infected 10 0:45 + 0:90 66-2° 
Non-infected 10 19-35 + 3:95 

2 T.M.V. infected 10 6-97 + 1:50 37-4 
Non-infected 10 11:14 + 3-30 

3 T.M.V. infected 10 2-24 + 0:123 49-6° 
Non-infected 10 4:45 * 1:00 

4 T.M.V. infected 10 3-96 + 0°66 12-2 
Non-infected 10 4:51 + 0:34 

5 -M.V. infected 10 2-99 + 054 51:5 | 
Non-infected 10 6:17 + 2:02 

6 | T.M.V. infected | 10 1:54 + 013 18:51 | 
Non-infected 10 1:89 + 0-09 

7 T.M.V. infected 10 0:33 t 1:10 07.04 
Non-infected 10 19-72 t 580 | 

8 .M.V. infected 10 2-00 + 0:45 16:1 | 
Non-infec 10 3-10 + 0-18 | 

9 T.M.V. infected 10 5-03 + 0-72 37-0 
Non-infected 10 8:11 + 1:08 

10 T.M.V. infected 10 4:67 + r20 53:5 
Non-infected 10 10-06 + 4:44 

11 T.M.V. infected 10 3-33 * 0:40 2:2 
Non-infected 10 5°76 + 1:06 

12 T.M.V. infected 10 7:00 + 1-25 32-0 
Non-infected 10 10-30 + 4:03 





* Significant differences at P = 0-01 
+ Significant differences at P = 0-05 


The standard deviations obtained from the data 
collected from non-infected plants are variable and 
frequently larger than those obtained from infected 

lants. It is likely that these high standard deviations 
indicate, in some cases, the fallibility of visual diag- 
nosis of virus-infected plants. The more regular 
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standard deviations occurring for infected planta, 
which are easily identified, support this theory. 
Experimental methods utilizing inoculated plants 
would probably produce much more even data. 
Nevertheless, the results suggest that a relationship 
exists between tomato mosaic virus infection and the 
incidence of hollow fruit. 
D. J. HARRISON 
States of Guernsey 
Horticultural Advisory Service, 
Beau Séjour, 
P.O. Box No. 42, 
Guernsey. 
t Selman, I. W., Rep. Ezp. Res. Sta., Cheshunt, 1043, 29, 46 (1044). 
* Boyle, J. S., and Wharton, D. C., Phytopath., 47, 4, 199 (1957). 


Growth of Contagious Pustular Derma- 
titis Virus in Human Tissue Cultures 


CowTAGIOUS pustular dermatitis or ‘orf’ is a well- 
known disease of sheep which occasionally causes 
lesions, usually on the hands or face of people who 
work with sheep or their carcases. Such lesions may 
be difficult to distinguish from those caused by cowpox 
virus or by certain bacteria and fungi and a simple 
means of laboratory confirmation would be useful. 
Human infections may be confirmed by transmitting 
the virus to sheep and carrying out cross-immunity 
tests; but this is laborious and seldom used. A 
complement-fixation test using sheep material as 
antigen was used by Macdonald’, but is not very 
sensitive. The virus will not grow in the developing 
chick embryo—which distinguishes it from cowpox 
virus—or in any of the smaller laboratory animals. 

Plowright et al.* described the growth of contagious 
pustular dermatitis virus in sheep testis and kidney 
tissue culture. We have found that a stock strain of 
the virus grows well in lamb embryo kidney tissue 
culture in monolayers. Using a medium containing 
10 per cent calf serum we have obtained average titres 
of 10* fifty per cent tissue culture infectious doses per 
0-1 ml. of infected fluids on repeated passage at 36° C. 

The identity of the virus was checked by rubbing 
tissue culture fluid into the shaved skin of a non- 
immune sheep and re-isolating the virus in tissue 
cultures from typical ‘orf’ lesions. Cross-immunity 
tests using three sheep were suggestive but not 
entirely satisfactory, because a reduced number of 
lesions developed in both challenged animals which 
had been vaccinated either with tissue-culture 
vaccine or the standard Burroughs Welcome vaccine. 
Cytopathie changes in lamb embryo kidney cultures 
included early rounding and swelling of the cells 
followed by clumping which superficially resembles 
the appearances seen with certain types of adenovirus 
grown in human embryo kidney cells. With heavy 
inocula of the virus, cytopathic effect was seen after 
24 hr. and most of the tissue cells infected became 
detached from the walls of the tubes in three days. 
The virus appears to reach maximum titre in cells 
after three days and is then liberated into the medium. 

Contagious pustular dermatitis virus which had 
been passed three times in lamb tissue was used to 
infect stationary cultures of human amnion, human 
embryonic kidney and human embryonic liver cells. 
In all types of cell the virus grew well, causing cyto- 
pathic changes similar, in unstained preparations, to 
those seen in lamb kidney cultures. The medium 
used for the growth of the virus in human amnion 
cells, which are widely used in virus diagnostic 
laboratories, contained 10 per cent calf serum. 








the most suitable available method for isolating 
 eontagious pustular dermatitis virus from human 
: lesions. In preliminary tissue culture experiments we 
“haye not been successful in demonstrating unequivo- 
-cally the development of neutralizing antibody after 
-infection in either sheep or humans. Using an antigen 
_ derived from infected lamb embryo kidney cultures 
-we have shown that experimentally infected sheep 
_develop significant rising titres, up to 1 : 64, of comple- 
-— "ment fixing antibody three weeks after infection. 
c: *Qrf' is locally common in certain parts of England 
and Scotland, but in our area it is rare and we have not 

-yet had the opportunity to examine adequate speci- 
1o mens from the infection in man. 


















A. MACDONALD 
T. M. BELL 


- Department of Bacteriology, 
The University, 
a Aberdeen. 
— 1! Macdonald, A., J. Path. and Bact,, 68, 75% (1951). 


oo? Plowright, W., Witeomb, M. A., and Ferris, R. D., 
Virusforsch., 9, 214 (1959). 


Arch, Ges. 


AGRICULTURE 


A New Method of Estimating the Dry- 
Matter Intake of Grazing Sheep from their 
| Fecal Output 


<o IN a series of investigations on dry-matter intake 
_ and fæces output of ewes, at different feed-levels, it was 
observed that a particular fraction .of the feces, 
readily dissolved by treatment with dilute acid, was 
closely related to the intake of dry matter. It was 
considered that this dissolved fmeal fraction would 
be unlikely to contain any high proportion of food 
residues already subjected to fermentation and 
digestion in the alimentary tract but was likely to 
consist largely of the more soluble parts of the 
 gmetabolie fraction of the fæces, It has already been 
shown that this fraction bears a close relationship to 

dry matter intake}, 
coss otal collection of the fæces was employed’ and 
o0 T gm. of the milled dried faces was allowed to stand in 
5550150 ml. of 0-2 N hydrochlorie acid (containing a small 
- 5, quantity of wetting agent) at room temperature for 
(02718 hr. After filtering through a paper disk in a Gooch 
"--erueible the amount of this dissolved fecal fraction 
was determined and the total daily production 

calculated. 

Further work during 1959 and 1960 involved a 
range of feeds, ineluding fresh and dried herbage, fed 
at different levels of intake to ewes and w ‘ethers. For 
.'eleven feeds, including grass-clover mixtures, each 
_ fed to several animals, the relationship between daily 
^dry-matter intake and the daily dissolved fecal 
fraction output in gm. for 64 observations was 
y= 250 + 17-8 x, y being the predicted dry-matter 
: intake and z the dissolved fecal fraction output. 
< Tn the cases of two other legume feeds, lucerne and 
> oa elover mixture, dissolved fecal fraction outputs 

* ders higher than those for grass and grass-legume 
mixtures at comparable levels of dry-matter intako. 
s The errors associated with the prediction of other 

.. y values for two values of dissolved fecal fraction 

output for means of various numbers of animals are 
RUNI in Table 1. 





















solation of the v virus. kou experimentally d. A 
“sheep both suggest that human amnion cells may be 













No üfsnisála in to "xD 1B 
' group. for which the SE. Pe 
prediction is made estimate 
1 795 
5 33-9 
10 25-0 
20 18:9 






These levels of precision suggest that this mothod 
should be suitable for estimating the free grazir 
intake of ewes, without the need to develop separa 
‘local’ regressions for each type of sward grazed. | 

This method overcomes some of the difficulties 
associated with some 'fiecal index’ regressions used 
the past since it is based on the relationship of d 
matter intake and dissolved fecal fraction. outpu 
thus avoiding the error involved in applying regres 
sions of fæces composition on dry-matter digestibility, 
deveioped at one level of intake indoors, to studies of. 
grazing animals at different levels of intake. un 

‘Where the basic relationship is between the total 
output of a faces compoftent and feed intake, and the _ 
regression does not pass through the origin, feces | 
composition at any one level of feed digestibility will 
vary with intake. ! 

These investigations are being extended and this” 
method applied, in observations on grazing ewes, 
with the aid of a grant from the Agricultural Research: 
Council. : 































J. B. OwEN 


Department of Agriculture 
t Animal Husbandry), 
University College of Wales, 
. Penglais, 
| Aberystwyth. 
1 Mitchell, H. H., Bull, Nat. Hes. Council, 55 (1926). 


1 Huteninson, K. J., Austral. J. Agric, Res. 9 (4) (1958). D 
? Owen, J. B., and Ingleton, J, W., Animal Production, $ (1) (1860): 


Groundnut Variety, Mani pintar 


SMARTT, in a recent, communication!, mentions the SS 
very satisfactory performance of the groundnut 
variety, Mani pintar, in trials in Northern Rhodesia. | 
In a series of trials on agricultural stations and on . 
local farms in the Northern Region, Ghana, in 1960. - 
the variety was outstanding, giving a mean yield _ 
35 per cent higher than the local varieties, 24 pero 
cent higher than previously released improved . 
varieties and out-yielding all other recent introduc- _ 
tions. : 
The variegated red and white testa characterizing 
the variety was found to be quite acceptable to the 
local farmer, who uses most of the crop for expression 
of the oil. - 

It w suggested that s & y variety with many excellent 
qualities and which has performed well in two widely 
separated African territories is worthy of widespread 
trial in other groundnut-growing areas. 

I em grateful to Mr. Smartt for providing t the 
original seed for my work. 











J. MoRwiew 
Central Agricultural Station, 
Nyankpala, 
B.O. Box 52, 
. Tamale, 
Northern Region, 
Ghana. 
1 Smarti, J., Nature, 188, 1070 (1060). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * 18 open to the publi) 


Monday, October 9 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SOIRNCE (in the Jomt 
jtaff Common Room, University College, Gower Street, London, 
«W C1), at 530 pm—Dr B Mayo “The Dilemma of Determinism” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the EWELL COUNTY TECHNICAL COLLEGE and the KINGSTON 
TECHNICAL COLLEGE CHEMICAL SOCIETIES, at the Ewell County Tech- 

ical College, Reigate Road, Ewell, Surrey), at 7 pm —Prof G E 
oates ‘Organic Denvatives of Coinage Metals” 


Tuesday, October 10 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N W 1), at 5 p m —Scientific Papers 2 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, WC 2) at 530 pm — 
ree y Ellott '"FPrends m Computer Engmeermg'" (Chairman's 

ess 


INSTITUTION OF MECHANIOAL ENGINEERS, AUTOMOBILE DIVISION 
{at 1 Birdcage Walk, Westminster, London, S W 1), at 630 p m.— 
“The Importance of the Design Stage" (Chairman’s Address) 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Chemical Society, Burlington use, Piccadilly, London, W 1), 
z i m —Leeture by Dr H M len (Paint Research Institute, 

e 


ROYAL INSTITUTE OF CHEMISTRY (Joint meeting with the BRIGHTON 
TECHNICAL COLLEGE CHEMICAL SOCIETY, at Brighton Technical College, 
Brighton), at 7 pm —Prof R L Wam,FRS “Chemical Control 
of Plant Growth". 


Wednesday, October 11 


ScHOOL OF PHARMACY, University of London (at 29-39 Brunswick 
Square, London, WC 1), at 3 pm —Sir Eric Ashby “Placebo and 
Analgesic in Education” 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 pm —Prof Arne Noé-Nygaard (University of 
oe “Geology of the Faeroes” (Sixteenth Wilham Smith 

ecture M 


BRITISH COAL UTILIZATION RESEARCH ASSOCIATION (in the Conway 
Hal, Red Lion Square, Holborn, London, W C 1), at 530 pm — 
Mr L Rotherham ‘The Position of Coal in Electric Power Genera- 
tion” (Tenth Coal Science Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 6 16 p m —Scientific Papers 


INSTITUTE OF METAL FINISHING, ORGANIO FINISHING GROUP 
{at the British Institute of Management, 80 Fetter Lane, London, 
EC4),at630pm —Mr D H Grover “Plastic Industrial Paints" 


SOCIETY OF INSTRUMENT TECENOLOGY, CONTROL SECTION (at 
Manson House, 26 Portland Place, London, W 1), at 7 pm —Mr 
H B Whitehouse and Mr M I MacLaunn  ''Process Control in 
Paper Mills" 


Thursday, October 12 


INSTITUTE OF REFRIGERATION (at the Institute of Marine Engineers, 
The Memorial Building, 76 Mark Lane, London, EC 3), at 530 pm 
—Mr C M Bram Presidential Address 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W C 2), at 530 pm —Dr H G Taylor 
“Research im the Field of Electricity Utilization” (Chairman’s Address), 


RADAR AND ELECTRONICS ASSOCIATION (in the Lecture Hall of the 
Royal Society of Arts, John Adam Street, Adelphi, London, W C 2), 
at 7pm—Mr L F Matthews Space Communications Part 1 
Systems and Equipment" 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W 1), at 7 30 p m —$8ir George 
McRobert ‘From Empire to Commonwealth" (Presidential Address) 


Friday, October 13 


ASSOCIATION OF APPLIED BIOLOGISTS (at the British Museum 
(Natural History), South Kensington, London, S W 7), at 10 50 a m — 
Meeting on “Mites of Economie Importance" 


Saturday, October 14 


LONDON County CouNcm (at the Horniman Museum, London 
Road, Forest Hill, London, 5 E 23), at 330 pm—Dr J A Fraser 
Roberts “The Usefulness of the Blood Groups and some other 
Simply Inherited Characteristics in Anthropological Studies" * 


APPOINTMENTS VACANT 


fa 
APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned 
ASSISTANT LECTURER (Grade B) IN MATHEMATIOS—The Registrar, 
Fhntshire Technical College, Connah’s Quay, near Chester (October 13) 
ASSISTANT LECTURER IN ZOOLOGY—The Registrar, The University, 
Nottingham (October 14) 
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ASSISTANT LIBRARIAN (Acquisitions) (honours graduate with pro- 
fessional qualifications 1n librarianship and practical experience 1n an 
academic library)—The Secretary of University Court, The University, 
Glasgow, W 2 (October 14) 

LECTURER or ASSISTANT LECTURER (with an honours degree and 
practical experience of at least one branch of the food mdustry) 
IN Foop SCIENCE in the Proctor Department of Food and Leather 
Science—The Registrar, The Unrversity, Leeds 2 (October 14) 

TUTORIAL STUDENT (graduate or about to graduate) IN THE DE- 
PARTMENT OF MECHANICAL ENGINEERING—The Registrar, King’s 
ror (University of London), Strand, London, WC2 (Octo- 

er ~ 

POSTDOCTORAL RESEARCH ASSISTANT, to work on high energy 
physics using the nuclear emulsion technique—Prof E H Bellamy, 
Department of Physics, Westfleld College (University of London), 
London, N W 3 (October 20) 

SCIENTIFIC ASSISTANT IN THE CHEMISTRY DEPARTMENT, for the 
Maintenance of physical instruments including spectrophotometers 
and radiochemistry equipment, duties will also include certain routine 
measurements and demonstrations—Head of the Department of 
Chemistry, Chelsea College of Science and Technology, Manresa Road, 
London, 8 W 3 (October 21) 

ASSISTANT LECTURER or LECTURER (preferably with a special in- 
terest in analysis or algebra) IN PURE MATHEMATICS—The Secretary, 
Birkbeck College (University of London), Malet Street, London, W C1 
(October 23) 

CHEMIST, CHEMICAL ENGINEER, or PHYSICIST (with a university 
honours degree or equivalent in chemistry, chemical engineering or 

hysies together with some years of research experience) IN THE 
CHEMICAL ENGINEERING SECTION, CSIRO, Melbourne, Australia, 
to undertake work of a fundamental nature in the flelds of fluid 
dynamics, mass transfer and reaction Kinetics— Chief Scientrfic 
Liaison Officer, Australan Scientific Liaison Office, Africa House, 
38) way, London, W C 2, quoting Appointment No 608,15 (October 


RESEARCH FELLOW or SENIOR RESEARCH FELLOW IN THE DEPART- 
MENT OF PARASITOLOGY, University of Queensland, for duties which 
will include the instigation of research work on pathogenesis of para- 
sitic infections ın domestic animals, and also a certain amount of 
undergraduate teachlng—The Registrar, University of Queensland, 
Brisbane, Queensland, Australia (October 28) 

ASSISTANT SYSTEMATIC BOTANIST (honours graduate in botany or 
agricultural botany)—The Secretary, National Institute of Agri- 
cultural Botany, Huntingdon Road, Cambridge (October 30) 

LABORATORY SUPERINTENDENT IN THE DEPARTMENT OF ENGINEER- 
ING, Fourah Bay College, University College of Sierra Leone—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, WC1 (October 30) 

CHAIR OF CHEMICAL PaTHOLOGY—The Secretary, The University, 
Aberdeen (October 31) 

CHEMIST (well qualified, with an interest in mucrobiology and 
enzyme chemistry), for research relating to the production of slipe 
wool—Ihe Secretary, Wool Research Organization of New Zealand 
(Inc), PO Box 5115, Wellington, New Zealand, or the New Zealand 
Scientific Liaison Officer, Africa House, Kingsway, London, W C 2 
(October 31) 

DEPUTY (preferably with a degree in zoology) TO THE DIRECTOR, 
Whipsnade Park, to assist the Director in the scientific and animal 
management work in the Park—The Secretary, Zoological Society 
of London, Regent’s Park, London, N W 1 (October 31) 

LECTURER or ASSISTANT LECTURER IN ANATOMY at the University 
of Malaya, Singapore—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W C1 
(October 31) 

LECTURERS (2) (with special qualifications and experience in the 
food industry (other than the dairy industry) or in biochemical 
engineering) IN Foop ScrENCE— The Registrar (Room 22, ORB), 
The University, Reading (October 31) 

PROFESSOR OF MATHEMATICS or PROFESSOR OF APPLIED MATHE- 
MATICS at the University of Natal, Durban—tThe Secretary, Associa- 
tion of Universities of the British Commonwealth (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (South Afmea and 
London, October 31) 

SENIOR LECTURER and & LECTURFR IN MATHEMATICS at the 
University College of Townsville, University of Queensland—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, SW 1 
(October 31) 

LECTURER or ASSISTANT LECTURER IN MATHEMATIOS at the Univer- 
sity College of Rhodesia and Nyasaland—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C1 (November 5) 

CHAIR OF PHYSICS m Makerere University College, East Africa— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W C 1 (November 10) 

LECTURFR IN PSYCHOLOGY m the School of General Studies, 
Australian National University— The Secretary, Association of 
Universities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, S W 1 (Australia and London, 
November 15) 

LECTURER IN PHILOSOPHY at Newcastle University College, The 
University of New South Wales—The Agent-General for New South 
Wales, 56 Strand, London, WC 2, and the Appointments Section, 
Box 1, Post Office, Kensington, New South Wales, Australia (Novem- 
ber 17) 

LECTURER IN ANATOMY at the University of Western Australia— 
The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 5 W 1 
(Australia and London, November 18) 

LECTURER/SENIOR LECTURER (graduate with an appropriate degree 
and with postgraduate research and/or field experience 1n agronomy 
IN AGRONOMY at the University of New England, Armidale, New 
South Wales, Australia—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pail Mall, London, S W 1 (Australia and London, N ovember 30) 
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ASSISTANT PROFESSOR IN PHARMACOLOGY—Prof M F Murnaghan, 
University of Ottawa, Ottawa, Ontario, Canada 

EXPERIMENTAL OFTICER (with a pass degree including chemistry 
or H. N € inchemistry) 1n County Hall Laboratory, for duties which will 
involve research, control and development ın a wide fleld of science— 
ST Memcal Officer of Health (D 1/N/2598/9), County Hall, London, 


HEAD (with good qualifications in chemistry and teaching ex- 
perience) OF THE SOIENCE DEPARTMENT—The Headmistress, Roedean 
School, Brighton 

KEEPER (with an honours degree and/or a museums diploma) 
OF ETHNOLOGY—The Director, Liverpool Museums, William Brown 
Street, Liverpool 3 

LABORATORY TECHNICIAN, for a research laboratory specializing in 
lipid analysis for metabolic studies—J A Balint, MB, MRCP, 
Division of Gastroenterology, University of Alabama Medical Center, 
Birmingham 3, Alabama, U S A. 

LECTURER or SENIOR LECTURER IN EDUCATION— The. Princ'pal, 
they anes Graham College, Lawns House, Chapel Lane, Farnley, 

eeds 

LECTURER (preferably with experience in circuit theory and able 
to supervise research) IN THE FIELD OF LIGHT ELLOTRICAL ENGINEER- 
ING—Head of the Department of Electrical Engineering, Imperial 
College of Seience and Technology, London, 8 W 7 

LECTURER (with an honours degree in chemical engineering or 
Corporate Membership of the Institution of Chemical Engineers, with 
experience in research and 1n the operation and supervision of full-scale 
chemical plant) IN CHEMICAL ENGINEERING— The Registrar, The 
University, Nottingham 

MASTER TO TEACH CHEMISTRY to all levels, including a substantial 
amount of sixth form work—The Headmaster, King’s College School, 
Wimbledon, London, S W 19 

MATHEMATICIANS (with an honours degree in mathematics, and 
preferably previous experience with computers) IN THE COMPUTATION 
CENTRE, National Research Council of Canada, for work which will 
involve the analysis and programming of problems which arise in 
the various scientific and engmeenmng divisions of the Council—The 
Employment Officer, National Research Council, 100 Sussex Drive, 
Ottawa, Ontario, quoting Ref E R 210 2 

RESEARCH STUDENT IN INORGANIC CHEMISTRY, for work concerned 
with inorganic polymers—The Professor of Chemistry, Westfleld 
College (University of London), Hampstead, London N W 3 

RESEARCH STUDENTS IN THE DEPARTMENT OF CHDMISTRY, for work 
on the inorganic chemistry of complexes in solution, polyacids, ete — 
The Registrar, Manchester College of Science and Technology, Sackville 
Street, Manchester 1 

TRCHNICAL ASSISTANT (with a university degree or equivalent 
quahlfications, and the ability to assist in the construction of research 
apparatus) IN THE DEPARTMENT OF APPLIED PHYSICS, to assist in 
research on subjective brightness—Head of the Applied Physics 
Department, Northampton College of Advanced Technology, St 
John Street, Clerkenwell, London, EC -. 


REPORTS and other PUBLICATIONS 


(not wneluded in the monthly Books Supplement) 


Great Britain and Ireland 


British Welding Research Association Sixteenth Annual Report, 
1M. Pp 63 (London British Welding Research senna FT. 
1961 
Royal Scottish Museum Annual Report, 1000 Pp 29 (Edinburgh 
Royal Scottish Museum, 1961 ) [148 

Department of Scientific and Industrial Research Memoirs of the 
Geological Survey—Scotland The Economic Geology of the Fife 
Coalfield, Area II Cowdenbeath and Central Fife, including Fordell, 
Lochgelly, Cadham and Kirkealdy By E H Francis, based on the 
work of J K Allan and J Knox Second edition. Pp vin+152+3 


plates : (Edinburgh and London HM Stationery Office, d 
25s ne 
Gateways Guide to Courses of Further Education in Middlesex, 


1961-1962 Part 1 Vocational Courses Pp 50--xiv--4 plates 
(London Middlesex County Council Education Committee, 1961 )/148 
The Twelfth Annual Report of the Wildfowl Trust, 1959-1960 
By Hugh Boyd and Peter Scott Pp 185+24 plates (Slimbridge 
The Wildfowl Trust, 1961) 17s 6d net [148 
Department of Scientificand Industrial Research National Physical 
Laboratory Noteson Apphed Science, No 23 Radiometric Standards 
and Measurements By E J Gillham Pp iv+23 (London HM 
Stationery Office, 1961 ) 1s 9d net z [148 
Privy Council Medical Research Council Memorandum No 40 
Ageing and the Semi-skilled—a Survey in Manufacturing Industry on 
Merseyside Bv Alastair Heron and Sheila M Chown, assisted by M S 
Featherstone and Catherine M Cunningham. Pp vul+59 (London 
HM Stationery Office, 1961) 55 net [148 
Air Ministry Meteorological Office Scientific Paper No 10 Inci- 
dence of, and some Rules for Forecasting, Temperature Inversions 
over the North-East Atlantic By H C ‘Shellard and R F M Hay 
Pp ii 21 (MO 696) (London HM Stationery Office, id 
3 ne 
Department of Scientific and Industria] Research , and Fire Offices’ 
Committee Jomt Fire Research Organization Fire Research 1960 
Report of the Fire Research Board with the Report of the Director of 
Fire Research Pp vii +67+12 plates (London HM Stationery 
Office, 1961) 5s 6d net [148 
Department of Scientific and Industrial Research Road Research 
qo Road Research Technical Paper No 51 Factors Affect- 
ng the Amount of Travel By J C Tanner. Pp iv+26 (London 
H M Stationery Office, 1961) 2s net [148 
Planning, Vol 27, No 454, (14 August 1961) Economic Planning 
in France Pp 205-240 (London Political and Economic Planning, 
1961) 5s [148 
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Other Countries 


Institut Royal des Sciences Naturelles de Belgique Tome 3 
ulletin No Note Nomenclatonale  Yunnanella Graba. 
Yunnanelhna Grabu, Nayunnella Nom Nov (Rhynchonelles) P. 
Paul Sartenaer Pp 3 Tome 37, No 3 Sur la Structure Submier 
scopique de la Conchioline de Moliusques Par Charles Grégoire Py» 
34+-10 planches Tome 87, No 4 Contribution a l'Etude de 
Bostrychidae 27 Collection du Musée d'Histoire Naturelle Sencket 
berg a Francfort-sur-Main Par Jean-Marie Vrydagh Pp 23 Tom 
37, No 6 Tendances Evolutives et Ornithosystematique Par Rep 
Verheyen Pp 27 Tome 37, No 6 Les Acariens Parasites Endopu. 
monauires des Serpents (Entonyssidae Mesostigmana) Par Alex Fan 
Pp 135 Tome 37, No 7 Contribution à l'Etude des Bostrychidas 
No 28 Etude des Types de Fahraeus, Désignation de Lectotype: 
Par Jean-Marie Vrydagh Pp 10 Tome 37, No 8 ber Namen de 
Gattungen und Arten der Lycosidae (Araneae) Von Car] F Roewe 
Pp 19 Tome 37, No 9 Les Bryozoaires Devoniens de la Belgique 
Le Genre Canutrypa Bassler Par Edmond Dessilly Pp 12 + 
planches Tome 37, No 10 Contribution à l'Etude des Bostrvchidat 
No 80 Le Genre Xylogenes Lesne Par Jean-Marie Vrydagh Pp 1» 
Tome 37, No 11 Contribution à l'Etude de la Pigmentation che 
l'Homme (ire partie) Par André Leguebe Pp 29 Tome 37, No 12 
Pruranheorylon stochmans. n gen, n sp, bois d'Euphorbiacees d: 
lEocene de Belgique Par Nicole Grambast Pp 12--4 planches 
Tome 37, No 13 Un Trichoptere Nouveau d’Afrique Centrale 
Macronema triineata Sp n Par Serge Jacquemart Pp 3 (Bruxelles 
Institut Royal des Sciences Naturelles de Belgique, 1961 ) [15! 
World Meteorological Organization Guide to Chmatologica 
Practices Pp wit+94 (WMO-No 100 TP 44) 15 Swiss francs 
Guide to Climatological Practices, Supplement No 1 (June, 1961) 
Pp 16 (Geneva World Metaprological Organization, 1961 ) [16€ 
Oak Ridge National Laboratory, Tenn, US A Papers published ir 
Journals and presented at Meetings, Reports Issued and Theses com 
pleted, during 1960, by ORNL Staff Members Pp v+107 (ORNI 
Central Files Number 61-6-27) Oak Ridge, Tenn Oak Ridge 
National Laboratory, 1961 ) [158 
United States Department ofthe Intenor Fish and Wildlife Service 
Bureau of Commercial Fisheries Statistical Digest No 50 Alaska 
Commercial Salmon Catch Statistics, 1951-1959 By Robert R 
Simpson Pp +115 (Washington, DC Government Printing 
Office, 1960 ) 60 cents 158 
Organization for European Economic Co-operation European 
Nuclear Energy Agency Catalogue of Courses on Nuclear Energy in 
OEEC Countries, 1961-1962 Pp 167 (Pars Organization for 
Puroneen Economie Co-operation, European Nuclear Bnergy Agen" 
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) 
Institut Royal Météorologue de Belgique 
No 33 Un Hygrométre de Grande Sensibilité Par Dr 8 de Backer. 
Pp 10 Observations Ionospheriques—Station de Dourbes Aout 
1800 Pp 26 Septembre 1960 Pp 26 Octobre 1960 Pp 26 
(Bruxelles Institut Royal Météorologique de Belgique, 1961 ) [158 
British Columbia Research Council 17th Annual Report, 1960-61 
Pp 16 (Vancouver British Columbia Research Council, 1961 ) [158 
Acta Neuropathologica, Vol 1 Fase 1 (Organ of the Commission for 
Neuropathology and of the Commission for Comparative Neuro- 
pathology of the World Federation of Neurology) Pp 106+10 
(Berlin und Wien Springer-Verlag, 1961) 38 DM 158 
New South Wales Department of Agriculture — Report of the 
Department of Àgrieulture for the year ended 30th June, 1960 Pp 
140- (Sydney Government Printer, 1961 ) [158 
Sandia Corporation, Albuquerque Sandia Corporation Bibhography 
SCR-209 An Index of Tables and Charts for use in Gas Dynamic 
Studies By D E Randall Pp 32 75 cents SCR-255 Civilian 
Application Releases through 1960 By the Technical Information 
Division Pp 120 250 dollars SCR-288 Mach Tables for Real 
Gas Equilibrium Flow of Air in Hypervelocity Test Facilities with 
Total Temperatures to 10,000? K. By K L Gom (Sandia Corporation 
Monograph) Pp 82 2 dollars SCR-245 Table of Atomic Masses 
Data compiled by R L Heath Edited by J W Guthrie (Sandia 
Corporation Monograph) Pp 802 4 dollars (Albuquerque, New 
Mexico Sandia Corporation, 1901 Obtainable from Office of Technical 
Services, Department of Commerce, Washington, DO {158 
United Nations, New York Demographic Yearbook, 1960 (Special 
Topic Population Trends) Pp x1+621 (New York United Nations, 
London M Stationery Office, 1961 ) [158 
United States Department of Agriculture Leaflet No 494 The 
Armyworm and the Fall Armyworm How to Control Them Pp 8 
(Washington, DC Government Printing Office, 1901) 5 cents [158 
New York Public Library Russian Journals of Mathematics a 
Survey and Checkhst Pp 19 (New York New York Public rt 


1901 ) 

Bulletin of the Florida State Museum, Biological Sciences Vol 5, 
No 7 GSubfamihes, Genera, and Species of Phytosendae (Acarina 
Mesostigmata) By Martin H Muma Pp 267-302 50 cents Vol 6, 
No 1  Posteranial Osteology of the Waterfowl By Glen E. 
Woolfenden Pp 1-130 160 dollars (Gainesville, Fla Florida 
State Museum, 19601) [158 
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THE AMATEUR IN SCIENCE 


N an address on August 31 to Section L (Education) 
I at the British Association meetmg at Norwich, 
m which he surveyed some current programmes of 
research in education, Dr W D Wall, director of 
the National Foundation for Educational Research 
in England and Wales, commented that he was 
himself an amateur m research ; and he raised the 
question of tho place of the amateur in research It 
is true that, in the physical sciences, the high cost of 
equipment has m itself largely elmmated the amateur 
and even the mdividual, but the position 1s perhaps 
too hghtly accepted without due thought for tho 
consequences It could be“argued that the creative 
years of an individual scientist, in. which his most 
nnportant contributions are made, are those early 
years m which he 15 emerging from amateur or tyro 
to true professional status Agam, it could be 
suggested that part of the value of mobility between 
one technology or one particular subdrvision of a 
scientific discipline and another les in the stimulus 
which a fresh outlook can supply. 

To some extent this can be found in the research 
teams comprising scientists and technologists tramed 
in different disciplines which are now commonly 
built up for the attack on problems which mvolve 
contributions from different disciplines, but it might 
be worth while to re-examine, under modern condi- 
tions, the contribution which the amateur could make, 
and the relations between amateur and specialist 
to-day, as well as the factors that most conduce to 
co-operation ‘There could scarcely be a more serious 
ieproach to the system of education in Britam than 
the admussion of a leading educationist that the first 
task of institutions of further education is to awake 
the desire to learn, and :n his presidential address to 
Section J (Psychology) Prof George Seth remarked 
that mtellectual eagerness 18 by no means the most 
obvious characteristic of the university entrant of 
the mid-century Prof Seth was concerned particu- 
larly with the attitude of the student to knowledge, 
to learning and scholarship, and the disinterested 
search for truth If, as he pomied out, a student 
lacks concern for these matters, even the able student 
will be unfitted for the university environment, and 
16 18 also true that he may be handicapped in his 
subsequent professional as well as m his university 
career 

It was therefore fittmg that two of the sectional 
presidential addresses at Norwich should be con- 
cerned with aspects of amateurism or intellectual 
curiosity Prof Seth, who thinks that the universi- 
ties may already be getting as many of the intellectual 
élte as they could expect, was much more concerned 
with the quality of teaching, and particularly the 
consequences 1f many of the brightest youngsters are 
taught largely by those who are intellectually less able 


than themselves Apart from this, he suspects that 
some of the teaching techniques m British universities 
have been ill-designed to encourage or to stimulate 
creative originalhty in their students He puts this 
fairly to the universities as m part their problem, 
though they may reasonably look to the schools for 
help What is looked for is magmative freedom 
rather than conformity or preoccupation with 
satisfying the examiners, and Prof Seth nghitly 
points out that such a quality can only flower in an 
atmosphere of freedom 

Clearly there 1s here a hne of research that should 
commend itself to the universities and to their 
psychology departments, as well as to institutions 
concerned, with educational research, and the problem 
is urgent for if, m the mnmediete future, we must 
look to the schools to stimulate this quality, the 
universities should be strivmg to acquire teachers 
of sufficient number and quality to meet the need 
in all departments It ıs to the teacher that Prof 
Seth looks primarily, and he maintains that an active 
scepticism of traditional educational instruments, 
institutions and philosophy holds enormous possibih- 
ties for good A community that hves complacently 
on the mheritance of accumulated experience that 
we call tradition is already dead, however rich and 
splendid its past may have been, but Prof Seth also 
reminds us that, without that past, and without a 
clear and just appreciation of its meaning for us, our 
future advance will be feeble, Jacking in impetus, 
uncertain and wavering in direction 

There m some degree is expressed the case for 
co-operation between amateur and professional, 
and ıt might be held that the Earl of Cranbrook's 
presidential address to Section X on September 1 on 
“Science, Pohties and Social Service" expounds that 
theme JInsisting on the importance of the possession 
of a curious and inquirmg mind, which is regarded 
as & main difference between man and other animals, 
Lord Cranbrook notes the bearing of intellectual 
curiosity and the scientific outlook on the advances 
m the seventeenth and eighteenth centuries He 
comments on the range of interest which marked the 
early Fellows of the Royal Society, and shows how 
out of such amateurism m the true sense arose the 
scientific socreties of the eighteenth and nmeteenth 
centuries As a tzesult, the gradual advance 
towards universal compulsory education, which was 
fortunately faster than the gradual extension of the 
franchise, was accompanied by the growth of societies 
which encouraged men actively to do thmgs for 
themselves as well as bemg educated passively by the 
educational methods of the day 

Lord Cranbrook emphasized the majestic diversity 
of the thoughts and achievements of the great scient- 
ists of the sixteenth and seventeenth centuries, and 
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pointed out that the ordinary educated man of those 
days could still make his contribution to science well 
on into the nineteenth century, and he does not accept 
as inevitable any divorce between science and the 
humanities He makes no ill-founded claims for 
political wisdom or judgment for the scientists, even 
for biologists or economists Scientists are just as 
ready as other men to fit themselves into the Pro- 
crustean bed of their own ideology and to study the 
humanities with all the blind prejudices of the most 
obscurantist politician The connexion between 
scientific and political thought to which he referred 
could only exist 1n the earlier stages of man’s develop- 
ment, and the last great advance ın scientific thought, 
which grew out of the Renaissance, built up a scientific 
discipline mapplicable to political or sociological 
problems In Lord Cranbrook’s view, the sc.entist’s 
trainng and method of approaching his problem no 
more fits him to be the arbiter of political thought than 
does that of the priest, the actor, musician or author 

While Lord Cranbrook thus does not suggest that 
the scientist alone can put things right m the world, 
he certainly gives no support to the idea that the 
politician should know little or nothing of science or 
take pride ın being, as Mr Harold Macmillan claimed 
at the Royal Society Tercentenary banquet, the only 
amateur remaining Jn the world of to-day, men and 
women im all spheres should understand what 1s 
happening and why, and the growth of leisure should 
facihtate this Moreover a well-balanced man or 
woman should be able to understand and enjoy, at 
least in part, both arts and sciences, very appro- 
priately, smce he was addressing the Assembly of 
Corresponding Societies, Lord Cranbrook pomted 
to opportunities which these societies even to-day 
could use to foster such understanding The develop- 
ment of communal life 1s indeed a step to the 
development of political life and undeistanding 

Nor 1s this confined to the village or rural communi- 
ties of Britam or Europe Perhaps the most impor- 
tant passage of Lord Cranbrook’s addiess 1s that m 
which he discusses the bearing of oui experience on 
what 1s happening in the under-developed countries 
The major scientific societies of those countries are 
unlikely to pass through the stage of consisting 
mainly of amateurs, as did the Royal Society and 
other learned societies in Europe m the seventeenth 
and eighteenth centuries They will consist mainly of 
professional people, and the developing schools and 
universities of these countries may have to concen- 
trate on producing professional men and technicians 
In the immediate future medical men, veterinary 
surgeons, engineers, agricultural advisers and teachers 
are the primary need rather than research workers, 
but even so, 1t will be important that the general 
body of the population should understand something 
of the meaning and purpose of science 

Since these professional scientists are likely to be 
preoccupied in professional practice oi the trainmg 
of technologists and technicians, Lord Cranbrook 
Suggested that ıt will be the more important that a 
body of amateurs should be built up to study the 
natural history, archseology and local history of these 
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countries He visualized a series of Associations 
for the Advancement of Science, from which these 
peoples can learn something of the pleasures as well 
as of the meaning and purpose of science, and he 
sees a very clear parallel between technical develop- 
ment and knowledge of natural history m Britam 
150 years ago and in the less highly developed 
countries to-day It was as we passed from being a 
mainly agricultural to a mainly industrial community 
that men of all classes were busily engaged on finding, 
describing and cataloguing the living thmgs around 
them 

Lord Cranbrook thus looks to something of a 
renaissance of the local scientific society both m 
Britain and in the lesser developed countries, and m 
this he has the support of Sir Cyril Hinshelwood, who, 
in a notable address last autumn to the Manchester 
Literary and Philosophical Society, referred to the 
part which such societies could play in promoting 
understanding  betweene the arts and _ scientists 
Moreover, Lord Cranbrook recognizes that somethmg 
can be done to help under-developed countries on 
the social side also through the technical assistance 
which i8 now being increasingly given He did not 
refer specifically to either the British or the United 
States schemes for voluntary service by young people 
overseas, but, of the young people from Britain who 
are going to the under-developed countries m increas- 
ing numbers on medium-term engagements as tech- 
nicians or teachers and for short periods to assist 
generally ın social work, he emphasizes that 1t 18 
umportant that they should all realize how Britain 
developed and how our experience might be useful to 
others 

Perhaps the Voluntary Service Overseas scheme 
may have particular potentialities in this connexion , 
but for any effective assistance to be given m this 
way by those who proceed overseas under that scheme 
or any scheme of technical assistance, there 1s one 
essential condition Something more than knowledge 
is required—an inquirmng mind and the eagerness to 
learn which mark the amateur and characterize the 
true professional are needed Unless both are nurtured 
and encouraged by schools and universities alike, 1t 1s 
idle to expect that Britain will mamtain the excellence 
which has characterized her scientific work and 
much of her technology in the past, and still less 
that she will make the contribution to the leadership 
of the emergent nations ın welfare or 1n scientific and 
technical development which her experience and her 
tradition so richly qualify her to render These 
two addresses at Norwich have pointed to oppor- 
tunities and they have issued a challenge which 
should be accepted not only by the schools and the 
universities but also by many of the professional 
institutions, learned societies and the local societies 
in which professional and amateur have often come 
together and co-operated on terms of mutual respect 
and understanding Moreover, the same challenge 
was issued, but ın another context, quite as clearly 
by the Master of Sidney Sussex College, Cambridge, 
Dr David Thomson, m speaking of what the universi- 
Thus he referred to the 
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subtle and imperceptible threshold between pupil 
and student, and the absence of evidence that 
everyone can reach or cross this threshold, and he 
urged that 1t 1s the supreme duty of a sixth-form 
teacher to lead his charges to this threshold and 
encourage them to venture beyond, mdependent of 
teacher or text-book A simular task, different only 
in level, confronts every teacher in further education 
Britain's economic and industrial future, no less than 
the extent to which she can rise to her opportunities 
of leadership, alike depend largely on the effectiveness 
and vision with which ıt 1s discharged 
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MATHEMATICAL TABLES 


Table of Values of the Function 


~ 


w(z) = e-7 e + ve | e! dt) 
0 


for Complex Argument 
By V N Faddeyeva and N M Terent’ev Edited 
by V A Fok Translated from the Russian by D G 


Fiy (Mathematical Tables Series, Vol 11) Pp 
v+280 (London and New York Pergamon Press, 
1961) 100s net 


Tables of Airy Functions and Special Confluent 
Hypergeometric Functions for Asymptotic Solu- 
tions of Differential Equations of the Second 
Order 

By A D Smirnov Translated from the Russian by 

D G Fry (Mathematical Tables Series, Vol 7) Pp 

vu+260 (London and New York Pergamon Press, 

.1960) 100s net 


Bessel Functions 

Part 3 Zeros and Associated Values Edited by 
F W J Olver Prepared under the direction of the 
Bessel Functions Panel of the Mathematical Tables 
Committee (Royal Society Mathematical Tables, 
Vol 7) Pp 1lx+79 (Cambridge At the University 
Press, 1960) 50s net 


Tables of the Riemann Zeta Function 

By C B Haselgrove, m collaboration with J C P 
Miller (Royal Society Mathematical Tables, Vol 6) 
Pp xxu+80 (Cambridge At the University Press, 
1960 Published for the Royal Society ) 50s net 


Representations of Primes by Quadratic Forms 
Prepared by Hansra} Gupta, M S Cheema, A 
Mehta and O P Gupta Edited by J C P Miller 
(Royal Society Mathematical Tables, Vol 5) Pp 
xxiv+125 (Cambridge At the University Press, 
1960) 45s net 


NY suggestion that the advent of electronic 
computers may lead to the cessation of further 
pubheation of mathematical tables 1s refuted by this 
collection of new tables ‘The collection 1s particularly 
interesting, since the first two are of Russian origin, 
and allow some sort of companion with British 
tables 


The first volume deals with a function w(z), which 
at first sight would appear to have little practical 
value But if we write z = Œ% + y, then both w(x) 
and w({zy) are simply related to integrals of exp + 4?, 
and when x = y, w(z) 1s connected with integrals of 
the Bessel function J 4 1(/) The function itself may be 
expressed in the form 
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It occurs in scattering theory, m the propagation of 
electromagnetic waves, and m the breadth of spectral 
hnes ‘These tables give w(x + y) for 0 x zy < 5, 
to 6 figures, with differences, and at a tabular mterval 
of 01 The tables themselves are clear to read, but 
1t 1s & pity that not more information is available 
about their checking, and the elimination of errors 
The publishers apologize for the ‘messy’ character of 
the introductory pages The apology is very appro- 
priate 

The second volume, by Smirnov, deals with Airy 
functions These functions satisfy — differential 
equations of the form y”(æ) + x"y(z) 2 0 They 
appear frequently in all sorts of numerical methods, 
and their tabulation in detail 1s very desirable This 
collection gives y(#,a) and certam derivatives and 
differences, for | v | < 6 at intervals of 0 01, and for 
16 rational values of a between —$ and 2 Lagrangian 
interpolation 1s possible to within 10-? on average 
The tables aie beautifully printed, and are presum- 
ably copied photographically from the Russian 
original The preliminary explanatory material is 
less attractive, and the volume 1s rendered less satis- 
fying than ıt could be by the mclusion of some so-called 
"confluent hypergeometric functions”, which are 
quite distinet from the usual function F(a,b,4) of 
that name 

The remaining three volumes are all part of the 
Royal Society series of mathematical tables Here 
we meet an element of distinction, previously missing 
All three introductory sections are alive, well m- 
formed and interestingly written In particular, the 
volume on Bessel functions—which 1s No 3 in the 
series, and follows earlier volumes in 1937 and 1952—- 
reads hke a detective story It 1s an mntrigumg sign 
of the influence of electronic computers that m the 
end, as part of the checkmg piocess, 18 years of 
work by desk machines was repeated m 124 hours on 
the computer But zeros of transcendental functions 
are notoriously difficult to evaluate Here again are 
given the first fifty zeros of Jn, Yn, Jn’ and Yn’, 
together with those for the gradient of the spherical 
Bessel functions, for n = 0(3)20$ The layout ıs 
good, and the methods of testing and checkmg are 
clearly stated This 1s a first-rate volume 

With the Riemann zeta function we enter the 
realm of pure mathematics There 1s still no proof 
that all the non-trivial zeros of f(s) mr the eritical 
strip for which the real part of s hes between 0 and 1, 
are on the critical line bisecting this strip — But this 
seems to be the case so far as calculations have been 
carried This volume gives the real and 1maginary parts 
of C(4 + 2) and ¢(1 + 2) for t = 0 (01) 1000 to 6 
decimals Immense tabulation on a computer was 
needed But the results are worth 1t 

Fmally, we have Gupta’s tables giving various 
representations of prime numbers p not exceeding 
100,000 Ifp = a? + Db?, where D = 5, 6, 10 or 13, 
the values of a and b are given (if they exist) for all 
p So also 1s the least value of k and corresponding n, 
where, for the same p and D, kp = n? + D These 
tables are easy to read, and should give much pleasure 
to those mathematicians mterested in the theory 
of quadratic fields The tests used by the authoys 
are impressive The typing of the tables m a form 
suitable for direct photo-copying was admirably done 
on a card-controlled typewriter © A Coursow 
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RHODESIAN COPPER DEPOSITS 


The Geology of the Northern Rhodesian Copper- 
belt 

Edited by Dr F Mendelsohn Pp. xvi14-523 (Lon- 

don Macdonald and Co (Publishers), Ltd, 1961 ) 

84s net 


N November 1902 W C Collier shot a roan antelope 
in the bush while prospecting near the Luanshya 
River close to the body of the buck he found out- 
crops carrying copper and pegged a clam Twenty- 
mine years later Roan Antelope became the first 
of the great Northern Rhodesian copper mines to 
come into production To-day the Copperbelt 
supports a community of more than a quarter of a 
mulion and produces nearly one-fifth of the free 
world’s copper 

Something of the scientific effort behind this great 
expansion 18 revealed by the twenty-three authors 
of the monograph under review The majority are 
members of the geological staffs of the Anglo-American 
Corporation and Rhodesian Selection Trust, but there 
are also contributors from the Briush South Africa 
Company and Union Mimiére du Haut-Katanga 
Since the ore deposits on the Copperbelt are almost 
wholly confined to a series of sediments of presumed 
Pre-Cambrian age, the Lower Roan Group of the 
Katanga System, the first necessity for exploration 
was a geological map showing the extent of these 
rocks Its production was aided by aerial photo- 
graphy, and the recognition of individual deposits 
has been facilitated by a variety of geophysical and 
geochemical prospecting techniques. 

Economic mineralization on the Copperbelt ıs 
concentrated in a zone about 100 mules long and up to 
40 mules across ‘This 1s, however, but a fraction of 
the 500-mie are of folded Katanga beds which 
stretches through Northern Rhodesia and the Congo 
into Angola, covering more than 80,000 square males 
and forming one of the world's greatest base-metal 
provinces Structurally, the Copperbelt 1s dominated 
by the north-west trending Kafue anticline, which 
brings up a central belt of pre-Katanga rocks and 1s 
flanked to the north-east by the Mufulra syncline 
and to the south-west by a series of en echelon down- 
folds on the flanks of which Bancroft, Nchanga, 
Chibuluma, Nkana and Roan Antelope Mines are 
situated The ore-bodies occur in rock of varymg 
lithology in the Mufulira basin they are predonun- 
antly arenaceous, to the south-west more commonly 
argillaceous 

Lively controversy has surrounded the origm of 
the ores On one band ther great lateral extent, 
thew persistence at certain stratigraphical horizons, 
their imtimate connexion with sedimentary features 
of the host rocks, the mferred relation of sulphide 
zoning to facies, the evidence that much of the 
mineralization is pre-foldmg, the absence of any 
obvious deep-seated source for the mineralizing solu- 
tions and the difficulty of envisaging movement of 
large volumes of such solutions for great distances 
through sediments of low permeability have suggested 
a sedimentary syngenetic origin Lean copper depos- 
its known to occur in the Pre-Katanga rocks have, 
it 1s suggested, been eroded, transported in solution 
to, the basin of deposition and precipitated durmg 
the sedimentation of the Lower Roan Group  Sub- 
sequent redistribution has taken place during the 
folding and metamorphism of the sediments On 
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the other hand, there are many features more readily 
explained in terms of epigenetic hypogene mineraliza- 
tion These include the relation of the deposits to 
the central region of the Katanga geosyncline and 
to fold axes, the presence of local mineralization in 
Pre-Katanga rocks mnmediately beneath ore-bodies 
in the Lower Roan Group, the geochemistry of the 
sediments, suggesting that they have undergone 
widespread metasomatism, and the madequacy of 
the metamorphic temperatures capable of producing 
rocks of the greenschist facies to account for certain 
observed mineralogical features 

In many cases the evidence recorded from different 
mines 1s conflicting At Roan Antelope ore has been 
proved over a strike length of about 7 miles and to 
a depth of nearlv 4,000 ft in a stratigraphically 
controlled ore-body with an average thickness of 
25 ft at Nehanga it transgresses stratigraphical 
boundaries through more than 300 ft of varied sedi- 
ments At Chibuluma and Roan Antelope the 
mineralization is unrelated to the folding at 
Nkana South the ore-body 1s confined to the highly 
contorted and fissile portions of carbonaceous shales 
At Mufulra mineralization is regarded as pre-dating 
slumpmg at Mindola ıt appears to post-date faultmg 
It 1s scarcely to be wondered at that the various 
contributors fail to reach agreement as to the genesis 
of the ores, though more space is devoted to the sed- 
mentary syngenetic theory than to any other It is 
perhaps more surprising that no attempt ıs made to 
reconcile the puzzling association of criteria suggesting 
both syngenesis and epigenesis in some mechanism 
such as long-continued infiltration of ascending 
solutions into the basin of deposition as well as into 
the growing pile of sediments 

Supergene alteration persists to great depths on the 
Copperbelt, and some of the conflicting evidence may 
be a consequence of failure to recognize the full 
extent of secondary sulphide enrichment More 
detailed investigation of this problem ıs evidently 
needed. Equally essential is the study of the relation 
of mineralization to both sedimentary and tectonic 
features m the base metal province of the Katanga 
geosyncline as a whole rather than in the small 
portion of 1t which forms the Copperbelt Political 
factors, unfortunately, make this a more difficult 
task to-day than at any time in the past fifty years 
When it can be undertaken i6 should prove both 
scientifically rewarding and commercially profitable 

J H TAYLOR 
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SCIENCE IN POETRY AND VERSE 


A Book of Science Verse 

The Poetic Relations of Science and Technology 
Selected by W Eastwood Pp xvi+279 (London 
Macmillan and Co , Ltd, 1961) 21s net 


HIS 1s a pleasant and successful anthology of the 

treatment of ‘science’—the term 18 given a wide 
construction—in poetry and in verse Mr Eastwood, 
who 1s vice-principal of Reading Technical College, 
starts on an optimistic note He points out in his 
introduction that ''the separation of science and 
poetry does not go back much further than the late 
eighteenth century", that “poet and scientist are 
alike concerned with the ordermg of experience, and 
to both the imagination 1s important” “a poetry 
which ignores science and. its applications 1s, ın the 
modern world, divorced from life” “There 1s no 
future for a culture which cannot reconcile the poetic 
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and scientific impulses, for both are necessary to 
the human spirit" These statements, apparently so 
simple, do in fact raise issues of vast importance, 
an appendix of selected pronouncements by Words- 
worth, Peacock, Herbert Spencer, A N Whitehead, 
I A Richards and C Day Lewis provides material 
for further argument But the greatest difficulty of 
all goes unsolved the basic and ever-increasing 
difference in the vocabularies of scientists and poets 
John Donne could use astronomy, alchemy, metal- 
lurgy, optics and a little geometry, because knowledge 
had not yet given them a specialized diction A glance 
at technical glossaries—say, of computers or guided 
mussiles—offers little hope for their use im metrical 
structures. 

Among the poems, or parts of them, that we should 
have expected are those from Lucretius, Chaucer, 
Shakespeare, Donne, Milton, Butler of Hudzbras, 
Akenside, Erasmus Darwin, Wordsworth, Shelley, 
Tennyson, Kipling, but Mr Eastwood has cast his 
net far more widely, and with effect It 18 improb- 
able, for example, that fhe common reader will 
know Blackmoor’s Anatomy and Revelation, Young 
(dullest of poets) on Screntific Theology and Religious 
Naturalism, Hood’s Cranwlogy He will find an 
extract from Blake’s Vala and perhaps regret that 
he does not find more passages from, let us Say, 
Jerusalem 

But ıb ıs ın the poetry of our own century, and in 
particular of the past twenty years, that Mr East- 
wood’s harvest 1s richest, Hart Crane’s admirable 
The Bridge, Kathleen Raine’s The Human Form 
Dwine and Rock, Patrick Dickinson’s Jodrell Bank, 
Robert Conquest’s Guided Missile Experimental 
Range, John Wain’s Poem Feign’d to have been by an 
Electronic Bram, and much else A reviewer ıs 
prompted, mevitably, to speculate on what he him- 
self might have added or omitted ‘Q’s parody of 
Sir Patrick Spens 1s good only in parts Surely there 
was a case for mcluding W J Turner’s Geological, 
perhaps his Formal Lyr, Wilfred Ashley’s Goods 
Tian at Night possibly the magnificent epitaph m 
terms of the railway that rests m the south transept 
of Ely Cathedral And while we have & poem 
on a tractor—there must be many written in the 
Soviet Union, too—why have we no poem on motor- 
cars? T R HENN 
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A NEW LOOK IN PHYSICS TEXT- 
BOOKS 


Physics 

(Physical Science Study Committee) Pp vin+656 
40s Laboratory Guide for Physics Pp vu+87 
10s (Boston, Mass D C Heath and Company, 
London George G Harrap and Co, Ltd , 1960 ) 


HIS book represents a new kind of physics 
To It ıs a year’s work intended for American 
high-school pupils aged about 16 years, who may 
have done no physics previously and who need not 
necessarily be doing mathematics concurrently It 
is excellent by any standards, authoritative, well 
planned, clearly written, and in this final (or more 
probably, current) edition, which 1s the outcome of 
drafts already tested 1n schools, well produced 
Jt ıs unlikely, at least ın the near future, that many 
Buiitish teachers will find themselves using such a 
course, but this 1s a book which every physics teacher 
ought toread He will find it stimulating and mstiuc- 
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tive, 1t will also possibly provoke some disagreement 
—and it 1s about tıme that teachers in Britam had 
something as provocative as this to shake up their 
ideas 

The Physical Science Study Committee in the 
United States has organized this course down to the 
finest detail, covering text-book, laboratory guide, 
apparatus, films, tests, and background reading, and 
also the teacher who 1s, as Prof Zacharias has said, 
only one of the range of teaching aids Indeed, 
experienced teachers are being re-tramed on full-time 
courses lasting about a term to prepare themselves 
to work this syllabus This almost savours of ‘The 
Method’, but both British and American physicists 
who have been to these courses assure me that after 
a short initial phase of scepticism they have been 
imbued with the ideas of the Physical Science Study 
Committee It should also allay the misgivings of 
those who feel that the concepts of modern physics 
can only be presented to schoolboys in a dogmatic 
manner, which 1s the chief basis for any disagreement 
with the Commuttee's course, for 1t 1s intended to be 
taught by people who have been converted to the 
belief that ıt can be done soundly, scientifically, and 
as undogmatically as anythmg can be done at 
school—and who understand how 

The text-book ıs m four parts, each the work of a 
group composed of university physicists and school- 
teachers The first part deals with the measurement 
of time and distance, motion, vectors, the concept of 
mass, elements, atoms and molecules’ Part 2, on 
optics and waves, explams wave propagation very 
fully, and gives a detailed treatment of mterference 
and diffraction, 1t also discusses the particle behaviour 
of hight Part 3, on Newionian mechanics and gravi- 
tation, deserves a very careful study by those who 
are suspicious of dogma Newton’s third law (which, 
incidentally, 18 not called that) ıs obtained mductively 
(as Newton found 1t) from experimental observations 
on the conservation of momentum The really honest 
reader will find himself wondering whether he has 
not been teaching dogmatically for years Part 4, 
on electricity and atomic structure, 18 written 
in rationalized MKS umts, sooner or later science 
teachers in Britain will have to be as adaptable as 
teachers in other countries who must have undergone 
the discipline of mastermg them on the Job recently 
But the work on electromagnetism 18 made crisper 
than usual by the elimmation of the vector H It is 
possible that the treatment may be revised in places 
Great emphasis ıs laid, for example, on Millikan’s 
experiment for e, performed with small plastic. 
spheres ‘This has been criticized as taking a lot for 
granted, and I beheve the Committee was rather 
worried about 1ts soundness, but the latest report 
on ib was reassuring Atomic structure ıs dealt 
with entirely in terms of energy-levels, the existence 
of stationary states bemg justified by an appeal to 
elementary wave-mechanics The Bohr atom itself, 
which looks as if it may at last be finding 1ts way into 
British school syllabuses, has been dispensed with in 
this book 

Many of the experiments m the laboratory manual 
are to be commended, as they show what can be done 
with quite simple apparatus These include the 
determination of molecular size, the examination of 
spectra and the determination of wave-length, the 
1elation between inertia-mass, gravitational-mags 
and weight, the verification of Kepler’s law of equal 
areas, and the determination of the mass of the 
electron 
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Heat, as ib 1s usually taught, does not come mto 
the course at all, and, ın what 1s intended for a one- 
year course, the compilers have had to be rigorously 
selective in other duections as well They have 
concentrated on what they believe to be fundamental 
and what can be well taught They report that the 
course has proved itself in practice, and the tests 
given to the pupils are certainly exacting I was able 
to obtain a specimen set, and I can only say that 
I should not care to tackle them after a hard day 
spent determming coefficients of expansion 

Prof Francis L Friedman, of the Massachusetts 
Institute of Technology, describes the development 
of the text-book m an appendix, and lists the 200 
or so contributors to the progamme They must 
be proud of then achievement G R NoakEes 


MATERIALS FOR REACTORS 


Reactor Handbook, Vol | 

Materials Edited by C R Tipton, Jr Second edition, 
revised and enlarged Pp xv+1207 (New York 
Interscience Publishers, Ine , London Interscience 
Publishers, Ltd , 1960) 260s 


HE first edition of this handbook was published 
by the United States Atomic Energy Commus- 
sion before the 1958 Geneva Conference, at a time 
when little atomic energy information had been 
released It ig not surprising, therefore, that con- 
siderable expansion and revision of the data have been 
necessary In such a rapidly expanding field and with 
the declassification of much of the earlier material 
In particular, both lquid and gaseous reactor 
materials have now been included and the number 
of authors contributing extended to some 130 reactor 
specialists The majority of the data has been drawn 
from US Atomic Energy Commussion reports, 
many of which are still classified, with generally 
only brief mention of British and other European 
work Itis claimed that the subject-matter is current 
to about the spring of 1958, which would suggest 
that litle of the mformation released at the 1958 
Geneva Conference ıs included 
It 1s only possible to indicate briefly the scope of a 
volume of 1,200 pages which covers a wide range of 
matenals In a general introductory section, bnef 
surveys are made of radiation damage and of the 
health and safety aspects mvolved in handling the 
special materials m the nuclear energy industry 
About a third of the book 1s devoted to the production 
and properties of fuels, which melude those based on 
uranium, plutonium and thorium metals both ın 
sohd and liquid form and as ceramics, aqueous 
solutions and molten salts A most comprehensive 
hst of canning and control materials 1s considered 
and the moderators reviewed are hydrogen-con- 
tammg compounds, graphite and  berylhum-base 
materials of mterest The properties of both gaseous 
and liquid metal coolants are detailed together with 
compatibility data relevant to reactor operation 
A section on shielding materials covers their physical 
and mechanical properties and behaviour under 
irradiation The volume concludes with a selected 
list of references dealing with the constitution of 
various binary alloys, which 1s in addition to a large 
number of equilibrium diagrams of technological 
interest distributed throughout the text 
Certam aspects of reactor technology of somewhat 
limited interest are described in considerable detail, 
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whereas other problems, the elucidation of which 
has occupied a great deal of effort, are not dealt with 
adequately For example, swelling of uranium metal 
fuels which can severely restrict their hfe under 
certain operating conditions, 18 barely mentioned 
and the section on radiation damage 1n beryllium could 
justifiably be expanded This also applies to the 
problems associated with pressure vessel steels, which 
could be considered m much greater detail The 
section on magnesium alloys only briefly mentions 
the magnox series which were developed by British 
workers and adopted as the canning material for the 
first seven Central Electricity Generating Board 
nuclear power stations and ignores the zirconium- 
bearing ZA alloy which the French have developed 
successfully for their reactors One 1s left with the 
impression that the handbook was prepared to 
satisfy the interests of Umted States reactor tech- 
nologists up to 1958 rather than to present a more 
comprehensive and general survey of reactor materials 
Nevertheless, ib 18 a valuable reference book and 
contains a wealth of usegil mformation 

B W Morr 


ENZYMES AND CANCER 


Chemistry of Enzymes ın Cancer 

By Prof Franz Berge] (A Monograph m American 
Lectures ın Living Chemistry ) Pp x1+122 (Spring- 
field, Ill Charles C Thomas, Oxford Blackwell 
Scientic Publications, 1961) 44s 


HIRTY years ago biochemists were hopefully 
seeking for qualitative differences mm metabolism 

between normal and tumour cells which might 
explam their radically different biological behaviour 
That search is presumably over, and we are left 
with only a few quantitative differences, most of them 
of dubious relevance to the problem of the causation 
of cancer 

Prof Bergel starts from the working hypothesis 
that these differences, which are the outward signs 
of changes in the deoxyribonucleic acid constitution 
of the cells, are related to the abnormal properties of 
cancer cells, and that if the metabole differences 
could, by any therapeutic means, be removed, then 
the cells would revert to normal behaviour 

In Part 1 he outlines the three major kinds of 
hypothesis which attempt to relate enzymes to 
cancer (1) the ‘faulty’ respiration theory of Warburg, 
(2) the generalization of Greenberg that all tumours 
possess a simular enzymic constitution, (3) the 
‘deletion’ theory, due chiefly to Potter, according to 
which the cancer cell has lost certam protein con- 
stituents, probably concerned m the synthesis of 
enzymes, and he eriticizes each in the light of recent 
biochemical developments There follows a detailed 
discussion of the present state of knowledge with ` 
respect to certam selected groups of enzyme systems, 
namely, those concerned with nucleic acid. catabolism, 
which are deficient in tumours, those concerned with 
protem and ammo-acid catabohsm, which are defici- 
ent at least in some tumours, and the enzymes of 
carbohydrate breakdown, where, among many other 
differences, phosphorylase is deficient All these 
changes are 1n the direction of providing an increased 
potential for cell division 

Part 2 deals with the possibilities of acting on 
tumour cells en vwo 1n such a way as to correct the 
faults m ther metabolism and restore them to 
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normality The final chapter gives several examples 
in detail, the emphasis being on ‘restitution’ therapy, 
in which enzymes deficient 1n. the tumour are injected 
into the animal and effects observed on the rate of 
growth of the tumour Cessation of growth has been 
observed as a result of myection of both xanthine 
oxidase and ribonuclease 

This 1s not a book for the general reader , 16 assumes 
a biochemical background, and an intimate knowledge 
of a vast hterature Prof Bergel almost accepts 
(p 81) that the fundamental difference between 
normal and cancer cells must he mn the chemistry of 
ther deoxyribonucleic acids (DNA), and that the 
changes m enzyme concentration which are observed 
must necessarily result from this change 1n the DNA, 
through mechanisms the study of which is still in its 
infancy It follows that attempts to correct enzyme 
imbalance by ‘restitution’ therapy cannot restore 
cancer cells to normalty, though its contmued 
application could conceivably control their harmful 
activibes The attempt to “repair biochemical 
lesions residing in the DN” (p 82) hes far ın the 
future Enzyme therapy obviously depends on the 
possibility of mtroducing macromolecules into cells 
The only mechanism so far suggested for this process 
18 pinocytosis (the engulfing of small quantities of 
extra-cellular fluid by cells), & phenomenon about 
whieh little 1s known with certainty, Prof Bergel 
agrees that ıt 1s "stil a subject of speculation and 
research” (p 58) 

The subject-matter 1s presented with exemplary 
clarity, and the book excellently produced and well 
indexed It will obviously be read with the greatest 
mterest by all those concerned ın cancer research 

L H STICKLAND 
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PHYSICAL OCEANOGRAPHY 


Physical Oceanography 


By Prof Albert Defant Vol 1 pp xvi+729 


Vol 2 pp vm+5988 (London and New York 
Pergamon Press, 1961) £10 10s per set of two 
volumes 


N these two volumes Prof Defant has attempted 
the seemungly impossible task of covering single- 
handed the whole field of physical oceanography 
That he has succeeded with such thoroughness and m 
such munute detail reflects the wide range of his 
hfetime's work mn this subject In almost every chap- 
ter, references are found to significant original 
contributions by Prof Defant himself, and the text 
is often illummated with examples drawn from the 
results of the Meteor expedition of 1925-27, m 
which he took part 
Each volume is m two parts, the first part of 
Vol 1 deals with the properties of sea-water and 
related topics Following a brief chapter on the 
dimensions of the oceans and the topography, of the 
sea-floor, the next five chapters. occupying some 200 
pages, deal with the physical and chemical properties 
of sea-water, the distribution of temperature, salinity 
and density m the ocean and their variation with 
time, and the temperature-salimity relationship and 
its connexion with mixing processes These are 
followed by two chapters on the water budget of the 
Earth, and ice in the sea 
The second part of Vol 1 1s devoted to dynamical 
oceanography, the movement of sea-water m the 
form of ocean currents After considering the forces 
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acting on the water, and the basic hydrodynamic 
equations, the theory of currents m homogeneous 
water ıs developed ‘This 1s followed by a discussion 
of the conditions at the boundary surfaces of water 
masses, and of currents m a non-homogeneous ocean 
Special consideration is given to currents m straits, 
and after a brief discussion of the effect of wind on 
the mass distribution and density currents, the 
remainder of the volume, amounting to 150 pages, 
is devoted to an account of the general circulation 
of the oceans 

In Vol 2, Prof Defant 1s concerned with periodic 
movements ın the ocean ‘The first part deals with the 
theory of surface waves, methods for their measure- 
ment and analysis, and theories of ther growth and 
propagation Waves in shallow water and near 
coasts, long waves in canals and standing waves m 
enclosed basins are also considered The second part 
of this volume 1s an account of the tides and tidal 
currents The tide-generating forces, the theory of 
tides, and the methods of harmonie analysis of tidal 
observations are described first, followed by a detailed 
account of the tides in the Mediterranean and the 
shallow seas Tides m estuaries are next dealt with, 
then follows an account of tides in the deep oceans, 
particularly 1n the Atlantic There 1s a chapter on 
Earth tides and the effect of friction due to tidal 
currents, and the volume ıs concluded with a sub- 
stantial chapter of 50 pages on internal waves 

The manuseript of this book was completed m 
1945, but post-War difficulties prevented its publica- 
tion until 1961 Several revisions had been made by 
then, and also the text had been translated from 
German to Enghsh Inevitably there ıs some uneven- 
ness in the revision , some topics have been brought 
up to date as far as 1957, others have been relatively 
neglected The clam in the preface that "the oceano- 
graphie literature has been considered in its entirety 
to the end of May 1957” seems exaggerated The 
first chapter on the structure of the sea-floor 1s out of 
date, and post-War revisions have left some confusion 
Three different values are quoted for the maximum 
depth ın the Pacific Much recent work on the topo- 
graphy of the North Atlantic, and the geophysical 
structure of the Earth’s crust beneath the oceans 
and contments could have been included In the 
chapter on properties of sea-water, no mention 18 
made of its electrical conductivity, the precise 
measurement of which is used extensively nowadays 
as a substitute for salinity determination Post-War 
work in the United States on forecastmg ice condi- 
tions 18 not referred to in the chapter “Ice m the 
Sea" Recent measurements of radiocarbon concen- 
tration 1n sea-water and 1:8 1mplications m estimatang 
the time-scale of the deep circulation are not con- 
sidered, and much more recent work on the generation 
and propagation of surface waves could have been 
mentioned Besides thus lack of uniformity in up- 
to-date revision, the text 1s marred by a number of 
misprints, especially m authors’ names But Prof 
Defant disarms criticism with his quotation from 
Newton, that these volumes “may be read with 
forbearance, not so much with the view to censure, 
as to remedy their defects" , and mdeed these errors 
and omissions seem minor in comparison with the 
vast quantity of mformation presented here 

Physical oceanographers may consider themselves 
fortunate to have so much of Prof Defant’s knowledge 
and experience made available to them im these 
volumes, even at the price of ten gumeas 

J C SWALLOW 
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Priests and People 
A Study ın the Sociology of Religion By Conor K 
Ward (Social Research Series) Pp xi+182 


(Liverpool Liverpool University Press, 1961) 25s. 
net 


HIS book 1s the fruit of fifteen months field work 
by a team of sociologists in a Roman Catholic 
parish in Liverpool It provides, therefore, a very 
thorough examunation of the hfe and activities of 
the parish and makes available much material which 
can be used ın assessing the effectiveness of a parish 
in an urban setting This is perhaps where the chief 
interest of the book lies for the general reader For 
more than a thousand years the territorial parish 
with its church and resident clergy has been the 
normal centre of Christian life and in the past it 
developed into very much more than a centre for 
worship only Around the parish church was col- 
lected the educational, social and sometimes political 
life of the area But with the coming of the Industrial 
Revolution all this was changed and the parish ceased 
to be the centre 1t had been 
The question has been raised whether the system 
of territorial parishes 1s the most effective expression 
of Christian community in an industrial society 
Ought the Church not to be trainmg 1ts man-power 
for specialist ministries, industrial chaplaincies, etc , 
rather than for parochial work ? Such questions are 
constantly bemg -argued and strong opinions are 
expressed Dr Ward’s book makes it abundantly 
clear that more sociological research 1s a first essential 
for finding effective answers for these and other 
problems It would be dangerous to make general- 
izations from this study of one parish Few parishes 
will be as socially monochrome as this one was 
Studies of other parishes would be useful to test how 
far the situation here described 1s typical One 
suspects that the social cohesion of Liverpool with 
its history of religious intolerance might not be so 
true of parishes in other parts of Britain Yet 
Dr Ward has made one thing clear Though changes 
must be made to adapt the parish more effectively 
to its urban environment, 1t will not be superseded 
in the foreseeable future J ROBINSON 


Handbuch der Astronautik, Lieferung |—6 
Herausgegeben von Prof Karl Schutte und Hans 
K Kaiser Band l, Heft 1 Pp 1-32 Band 1, Heft 2 
Pp 33-64 Band 1, Heft 3 Pp 65-96 Band 1, 
Heft 4 Pp. 97-128 Band 1, Heft 5 Pp 129-160 
Band 1l, Heft 6 Pp. 161-192 (Konstanz 
Akademische  Verlagsgesellschaft Athenaion, Dr 
Albert Hachfeld, 1958 und 1960) 1 50 dollars each 
part 


HIS Handbook of Astronautics will consist of 4 

volumes, each made up of about 12 sections, the 
individual sections bemg issued separately and each 
contaming 32 pages Of the proposed 48 sections 1t 18 
the first 6 which are the subjects of this review ‘There 
18 no editorial imtroduction to explain the aims or 
scope of the Handbook, but the intention appears to 
be to cover the whole subject of astronautics, from 
the details of rocket engines to the niceties of space 
law, in & series of articles of about 20 pages each, 
which begin from first principles and presumably in 
later issues will go into the subjects more fully The 
issues under review contam 8} articles Willy Ley 
writes on the history of the idea of space flight, 
W Schaub on ‘‘Gravity and Its Conquest", dealing 
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with the fundamental dynamics, J. C Cooper on 
"Fhght-space Law", and A. J Zaehringer on sold- 
propellant rockets H Stumke deseribes how to 
calculate the flight performance of unmanned 
rockets ın considerable detail, S J Smith and 
G P Sutton review heat-transfer problems in hquid- 
propellant rocket motors, R P Haviland outlines the 
appheations of satellite vehicles, and J Eugster 
mvestigates the dangers to space travellers from 
cosmic rays and other radiations Finally W 
Alvermann and W Lohse begm to discuss the theory 
of rocket engines, but suffer a premature cut-off m 
mid-sentence These articles form sound and useful 
introductions to their subjects, and the Handbook as a 
whole promises to be valuable as a work of reference 
and for teaching purposes, though 1t remains to be 
seen whether the choice of subjects for articles will be 
well balanced The book follows the unsatisfactory 
dual-language convention, with about half the 
articles in English and half m German Since most 
readers are not equally fluent in both languages, the 
value of the book 1s, for them, halved The separate 
sections have attractive paper covers, but are 
presumably intended to be bound together, since they 
are apt to finish in mid-sentence, so the total cost of 
the 1,500-page Handbook will be 72 dollars plus 
binding costs D G Kinc-HELE 


A Statistical Model for Chemists 

By Edward L Bauer Pp x+156. (New York 
Academic Press, Ine , London Academic Press, Inc 
(London), Ltd , 1960.) 475 dollars. 


HE author in his preface deseribes this book as 
“a manual for the working chemist” and no 

more exact definition of this excellent httle handbook 
could possibly be given Shorn of all comphcated 
mathematical functions and lucid m its approach, this 
volume supples the chemist with typical examples 
taken from ordinary laboratory data, and indicates 
those benefits relating to economy, accuracy and 
interpretation which can accrue from applications of 
the statistical method 

The relation of the Gaussian normal distribution 
curve to the ‘Student’s ¢’ concept of Gosset 1s clearly 
described, the latter function bemg of most general 
use to the chemist, who is usually concerned with the 
averages of small sample results 

Conventional statistical terms such as precision, 
accuracy, average deviation, variance, standard 
deviation, etc, are all concisely defined. Fixed, 
random and mixed models of the analysis of variance 
technique are illustrated by reference to three 
chemists carrying out certain analytical observations 
Most of the tests of significance used ın the book are 
based on the analysis of variance method, but 
attention 18 directed to the simplifications resulting 
from the use of range rather than variance in the 
calculations Chapter 6 contains an interesting exposi- 
tion of regression analysis mvolving correlated 
variables, and is illustrated by the effects of un- 
known ‘blank’ titres, etc , m quantitative analyses. 
Theories of sampling, control of routine analyses and 
factorial experimentation are all given fairly full 
treatment 

The volume ends with a collection of useful statis- 
tical tables, for example, for use with F and ¢ func- 
tions, computation of confidence limits, ete. 

This book should prove & most useful elementary 
introduction to the amateur statistician, particularly 
m the chemical field D. T Lzwis 
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ARSENIC CONTENT OF NAPOLEON ls HAIR PROBABLY TAKEN 
IMMEDIATELY AFTER HIS DEATH 


By Dr STEN FORSHUFVUD, Dr. HAMILTON SMITH and Dr. ANDERS WASSEN 


Vasagatan 33, Goteborg C, Sweden, and Department of Forensic Medicine, 
The University, Glasgow, W 2 


T has generally been deduced fiom the report of 

the post-mortem dissection dated St Helena, 
May 6, 1821, and signed by the British medical 
, Officers, Thomas Shortt, Archibald Arnott, Charles 

Mitchell, Francis Burton and Matthew Livingstone, 
that Napoleon I’s death the preceding day was due 
to extensive cancerous lesions of the stomach 

The view that Napoleon died of ‘cancer’ was not 
accepted by Francesco Antommarchi, the man who 
actually performed the autopsy, who had been 
Napoleon’s household physician for the last twenty 
months, and was the only physician on St Helena 
with a pathologist’s trammg He mamtaimed that 
the hepatitis the Emperor had suffered from for a 
long time was the cause of death Furthermore, the 
Emperor’s enlarged, tender liver, jaundiced com- 
plexion and yellow conjunctive had also been 
diagnosed as signs of severe hepatitis by Barry 
O’Meara, Napoleon’s household physician durmg his 
first three years m exile, and John Stokoe, who had 
attended Napoleon for a week m January 1819 

Consequently, apart from Dr Arnott, who assisted 
Antommarchi durmg the last few weeks when the 
morbid picture was especially baffling, those medical 
men who personally had attended Napoleon durmg 
his illness refused to admit that he had died from 
cancer 

Many medical writers with doubts about the cancer 
diagnosis have atiempted to identify Napoleon’s 
disease on St Helena by analysing compilations of 
his signs and symptoms This has produced sur- 
prisingly disparate results Thus, when exiled on St 
Helena, Napoleon 1s alleged to have had, or suffered 
from the sequels of, the followmg diseases peptic 
ulcer, mtestinal ulceration, various liver inflamma- 
tions, undulant fever, malaria, dysentery, rheumatoid 
arthritis, heart failure, congenital extremely slow 
blood circulation, epilepsy, tuberculosis, pleurisy, 
~ severe hormonal ımbalance leadmg to obesity and 
impotence (dystrophia adiposogenitalis), syphilis, 
gonorrhea, intoxication from defective teeth (so- 
called focal infection), gout, piles, and a constitutional 
predisposition to severe constipation which, 1b 18 said, 
was fatal owing to auto-mtoxication and poisonmg 
by laxatives 

If a suitable selection 1s made from the variety of 
signs and symptoms manifested by Napoleon on St 
Helena, ıt ıs a sunple matter to make out a con- 
vineing case for every one of these diagnoses m turn 
But if what, after all, was a fairly unchanging disease 
pattern on St Helena ıs taken as an entity, and 
allowance 1s made for all the signs and symptoms and 
their interrelations, then one cannot escape the 
impression that all the pieces form an orderly picture 
of two highly characteristic syndromes, namely, the 
chronic and acute types of arsenic poisoning 


- 


Napoleon's condition was rather poor dwing the 
Hundred Days However, his health improved whiie 
he was bemg taken into exile on board HMS 
Northumberland, and Napoleon’s general health 
remained good durimg the initial period on St Helena 
when, with his sole companions and collaborators, 
the Chamberlain Las Cases and his son, he lived in a 
simple cottage on the estate, "The Briars’ 

Soon after moving to ‘Longwood’, which became 
his permanent residence, Napoleon’s ailments again 
became manifest He turned moody, had various 
aches and pams, the lower legs swelled up and would 
not carry- him, exanthemata broke out, particularly 
on the legs, his sleep was abnormal with either 
insomnia or somnolence diarihea and constipation 
alternated, headaches occurred with increasing 
frequency and severity 

His indispositions at first lasted only a few days 
at a time, his mental powers returning undiminished 
jn the mtervals Nevertheless, members of his staff 
noticed marked changes in his expression and in- 
creasing difficulties ın locomotion Napoleon’s legs 
were swollen and often collapsed under him , 

On May 1, 1816, Napoleon had an attack lasting 
fo. a whole week Las Cases mentions that he com- 
plamed of weak legs, headache, hypersensitivity to 
light, and felt cold and shivery, his facial expression 
had changed markedly, he spoke sluggishly, and was 
morose and taciturn Napoleon believed himself to 
have gout, suggestmg that his feet were swollen and. 
painful Though Napoleon’s teeth were perfectly 
sound, O’Meara recorded on June 16, 1816, that his 
patient had toothache Later ıt turned out that the 
toothache was due to ‘scurvy’, that 1s, stomatitis 
On July 26, 1816, Napoleon experienced the first stab 
of that pam in the hypochondrium which was a 
constant source of distress through the iest of his 
hfe After a number of brief attacks of malaise, 
Napoleon fell 111 for sıx weeks m succession on October 
1, 1816 A troublesome cough was now added to the 
lst of symptoms, he had pustules on the hps as well 
as in the oral cavity and throat. Napoleon was 
tormented by an insatiable thirst and had become 
perceptibly hard of hearmg Lassitude alternatmg 
with restlessness was a characteristic feature He 
always felt cold and liked to sit near the fireplace 
He could scarcely walk, because the swollen and 
weak legs would not carry him The gums swelled 
up and the teeth became loose Diffuse nausea with 
a predisposition for spasmodic vomiting without 
actual regurgitation of food were also noted Napoleon 
had a relapse with the same manifestations as before 
on December 3 and 4, 1816, and his companions now 
became aware of his very jaundiced complexion On 
December 14, 18 and 28 there were further attacks 
the symptoms of which included spastic mvoluntary 
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movements and unconsciousness on several occasions 
According to the head valet Marchand, one of these 
bouts was combined with dysentery (that 1s, severe 
diarrhea) Fo. the first tıme m two months Napoleon 
went out of doors on January 26,1817 Apart from 
brief indispositions m May June and July, Napoleon’s 
health seemed to remam comparatively good until 
September 25, 1817, when a period of illness set m 
which lasted approximately a whole year The signs 
and symptoms were on the whole the same as before, 
but new features had been added For example, m 
Dr O’Meara’s case notes for October 1817, we read 

on the third a swelling was palpable on the right side 
near the liver, on the nmth the pains m the legs and 
neighbourhood of the liver had increased and pains 
in the shoulder supervened, on the eleventh the 
patient was seriously distressed by tachycardia 
Afterwards severe constipation developed, the skin 
and conjunctive were yellow and the appetite was 
poor The vomiting tendency was now accompanied 
by stomach-ache The stomatitis was very distressing 
and on several occasions caused the cheeks to swell 

Constant phenomena were ‘febrile attacks’ at 
nightfall and profuse sweating at daybreak The 
tongue was coated, the pulse often very rapid and 
irregular 

Although Napoleon now had no physician in 
attendance—the British authorities had ordered 
O’Meara away from ‘Longwood’ on July 25, 1818— 
his health underwent a gradual improvement in the 
latter half of that year Some symptoms nevertheless 
persisted for another few months, such as lancmating 
hypochondrial pams and pamful and weak legs 
Often the feet were 1ce cold and had to be warmed 
with hot towels, and the ex-Emperor frequently sat 
before the fire with his feet ın a flannel bag 

In the final months of 1818 ıt seemed as though 
Napoleon was well on the way towards full recovery 
Once more he began to take interest m his literary 
work and in his garden He started takmg regular 
exercise, a sign that his legs would support him 
again. In the begining of November 1818 Bertrand, 
le Grand-Marechal du Palais, wrote in his diary: 
E le malheur a passé sur son caractére, comme 
Sur un roe, sans l'abattre et sans y laisser de 
traces" 

But Napoleon again became seriously ill] towards 
the end of December 1818 The manifestations 
included tachycardia, chills, fever, and the old 
trouble from the legs In the night between January 
16 and 17, 1819, his hfe was threatened, he lost 
consciousness several times, and Dr Stokoe was 
summened (He had been asked to become the 
Emperor’s household physician the week before ) In 
his bulletins, Stokoe stated that he had found the 
patient m a state of extreme exhaustion, his com- 
plexion was yellow and he had pais in the region 
of the liver and in the shoulder There was excruci- 
ating headache, vertigo and faintimg fits Some 
improvement took place when the patient began to 
sweat profusely Simular attacks recurred the next 
night and the next night but one Stokoe issued 
three bulletins about Napoleon’s health, and these 
so displeased the Governor, Sir Hudson Lowe, that 
Stokoe was constrained to leave St Helena So on 
January 22, 1819, Napoleon agam found himself 
without a physician His health nevertheless ım- 
proved and in the latter half of 1819 he was busily 
at ‘work every morning from 4 à m. to 10a m super- 
vising the extensive landseapmg projects he was 
undertaking m his garden He could now walk with 
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8 stick, had recovered his former good temper, and 
eonversed pleasantly and cheerfully with his eom- 
panions Apart from a few brief mdisposrtions, this ` 
state of good health lasted for fifteen months 

However, a new long period of unmterrupted 1ill- 
health commenced on September 18, 1820 ‘This 
period was marked by at least six intercurrent 
attacks of violent iulness with severe and acute 
symptoms, but durmg the intervals of remission 
Napoleon’s health improved day by day even though 
some of the symptoms persisted Durimg these 
periods of convalescence he could be up and about 
and also, albeit with tottermg steps, go for short 
strolls in the gaiden 

According to Dr Antommarchi’s case notes, the 
acute attacks were accompanied by the followmg 
symptoms headache, dyspnoea, weak, rapid and 
irregular pulse, ice-cold feet and legs, gastric pains, 
loss of appetite; somnolence that seemed refractory 
to treatment, yellow conjunctive, yellow com- 
plexion, excessive paleness, dark rings under the 
eyes, coated tongue, bugning thirst, tachycardia, 
tremor, nervous dry cough, vertigo, vomiting, 
sensation of heat m the viscera, pam in the legs and 
from the liver, sternum and shoulder regions, con- 
stipation and diarrhcea, spasmodic contractions of 
triceps, remarkably weak legs, restlessness, night- 
mares, exanthemata, loose teeth, bleedmg gums, 
imsomnia, hardness of hearmg, extreme hypersen- 
sitivity to light, impaired vision, very severe gen- 
eral exhaustion 

On March 22, 1821, Napoleon’s disease changed 
character, with constant severe vomiting super- 
vening ‘This was doubtless because he had been 
prescribed and—without knowmg 1t—taken tartar 
emetic Accordingly, antimony poisoning was now 
an added complication A remission lastmg for two 
and a half weeks occurred in the begmning of April 
1821, and Napoleon took this opportunity to wite 
his last will and testament 

Late at night on April 24, 1821, there was a severe 
relapse with typical manifestations of acute antimony 
poisoning Additional relapses occurred over the 
next few days However, a moderate improvement 
seems to have taken place on May 3 Inthe afternoon 
of that day Napoleon unknowingly took a large dose of 
calomel Thirty minutes before midnight he had 
copious stools with the appearance of tar Additional 
evacuations of blood occurred on May 4 He died 
on May 5, 1821, after lying absolutely motionless 
for approximately 24 hr 

At the post-mortem examination the stomach was 
full of black blood and the gastric mucosa was very 
badly corroded These findings were probably sequels 
of the calomel given on May 3 rather than of arsenic 
On the other hand, the following signs of arsenic 
poisoning were encountered enlarged and hardened 
liver, enlarged spleen, fluid effusions m the pleure, 
bronchial and mediastinal lymph nodes degenerated, 


‘and ın suppuration, loss of all body hair, large fat 


deposits under the skin and ın the abdomen 
Napoleon was not embalmed Yet, when his 

coffin was opened in 1840, those present were 

astonished at finding him extremely well preserved 


In the light of the foregoing, ıt seems that on St 
Helena Napoleon suffered from chronic arsenic 
poisonmg with intervening periods.of acute arsenic 
poisonmg In such circumstances, we deemed 1:5 
interesting to apply the activation technique m a 
study of Napoleon’s hairs from the period on St 
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Helena Through the courtesy of M le Commandant 
Henry Lachouque, the great French expert on 
Napoleon’s life and the organizer of the permanent 
Napoleonic exhibitions on St Helena and in the 
French Army Museum, haw taken from Emperor 
Napoleon I’s head, probably on the day after his 
death, has been made available to us 

The hair sample thus obtamed was sent to the 
Department of Forensic Medicme at the University 
of Glasgow, where 1t was exammed using an activa- 
tion analysis technique (Smith, 1959) as follows 

The hair sample was weighed (172 mgm) and 
sealed in a polythene contamer It and a standard 
arsenic solution sealed in & silica ampoule were 
radiated by thermal neutrons for one day at 101 
neutrons/cm ?/see im a nuclear reactor at the Atomic 
Energy Research Establishment. Harwell There- 
after the sample was returned and the arsenic 
extracted with added carrier arsenic by a modified 
Gutzeit technique The activity from the hair sample 
was compared with that from the standard arsenic 
sample and the arsenic content of the hair was 
calculated 

The value found for the sample of hair was 10 38 
parts per million This 1s high by comparison with 
the normal mean arsenic content of about 0 8 ppm 
Unfortunately, 11 was not possible to make any dıs- 
tribution studies as no further hair samples were 
available It ıs umpossible to tell from the value 
alone whether the arsenic was evenly distributed (as 
expected m continuous exposure) or located m 
one point (as would be the case m a single large 
exposure) 

This mvestigation shows the great advantage of 
activation analysis when only very small quantities 
of sample are available 
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O many members were interested in the sym- 
posium on '"Teachmg Machines” in Section J 
(Psychology) at the British Association meeting at 
Norwich on September 4 that the ‘house-full’ notice 
had to be used Introducing the subject, the chair- 
man, Prof H Kay, pomted out the theoretical and 
practical implications of teaching machines TIt is 
hkely that their use in research will contribute con- 
siderably to our understanding of learnmg processes 
Psychologists recognize that hitherto they have 
carried out extensive experiments on animal behaviour 
but have neglected the study of human learning 
Here 18 a definite opportunity to examinein ideally con- 
trolled conditions the variables which are influencing 
learnmg On the practical side there 1s not only a 
desperate national need for teachers, particularly m 
science subjects, but also an increasing problem of 
how to impart technological information on a world- 
wide scale The urgent need is for new forms of 
communication, teaching machines represent one 
such form 
Dr J Annett, of the Department of Psychology, 
University of Sheffield, outlmed the mam require- 
ments for a teaching machine It 18 a device not only 
for ımpartıng information but also for sensing that 
this information has been received and understood 
It 1s a two-way communication channel designed at 
every stage to check the progress of the student and, 
ideally, to modify 1ts instructions on the basis of the 
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MACHINES 


students’ responses This may be achieved by several 
methods Perhaps the simplest 1s the small step or 
linear-type programming developed by Prof Skinner 
at Harvard, where a series of statements and questions 
are built up and are repeatedly modified on the basis 
of the actual success of students m mastermg them 
Eventually a sequence 1s established so that when this 
programme 1s presented to other students nearly all 
the problems of subject-matter presentation have 
been anticipated Such a programme 1s time-con- 
suming to prepare, is lengthy in so far as there are 
many items with short steps between them, but 1s 
efficient and requires little use of ‘gadgets’ for 
presentation 

An alternative system is known as mtrinsic pro- 
gramming Here there 1s a main line of communica- 
tion, and provided a student can respond correctly 
he can proceed smoothly along this route But if 
he makes a mistake he 1s directed to a branch line, 
where further explanations are given before returning 
him to the mam sequence Dr Annett explamed 
that in the type of machme constructed at the 
Department at Sheffield this system had been 
achieved by a sequence of ‘A’ frames and ‘P’ frames 
If any one of the ‘A’ frames 1s misunderstood, a 
‘P’ frame 1s selected and the pomt is explained ın 
greater detail This type of machme 1s flexible enough 
to cope with students differing considerably in intel- 
lectual abihty A machine might operate on a 
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‘constructed response mode’ where the student first 
makes his own answer and compares it with the 
answer which is then supplied by the machine, or 
on an alternative procedure, where the machine 
first supplies a multi-choice solution and the 
student has to select the correct response The 
advantages of these procedures are bemg ın- 
vestigated 

Mr Leslie Reid, lecture: in psychology in the 
University of Aberdeen, discussed and actually 
produced the simpler forms of teaching machines 
which he has developed and 1s using at present m his 
research work in Scottish schools His programmes 
have followed, Skinner’s principles with an accent 
on elummating frustration and difficulties From 
this point of view, teaching machines preserve the 
teacher-pupil relationship by ensuring that pupils 
are consistently rewarded, and not punished, for their 
responses This ıs achieved primarily by the ordering 
of items ın a suitable sequence, such that the transi- 
tion from ignorance to knowledge 1s not a bumpy 
and, apparently unmapped journey, but a smooth 
and logical progression mn which a pupil can be 
expected to achieve success Mr Reid explained 
how a pupil working through a programme achieves 
insight through a gradual understanding of his 
subject, by contrast, that insight which a pupil 
achieves by a sudden flash of comprehension—the 
so-called ‘eureka’ phenomenon—is mainly a product 
of bad teaching 

Mr Gordon Pask, of System Research, explained 
the principles of an adaptive teaching machine 
Unhke a programmed machine the adaptive device 
itself ‘learns’ about the student’s behaviour and 
modifies the training routine to suit each individual 
throughout the learning process In teaching a 
manual skill the designer has to select certain para- 
meters These refer both (1) to the students’ behavi- 
our, such as the response latency, and (2) to the 
mstructor’s behaviour, such as the amount of ‘cue’ 
information with each category of problem It will 
be observed that the parameters in (1) define measures 
of the student’s behaviour which an instructor might 
make, and those ın (2) consider the ways ın which the 
instructor might manipulate a tramung routine 
Thus the designer 1s constructing a computing device 
which measures the performance and then by an 
adaptive servo-mechanism adjusts the parameters 
of (2) 1n order to mcrease to à maximum the perform- 
ance measure Well-designed machmes adopt a 
competitive strategy when the student 1s domg well 
and a co-operative strategy when he 1s making no 
improvement Mr Pask went on to deseribe how 
adaptive teaching machines might be used for group 
or classroom instruction Here students are carrying 
out exercises 1n scientific inference and act either as a 
problem poser or a problem solver The student 
coming quickest to the right conclusion using the 
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minimum of evidence 1s most successful A miniature 
economy 1s imposed on the group, and the machine 
controls the group's behaviour by modifying the 
parameters of the game The most useful parameters 
seem to be ‘cost’ of communication, ‘cost’ of evidence, 
‘gain’ for successful solution, and a bias on the process 
of role assignment 

Mr K Austwick, of the University of Sheffield, 
presented “An Educational Viewpoint" on the sub- 
ject Mr Austwick has conducted prelummaiy 
experiments at schools on the teaching of mathe- 
matics with a simple hnear programmed procedure 
Preliminary results are encouraging and suggest that 
work learned by this method ıs well retained over 
a period of time Programmung of school and univer- 
sity courses 1s now under way If such procedures 
were widely adopted they could lead to modifications 
in school design since they do not require the formal 
arrangement of a classroom The possibilities of 
such machines to handicapped children, isolated 
children, personnel in the Services, and adults keeping 
up to date in a subject yere brought out On the 
other hand, the machines could not take over the 
‘human’ role of the teacher, though they might 
give the teacher more time and opportunity to show 
lis humanity 

The discussion was brisk enough and ranged from 
the university teacher anxious to discover how far 
machines could take over the part of tutor to a self- 
styled ‘plain local family doctor’ who knew they 
could not These are early days for the teaching- 
machine movement, but 16 was apparent that we have 
here an educational development which 1s already 
arousing considerable interest and some opposition— 
both happy mdexes In & remarkably short time this 
type of mstruction has now used ‘hardware’ rangmg 
from simple pencil and paper booklets to electronic 
gadgets controlled by a full-scale computor Systems 
are already bemg produced for public sale by both 
the publisher and the electronics industry It 1s 
clear that the results of research are needed to give 
some guidance to this diversity, but research efforts 
in Britam are, as usual, on a small scale To the 
academic psychologist this subject represents a 
further development in the field of communication 
systems, and ıt now offers another opportunity for 
studying how man can most efficiently receive and 
store information But the pace and detachment of 
academic research are confronted by the urgency of 
the demand for mstruction The need in Britain 
for scientific and technical teaching 1s obvious enough, 
but 1s trivial m comparison with other areas of the 
world Part of the impetus behind automated 
teaching is that universally, gn so many subjects, 
there ıs so much demand for knowledge ‘There ıs 
every indication that this demand will continue to 
increase, and that ıt cannot be fulfilled by con- 
ventional methods H Kay 
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BREATHING 


NDER the chairmanship of the Section’s presi- 

: dent, Sir Bryan Matthews, a symposium on 
“Breathing (External Respiration)” was held on 
September 4 by Section I (Physiology and Biochemis- 
y during the recent British Association meeting m 
orwich Four papers were presented, covering 
varied topics connected, with respiratory physiology 
Two of these had a clinical bias, and concerned the 


distribution of ventilation and flow of blood in the 
lungs, and the effects of oxygen on breathlessness The 
other two demonstrated the application. of respiratory 
physiology to aviation, one concerning the design 
of an aircraft breathing system, and the other 
describing the results of research into the effects 
of positive acceleration on the mechanics of 
respiration 
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The symposium was opened with the paper ‘‘Varia- 
tion of Ventilation and Blood-Flow m Different Parts 
of the Lungs in Health and Disease", presented by 
Dr P Hugh-Jones, physician at the Hammersmith 
and King’s College Hospitals Starting by showing 
a model of the air passages 1n. the lungs, and demon- 
strating how a two-lumen tube could be used to 
collect expired air from the two lungs separately, 
Dr Hugh-Jones went on to deseribe the limitations of 
X-rays as aids to studying lung function Chest 
radiographs were shown to illustrate this, where there 
was a complete dissociation between the X-ray 
appearance and the subject’s exercise tolerance 
Two new techniques were then described which 
could give details of local Jung ventilation and blood 
supply, full tribute being paid to the advances of the 
physicists which had made them possible In the 
first, the subject 15 merely required to take m a quick 
breath of air contammeg a minute trace of radioactive 
oxygen (oxygen-15), and then to hold his breath for 
about 30 sec Counters arranged to look at different 
areas of lung tissue througl# the chest wall sense the 
arrival of the oxygen-15 imn their fields and then 
follow 1ts disappearance as 1t 1s washed away in the 
pulmonary circulation The rate of rise of the count- 
mg-rate ıs a measure of ventilation, and the rate of 
the ensumg fall m countmg-rate 1s a measure of the 
local blood-flow The 2-min half-hfe of oxygen-15 
is a disadvantage of the technique, but was immaterial 
at Hammersmith, where it 1s prepared on the spot in 
the Medical Research Council’s cyclotron Other 
gases with longer half-hves might be used elsewhere 
where such facilities did not exist, for example, radio- 
active isotopes of argon or krypton Carbon dioxide 
made from oxygen-15 had been found to give better 
results when the technique was used for studymg 
pulmonary blood-flow 

The second technique described by Dr Hugh-Jones 
was that of regional gas analysis, using a mass spectro- 
meter which could provide almost continuous analysis 
of up to four gases simultaneously Samples were 
taken through a 0 5-mm diameter tube which could 
be inserted into any chosen part of the lung durmg 
bronchoscopy. This allowed a study to be made of 
ventilation and blood-flow m any small area of the 
lungs, and information obtamed m this way would 
be of value not only to the experimental physiologist 
but also to the physician and surgeon 

The second paper, “Physiological Requirements 
in the Design of Aurcraft Breathing Systems”, was 
presented by Squadron-Leader J Ernsting of the 
Royal Aur Foree Institute of Aviation Mediome 
The variation in properties of the atmosphere with 
increasing altitude was described and 1t was shown 
that the two mam problems to be overcome at a 
fhght-level of 40,000 fè were an air temperature of 
— 55? C, and an air pressure of 1/5 of an atmo- 
sphere. Ideally, aircrew and passengers should be 
provided with sea-level cabin conditions at any 
aircraft altitude, but the weight penalty of the 
structure needed to withstand the required pressure 
differential 1s too great, so that the physiologists 
reach a compromise with the engineers, and a cabin 
pressure equivalent to an altitude of 8,000 ft ıs 
chosen ‘Though this is acceptable, the possibility 
of a fatlure m the pressurization system must be 
allowed for, and with this ın view the physiological 
effects of decompression had been studied In a civil 
am-hner, window or valve failure will result m slow 
loss of pressure over several seconds In muhtary ar- 
craft, on the other hand, a smaller cabin, together 
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with the necessary provision of aircrew escape systems, 
makes an explosive decompression, where ambient 
pressure 1s reached ın 1/10 sec or less, a real possi- 
bihty Dr Ernsting went on to describe the effects 
of explosive decompression, first, those due to the 
low final pressure, anoxia, and decompression sickness, 
and secondly, those due to the rapid change in pres- 
sure Protection agaist anoxia could be provided 
by the breathing of oxygen between 10,000 ft and 
40,000 ft , and the breathing of oxygen under pressure 
at higher altitudes Above 50,000 ft, the pressure 
required 18 so great that counter pressure has to be 
applied to the rest of the body to make breathmg 
possible, and since at 63,000 ft , the vapour pressure 
of water at body temperature 1s equal to the baro- 
meiric pressure, some form of pressure sult 18 required 
to prevent vaporization of body fluids Experiments 
on aircrew were described with a short film ın which 
explosive decompression from 8,000 to 38,000 ft 
was followed by short periods of impaired function, 
even when the decompression was followed by 
breathing 100 per cent oxygen within 5 sec It had 
been found that the subject must already be breathing 
at least 40 per cent oxygen at the time of de- 
compression if mmpaurment of function were to be 
avoided 

Dr Ernsting concluded by discussing the serious 
consequences of explosive decompression on enclosed 
volumes of gas ın the body If the lungs were shut 
off from the outside air, serious or even fatal lung 
damage might occur Masks had to be designed 
which would allow free escape of air when decom- 
pression took place but which would immediately 
allow oxygen to be breathed under pressure ‘The 
sudden expansion of 200 ml of gas m the gut to 1 
litre was less serious but still very uncomfortable 

The third paper, ‘Breathlessness its Alleviation 
by Oxygen 1n Health and Disease", was presented by 
Dr J E Cotes of the Medical Research Council 
Pneumoconiosis Research Unit at Llandough Hosp: 
tal Pombmg out how appropriately this subject 
followed the centenary of the birth of J S Haldane, 
he went on to discuss the 12-month mortality figures 
of a group of 67 men severely disabled with breath- 
lessness, and the curious finding that those whose 
symptoms were improved on breathing oxygen fared 
far worse than those on whom oxygen had no effect 
If the reason for this were known, then more might 
possibly be done for these patients 

Dr Cotes then discussed the development of our 
knowledge of the effects of oxygen, and showed that as 
a respiratory stimulant, while lack of oxygen was of 
less importance than excess of carbon dioxide, 1 did 
play a small part at rest, and with mcreasing exercise 
1b played an inereasmgly important part The 
administration of oxygen improved tolerance of exer- 
cise, and prolonged the tıme for which heavy exercise 
could be carried out Oddly enough, 50 per cent 
oxygen was better than 100 per cent oxygen m this 
respect, due possibly to the adverse local effects of too 
high oxygen tensions on the bram, and ıb was sug- 
gested that 50 per cent oxygen might be the better gas 
for respirators when work has to be carried out m 
unfavourable environments A small cylmder of 
50 per cent oxygen should allow the wearer to run a 
mile m 34 mun A portable respirator was demon- 
strated, and sets hke this were of great value m 
improving the tolerance of exercise by disabled mene 
not only subjectively, but also objectively ın troad- 
mill tests The mereased work which could be carried 
out was associated with a reduction m pulmonary 
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ventilation, the limit to capability of work being 
reached when the resultmg ventilation reached the 
subject's voluntary maximum 

Dr Cotes was unable to say why the breathing of 
extra oxygen should produce these effects, but many 
possibilities had been excluded, such as secondary 
changes in the pulmonary circulation, blood lactate- 
levels, or 1n the stiffness of the lungs This was the 
limit of present knowledge on the subject, but 1t was 
hoped that the mechanisms operating would soon be 
elucidated 

The fourth and final paper m the symposium was 
given by Fhght-Lieutenant D H Glaister, also of the 
Royal Air Force Institute of Aviation Medieme. 
under the title Some Effects of Positive Acceleration 
on Respiratory Mechanies" Describing the interest 
physiologists have had in the effects of posture on 
breathing, Dr Glaister went on to show how the 
human centrifuge could be used to extend data beyond 
the lg which normally limited laboratory experiments 
Positive acceleration was described as that acting in 
the same sense as gravity on a man standing on 
Earth’s surface, and is measured in terms of this 
being lg The postural change from lying to standing 
was thus equivalent to a change from 1g transverse 
acceleration to lg positive acceleration 

Circulatory effects prevented many experiments 
being carried out above 4 or 5g, smee the degree of 
relaxation required to produce accurate respiratory 
measurements resulted ın blackout or even uncon- 
sciousness Most compaiisons were therefore made 
between 1 and 3g As positive acceleration was 
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applied the diaphragm was pulled down by the werght 
of the abdominal contents, and at 3g, about 500 ml 
of air were drawn into the lungs Despite this, the 
vital capacity of the lungs fell by 300 ml , due partly 
to an increase 1n stiffness of the chest wall, and partly 
to a rise in intra-abdominal pressure which hmited 
the full descent of the diaphragm The basic mechan- 
1es of respiration were then described, and ıt was 
shown. how the various properties of lung and chest 
wall could be isolated and measured Results of 
experiments using these techniques had shown that 
no change occurred in the stiffness of the lung, noi 
in the air resistance of the passages leading to it, at 
least when the subjects were submitted to positive 
accelerations of 3g 

The work done on the lungs had been measured by 
recording contmuously the changes in their volume 
and the pressure gradient across them during quiet 
breathing This was shown to be unchanged at least 
up to 3g The total work done by the muscles of 
respiration. however, had to rise under the effects 
of increased positive acceleration, due to the stiffen- 
ing of the chest wall and to the raised mtra-abdominal 
pressure The overall efficiency of the respiratory 
process thus fell durmg positive acceleration Dı 
Glaister concluded by pomting out that while this 
lowered efficiency was probably of hétle moment at the 
lower g-levels, and with a subject at rest, 1b would 
impose a marked limitation to tolerance of exercise 
durmg prolonged positive acceleration 

The symposium concluded with a brief discussion 
on the four papers D H GzraisTER 


VoL 192 


THE NORMAN LOCKYER OBSERVATORY 
By Prop G K T CONN 


- 


(IR NORMAN LOCKYER founded and endowed 
the Hill Observatory at Salcombe Regis, Sid- 
mouth He was its first director It is now the Nor- 
man Lockyer Observatory and has been, since 1948, 
intimately associated with the University of Exeter 
Lockyer was a remarkable man Has discovery of 
helium. ın the Sun’s spectrum in 1868 was made as a 
‘private citizen”, for he was not appomted to the 
Science and Art Department at South Kensington by 
Disraeli until 1875 On the formation of the Royal 
College of Science he became director of the Solar 
Physics Laboratory and professor of astrophysics 
When the Solar Physics Laboratory at South 
Kensington was transferred to Cambridge ın 1913 he 
set about building a new observatory on the superb 
site at Sidmouth, at the age of seventy-seven 
Lockyer was the founder editor of Natwe in 1869 
and remained responsible for fifty years He was 
succeeded as chairman of the Observatory Council 
by Su Richard Gregory, his successor as editor of 
Nature Indeed, both Lockyer and Gregory took 
great interest ın the affairs of the old University 
College of the South West, now the University of 
Exeter, and ıt was Gregory's mitiative that led to the 
intimate association of the Observatory with the 
University, “a possession which ıs unequalled in any 
Wat the older universities” 
The peninsula Salcombe Regis 1s relatively free from 
industrial haze and Lockyer chose a site with a superb 
horizon and a very low noise-level, 1t 15 now of some 
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44 acres The buildings consist of offices and labor- 
atories with a well-equipped library, a store room, a 
cottage and three domes The McLean dome houses a 
12-m refracting telescope with an objective prism of 
20°, mounted with a 10-1n visual refractor on a Grubb 
equatorial mounting with electric control (The 
donor, Sir Francis McLean. was the co-founder of the 
Observatory and became known to the public as the 
first airman to fly under the Thames bridges in 
1912) The Kensington telescope is a 9-1n refractor 
with an objective prism of 45°, made by Henn 
Frères, and giving great transparency in the nea: 
ultra-violet, on a Cooke equatorial with Russell 
control, a 10-1n Cooke visual telescope ıs mounted 
alongside The Mond photographic telescope con- 
sists of & four-camera, astropraphie equatonal by 
Cooke with three Zeiss triplet lenses of apertures 
17, 14 and 10 cm and one Zeiss anastigmat, aperture 
7em The mountimg is designed to allow an uninter- 
rupted circumpolar motion at all declinations, the 
clock drive ıs fitted with electric control Thee are 
various pieces of equipment which have not hitherto 
been set up. for example, a 30-ın reflecting telescope 
and a 21-1n siderostat 

Work began in 1919, the first paper, published in 
the Monthly Notices of the Royal Astronomical Socwty 
n 1920, being “Spectroscopic and Magnitude Observa- 
tions of Nova Cygni ITI, 1920” Some 90 research 
papers have been published, about 40 m the period 
1920-36 and 45 during 1936-56, when D L Edwards 
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was director (see p 112 of this issue) The work 
has been largely on stellar spectroscopy Since 
1936 the principal lines of work have been the 
development of methods of measuring stellar gradients 
and colour temperatures, using the McLean prismatic 
camera, and a photographic survey of galactic clusters 
made with the Mond telescope New ground has 
been broken in recent years with the initiation 
of photometric research on the twilight luminescence 
of atmospheric sodium The Kensington telescope 
has been used to study the irregular variable star, 
y-Cassiopere, there are some 460 spectrograms of 
this star in an almost unbroken sequence from 1921 
to 1956 

The Observatory was, and 1s, maintained as a non- 
profit making corporation through endowments and 
funds provided by donors Since 1948 the manage- 
ment has been vested in the Council of the Corpora- 
tion on which the University of Exeter has a definitive 
majority The funds available have never been 
lavish Rapidly rising costs-smce the War, together 
with the development’ of s8phisticated experimental 
techniques, have meant that the position of the 
Observatory as an effective centre of original research 
has become progressively more difficult and mdeed 
critical Against the background of developments ın 
satellites and 1n space research, the extensive recent 
~progress of studies of the upper atmosphere and the 
revival of interest in astronomy and astrophysics, 
such a diffieult position presents an obvious challenge 
The site 1s large enough for astrophysical work and 
for an extensive programme of research and teaching 
in geophysics, a growing interest of the University’s 
Department of Physics, and of geomagnetism, an 
interest of the Department of Mathematics 

The first 1mmediate change of activity for the 
Observatory will follow from the interests of Dr 
K Weekes and Mr A Nichol Conditions m 
the high atmosphere can be studied by various means 
using both radio and optical techniques Up to the 
height of the greatest electron concentration in the 
F, region it ıs possible, in prinerple, to infer the 
distribution of ionization from 1outme soundings 
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Above the peak of the F, region, artificial satellites 
may be used, or Thomson scattermg of radio waves 
and optical experiments An examination of the 
radio waves emitted by satellites may be used to infer 
the integrated electron density between the receiver 
and the satellite This is relatively insensitive to the 
distribution of electrons, but as the satellite changes 
height ın the course of a transit, the distribution at 
satelhte height may be inferred The most valuable 
direct means of studying the distribution of electrons 
in the high atmosphere is by the Thomson seattermg 
of radio waves by free electrons Examination of 
experiments in the United States to heights of about 
700 km suggests that useful results should be 
obtained to a height of about 2,000 km It 1s com- 
monly beheved that the emission limes of OI at 
6300 and 6364 A are excited by recombination in 
the F region The correlation between the optical 
intensities and radio measurements of 10nuzation 
clearly must be examined Moreover, ıt 1s possible, 
with careful techniques, to measure the lne-width of 
the OI lines and so obtain a direct measure of the 
temperature of the atmosphere at the height of 
emission of these lines 

To a classical astronome: nowadays anything below 
a fixed star 1s no doubt to be termed ‘terrestrial’, 
Just as to many people any study above roof-level 1s 
termed ‘astronomical’ The future is seen to lie in 
the weddmg of optical with radio techniques ın the 
fields of astrophysics and geophysics and of geo- 
magnetism Moreover, the vitality of the Observa - 
tory has suffered from its relative isolation The 
University did indeed, so Gregory said, acquire 
“a possession which is unequalled in any but the 
older universities" The means are there to tram 
students and research workers in the old and m the 
new techniques of explormg space The raw material 
of research 1s to hand The Observatory began as 
Lockyer’s hobby im his old age ıt has acquired a 
reputation 1n astrophysics and an affectionate regard 
in the south-west of England By acquiring additional 
eyes we shall see more and see farther An old man’s 
hobby has become a young University’s opportunity. 


LONG-RANGE RADIO COMMUNICATION BY SATELLITE 
MICROWAVE DIPOLES 


N article under this title detailmg the West 
Ford Project was published in Nature of Septem- 

ber 23, p 1237 At the eleventh General Assembly 
of the International Astronomical Union held m 
Berkeley, California, on August 24, two resolutions 
were unanimously adopted concerning that Project 
and similar space experiments that might have harm- 
ful effects on astronomy At the recent General 
Assembly of the International Council of Scientific 
Unions ın London, a resolution similar to Resolution 
No 1 of the International Astronomical Union was 
adopted, which refers to the whole of science, rather 
than to astronomy in particular 

The followmg 1s the text of the resolutions adopted 
by the International Astronomical Union 

Resolution No 1 Viewing with great concern the 
grave danger that some future space projects might 
seriously interfere with astronomical observations 
in the optical as well as 1n the 1adio domain, 

and beheving that a degree of contamination of 
space which at the present time would be hardly 


detectable, might, if long-lived, well be disastrous to 
future observations with umproved techniques, 

and maintaming that no group has the right to 
change the Earth's environment in any significant 
way without full international study and agreement, 

the International Astronomical Union gives clear 
warning of the grave moral and material consequences 
which could stem from a disregard of the future of 
astronomical progress, 

and appeals to all Governments concerned with 
launching space experiments which could possibly 
affect astronomical research to consult with the Inter- 
national Astronomical Union before undertaking 
such experiments and to refrain from launching until 
it 1s established beyond doubt that no damage will 
be done to astronomical research 

Resolution 2 The International Astronomical 
Union expresses its appreciation that the plans fdt 
Project West Ford have been publicly announced 
well ahead of proposed launching and of the United 
States Government’s official policy* that further 
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launchings will be guided by the prinerple that such 
projects shall not be undertaken unless sufficient 
safeguards have been obtamed agamst harmful 
interference with astronomical observations 

Nevertheless the International Astronomical Union 
views with the utmost concern the possibility that 
the band of dipoles proposed in Project West Ford 
might be long-lived, and ıt ıs campletely opposed 
to the experiment until the question of permanence 
18 clearly settled ın published scientific papers with 
adequate time being allowed for their study The 
International Astronomical Union 1s opposed to any 
experiment which might hamper fusure developments 
m astronomy 

If a short lifetime for the dipoles and the harmless 
nature of the experiment can be assured, and if 
Project West Ford 1s carried out, the International 
Astronomical Union regards ıt as essential that the 
fullest observations of, and experrments on, the pro- 
perties and behaviour of the baad of dipoles be 
carried out by all possible means ‘The observations 
and experrments should be performed and analysed 
according to the highest scientific standards and with 
the best equipment available, bearing in mind that 
signals which are barely, or not, detectable to-day 
wil probably cause serious interference with future 
scientific research because of the development of 
more sensitive equipment 
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The observations and experiments to be made on 
West Ford are likely to be difficult to perform, and 
will, n many ways, be simular to those carried out by 
the authorities responsible for operating West Ford 
Moreover, much specific information such as precise 
and up-to-date ephemerides will be required The 
International Astronomical Union will attempt to 
arrange for rapid and full co-operation among astrono- 
mers making observations and calculations, and to 
provide for world-wide dissemination of their results 
conforming to accepted standards of scientific research 

The International Astronomical Umon welcomes 
the position* taken by the Government of the 
United States that any decision on later experiments 
of the West Ford type will be taken in the light of the 
results obtained. from the presently proposed experi- 
ment To enable the International Astronomical 
Union to obtam the necessary data, it requests the 
Government of the United States to grant full 
privileges to a group of astronomers, acceptable both 
to the Government and to the Union, to co-operate 
with West Ford authoritie8 in performing quantitative 
experiments to determine the properties of the pro- 
posed belt of dipoles, its changes with time and 
location, and its mpact upon present and future 
astronomical research 
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* Letter of August 11, 1961,from Dr J B Wiesnerto Dr L V 
Berkner 


THE SWEDISH SEED ASSOCIATION 


HE title traditionally given i» English transla- 
tions to the Sveriges Utsadesforening does not 

perhaps fully mdicate the scope of the scientific 
work in this pioneer research statian 

Throughout :t& development the Swedish Seed 
Association has had strong support from both 
farmers and scientists, and when the seventy-fifth 
anniversary of the Association was celebrated m 
July 1961, King Gustav VI Adolf welcomed a large 
attendance of members living withm reach of each 
of the eight branch stations as well as growers and 
technicians who are directly im touch with the work 
at the Svalof headquarters 

Founded ın 1886 as a co-operat:ve association of 
farmers on the imitiative of Birger Wehnder, who 
farmed at Svalof, 1t reflected a big 1nerease m interest 
m crop-husbandry problems Durmg the extension 
of the arable cropping area 1n the muddle of the nine- 
teenth century Swedish farmers had come to realize 
that the severity of the winier, the relatively long days 
and the short summers made demands which could 
not be met by even the best of the foreign varieties. 

From the beginning the pioneer plant breeders at 
Svalof fought hard to convince the large body of 
farmers and seed growers of the importance of using 
the best scientific techniques in the improvement 
of crops As the programme developed under Profs 
Hj; Nilsson, N H Nilsson-Ehle, A Akerman and 
other distinguished scientists and agronomists it 
became clear that improved crop varieties could best 
be obtained through an active programme of research 
some of which must be of a fundamental nature 


Cytogenetic Research 


"Practical breeding work 1s undertaken at Svalof 
on the herbage crops, oil and fibre crops, and the 
root crops for fodder production as well as on the 
four main cereals 


For this breeding work material is provided mainly 
from three sources 

(1) By the mtroduction of valuable genes from 
primitive forms or wild species, or from cultivated 
varieties with special characteristics One of the most 
marked features at Svalof ıs the importance attached 
to collaboration with crop improvement and other 
research stations in foreign countries Valuable 
plant material has been obtained from a wide range 
of countries either by exchange or by plant collecting 
expeditions 

(2) By mducmg mutations The Swedish workers 
are effectively using this technique to merease the 
genetic variability of the cultivated varieties and 
breeding material with which they are working 

(3) By increasing the chromosome number through 
auto- and allo-polyploidy, thus offering new possi- 
bilities for the development of new genotypes 
Especially promising are the polyploids of red and 
white clover, rye and turnips (Oil rape ıs an impor- 
tant crop in Sweden. By crossing artificially induced 
polyploids of turnip rape and different types of 
kale, new high-yielding and hardy varieties of winter 
rape are being developed ) 

Research of a more fundamental nature 1s in pro- 
gress to ascertain the causes of reduced fertility in 
artificial polyploids and to investigate different 
methods of using polyploids ın breedmg pro- 
grammes 

In the development of polyploids the work at 
Svalöf has benefited greatly from the close co- 
operation of Prof A Muntzmg at the Institute of 
Genetics situated a few miles away 1n the University 
of Lund, and similarly with Prof A Gustafsson on 
induced mutations in barley and other crops Maouta- 
tions have been mduced m smooth-stalk meadow 
grass which have brought a return to eross-fertiliza- 
tion as the means of reproduction in place of apomixis 
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In this way the range of genetic variation has been 
greatly increased. 

The nature of yield m some species 1s bemg m- 
vestigated genetically and physiologically with the 
aid of special growth chambers 
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Biochemical Investigations 


Great importance ıs attached to the breeding of 
new varieties of improved quality and in this the 
chemical laboratory 1s closely concerned 

More fundamental studies are concerned with the 
enzyme changes associated with the ripening of 
seeds In a country extendmg as far north as northern 
Iceland, and as far south as Northumberland, the 
ripening of grain and other seed crops is of special 
importance 


Cereal Breeding 


The breeding of sprmg oats at Svalof has been of 
inestimable value to Britam 

Victory, Eagle, Star, Sun II and Blenda all came 
from Svalof, and these represent some of the best- 
known varieties grown in Britain durmg the past 
fifty years (A pecuhar rhythm of growth 1s needed 
In oat varieties grown around Lake Malaren, where 
severe drought conditions are likely to occur m 
spring, and the most successful varieties are those 
in which the shooting of the tillers 1s delayed for a 
period ) 

Barley varieties in Sweden cover a wide range of 
climatic conditions, and Svalof has been successful 1n 
breeding early six-row barleys for middle and northern 
regions as well as the varieties for southern Sweden, 
of which Ymer and Freja have been successful in 
Scotland and England 

Barley has been used as a convenient subject for 
experiment at Svalöf to find how the mutation pro- 
cess may be directed towards the production of 
desirable mutants Much 1s bemg learnt by the 
association of cytogenetical analysis of the mutations 
with a close observation of field characters in barley 


Herbage Crops 


The ecotype concept was largely developed m 
Sweden, and ıt 1s not surprising that special attention 
has been given to the mteresting range of regional 
types of red clover growing between southern Sweden 
and the northern lmuits of the crop Day-length 
reactions are bemg studied m relation to growth 
rhythm, time of flowermg and to the stage at which 
reserve nutrients are stored Of notable success 18 
the work on resistance to stem nematodes in red 
clover 


The Filial or Branch Stations 


Most of the new varieties introduced ın recent 
years have been the result of collaboration between 
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the main station at Svalof and one or more of the 
eight 'fibals' or branch stations At Ultuna (Uppsala), 
for example, 80me of the main work on red clover, 
lucerne and peas has been undertaken Vegetable 
crops, if one excepts the unportant pulse crop of 
dried cooking peas, are not at present included m the 
programme of work of the Association 


Seed Certification and Distribution 


To reheve the Swedish Seed Association of the 
task of multiplymg and distributing seed of the 
Svalof varieties, the General Swedish Seed Co was 
established m 1891 In Sweden, the seed trade is 
organized differently from Britam, and the Seed Co 
at Svalof finds ıt necessary to produce large tonnages 
of seed This is done partly on the farms owned by 
the Company 

Ihe Swedish Seed Association co-operates closely 
with the Central Government Seed Testing Station 
in the production of State certified seed, and all the 
seed which leaves Svalof 1s of certified grade 

From the beginning the Swedish Government has 
given monetary support to the plant-breedmg work, 
and this at present amounts to about £135,000 a 
year Other sources of income are the profits from 
the General Swedish Seed Co at Svalof, research 
grants and donations from foundations and private 
organizations, and fees for analyses made m the 
laboratories. 


Links with Britain 


By the year 1919 Svalof was already well established, 
and it was natural that representatives of the National 
Institute of Agricultural Botany, founded in January 
1919, should visit Svalof to take advantage of the 
unique experiences gained there in crop improvement 
work In the party representing the Council of the 
National Institute of Agricultural Botany was Prof 
R G Stapledon, then newly appomted to Aberyst- 
wyth The value of the ecological approach to variety 
testing, and to the collection ana use of local varieties 
and ecotypes developed m Sweden was particularly 
appreciated by the visitors from Britam The 
ecotype concept was to be further developed by 
Stapledon at the Welsh Plant Breedmg Station, 
and by J W Gregor m Scotland 

Exchange visits between Svaléf and the crop 
Improvement stations m Britam have been numerous 
in recent years durmg the directorship of Prof E 
Akerberg, and they have undoubtedly been of great 
benefit to both countries 

All workers in crop improvement, whether agricul- 
tural botanists, plant breeders, farmers or seedsmen, 
will join m congratulatmg the Swedish Seed Associa- 
tion on the remarkable achievements of the past 
seventy-five years and in sendmg good wishes for 
the future F R Horne 


OBITUARY 


Prof. Eric Bradshaw, M.B.E. 


Pror Eric BRADSHAW died suddenly at his home 
in Marple, Cheshire, on August 15 He was aged 
fifty-two and was professor of electrical engmeering 
and director of the Electrical Engineering Labor- 
atories 1n the Faculty of Technology of the University 
of Manchester at the Manchester College of Science 
and Technology 

Eric Bradshaw was the son of Lady Bradshaw and 
the late Sir Wilham Bradshaw, and was educated at 


King’s School, Grantham, and in the Department in 
which he later became professor He was a student 
under Prof Miles Walker and graduated in the 
University of Manchester with a degree of B Se (Tech ) 
with honours in 1930, and with the degree of M Sc 
(Tech ) ın the subsequent year Following his gradua- 
tion he spent some time with the British. Thomsop- 
Houston Company at Rugby 

He became a lecturer and afterwards special lec- 
turer in high-voltage engineering at the Royal Tech- 
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nical College, Glasgow, durmg 1933-44 While in 
Glasgow he was responsible for the inception there of 
the high-voltage laboratory and gamed his Ph D at 
the University of Glasgow In 1944 Eric Bradshaw 
moved, to his old Department 1n the College of Tech- 
nology, Manchester, as senior lecturer in high-voltage 
engineering, he was appointed professor of electrical 
engineering in October 1952 

After the War he was a pioneer in the organization 
of courses at a very high level for the senior engineer- 
ing staff of the newly nationalized electricity supply 
industry and was responsible for many such courses 
at Electricity Hall, Buxton, durmg the years 1947-52 
Most of these courses, changing their content from 
time to time but retammg Bradshaw’s form of 
organization, eventually became a standard part of 
the educational activities of the Central Electricity 
Authority (later the Central Electricity Generating 
Board) and the Area Boards During the same period 
he founded, in 1948, the Bulletin of Electrical Engin- 
eerung Education, and contmued, thereafter as organ- 
1ze1 and editor until his untimely death ‘This journal 
to-day circulates to between four and five hundred 
universities, colleges and other subscribers through- 
out the world 

Bradshaw’s published work and interests lay m 
four categories In the field of umts, symbols and 
nomenclature, he was one of the authors of a well- 
known symposium of papers to the Institution of 
Electrical Engineers on the mxs system of units, 
was the author of a book on the same subject, and 
served on British standards and international electro- 
technical committees Durmg his career at Glasgow 
and his early years at Manchester he published work 
on high-voltage measurements using oscillating elec- 
trode systems Immediately afterwards his attention 
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turned to problems of the power supply industry, 
and he was responsible for several devices for the 
direct measurement of rate of change of frequency, 
one of which was published by the Institution of 
Electrical Engineers His latest mterests lay m the 
field of electric railway traction He was responsible 
for the design and building at Manchester of & track 
performance calculator for British Railways, the 
details of which were published m a paper for the 
Institution of Electrical Engineers, latterly this work 
had extended to analogue devices for determining 
short-time thermal ratings of traction equipment 

He was known throughout the length and breadth 
of Britain for his work in furtherance of higher 
education, many were the advisory committees, 
colleges and universities to which he gave his time 
Many indeed, furthermore, are the individuals, both 
within and without his profession, who have reason 
to be grateful for his kindness of heart Eric Brad- 
shaw was incessant in his activity on behalf of cases 
of adversity and hardship which came his way, this 
particularly, but ın no way exclusively, applied to 
any student who through no fault of his own was 
likely to be incapable of pursuing his studies 

Eric Bradshaw was a keen amateur musician, 
played with the orchestra organized from time to 
time in the College of Science and Technology, and 
generously gave lis time and support to musical 
events in the College, particularly those centred 
around the organ Perhaps his greatest lay interest 
was 1n the history of the Industrial Revolution He 
was intensely interested ın the development of rail- 
ways and canals, and frequently lectured to societies 
and schools on these subjects He married Joyce 
Ena Smith m 1935, by whom he 1s survived 

C ADAMSON 
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NEWS and VIEWS 


The Norman Lockyer Observatory ° 
Mr D R Barber 


Mr D R. BARBER retired on September 30 from his 
post as supermtendent of the Norman Lockyer 
Observatory at Sidmouth, after twenty-five years 
service (see also p 108 of thisissue) He was appomted 
as assistant to the late W J S Lockyer m September 
1936 and on Lockyer’s death m December continued 
with the new director, D L Edwards, until 1956, 
when Edwards died, Barber then became super- 
intendent Edwards and Barber introduced precise 
methods of photographic photometry into the evalua- 
tion of stellar spectra From 1938 they applied the 
Greenwich colour temperature technique in a modified 
form to the measurement of spectrophotometric 
gradients and ther work on the changes in the 
continuous spectrum of y-Cassiopexe (NLO Comm, 
58, 62, 64) 1s well known About this time Barber 
built the first of a series of night-sky photometers, 
designed to measure the green, OI, hne of the ar- 
glow This instrument was taken to the Lick 
Observatory, Mount Hamulton, on Barber’s appoint- 
ment to a Martin-Kellogg fellowship m the University 
of Cahforma (1940-41) | With this he demonstrated 
for the first time a definite correlation between the 
ustensity of the green line and geomagnetic activity 
(Nature, 148, 88 (1941)) 

Durmg 1941-45, Barber worked at the Kodak 
Research Laboratories m England, and on his return 


to the Observatory he became interested in the 
sodium D-line emission m the twilight and night skies, 
which he studied by photographic and photoelectric 
methods He established the presence of highly 
polarized twihght emission following solar flare and 
geomagnetic activity (J Atmo Terrestr Phys, 10 
172, 1957), and a dependence of the mtensity of 
emission on lunar phase, presumably because of tidal 
movement of the upper atmosphere at the level of 
sodium emussion, 70-110 km (Intern Astro Union 
Draft. Rep, Berkeley Meeting, August 1961, Rep 
Comm , 21, Lumanescence du Crel) Lately Barber's 
interests have broadened to include solar—terrestrial 
relationships, certamly he has already obtamed 
fascmating and remarkable results Those on the 
effects of hving organisms will certainly keep him 
occupied in his retirement 


John T Tate Medal of the American Institute of 
Physics Dr P. Rosbaud 


Dr Paur RossAUD has been awarded the first 
John T Tate International Medal for distinguished 
service to physics The Medal 1s of gold and has been 
established 1n order to recognize distinguished service 
to physics by individuals who are neither residents 
nor ertizens of the United States 1,000 dollars 
accompany the award The late Prof J T Tate, 
who died on May 27, 1950, was dean of the College 
of Science, Literature and Arts at the University of 
Minnesota, and served as research professor of physics, 
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chairman of the Governing Board of the American 
Institute of Physics, and managing editor of the 
American Physical Society 

Dr Rosbaud before and durmg the Second World 
War was science editor for the Sprmger Company, a 
Berhn publishing house As an editor, ho ıs credited 
with being the driving force behind the creation of 
new journals and the improvement of existing 
periodicals, as well as being responsible for the 
publication of many books by scientists Born m 
Graz in 1896, he received his doctorate in Berlin and 
then carried out research in X-ray crystallography 
He jomed the Springer publishmg house in the 1930’s 
and succeeded 1n sending its valuable scientific books 
to safety before the bombing of Berlin His extra- 
ordinary courage and acquaimtanceship with friends 
in high places, who were uncommitted to the Nazi 
régime, enabled him to keep in touch with scientists 
in occupied Europe durmg the War and to boost 
their morale He had two French war prisoners, 
who were physicists, staying with him on parole, and 
enabled them to work and læep ın touch with scientific 
developments They are now promment atomic 
scientists 

Durmg the War he risked his hfe and freedom by 
communicating with Alhed scientists via the Nor- 
wegian underground and neutral channels and by 
bemg the confidant of German physicists who 
opposed the decline of science under the Nazis After 
the War, he became editor for Butterworth Scientific 
Publications (London), and later served as scientific 
director of the Pergamon Press Since 1956 he has 
been European editor for Interscience Publishers 
and a consultant to other publishing companies 
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Council for Scientific and Industrial Research 
New Appointments 


FivE new members of the Council for Scientific 
and Industrial Research were recently appointed, and 
took office on October 1 They are Mr. L H Bedford, 
director of engmeermg, Guided Weapons Division, 
Enghsh Electric Aviation, Ltd, Mr G B R 
Feiden, managing director, Hawker Siddeley Brush 
Turbines, Ltd , Prof E R H Jones, Waynflete 
professor of chemistry, University of Oxford, Prof 
O A Saunders, professor of mechanical engineering, 
Imperial College of Science and Technology, London, 
and Mr H C. Tett, chairman and managing director, 
Esso Petroleum Co, Ltd Three members who have 
completed their five-year term of office retired on 
September 30 the former chairman, Si Harry 
Jepheott, chairman of Glaxo Laboratories, Ltd, 
Prof C E H. Bawn, professor of imorganic and 
physical chemistry, University of Liverpool, and 
Sir Willis Jackson, at present director of research 
and education, Associated Electrical Industries (Man- 
chester), Ltd A fourth member, Sir Walter Drum- 
mond, who was also due to retire on September 30, 
has been re-appomted for a period of three months 
The present constitution of the Research Council is 
Chaarman, Sir Harold Roxbee Cox, Members, L H 
Bedford Prof B Bleaney, Prof C F Carter, Dr 
J W Cook, Frank Cousins, Sir Walter Drummond, 
G B R Felden, Prof E R H Jones, Vice-Admiral 
Su Frank Mason, Prof. O. A Saunders, Dr C J 
Smithells, H C Tett, Lewis T Wright, Secretary, 
Sir Harry Melville 


Ergonomics in Industry 


DELEGATES from industry, the trade unions, 
universities, research associations and Government 
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departments attended the three-day Conference on 
Ergonomics organized by the Department of Scientific 
and, Industrial Research in London during September 
1960 The Proceedings of the Conference have now 
been published and include all papers and a verbatim 
report of the delegates’ discussions (Proceedings 
of Conference on Hrgonomics 4n Industry, 27-29 
September, 1960, published for the Department of 
Scientific and Industrial Research by HMSO 
Price 12s 6d By post, 18s 4d) Ergonomics, the 
scientific approach to the problem of fitting the job 
to the worker, is armed at improving industrial 
efficiency by designing equipment so that 1ts operation 
is within the mental and physical capacities of the 
average person The purpose of the conference 
was to bring ergonomics to the notice of senior 
people in industry and to provide an opportunity 
to discuss 1ts wider mmplications, in particular where 
ergonomics fits in with the mterests of production 
engineering, equipment design, work study and indus- 
trial health 


Mental Health Book Review Index 


THe Mental Health Book Renew Index, which 1s 
sponsored by the World Federation for Mental 
Health, the International Council of Psychologists, 
the American Foundation for Mental Hygiene, and 
the Research Centre for Montal Health, New York 
University, lists references to signed book reviews 
appearing in 150 journals 1n the English language, of 
which 133 are still current and pubhsh reviews, 
regularly or occasionally The indexing begms with 
the volumes current m January 1955 Books are 
listed with references to three or more reviews when 
they appear in psychological, psychiatric, or psycho- 
analytical journals, when the journals represent at 
least three fields n the behavioural sciences as a whole i 
when at least three of the journals originate outside 
the United States, or when the books reviewed are in 
foreign languages The bibhography of books in the 
sciences of human behaviour and the field of mental 
health which results from this compilation of book 
reviews 18 intended, for information only, and neither 
inclusion nor omission of a title implies a definitive 
selection In addition to the 2,062 titles listed smce 
the first issue of the Index, about 6,900 titles of books 
with at least one review are on file until they can be 
listed under these criteria The Index 1s published 
annually under the auspices of the American Founda- 
tion for Mental Hygiene, the most recent (6, 
No 11, 1961) bemg published m July 


Diet of Sheep 


SHEEP are highly selective m ther grazing habits, 
pickmg and choosing between the different plants 
available m & mixed sward, and even between stem 
and leaf on individual plants It ıs only durmg the 
past few years that the extent and importance of 
such sheep preferences in mfluencmg both the diet 
of the animal and the botamcal composition of 
the pasture have been appreciated G W Arnold, 
of the Division of Plant Industry, Commonwealth 
Scientific and Industrial Research Organization, has 
recently described preliminary results of research on 
the grazing behaviour of mermo sheep on the southern 
tablelands of New South Wales (Rural Research 4n 
the Commonwealth Screntrfic and Industrial Research 
Organization, 36, June 1961) In one experiment, ea, 
seeds mixture of lucerne and Phalaris tuberosa was 
sown 1n rows and grazed continuously by three-year- 
old mermo wethers The sheep selected leaf in 
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preference to stem where this was physically possible 
Furthermore, they invariably chose the leaf or stem 
material contammg most nitrogen In another experi- 
ment, & direct relationship was found between the 
amount of pasture available and zhe time spent by 
sheep ın grazing. In spite of a progressive increase 
in the time spent, the sheep were unable to mamtain 
ther live-weights as grazing became more tıme- 
consuming The animals grazing longest suffered the 
least loss of hve-weight This suggests that other 
sheep stopped eating because of fatigue before their 
appetites were fully satisfied Such differences 
between mdividual sheep ın their capacity to graze 
for longer periods on poorer pastures could have 
practical implications, particularly if the character 
should prove to be heritable 


Geological and Geographical Research in the 
U S.S R. 


A REVIEW of geochronology research ın the Soviet 
Union 1s given by D I Shcherbakov (Priroda, 2, 9, 
1961) The scale appended gives, for example (in 
million years), Upper Cretaceous 100, Carboniferous 
320, Cambrian 570 The oldest Pre-Cambrian 3,400— 
3,500 A I Perel’man (Priroda, 1, 41, 1961) 18 
continuing his discussion of geochsmical landscapes 
by a&pplying geochemical studies to the previous 
‘periods of the Earth’s history, thus contributing to 
& new science, named by A A Saukov “historical 
geochemistry” R V Tei (Priroda, 4, 31, 1961) 
provides a short summary of the work on oxygen 
isotopes 1n the Soviet Union, especially of the isotope 
paleothermometry as apphed to the calculation of 
the temperature of ancient seas es determmed by 
the date derived from sedimentary rocks of the 
Russian platform and those of the Crimea Isotope 
methods were also used to determine the geochemical 
history of atmospheric oxygen. especially during the 
process of photosynthesis The Lake Balkhash, m 
spite of bemg situated in a semi-desert zone and 
prone to evaporation, has a very low salinity, namely, 
984gm]/l Accordmg to M. N Tarasov (Priroda, 2, 
72, 1961) this may be due to tre infiltration or 
seepage of the Lake waters into the fiinging rocks 
surrounding the numerous bays of this Lake Othe 
suggestions and hypotheses are also discussed. 


Angara-Yenisei Hydroelectric Schemes 

A sHort review of these schemes has recently been 
prepared by P M Dmiutrievsky (Pro oda, 1, 25, 
1961) Both the Rivers Angara and Yenisei will have 
‘cascades’ of six dams, providing power for hydro- 
electric stations The largest of these, situated at 
Bratsk, on the River Angara, was begun ın 1955 Its 
head 18 more than 100 m , power, 45 million kW , 
and annual output, 217 mulhards kW /hr The 
annual output of the Angara set will be 70 milliards 
kW /hr, and of the Yenisei scheme 120 muilllards 
kW /hr Completion of some units 18 expected by 
1965 ‘The area served by these two schemes 1s rich 
m coal, iron ore, aluminium ore and salt 


High-Temperature Induction Furnaces 


Tar design of laboratory high-temperature induc- 
tion furnaces has been examuned m both theoretical 
and practical aspects by P H Duncas, of the Carbon 
Research Laboratory, Chemical Engineermg Depart- 
nfont, Imperial College of Science and Technology, 
London Dundas has attempted to simphfy an 
otherwise complex electrical engineermg analysis, 80 
that the research physicist can avad wasting much 
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time and energy over trial and error methods when 
faced with problems of high temperature that can be 
satisfied only by the use of mduction heatmg An 
article m Research Applied wn Industry, published 
by Butterworths, 88 Kingsway, London, W C 2, pro- 
vides a new approach to the use of induction heatmg 
as an important high-temperature tool (14, No 7, 
July 1961) 


Histoplasmosis 


THe discovery of benign histoplasmosis m 1945 
spurred interest ın a disease that had been considered 
rare and mvariably fatal Durmg the ensuing years, 
a great deal of basic information has been gathered 
on the epidemiology of histoplasmosis Most of this 
knowledge has been gained through the development 
and use of immunological tests, case history studies, 
and the screening of soil samples and animals for the 
presence of Histoplasma capsulatum In a review of 
existing information (Mycopathologia et Mycologia 
Applicata, 14, August 1961), Dr Labero Ajello, of 
the Communicable Disease Centre, Mycology Unit, 
Public Health Service, US Department of Health, 
Education and Welfare, describes how the culture of 
internal organs of domestic and wild animals has 
revealed the presence of H capsulatum in different 
parts of North America, Central America, South 
America and Africa It shows also that this fungus 
apparently cannot multiply in internal organs of 
birds, the body temperature of which 1s higher than 
40° C Epidemiological mvestigations almost m- 
variably revealed that H capsulatum was present in 
the soi of the region where epidemics occurred 
Sometimes the soil contammg H capsulatum was 
transferred by human actrvities from infected 
localities through non-mfected au, lessening the 
possibility that the spores of the fungus have been 
transported by air from the central endemic areas 
(Ohio—Mississippi—Missour! river valley) to localities 
far removed from these regions In the same journal, 
Henry C Sweany considers the diagnosis of histo- 
plasmosis and shows that the disease has such & 
clinical variability that ıt may simulate not only 
tuberculosis, sarcoidosis, lymphomas and certain 
severe anzemuias, but ıt may also occur together with 
any one of them, which makes the diagnosis all the 
more difficult In 25 per cent of the cases studied, 16 
was associated with tuberculosis 
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The Australian Mathematical Society 


Tae Australan Mathematical Society met in Bris- 
bane, at the University of Queensland, durmg May 
24—26, and held a joint session with the Austrahan 
and New Zealand Association for the Advancement 
of Science on May 29, 1961 Sixty members attended 
The new Council elected was as follows President, 
Prof T G Room, WVce-Preswlents, Prof A L 
Blakers and Prof L S Goddard, Publecatrons 
Secretary, Dr G E Wall, Treasurer, Prof C S 
Davis, General Secretary, Prof H O Lancaster 
A successful summer research institute was held at 
the Australan National University, Canberra, during 
January and February 1961, with Prof T M Cherry 
as director A second institute meeting will be held 
m Canberra, m January 1962, with Prof E § 
Barnes as director 


Mathematical Reprints 


THE reprints of the Chelsea Publishing Co , 50 East 
Fordham Road, New York, 58, have made available 
a large number of scarce or unobtainable mathe. 
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matical classics The most recent batch illustrates 
the wide variety which has been selected Salmon’s 
Higher Plane Curves (4 95 dollars) and Bell’s revision 
of Frost’s Curve Tracing (3 50 dollars) are museum 
pieces, no longer recommended, reading but held in 
warm affection by all who know them Provectove 
Geometry (495 dollars) 1s a translation of the second 
part of the 1935 book by Schreier and Sperner, the 
first part having already been issued in translation 
by the Chelsea Co , under the title of Modern Algebra 
and Matra Theory, this completes the version of a 
work which, 1f now a little out of date, 1s still recom- 
mended by the experts as a suitable mtroductory 
university text on algebra and algebraic geometry 
Then an ommbus volume (6 dollars) contains two 
monographs by Weyl, Das Kontinuum and Mathe- 
matische Analyse des Raumproblems, Landau’s tract 
(1916, second edition 1929) on function theory, which 
inspired so many undergraduates in the “twenties, 
and. the famous Riemann dissertation, on the founda- 
tions of geometry, with Weyl’s notes The books are 
well produced and stoutly bound. and many libraries, 
piivate and public, may be glad of the opportunity 
to fill gaps reasonably cheaply 
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The International Society for Stereology 


Tue International Society for Stereology was 
established durmg May 1961 Stereology ıs the 
science of three-dimensional interpretation of flat 
images, such as sections and projections, that 1s, the 
extrapolation from two- to three-dimensional space 
The methods range from the evaluation of shadows 
through serial sections to  stavustico-geometrical 
analysis Stereology finds applications m mucro- 
scopical anatomy, electron mucroscopy, geology, 
metallurgy, aerial mapping, astronomy and cosmo- 
logy The Society ıs holding its first congress at Key 
Biscayne, Florida, during April 24-26, 1962 Further 
information concerning the Society and the congress 
can be obtamed from Dr Hans Ehas, Department of 
Anatomy, Chicago Medical School, 710 South Wol- 
cott Avenue, Chicago 12, Ilhnois 


Postgraduate Courses at the Imperial College of 
science and Technology 


INFORMATION contained in a booklet (Shorter 
Postgraduate Courses) issued by the Imperial College 
of Science and Technology relates to shorter post- 
graduate courses to be held at the College during the 
autumn term of the session 1961-62, and advance 
mformation on those to be held durmg the spring 
and summer terms ‘The courses included comprise 
not only those specially arranged, but also a selection 
of lecture courses forming part of the normal depart- 
mental syllabuses, where these are hkely to be of 
interest to students as separate courses and where it 
1s possible to accept part-time students The booklet 
18 divided into two sections covering part-time courses 
and short full-time courses Further mformation on 
all these courses can be obtained from the Registrar, 
Imperial College of Science and Technology, Prince 
Consort Road, London, SW 7 Details of full-time 
postgraduate courses extending over ono year are 
given in a separate booklet, Postgraduate Courses, 
which 1s obtainable from the Registrar, price 28 


B.B C Research Scholarships 


EaAcx year the B BC awards research scholarships 
(valued at £500 per annum) to university graduates 
in electrical engineermg or physics, to enable them 
to work at any university in the United Kingdom for 
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a higher degree ın those fields of telecommunications 
or physics which have an application to sound or 
television broadcasting ‘This year, three scholarships 
have been awarded to Mr J Elhott (1 year), of the 
Imperial College of Science and Technology, London, 
who has been working under Prof C Cherry and 
Mr J Roberts, to Mr K L Hughes (2 years), of 
the University of Birmingham, for work under Prof 

D G Tucker and Prof J T Alanson at Bonmingham, 
to Mr B J Tilley (2 years), of the University College 
of Swansea, who will work at Swansea under Prof W 

Fishwick and Mr J MacCormack 


University News: Southampton 


THE title of reader ın botany has been conferred on 
Dr J M Lambert 


Loughborough College of Technology 


Dr G F Rzxworps has been appointed reader in 
analytical chemistry at Loughborough Previously, 
Dr Reynolds was a principal scientific officer in the 
Chemical Inspectorate at the War Office 


Announcements 


Dr SIGVARD ExruwND, of Sweden, has been 
appointed director-general of the International Atomic 
Energy Agency, imm succession to Mr Sterling Cole, 
whose term of office expires on November 30 


SIR WiLLIS JACKSON has been elected president of 
the British Association for Commercial and Industrial 
Education 


STAFFORD BEER, founder of the Department of 
Operational Research and Cybernetics, United Steel, 
has now become managing director of SIGMA (Science 
in General Management), Ltd SIGMA was recently 
set up to offer professional services in operational 
research to industry and Government Roger Eddison 
is now director of operations of SIGMA Previously 
Mr Eddison was manager of the Plans and. Methods 
Department in NAAFI 


Mr C T MELLING, a deputy chairman of tho 
Electricity Council, has been appointed a member 
of the Advisory Council on Research and Develop- 
ment of the Ministry of Power, 1n succession to Sir 
Josiah Eccles 

Mr L H WE tog, recently chief electrical engineer 
to the London Electricity Board, has been appointed 
as industiial relations consultant to the British 
Electrical and Allied Industries Research Association 


Str Cyrrit HinsHELWooD, past president of the 
Royal Society, will deliver the 1961 Eddington 
Memorial Lecture in Cambridge at the Arts School 
Lecture Theatre, Bene’t Street, on November 10, at 
5 pm The title of the lecture is “The Vision of 
Nature" 

THE Natural Rubber Producers’ Research Associa- 
tion 1s holding a symposium under the general title, 
"Fundamental and Practical Approaches to Ageing 
Protection", at its laboratories at Welwyn Garden 
City during November 2-3 Attendance will be by 
mvitation only Further mformation can be obtained 
from the Natural Rubber Bureau, 19 Buckingham 
Street, Adelphi, London, W C 2 


Tue Association of Universities of the British 
Commonwealth has issued mvitations to 1ts member 
universities to appoint delegates to the nmth quin- 
quennial Congress of Universities of the Commen- 
wealth, which will be held at the University of 
London durmg July 15-19, 1963, and which will 
mark the jubilee of the founding of the Association 
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COAL SCIENCE 


Ta biennial International Conferences on Coal 
Science, which began ın The Netherlands in 1955, 
moved on the most recent occasion to France the 
fourth Conference was held at Le Touquet during 
May 30-June 2 Tradition was follcwed in the extent 
of local co-operation, and the Mayor, Dr Jules 
Pouget, recerved delegates and ther wives at the 
Town Hall A tribute should be paid, for the excellent 
organization and remarkable hospitality, to the 
French sponsors, the Centre d'Études et Recherches 
des Charbonnages de France parzicularly to Prof 
M Letort (a director-general of the Centre), who 
presided, R Loon, the French member of the 
International Committee, and A. Plorx, who under- 
took all the details of organization The conference 
was fortunate m gaining Mr Berkx’s experience from 
the previous meeting which he crganized ın The 
Netherlands 

Interest continues to increase, the recent Con- 
ference included a delegation from the USSR, 
and Spain, Brazil and Czechoslovakia were represen- 
ted On the other hand, delegates from India and 
East Germany, who attended in 1959, were absent 
The papers presented origmated from ten counties 
Titles of more than one hundred were submitted, 
and this number was only reduced with some difficulty 
to about 50 by narrowmg the fied—to papers of 
direct relevance to the chemistry, physics and car- 
bonization of the coal substance 

Smee authors are submitting ther papers to journals 
of them choice and proceedings of the Conference 
wil not be published, the 53 papers presented will 
all be mentioned briefly, grouped uncer the three mam 
headings used m the sessions An mdependent 
summary by A Ladam m the French language will be 
found in a late-1961 issue of Chume et Industrie A 
numbered list of references so far available has been 
appended 


Chemical Properties 


P H Given! reviewed his proposed molecular 
model for coals in the light of more recent work on 
dehydrogenation, nuclear magnetic resonance, and 
other evidence, he concluded that the general 
features of the model had been confirmed, but 
indicated changes in structural detzil that appeared 
desirable 

H A G Chermm attempted so deduce from 
measured, densities and elementary analyses the mean 
size and proportion of aromatic un:ts in coals, and 
directed special attention to the accuracy possible 
Corrections to previous attempts were made and 
quite good agreement with X-ray measurements of 
mean size was found 

H S Rao, P L Gupta, F Kaiser and A Lahiri 
considered the assignment of the band at 1,600 cm -1 
m the spectra of coals This band could have one or 
all of several origins, and the results of reducing the 
coals with lithium alummium hydride, since this did 
not cause a change m mtensity ın the band, were 
considered to discount assignment to a carbonyl 
vibration On a related subject was an investigation, 
bye L Czersli and L Czuchajowski, of the same 
spectral band in polycondensates of o-, m- and 
p-dihydroxybenzenes with formaldenyde When the 
para-derivatives were oxidized with ferric sulphate 


the 1.600 cm - band moreased 1n intensity, possibly 
owing to formation of hydroxyl/carbonyl chelate 
structures, supporting earlier assignments of this 
band 1n coals to such structures 

M T. Monaghan and K Littlewood attempted 
to use trumethyl-acetoammohydrazide hydrochloride 
(Girard’s reagent T to extract carbonyl-containing 
substances from coals as water-soluble derivatives 
(see p 128 of this issue of Nature) M Weclewska 
described the effect on eight coals of exposing them to 
a variety of organic vapours Conclusions were 
drawn as to the variation with rank of free and hydro- 
gen-bonded hydroxyl groups P H Given, M E 
Peover and W F Wyss had exammed the chemical 
reactions and properties of some petrological constitu- 
ents of coals Moderate differences m hydroxyl 
content and reducibility* were found, the general 
molecular pattern being similar for all the macerals 
studied B K Mazundar, S Ganguly, N Gopal De 
and A Lahiri had vestigated the effect of phosphoric 
and sulphuric acids on coal structure, they found that 
a constant proportion of the total carbon ın the coal 
(92 per cent) was retamed in the chars produced when 
the products were carbonized Smce extensive de- 
hydrogenation did not result, an apparent condensa- 
tion between the alicyclic structures and the remainder 
of the molecule was postulated to explain the mhibi- 
tion of tar formation caused by the treatment 
J D Brooks and T M Spotswood? discussed the 
reaction of carbonized coals with bromine and with 
sodium in various forms, the results were consistent 
with the presence of polycyclic hydrocarbon 
structures 

Several papers were concerned with oxidation or 
oxidation products H E J Brusset compared humic 
acids extracted from low-rank coals with those 
produced synthetically from polyphenols by oxida- 
tion, he adduced support for an analogy between 
these classes of material Oxidation of coal m alkaline 
medium at 260° C was described by J E Germain, 
J Guillonand P Delattre The high yields of benzene 
carboxylic acids obtamed were extracted with methy] 
ethyl ketone and subjected to chromatography 
Fractions were characterized according to the number 
of carboxyl groups per benzene ring, increase in rank 
of coal was accompanied by a decrease in the mean 
number of groups per ring (about 4) and an increase 
in total yield of these acids G J Lawson and S G 
Ward reported a further examination of the resolu- 
tion of sub-humie acids (secondary oxidation products 
of coal) partly by means of ion-exchange resins 
Several known acids were isolated, mcluding some 
previously reported (for example, glycollic and 
mellitie acids) and two aliphatic acids containing 
nitrogen (nitrilotriacetic acid and oxalylglycine) 
B Juttner? described the oxidation of coke with 
nitric acid followed by sodium hypochlorite and 
extraction with butanone The yield of mellitic acid 
increased sharply between 600° and 700° C carbon- 
ization temperature, and then fell slightly A related 
topic was a description of the use of ozonolysis in 
research on coal tar, by P G Copeland Oxidized 
pitch fractions and model substances were further 
decomposed with alkaline peroxide and/or perman- 
ganate m pyridme and. the products were 1dentified 
Mechanisms were established from the work with 
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models, but the products from coal tar pitch had not 
yet been identzfied 

Reaction of coals with alkaline solution at 200?— 
300° C was found, by M Ihnatowicz‘, m many cases 
to increase greatly the agglutinating values observed 
when the products were later heated A strong hydro- 
genating action accompanymg hydrolysis was 
indicated 

Possibly the most novel work described was that of 
L A Herédy and M B Neuworth on a depolymeriz- 
ation of bituminous coal at only 100? C The coal was 
allowed to react with a labelled phenol-boron tri- 
fluoride system, depolymerization was recognized by 
substantially mereased solubility in phenol Models 
were used to elucidate the reactions taking place 
With coal, cleavage of aromatic-aliphatic linkages and 
also interchange of aromatic units with phenol were 
both involved Some of the structural units were 
thus characterized ın terms of analysis and molecular 
weight, and evidence of bridges other than wa 
methylene groups was obtamed, possible model 
structures for coal that would fit the evidence obtained 
were discussed E E Donath adduced the presence 
of polynuclear aromatic units in pitches from coal 
hydrogenation from a study of the ease of change in 
hydrogen. content 

lwo papers considered processes that may occur 
during the formation of coals G Huck, J Karweil 
and K Patteisky® showed ın an experimental study 
that only dynamic pressure is hnkely to accelerate 
merease in rank, and that spores are unsuitable as 
indicators of the temperature of formation I A 
Breger considered the ‘coalification’ of wood m 
uranium-bearing sandstones It seems that nuclear 
radiation has caused dehydrogenation and con- 
densation, leading to effects similar to those produced 
by biochemical coalification 

P Dath, H Renson and E H Grand’ry reported 
work on the influence of rank and petrological 
composition on the behaviow of coals 1n the Audibert- 
Arnu dilatometer and came to the conclusion that 
both are mnportant A Ihnatowiez, M Lason and 
M Zyla had shown by treatment of coal with alcoholic 
potash and with pyridine, together with hydroxyl 
determinations and adsorption measurements, that 
the two treating agents used altered these properties 
ina similar manner Evidence that this was due to a 
mechanical loosenmg of the structure was obtained 
J D Brooks, J F Stephens and H Silberman* had 
exammed the X-ray diffraction patterns and func- 
tional groups 1n chars from carbonized salts of brown 
coal The 002 band was shifted, and ıt was suggested 
that m brown coals this band may possibly arise 
from an interchain d-spacing Phenolic groups 1n the 
salt form were less-easily elimmated by heating than 
in the untreated coals B Roga surveyed Polish and 
international classifications of coals and suggested 
modifications 
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S Ergun and M Mentser carried out investigations 
on the X-ray scattering patterns of ten anthracites 
and meta-anthracites Those of higher rank gave rise 
to three-dimensional reflexions, indicating that coal 
can graphitize durmg metamorphism Nuclear 
magnetic resonance techniques were applied by 
J Smidt, W van Raaijen and D W van Krevelen 
to show that the mobility of the protons in coals 
changes with rank, and that ıt shows a characteristic 
variation with temperature for the cokmg vitrinites 
The effect, on earlier published conclusions, of this 
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variation was discussed. Pitches were also studied 
M Jacubowicz and J Uebersfeld described results 
obtained with several coals when studied by double 
magnetic resonance The nature of the interactions 
(dipolar, etc ) between the electronic and the nuclear 
magnetic moments was determined, and a better 
understanding was achieved of the electron spm 
resonance ascribed to free radicals Some possibilities 
for studying adsorption were also mentioned 

Two papers were concerned with the specific 
surface and heat of wetting of coals and carbonized 
coals S Prégermam, S Durif and P Chiche studied 
the adsorption of water, methanol and nitrogen on 
carbonized coals, and their low-angle X-ray scattermg 
Inter alia, a relation was found between the ease of 
graphitization and the development of the internal 
surface L Robert and S Prégermain found a 
quantitative relation between heat of wetting m 
methanol, per unit surface of the carbonaceous solid, 
and its oxygen content, extrapolated to zero oxygen 
content the heat evolved 1s still considerable, and the 
chief effect, therefore, is to raise the estimated 
surface areas of high-rank coals and chars while 
leaving those of low-rank coals hitle changed J W 
Philips reported on the self-adhesion of coal during 
briquetting without a binder The physical proper- 
ties, and the structure revealed by photomicro- 
graphs, of the briquettes were lmked with the stress 
and strain relations during the application of pressure 
with additional shear stran D H Everett, E 
Redman, A J Mules and D H Davies reported 
adsorption isotherms on chars made from polyvinyl- 
idene chloride Important differences m hysteresis, 
relevant to the mechanism of coal carbonization, were 
discussed, 

Reflectances of vitrinives carbonized at a series of 
pressures were reported by M.-Th Mackowsky An 
attempt was made to relate the changes found with 
the chemical changes known to occur during heating 
L A Gilbert had determined refractive mdices and 
absorption coefficients of polished surfaces of coals, 
in the ultia-violet region, by a polarized light method 
This was the first application of this method to coals 
and yielded valuable results All the vitrams used 
showed a strong aromatic-type absorption around 
2600 A S Ergun and J T McCartney’ reported the 
refractive indices of ultra-thm sections of coals 
and graphite m the visible region and extinction 
coefficients im the ultra-violet and visible regions 
The results were tentatively considered to lead 
to conclusions regarding the aromatic units in 
coals similar to those derived from X-ray investiga- 
tions 

E de Ruiter, R Leutner and H  Tschamler 
reported the electrical resistance of powdered coals 
under pressure and of their products of extraction by 
pyridine in relation to temperature Little change in 
the energy of electronic activation for coals was 
observed between 80 and 90 per cent carbon content, 
values of this energy were similar for the residues of 
extraction of solvent, but greater for the soluble 
products by extiaction The results for the extracts 
were considered to accord with conclusions from 
X-ray diffraction 


Thermal Decomposition 


No less than four papers were concerned with the 
plastic softening of coking coals m the early stages ‘of 
heating Rheological properties durmg the muitial 
softening had been studied by H R Brown and 
P L Waters? They found that the temperatures of 
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initial softening of a wide range of Australian coals 
were almost mdependent of rank within the range of 
82—89 per cent carbon content, and that the softening 
was initially reversible, but maximum fluidity and 
solidification temperature were dependent on iank 
A. medium-rank coal behaved as though the flow were 
Newtonian until the onset of active decomposition 
A. mean activation energy of abcut 70 kcal /mole 
was estimated J C Macrae and K S Murthi? had 
determined, in a special cone viscometer, the varia- 
tions of fluidity at a constant temperature below the 
active decomposition point, they interpreted these 
in relation to the microscopically observed porosity of 
the char after cooling and the amount of chloroform 
extract obtamable from this char The duration and 
magnitude of fluidity were found to be highly depen- 
dent on temperature, and the increasing fluidity 
before the maximum to be direct-y related to the 
dilation of the mass with gas bubbles, the amount of 
chloroform-soluble material present did not change 
materially over the same period. and therefore was 
considered unlikely to produce this :nerease 

I GO Dryden and W K Joy" had investigated 
the provenance of the fusible chloroform-soluble 
material in heated coals, by comparing simular 
materials obtained ın three independent ways They 
concluded that this fustble material 1s partly present 
in the unheated coal and partly formed or disengaged 
during heating, the proportion originally present 
increasing with increase of rank up to 100 per cent in 
prime coking coals Evidence was also presented 
leading to the conclusion that the portion originally 
present 1s also more resistant than the remainder to 
thermal decomposition The plasticity developed 
was considered, on limited evidence, to depend 
critically on the concentration of fusible mater1al— 
not entirely in agreement with the conclusions of 
Macrae and Murthi A D Daimton demonstrated by 
static beam-bending methods that  visco-elastic 
behaviour persisted in the semi-coke from a coking 
coal above the commonly accepted point of solidifi- 
cation for the plastic coal, that 1s between 480° and 
800° C 

Development of the fissures ın coke that result from 
shrmkage, followmg resolidificatior of the plastic 
mass, was studied by H E Blayden, H. C Wilkinson 
and G E Oatley in relation to the temperature 
distribution in an experimental coke oven A clear 
correlation between shrinkage and fissurmg was 
observed, and these authors also concluded that sem- 
cokes may show visco-elastic behaviour G H 
Taylor! reported the appearance 1n both reflected and 
transmitted hght of coals at variovs stages in car- 
bonization Colour photomicrography was an 
important feature of the techniques used Develop- 
ment of an optical mosaic structure from the plastic 
vitrinite was observed The behaviour suggested that 
the resolidification. of coke 1s analogous to a crystalli- 
zation process H Pichler and D E Lee!? reported 
the effects of extracting a bituminous coal for 
various times with tetrahydrofuran The consequent 
changes in plastic behaviour, dilatometer curves, 
volatile matter and other characteristics were 
described W F Landers and J E Goodman had 
investigated the effects of temperature and gas pres- 
sure on the tar obtained from a lgmte Increased 
susceptibility to decomposition of the tar hberated 
befween 500? and 600? C was evident, and this was 
further increased by pressure 

S Cermé reported an investigation, with the help 
of labelled pyrite, of the behaviour of orgamic and 
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inorganic sulphur-contaiming constituents of a series 
of coals durmg carbonization Evidence was obtained 
that morganic and organic forms of sulphur were 
interchanged to some extent, according to the rank of 
coal, durmg the thermal decomposition The effec- 
tiveness of carbonizing in hydrogen, ammonia and 
pre-heated steam, ın reducing the sulphur content of 
the resultmg coke or char, was also investigated, 
steam proved the best 

Heats of coking formed the subject of three papers, 
the definition used must be considered when making 
comparisons D Fitzgerald reported coking heats 
for an anthracite and several low-rank coals An 
isothermal fluid bed calorimeter was used for the 
measurements The poor agreement between results 
of other work was critically discussed C Meltzherm, 
J Lahouste and A Boyer had made a direct com- 
parison of two methods of measuring the heats of 
carbonization, and found them in satisfactory 
agreement The net heat of carbonization over the 
whole range of temperature, for & number of coals, 
was always exothermic, the value varying with rank 
in a complex manner in the region of 30-170 (+ 40) 
cal /gm C Kroger and J J. Das!? had mvestigated 
the net heats of carbonization of individual macerals 
by direct calorimetry The heats were not directly 
related to the yields of volatile products A relation 
between the decomposition heat up to 500° C and 
the hydrogen/oxygen ratio and the carbonyl content 
of the coals mvestigated was, however, found At 
1,000° C vitrmite appeared to give the lowest heat 
values of the three macerals studied. 

The rate of evolution of volatile matter from coal, 
durmg carbonization in a fluid bed with sand as 
heating medium, was interpreted by G J Pitt on the 
assumption that the coal ıs a complex mixture, each 
component of which decomposes independently by a 
first-order reaction Hoe showed that this assumption 
ean lead to the linear change with logarithm of time 
observed, and with this assumption deduced from the 
results a distribution of activation energies (35-75 
kcal /mole, maximum at 50-55 kcal /mole) 

A contmued investigation of the pyrolysis of model 
compounds believed to resemble coal was reported by 
D W van Krevelen and H W den Hartog! Poly- 
condensates ın which aromatic and non-aromatic 
structures (or oxygen atoms) alternated, prepared 
with labelled formaldehyde, were pyrolysed, fiom 
the weight, and analysis of and distribution. of radio- 
activity m the products, conclusions were drawn 
about the influence of structure on the degree of 
(temperature) overlap 1n tar and gas evolution and on 
the weight loss-temperature curves, and ıt was con- 
cluded that C—O bonds decomposed more readily 
than C—C bonds 

In the next group of four papers, the work deseribed 
had been directed towards the establishment of 
relations between volatile products of the pyrolysis of 
coal and the chemical structure of the coal itself G 
Claxton described work on the genesis of aromatic 
hydrocarbons using gas-liquid chromatography In 
a coke oven, the peak evolution of non-aromatic 
hydrocarbons occurred earlier in the heating process 
than the peak for benzene formation, sigmficant 
effects of the heating-rate were observed In labora- 
tory experiments more detailed information was 
obtamed A Ladam, R Ferrand, P Payen and 
A Boyer had studied the constituents of low- 
temperature tars (550° C ) from vitrinite and eximite 
concentrates, using vapour phase chromatography 
Normal paraffins and olefines arose almost entirely 
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from exinite, and the results suggested that as much 
as 10 per cent of the exinite used may consist of 
chains with about 30 carbon atoms, correspondingly, 
aromatic compounds from exinite tar were more 
highly alkyl-substituted than those fiom vitrmite tar 
W Waddington had compared the relative abundance 
of isomeric forms ın tar with that to be expected from 
the postulated thermal reactions of a proposed 
structural model He suggested that the 1esults 
obtained support the view that coals contain in part 
a 6 alkyl-4 propyl-2 methoxy phenol type of struc- 
ture, this may be gradually converted to other 
structures by thermal/pressure reactions during 
coalification C Kroger and R Brucker reported 
results from high-vacuum pyrolysis of coals and 
discussed these in relation to the coal structure 
Products in the range 300°-575° C were examined by 
gas chromatography and othe. methods Rate 
constants and activation energies for the evolution of 
hydrogen, many sumple hydrocarbons and the carbon 
oxides were estimated, and from these in turn, 
by means of allocation af reactions to structural 
elements on certain assumptions, quantitative para- 
meters for 17 elements of structure, such as the 
proportion of aromatic carbon in the coal, were 
deduced 
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SYMPOSIUM on “Biochemical Engineermg”’ 
was convened by the Institution of Chemical 
Engineers on May 30, ıt 1s doubtful whether any 
two of the participants, lucid as they were on their 
own topics, would have agreed on a definition of the 
title Though, on one hand, one may assume unan- 
imity of outlook in chemical engineers, the teim 
‘biochemist’ has been used by many disciplines, 
from the quantitative biologist to the organic chemist 
by way of the medical analyst Moreover, in the fields 
where engineers encounter Nature in the raw, ought 
not such a title to be amplified to ‘biological chemical 
engineering’? It ıs easy to see how confusing such 
exercises 1n labelling can be, though there 1s always a 
stimulation of mterest and research by collecting 
certain topics together under a high-sounding title, 
however arbitrary 
Nevertheless, many industries are now based on 
the controlled use of biological processes (Strangely 
enough, the largest industry of this type, brewing, 
was already developed more or less to 1ts present size 
before the terms ‘biochemist’ or ‘chemical engmeer’ 
existed ) It was the production of antibiotics by 
fermentation, especially under the high pressure of 
the Second World War, that brought a variety of 
biological interests (botanists, zoologists, pharma- 
cists, agriculturists, entomologists—for there were 
very few true biochemusts, by any definition, available 
at the time) face to face with the engineer (rarely 
of the ‘chemical’ variety) The difficulties of com- 
munication were considerable and were overcome 
the hard way It was also realized that simular 
problems existed in the food preservation industries 
and the sewage and effluent disposal services To 
help with these problems, the establishment of courses 
in ‘biochemical engmeermg! were proposed—seldom, 
however, with any clear 1dea of what the graduates 
should do afterwards, although the vague idea of 
a superman who could control both sides of the 
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There proved to be a shortage of time for formal 
diseussion, and on the other hand many delegates 
remarked on the value of spontaneous extra-mural 
discussions Further experiment is clearly necessary 
m an attempt to correct this lack of balance It 1s 
hoped that, smce these conferences continue to 
produce more novel material than the average 
delegate can comfortably digest, further mnovations 
will be made at the next conference, to be held at 
Cheltenham during 1963 IG C DRYDEN 
1Given, P H, Fuel, 40, 427 (1961) 

2 Brooks, J D , and Spotswood, T M , Proc Fifth Breen Carb Conf 
USA (1961) 
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industrial scene may have been ın the minds of some 
proponents The problems were considerable, for 
whereas most of the engineers’ deficiencies were con- 
ceptual and philosophical, most of the biologists’ 
were factual and mathematical Making good the 
former must have seemed easier or, perhaps, they were 
not so apparent and the new discipline became, at 
least for a time, the protégé of chemical engmeering 
Two diffieulties then faced the new dispensation 
first, that with normal chemical engineers at a pre- 
mium, the supply of new graduate output could 
not hope for many years to affect the position ; 
second, that with the enormous rate of growth of 
each parent topic, no person could hope to keep up 
to date ın both biochemistry and chemical engineer- 
mg It was clear, therefore, that for many years to 
come the two functions of engineer and biologist 
would have to be realized by specialists m each 
discipline working side by side as separate entities 
It was with this aim of brmging bc aud the two 
oups that this S osium was calle 

"^t tho opening cn Dr D J D Hockenhull re- 
viewed the formal aspects of the production of econ- 
omically desirable products from micro-organisms He 
stated, as an axiom, that the primary function of a 
living organism ıs to reproduce itself Jt does this by a 
complex mterlinked system of biochemical reactions 
on the nutrients supplied to1t Interference with these 
processes may lead to the accumulation of mter- 
mediates or of alternative products derived from them 
Industriallp important examples of such inter- 
ference were unbalanced nuirition (acetic acid), 
deficient aeration (alcohol), mineral deficiency (citric 
acid), use of trapping agent (glycerol) or of foreign 
precursors (penicillm) or mborn error of metabolism 
(lysme) It was pointed out that these ‘primgry 
colours? of metabolic interference, m Dr G L 
Solomon’s words, were most usually applied in com- 
bination to-day to obtam the best results A more 
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detailed account of the biosynthesis of penicillin 
was then used to illustrate the concept of controlled 
fermentation In the early days, 1t used to be suffi- 
cient to choose an appropriate medium, moculate 1t 
with the organism and leave the fermentation to 
proceed under set conditions until the tıme for 
collecting To-day, it has been found that strict 
control of pH value, sugar-level and the rate of 
supply of nutrient are all essential for maximal yield 
Such control brings fresh problems for the engineer 
in the design of suitable equipment Sensing devices 
capable of withstanding the conditions of sterilization 
and of operating satisfactorily m fermentation broths 
are needed It ıs particularly rmportant in this con- 
text that the biochemist and the engmeer should 
have a true appreciation of each other’s problems 

The engineering problems associated with large- 
scale fermentations are mainly those of designing a 
bacter1um-tight fermenter and supplymg it with 
large quantities of sterile air ‘Then there are the 
associated problems of finding the best methods of 
aerating and agitating the fermentation broth to 
promote maximum yields of antibiotic and elimina- 
tion. of the foam that frequently occurs 

Other papers were concerned with more specific 
problems The highly aerobic fermentations, as used 
for production of penicillin and streptomycin, 
present their own problems of aeration and agitation 
Not only must the air supply be sufficient to provide 
all the oxygen the organism requires but ıb must 
also strip the fermentation broth of carbon dioxide 
which becomes toxic 1f allowed to build up to a high 
concentration Agitation 1s necessary, first, to break 
the air into small bubbles, thus presenting a large 
surface area, to the broth, and, second, to provide 
the shear action that aids mass transfer Other 
functions of agitation are to keep solids and mycelium. 
in suspension to ensure that the fermentation broth 
is of uniform composition Good mixmg is also 
important for close control of temperature Efficient 
agitation also breaks down the mycelium and pre- 
vents 1t growing mto large aggregates or clumps 

Two papers were presented on the separate aspects 
of aeration and of agitation of fermenter broths 
Prof P H. Calderbank, m his third paper on physical 
rate processes in industrial fermentations, examined 
the rate of mass transfer from the liquid to solid 
particles suspended m mixing vessels An attempt 
was made to simulate a mycelial suspension by the 
use of screened ion-exchange resin particles The 
rate of mass transfer was assessed by mtroducing 
the acid form of the resin into a, dilute sodium hydrox- 
ide solution and noting its rate of change of pH 
with time under the desired conditions of agitation 
and aeration A serious restriction m transfer occurred 
if the solid were allowed to aggregate mto large 
clumps The process of liquid-to-solid mass transfer 
seemed to be rate-determmung imm many industrial 
fermenters 

Dr N Blakebrough considered aeration and agita- 
tion from a different point of view, using a photo- 
graphie technique developed to examine patterns of 
flow xn. a mixing vessel "The mmportance of work on 
flow-patterns, for large-seale operations, 18 not so 
much to find out the actual distribution of velocity 
but rather to confirm that the broth in all parts of 
the fermenter 1s bemg agitated so that no stagnant 
zanes exist 

Both Prof Calderbank and Dr  Blakebrough 
approached their problems as chemical engineers 
They had used bench-scale apparatus with low- 
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viscosity Newtonian liquids, very different from the 
viscous non-Newtonian broths often used in indus- 
trial fermentation practice and requiring agitation 
and aeration in vessels of, say, 10,000 gal capa- 
city TIt ıs to be hoped that, ın future, more work will 
be directed towards the study of non-Newtonian 
liquids, and that some indications will be obtained 
on the methods of scale-up needed for predicting 
with confidence the degree of mixing in a large 
fermenter 

In aerobic fermentation of pure cultures, sterility 
18 a special problem as the volumes of air mvolved 
are large For example, a fermenter of, say, 10,000- 
gal capacity could be fed with 1,000 cu ft /mm air 
In industrial practice absolutely sterile air can rarely 
be obtained A compromise 1s made between the 
effectiveness of the sterilizmg treatment and the 
detrimental consequences of an infection For design 
purposes, a penetration of lin 10!#-!5 has been sug- 
gested , that is to say, out of every 1012-13 organisms 
in the air presented to the sterilizing device only 
one should pass through 1ato the fermenter 

In laboratory-scale work the most common way 
of sterilizmg air 18 to pass 1t through a cotton-wool 
plug or an absorbent filter On the large scale, 
filters of glass wool, slag wool or powdered carbon 
are generally used Some form of air heater may also 
be used The main mterest m Mr R Elsworth’s 
paper lay ın the demonstration that sterihzation by 
heat to kill infecting organisms can be considered as 
a simple chemical reaction the rate and extent of 
which can be predicted from an equation of the 
Arrhenius type When absolute sterility is not 
essential, the mformation presented m this paper 
can be most useful for determining the time/tempera- 
ture relationship necessary for & desired penetra- 
tion 

In the laboratory, experimental work to improve 
the performance of a fermentation 1s normally carred1 
out with shaken conical flasks , this 1s the cheapest 
way of finding out the effects of variations in the 
strain of organism or the medium used to grow it, 
for replicate cultures are easy to set up However, the 
characteristics of aeration and agitation in shaken 
flasks are very different from those m conventional 
deep fermenters Intermediate development work 
is therefore also carried out 1n bench-scale fermenters 
having a capacity of about 1 gal, and 1n pilot-plant 
units of several hundred gallons capacity 

Dr A Parker presented a paper on equipment for 
such laboratory and pilot-plant scale fermentations 
After a brief review of the literature of this subject, 
he divided his paper into two parts, the first dealing 
with laboratory-scale vessels of 5-1 capacity and the 
second with 220-gal pulot-plant fermenters The 
wide diversity of engieermg problems associated 
with the design of fermenters clearly illustrated 
the relationship between the engineering designer 
and the biochemist using his equipment. Another 
point made was the great similarity m fermenter 
design regardless of its size Particular attention 
was needed in the design of agitation-shaft glands, 
the techniques of aseptic samplmg and the transfer 
of seed cultures Rates of oxygen transfer, as meas- 
ured by the sulphite method, were given for the 
fermenters described, under various conditions of 
agitation and ar flow Sulphite oxidation-rates 
could not necessarily be correlated with actual 
fermentation. results, but they did serve as a useful 
index of performance and were also helpful in com- 
paring different agitation systems. 
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Aeration processes for the biological oxidation 
of waste waters were described by Mr A L Downing 
In effect, the activated sludge process 1s a very dilute 
fermentation The whole process must be carried out 
as cheaply as possible Various devices used for 
aerating the waste liquors were described, such as 
the induction of arr through a Venturi tube and the 
use of a submerged impeller and sparger The effects 
of bubble diameter and depth of hquid through 
which the bubbles travel were also studied ın tap 
water contaimmg 5 ppm anionic surface-active 
agent The effects of surface-active agents on mass 
transfer were found to depend on the method of 
aeration As would be expected, the rate of absorp- 
tion. was roughly inversely proportional to the bubble 
diameter, and the oxygen absorbed per unit consump- 
tion of energy tended to decrease with imcreased 
depth of hqud 

The shortness of the Symposium imposed very 
strict scheduling and handicapped free interchange 
of opinions ‘The discussion was held back until 
several principal papers had been given, and this led 
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to some ‘cooling off’, which was also encouraged by 
the separation of question and response ‘There was a 
tendency for many of the contributions to be too 
restricted ın scope and lacking ın general philo- 
sophical content Perhaps this 1s a way of saying 
that they were too specialized for one-half of the 
audience Again, a contribution on equipment 
design, or even some account of the problems asso- 
ciated with ıt, even to such special details as design 
of valves, sampling devices, probes and electrodes, 
might have brought a httle more practicality and 
scope foi argument 

The meeting, although demonstrating clearly that 
biologists and chemical engmeers speak rather 
different languages even when working on the same 
processes, did indicate that the barriers are not 
impassable Moreover, who knows, in crossing the 
perilous mountains between the two disciplines, one 
might come across that ‘abominable noman’, the bio- 
chemical engineer The proceedings of the symposium 
are to be published ın Transactions of the Institution 
of Chemical Engineers D J D HocxENHULL 


COSMIC RAY RESEARCH IN LATIN AMERICA 


HE third. Latm-American conference and course 
on cosmic ray physics was held in Mexico 

during June 26-July 5 It was arranged by Profs 
M S Vallarta and J Roederer on behalf of the 
Latm-American Council for Cosmic Ray Research 
under the auspices of Unesco, the Mexican Nuclear 
Energy Commussion, and the US Space Science 
Board 

The meetings were held at the University of 
Mexico, famous for the elegance of its remarkable 
architecture, and at the headquarters of the Nuclear 
Energy Commission ‘There were present some 25-30 
representatives from Argentina, Bolivia, Brazil, 
Chile, Mexico, Peru, the United States and the 
United Kingdom The course consisted partly of 
original contributions and partly of lectures of a 
review nature ‘The topics covered in the lectures 
included the nature and origin of the galactic cosmic 
1ays and solar-produced high-energy particles, the 
intensity variations of the galactic radiation and 
their relation to solar activity and the structure of 
the interplanetary magnetic field, the motion of 
primary cosmic rays in the geomagnetic field, the 
properties and origin of the Earth’s radiation belts, 
and solar radio astronomy 

The Latin-American countries between them 
operate a chain of neutron monitors covering a wide 
belt of latitude from Mexico ın the north to Ellsworth 
in Antarctica, and a good deal of the origmal work 
1eported at the meeting was concerned with the 
analysis and interpretation of the data from these 
stations 

In particular, the remarkable cosmic ray intensity 
variations during July 1959 and November 1960 
(when there were examples both of decreases ın the 
intensity of galactic particles and of myection of 
additional low-energy particles by the Sun) have been 
very carefully analysed by the Argentiman, Bolivian 
and Brazihan groups In discussing the events of 
November 1960 the Argentiman workers arrive at 
the conclusion that the mam intensity increase 
starting at 1930 uT on November 12 was due to the 


envelopment of Earth by a cloud of magnetized 
solar plasma contammg trapped solar particles 
generated by the 3+ flare which began at about 
1330 vu T on that day They also conclude that the 
presence of the magnetic field associated with the 
plasma was responsible for producing the decrease in 
intensity of the galactic cosmic rays observed at this 
time They attribute the mcrease in intensity of 
solar particles between 1330 and 1930 v T, prior to 
the main increase, to leakage from the trapping field 
in the plasma 

The Bolivian group, which operates the extremely 
well-appointed laboratory at Chacaltaya (altitude 
5,200 metres above sea-level) mcludes ın its cosmic 
ray activities the study of both large air showers and 
intensity variations related to solar processes  In- 
cluded im the work reported by this group was an 
account of the rapid, short-lived intensity decrease 
observed on November 13, 1960, by means of its 
neutron monitor, which has the very high eounting- 
rate of ~ 5 x 10° per hr Immediately after the 
magnetic storm sudden commencement at 10 hr 
21 mim UT on that day, the cosmic-ray intensity 
started to decrease and shortly after 1300 hr ut 
it dropped suddenly, remamung 3 or 4 per cent below 
the general prevailing level for about li hr, after 
which it returned suddenly to the pre-drop value 
Analysis of data from other stations showed that this 
phenomenon happened on a world-wide scale, and the 
Bolivian group concludes that this kind of modulation 
of the galactic cosmic-ray intensity could only be 
produced if the solar plasma contained a very well- 
defined region of relatively high magnetic field 
strength 

The work of the cosmic ray group m Santiago at the 
University of Chile, reported by Prof G Alvial, 1s 
principally concerned with the investigation of the 
primary cosmic rays using nuclear emulsion tech- 
niques, and he described work which has been carrpd 
out on charge determination of heavy nuclei in a 
stack of G-5 emulsion exposed at 131,000 ft over 
Minnesota Charge determination by two methods 
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gives agreement to better than one unit One 
particle has been found with Z = 30 

Mrs R Gall, of the Institute of Geophysics, 
University of Mexico, gave an account of the work 
carried out there by the theoretical group on the 
trapping of charged particles m the geomagnetic 
field and on the relation between the radiation belts 
and the mner allowed region of Stormer Work 
is also bemg carried out on the motion of cosmic 
ray albedo particles ın Earth's field and on the 
changes in threshold momenta resulting from the 
secular variation in the geomagnetic field At some 
pomts on Earth's surface these changes have 
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amounted to as much as 25 per cent during the past 
hundred years 

This course, which ıs a biennial event, provides, 1n 
addition to the presentation of origmal work and 
review lectures, a forum for the discussion and 
co-ordination of future programmes m cosmic-ray 
research ın the participant countries The two 
previous courses were held in La Paz, Bolivia, and 
San Carlos de Bariloche, Argentina, and 1t 1s mtended 
that the next one should be held once again ın Bolivia 
In a report of this length 1t has only been possible to 
select a few representative aspects of the work reported 
by the Latin-American groups H ELLIOT 
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PHARMACEUTICAL CONTROL IN BRITAIN 


N his charman’s address to the British Pharma- 

ceutical Conference, held at Portsmouth during 
September 18-22, Dr D C Garratt states a case for 
a more effective control of the quality of medicinal 
substances Drugs not governed by official standards 
should not become available to the public except 
under a notification scheme, similar to that already 
1n force for pesticides, so that their elinical characters 
and standards of purity, with appropriate methods of 
analysis, would have prior approval Standards for 
all medicines should be enforced by testing 1n regional 
laboratories specialized for the purpose and mamn- 
tained by the Ministry of Health For reputable 
approved firms, the contractor’s own inspection 
organization could be given the muitial responsibility 
for compliance of goods with specification The 
pharmaceutical analysis involved should be admitted 
as a distinct discipline, by the institution of special 
tramung courses and recognized qualifications 

At present, control analysis 1s too often rendered 
pointless by msufficient attention to the precision of 
the methods involved, and for a full realization of 
the potentialities of such techniques as, for example, 
ultra-violet spectrophotometry, a national collection 
of standard specimens of authentic materials of 


known impurity content ıs essential Authority for 
the enforcement of those standards should be incor- 
porated in an Act of Parliament 

It should be every analyst’s concern to consider 
what can be done to reduce costs of examinations, 
for example, by using equally effective, but cheaper, 
solvents, by applying rapid instrumental techniques 
or, where possible, by replacing costly bio-assay 
mvestigations by simpler paper chromatographic 
techniques 

Dr Garrett suggests that the public would receive 
better protection 1f the control of drugs were divorced 
from the present Food and Drugs Act and incorpor- 
ated in a new Medical Substances and Preparations 
Act built around Sections 11, 12 and 13 of the 
Pharmacy and Medicines Act Imported drugs 
should be subject to strmgent examination by 
analysts of acceptable status Such status might be 
conditional on the possession of a special diploma 
incorporated as a requirement of competence in the 
proposed Medical Substances and Preparations 
Act Examinations for such diploma qualifications 
would, be conducted by those chemical or pharma- 
ceutical institutions approved by the Munistrv of 
Health 


THE LABORATORY OF THE GOVERNMENT CHEMIST 


db very varied work done in the Laboratory 
of the Government Chemist during 1960 has 
recently been reported* The Laboratory, which 
forms part of the Department of Scientific and Indus- 
trial Research, exists to provide a service to any 
Government department that requests rb on matters 
broadly concerned, with chemistry, and more partı- 
cularly with chemical analysis The Laboratory 
is the oldest Government chemical institution 
in the Commonwealth It was created m 1842 by 
the Board of Inland Revenue, principally to assist 
the revenue authorities m detecting and preventing the 
adulteration of tobacco with worthless additives 
The special responsibilities which the Laboratory 
retains to HM Customs and Excise are highlighted 
by the number of samples received from this authority 
Of a total of 327,460 samples examined and reported 
on by the Laboratory during the year, no less than 
280,125 were submitted by H M Customs and Excise 
Tlfese samples cover a wide range of dutiable com- 


* Department of Scientific and Industrial Research Laboratory of 
the Government Chemist Report of the Government Chemist, 1960 
Pp iv+79 (London HMSO, 1961) 5s net 


modities such as wines, beers and spirits, sugar, 
textiles, fuel oils, etc 

The statutory duties of the Government Chemist 
under the Food and Drugs Act, the Fertiliser and 
Feeding Stuffs Act, and the National Health Act, 
involve the Laboratory m such work as the analysis 
of orange juice, dried mulk, fertilizers, pesticide 
chemicals and formulations thereof, pharmaceuticals 
and drugs, canned foods Examples of the variety of 
this work are the determmation of glycogen in 
oysters and the iodine content of school dinners 

An organization which exists to provide an advisory 
service must carry out a considerable number of 
routme analyses as, for example, on the variety of 
materials purchased by various Government depart- 
ments , this work varies little from year to year 

Important work from the public health pomt of 
view concerns the examination of water and sewage 
Much attention 1s given to the control of fluorida- 
ton in municipal supphes (where this 1s practised) 
The control of micro-organisms in the Serpentine 
bathmg area 1s an item of special interest to 
Londoners. 
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The Laboratory of the Government Chemist 1s 
very often involved ın legal cases arising out of such 
legalities as the dilution of beer, ilheit distilling and 
forgery The present report gives some excellent 
illustrations on the methods used to detect forgeries 

Although mainly concerned with the utilization 
of existing analytical methods, the Laboratory 
carries out & considerable amount of research work 
on the mmprovement of analytical methods and their 
adaptation to meet problems peculiar to the types of 
sample recetved for analysis The report also mdi- 
cates that the small but increasing research pro- 
gramme on the development of new methods of analy- 
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sis 18 meeting with considerable success The new 
radiochemical section has begun work for municipal 
water supplies, and on the analysis of effluents from 
atomic energy establishments 

This report shows admirably that as a means for 
safeguardms the public interest over a wide field 
of activity, the Laboratory 1s second to none This 
report has been read with considerable interest not 
only for its scientific content but also for the extreme 
diversity of its contents The new Government 
Chemist, Dr D T Lewis, 1s to be congratulated on 
the presentation of this, his first report 

WILLIAM J STEPHEN 


AMSTERDAM CONFERENCE ON PARTICLE ACCELERATORS 


HE January number of Nuclear Instruments 
and Methods* 1s devoted entirely to the proceed- 
ings of the Second Accelerator Conference which was 
held m Amsterdam durmg October 4-6, 1960 The 
Conference, which was sponsored by the High Voltage 
Engineermg Corporation, Burlington, Massachusetts, 
and High Voltage Engmeermg (Europa) N V, 
Amersfoort, The Netherlands, consisted of four 
Sessions, under the chairmanship of Profs H 
Brinkman, (University of Gronmgen), H H Staub 
(University of Zurich), K Siegbahn (University of 
Uppsala) and A Charlesby (Royal Military College of 
Science), respectively The seven papers in the first 
session were devoted to nuclear physics, and dealt 
with resonance reactions, the generation, of positrons 
in & thick target, desirable linear electron accelerator 
characteristics for nuclear research, Coulomb excita- 
tion, experiments using ultra-fast pulse techniques, 
nuclear widths and life-times, and collidmg beam 
techniques Three of the six papers in the session on 
particle research discussed tandem accelerators 
P H Rose of the High Voltage Engmeermg Corpora- 
tion described two forms of the three-stage tandem 
accelerator, one with negative ion injection and the 
other with neutral beam myjection H E Gove of 
the Atomic Energy of Canada, Ltd , gave an account 
of the tandem accelerator installation at Chalk River 
and of two particular fields of investigation during 
1960 The Chalk River accelerator began operating 
in February 1959 and has operated continuously on a 
two-shift a day, five-day week basis since then The 
* Nuclear Instruments and Methods, 11, No 1 Proceedings of the 
Second Accelerator Conference, Amsterdam, October 4-6, 1960 


Hdited by K Siegbahn Pp xu-256 (Amsterdam North-Holland 
Publishing Companv) 908 


first investigation was concerned with the mteraction 
between beams of heavy 1ons such as carbon-12, 
nitrogen-14 and oxygen-16 with targets of nitrogen, 
oxygen. fluorine, neon, magnesium, aluminium and 
silicon, and the second with measurements of spins 
of levels 1n even-even nuclei lying between oxygen-16 
and calerum-40 Recent research work carried out 
at the Atomic Weapons Research Establishment, 
Aldermaston, on nuclear reactions using a tandem 
accelerator and 6-MeV electrostatic generators was 
described by K W Allen Oxygen ions accelerated 
in the accelerator to energies of 10-40 MeV were used 
for Coulomb excitation of energy-levels in both 
rotational and vibrational nuclei and for the measure- 
ment of nuclear life-times by Doppler-shift methods. 
The final paper in the nuclear physics session was given, 
by J C Nygard and R F Post on recent advances in 
high-power micro-wave electron accelerators for 
physics research 

The third and final sessions were devoted to physics 
and radiation research The subjects covered m- 
cluded the use of Van de Graaff accelerators, pulsed 
neutron sources and ion sources In the mdustrial 
applications section, the use of the electron accelerator 
in solid-state physics, and of high-energy radiation m. 
biochemical and microbiological research were dis- 
cussed by P Baruch, andS T H Pinnerand W T H 
Davison, respectively The report of the proceedings 
concludes with a most impressive and long list of 
accelerators (Van de Graaff, mucro-wave linear 
electron and Cockeroft-Walton) which have been 
installed ın various centres all over the world by the 
High Voltage Engineermg Corporation, and associated 
companies 


CONTINENTAL AND OCEANIC DIFFERENTIATION 
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R ROBERT DIETZ'S recent article! 18 à marked 
contribution to what might be called the 
oceanographic revolution in geotectonics One gets 
the impression that with 1t a stage has been reached 
like the last but one in fitting together a jigsaw 
puzzle, with the various parts of the puzzle havmg 
been, laboriously assembled, piece by piece, at last 
seeming to look as if they are all part of one single 
picture 
What Dr Dietz has done, effectively, 1s to combine 
the notions derived from the recent discovery of 
oceanographers of mid-oceanic rift mdges and trans- 
current faults, with the older pictures, derrved from 


earthquake and gravity measurements, of the 
pushing up of contmental edges along conical thrust 
faults exposing themselves as mountain ranges, 
island-arcs and trench systems, according to the 1deas 
of Memesz and van Bemmelen, and set out specially 
by Tuzo Wilson The leadmg new idea, hnked with 
the still hypothetical mantle convexion systems, is 
one of expanding oceanic floors, split vertically by 
latitudinal and circumoceanie transcurrent faults, 
passing under the continents This removes many 
difficulties and makes 1t possible to envisage a mantle 
which can expand under some parts of the crust and 
contract under others at the same time 
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Two major difficulties, however, are still left, and 
1t 18 to these that I wish to direct attention In the 
first place, the general acceptance of an astheno- 
sphere ranging from depths of 120-200 km below 
the surface of continents and 70-200 km below that 
of oceans does not fit with the presence of deep-focus 
earthquakes ranging down vo 800 km 1n depth, with 
a continuity of thrust planes, marked by thew epi- 
centres, with those of the shallow-focus earthquakes 
This would seem to imply that 1t 1s not only the lower 
crust, the lithosphere, ın Dietz’s sense, that moves 
with the continents but also a rigid upper mantle 
down to about 900 km, below which the heavier 
material of reduced density 4 and some degree of 
plasticity seems to predominate 

To be consistent, the expansion of the oceans must 
occur down to this depth and from it, too, must 
proceed the material which by successive crack fillmg 
provides for the extension of the oceanic floor and 
for submarme vulcanicity and particularly for exten- 
sive basaltic flows and mtrusions This basaltic 
material may not derive directly from the lower 
mantle but may be, so to speak, pumped through the 
cracked crust from the asthenosphere by the buckling 
of the upper mantle due to the pressure of the 
convection currents beneath ıt This process, as 
Gaskell has pointed out, 18 likely to occur catastroph- 
ically rather than continuously and its effects dıs- 
appear in time by subsidence 

The difficulty of reconciling these two sets of facts 
turns on, the rheological properties of the astheno- 
sphere It is clearly not a hquid or shear waves 
would not be transmitted at all but, also, evidently 
1t admits easy creep for earthquakes never originate 
there, in contrast to the rigidity of the layers above 
and below ıt One possibility 1s that it 1s crystallo- 
graphically heterogeneous in which some mmor 
constituent may be melted thus giving it physical 
properties similar seismically to poorly consolidated 
sediments Such a paste sandwich held between rigid 
rock above and below might well admit both 45° 
thrust planes and vertical transcurrent faulting as one 
rigid body It may also be that the reason why its 
upper limit hes higher under the oceans than under the 
continents 18 because 16 18 actually hotter there owing 
to upward convection The apparent equality of 
flow of heat through contments and ocean beds might 
well be an almost accidental compensation, the 
continental masses making up by their greater radio- 
active content for the heat flow due, under the oceans, 
to the closer approach of heated material These 
speculations might be amenable to test by heat-flow 
studies on continental margins and oceanic rifts 

The second difficulty 1s older and more fundamental 
It touches the mechanism of the geochemical differen- 
tiation between the sima of the ocean beds and the 
sial of the contments Apart from an entirely hypo- 
thetical solution like the extraction of the Moon from 
the Pacific basin, 1t would seem that this 1s the result 
of a progressive tangential concentration of sialic 
material Continents seem to grow on their active 
oceanic margins by the pushing in of an undifferen- 
tiated crustal materral But how does the mechanism 
which Dietz invokes, of the sloping under of the ocean 
floor, transfer 1ts sial content to the base of the crust ? 
Here, I think, more geochemical analysis 18 necessary 
Something might be found by comparative analytical 
studies of the clearest example of this under-thrust 
which occurs in Central America where the Pacific 
type blocks appear to have been pushed right under 
the Cordillera of the isthmus and come up again in 
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the Antillean arc, limited by the great transcurrent 
faults of Cuba and Trinidad 

On both these questions of the real depth of the 
continental blocks and of the concentration of 
aluminium in these and not m the oceanic block, 
experumental methods, both chemical and mechanical, 
as well as observation and analysis should have a part 
to play 
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University of London 


1 Nature, 190, 854 (1961) 


REGARDING Prof J D Bernal’s communication, I 
am pleased to learn that he finds the concept of ocean 
floor spreading, markmg the top of mantle convection 
cells, at least generally palatable 

Regarding the question of deep-focus earthquakes, 
I am inelmed to favour the idea of the hthosphere 
extending to about 70 km both under the continents 
and ocean basins ‘This ıs, of course, derived from 
isostatic evidence Below this level, in the astheno- 
sphere, permanent stresses seem not to accumulate 
Deep-focus earthquakes down to 800 km apparently 
indicate that stresses do accumulate for short periods 
of at least a few years, but this does not prove their 
accumulation for thousands or mullions of years 
Hence deep-focus earthquakes do not disprove the 
existence of an asthenosphere at moderate depths 
As Bernal emphasizes, much depends on the rheo- 
logical properties of the mantle substance, about 
which little1s known, To describe 1t as & viscous solid, 
as & quasrliquid, etc, must all fail as adequate 
descriptions 

I agree with Bernal that the apparent equality of 
flow of heat through the continents and ocean basins 
may well be a matter of accidental compensation 
The surprisingly high flow of heat from the ocean floor 
with poorly radioactive rocks may be explamable by 
conveetion, whereas the heat flow from the highly 
radioactive granite rocks of the continents must 
depend on diffusion 

Regarding the sialization of the continents, I 
visualize that the sima, rising from the deep mantle, 
contains some juvenile sialic material By spreading, 
this ‘sial-sima’ 1s eventually slid under the continents 
On subsidence of the sima beneath the continent, 
the sialic fraction gets largely squeezed out (gravi- 
tationally differentiated) and 1s plastered to the 
underside of a continent Hence the suggested origin 
of sial 18 much like the generally accepted origin of 
Juvenile water But the mantle substance would tend 
to be dewatered at the convection cell divergence 
while 16 would tend to be de-sialized at the conver- 
gences which are necessarily under the contments 
because of continental drift to the convergence zones 
At present, the process seems especially operative 
around the Pacific, where the mantle seems to be 
shipping under the continental block and not coupled 
with ıt, ın contrast to the Atlantic This added new 
buoyancy would help account for the recent epeiro- 
genic uplift of the Pacific margm Thus, I support the 
concept of new sial being added mostly under the 
continental block rather than merged laterally and 
annularly as Tuzo Wilson believes 


ROBERT S Dietz 
US Navy Electronics Laboratory, 


San Diego, 52, 
California 
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WITH most of Dr Dietz’s comments on my note 
I am m agreement In particular, I find his answer 
to my second objection, namely, the formation of 
sial by scraping and squeezing out of undifferentiated 
'sial-sima' through the shdmg under of the oceanic 
basement most illummating 

However, I must still take issue with him on the 
nature of the upper mantle as witnessed by the 
existence of deep-focus earthquakes These cannot, 
m my opinion, represent merely temporary accumula- 
tions of stress in a long-term easy creep material. 
The location of the conical 45° failure zones must 
be at least as old as the system of deep sea trenches, 
island ares and contmental mountam systems they 
underlie True, they appear to shift discontinuously 
by distances of the order of 200 km as each phase 
of the orogenic cycle comes into play However, as 
Van Bemmelen has demonstrated, the sequence of 
four parallel thrust planes m the Indonesian arc 
system goes back at least as far as the base of the 
Secondary, a period of two hundred millions of years 
The most natural explanation of this phenomenon 
may be simular to that of the development of Luders 
 hnes in plastically deformed metals, with old zones 
of failure hardenmg up and passmg the critical 
stress on periodically to undistorted material It 
seems to me, in any event, somewhat perverse to 
attribute events occurrmg 800 km down m the 
mantle to causes located ın the first 50 km from the 
surface, the reverse seems much more likely 
If this i8 so the downward moving convection 
current under the continental margms might be 
pictured not as a flow of liquid against a gravitational 
field through a rigid and highly compressed, rock 
layer, but rather as a displacement downwards of 
successive blocks of the upper mantle into the pre- 
sumably secularly softer material of the lower mantle 
(Fig. 1) Asthenosphere material could thus be 
Imagined as separating mto an upper hardened 
sialic layer under the contmental edge and a lower 
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Fig 1 Schematic Earth section showing one secular convection 
cell in plastic lower mantle and its reactions on the more rigid 
upper mantle and through the asthenosphere to the crust On 
the right 1s shown, corresponding to rising mantle current, a mid- 
oceanic rift through which magma derived from the lower mantle, 
directly or indirectly, exudes to the surface through successively 
opened and consolidated tension cracks On the left 1s shown, 
corresponding to a sinking mantle current, an advancing con- 
tinental edge with trench and mountain building system with 
the oceanic side of the upper mantle block thrust down into the 
lower mantle Between is the inactive continental edge marked 
only by an increased thickness of the crust and the corresponding 
thinning of the asthenosphere 
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Fig 2 Section of an idealized continental thrust plane system 
illustrating Dietz's hypothesis of continental sialic differentiation 
The upper block of asthenospheric sial will in the actual case 
not be so clearly demarcated from the basal crust as is shown, 
nor will the corresponding block of sima with the sinking upper 
mantle The former, as 1t 18 differentiated, tends to rise vertically 
to jam with, and push up, granite batholiths The vuleanicity 
associated with the mountain building 1s assumed to arise from 
the activity of the thrust plane itself 


hardened simatic layer fillmg im and overlymg the 
depressed former upper mantle surface (Fig 2). 
These remain very tentative suggestions but may 
serve to pull together in one coherent whole the 
evidence derived from recent geophysical and 
oceanographic studies J D. BERNAL 


In two recent papers R S Dietz! and H H Hess? 
have made similar proposals m which, guided by new 
discoveries made about paleomagnetism and the 
ocean, floors, they have combined features of several 
older theories into one which appears to fit many 
observations J D Bernal has welcomed these 
views (first communication) and commented on 
particular points and I should like to do the same 

Essentially, Dietz and Hess agree that major 
convection currents flow m the mantle, as long 
advocated by Arthur Holmes, F A Venmg Meinesz? 
and many others 

These currents are held to rise under the active 
mid-ocean ridges and sink under the belts of active 
mountains and island arcs which he along some 
continental margins The locations of these are well 
known and so 16 18 possible to sketch on a globe the 
approximate directions of motion of the upper sur- 
faces of these currenis flowimg from the mid-ocean 
ridges towards the active contmental mountain 
systems 


Mid-Ocean Ridges 


A current riung under the mid-Atlantic ridge 
provides an explanation, for the earlier views of A 
Wegener and A L Du Toit® that the opposite 
coasts of the ocean have moved apart The presence 
of this current can, also explain the central position, 
of the ridge e 

The westward current bears the Americas towards 
and over the limb where the current 1s supposed to 
descend beneath the Cordillera and the Andes, 
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while a current flowing eastwards can be assumed to 
converge towards the Alpine-Himalayan mountain 
belt from the norbh-west and the south-west The 
extension of this concept to the ridge through the 
Southern Ocean poses a difficulty From the Atlantic 
the ridge passes south of Africa and Australia to 
reach the Americas, but a current spreading south 
from this part of the ridge would flow towards 
Antarctica from nearly every direction and have no 
sink into which to descend The only compressional 
mountains m Antarctica lle along the antarctic 
peninsula (Grahamland) and these are scarcely 
adequate To escape the dilemma one must suppose 
that, instead. of a current flowing south from the ridge, 
the ridge itself ıs migrating northwards and that 
the ring which ıt forms around most of Antarctica 
IS expanding in radius If so, the current flowing 
northwards on, the other side of the ridge 1s moving 
at twice the normal rate (taken as of the order of 
l em /yr by both Dietz and Hess) 

This would cause a relatively rapid northward 
movement of all the southern continents except 
South America, a fact which 1s borne out by paleo- 
magnetic observations Blackett, Clegg and Stubbs? 
have recently shown, that for the past 2 x 108 years 
Africa, India, and Australia have all been moving 
north at rates of 2-8 cm /yr 

It will be observed that, since the mid-ocean ridge 
meets the west coast of South America and does 
not pass south of it, there 18 not the same reason 
for South America to have moved north Neverthe- 
less, 1ts fib with Africa suggests such motion It 
would be useful to have paleomagnetic data for 
South America 

(Note added ın proof E Irvimg has directed my 
attention to paleomagnetic work by K M Creer!9;* 
on the Jurassic (Serra Geral) lavas of Uruguay and 
southern Brazil which suggests that the Brazilian 
Shield has not changed appreciably in latitude since 
the Jurassic—a result consistent with the view out- 
lined, here ) 

A similar outward motion may also be taking 
place in the mid-ocean ridges which in the South 
Atlantic, Southern and Indian Oceans nearly sur- 
round Africa If one ıs to believe that the African 
rift valleys are due to spreading, this expansion 
must be happening 

A corollary of this expansion of the ring-shaped 
ridges around Antarctica and Africa 1s that, sce 
they cannot expand indefinitely changes must occur 
occasionally ın the location of the currents in the 
mantle 

The ridge across the Pacific, called tho East 
Pacific rise, extends to the Gulf of California’ Sexs- 
micity and topography suggest that two branches 
reach Juan Fernandez and Galapagos Islands, but 
these have not been fully investigated If these 
branches are also upwellings, each ridge will induce a 
faster flow northwards, for there is no sign of any 
compressional features between them Following 
the previous argument there should be no movement 
of Cape Horn away from Antarctica , but north of 
Juan, Fernandez there should be a motion twice 
that of the convection-rate, north of Galapagos 
four times that rate, and off California sıx times that 
rate This may provide an explanation of the lack 
of any shearmg or isthmus across the Scotia Sea, 
the antrelockwise rotation of the Pacific basin 
and the strong motion along the San Andreas fault 

The current flowing east from the East Pacific 
11se meets that from the Atlantic under the Andes 
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to produce their present uplift and activity, but 
Menard’s proposal that m the United States and 
Canada the East Pacific rise now lies along the most 
active part of the Cordillera, implies that a former 
downward current has been replaced by an upward one 
which must have mvolved some drastic tectonic 
adjustments One possible consequence of removing 
the downward current would be to cause North 
America to move westward relative to South America 
This could have been a factor in producing the 
large shear faults in the Caribbean and those recently 
discovered 1n the floor of the Pacific off North America 
of which Menard’ gives details Unfortunately 
their age 1s unknown 

The current flowing north-west from the East 
Pacific rise presumably meets the current flowing 
south-east from the mdges m the North Atlantic 
Ocean and Arctic Sea The resulting downflow and 
compression can be held to have produced the east 
Asian arcs m much the manner postulated by Sche- 
degger?, indeed, no other explanation has yet been 
offered why failure should take the form of eireular 
arcs with their centres tending to he on continental 
margins ‘Thus some features of the contraction 
theory are preserved This movement of the Pacific 
basin north-west past the end of the Indonesian- 
Melanesian belt of mountams and island ares fits 
the shearmg observed between the Philippines and 
New Zealand? 

Hess suggests that the East Pacific rise may have 
only been formed in mid-Cretaceous time when the 
location of a rising convection current changed to 
its present position from an earlier one lying at right 
angles in a west-north-westerly direction from the 
Society to the Carohne Islands Before this change. 
the orogenetic forces would have been quite different 
from to-day and the Cordillera would have been unde1 
strong compression, and uplift The change may well 
have comeided also with the formation of several 
new island arcs in the Pacific The Kuril, Aleutian 
and Mariana, Yap and Palau Islands appear to be 
of about that age 


Continental Mountain Systems 


The concept that the circum-Pacific and Alpine- 
Himalayan mountain systems are due to compression 
over downward flowing limbs of huge convection 
cells 1s straightforward except for the complication 
already mentioned in California and Dietz’s emg- 
matic statement that a rift 1s opening m the Mediter- 
ranean It appears rather to be closing This theory 
offers an explanation of two formerly puzzling 
features of older ares The first 18 that ıt was never 
apparent why island arcs, so symmetrical in youth 
as for example the Kurils, should lose this with age, 
for example in the Andes It now appears likely 
that the Andes formed as ares off the coast of South 
America and that these arcs have been overrun and 
swept up by the westwaid motion of the continent 
The contrast between the position of deep-focus 
earthquakes under the heart of the South American 
continent! and off the margin of east Asia is another 
indication of this To be thus caught up and overrid- 
den appears to the fate of arcs 

Another feature, which was hard to explain by 
earlier theories and which appeared to be contrary to 
uniformitarianism, 18 that, whereas the active moun- 
tams form one contmuous T-shaped pattern, older 
mountain systems only form short lengths, It is 
difficult to fit the Hereynian Appalachian mountains 
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to do ıt for Precambrian orogenies 
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Relations to Older Orogenetic Theories 


Besides admitting of some features of compression 
m mountains, the new theory admits of continental 
growth, both by sweeping up sediments on the ocean 
floor and by the emission of andesitic lavas This 
growth along some continental margms implies that 
coasts separated by rifting need not necessarily 
fit 1f later brought together again 

Not only does this margmal growth make ıt 
difficult to find the coasts which formerly fitted to- 
gether, but also old theories of continental drift m- 
cluded the notion that all continents had formerly 
been united into one or two This idea, which would 
have involved untenable distortion of continents, 
seems unnecessary The blocks of continents should 
rather be thought of as sometimes moving together m 
one place and sometimes splittmg and moving apart 
at another place, always producing scattered 
patterns 

In one respect the break-up of continents does not 
seem to be quite random There appears to be a 
tendency for them to spht along former mountain 
systems ‘Thus on the Atlantic coasts of both Africa 
and South America there seem to be parts of moun- 
tain systems formed at the end of the Precambrian 
or in early Paleozoie time, suggesting that a single 
system split longitudinally As pomted out by M S 
Krishnan", there 1s à similar correspondence between 
the late-Precambrian rocks of East Africa, Mada- 
gascar, Ceylon and southern India The East African 
rift valleys follow rather closely the boundary 
between the Mozambique belt and older Precambrian 
provinces in the interior of Africa If Menard 1s 
correct, the East Pacific rise 1s startmg to split the 
Cordillera in California 

If convection currents are continually stirrmg the 
mantle, they would ensure a uniformity in rts compo- 
sition which would fit the views of Russell and 
Farquhar on the source of lead ores!? 

A point about possible convection currents which 
has been generally overlooked concerns the change 
m viscosity of the mantle with depth Due to the 
thermal gradient this ıs likely to be large If so, the 
cross-section of convection cells should be much 
greater near the surface than near the core of the 
Earth | Diagrams and discussions of convection in 
the Earth rarely consider this 

Movements of continents would cause the principal 
moments of inertia of the Earth to change and would 
induce polar wandermg This process would be 
particularly effective where two contments pile up 
against one another to great elevations as north of 
India) If such compression proceeds at the rate of a 
few em /yr, ıt would produce hundreds of km of 
shortening in ten million years Smce no mountains 
are compressed more than this, some factor must 
either change the pattern of convection cells within 
ten million years after continents come into contact 
or else a new process must arise by which convection 
currents begm to shear beneath continents Three 
possible cases are worth considermg If some conti- 
nents during certain periods have had a current 
flowing beneath them, whereas at other times they 
have been passively borne along with the current, 
1t may be possible to find some geological phenomena, 
such, for example, as periods of dike formation, 
associated with one motion and not with the other 
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Another alternative 1s that the convection cu rents 
may be stopped or even reversed by the piling up of 
heat-producimg contmental material To test this 
more heat-flow measurements are needed over moun- 
tains It 1s tempting to relate the somewhat sym- 
metrical arrangement of currents about the Earth’s 
axis to dynamical control as 1s the case m the Earth's 
core This symmetry was the basis of the tetra- 
hedral hypothesis and has been translated into 
modern terms of ridges and mountams!3 Tf this 
relation were true then polar wandering would affect 
the location of convection currents, but the evidence 
about the rate of polar motion suggests that 1t 1s too 
slow to effect changes in mountam building currents 
withm periods of the order of ten million years 
It ıs also doubtful if the forces are strong enough 
to make this Imkage important A reason for periodi- 
cally ehangmg the location of convection cells by 
large amounts 1s still needed 

The collision of continents might be expected to 
produce migrating waves of uplift which could catch 
khppe of sedimentary rocks on ther advanemg 
crests and carry them forward lke surfboards on 
waves, stranding them when the uplift subsided 

This offers a possible expanation, heretofore lacking, 
of some isolated and far-reaching overthrusts 


Persistence of Continental Freeboard 


Dietz and Hess both recogmze that continents 
and ocean basins are m isostatic equilibrrum and that 
no large part of a con&ment can very long remain 
high because erosion and the rise of its roots will 
bring 1t down nearly to sea-level They also recog- 
nize that the constant additions of juvenile water 
and lava from withm the Earth make the problem 
of raising the level of the continents and of thickening 
them equally mmportant, but more difficult They 
suggest three mechanisms, of which Dietz states that 
continents “tend to buckle, which accounts for 
alpine folding, thrust faulting and simular compres- 
sional effects”, that clastic detritus swept into the 
deep sea “1s carried slowly towards, and then beneath 
the contments, where 1t 1s granitized and added anew 
to the sialic blocks" and that “new buoyancy 1s 
added to contments through the gravitative differen- 
tiation from the mantle" 

The first two aie true under mountams, but not 
under shields, where the crux of the problem hes 
If for the sake of argument we adopt Hess's view that 
4 x 10° years ago the contmental blocks had half 
and the oceans a third of their present volumes, and 
that both have grown at a uniform rate, 1t can be 
shown that ın Cambrian time, 6 x 108 years ago, the 
oceans would have been on the average 07 km 
shallower and the contments 3 3 km less thick than 
to-day Dietz and Hess both maintain that to avoid 
bemg drowned beneath the sea, not only mountains 
but also the crust beneath plams must have been 
thiekened by some such amounts 

The almost flat-lymg Paleozoic rocks which cover 
so much of the interior plains of Canada and United 
States provide evidence that buckling of the shield 
has not been the cause of any post-Cambrian thicken- 
ing of the plains 

To suppose that sediments were carried down along 
contmental margms, metamorphosed and that they 
rose agam 18 a very satisfactory explanation of the 
gneissic batholiths in marginal mountains, but what 
evidence ıs there that sediments are carried far under 
continents and that this piocess operates to uplift 
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plains ? In the western Andes there are many batho- 
liths to which the above explanation mght apply, 
but there is nothing to suggest that batholiths are 
rising above the foci of the deep earthquakes ın the 
Upper Amazon or Parana-Paraguay valleys These 
valleys are at low elevations and are not bemg 
uphfted Hess’s argument about the spreading of 
mountain roots fails for the same reason 

The third concept, that of differentiation of acid 
rocks in the mantle and their rise, is one which 
I have supported as an explanation of andesitic 
voleanism in the continental mountam systems , 
but what evidence 1s there that any such process 
has added about 3 km to the thickness of the mterior 
plains of North America since the Cambrian? The 
only evidences of igneous activity there are a few 
nepheline basalt volcanoes of Cretaceous age, formmg 
the Monteregian hills near Montreal, small carbon- 
atite intrusions like the ten between Montreal and 
Lake Superior“, very small pipes of ultra-basic 
rocks as m Kansas, some crypto-voleanic structures 
and a few other igneous intrusions, all small, 
isolated and rarely siliceous Most of these rocks 
are not acid differentiates and most of them can only 
have come from the mantle If these mtrusions could 
find their way to the surface, and if 3 km of acid 
rocks had been added to the base of the crust during 
the same period, surely there would be more signs 
of the acid rocks All this evidence suggests that 
continents grow at their margins Although ıb ıs 
often stated that continental shields thicken, 
there 1s a lack of evidence that this has happened, 
at least since early Precambrian time. 

The impasse 18 avoided 1f no new material 18 bemg 
added from the interior of the Earth, but this 18 
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contrary to several sound arguments Another 
possibiluy is that the Earth ıs slowly expanding 
A rate of a few mm /yr would suffice to maintam 
contments above sea-level This would not interfere 
with and mdeed might assist the other orogenetic 
processes described As Dicke!® has pomted out, 
this is a matter of fundamental importance m physics 
and cosmology and one which 1t 18 very hard to prove 
or disprove 
J. Tuzo WirsowN 
Institute of Earth Sciences, 
University of Toronto, 
Toronto, Canada 
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CARBONYL CONTENT OF THE VITRAIN COMPONENT OF 
BITUMINOUS COALS* 


By Dr. K. LITTLEWOOD and M T. MONAGHAN 


Department of Fuel Technology and Chemical Engineering, University of Sheffield 


Dl is generally recognized that oxygen occupies a 
position 1n the structure of coal comparable with 
that of carbon Consequently, much work has been 
carried out m order to determine the percentage of 
oxygen contained in the various functional groups m 
coals of a wide range of carbon content A. summary 
of the methods used and the results obtamed has been 
given by Blom et al ! 

Of the methods used previously for determining 
the carbonyl fraction, that which has found widest 
application involves the use of excess phenyl- 
hydrazine’? In this method the finely divided coal 
1$ treated with phenylhydrazine at 100? C im an 
aqueous medium, followed by volumetric determina- 
tion of the excess reagent Although fairly consistent 
results have been obtained the method suffers from 
several disadvantages which make the results subject 
to error For example, both coals and humic acids 
react with compounds contammg the NH, group 
(for example, aqueous ammonia at 100° C *, ethylene- 
diamme*, etc), formmg compounds which are not 
hydrolysable 


* Based on a paper presented at the fourth International Conference 
on Coal Science, Le Touquet (May 30-June 2) See p 116 of this issue 


Other errors result from the fact that many quinones 
are reduced by phenylhydrazine so that they do 
not yield any hydrazone In addition, the presence 
of aromatic rings inhibits the complete formation 
of the hydrazone* 

In view of these difficulties, a method based on the 
reaction af carbonyl compounds with hydroxylamine 
was evolved! Coal of known nitrogen content 1s 
treated with hydroxylamine in pyridme at 909 C 
for20hr The nitrogen content of the coal remamung 
18 then determmed before and after hydrolysis with 
sulphuric acid The hydrolysed oxime 1s determined 
asammonia In every mstance it was noted that more 
hydroxylamine was taken, up than could be split off 
by hydrolysis The anomalous results were attributed 
to reactions of hydroxylamme with non-carbonyl 
substances and to the fact that the oximes of some 
carbonyl compounds are not readily hydrolysable 

As neither of the above techniques was completely 
1ehable, 1t was decided to investigate the possible 
application of the specific reagent, trimethyl- 
acetoaminohydrazide hydrochloride (Girard's reagent- 
T), to the determination of the carbonyl content 
of vitrains. Gurard’s reagent 1s a white, crystalline 
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. v solid which is very soluble in water and organic 
solvents containing a hydroxyl group. The reagent 
| ^. has a great affinity for ketonie carbonyl compounds 
|. |. and reacts with them quickly and quantitatively 
(| even when they are present in very small amounts?-1?, 
coo The function of the reagent is to produce a water- 
<- soluble derivative by a condensation reaction with 
| (5o the carbonyl compound which can then be separated 
cM from the remaining inactive material. The carbonyl 
. fraction thus removed can be regenerated by acid 
- hydrolysis and afterwards estimated by conventional 
^ methods. The reactions involved are illustrated in 

| s the following reactions: 


: : Ry Cl- 
(002020 + (CH,),NCH,CONHNH, ---— 


RS 
















Ry Cl 
"C-NNHCOCB,N(CH,), 
RY 
; Cl 
ses acid R IN 
O NC=NNHCOCH Ñ (CH), ————-— C=0 
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Thus the obvious advantages of Girard’s reagent are: 
(1) it reacts exclusively with carbonyl compounds; 
.(2) it extracts the carbonyl compounds as water- 
soluble derivatives which are easy to manipulate. 

^ The analytical data of the vitrains used are sum- 
: marized in Table 1 and the experimental procedure 


hydrolysis 





Table 1. ANALYTICAL DATA OF THE VITRAINS 
42. m Analysis (Parr basis) : 
o; N. C.B. Water As 3 
-£0de per per (d.a.f.) C H N (dur. ) (d. af. ) 
| cent cent cent ent Geni 
40 097 O68 88-67 5-38 2-04 3-91 23-53 
66 006 134 8649 i44 1908 600 345 
C483 1229 120 84-340 005 L92 — 811 3759 
Oo 848 0907 82788 130 178 908 33-41 
699 r7 PIS 82-16 £37 1:90 1057 4043 
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is as follows: About 2-0 gm. dry vika it — 900 mi 
B.S. sieve) were weighed accurately and then. tra 
ferred to a 500-ml. flask to which were added 100: 
absolute ethyl alcohol, 10 ml. glacial acetic acid a s 
5 gm. Girard’s reagent-T. After boiling under 
reflux for 24 hr., the solution was cooled by the 
addition of 300 ml. distilled water containing sufficient PT 
caustic soda to neutralize 90 per cent of the acetic 
acid present. After allowing the insoluble material = 
to settle, the solution was filtered through a weighed, 
sintered glass crucible (porosity G4); the residue x 
washed and dried at 110° C. until of constant weigh 
In order to hydrolyse the water-soluble deriva 
10 ml. concentrated S pastel, acid were add dt 
combined filtrate and washings | regu 








stand for 1 n to | ensure a., ‘precipitation of 
the hydrazone. The resulting hydrazone was filtered ^ 
through a weighed sintered glass crucible ( porosity (G4), 
washed and dried at 110° C. until of constant weight. 

The results obtained by determining the carbonyl | 
content by reaction with Girard's reagent-T followed . 
by hydrolysis and estimation with 2,4-dinitrophenyl- 
hydrazine are given in Table 2. The results are 
quoted in terms of mgm. 2,4-dinitrophenylhydrazone 
{column 3) and have been converted to mgm. 
equivalents of C —O in column 4. 


Table 2. CARBONYL CONTENTS OF THE VITRAINS 
mem. 
Coal Carbon dinitrophenyl- mgm. equiv, * 
(per eent) hvdrazone!gm. C-O/gni. 

301 88-67 6-0 0-03 

501 86-40 10-0 0-05 

602 84-34 15-0 QUT 
701 82-88 17-5 TOR 
802 82:16 48-0 0-23 


* Maximum values, 


The vitrains which were investigated ranged from 
82 per cent carbon (10-6 per cent oxygen) to 89 per 
cent carbon (4 per cent oxygen). The expected de- 
crease in carbonyl content with inereasing coal rank, 
that is, decreasing oxygen content, is clearly demon- __ 
strated in Fig. 1. The sensitivity of the reagent in | 
detecting the differences in carbonyl contents of coals 
lying in such a narrow range of carbon content is of 
particular interest and is indicative of the specificity — 
of the reagent. Other investigators suggest that this — 
trend is eorrect although this has not been demon- " 
strated previously. fae 

The use of Girard’s reagent in conjunction with 

2,4-dinitrophenylhydrazine has been extended- to 
give an indication of the weight average molecular ~~ 
weights of the ketones involved. Full details of this n 
are to be published elsewhere. | 

We wish to thank Prof. M. W. 
permission to submit this article. 
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FORMATION OF CRACKS IN ICE PLATES BY THERMAL SHOCK 


By L. W. GOLD 


Snow and Ice Section, Division of Building Research, National Research Council, Canada 


N work on crack formation in multi-grained ico The erack pattern which developed was found to 
I during creep under constant compressive load', depend almost entirely on the crystallographic 
the question arose as to whether the direction of the orientation of the ice with respect to the shocked 
formation of a crack depended on 
the crystallographic orientation of (a) 
the grains in which it formed. 
Experiments were undertaken to 
investigate this possible dependence. 
In one set of experiments a thermal 
shock was applied to the flat surface 
of an ice plate in such a way that 
the resulting thermal stress ex- 
ceeded the cohesive strength of 
the ice almost instantaneously. 

The first observations were made 
on irregularly shaped ice plates 
prepared from single crystals grown 
by a technique described by Lan- 
dauer*. The plates were about 
10 em. in length and width and 
about 2 em. thick. They were pre- 
pared with a milling machine using 
a helical cutter about 15 cm. long. 
Some plates were machined so that 
the axis of hexagonal symmetry, or 
‘c’ axis, of the ice crystal was normal 
to the surface and some so that the 
‘e’ axis was parallel to the surface. 
After machining, the plates were 
stored in kerosene at — 10° C. for 
at least 24 hr. Earlier work on the 
elastic and strength properties of 
ice had shown that immersion of 
the ice in kerosene for periods of 
up to 30 days or more did not 
appear to affect these properties. 

Thermal shock was applied by 
bringing the smooth surface of an 
ice plate, at — 10° C., in contact 
with the smooth flat surface of a 
brass plate cooled to below — 45° C. 
with dry ice. To ensure good 
thermal contact, the brass plate 
was immersed in kerosene just 
deeply enough to ensure that a 
very thin film of the liquid lay 
over the surface to which the ice 
plate was applied. 

When the ice plates were brought 
into eontact with the brass plate, 
cracks formed very quickly, cer- 
tainly within 1 sec. For this stress 
condition, outside the region in- 
fluenced by the edge the principal 
stresses are equal and the shear 
stresses are zero on any plane 
parallel to the ice surface. There- 
fore very little, if any, creep could 





have occurred in such planes or (b) 
perpendieular to them in the 
short time that it took for the Fig. 1. (a) Crack pattern for axis of hexagonal symmetry perpendicular to surface 


: of plate; (5) orientation of cracks with respect to hexagonal etch pits, Crack is line 
cracks to form. running from upper left to lower right. (x 50) 
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(b) 


Fig. 2. (a) Crack pattern for axis of hexagonal symmetry parallel 
to surface of plate; (b) orientation of cracks with respect to 

etch pits. Basal plane of ice perpendicular to surface 
and parallel to the bottom edge of the photograph. (x 40) 


surface. An example is shown in Fig. la for the case 
where the axis of hexagonal symmetry is perpendicular 
to the plate surface. The crack pattern is a system of 
equilateral triangles. As shown in Fig. 1b, the trace 
of the cracks on the surface was found to be parallel 
to the sides of hexagonal etch pits obtained by a tech- 
nique described by Higuchi*. This shows, accepting 
Higuchi’s conclusions on the orientation of the pits 
with respect to the crystallographic orientation, that 
with the symmetry axis perpendicular to the surface, 
there is a preference for the trace of the cracks at the 
surface to be parallel to the crystallographic ‘a’ 
directions. 
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The rectangular crack pattern which de- 
velops when the symmetry axis lies in the 
plane of the plate surface is shown in Fig. 2a. 
Fig. 2b shows that the edges of the cracked - 
segments are parallel to the sides of the 
rectangular etch pits that form on an ice sur- 
face with this orientation. The long dimen- 
sion of the cracked segment was usually per- 
pendicular to the crystallographic ‘c’ direction, 
that is, this edge was normally in the basal 
plane. 

The edges of each plate were cut in an 
irregular shape to see if this would have any 
influence on the crack pattern. It was ob- 
served, as can be seen in Figs. la and 2a, that 
only very close to the edge did the boundary 
conditions have an influence. 

Figs. 15 and 2b show that there is a prefer- 
ence for the trace of the crack at the plate 
surface to be in the planes containing the ‘a’ 
and ‘ec’ crystallographic directions. Etch pits 
formed on surfaces machined perpendicular 
to the plane of the crack and to the plate 
surface showed that near the plate surface the 
eracks tend to be parallel to the planes con- 
taining the ‘a’ and ‘c’ directions, but often 
curve out of these planes farther into the in- 
terior of the ice. This is considered to be due 
to the tendency for the cracked segments to 
curl under the tensile stresses parallel to the 
plate surface. This curving of the crack may 
be aided by the fact that the maximum 
tensile stress at the root of a crack is not 
perpendicular to the plane of the crack but at 
an angle to this plane*. The shaded area 
parallel to some of the eracks is due to the 
curving of the crack below the surface. If the 
thermal shock is severe and long enough, some 
of the crack segments will separate from the 
plate in a way similar to the spalling of con- 
crete. 

The experiments have now been extended 
to multigrained ice of average grain size as 
small as 2 mm. and with the crystallographic 
orientation of the grains at various angles 
to the surface. The preference for the trace 
of the cracks at the surface to be parallel to 
the planes containing the ‘a’ and ‘c’ directions 
is maintained for all grain sizes observed so 
far, a crack often changing direction abruptly 
as it passes from one grain to the next. 

Some refinements have been made in 
the experimental technique. By using ice 
instead of. brass for the cold plate and 
making both plates quite thick the change 
in temperature at the surface can be calcu- 
lated and readily controlled and expressions 
obtained for the dependence on time 
of the temperature in the ice plates and the 
associated thermal stress. Using these expres- 
sions, a cohesive strength of 40-50 kgm./em.? 
has been obtained for ice for the particular stress 
condition applied. The experiments and their 
analysis are continuing and will be reported in full 
when completed. 


! Gold, L. W., Canad. J. Phys., 38, 1137 (1960). 
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PHOTOCHEMICAL PROPERTIES OF WATER-SOLUBLE CHLOROPHYLL 


By Pror. GERALD OSTER and SUSE B. BROYDE 
Department of Chemistry, Polytechnic Institute of Brooklyn 


HE water-soluble chlorophyll, potassium chloro- 
phyllin, obtained by saponification of chlorophyll 
with alkali, has been known for more than fifty years’, 
yet the photochemistry of this interesting pigment 
has not been investigated. Since chlorophyllin is 
soluble in water, its photochemical properties can 
be compared directly with other water-soluble dyes 
the photosensitizing action of which for oxidations 
and reductions have been studied in detail’. Water 
is a more natural milieu than are the organic liquids 
which are required to dissolve chlorophyll. Water- 
soluble dyes will bind to high-polymer substrates* 
with dramatic changes in photo-chemical proper- 
ties** and chlorophyllin would be expected to behave 
similarly. Furthermore, since chlorophyll is in the 
bound state in the living plant, the photochemical 
properties of bound chlorophyllin may have some 
immediate relevance to the photochemical steps in 
photosynthesis. Another reason for studying the 
photochemistry of chlorophyllin is that it has some 
structural differences from chlorophyll and hence 
theories as to the reactive groups can be tested. 
Chlorophyll a was obtained chromatographically 
from spinach extract’ and the dried pigment was 
dissolved in benzene and diluted 1 : 14 with pentane. 
This solution was shaken with 7 per cent methanolic 
potassium hydroxide to saponify the chlorophyll. 
The methanolie solution of potassium chlorophyllin 
a was placed under vacuum in order to remove the 
solvent and the material was stored dry. The 
photochemical investigations were carried out with 
chlorophyllin in 0-6 M phosphate buffer at pH 7-0. 
Treatment with methanolic potassium hydroxide 
causes the material to be soluble in water. The 
phytol and methyl esters are saponified. Further- 
more, the cyclopentanone ring (ring V in the chloro- 
phyll structure) is broken so that three carboxylate 
groups result. The magnesium is retained at neutral 
and at basic pH values. l 
The infra-red spectra of chlorophyllin (potassium 
bromide pellets and measured in a Perkin-Elmer 
model 21 spectrophotometer) do not have the 1611 
cm.-' band associated with porphyrins containing a 
cyclopentanone ring? and ascribed to the C=C bond 
of this ring in its enolic form*. The two principal 
absorption bands in the visible spectrum of chloro- 
phyllin (Fig. 1), measured in a Cary spectrophoto- 
meter, are at shorter wave-lengths than chlorophyll a, 
and the satellite on the short wave-length side of the 
Soret band is absent. Similar changes in the visible 
speetrum are observed in one of the fractions of 
allomerized chlorophyll where the cyclopentanone 
ring is believed to have been transformed*. Other 
losses in detail in the absorption spectrum further 
indicate that the molecule resulting from cleavage 
of ring V is less rigid. 'The strong red fluorescence 
of chlorophyllin has its maximum at 646 my while 
chlerophyll a has its maximum fluorescence at about 
20 my. farther into the red part of the spectrum. 
Chlorophyllin in the bound state is a good photo- 
sensitizer ; free in solution, it is much less effective. 


Chlorophyllin, like other anionie dyes*, binds to poly- 
vinyl pyrrolidone (PVP) with a spectral shift of the 
long-wave peak to 660 my. The bound chloro- 
phyllin sensitizes the photoautoxidation of para- and 
ortho-aromatie amines just as do triphenyl methane 
dyes if they are in the bound state'*. The well. 
known chlorophyll-sensitized photoreduction of azo 
dyes in non-aqueous media" can be duplicated in 
water by bound chlorophyllin!?, Although ascorbic 
acid and phenylhydrazine are effective reducing agents 
for this reaction, chelating agents which can serve 
as electron donors in photoreductions of synthetic 
dyes? are inactive for chlorophyllin. 

Chlorophyllin undergoes the Krasnovsky reaction", 
that is, reversible photoreduction in the presence of 
ascorbic acid. With chlorophyll a this reaction is 
carried out in pyridine with some water presentis 
to give an intermediate with a maximum at 523 mg ; 
with chlorophyllin a the major solvent constituent i& 
water (with 10 per cent pyridine) and the maximum 
of the pink solution is at 550 my. Evidently the 
cyclopentanone ring is not required for this reaction’. 
Bound chlorophyllin, on the other hand, is photo- 
reduced rapidly and irreversibly to a colourless species 
under the conditions of the Krasnovsky reaction. 

Chlorophyllin, on standing in aqueous solution, is 
slowly transformed into a colloidal species, and this 
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Fig 2 Changes in long wave-length peak of chlorophylln 
1, freshly prepared in water, 2, addition of PVP to No 1, 
3, after illumination of No 2, 4,long standing of No 1 (reverts to 
No 3 on addition of PVP and to No 1 on addition of alkali) 
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transformation 1s accelerated by light or heat The 
system ıs non-fluorescent and absorbs at 735 mu 
(Fig 2) as is also the case for suspensions of chloro- 
phyll mieroerystals" This suggests that the state 
of aggregation, rather than the difference in details 
of structure, determmes the position of this peak 
Addition of PVP or of water-miscible organic solvents 
disperses the colloid to produce a strongly fluorescent 
solution with an absorption maximum at 688 mu. 
This latter species can be obtained directly by binding 
chlorophylhn to PVP and exposmg to hght (Fig 2) 
Both the colloidal suspension and the solution absorb- 
ing at 688 my revert to the original chlorophyllin 
solution when the system 1s rendered alkalme The 
species which forms colloidal suspensions in water has 
an infra-red band at 1,730 cm~ as compared with 
the analogous band of chlorophyll itself at 1,680 
cm~! These facts suggest that the water-msoluble 
species results from a dimerization of the carboxylate 


NATURE 


133 


groups m chlorophylim The existence of a dimer 
of chlorophyll a absorbing at about 682 my. has been 
deduced from difference spectra of chlorophyll 
solutions!* 

The photochemical reactions of chlorophyllin de- 
scribed here supplement the extensive work already 
carried out on chlorophyll, but new features are 
apparent Our results show that (a) photochemical 
activity of a chlorophyll derivative does occur m 
predominantly aqueous media, (b) the spectra of 
aggregates of chlorophyllm are the same as those of 
chlorophyll although there are differences in mole- 
cular structure, (c) certain spectral features and 
photochemical reactions occur for bound pigment 
but not for the molecules free ın solution, and (d) 
the cyclopentanone ring 18 not required for photo- 
chemical activity We are now carrymg out quan- 
titative work to determine the mechanism of the 
photochemical reactions of chlorophyllm 
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A QUANTITATIVE THEORY OF THE CHARACTER OF CHEMICAL 
BONDING IN BINARY COMPOUNDS 


By Pror EDWARD GORLICH 


Department of Silicate Chemistry, School of Mining and Metallurgy, College of Ceramics, Cracow 


N view of the great difficulties encountered in the 

case of a strict quantum-mechanical treatment 
of many chemical problems, especially in the field of 
inorganic chemistry, many attempts were armed at a 
more qualitative approach to the problems mvolved 
by other, much simpler methods Of such, the most 
widely known are Pauling’s theory of electro- 
negativity, the theory of oxygen attraction, first put 
forward by van Arkel and de Boer, Fajans' theory of 
ionic polarization and his quanticule theory and 
Weyl’s theory of screening It appears to me that, 
accepting as a first approximation a purely electro- 
static character of chemical bonding, ıt 18 possible to 


establish a quantitative theory of binary chemical 
compounds 

The proposed theory 1s based on the following as- 
sumptions: 

(I) Every kind of chemical compound (salts, 
metals, molecular compounds) 1s made of cations, or 
positive cores equivalent to cations, and & number 
of valeney (or bondung) electrons, which form various 
configurations of electron clouds 

(2) Homonuclear compounds (pure elements) are 
built of one kind of cation or positive core only 
Differences 1n their chemical characteristics are due 
to the different degrees of polarization of electron 
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clouds by the specific cations o1 De. 
cores If there is no perceptible 


effect of polarization a purely 
metallic bonding results A growing 
effect of polarization results in a 
more and more atomic (covalent) 
character of binding 

(3) The ionic character of bond- 
ing m bmary heteronuclear com- 
pounds 18 dué to the asymmetry of 
the attraction of the valency elec- 
trons by the two different kinds of 
cations or positive cores present, one 
of which 1s pullng the electrons 
more strongly than the other Ina 
purely ionic binary compound the 
strength of the field of one cation 18 
completely neghgible m comparison 
with the other which, ın conse- 
quence, forms a positive core of an 
anion 

The proposed. system may be pre- 
sented in the form of a diagram m 
with the following co-ordinates 

(a) The values of the 10n1c poten- 
tial o, which, according to Cartledge (1926), is à meas- 
ure of the polarizing ability of cations, are taken as 
&bseisse The abscissa ıs the axis of homonuclear 
compounds, along which the ionie potential ọ ım- 
creases from zero (the origin of the co-ordinate system) 
corresponding to a purely metallic bond up to the 
value of 87 5 for F?*, corresponding to an extremely 
atomic (covalent) character of bonding mn F, 

(b) As the ordmate, the relative values of the 
differences between the 10n1e potentials of cations or 
positive cores, expressed in percentage of the 1on1c 
Ag 





— Pe E E 
T 


potential qi(p, > P2), may be accepted x 100 
The value of this parameter is zero for a purely 
metallic bond (taken as the origm of the system) and 
for purely ionic bonds ıt reaches the value of 100 

The diagram for the proposed system of bond 
character of binary compounds may be constructed 
in the form of a right-angled triangle with apexes 
representing purely metalhe, ionic and most nearly 
atomic (covalent) character of bonding (Fig 1) 

The values of 10n1e radi given by Ahrens! were 
accepted in computations of 1onic potentials through- 
out this article 

It 1s, however, more correct to use instead of 
‘formal’ ionic potentials, as formerly proposed by 
Cartledge, the effective (actual) values of ionic poten- 
tials The effective 1onic potential peff 18 related to 
the electronegatrvity as proposed by Pauling (log 
9eff 18 & linear function of Pauling’s electronega- 
tivity) It constitutes also a measure of the acidity 
(or basicity) of the cation? 


Peff 
TEU = Ge 
9 

For noble gas-type cations with the same charge, 
the coefficient x has the same constant value As a 
measure of the actual field strength of cations the 
values of the so-called field function F = J?/r are 
proposed here’, where J? is the pth ionization poten- 
tial with charge p of the chemical element forming 
a gyven cation) and r 18 the 10n1e radius As may be 
demonstrated, the relation F = I?/r — « x 9 — a 18 
strictly valid for all inert gas-type cations of the same 
charge Putting I?/r + a = qe we can find the 
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Fig 1 


value of the coefficient z (Table 1) Only inert gas- 
type cations are considered here, the more complex 
problems of the elements of the sub-groups of the 
periodic system will be treated in a separate paper 

The character of bonding of a bmary compound is 
represented by a point on the diagram (Fig 1), lymg 
at the intersection of two lines, one of them parallel 
to the axis of the ordinate (M — J) and cutting the 
axis of the abscissa at oerr of the weaker cation or 
core (that 1s, one which has the smaller value of 
Qert) and the second connecting the value eff of 
the stronger cation or core (that 1s, one which has the 
greater value of qo.) with the ionic apex of the 
triangle For example, pomt a represents the 
character of the bond 8:—O, and pomt b that of 
N—CI 

As Fig 1 shows, all pomts representing fluorides 
he on the same line connecting the o value for 


Table 1 VALUES OF THE COEFFICIENTS z* OF CATIONS OR POSITIVE 
CORES OF INERT GAS-TYPE WITH THE CHARGE z 


00 -A C» QU COLO EN 
e»ro to E.A CS 
k ay 0 1 Oo Cc» 
ooooecen 


* The coefficient xz = gett/p may be regarded as a relative electro- 
static electronegativity value of the cations or positive cores 








Table 2 
Field * Character of | 
(Figs 1 Type of binary electrostatic State of | 
and 2) compound bonding aggregation T | 
I Metals and inter- 
metalhc compounds Metallic Sold 
II Salts (alkalıne oxides 
included) Ionic Sohd 
III Polymers Ionoidie Sohd . 
(sub-ionic) | (glass-forming) 
IV Sub-metals (sem2- 
conductors and semi- | Sub-metallic Sohd 
metals) (metalloidic) 
V Molecular compounds Atomic Solid, hquid 
(covalent) or gas 
VI Inert gases None i Gas 


| | (free atoms) 





* Many of the properties of the binary compounds, resulting from 
the different nature of their chemical bonds, are, of course, changing 
more gradually than is suggested by the sharp boundary hnes shown 
on Figs 1 and 2 

ji At room temperature and pressure 
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F"* with the apex J, and also points for all other 
compounds with common anion, namely, oxides, 
sulphides, chlorides, nitrides, ete , he on their respec- 
tive lines 

Various physical and chemical properties of bmary 
compounds (as, for example, their structures) are 
reasonably ordered by the proposed system It 
enables a classification of binary chemical compounds 
(Table 2) 

Some irregularities noticeable among the halides 
are due to the fact that the proposed diagram (Fig 1) 
18 & projection of a space diagram with n as the third 
axis of co-ordinates (n being the period of the Mendel- 
eyevian system to which the given element belongs) 
The diagrem log n — log gee ordering the homo- 
nuclear compounds (pure elements) will be presented 
in à later communication 

It 1s to be noted that for the elements of the main 
groups of the periodic system log. err 18 a linear 
function of log z, z bemg the group of the periodic 
system It1s also to be mentioned that the expression 
Ageft/Petfi, Where qerp > Peffe, May be considered 
as a measure of the chemical affinity of the elements 

.forming a heteronuclear compound It was used by 
me to systematize the bmary systems of equilibria 
for compounds with common, anions? 

The projection pomts on the diagram given by 
Fig 1 are very unevenly distributed To obtain a 
more uniform dispersion of pomts we must resort to a 
logarithmic scale This may be done by accepting 
the value geff for Frt as unity (o’o¢¢Fr = 1,000) 
This choice 18 justified by the fact that franerum, as a 
homonuclear compound, must have the most nearly 
pure metallic character of bonding among all known 
elements As the others (atomic or covalent) we take 
F"*, because fluorme in the F, molecule forms the 
most nearly atomic bonds known. Putting log q'err 
value for Fr (that 18, zero) at the origin of the system 
of co-ordinates (pomt M) and accepting the log 
9’ eff value for F (2 876) as 100 (pomt A), we obtam 
a relative logarithmic scale on which the atomic 
character of bonding ın homonuclear bmary com- 
pounds may be expressed in percentages of that 
found in the F, molecules The diagram J — M — A 
may now be presented in the convenient form of an 
equilateral triangle (Fig 2) The ionic character of 
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bondmg 1s here also expressed in pereentages Alog 
v'ert/log q'err; X 100 Theionic character of bonds in 
Fr—F has on the absolute scale (Fig 1) the value 
99 87 per cent m comparison with 100 per cent 
on the relative logarithmic scale (Fig 2) The bond 
S:—O in 810, ıs 358 per cent ionic on this scale 
(point a, Fig 2) The vertical Ime on this diagram 18 
only an auxiliary scale 

All pomis for fluorides, oxides and so on he 
on the respective lines connecting the values for 
F, O and so on, lymg on the M—A axis with the [— 
apex of the triangle—as on the diagram Fig 1 
The fields bear the same denominations as on 
the previous diagram The proposed systems are 
valid for room temperature and atmospheric pressure. 
Possible defects ın solids and the dispersion energy 
share in bonding are not taken into account here, 
nor are the magnetic forces 

Sincere thanks are due to Prof A  Bielaáski for 
valuable discussions 
! Ahrens, L H , Geochim Cosmochim Acta, 8, 5 (1953) 
3 Górlich, E , and Stopka, Z, Zeszyty Naukowe AGH, Ceramia, 1, 

19 (1956) 

* Górlich, E , Bull Acad Pol Ser Ser Sc: Chm 8, 231 (1960) 


CHITINASE: AN ADDITION TO THE LIST OF HYDROLASES IN THE 
DIGESTIVE TRACT OF VERTEBRATES 
By Dr. CHARLES JEUNIAUX 


Department of Biochemistry, University of Liége 


T was thought for a long time that, in animals, 

chitinases were present in snails only ‘The distri- 
bution of these enzymes among invertebrates has 
appeared to be much more extensive They have 
been found by Tracey in protozoa!, in nematodes?, 
and in earthworms’, and by me in arthropods*-, 
ceelenterates’, polyehsete worms’, ete The presence 
of chrtinolytic enzymes among vertebrates has, how- 
ever, never been suspected The enzymic lysis of 
chitin 1s known to be actually performed by two 
different enzymes, acting consecutively*-? a chitinase 
(mucopolysaccharidase) and a chitobiase (f-acetyl- 
glucosaminidase) This ‘chitmolytic system’ and 
these two enzymes have been searched for in the 


digestive juices and in aqueous extracts of digestive 
glands and digestive epithelia of some fishes, lizards, 
birds and mammals 

In order to detect the chitinolytic system (chitinase 
+ chitobiase), the enzymic extracts were mcubated 
with a chitin suspension (from Sepa pen) at 37° C 
and pH 5 2 for 3 hr , the acetylglucosamme liberated 
was measured by a method described by Reissig 
et al?? Controls without enzyme or without sub- 
strate were run simultaneously 

In order to detect chitinase in enzymic extraets 
contaming little or no chitobiase, the activity of 
these extracts on chitin has also been investigated 


“after addition of an excess of chitobiase m the enzy- 
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Table 1  CHITINOLYTIO ENZYMES IN DIGESTIVE JUICES OF 
SOME VERTEBRATES 


Activity of chitinolytic 


Species Digestive juices or system — acetylglucos- 
contents amine liberated, 
ugm jhr /ml 

Carassius auratus L Anterior intestine 113 
Posterior intestine 814 

Seen aculeatus Whole digestive contents 872 
Lacerta viridis Laur Gastric juice 1,200 
Testudo hermanm Gastric Juice 0 
F. Gmelin Intestinal contents 0 
Passer domesticus L Gastric juice 180 
Turdus merula L Gastric juice 1,550 
Oryctolagus Gastrie contents 0 


Intestinal contents 2 5* 
Cecal contents 0 


* Non-significant result 


cunniculus L. 


Table 2 DISTRIBUTION AND LOCALIZATION OF CHITINASE AND 
CHITOBIASE IN DIGESTIVE GLANDS AND TISSUES OF SOME VERTEBRATES 


Activity = acetylglucosamine 
hberated, ugm /hr /gm fresh 


tissues 
Chitinolytie Chitinasef Chitobiaset 


Species Organs 
system”* 
Carassius Mucosa anterior 
auratus L intestine 43-88 490 440 
Mucosa posterior 
intestine 288 — 72 
Pancreas (+ 
Liver) — 67 62 
Lacerta viridis Gastric mucosa 1437-1570 8,064 250—740 
aur Intestine 0-8 38 — 45 
Pancreas 810-1350 13,120 0-160 
Testudo hermannt Gastric mucosa 0 0 5 
J M Gmeln Intestinal mucosa 0 0 57 
Turdus merula Mucosa of gland- 340 3,114 89 
L ular stomach 
Intestine (first 
third) 26 144 6 
Pancreas 138 138 0 
Rhinolophus Gastrıc mucosa 347 5,280 71 
ferrum-equwnum Intestine 0 12§ 23 
Schreb Pancreas 0 0 29 
Oryctolagus Gastric mucosa 0 0 0 
cunnriculus L Intestine 0 0 70 
Pancreas 0 7 88 72 


* Liberation of acetylglucosamine from chitin, by the enzymic extract 

t Liberation of acetylglucosamine from chitin, by the enzymic extract 
after addition of an excess of chitobiase 

ilLiberation of acetylglucosamine from *'depolymenzed chitin’, a 
preparation containing chitobiose and other small polymers of 
acetylglucosamine 

§ Non-significant results 


mic test A commercial preparation of p-gluco- 
sidase (Nutritional Biochemicals Corporation) pro- 
vided a convenient source of chitobiase, free from 
chitmase In these cases, the presence of chitinase 
was also confirmed by the nephelometric method", 
which does not depend on the presence or absence 
of chitobiase® In order to measure the ehitobiase, 
the liberation of acetylglucosamine has been followed, 
using & preparation of ‘depolymerized chitin’ as 
substrate!? (a preparation which contaims chitobiose 
and other small polymers of acetylglucosamine) 
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The results are summarized m Tables 1 and 2. 
Chitinolytic enzymes have been found m the digestive 
tract of six species of vertebrates, among the eight 
species so far mvestigated, the digestive juices and 
tissues of turtle and rabbit being entirely devoid of 
chitmases In all these eight species, muscles, 
kidney and liver extracts were found to be free from 
chitinases, the presence of chitobiase only bemg 
evident in the livers of Lacerta and Testudo 

The followmg tentative conclusions may be drawn 
from these results - 

(1) The chitinolytic enzymes have been found not 
only ın the digestive contents, but also in glands and 
in carefully washed gastric or intestinal mucosa. 
Such localization does not support the hypothesis 
of a bacterial origm 

(2) All the species where chitinase has been found 
are insectivorous, or eat chitin-covered preys, at 
least occasionally In contrast, the turtle and the 
rabbit, which do not possess any trace of chitinase 
secretion, are typical phytophagous animals This 
observation, if confirmed for other species, would 
represent the only clear-cut case, with that of lactase, 
of a correlation between diet and digestive enzymes 
among vertebrates 

(3) The site of chitmase secretion seems to show 
an evolution towards a higher specialization of tissues: 
in the goldfish, the secretion of chitinase 18 & property 
of the whole epithelium and of pancreatic islets This 
faculty 1s restricted to the gastric mucosa and the 
pancreas in Lacerta ın bats, the gastric mucosa alone 
has this property 

In contrast, the secretion of chitobiase, although 
often very weak, occurs m the majority of tissues, 
even 1n the turtle and in the rabbit 

(4) The cases of the pancreas of Lacerta and of the 
gastric mucosa of Turdus and of Rhinolophus are the 
first known examples of tissues being able to syn- 
thesize large amounts of chitinase, but secreting only 
very small amounts of chitobiase 
1 Tracey, M V, Nature, 175, 815 (1955) 

2 Tracey, M V , Second Intern Cong Biochem Paris, 242 (1952) 
3 Tracey, M V , Nature, 167, 776 (1951) 

è Jeuniaux, Ch, Mém Soc Roy Entom Belg , 27, 312 (1965) 

5 Jeuniaux, (Ch, Arch Intern Physiol Biochem, 64, 583 (1956) 
* Jeuniaux, Ch, Arch Intern Physiol Biochem , 68, 684 (1960) 
? Jeumaux, Oh , Cahwrs Biol Marine (in the press) 
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A PRECIPITATING ANTIBODY TO INSULIN 
By VALERIE E. JONES and Pror A. C CUNLIFFE 


Department of Bacteriology, King's College Hospital Medical School, London, S E 5 


NTIBODIES to insulin preparations have been 
detected by many of the conventional 1mmuno- 
logical methods in the sera of insulin-treated diabetic 
and mental patients, and of animals 1mmunized. with 
insuln, but convinemg demonstrations of antibodies 
toensulin itself are few! Furthermore, Lapresle and 
Grabar? have directed attention to the presence of 
precipitating antibodies ın the sera of some dia- 


were found in the mother liquor which remains 
after the initial crystallization of insulm. Pre- 
eipitating antibodies to insulm were found by 
Moloney and Aprile’, ın a horse hypermmmunized 
with crystalline msuln, and both msulin and 
the antibody were recovered from the specific 
precipitate They were, however, unable to find 
precipitating antibodies m several other species, 


betics, to antigens other than msulin These antigens») including guinea pigs, which were mmunizod m the 
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Fig 1 Precipitation of guimea pig ant:-bovine insulin serum 

A (centre of figure) and some insulin preparations in agar gel, 

Boots bovine insulin, BI, To ome pg insulin, PI, and mother 
^ 1quor, 


same manner Berson and Yalow‘ have attributed 
their failure to find precipitating antibodies in the 
sera of msulin-treated diabetics to the univalence of 
insuhn Nevertheless, we have found that guinea, 
pigs readily produce precipitating antibodies when 
immunized with large doses of crystallme insuhn 
preparations, and we present here evidence that these 
are antibodies to msulin 

Bovine insuhn, crystallized six trmes (Boots, Ltd ), 
was dissolved in 0 002 N hydrochloric acid and care- 
fully emulsified with Freund’s ‘Complete Adjuvant’ 
(Difco) to give a final msulin concentration of 15 
mgm /ml Adult gumea pigs each recerved 10 ml, 
injected beneath the skm and distributed between 
three or four sites After 4 weeks a further 10 ml was 
similarly injected and one month later precipitating 
antibodies to the sulin preparation could be demon- 
strated m the serum Thirty mmunuized guinea pigs 
all produced this type of antibody 

Precipitation of the antigen-antibody complex was 
first detected by the gel diffusion technique of 
Ouchterlony’ (Fig 1) Solutions contammg 200 ugm / 
ml of several-times crystallized bovme and pig 
insulins were placed in the outer wells as was a solu- 
tion contamung 200 ugm per ml of mother hquor 
solids from an initial erystalhzation (kmdly provided 
by Dr Lapresle, Paris) This last material contamed 
only 16-18 per cent of the concentration of insulin 
present ın the other wells The guinea pig antiserum 
in the centre well, although forming a single identical 
precipitation band with the crystalline insulins, gave 
no visible reaction with the mother liquor 

Specific precipitates of antigen and antibody were 
measured quantitatively®, using 1 0 ml amounts of 
two pools of guinea pig antiserum (A and B) and 
varying amounts of two different bovine insulin 
preparations, crystallized six times (Boots, Ltd , 22 2 
units/mgm and Burroughs Wellcome and Co, 25 
units/mgm ) Mixtures of antiserum and antigen 
were incubated for 4 hr at 37° C and for a further 
two days at 4° C The precipitates were washed three 
times in 2 ml of saline and then dissolved m 2 5 ml 
of 01 N sodium hydroxide Total protem was de- 
termmed from the Eso measured by means of a 
‘Uvispek’ spectrophotometer (Hilger and Watts) with 
al-cm quartz cell A factor of 0 715, estimated for 
guinea, pig gamma globulin in 0 1 N sodium hydrox- 
ide, was used to convert the Eso to mgm protem/ml 
(Fig 2) At the point of maximum precipitation, pool 
B antiserum gave 136 mgm. of specific precipitate 
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with 50 ugm of this insulin preparation but only 
0 82 mgm with the Wellcome preparation Assuming 
that all the antigen was precipitated at the point of 
maximum precipitation, the ratio of antibody to 
antigen at this pomt varies between 155 and 19 
A single curve using pool A and once-crystallized pig 
insulin (Wellcome) 18 also shown (Fig 2) The smaller 
quantity of specific precipitate formed with this 
heterologous insulin preparation suggests a species 
specificity which 1s interesting 1n view of the finding of 
Berson and Yalow’ that bovine insulin is more firmly 
bound to human ‘antibovine-pig sulin’ serum than 1s 
pig insulin, and also accords with the difference m 
chemical composition of pig and bovme insulins® 


Insulin activity found 
in supernatants 


15 


the precipitate 
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056 111 167 222 278 333 3 89 
units (Boots) 
0 62 125 187 25 312 375 


units (Wellcome) 

Fig 2. Quantitative precipitation curves using 10 ml of anti- 

serum Curve I, pool B + bovine insulin, and curve II, pool.A + 

bovine insulin (Boots, 22 2 umts/mgm ), curve III, pool A + 

bovine insulin, and curve IV, pool 4 + pig insulin (Wellcome, 

25 umts/mgm ) 

The supernatants obtamed after removing the 
specific precipitates were tested for free antigen and 
antibody. In relatively large antigen excess, msulin 
activity was detected by the mouse convulsion test 
(Fig 2) and both antigen and antibody were detect- 
able in great antigen and antibody excess respectively 
by precipitation m agar gel Both these methods, 
however, are relatively insensitive. and incapable of 
detecting amounts smaller than 0:1 umt (4:5 ugm ) 
of sulin in each supernatant 

Precipitation, at the point of maximum precipita- 
tion, was probably not complete, smce, in several 
expermments with longer meubation periods, some- 
what larger specific precipitates were obtained For 
example, with an incubation period of 7 hr at 37°C, 
] 0 ml of pool B and 75 ugm of msuln (Boots) gave 
172 mgm of specific precipitate, corresponding to an 
antibody—antigen ratio of 22 Attempts were made 
to check the completeness of precipitation using 
10dine-131 labelled insulm with a specific activity of 
less than 1 mc /mgm. (kindly prepared by Dr 
Samols) larger amounts of the labelled than of 
unlabelled antigen were needed to produce maximum 
precipitation, suggesting that some denaturation of 
the insulin had occurred Because of this, results were 
not entirely conclusive; however, 47 per cent of the 
total radioactivity added was recovered in precgpi- 
tates which contained only 66 per cent of the total 
precipitable antigen-antibody protem found when 


with 75 ugm of Boots insulin; pool A gave 1 00 mgm © unlabelled insulin was used 
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An attempt was made, using gel diffusion methods 
devised by Alison and Humphrey?, to estimate the 
size of the antigen molecules which initiate this 
precipitation The diffusion coefficient was estimated 
to be 9 6, assuming that the diffusion coefficient of 
guinea pig antibody 1s 38 The ‘molecular sieve’ 
effect of gelatin gels was also used and the antigen 
diffused through 38 per cent gelatin Both methods 
indicate that the molecular weight 1s less than 24,000 

These preliminary résults suggest that the precip)- 
tatmg guinea pig antibody ıs indeed antibody to 
insulin and not to an impurity in the preparations 
If this 18 so, 16 can be concluded from the results of 
the experiments designed to estimate molecular size 
of the antigen, that the msulin antigen 1s mostly m 
the aggregated form. 
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ANTIBIOTIC PROPERTIES OF MYCELIUM AND METABOLITES OF 
MYROTHECIUM RORIDUM TODE 


By ANDRZEJ NESPIAK, MARIAN KOCOR and ANTONI SIEWINSKI 


Departments of Phytopathology and General Chemistry, College of Agriculture, Wroclaw 


To fungus Myrothecvum roridum, belonging to 
the Fungi Imperfecti, group Monihales!, is known 
as a parasite of leaves of Gardenia, tomatoes, violets, 
kidney beans and some other plants?’ It has been 
also found im soil and m the dead plant tissues 
A detailed morphological analysis of species of 
Myrothecvum roridum and related Myrothecvum ver- 
rucaria and Myrothecvum «nundatum was undertaken 
by White and Downmg? on the basis of observations 
of several strains They confirmed the great mor- 
phological similarity between Myrothecwum roredum 
and Myrothecwum verrucaria, and also found that 
these two species differed only m their manner of 
decomposition of cellulose, and their occurrence They 
also demonstrated the complete identity of Myro- 
thecwum rorum with a species known as Metar- 
rhizvum glutinosum Pope, which produced, according 
to Brian and McGowan‘, a new metabolite, glutinosme 

The scarcity of data on metabolite production 
by Myrothecvuum roridum’® directed, our attention to 
this problem, and now we present some observations 


on the activity of the mycelium and the metabolites 
of Myrothecoum roridum towards some fungi patho- 
genic for cultivated plants 

The strain of Myrothecvum roridum isolated by one 
of us’, and used for further expermments, bas been 
characterized by formation on glucose-potato-agar 
of a dense, white mycelium with concentric black 
sporodochia The smoky, hght ohve-green conidia 
(8-10 long, 2-4. thick) form black, slime masses, 
consisting of cylindrical or spindle-shaped cells con- 
taming oil drops The fungus grows and sporulates 
very easily both on malt-agar and on malt liquid 
(20 gm malto-extract produced by Spdidzelma 
Pracy ‘Warta’ Srem (Poland) m one htre distilled 
water), ın the latter case the concentration of sporo- 
dochia not being easily visible 

For the biological tests of fungicidal activity of 
Myrothecwum rorvdum the following species of fungi 
were used Penreilsum notatum, Aspergulus fumigatus, 
Aspergillus  mager, Fusarvum  equaset, | F'usarvum 
anguwocides, Fusarvum sp, Mucor sp, Alternaria 


Table 1 INHIBITING EFFECT OF THE MYCELIUM OF Myrothecrum rorum, AND ITS METABOLITES ON THE 
GROWTH OF SOME FUNGI 
Mycelium Metabolic solution Metabolites 
minor meta- 
Species malt-  potato- (a) (b) (c) (d) (e) control myrothecm bolte of mp mother control 
agar, agar 204-205°C liquor 
Penwillywum notatum ++ ++ ++ ++ + + ++ + ++ ++ +++ — 
Aspergillus fumigatus + ++ ++ + + + ++ + + + ++ — 
Aspergillus niger ++ ++ ++ -L + + + + — + ++ — 
Fusarium equisetr + + + + + + + + — — + = 
Fusarum sp + + +++ + + + ++ + — + ++ — 
Fusarium angurordes ++ ++ +++ +++ + + + + — — ++ — 
Verterilium albo atrum +++ +++ ob BGB tB + 4o FPEF + + ++ t+ + e 
Phoma betae tet +++ ttt ++ "E T -+-+ + -+ ++ +++ = 
Botrytis evnerea +++ tet +++ ttt + + +++ + + t+ Tb = 
Mucor 8p =e = TEN H + a + T = —_ + — 
Rhizopus nigricans — — +* + 4- + + + — T 2 = 
Trichothecuum roseum + + ++ ++ + + + + = + CERE a 
Alternaria tenuis ++ ++ ++ + + + ++ + — + -++ — 
Hormodendrum sp + +t ++ -++ + + ++ + + + ++ = 
Cephalosporvum roseum ++ +> Ft ++ + + ++ + — — T — 


+-+- +, Zone of inhibition more than 10 mm or insignificant growth of mycelium for exp 2abede 


e ++, n D» » 
+, » » T 
—, No mhibition 
* Only weak sporulation observed 


between 5 and 10 mm or average ,, 
between 0 and 10 mm or normal ,, 


- 


» , ,5 35? »» 
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tenuts, Verterleum albo-atrum, Botrytis | cwnerea, 
Phoma betae, Cephalosporium roseum, Trechothecvum 
roseum, Hormodendrum sp , Rhizopus nigricans 

Analysis of the metabolic solution of Myrothecuwm 
rorum in the usual way, that 1s, extraction with 
chloroform, chromatography on activated alumma 
and erystalhzation, yielded one major and two minor 
crystalline metabolites The major metabolite, 
which we called myrothecin, has a molecular weight 
of 334, and on this basis and on 1ts elemental analysis 
16 was assigned the formula C,,H,.O, The sub- 
stance does not melt at temperatures up to 350° C 
and has [«]f?p = + 174? Gn chloroform) 

The second metabolite has a melting point of 
204—205?, the third one 115—120? It must be stated 
that these compounds could be isolated only when 
Myrothecum rorudum was grown on malt hquid, 
otherwise an entirely different production of meta- 
bolites occurred 

Lhe biological tests were carried out m the following 
manner 

(1) The mould Myrothecvum roridum was grown 1n 
Petri dishes on potato- or malt-agar, and simul- 
taneously, or after 4 days, the species mvestigated 
were inoculated at distances of 4 em The zones of 
inhibition were measured in millimetres (2) The 
crude filtrates of the metabolic solution of 4-week-old 
cultures of Myrothecuum roridum were mvestigated 
for their fungicidal activity in the followmg wa 
filtrates were used for the preparation of the 5 follow- 
ing media, on which the test fungi were grown 

(a) 1 litre filtrate + 20 gm agar, (b) 05 htre 
filtrate + 0 5 htre malt hqud + 20 gm agar, (c) 
1 litre filtrate passed through active charcoal + 20 
gm agar, (d) the same filtrate + 05 htre malt 
hquid + 20 gm agar, (e) dried mycelium from 
4-week-old cultures of Myrothecowm roredum sus- 
pended in 1 litre distilled water + 20 gm agar, and 
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(f) control medium prepared from malt hquid + 20 
agar. 

(3) The chloroform extracts of the metabolic solu- 
tion of Myrothecvum rorrdum were mvestigated by 
means of the paper-disk plate method | Approx: 
mately 10 mgm dried chloroform extract (or crystals) 
were dissolved in chloroform, and 20 filter paper 
disks were saturated with this solution After dry- 
ing, each disk was moistened with water and put 
on a malt-agar medium, into which the suspension. of 
spores of the test fungus was inoculated The 
zones of inhibition were measured in mullimetres 

The results are presented ın Table 1 they show 
that 

(1) The growmg mycelium of Myrothecvum roridum 
inhibits strongly the growth of the majority of test 
fungi except the quickly developing species (2) 
The metabolic solution of Myrothecwum rorzdum also 
has a strong inhibiting effect, when not treated with 
charcoal, which adsorbs the fungicidal metabolites 
The suspension of dried mycelium 18 not very active. 
(3) The major metabolite (myrothecm) 1s not very 
active, whereas the first munor metabolite (melting 
point 205° C ) and the non-crystalline mother hquors 
are highly active (4) Myrothecvum roridum does not 
produce glutmosme, but a number of crystalline 
compounds (at least three) and possesses high 
fungicidal activity 
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EFFECT OF WHOLE-BODY IRRADIATION AND CORTISONE ON THE 
DEVELOPMENT OF OSTERTAGIA SPP. IN SHEEP 


By J D. DUNSMORE 


Department of Veterinary Pathology and Bacteriology, University of Sydney 


Effect of Whole-Body Irradiation on 
Antibody Response of Sheep 


N the course of experimental work on the life-cycle 

of sheep helminths ıt became necessary to utilize 
experimental methods of suppressing the sheep's 
antibody response One method of accomplishmg 
this ıs by whole-body irradiation , m view of the lack 
of available data on response of the animal to whole- 
body irradiation the following 1s presented to mdicate 
the results that I have obtamed 

Information available (Handbook of Biological 
Data, W B Saunders Co) indicated that the LD,, 
(30 day) for goats, the species nearest sheep for which 
data were available, was 350 rads It also appeared 
that the dose necessary to suppress antibody response 
is about 80 per cent of the LD; Hence the initial 
test dose was approximately 300 rads The irradia- 
tion source used was 310 e cobalt-60, to which 
the sheep was exposed at a distance of 160 cm 
Half the exposure was delivered to each side of the 


~ 


sheep Total exposure was 45 hr to deliver 300 
rads The test antigen used was a formalin-killed 
suspension of Salmonella typhamurvum injected 36 hr 
and 5 days following irradiation. This had been 
shown to induce marked agglutmm production m 
normalsheep In a sheep exposed to 300 rads only 
a shght reduction in antibody response was noted 
although the leucocyte count dropped to a mmimum 
(48 hr post-irradiation) of 960 per mm.’ with only 
2 per cent lymphocytes 1n the differential count 

Followmg this initial test two sheep were each 
exposed to 440 rads (6 hr exposure, 160 cm from 
310 e cobalt-60) and subjected to similar antigenic 
stumulus No antibody was detected by orthodox 
agglutination techniques up to 19 days following 
irradiation in the first sheep The second sheep died 
suddenly 14 days after irradiation without having 
developed any detectable antibody to the Salmonglla 
antigen At autopsy there was evidence of septi- 
cemia and a Gram-negative bacillus was cultured 
from heart blood, but not identified 
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These results indicated that 440 rads, applied 
equally to both sides of the sheep, suppressed anti- 
body production as assessed by the response to a 
formalin-killed Salmonella typhumurtum antigen 

Followmg these prelimmary experiments, four 
sheep have been irradiated at the above dose In 
all cases the hematological picture indicated a very 
severe depletion of body lymphocytes with total 
white cells dropping in all cases to less than 20 per 
cent of the pre-irradiation figure, the mmimum being 
reached 48 or 72 hr followmg irradiation ‘The 
lymphocytes were the cells most affected initially, 
dropping to less than 2 per cent in all cases within 
72 hr and then rismg again during the next two 
weeks The granulocytes reached a minimum 7-10 
days after irradiation so that at this stage the total 
count was sub-normal, of which about 80-90 per cent 
were lymphocytes From the experimental results 
obtamed in this work on the role of 1mmunity_ to 
developing helmmths ıt did appear that the host 
immunological response had been depressed The 
nature of the expermnent prevented any attempt to 
confirm this serologically 

In all the sheep a febrile reaction was noted 
which became severe (temperature exceeding 106°F ) 
in two anmals The experiment did not allow anti- 
biotic therapy so that these sheep were killed and 
autopsied 13 and 14 days after irradiation ‘The 
remaining two sheep survived the full 15-day experi- 
mental period with little evidence of harm ‘The 
two sheep severely affected both showed septicemia 
with severe gastro-enteritis, but agam the Gram- 
negative bacillus isolated did not fit a readily 1denta- 
fiable bacterial group Splenic and lymphoid tissue in 
all sheep was markedly atrophied and bone marrow 
smears showed severe agranulocytosis The hemato- 
logical picture had showed that the early lympho- 
cytopenia was later replaced by a relative lympho- 
cytosis as the total granulocyte count became 
depressed (7-10 days following irradiation) In two 
sheep that survived irradiation and experimentation 
the hematological picture took 12 weeks to return to 
normal 

It appears that 440 rads whole-body irradiation 
will largely suppress the antibody response of sheep, 
but the sheep ıs likely to succumb to bacterial 
infection unless protected by antibiotics 


Effect of Cortisone and Whole-Body Irradia- 
tion on Development of Ostertagia spp. in 
Sheep 


It has been shown previously! that the develop- 
ment of a large percentage of the parasites recovered 
from a sheep followmg a single large dose of 
Ostertagua spp larve is arrested, and that 14 days 
following infestation the larve are still only m the 
early 4th stage of development In an attempt to 
determine whether this arrested development 18 due to 
an immunological response by the host, an experiment 
was carried out with the object of destroying or 
reducing the host immunological response by the 
use of cortisone and by high-level, whole-body 
irradiation 

In the experiment, 4 groups were used each of 3 
sheep which had been raised free of strongyle para- 
sites and were approximately 6 months old One 
anemal m each group received larve only and acted 
as an untreated control, one was irradiated and one 
was treated with cortisone Irradiation at the rate 
of 440 rads per animal delivered in two equal parts 
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to each side has been found to be effective 1n largely 
eluminating agglutinin response to an injected formal- 
ized Salmonella typhwnurvum antigen (see previous 
article) This dose was given 24 hr prior to larval 
admimuistration Hydrocortisone alcohol was injected 
intramuscularly at a dose of 4 mgm /kgm body- 
weight daily commencing 5 days prior to admunistra- 
tion of larve 100,000 Ostertagwa spp larve were 
injected directly into the rumen, each member of 
each group receiving larvæ from the same batch 

The sheep were killed 14 days after administration 
of larve and the parasites were collected after 
thorough washing of the abomasum and peptic 
digestion of the abomasal wall The parasites were 
counted and classified as ‘normal’ or ‘arrested’ forms 
(Table 1) Those recorded as ‘arrested’ were still 
in the early 4th stage of development At least 
in the untreated control group the unarrested larve 
should properly be classified as ‘retarded’, these 
larvæ not having attamed the size that can normally 
by expected of Ostertagws spp if given at a low 
level of infestation Thus a population of Ostertagza 
spp mught include some ‘arrested’ forms (that 1s, 
development temporarily ceased in the very early 
4th stage), some ‘retarded’ (the final morphological 
stages of development have been reached but the 
size attaimed is sub-normal) and normal adults of 
the genus 


Table 1 
Group 
No 1 2 3 4 Means 
Cortisone Sheep No 57 54 64 72 
treated Tota 
recovered 53,600 31,400 29,150 15540 32,420 
Number 
‘arrested’ 6,930 1,200 200 2,740 2,770 
Percentage 
‘arrested’ 129 38 07 176 "8 5 
Irradiated Sheep No 61 63 55 59 
Total 
recovered 438,670 27,520 18,200 43,200 31,900 
Number 
‘arrested’ 13,540 2,860 2,600 4,860 5,960 
Percentage 
‘arrested’ 310 104 197 113 187 
Control Sheep No 68 53 56 62 
Total 
recovered 50180 26,000 20,450 24,000 30,140 
Number 
‘arrested’ 16,130 7,840 14,600 14,060 13,030 
Percentage 
‘arrested’ 322 28 2 714 58 5 43 2 


Larval arrest was very much less in cortisone- 
treated (85 per cent) and in the irradiated sheep 
(18 7 per cent) than in the controls 

Although both cortisone and irradiation cause a 
variety of effects on the physiological status of 
sheep, an alteration common to both treatments 1s 
a reduction m the capacity of the animal to respond 
immunologically to a parasitic mvader It is sug- 
gested that reduced immunological responsiveness 
by the treated sheep may have been the factor which 
permitted the greater percentage of unarrested 
development of Ostertagea spp as compared with 
that in the control animals It 1s postulated that 
m normal sheep which have had no contact with 
Ostertagia spp or related parasites, a rapid, probably 
local, immunity reaction leads to the formation and 
release of factors causing a specific arresting of 
development of many of the parasites Although 
the larvee were introduced into the rumen by a single 
injection 1t 18 probable that entry to the abomasum 
will extend over a period of possibly up to 48 hr 
It may be that the first larvæ which reach the 
abomasum cause a local immunity reaction leading to 
the arrested development of later arrivals 


1 Dunsmore, J D, Nature, 186, 986 (1960) 
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HEART DIPOLE REGIONS AND THE MEASUREMENT OF DIPOLE 
MOMENT 


By Da M. R. BARBER 


Naval Research Laboratory 
AND 
Dr E J FISCHMANN 


Cardiology Department, Green Lane Hospital, Auckland, New Zealand 


Measurement of Specific Dipole Regions 
within the Heart 


Ms electrocardiograph leads used to-day do not 
differentiate between dipoles from various parts 
of the heart, but mstead give a mixture of all dipoles 
in unknown proportions Fischmann and Barber! 
have shown that this applies to so-called ‘unrpolar’ 
chest leads no less than to standard lead I If it 1s 
assumed that there are N dipole regions in the heart, 
each of which can be represented by a single dipole, 
then 1t 1s possible to make an electrolytic tank 
analogue of homogeneous conductivity enclosing a 
heart model of somewhat higher conductivity The 
N dipoles can be placed in the appropriate positions 
on the heart model If N electrodes are now dis- 
tributed over the body surface ıt ıs possible to measure 
N sets of N potentials as each of the dipoles a,b,c, — , 
etc , is excited to unit strength in tuin 

Alternatively, if all the N dipoles are excited to 
different strengths simultaneously and N voltages are 
measured m the same positions on the body surface, 
then ib 18 possible to calculate the strengths of each 
of the N individual dipoles by solving N lmear simul- 
taneous equations The coefficients m the equations 
are obtamed from the N x N set of potentials de- 
scribed above The dipole strengths will appear in 
the form 


Ua = @, Vi + a4 Va + a4 V4 + 


where Vi, Va, V3, etc , are the body surface potentials 

In practice ıt 1s convenient to use the formule to 
design resistor networks which perform automatically 
the additions of element voltages to give pa, ub, Uo, 
ete By switching to a particular network ıt 1s then 
possible to display the effects of a chosen dipole on 
a two-termina] eleetrocardiograph The effects of all 
other dipoles will be eliminated 

Work applying this method to the human torso 18 
m progress and will be published Accuracy will 
depend obviously on how closely the analogue repre- 
sents the electrical properties of the human body 
under investigation 


+ Gn Vn 


Clinical Method for the Quantitative 
Measurement of the Heart's Total 
Dipole Moment 


THE electrical phenomena associated with the 
human heart may be attributed to a group of 
dipoles arbitrarily orientated withm a homogeneous 
medium and producing a set of potentials Vi, Vas, Va, 

Vn at n points on the body surface An 
application of Green's reciprocity theorem? makes 
it possible to measure the collective dipole strength? 
by applying currents at each of the n pomts and 
measuring the fields at the dipole positions 

For example, 1f the dipoles of strengths ui, Wz, us; 

« Us establish potentials Vi, Ve, Vs, V4 on 


the surface, then field strengths E, E» E, En, 
will exist at the dipole positions when equal currents 
of magnitude J are applied to each of the n points, 
where 


IC(V, + Va + V} + Va) = 
UE + uE + Es + - ln En 


If the field ın the region of the dipoles 1s uniform 
and Z directed (Ez) then the resultant Z component 
of all the dipoles may be written 

n IAV 
Xa = Ug (1) 

Since the dipoles are hkely to be orientated ran- 
domly ib ıs desirable to establish three mutually 
perpendicular fields and thereby measure the three 
resultant dipole components The main problem ıs 
to measure the electric field since the interior of the 
body ıs generally inaccessible, This can be resolved, 
however, by arranging that the flow of current from 
the electrode 1s uniform and calculable throughout 
the body 

If a homogeneous three-dimensional body is box- 
shaped, 16 13 obviously possible to establish a uniform 
field within ıt by applying a uniform current density 
over one pair of opposite faces If the conducting 
medium 1s replaced by a rectangular three-dimen- 
sional fine-mesh resistor network then a sımılar result 
will be obtained 1f equal currents are applied to all 
leads emerging from one pair of opposite faces If an 
uregular-shaped body 1s now removed from within 
the box then the uniform field within the body can 
be preserved if the orgmal currents are maintained 
at the newly exposed boundaries, that 1s, equal cur- 
rents m one direction but zero on the other two 

The situation described can be approximated on 
the human torso 1f electrodes are uniformly spaced on 
a flat platform placed on the chest Similar electrode 
clusters can be used for sides and back although for 
the back electrode it 1s usually sufficient to use elec- 
trodes mounted on a flexible sheet’ The electrodes 
protruding from the platforms can be sprung so that 
they press firmly on to the body contours 

The approximately uniform field within the body 
between a pair of such electrodes 1s simply 

E = P % 
where p 1s the conductivity of the body, assumed 
uniform, and 2 1s the average current per unit area 
projected on to the platform 

The expression may also be written as 

ol 
B, = 5 (2) 
where I 1s the current applied to each of the elements 
of the cluster and Asy 1s the small rectangular afea 
enclosing one and extending'half-way im all directions 
to the adjacent element Combming equations (1) 
and (2) we obtain Í 


m Is 


Ye = 7v, Any 


as the resultant z component of the dipoles distributed 
throughout the chest region 

The field produced by the electrode will obviously 
not be exactly uniform if the electrode elements are 
spaced at finite mtervals and cover a limited area 
However, with a frontal cluster having 30 elements 
and covering an area l0Oim x 141m 1t has been found 
from model experiments that the fields ın the heart 
region are calculable to withm 10 per cent assuming 
the body to be perfectly homogeneous 

A paper describing, in detail, an orthogonal electro- 
cardiograph lead system, which employs platform- 
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mounted multiple electrodes, will be published$ Usmg 
a new non-paste electrode material developed by 
Fischmann e£ al", consisting of balsa-wood mumpreg- 
nated under vacuum with lithium chloride, leads X, 
Y and Z take as much tme to record as three standard 
electrocardiograph leads 


Vot 192 


1 Fischmann, E J , and Barber, M R , Sewnhfic Exhibit, 129th Annual 
Conference of Brit Med Assoc, Auckland, N Z (1961) 


? Green, G, The Applecation of Mathematical Analyses to the Theory 
of Electricity and Magnetism (Nottingham, 1828) 


3 Smythe, W R, Stat and Dynamee Electricity, p 57 (McGraw-Hill, 
New York, 1950) 

1 Gabor, D, and Nelson, O V, J App Phys, 25, 413 (1954) 

5 Reynolds, jun, E. W , Cordes, J F, Wills, P W III, and Johnston, 
F D, Circulation, 14, 48 (1956) 

* Barber, M. R,and Fischmann, E. J, Brat Heart J (1n the press) 

? Fischmann, E J , Sealy, R , and Crutcher, R (unpublished work) 


CATION-EXCHANGE CAPACITIES OF TISSUES OF HIGHER AND LOWER 
PLANTS AND THEIR RELATED URONIC ACID CONTENTS 


By A H. KNIGHT, W. M CROOKE and R H. E INKSON 


Macaulay Institute for Soil Research, Craigiebuckler, Aberdeen 


INCE the eaily work of Devaux!, which showed 

that plant tissues possess cation-exchange pro- 
perties, many workers have measured the cation- 
exchange capacity (CEC) of the roots of higher 
plants? Their findings are that dicotyledons have 
roughly twice the C E C of monocotyledons and that 
tbe C E C ’s of the common agricultural crops lie in 
the range 10-60 m equiv /100 gm dry matter Much 
of the recent interest m this topic stems from the 
possible effect of CEC on the mineral composition 
of the plant In particular, 1f Donnan distribution 
principles hold, the higher the root CEC the higher 
would be the sorption of divalent over monovalent 
cations (valence effect) The characteristic differ- 
ences in ealeium and potassium contents of mono- 
cotyledons and dieotyledons—the former low m 
calcium and high in potassium, the latter high m 
calcrum and low in potassium—are imn keeping with 
the measured differences in their root C E C 

The majority of measurements of CEC of roots 
have been made on agriculturally ummportant? or 
ornamental plants* grown in nutrient culture (nutrient 
solution, sand or gravel culture) for ease of recovery 
of roots These solutions are generally too concen- 
trated to allow the valence effect to be reflected m 
the plant composition Under these conditions 16 
has been found that the C E © of a particular species 
can be altered to some extent by change in nitrogen’, 
phosphorus’! or heavy metal supply’ 

The indiffusible anions ın the plant roots to which 
the CEC could be attributed were demonstrated to 
be pectic substances by Mattson’, usmg staining tests 
Decarboxylation methods of estimatmg uronic acids, 
supported by chromatographic identification of ex- 
tracted uronic acids, were used by Keller and Deuel’ 
for plant roots and by Knight et al? for disks of 
plant storage tissue It was shown that a large part 
of the CEC could he accounted for as pectic 
substances 

Brief reports on the CEC of other organs (leaves 
and stems) of higher plants, and on the CEC- 
ur8nic acid relationship? have been published recently. 
The exchange properties of lower plants have been 
noted (marme algae", yeasts, bacteria’, fungi, 
mosses!?) but not 1n relation to uronic acid content 


An adequate test has never been published of the 
influence of soil factors on the CEC of plants 
Earher work had shown that ıt was possible to 
recover plant roots from soil, and ıb was therefore 
decided to examine the effect of soil-type on the 
C EC and uronic acid content of natural vegetation 
Such plants, since they grow under very poor nutri- 
tional conditions, also seemed more likely to offer 
experimental material which might show the relation- 
ship between root C E C and mmeral composition 

Plants were therefore collected from sites varying 
widely in dramage, pH and calcium supply The 
sites are described more fully ın Table 1 In all, 
about 80 species were collected, but only 12 (5 mono- 
cotyledons and 7 dicotyledons) were common to all 
4 soil types Tops were separated into leaves and 
stems (where appropriate), dried overnight at 80° C 
and major element cations determmed m the ash 
After washing, root systems were divided into tap 
roots, rhizomes and fine roots (where appropriate), 
dried overnight at 80° C and mulled to pass a 07 
mm sieve The CEC was measured using an acid- 
washing technique followed by titration to pH 7 
using 001 N potassium hydroxide? Uronic acids 
were estimated by a micro-decarboxylation method!’ 
and the results are expressed in m equiv /100 gm 
assuming all carbon dioxide was derived from 
carboxyl groups 

Fig 1 shows the relationship found between the 
uronic acid content and tho CEC of the roots 
The diagonal line represents the theoretical 1 1 rela- 


Table 1 DESCRIPTION OF SITES 
Exchangeable 
cations 
% Losson m equiv /100 gm 
Soil type Site pH Ignition oe soy 
a 

Sand Newburgh, 

Aberdeenshiie 48-68 —* —* —* 
Peat Gardrum Moss, í 

near Falkırk 40 72 129 075 
Acid soil — Craigiebuckler, 

Aberdeenshire 65 6 75 0 39 
Cale sol Limehillock, 

Banffshire 80 12 55 Of 0 38 


Additional sites sand, Maryculter and Glendye, Aberdeenshire, 
peat, Mossmaud and Lyne of Skene, Aberdeenshire , acid soil, Bridge 
of Alford, Aberdeenshire , calcareous soil, Blackhillock, Banffshire 
* Not determined , t This soil yielded 15 3 per cent CO,, equivalent to 
84 8 per cent CaCO, 
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Fig 1 Relationship between cation-exchange capacity (CEC) 

and uronic acid content (1n m equiv /100 gm ) for the roots of higher 

plants Lower plants are dicated thus ferns (4, MD, mosses 

(15, +), marme algae (18, A) and fungi (6, x) Numbered 

points are 1, liverwort, 2, lichen, 3, bacteria, 4, yeast i 
5 Equuelum Open circles are Keller and Deuel’s results 
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tionship The short solid hne 1s derived by the 
method of least squares from the results of 62 samples, 
embracing the 12 angiosperm species ranging in 
CEC from 6 to 50 m equiv /100 gm dry roots, which 
were common to all 4 soil types The total of 62 
samples ıs explamed by the fact that there were 
several sampling sites for each type of soil Table 2 
gives the mean values for these 12 plants Statistical 
examination shows that there are no significant 
differences between the mdividual regression lines 
calculated from the data for each of the 4 soi] types 

The slope and intercept of the hne m Fig 1 show 
that CEC is, ın general, accounted for by uronic 
acid content, but there ıs included in the ordinate a 
proportion of esterified carboxyl groups which yield 
carbon dioxide, but do not take part ın cation exchange 
The effect of mterfermg substances on the decarboxyl- 
ation results has been disceussed!9* 

It was found that the C E C -uronic acid relation 
also held for different parts of the same plant For 
example, for Heracleum sp the values (in m equiv /100 
gm dry matter) for CEC and uronic acid are, 
respectively roots, 25 8, 495; tap root, 260, 520, 
stem, 26 7, 525, leaves, 263,707 It would appear 
that leaves contain a higher proportion of substances 
which yield carbon dioxide but do not take part m 
cation exchange 

To extend the data to mclude gymnosperms, the 
roots of 23 species of one-year-old conifer seedlings 
growing on the acid soil were also examined and the 
C E C. (17 9-30 8, mean 25 3) and uronic acid values 
were found to fall on the same line as the Angio- 
sperms, but for clartty these results are not plotted 
For comparison with the results of other workers, 
x alues obtained by Keller and Deuel’, using somewhat 


Table2 AVERAGE VALUES (IN M EQUIV /100 GM ) OF C B C AND URONIC 
ACID (U À ) CONTENT OF PIANT Roots GROWN IN DIFFERENT Som 
YPES 


Growth Caleareous 
Medium Sand Peat Acid soil soll 
CEC UA CEC UA CHC UA CEC UA 
Monocots 
(5 spp ) 132 281 123 272 126 248 133 285 
Dicots 
(7 spp ) 250 457 328 491 272 483 308 480 
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different techniques of plant culture and analysis, have 
been plotted. These are shown by open circles and 
are for the roots of 4 crop plants and one ornamental 
plant, larkepur??, which gives the highest value 

Having established the lme for the higher plants, 
1t was decided to perform tests on a few species from 
the other major groups m the plant kingdom These 
results have been plotted on Fig 1 and are made 
up of. ferns (4, Ml), mosses (15, +), marine algae 
(18, A), fungi (6, x) Single samples of liverwort, 
lichen, soil bacteria, yeast, and Equisetum sp are 
indicated by solid circles numbered 1-5, respect- 
ively These determinations were carried out on 
whole plants except ın the case of ferns and Equisetum 
where roots were used All samples were oven-dried, 
then milled as for the higher plant roots 

It would appear that the CEC and its related 
uronic acid value is a characteristic of the roots of 
angiosperms and is independent of a wide range of 
growth conditions ‘The C E C -uronic acid relation- 
ship 1s also shown by other organs of the plant 
For lower plants there also seems to be a general 
relationship between C E C and the decarboxylation 
value of the dry matter Different substances may 
be mvolved ın the production of carbon dioxide for 
the different plant groups, and ‘uronic acid’ 1s used 
only as a convenient overall expression It 1s reason- 
able to suppose that the uronie acid in the roots of 
angiosperms 1s mainly polymerized galacturonic acid 
(in other words, pectic substances) but little 1s known. 
of the occurrence of these compounds m the lower 
plants In brown algae, the uronie acid 1s probably 
algmie (that ıs, a polymer of mannuronic acid) 
From the results obtained here, 1t is noteworthy that 
among the marme algae the CEC values fell mto 
two clear groups, those of the brown algae bemg 70 
and above and those of the red and green algae 
56 m equiv /100 gm dry matter and below The pre- 
sence of ethereal sulphate m seaweeds which would 
contribute to CEC but not to the decarboxylation 
value would obviously affect the relationship 

We thank R, Boggie, E BHBirse, Miss M E K 
Henderson and Dr H G M Hardie for the assist- 
ance, J E Shackleton, of Ben Reid's Nursery, 
Aberdeen, for supplymg the conifer seedlings, and 
E Booth, of the Institute of Seaweed Research, 
Inveresk, for samples of marme algae 
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IMPORTANCE OF OSMOTIC POTENTIAL AS A COMPONENT 
OF THE TOTAL POTENTIAL OF THE SOIL WATER 
ON THE MOVEMENT OF NEMATODES ] 


By C D. BLAKE 


Rothamsted Experimental Station, Harpenden, Hertfordshire 


HE force with which water 1s held ın a soil can 
be specified in terms of a total water potential 
(y), identified as the free energy of the soil water, and 
is conveniently expressed as pF = log,,(—}) ‘This 
total potential 1s the sum of a matric potential or 
suction (A), caused by hydrostatic pressure deficien- 
ties existing in the soil water, and an osmotic potential 
(x), caused by dissolved salts 
Horizontal migration of the nematodes, Heterodera 
schachtw Sebmudb and Ditylenchus dvpsacs (Kuhn) 
Fihpijev, through sands wetted with distilled water 1s 
affected by the matric potential apphed to the sands! 
In these conditions the total potential equals the 
matric potential, that 1s, the suction applied, and there 
1$ no information on the effects of osmotic potential 
I therefore compared the movement of D dtpsace 
larvæ in a sand of particle size 250—500p. with and 
without an osmotic potential In one lot of experi- 
ments the sand was saturated with distilled water 
and suctions of 0-100 cm water apphed The larvs 
that moved horizontally more than 3 em in 5 hr 
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fig 1  Horzontal mogration of D dipsae. through sand at 

different total potentials Each point is the mean of two repli- 

cates In A the sand 1s wetted by distilled water (osmotic 

` potential = 0) and in B by 01 M urea solution (osmotic poten- 

tial = 2,240 cm water) The moisture characteristic of the sand 
18 shown as a sohd curve 
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Fig 2 A, Horizontal migration of D dzpsaci through sand 


wetted with urea solutions of different concentrations Each 

point is the mean of five replicates and the standard error of 

each mcan 1s shown by a solid line through the point: B, Length 

of D dipsact larvee measured after immersion for 86 hr in urea 

solutions of different concentrations; Each point is the mean 

of fifty measurements and the standard error of each mean 1s 
shown by a solid line through the point 


through the sand column were counted and expressed 
as a percentage of the number of larve 1ntroduced 
In the other experiment the sand was saturated with 
a 01 M solution of urea and suctions of 0-100 em 
water applied 

Fig lshows that the larvee moved snmlarly whether 
the sand was wetted with distilled water or urea 
solution, movement m both was related to the 
moisture characteristic and was fastest as the pores 
of the sand began to drain, showing that movement 
depends only on the moisture content and 1s indepen- 
dent of the osmotic potential The extrusion of the 
mass of larve of Anguina agrostis (Stembuch) Fihpjev 
from flower galls was also sensitive to suction but 
unaffected by changes ın osmotic potential within the 
range af 0-300 cm water? - 

The mobility of D dvpsace larva was also measured 
in 250-500, sand saturated with solutions of 0-0001 M- 
2 M urea and drained by a suction of 32 em water 
The percentage of larve that moved more than 3 em 
in 5 hr was not influenced by the osmotic potential 
of the sand solution until the concentration exceeded 
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Table 1 EXPECTED CHANGES IN THE TOTAL POTENTIAL OF A TYPICAL SOIL, MOISTURE CONTENT 20 PER CENT 
W/W, AFTER ADDITION OF DEXTROSE AT SIX LEVELS/ACRE TO A DEPTH OF 8 IN 
Osmotic Osmotic 

Rate of application Matric potential of Total potential Mclar potential of Total potential after 

of dextrose to soil potential of soil before of soil before concentration dissolved dextrose added 

sorl dextrose added dextrose added of dextrose dextrose (ya = ya + Ta) 

Per cent w/w Tons/acre (cm water) (cm water) (cm water) in soil water (cm water) 
(h) (71) (vi = h + 7) (72) em water pF —logi(-—wv1) 

01 (1,000p pm) 1 75 400 475 0 028 627 2 1102 2 3 04 
1 10 75 400 475 0 28 6272 6747 3 83 
2 20 75 400 475 0 56 12544 13019 411 
3 30 75 400 475 0 84 18816 19291 4 29 
4 40 75 400 475 112 25088 25563 4 41 
5 50 75 400 475 1 40 31360 31835 4 50 


03 M (pF = 3 87), when ıt decreased and movement 
ceased at 1 M (pF = 435) (Fig 24) 

The length of the fourth-stage larve of D dipsaci 
suspended 1n urea solutions decreased as the osmotic 
potential of the solutions increased 

Shrinkage was greatest in the range of 0 001-1 M 
concentration and the larvæ reached their minimum 
lengths at pF approximately 41 (Fig 2B) Larve 
in the 1 M and 2 M urea solutions were killed, but 
those transferred to distilled water after 36 hr ım 
solutions of 0001 M-03 M urea regained their 
activity and former length 

Dextrose and three salt solutions ranging from 0 2 
to 1 M depressed hatching of eggs of H rostochiensis 
Woll and Melowogyne arenaria (Treub) Chitwood, 
but in all experyments hatching was resumed when 
the eggs were transferred to water! Emergence of 
larve from cysts of H schachtw similarly decreased 
rapidly as the solute concentration exceeded 0 01 M 
regardless of the solute used* "The speed of movement 
of D dwpsac« declined when the solute concentration 
exceeded 0 1 M and the movement of D dipsaci and 
the emergence of H schacht^ both ceased at about 
1 M (pF = 435) This potential approximates to 
the permanent wilting pomt of plants 

Matric potential affects nematode migration by 
varying the thickness of the water films surrounding 
the soil particles’ Figs 1 and 2 show that the rate 
of movement of D dipsaci ın sand depends only on 
the matric potential and 1s independent of the osmotic 
potential until the solute concentration is such as to 
cause incipient plasmolysis of the nematode In most 
fertile soils the salt concentration of the soil water 
does not exceed 0 05 M (pF = 3 05) and so nematode 
movement through a soil 1s normally governed not 
by the total potential but by the matric potential 
of the soil system 


Sucrose or dextrose applied to soil at the rate of 
1-5 per cent by weight of soil has been claimed to be 
nematicidal and proposed as a method for controlling 
plant parasitic nematodes in field-crops* Assuming 
the dextrose was thoroughly mixed ın a soil of moisture 
content 20 per cent w/w to a depth of 8 in, that the 
osmotic potential of the soil water before treatment 
was equivalent to 400 cm water and that the matric 
potential of the soil was 75 em water, 16 1s of interest 
to calculate the changes ın pF of the soil after adding 
dextrose at the rates of 1-5 per cent by weight 
suggested (Table 1) 

The growth of most plants becomes slower as the 
total potential exceeds pF = 3 30 and stops at pf = 
4 00 (ref 7) With 0 1 per cent dextrose, the resultant 
pF of 3 83 may retard plant growth, but from Fig 1 
such a total potential would probably not slow 
nematode movement The pF at which nematodes 
are killed by ex-osmosis approximates to the pF at 
which plants permanently wilt Unless sugar were 
applied only during a period of bare fallow, ıb 1s 
difficult to see practical uses for the treatment if ıt 
were economic Even during bare fallow, such large 
quantities of pure carbohydrate could be expected to 
render nitrogen temporarily unavailable and mduce 
profound changes in the soul microbial community 

This work was done while I held the Sur Benjamin 
Fuller Trust scholarship and was on leave from the 
Department of Agriculture, Sydney, Australia 
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CHROMOSOMAL ABERRATIONS INDUCED BY AN ANIMAL VIRUS 
By Dr. BERGE HAMPAR and Dr. SOLON A. ELLISON 


Department of Microbiology, College of Physicians and Surgeons, Columbia University, New York 


phim agents known to cause mutation of 
mammahan cells have also been shown to induce 
chromosomal aberrations- and it 3s generally 
accepted that such aberrations represent one stage 
of the mutagenic process induced by these agents 
No similar effect on chromosomes has been shown in 
the case of animal viruses, although there 1s evidence 
implicating viruses as possible mutagens which can 
produce heritable changes m one or more cell char- 
acteristics®-® This article describes the effect of 
herpes simplex virus on the cytology of chromosomes 
in a lme of Chinese hamster (Crecetulus griseus) cells 
in tissue culture In this mstance, infection produced 


cytological changes simular to those previously de- 
scribed as the result of treating mammalian cells with 
X-rradiation', alkylating agents?®, and bromo- 
deoxyuridine* 

The cell hne used (designated MCH) appeared 
spontaneously in a bottle seeded with a normal 23- 
chromosome lme of Chinese hamster cells received 
from Dr G Yerganian, and designated by him as 
44-FAP-10°® No cellular proliferation had been 
evident for 8 days after seeding Smee healthy- 
appearmg cells were still present, the culture was 
trypsmized and passaged to several T-flasks Slow 
proliferation of the passaged cells was noticed during 


4 
z 
Mna eite eas santa AP e 


+ 
ES 
^d 
UY eA ^ mt dn 


a —— :: po” f | 
e * 
ral 9 E . 
H Eos E uw 
A 1 ed Mi 
| 8l 


- - cert ene ky - - TM - ne 


Chromosomes of an uninfected MCH cell M, and M; 


Fig 1 
indicate marker chromosomes 


several days, and these cells have now been main- 
tained for 30 passages ‘Their generation time is 
at present similar to that of normal Chinese hamster 
cells (approximately 14 hr) The MCH lme 1s 
characterized as hyperdiploid, contaming 23-28 
chromosomes, and approximately 5 per cent of the 
cells are in the polyploid region (29 or more chromo- 
somes) In comparison with chromosomes of normal 
Chinese hamster cells which have been examined in 
considerable detail**-4, the unique characteristic of 
the MCH line 1s the presence of a marker chromosome 
not previously seen (Yerganian, G, personal com- 
munication) Fig 1 shows the chromosomes of an 
uninfected MCH cell, in this instance contaming 
two marker chromosomes differmg slightly m their 
length The sex chromosomes ın the illustration are 
essentially normal, but slight variations m the X, 
and X, chromosomes have been observed The marker 
chromosome 1s found ın all cells regardless of chromo- 
some number 

Cells were grown ın a mixture consisting of Puck’s 
medium (36 per cent), Hanks’ balanced salt solution 
(37 per cent), N C T C -109 (6 per cent), lactalbumin 
hydrolysate (0 5 per cent), horse serum (10 per cent) 
and foetal calf serum (10 percent) The medium also 
contained penicillin (50 units/ml ) and streptomyoein 
(50 ugm /ml) All experiments were run in a 
humidified atmosphere contaming 10 per cent car- 
bon dioxide For karyotype analysis, 25 x 10° 
cells were inoculated into 50 mm Petri dishes con- 
taming 2 coverslips Colchicme (1 ugm jml) was 
added after appropriate intervals and the cultures 
were incubated for an additional period, generally 
6 hi Carnoy’s solution and acetocarmme were used 
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for fixing and stainmg Squash preparations were 
made according to the method described by Yerganian 
(ın the press) In those experiments involving viral 
infection, the inoculum was added to the cells when 
the cultures were initiated Mitotic imdices and 
plating efficiency studies were carried out 1n parallel 
with chromosome analysis 

The strain of herpes simplex virus was isolated in 
1952 on the chicken chorioallantoic membrane! and 
had been stored at — 70? C. until 1960, when 1t was 
adapted to growth ın HeLa cells The 49th and 50th 
tissue culture passages were used 

We have confirmed Yerganian and Gresser's find- 
ing (Yerganan, G, and Gresser, L, personal com- 
munication) that normal Chinese hamster cells are 
not susceptible to mfection by herpes sumplex virus 
When the MCH line 1s inoculated with this agent, no 
cytopathic effect ıs observed nor do characteristic 
intranuclear inclusions develop, but chromosomal 
aberrations are seen during the first cell division 
following infection — Virus can be recovered from the 
supernatant culture fluids durmg two cell passages 
followmg infection—even though the cells are re- 
peatedly washed free of released virus—as well as 
from frozen-thawed cells after three subsequent 
passages Viral infection at the tıme of plating 
does not alter the cloning efficiency, which 1s approx1- 
mately 80 per cent Clones formed ın the presence 
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Fig 2 Chromosomes of an infected MCH cell A, chromatid 
break on chromosome 1 which has translocated to a medium- 
sized metacentric, B, chromatid exchange involving chromo- 
some 2 and the X, chromosome, C, centromeric fusion of two 
telocentric chromosomes , D, chromatid separation and trans- 


location involving the X, chromosome 
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Fig 3 Examples of chromosomal abeirations 1n infected MOH 
cells a, chromatid break at the centromere of chromosome 2 
showing terminal association with the short arm of the X: chrom- 
osome , b, reciprocal (chromatid) translocation involving two small 
metacentric chromosomes at their centromeric regions , e, chrom- 
atid deletion of chromosome 1 with segmental interchange , 
d, chromatid break at centromeric region of chromosome 1, 
e, f, chromatid break along chromosome 1, g, k, chromosome 
dicentric or exaggeration of secondary constrictions on chromo- 
some 1, 2, centromeric fusion of two telocentric chromosomes 
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of virus consist of moderately ballooned cells m con- 
trast to the characteristically long and narrow fibro- 
blastic cells seen m uninfected clones These results 
warrant the assumption that a type of carrier culture 
has been produced 

Figs 2 and 3 illustrate the types of chromosomal 
changes produced by virus mfection (We are m- 
debted to Dr G Yergaman for his assistance in 
interpreting the karyotypes ) Most aberrations occur 
at the centromeric and secondary constriction regions 
of chromosomes 1 and 2 as shown in Figs 2 and 
3a, c, d, e and f, as well as at the centromeric regions 
of subtelocentric chromosomes, with the resultant 
formation of acentric fragments Where definitive 
breaks do not occur, exaggeration or elongation of 
centromeric and secondary constriction areas are 
evident (Figs 3g and A) Fusion at the centromeric 
regions of two chromosomes (Fig 3?) 1s seen infre- 
quently 

Table 1 presents a compuation of the chromosomal 
aberrations that result when cultures are infected at 
a multiplicity of one Chromatid breaks are com- 
mon. 1n infected cultures whereas uninfected controls 
and cultures moculated with heat-mactivated virus 
show only chromosome breaks ‘Translocations are 
recorded as to the number of cells, and these cells 
are not meluded m other categories Aberrations 
are not restricted to any particular karyotype, and 
are observed m cells bearing varied chromosome 
numbers MHeat-inactivated virus shows no effect, 
as mdicated m Table 1 Aberrations seem to be 
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Table 1 CHROMOSOMAL ABERRATIONS IN NORMAL AND VIRUS-INFECTED 
MCH CELLS 
Age (hr) when No ofcells Chromatid Accentuated Percentage 


colchicine scored and chrom- secondary of cells with 
added* osome breaks constriction transloca- 
per cell or centro- tions 
meric regions 
per cell 
Infected 
2 102 018 0 07 39 
14 200 0 23 0 08 95 
40 196 021 012 41 
72 218 0 09 0 007 00 
Uninfected or moculated with heat-inactivated virus 
2-72 400 0 075 0 002 0 75 
* Colchicine treatment lasted 6 hr except in the case of 2-hr-old 


cultures which were exposed to colchicine for 18 hr 
I No variation with time observed ın these cultures 
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restricted to the metaphase of the first cell division 
following infection, even though virus 1s present 
during several subsequent passages The mitotic 
mdices of mfected and unimfected cultures show no 
significant variation, both reachng a maximum m 
approximately 40 hr after muitiation of the cultures 

The chromosomes of cells no longer releasing virus 
are now bemg examined in detail Preliminary 
work indicates that 1f chromosome variations are 
present after mfection, they are not qualitative but 
rather quantitative or eryptostruetural4 The only 
variations noted thus far between mfected and un- 
1nfected. cells are based on slight morphological altera- 
tions which cannot in themselves be considered con- 
clusive proof of mduced mutation The fact, how- 
ever, that virus mfection does not result m any 
recognizable cell destruction and that a short-term 
carrier’ state can be established in the MCH lme, 
indicates that the aberrations seen are non-lethal 
It 1s therefore possible that some permanent altera- 
tion m cellular characteristics has occurred 

This work was supported by a research contract 
[Nonr 266(63)] between the Office of Naval Research 
and Columbia University, and by a grant from the 
Bristol-Myers Company One of us (B H ) 1s a post- 
doctoral Research Fellow of the National Institute of 
Dental: Research, National Institutes of Health 
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INFLUENCE OF THE AGE OF POLLEN AND STIGMAS ON SEX 
DETERMINATION IN HEMP 


By REGINA LASKOWSKA 


Institute of Soil Science and Plant Cultivation, Pulawy, Poland 


REVIOUS mvestigations on the mfluence of the 
age of pollen on sex determmation in hemp have 
given conflicting results? "Phe possibility of regulat- 
ing the number of the male and female individuals in 
a population would have great practical significance 
For this reason mvestigations were carried out during 
1955-60 concerning the influence of the time of storing 
of pollen as well as the age of stigmas on sex determ- 
ination in hemp derived from Poland, a type inter- 
mediate between that of central Europe and central 
USSR 
Female plants of hemp, with different or sumilar 
ages of stigmas, were pollnated with pollen of determ- 
ined age m the same doses Plants which were 
pollmated naturally were used as control series In 
the next generation the relations of sex were analysed 
in all the combinations In 1955 the age of stigmas 


was not taken into consideration The female flowers 
in full blossom, that 1s, with stigmas of different ages, 
were pollinated with pollen in three stages of ripeness 
(1) gathered from flowers immediately after de- 
hiscence , (2) stored ın uncovered Petri plates ın free 
air for 6 hr , (3) stored ın the same way for 12 hr 
In the experiment ın 1956 both the ages of pollen and 
that of stigmas were known Female plants with 
stigmas 7-12 days old were pollinated with pollen 
(1) fresh, gathered immediately after opening of male 
flowers, (2) stored 1n uncovered Petri dishes in the 
laboratory for 24 hr The experiments were carried 
out in a greenhouse with artificial or space 1solation 
The results are summarized m Table 1 á 
The plants begin to blossom gradually on different 
nodes, for this reason the age of stigmas may be very 
different ın the female flowers flowermg at the same 
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Table 1 
Number of plants in Per cent plants Number of plants in Per cent plants 
Stigmas Pollen Year 1st generation in 1st generation 2nd generation in 2nd generation 
Total M F M F Total M F M F 
Al ages fresh 1955/56 535 224 311 419 581 — — — — — 
7-12 days old 5 1956/57 736 256 480 34 8 65 2 — — — — — 
1-3 da ys old 5b 1958/59 242 90 152 37 3 627 284 130 159 45 8 54 2 
12 days old 5 1958/59 36 14 22 38 9 611 47 12 35 25 5 745 
All ages kept for 6 hr 1955/56 663 262 401 39 5 60 5 = — = = = 
js kept for 12 hr 1955/56 648 290 358 e4 7 55 3 — — = —= = 
7-12 days old kept for 24 hr 1956/57 696 307 389 441 565 9 — — — — — 
1-3 days old kept for 14-17 days 1958/59 158 45 113 28 4 71 6 212 ^ 9 119 43 9 561 
12 days old kept for 14-17 days 1958/59 22 7 15 318 68 2 — — — — — 
control 1955/56 550 242 258 440 56 0 — — — — — 
5s 1956 /57 700 315 385 450 55 0 — — — — — 
is 1958/59 138 07 71 48 5 515 106 83 88 500 50 0 
time It was observed that the hemps investigated crosses which were pollinated with fresh pollen the 


began to bloom at the 7th or 8th leaf node (counting 
the cotyledon node as the first) On the basis of this 
observation, in the experiments of 1958 only the 
flowers at the 7th and 8th nodes were pollinated, that 
is, those which had stigmas 1-3 and 12 days old 
Pollination was carried out with fresh, and with 14—17- 
days-old, pollen In this experiment the mother 
plants were sown on the ground and covered with 
double sacks of dense fabric, while pollen was kept 
in a desiccator with calcium chloride Plants which 
were pollinated naturally were used as controls, but 
seeds were taken from the 7th and 8th node only 
Both in controls and in most of the combinations 
with fresh pollen the seeds were set normally , only 
in combmations with stigmas 12 days old and fresh 
pollen, and stigmas 12 days old with pollen 14-17 
days old (Table 1), was the number of seeds consider- 
ably less, and consequently the number of plants in 
these series was relatively small 

Nevertheless the results of these two series were 
also taken into account when the conclusions were 
drawn, since similar sex-ratios were observed in 
previous years 

From Table 1 one may conclude that (1) the 
age of the stigma does not influence the direction 
of sex-determination in hemp, (2) depending on the 
period of storage, pollen has a certain influence on the 
numerical relations of male and female individuals of 
the given population 

In the first and second generations a predommance 
of female plants occurred when pollination was carried 
out with fresh pollen (immediately after the beginning 
of pollen emission by the flowers and up to 6 hr after- 
wards) and when pollen was 14-17 days old In 


number of female plants was about 2-11 per cent 
higher in the first generation and 13 per cent higher 
in the second than ın the control series When pol- 
lination was performed with pollen 14-17 days old 
the majority of female plants in relation to the control 
series amounted to 20 per cent 1n the first generation 
and 5 per cent in the second Pollen 12 and 24 hr 
old did not cause any changes in the sex ratio, the 
results being identical with those obtained in the 
control series 

The results of mvestigations suggest that (1) The 
rhythm of development of pollen with female ten- 
dency (x) and of that with male tendency (y) 1s 
different (2) It1s possible that ın pollen populations 
with male tendency a certain percentage of grains 
ripens later than those of the populations with female 
tendency. In consequence, a shift of direction of sex 
ratio towards the female side may occur in the popu- 
lations of plants derived from pollination with young 
pollen (3) The preponderance of female plants after 
the pollmation with pollen 14-17 days old may be 
evidence either of the frequent occurrence of longer 
duration of vitality of pollen with female tendency, 
or (and :t means the same ın the case of phenotypic 
observations) of shorter duration of vitality of some 
part of pollen with male tendency (4) The ratio of 
male plants to female plants near to 1 1 obtamed in 
the populations derived from pollination with pollen 
12 and 24 hr old may be due to equal quantities of 
pollen of both tendencies at this age and, m this case, 
to the random process of pollination 


1 Bessey, E. A, Amer J Bot, 15, 405 (1928) 


! Ciesielski, T, Quomodo fiat, ut moz proles masculina, mox feminina 
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SIMULATED WAVE-RIDING DOLPHINS 


By BYRNE PERRY 
Department of Civil Engineering, Stanford University, Stanford, California 
AND 
A. J. ACOSTA and TARAS KICENIUK 


Hydrodynamics Laboratory, Division of Engineering, California Institute of Technology, Pasadena 


HE explanation of the mechanism by which 

dolphins are able to ride bow waves of ships, or 
natural surf and wind-generated waves, has stimu- 
lated much discussion and controversy Since an 
excejlent summary of previous research on the wave- 
riding problem has been given by Fejer and Backus’, 
only a few remarks by way of review will be given 
here 


Although dolphins had been observed riding on 
bow waves of ships many times over the years, 
Woodcock? published the first account which in- 
cluded considerations of the forces estimated to be 
required Shortly thereafter, Woodcock and McBride! 
undertook to explam in more detail the nature of 
these forces They found that a 200-Ib dolphm 
submerged in sea water would have, at most, a net 
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Fig. 1. The ‘dolphin-like body’ mounted on the 3-component 


force balance used in these experiments 


weight of 9-2 lb. The component of this weight in 
the direction of the local flow was thus shown to be 
too small to overcome the expected viscous drag, 
unless the dolphin was in some manner able to main- 
tain a laminar flow over its body-surface. The 
Reynolds number for these observations was 8:4 x 10° 
based on body-length. For rigid bodies tested under 
many conditions it is known that at such a Reynolds 
number the boundary layer is almost certainly tur- 
bulent ; hence, the conclusion would follow that the 
dolphin had achieved the surprising feat of main- 
taining a laminar boundary layer (and hence, very 
low drag) at a very high Reynolds number. 

It was Hayes* who pointed out that it was the 
component of the total weight rather than the net 
weight in the direction of the local flow that provided 
the thrust. With this force available, there is no 
need to suppose the dolphin has a viscous drag 
appreciably lower than any other streamlined body 
moving at the same Reynolds number. 

In spite of the lucid arguments set forth by Hayes, 
some workers remain unconvinced. Scholander’s 
experiments in the open sea* convinced him that the 
Hayes explanation was not satisfactory. Scholander 
and Hayes** thereupon arrived at an impasse, with 
Scholander suggesting that further experiments be 
conducted under better-controlled conditions. 

In diseussing these considerations with Prof. 
Scholander, it oecurred to us that the free-surface 
water tunnel in the Hydrodynamies Laboratory at 
this Institute could be used to help resolve this 
controversy. 


Apparatus and Experimental Procedure 


At tunnel operating speeds approximating 7 ft. /sec., 
it is possible to establish a stable, standing wave in 
the working section of the free-surface water tunnel’. 
Such a wave was formed, and the simulated dolphin 
model (consisting of a streamlined body of revolu- 
tion 2 in. in diameter and approximately 1 ft. long) 
was immersed in the wave and the hydrodynamic 
reactions were measured. The test body, strut sup- 
port, and force balance assembly are shown in Fig. 1. 
Extensive force measurements had already been made 
on this body in previous investigations! using wind 
tunnel, water tunnel and drop tank facilities, and 
were therefore available for comparison. The con- 
figuration of this body, however, had been slightly 
modified for the present experiments by replacing 
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the original tail and boom assembly with à shorter 
one. Also, an adjustable streamlined strut had been 
attached to this boom, thereby permitting the attitude 
of the test body to be determined within an angle 
of 4 degree. 

Prior to starting the tunnel, tare forces were 
measured with the test body in air, at each of the 
angles of the test body used in the experiment. 
By means of an elevating mechanism, the balance 
and body assembly were lowered until the centre- 
line of the body was at a depth of about 0-2 ft. 
The buoyant force acting on the body in still water 
was then measured. The tunnel was started and the 
standing wave established. Force readings at the 
two tunnel locations were made for angles of 0° and 
+8° at various submergences. 

Position 1 (Fig. 2) was located on the upstream 
slope of the wave, considerably ahead of the crest. 
It had been hoped that the body could be located 
somewhat farther downstream ; but this could not 
be done easily because of interference with a tunnel 
structural member. Position 2 (Fig. 3) was in the 
trough of the wave. The water velocity in these 
tests was of necessity near the critical channel vel- 
ocity, but varied locally with position along the wave. 
A miniature HRS current meter about 4} in. in 
diameter was used for measuring these velocities at 
the same longitudinal position and depth as the 
midpoint of the test body. These results are sum- 
marized in Table 1 as well as are some other con- 
ditions not described. 





Fig. 2. 'Dolphin-body' located at tunnel position No. 1 on 
the forward slope of a standing wave. Net forward t= 
0-007 Ib. at a velocity of 7:02 ft./sec. 





'Dolphin-body' located at tunnel position No. 2 in the 
= 0-071 Ib. at 7:24 ft./sec. 
Note the dye streak ahead of the model near the model centre-line 


Fig. 3. 
trough of the standing wave. Net 
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1 Tunnel 
| Run No. position Angle Depth Drag* 
| 1 1 — 10 deg. 0-25 ft. 0-000 Ib. 
| 2 1 0 O1 0-000 
A 3 1 0 0-2 0-000 
1 4 1 -8 0:25 0-000 
i 5. i KB 0:15 0-000 
i é 1 0 9:2 0-081 
| ri l ü 0-2 0-032 
| & 2 0 0:2 0-071 
i 9 2 + 8 0-25 0-106 
| 10 2 -8 0-05 0-070 
i il 1 48 02 0-059 
i 12 1 0 02 0-001 
13 1 -8 01 0-008 
14 i om 8 O15 ~ GOLI 
i 15 1 — # 02 — 0-007 
16 | GM e 8 0-25 — (0-009 
17 1 — K 035 0-001 
18 i me 45 0-006 





. Water : 
velocity Remarks | I 


Lift 
0-774 Ib. 0-00 ft. /sec. ; 
0-770 0-00 
0771 0-00 Stationary 

416 0-00 
0-778 0-00 
0-889 2.78 Flat free surface 
07175 3°54 (no standing wave) 
0-842 7:24 
0-000 722 In trough of wave | 
0-829 7-26 | 
1:022 7:08 | 
0-870 712 i 
0-641 7-02 Í 
0-748 71:08 Forward slope of wave i 
0-793 7-02 | 
0-800 7-04 | 
0-821 7-02 | 
0-824 7-00 | 
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* Negative values imply thrust. 


Observations and Analysis of Results 


When the test body was aligned with the slope 
of the water surface and submerged beneath the 
upstream slope of the wave in position l, it was 
immediately apparent that a small, forward thrust 
between 0-007 and 0-011 Ib. was measured (see runs 
14-17). However, when the body was located in 
the trough of the wave at a similar submergence 
(runs 8, 9, 10) the body experienced a drag force 
ranging from 0-07 to 0-106 lb. These figures can be 
compared with the still-water buoyant force of 0-78 Ib. 
to establish scale. Although no attempt was made 
to find the optimum location of the body with respect 
to the wave in so far as thrust is concerned, it is 
clear that a net thrust can be achieved with a rigid 
streamline body under even the gentle slope of the 
wave produced in the tunnel. 

The observed thrust varies with depth and changes 
to a drag both when the body broaches and when 
the submergence exceeds about three diameters of 
the body. It should be remembered that the drag 
of the strut is included in these results so that the 
present results do not reflect the body drag alone. 

. The submergence for least drag observed herein-— 
about one body diameter—-is roughly the same as 
that reported for dolphins in bow waves. 

‘Further insight into the mechanics of the force 

system acting on the body is obtained by resolving 
the forces along axes parallel to anc perpendicular 
to the local flow angle’. 

14 of Table 1 the resistance parallel to the local 
flow is 0-054 Ib. and the force normal to the flow 
(or free surface) is 0:745 lb., with the estimated 

local flow angle of 5°. This latter force, perpendic- 

. . ular to the wave surface, can be regarded as an 
.. inclined buoyant force as mentioned by Hayes. 
. These forces, it must be recalled, are hydrodynamic 

.in origin and do not include the body-weight. Let 

it be supposed now that the self-propelling capability 
of a body, the weight of which is equal to that of 
the displaced fluid, is to be determinec. This weight 
of 0-777 Ib. resolved along the direction of flow must 
exceed the flow resistance of 0-054 Ib. For the 

-present example, this force is not only exceeded but 

there is also, in fact, a net propelling force of 0-013 1b. 

. available. The forces are not precisely in equilibrium 

for this example; the body, if free, would tend to 
sink to a slightly greater depth, where the vertical 

-force is seen to be larger. 



















For example, for run 


The flow resistance of 0-054 Ib. resolved along the 
local flow-angle is roughly comparable with the drag 
measured in the trough of the wave (run 8) and both 
are typical of viscous drag measurements in a tur- 
bulent flow}. Laminar skin friction is therefore 
seen not to be a necessary condition for bow wave- 
riding as was originally contained in the suggestion 
by Woodcock. 

]t is also interesting to observe that the vertical 
forces, both in the slope of the wave and in the trough, 
differ noticeably from the buoyant force in still water. 
This is thought to be due to a combination of two 
effects : the well-known repulsion experienced by a 
submerged body moving under an otherwise flat, 
free surface, and more important, the curvature of 
the local streamlines. Summary calculations have 
shown the contributions of the latter term to the lift 
force to be of the correct magnitude. 


Conclusion 


The mere existence of the measured forward-acting 
thrust on the test body in a wave demonstrates that 
a rigid body with turbulent flow can perform the 
wave-riding trick. Analysis of the measurements 
shows further that the force system is equivalent to 
a dynamic buoyant force perpendicular to the in- 
clined wave surface and a resistance parallel to this 
surface. The dynamic buoyancy is approximately 
equal to the weight of the displaced liquid, while 
the viscous resistance is substantially equal to that 
measured on the body when not in the wave. 

In spite of these incomplete experimental results, 
it appears inescapable that Hayes’s arguments are 
substantially correct. 

This work was supported, in part, by the Depart- 
ment of the Navy, under Contract No. 123 (60530) 
24917A. | 
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LETTERS TO THE EDITORS 


SPACE SCIENCE 


Errors in Orbital Predictions for Artificial 
Satellites of Earth 


SEVERAL workers'-* have carefully investigated 
variations in the accelerations of artificial satellites 
of Earth, but no one seems to have published à 
systematic study of the errors in orbital predictions. 
The results of such work* are presented in this com- 


munication. A stochastic model was constructed 
Table 1. 
No. of 
Satellite Dates predictions 
Explorer IV 1958 ^ 
nso iil 1958 7 
anguard I Autumn 1958 20 
Vanguard I Summer 1959 11 
Vanguard I Winter 1959-1960 7 
Atlas-Score Dec. 1958-Jan. 1959 i® 
* A single observation has no statistical significance. This case 
of change of period is large. 


of revolutions predicted, beginning at the centre of 
the smoothing interval. The smoothed rate of change 
of period is dP/dn (min./revolution). The root-mean- 
square prediction error, Æ (min.), includes the con- 
tributions of observational errors and drag fluctua- 
tions. The theoretical prediction error caused by 
observational errors alone is designated by E,. 

It is interesting to note that observational errors 
were the principal cause of errors in orbital predictions 
for only one of the cases shown in Fig. 1, that of 
Vanguard I with its perigee in darkness (winter 


ERRORS IN PREDICTION NEAR PEAK OF SUNSPOT CYCLE 


(min./rev.) (rev.) (min.) (min.) ( a) 
2-15 x 10> 165 0-024 3-2 3-3 
1:32 x 107 220 0-01 3:3 1:9 

5:5 x 107* 154 0-056 0-25 0-22 

2:1 x 10> 154 0-056 0-13 0:097 
6-5 x 10-* 154 0:056 0-062 0-061 
2-2 x 10° 271 0:3 67 74 

is included merely to show how large the error can be when the rate 


Table 2, ERRORS IN PREDICTION HALF-WAY BETWEEN SUNSPOT MAXIMUM AND MINIMUM 


No, of 


Satellite Dates predictions 
Tiros II Dec, 1960-May 1961 12 
Vanguard I Oct. 1960—May 1961 12 
Transit III-B Feb.-Mar. 1961 10 
Echo I Oct- Dec. 1960 6 


which takes into account fluctuations in atmospheric 
density, observational errors, and the correlations 
introduced by smoothing. Errors in actual predic- 
tions issued by the Vanguard Computing Center, 
National Aeronautics and Space Administration 
Computing Center, Smithsonian Astrophysical Obser- 
vatory, and Naval Weapons Laboratory were also 
computed, for comparison with the theoretical model. 

The actual and theoretical errors in orbital predic- 
tions are given in Tables 1 and 2 and Fig. 1. Table 1 
contains the errors in 1-2-week predictions made near 
the peak of the sunspot cycle. Fig. 1 presents the 
same data graphically. Table 2 shows the errors in 
predictions half-way between sunspot maximum and 
sunspot minimum. In Tables 1 and 2, N is the number 
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Fig. 1. 


—dP/dn N E, Actual Theoretical 
(min./rev.) (rev.) (min.) (min.) (min.) 
3-7 x 10-* 250 0-08 0-12 0-08 
7-4 x10 150 0-06 0:12 0-06 
1:05 x 107* 22 0-04 0:74 0-50 
6-8 x 107* 145 0-04 4:4 3-3 


1959-1960). In all the cases shown in Fig. 1, the 
prediction errors attributable to observational errors 
were smaller than the total error for Vanguard I in 
darkness. If the errors in the predictions had been 
caused only by observational errors, then the predic- 
tion errors would have been independent of the 
smoothed rate of change of period. A detailed discus- 
sion of the theory and the method of calculation is 


given in ref. 4. Ke Mor 


Space Technology Laboratories, Inc., 
P.O. Box 95001, 
Los Angeles 45, California. 
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ASTROPHYSICS 


Secular Variations of Short-lived Sunspots 


LARGE secular variations have been found in short- 
lived sunspots as recorded in ''Sunspots seen on one 
Day Only" of the Greenwich Photo-Heliographie 
Results, 1879-1957. The 11-yr. period often appears 
like a subsidiary perturbation. 

A pertinent example is seen in Fig. 1, which shows 
the ratio K between the number of one-day spots at 
less than 65? from the central meridian, and the 
number of spots seen throughout two days or more. 
In Fig. 2 is plotted the number of one-day spots 
without umbra as a percentage of the total number. 
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aes Fig. 1. Sliding 3-yr. mean for the period 1888-1956 of the ratio 
between the number of one-day spots and the number of spots 
observed throughout two or more days 
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Fig. 2. Sliding 3-yr, mean for the period 1880-1956 of the num- 
ber of one-day spots without umbra as a percentage of total 
spot number 











Fig. B Sliding, moan, o ps Pane of one-day spots with 
termined tota e of total numbers for 
cle. aM r oa 2), ea 18 dose 34) Casale ‘17 (1932-45) and 
vi cycle 18 (1942-54) 


‘ a distribution with respect to area 
th total area and area of the umbra) varies from 
rcle to the next, and in such a way that the 
frequency maximum decreases with increasing area. 
s is shown in Fig. 3, which gives the smoothed 
freguency distribution with respect. to total area 
or the solar cycles 15-18. 

n earlier paper! secular variations were found 
on pereo eger dd pci aa H and 








This i is bore. out par the Fi dir VSA which 
shows a marked correlation between tho coefficients. 
a and b and the mean values of K and Ap for one-da 
spots in the various eycles. B 
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RADIOPHYSICS 


Coincidence of the Explosive Phase of 
Solar Flares with 10-7-cm. Solar Noise 
Bursts 


THe observational evidence of an explosive phase 
in the development of the solar flare, as reported by 
Athay and Moreton’, is of great interest. This phase 
appears after the commencement of the flare, is well 
defined, and thus provides a stage in the evolution 
of certain flares which may be of significance for 
examination of flare-related phenomena, such as solar 
noise bursts, ete. The Athay and Moreton paper lists 
eleven, selected flares with ‘explosive’ phases. Two of 
these flares occurred outside the normal observing 
period at Ottawa, but the remaining nine can be 
compared with 10-7-em. solar noise bursts observed 
at Ottawa. These cases, while few in number, sharpen 
the already well-established close relationship between 
flares and 10-7-om. radio bursts which have been 
derived from other work done on the Ottawa data?. 

The relationships between the starting times of the 
flare, the explosive phase (as given in Table 1, of 


. ref. 1) and the starting time of the 10-7-cm. burst (as 


given in the “Tabulation of the 10-7-cm. Outstanding 
Occurrences” published in the. CRPL-F, Part B. 
Solar-Geophysical Data) are shown in Fig. 1. In order 
to provide identifieation, each radio event has been 
assigned the same letter as the associated flare event. 
The upper histogram shows the distribution of the  . 
difference in time of start of the flare and of the ^. 
explosive phase; the lower histogram shows the dis- |. 
EXPLOSIVE 
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Fig. 1. Upper, distribution. of the difference in time of start of 
the flare and of the explosive phase; lower, distribution of the 


difference in time of start of the 10- 7-em. burst and the explosive 
phase of the flare 
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tribution of the difference in time of start of the 
107-em burst and of the explosive phase of the 
flare Comparison of the two histograms shows that, 
on the average, the start of the l0 7-cm burst 
precedes the explosive phase of the flare by approxi- 
mately 1/2 mun (excluding event D) whereas the 
start of the burst follows the commencement of the 
flare by approximately 2 min (excluding events 
E and D) 

The coincidence of the time of start of the burst and 
the time of the explosive phase of the flare 18 not 
altered significantly when the criterion used to de- 
termine the start of the burst 1s examined Burst 
commencement 18 that tame when the rismg flux has 
departed from the steady background-level by an 
amount equal to the residual receiver noise In each 
of the nine cases examined here, the bursts are of the 
impulsive type, with a well-defined and rapid increase 
of emission from the steady background to a peak. 
Variations m interpretation and timing errors could 
introduce an uncertainty in the time of the start of 
the bursts of no more than + 1/2 min 

Examination of the time profile of the 10 7-cm 
burst shows that there are two basic types of bursts 
the impulsive burst, and the long-endurmg burst 
(gradual rise and fall)? As mentioned above, the 
bursts which are here associated with the explosive 
phase of the flare are all of the impulsive type. They 
are all, also, of more than average intensity It may be 
of some significance that, in every case but one, the 
impulsive bursts are superimposed on long-enduring 
enhancements of radio emission of lesser intensity, 
and that in the one exception the occurrence of sunset 
precludes any observation 

The occurrence of an impulsive burst on a long- 
enduring enhancement is regarded as a single com- 
posite event from the frequency with which the asso- 
ciation appears In the large number of cases which 
have been observed, the separation, of the commence- 
ments of the impulsive burst and the long-enduring 
enhancement range from a few minutes to several 
hours In the extreme, when the two bursts presum- 
ably start at the same time, two types of profiles have 
been observed. in the resultant composite event, and 
have been classified differently ın the published 
10 7-cm. burst data When the maximum of the 
long-enduring burst appears after the occurrence of 
the 1mpulsive burst, the composite event 1s classified 
as a long-endurig burst with the :mpulsive burst 
superimposed on it. However, when the impulsive 
burst ıs followed by a long-endurmg enhancement 
which shows only a steady decline, the event 1s 
classified as a single impulsive burst with a post-burst 
increase » 

In the case of the nme radio events associated with 
the flares with explosive phases, both of these types of 
composite events have appeared In cases D and K, 
the impulsive bursts are superimposed on long- 
enduring bursts which commence 23 min before the 
impulsive event, and continue for approximately 1 hr 
after the end of the impulsive burst Burst D 1s the 
only impulsive feature in this composite event, but 
burst K is the third and most intense, by a factor of 3, 
of a group of three impulsive features in this com- 
posite event Radio event H ıs a period of irregular 
activity in, which a great number of ımpulsıve events 
of various intensities appear supermnposed on an 
elevated background The most mtense of these 
impulsive events has an mtensity which 1s 17 times 
greater than the next largest of the superimposed 
features, and 1t 18 this mtense impulsive feature which 
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corresponds in time with the explosive stage of the 
flare The period of irregular activity starts 6 mun. 
before and ends approximately 30 mm after this 
impulsive burst In case J, sunset comeides with the 
final decline of the impulsive burst, and, while no 
long-endurmg enhancement of emission was in evi- 
dence just prior to the burst, 16 18 nmpossible to know 
whether any enhancement followed ıt In all the other 
cases, A, B, C, E, and G, the mmpulsive bursts are 
followed by relatively long-endurmg enhancements of 
emission of much less intensity (post-burst mcrease) 

The comparison of the time of burst maximum 
with the time of flare maximum 18 shown ın Fig 2 
In the case of complex bursts, the times of both 
maxima are indicated by the letter identifying the 
event In the cases where the burst produced off-scale 
readings and the maxima were not recorded, the 
off-scale period 1s indicated by a line Although this 
histogram shows more scatter than that of the start 
of the bursts in relation to the explosive phase, ıt 
indicates that burst maximum 1s reached shortly 
before flare maximum 1n general 

The preceding detailed analysis involving a group of 
flares selected for the explosive phase ın their evolu- 
tion shows that the time of start of the 10-cm burst 
coimcides with the explosive phase rather than the 
commencement of the flare, and these bursts, without 
exception, are of the impulsive type A. second type 
of 10-cm burst, the long-endurmg burst (gradual rise 
and fall), cannot be directly related to this feature 
This suggests that ıt 1s related to some other feature 
ın the evolution of the flares 
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OCEANOGRAPHY 


Sea Surface Temperature in Coastal Waters 
of the British Isles 


Mr A J Lee has recently commented! on my 
paper dealing with variations of sea surface tempera- 
ture in coastal waters of the British Isles He points 
out that I made no mention of the part played by 
currents in determining the winter pattern of sea 
surface temperature I was, however, primarily 
concerned with the shape of the isotherm patterns. 
The presence of the relatively shallow water of the 
Dogger Bank area will, in itself, ensure that the 
pattern will consist of two tongues, although the level 
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of temperature of these tongues will be largely determ- 
med by the strength of the currents mentioned by 
Mr Lee 

Mr Lee also criticizes the statement that the 
English Channel ıs isothermal or very nearly so 
throughout the year Taking this statement m 
isolation, the criticism 1s fully justified, but ıt was 
intended to be taken as a comment on Fig 1(b), which 
shows the mean temperature profiles at a position 
(49° 49’ N , 02° 33’ W ) towards the middle of the 
Enghsh Channel Perhaps this should have been 
made clearer m the text 

I did not discuss the accuracy of the observations 
because the paper was written as an aid to local 
weather forecasting, and for this purpose an accuracy 
of + 05°C isadequate Most of the sea temperatures 
used were obtained by the bucket method, and ıb 1s 
generally recognized that the above-mentioned 
standard of accuracy can be obtained by this method, 
if the readmgs are taken with reasonable care 
Measurements of sea temperature made recently on 
Ocean Weather Ship Monitor by a thermistor, 
supplied by the Fisheries Laboratory, Lowestoft, and 
floated astern of the ship, steaming slowly at about 
2 knots or when stopped ‘on station’, at a distance of 
10 m, show that the differences from the bucket 
measurements rarely exceed 0 5? C (only 1 occasion 
m 34 over a period of four days) ‘There 1s always a 
danger of much larger errors of reading, for example, 
5°, but as shown In my paper these can be readily 
distinguished if the sea temperature isotherms are 
drawn intelligently F E Lowe 


Meteorological Office, 
London Road, 
Bracknell, Berkshire 
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PHYSICS 


X-Ray and Neutron Diffraction Exam- 
ination of p-Diphenylbenzene 


THe crystal structure of p-diphenylbenzene was 
first determined by Pieketi!, using projection X-ray 
diffraction techniques Because of the considerable 
theoretical mterest ın the bond-lengths of conjugated 
carbon-carbon bonds?’ a refinement of the structure 
has been commenced, using full 
three-dimensional X-ray and two- 
dimensional neutron diffraction 
techniques 

The refinement of the data on 
h0l neutron diffraction projection 
has given some interesting results, 
which are discussed here The 
neutron intensity data were col- 
lected on the single crystal spec- 
trometer installed at the Haifa 
reactor at the Australian Atomic 
Energy Commission Establish- 
ment The intengity of the 
neutron beam from the (1,1,1) 
plane of a copper monochromating 
crystal was 140,000 counts/sec / 
em ?, when set to reflect neutrons 
with a wave-length of 1 0015 + P 
00005 A The intensities at all 
the AOI reflexions out to sin 0/A = 
0 8 A -1 were measured, and of the 
248 possible reflexions, 139 had 
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perature based on neutron diffraction data 
Full lines are positive, broken lines are negative contours 
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intensities sufficiently greater than the incoherent 
scattermg background By comparison, m the hO? 
projection m the X-ray case, 107 of the 140 possible 
reflexions out to the copper K« limit were obtained 
The A0l projections of both the neutron and the 
X-ray structure have been refined simultaneously 
This has enabled a comparison to be made of the 
relative power of the two methods The X-ray 
structure determinations showed that the thermal 
motions of a number of the atoms in the molecule 
were markedly anisotropic Significant peaks were 
found m the difference synthesis at positions corres- 
ponding to the hydrogen atoms, when these were not 
mcluded m the structure factor calculation From 
this synthesis approximate positions of the hydrogen 
atoms could be determined The resolution obtained 
was poor, however, there bemg considerable over- 
lappmg of the features due to thermal anisotropy 
with those caused by hydrogen atom contribution 
Consequently, an accurate evaluation of the thermal 
parameters and the positions of the hydrogen atoms 
was not possible The corresponding neutron diffrac- 
tion projection showed much better resolution and 
confirmed the X-ray observations The atomic peaks 
in the Fourier synthesis (Fig 1), based on the 
neutran diffraction data, are well resolved The form 
of the peaks gives clear indications of the extent of 
the arisotropy in the thermal motion of the atoms 
The negative peaks corresponding to the hydrogen 
atoms are well resolved This has led to an accurate 
determunation of their positional parameters 
Certam interesting features of the structure are 
obvious from an examination of the neutron diffrac- 
tion Fourier synthesis first, there are significant 
deviat.ons of some of the atoms from their normal 
positions so that the carbon skeleton of the molecule 
is slightly distorted, presumably for packing con- 
siderations Each of the benzene rings has 1ts normal 
configuration, but the two end rings are out of 
parallel with the central rmg by approximately 
1° 30’ (Fig 2) Secondly, several of the hydrogen 
atoms are distorted from their normal positions due 
to steric hmdranee within the molecule Thus the 
hydrogen atoms attached to the C, and C, atoms 
(Fig 2) are displaced m directions which increase the 
distance between them This 1s m accordance with 
expectations, for if they occupied them normal 
positions they would be only 1 8 A apart, whereas the 
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Fig 1 A Founer projection on the (010) plane of p-diphenylbenzene at room tem- 


Contour intervals are m arbitrary units 
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Fig 2 Atomic positions 1n the Fourier projection of p-diphenyl- 
benzene  Fulllines are the undistorted C—H bonds 


sum of their Van der Waals raduis2 4 Å Theequiva- 
lent pair of hydrogens attached to the C, and C, atoms 
is Similarly displaced 

It is also possible from work on the thermal 
parameters to deduce in projection the predominant 
modes of thermal vibration within the molecule The 
C, and C, atoms have thermal motions considerably 
less in magnitude than those of the remamig carbon 
atoms The motions of all the atoms are markedly 
anisotropic, the direction of maximum vibration 
being perpendicular to the long axis of the molecule 
It may be shown from this that two modes of vibra- 
tion predommate The first appears 1n projection as 
an oscillation about the centre of gravity of the mole- 
cule, and the second 1s an oscillation about the long 
axis of the molecule, that 15, the hne Joining the C, 
and C., earbon atoms  'The presence of the former 
mode confirms the recent suggestions of Bacon and 
Curry? that the outer benzene rings in molecules of 
this type have considerably more freedom of move- 
ment than the inner ones 

The X-ray and neutron diffraction work 1s con- 
tinuing, and a full report will be published elsewhere 

The first three authors are indebted to the 
Australan Institute of Nuclear Science and Engineer- 
ing for the generous financial assistance that has 
made the neutron work possible The co-operation 
and assistance of the Hzfar reactor staff ıs gratefully 
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Energy-Level Model for High- 
Resistivity Gallium Arsenide 


ALTHOUGH gallium arsenide 1s usually prepared with 
low resistivities («1 ohm-cm ). ıt has also been 
prepared for several years with very high resistivities 
(>10® ohm-cm ) This latter material can be 
produced by zone refinng!, by the addition of 
impurities such as oxygen}, or under growth condi- 
tions where the main shallow donor, silicon, 1s 
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reduced below roughly one part per milhon! To 
explam the occurrence of high-resistivity gallium 
arsenide, Welker? suggested that the donors and accep- 
tors are built into the lattice m pairs More recently, 
Allen? has termed this material ‘semi-insulating’, and 
claims that the existence of n-type high-resistivity 
material requires that there be a very high degree of 
compensation between the shallow donor and a deep 
acceptor He also states that because of the frequency 
of occurrence of high resistivities, some mechanism of 
automatic compensation must be operative Later, to 
explam gradual transitions m resistivity along 
floating-zone refined gots, Gooch e£ al * have shown 
that a wide range of resistivities can still occur even 
on, assuming a high degree of automatic compensa- 
tion However, according to their model, the degree 
of automatic compensation, must vary along the mgot, 
yet cannot vary too much otherwise p-type material 
is predicted, which 1s not observed 

A three-energy-level model 1s proposed here which 
explams the existence of high-resistivity material 
without requiring that there be a high degree of 
compensation, and therefore no need for invoking the 
occurrence of automatic compensation Similar to 
the above model‘, a wide range of resistivities will be 
shown, to be possible The energy-level scheme ıs 
shown in Fig 1, where Np 1s the density of shallow 
donors, Npp the density of deep donors, and Na 1s 
the density of acceptors It 1s easily seen that high- 
resistivity material will result when Na>Np and 
Npp>(Na-Np) These conditions are not very 
restrictive, and explain why high-resistivity gallrum 
arsenide can occur so frequently For example, for a 
given concentration of Npp, high resistivity will 
result when Ny 1s removed at a faster rate than N 4, 
as possible in zone refining, or else that the concen- 
tration of Na 18 increased, which might occur when 
oxygen 1s added Of course, when Np 1s somewhat 
greater than Na, the material is low-resistivity 
n-type, and the Npp-levels are neutral It 1s also 
seen that so long as Npp » N4, p-type material will 
not occur 

The model of Fig 1 can be treated simply mathe- 
matically assuming that the activation, energy of the 
deep donor ıs Ea, and that of Np and Na 1s zero, 
however, relaxing these latter restrictions does not 
detract qualitatively from the results Then the 
electron concentration, n, 1s given by 


m Ne Npp exp ( — Ea] Ek T) ue ni? 


2n + Ne exp (—LafkT) n ELS 
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Fig 1  Energy-level diagram for the model 
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S = NoNDD | oxp (—Ba/kT 2 
10" The above condition 1s quite easily met Typical 

values could be Npp = 5 x 1015 em-3, Np = 101? 
T 10% cm -?, and Na = 1015 em 33, and the sample will still 
8 E % be n-type It 1s also interesting that, depending on 
BAO Nees IN p the magnitudes of (Na-Np) and Npp, a sample of 
L------ AN or? à galhum arsenide might never become mtrinsic, and 
105 N % Woe can, exhibit a conductivity or Hall constant versus 
ro M Na CO temperature slope greater than the intrmsic slope up 

10° A pee Lu. to the melting pomt 

=10" —10" -10 0 10 10 10 Finally, 1$ should be noted that the distinction 

(N a-N p) em 7? drawn by Gooch et al4 between ‘semi-insulating’ 


Fig 2 Variation of electron concentration, n, with (Na ~N p) 
at room temperature for various values of N p p, with E3—0 76 eV 


where m; 18 the intrinsic electron concentration, and 
N. 18 the effective density of states in the conduction, 
band 

A value for Hz of 076 eV has been deduced by 

Gooch et alt Using this value, the quantity Ne exp 
(—Ha/kT') ın the denominator of equation (1) can 
be neglected for n-type samples and then equation (1) 
ean be easily solved for n ‘The variation at room 
temperature of n with (Na — N 5) 138 shown mn Fig 2 for 
Npp = 105, 10%, and 10!* em -3, usmg N, = 63 
x 1017? cem ~ and n? = 11 x 1018 em "The results 
of this model are quite similar to those of Gooch e al * 
in that a wide range of resistivities can occur, and 
further three conductivity-ranges are predicted At 
high electron concentrations, the Hall coefficient 
should be independent of temperature, at very low 
electron concentrations, the activation energy deduced 
from Hall effect measurements should give Ea, 
however, only in the case of extremely close compen- 
sation where Np œ Na should the activation energy 
be £Z4/2, since 1n this range the deep donor is effec- 
tively uncompensated. 

A donor located at the centre of the energy band 
gap of gallium arsenide has been detected by thermally 
stimulated current measurement!5>, and has been 
found, where experimentally feasible, m every crystal 
to date at densities of 10!9 cm -? or greater From 
Fig 2, ıt can be seen that the electron concentrations 
will be between 10° and 10% cm~? for values of 
{Na~Np) m the range from 2 x 1015 to 2 x 1013 em -3, 
which ean easily occur as the shallow donor concen- 
tration is reduced This would also explain why 
there 1s almost no p-type gallium arsenide produced ın 
undoped growth of gallium arsenide, but mstead why 
usually either very high or very low resistivity n-type 
material is found Actually, thermally stimulated 
current xneasurements':5 have also shown the presence 
of other deep donors with shallower levels than 0 76 
oV In this ease, the three-level model ıs an over- 
sumplification, and one would expect that the variation 
of Hall coefficient and conductivity with temperature 
would exhibit intermediate energy-levels, especially 
below room temperature, and this has already been 
observed 

Conductivity versus temperature slopes have been 
measured in n-type gallium arsenide with activation 
energies greater than half the band gap, that 1s, as 
large as 0 8and09eV (C Hilsum, private commun- 
cation, R H Bube, private communication) This 
behaviour 1s explicable on the present model In 
equation (1), 16 can be shown that at room tempera- 
ture and above, for Npp > 10"! em ~ and for E450 8 
eV , both n;? and the term N, exp ( — Zg/k T) can be 
neglected Then so long as (N4 — Np} > 2 No Npp 
exp ( — Ea[ET), n will vary as 


gallium arsenide, and ‘high-resistivity semiconducting’ 
gallium arsenide prepared by diffusion of copper into 
low-resistivity material’, 1s non-existent in principle 
on the present model, since the concept of automatic 
compensation has not been mvoked 

We are indebted to Dr R H Bube for helpful 
discussions, and to Drs Gooch, Hilsum and Holeman 
for placing their paper at our disposal prior to publica- 
tion This work was sponsored by the Electronics 
Research Directorate of the US Aur Force Office of 
Aerospace Research under contract 
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GEOLOGY 


Natural Glass from beneath Red Clay 
on the Floor of the Atlantic 


DunziNG April and May 1961 on a cruise of the 
RV Chan, a programme of cormg deep-sea sedi- 
ments from the Atlantic for geochemical investiga- 
tions was conducted At 19? 23’ N, 40° 53’ W a 
modified Kullenberg corer was lowered through 4,430 
m of water to the summit of a rise on the o€ean floor 
The topography of the sea bed m this region is 
irregular, but between the hills and rises the average 
depth ıs approximately 4,900 m At the point where 
the corer struck the sea bed the surface sediment 18 a 
red clay, but no sediment coxe was obtained since at a 
very short distance below the surface the red clay 1s 
underlain by solid material The corer struck and 
broke the surface of this solid material, a fragment of 
which was recovered m the pilot corer, together with 
the overlying red clay From the position of the solid 
fragment in the pilot corer the thickness of the clay 
can be estimated to be not more than 38 em The solid 
fragment 1s a very dark brown, almost black natural 
glass of irregular shape, but with approximate 
dimensions 3 em x 25cm x 18cm Two faces of 
the fregment were freshly broken surfaces On two 
other faces a thm (1 mm) zone of devitrification 
occurs with small areas of manganese deposition on 
the outer surface The two other faces appear to be 
natural fractures Internally the fragment contains 
small irregular cavities about which slight devitrifica- 
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tion has also occurred When collected the fragment 
showed a marked tendency to disintegrate mto smaller 
fragments, a consequence, no doubt, of the 1mpact of 
the corer on the brittle glass Red clay contaming 
broken shards of the same glass was found adhering to 
the piston of the main corer, and 1t 1s likely, therefore, 
that the glass formation 1s too extensive to be mter- 
preted as a boulder contained withm the red clay It 
1s believed to represent the solid surface on which the 
overlying sediments rest So far as ıs known this 1s 
the first sample collected of solid rock indisputably 
from below the sediments of the deep Atlantic 

The glass fragment when collected weighed 
approximately 18 gm Part of 1t was crushed and 
natural glass fragments hand-picked from devitrified 
material for chemical analysis Examined optically 
these glass fragments appear homogeneous without 
crystallites, microlites or any other crystallization 
phenomena The chemical composition of this glass 
is quite remarkable, namely (percentages), 510, 25 81, 
ALO, 1935, T10, 202, Fe,O, 1505, FeO 0 63, 
MnO 0 15, MgO 1 29, CaO 1 25, Na,O 1 68, K,O 0 89, 
H,O 3102, P.O; 008, Cl, 097, uncorrected total 
100 19 per cent, less 0 for Cl 0 22 per cent, corrected 
total 99 97 per cent It ıs quite different from com- 
positions of natural igneous glasses from the continen- 
tal regions of the world The high chlorme content 
suggests contamination with sea salts However, the 
fragments analysed were hand-picked from the 
interior of the larger fragment collected, and such a 
high chlorine content, equivalent to 16 per cent 
sodium chloride, cannot be attributed to surface 
contamination by sea water during collection The 
high water content also suggests contamination with 
sea water Attempts to determine the distribution of 
the water between loosely bound positions (H,0-) 
and tightly bound positions (H,0+) did not meet 
with success ‘The loss m weight on heating the pow- 
dered glass for 20 hr at 108° C corresponded to 
22 18 per cent of the total powder, but this figure 
slowly rises with continued heating Loss of water 
appears to be accompanied, by crystallization of the 
glass so that any H,O— figure determined does not 
correspond to the original material Thus the total 
H,O figure has not been broken down into H40 + 
and H,O- ‘The very high Fe***/Fe** ratio suggests 
that the material was hydrated while still in & molten 
condition, supporting the view that the water content 
of this glass is original, despite bemg so much greater 
than the water content of silicate glasses produced 
experimentally in the laboratory 

A more extensive account of the properties of this 
glass and its possible origm will be published else- 
where Meanwhile we urge oceanographers to make 
further attempts to collect samples from the sub- 
sediment surface of the Atlantic floor ın order to 
demonstrate whether this first sample is truly 
representative of that surface or merely an unusual 
type of muted distribution 

Grateful acknowledgment 1s made to all aboard the 
RV Chan for help ın the cormg operations and 
particularly to R G Leahy, P L Sachs and G L 
Erlanger This work was supported by the US 
Office of Naval Research under a contract with the 
Woods Hole Oceanographic Institution 

G D NICHOLLS 
Department of Geology, 
` University of Manchester 
V T Bowen 
Woods Hole Oceanographic Institution, 
Woods Hole, Mass 
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Ultrabasic Liquids 


For a number of years we have been investigating 
the problem of ultrabasic rocks with particular 
reference to evidence for and agaist the existence of 
ultrabasic liquids!* We believe that our published 
results have largely established their existence and 
this has been further substantiated, by Wylhe?, and 
by Clark and Fyfe? Although Clark and Fyfe chiefly 
confine the application of their experimental results 
to what may be broadly termed the serpentinite 
problem, their conclusions have a very restricted 
validity 1f ıt 1s umphed that serpentinites are the only 
type of ultrabasic rock which could have been mainly 
or wholly liquid In the ultrabasic rocks mvestigated 
by us most of the olivine 1s not serpentinized 

The results of our recent investigation of pierrtic 
and peridotitic rocks add further support to the 
existence of ultrabasic liquids, but at the same time 
have revealed certain complhicatmg factors the 
significance of which has yet to be evaluated The 
principal purpose of this communication 18 briefly to 
record and discuss some of these results 

In West Greenland and the Scottish Hebrides we 
have made an extensive and detailed examination of 
marginal phenomena in what is by far the best 
developed series of ultrabasic (pierite and peridotite) 
minor intrusions withm our knowledge As recorded 
inref 2a, the degree of contact metamorphism 1s very 
variable and has no apparent relationship with the 
size of the intrusion To the evidence of high tempera- 
ture on Soay? we can now add simular evidence from 
the Island of Sealpay m Skye and from Ubekendt 
Eyland m West Greenland On Scalpay, a picritic 
intrusion 3 ft 1n average thickness has fused xenoliths 
of a very quartzose sandstone to a clear glass (Fig 1) 
The picritic mtrusion at Igdlorssuit on Ubekendt 
Ejland, where ıt 1s 10-12 ft thick, has largely liquefied 
the marginal 3-6 in of the contiguous zeolitic olivine- 
rich, basaltic lava (Fig 2), the liquefaction possibly 
having been facilitated by the fluxing action of water 
derived from zeolites But in the case of many other- 
wise similar ultrabasic minor intrusions, and in parts 
of the Soay, Scalpay and Igdlorssuit intrusions 
already mentioned, the effects of contact meta- 
morphism are so slight that much lower temperatures 
are apparently implied One can only mfer that in 
such cases some factor other than the inward diffusion 
of water, suggested by Clark and Fyfe, has been 
responsible for the relative lack of thermal meta- 
morphism In seeking an explanation, 1t seems reason- 
able to refer to the manner and mechanism of 
emplacement of these intrusions The differences 
between their contact effects may m fact be due not 
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Fig 1 


An ultrabasic contact (containing olivine phenocrysts) 
with a sandstone xenolith (containing small quart7 relicts and 
acicular orthopyroxene) largely fused to form a clear glass (x 10) 





A later ultrabasie contact (contaimng non-skeletal olivme 
pheno-crysts) with rheomorphic, fused Java mixed with an earher 
ultrabasie contact facies (containing skeletal olivines) (x 3) 
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to differences in the temperature of the intruding 
magma, but to differences in the period of time during 
which the adjacent country rocks were maintained. 
at similar temperatures, the total heat effect at any 
one point bemg dependent, among other things, on 
the amount of magma that has passed that point and 
its rate of movement Variation withm individual 
intrusions cannot be explamed on this basis, but if 
ultrabasic magma, intruded at high temperature at 
one point, cooled and partially crystallized there 
before being translated to another position m relation 
to the country rock, ıt might well have much less 
thermal effect in 1ts new position 
Variability in the ultrabasic contact facies might be 
explicable by mechanisms similar to the above 
Development of skeletal olrvimes m the selvages of 
some int1iusions, but not m others, could be accounted. 
for by differences in rate of flow of magma In cases, 
such as those on Ubekendt Ejland (where ultrabasic 
selvages ın which all the olivines are skeletal give 
place when traced laterally to selvages in which tho 
ohvines are predominantly non-skeletal), the second 
mechanism, namely cooling and partial crystalliza- 
tion at one pomt followed by translation to another, 
could apply In this way, the original, relatively 
quickly -congealed selvages with skeletal olivines 
could be dispersed and replaced by selvages charac- 
terized by non-skeletal phenoerysts (Fig 2) This does 
not diminish the sigmificance of the development of 
skeletal olivines, which constitutes a much more 
common characteristic of ultrabasic contact facies 
than formerly suspected‘, as evidence of an ultrabasic 
liquid Nor does ıt imply that, where the marginal 
olivine 1s not skeletal, the degree of contact meta- 
morphism should always be appreciably less 
The direct expermmental determmation under 
hydrothermal conditions, by Clark and Fyfe, of the 
hquidus temperature of serpentinite, remforces earlier 
deduetions?:$ which placed such temperatures 
considerably lower than had hitherto been regarded 
as possible An extension of this work should yield 
experimental results more closely applicable to the 
wealth of natural data now available 
H I DREVER 
R JOHNSTON 
C M THOMAS 
Department of Geology, 
University, St Andrews 
t Drever, H I, Medd om Grønland, 137, 4 (1956) 
2 Drever, H I, and Johnston, R, Trans Roy Soc Edw, Bg, 289 
(1957), 2a, 63, 459 (1958) 
3 Wile, P J, Mn Mag, 32, 459 (1960) 
1 Olark, R H, and Fyfe, W S, Nature, 191, 158 (1961) 
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METALLURGY 


Fatigue under Random Loads 


Ir ıs often necessary to deduce the endurance of 
metals under a random succession of loads of varying 
magnitude from the behaviour of specimens tested 
with stress cycles of constant amphtude One way of 
doing this 1s to use the cumulative damage law, whieh 
may be written. 

N Laps IN i= 1 (1) 
t 
where N is the number of cycles of random loading 
required to produce fracture, p; 1s the fraction of 
these cycles with stress amplitude s, and N, 18 the 
endurance of a specimen tested at a constant stress 
amplitude equal to s, 

This equation can be dangerously musleading 
Thus Freudenthal and Heller: tested specimens of 
aluminium alloy and of steel using up to six levels of 
stress applied. m random succession The values of 
p; were adjusted to give an exponential law p~ exp 
(— h 8;) like that which describes the distribution of 
stresses in an aircraft from atmospheric gusts 
Freudenthal and Heller found hfe-tumes m this test 
about sıx times shorter than those given by equation 
(1) They proposed a more elaborate semi-empirical 
formula meludmg interaction effects between the 
damage produced at the different stress-levels It 
seemed worth while to attempt a solution of this 
problem on the basis of the fatigue model proposed 
by me 1n previous communications?;? 

According to this model notches axe formed m the 
surface of the metal by randomly distributed slip 
The fraction f of notches which have depths between 
z and z + dz after ¢ cycles 1s given by 


f = F exp (— 2/at) 


where F 18 a slowly varymg function of z and /, and « 
is a constant The total number of notches with 
depth greater than 2 critical value of z, say Z, 18 
given by mtegration and will be of the form 


A exp (— Z/at) 


where A 18 another slowly varying function, and has a 
large numerical value Now ma test at constant stress 
amplitude we suppose that all notches deeper than, 
some fixed value of Z are liable to give rise to cracks, 
so that the probability of crack production per cycle 
can, be written, 


PA exp (— Zx) 


where Pisaconstant These cracks grow rapidly and 
soon lead to failure so that this expression can be 
taken as a mortality-rate for the specimens lt1s very 
small until ¢ becomes of the order Z/K a, where K 1s 
loge (PA) and is taken to be about 15 

Now suppose that tests are cairied out at a series 
of different constant stress-levels Both « and Z will 
depend on the value of the cyche stram e As m a 
previous communication’ we take « to be proportional 
to s, and Z to be mversely proportional to« Thus we 
put g; = au and Z, = cjs, where a and c are constants 
Then the hfe-tune of the specimen 1n a test at constant 
cyclic strain, e; 1s given by 


Nie? = ef/(aKk) = C? 


m accordance with Coffin’s relation between the 
eyche strain and the endurance* 

Now we consider the case of a random succession 
of cycles with a fiaction p; having cyclic stram s, The 
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law of growth of the notches will be essentially the 
same as 1n tests at constant e except that the constant 
æ must be replaced by an average value à = aYXp,e 


Thus the total number of notehes of depth greater than 
Z after ¢ cycles will be given by 


A exp ( — Z/at) 


Now consider the probability that any fatigue cycle 
will generate a crack This is given by the product 
of the fraction p; of cycles with stram value e, and the 
number of notches with depth greater than Z, = c/e, 
Hence the mortality-rate will now be 


AP2p exp ( — Zi /ét) (2) 


and the hfe-trme is determined by the value of t at 
which this sum ceases to be very small 

In order to apply this relation to Freudenthal and 
Heller’s tests we assume the validity of Coffin’s law m 
order to obtain values of e, from the hfe-times N, 
This leads to & = a C o, where c 1s written for the sum 


2:11] N,10 
1 


Similarly we can write Z; = (c/C) Ni1!? Substituting 
these in the exponential part of (2) gives exp 
(—KN,1/4/ot) bearmg m mund that c/(aK) = C? 
Now for each term of the sum in (2) there 1s a value of t 
at which this term becomes large ‘This value of ¢ 1s 
given by t = N,!/?/o g, where I have written q, for 
1 + (1/K) loge pi 

Of the various £, values, the least, which we call tm, 
is the one which determines the life-time, because the 
corresponding term 1n (2) 18 the first to become large 
Thus on this theory the growth of the notches 1s 
determined by a mean value of « m which (in any 
event for the distributions used by Freudenthal and 
Heller) the low stress values are predominant The 
critical depth Z on the other hand, and therefore the 
pomt at which a notch becomes a crack, 1s determined 
by one of the stress-levels, usually a high one 

The details of the calculation for one of Freudenthal 
and Heller’s runs are shown ın Table 1 This 1s the 
first of their runs with alummium alloy specimens 
The s; values are given as fractions of the ultimate 
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Table 1 CALCULATION OF LIFE-TIME 
(Run 22—aluminium alloy) 
84 N : P; Pi l Npe qt by 

0 35 34,000 0822 2 42 10-° 0 99 390 108 
0 45 5,750 01456 253 0 87 76 

0 55 3450 002664 2 32 0 76 1735 108 
0 65 490 000458 0 94 0 64 8 78 

0 75 255 0 0010 0 39 0 54 5 41 

0 85 158 0 000182 0 11 0 426 427 = im 

c= 871 10-5 


tensile strength, and the N; values are taken from the 
smoothed curve and formule given by Freudenthal 
and Heller It will be seen that whereas the lowest 
value of s makes the largest contribution to c, the 
largest value of s ıs that which gives the smallest 7, 
and may therefore be supposed. to be responsible fo: 
the ultimate failure of the specimen The experimental 
value of the life-time (Freudenthal and Heller's V,’) is 
3 76 x 105, ın quite good agreement with the smallest 
value of 4,, namely, 4 27 x 10° The life-time predicted 
by use of equation (1) 18 1 49x 107, which 1s thus grossly 
over-optumistie 

Similar calculations have been carried out for the 
other runs on alummium alloy specimens ‘The 
results are shown m Fig 1, where the experimental 
life-tume V,’ 1s plotted against the value of im The 
mean, value of the ratio V;,’/tm 1s 0 85 with a standard 
deviation of 015 or 18 per cent, and the straight 
hne in Fig 11s drawn to correspond to this ratio 

The corresponding calculations for Freudenthal and 
Heller’s runs on, steel specumens are complicated by 
the existence of a fatigue limit These results, and the 
application, of the theory to continuous distributions 
of other forms such as the Gaussian noise source used 
by Head and Hooke, will be published later 
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CHEMISTRY 


Formation of Active Nitrogen using . 
Sources of Alternating Current and 
Direct Current 


AcTIVE nitrogen has been generally investigated 
at pressures of several tenths ofanmm The majority 
of workers have used either a condensed or electrode- 
less discharge to produce the active species! These 
two methods have been favoured to such an extent 
that little has been done to investigate other possi- 
bilities However, work on, the active gas at pressures 
above several mm requires more efficient methods of 
production, 

In 1932, Kaplan? obtained active nitrogen, by using 
a l kW, 25,000 V , alternating current source and 
inferred that this was the first time that the after-glow 
was obtamed by means other than a condensed dis- 
chargo More recently, Stanley? produced the active 
gas with a 10,000-V alternating current supply ın a 
capillary arc and found that the after-glow obtained 
at high pressures (about 500 mm ) differed markedly 
from the usual low-pressure spectrum Berkowitz 
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et al 4 used a source of alternating current to mvesti- 
gate the nitrogen after-glow mass-spectrometrically 

In the work reported here, part of an investigation 
of the chemical species produced by low-temperature 
plasmas, active nitrogen has been produced at 50 mm 
by both uncondensed alternatmg current and low- 
voltage direct current sources The equipment, 
similar to that described by Dehmelt*, consisted of a 
conventional glass vacuum system and a 25-mm 
internal diameter quartz discharge tube in which a 
3/32 ın diameter tungsten cathode and 1/8 m diam- 
eter tungsten anode were mounted with a 30-mm 
gap The effluent from the discharge tube was pumped 
down a decay tube I m long and fitted with quartz 
windows for spectrographical observation <A 5-kW , 
600-1,300 V alternating current and 1 kW , 0-100 V 
direct current source were connected 1n series across 
the electrodes The alternating current was used to 
mitiate the plasma, which was then sustamed by 
direct current alone operating at 50-60 V and 2-2 5 
amp A 0 8-Henry choke limited the alternating cur- 
rent to 4 amp , the alternating current discharge was 
first induced with the aid of a Tesla coil Argon was 
used as the main plasma medium with 1-2 per cent 
nitrogen added through a capillary leak Commercial 
cylinder nitrogen (Linde) was used directly without 
additional purification 

At pressures greater than about 1 mm, 16 was ob- 
served that the characteristic yellow after-glow of the 
first positive system of nitrogen, the B*Y—A3]] mter- 
action, was produced when either the alternatmg 
current or direct current arc was operating The 
identity of the after-glows thus produced was first 
established with a direct-vision spectroscope and then 
confirmed, with the aid of a prism spectrograph For 
purposes of comparison, Fig 1 shows spectrograms 
of the after-glow produced by the two different 
sources under identical conditions of flow, pressure, 
ete The spectrograms were taken with a small 
quartz Hilger, the Kodak JI-F plate was calibrated 
with mercury lines which appear as the middle 
spectrum in Fig 1 In the top and bottom spectra, 
the two features at the extreme right are the 
11,7(5804 A) and 11,8(6251 A) bands of the first 
positive system of nitrogen The remainder of the 
bands belong to the v’ = 0 progiession of the NOB 
(B7/1—X*I]1) interaction No y-bands of nitric oxide 
impurity are detectable in the spectrogram 

Several observations can be made regarding the 
spectra m Fig 1 The direct current power input of 
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Fig 1 Spectrogram taken on a Kodak I-F plate with a small 

* quartz Hilger Spectra (a) and (c) are 20-min exposures of the 

dc and ac after-glow, respectively The two features at the 

extreme right are first positive bands of nitrogen, the remaining 

bands belong to the NOS system Line (b) 18 the mercury spectrum 
used 1n calibrating the plate 
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approximately 150 W produces & nitrogen spectrum 
at least several times as intense as an alternating 
current input of 3,000 W Since the intensity of the 
after-glow 18 proportional to the square of the con- 
centration of nitrogen atoms, the supply of direct 
eurrent appears to be at least 50—70 per cent more 
effective in dissociating nitrogen than a source of 
alternating current twenty times as energetic This 
tremendous difference m efficiency was checled m 
subsequent experiments by titration of the two 
streams of nitrogen atoms with nitric oxide® With 
nitric oxide injected mto the after-glow through a 
capillary leak, the ratio of pressures required to 
reach an end-point for direct- and alternating-current 
was 146 Under the conditions of these experrments, 
the flow-rate of nitric oxide varies at least with the 
square of the fore-pressure’, so that the concentration 
of nitrogen atoms in the direct current after-glow 
was at least twice that m the alternating current 
after-glow. ‘The low-pressure plasma can thus be 
regarded as an extremely efficient source of active 
nitrogen at pressures above 1 mm 

This work 18 being carried on with financial support 
from the Battelle Memorial Institute 
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Microwave Spectrum of Fluoro- 
Acetonitrile 


FLUORO-ACETONITRILE (FCH,CN) ıs a molecule of 
some structural interest which 18 well suited to micro- 
wave study, all nucle: bemg well removed from the 
molecular centre of gravity m a structure of con- 
siderable dipole moment It should thus be possible 
to locate the atoms of the —CH,CN group accurately 
with respect to the mass centre, by the method of 
isotopic replacement, and hence also to determme the 
position of the fluorme atom As part of such an 
mvestigation, we report an assignment of the spectrum 
of the prmeipal isotopic form ‘Transitions of the 
f-branch corresponding to the A-component of the 
molecular dipole have been identified for J = 0 — 1, 
l — 2, 2->3 and 3— 4, between 9 and 38 Gejs, 
Q-branch limes for the same component, 
Jı, J —> Ji,J-,, have been assigned for J = 6, 9, 10, 
ll and 12 Corresponding to the B-component of the 
dipole, lines of the type J,,—-J;(j-, have been 
measured for J values of 1-5 

Analysis leads to the following rotational and 
centrifugal distortion constants, in Moe fs 

A = 36,577 47 — 010 Ds 


B = 4,781 29 + 002 DIE 
C = 4,339 75 + 002 ÖJ 


0 0033 + 0 0007 
—0 068 + 0 003 
= 0 00056 + 0 00001 


l i 


Nuclear quadrupole sphttings due to nitrogen-14 
are resolvable, and of approximately the anticipated 
magnitude They are at present being more accurately 
measured, as are Stark effect displacements for 
evaluation of the dipole moment components 
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Intensities of the lines should permit examination of 
further isotopic forms, and work on this 1s continuing 
in order to allow completion of the structure determ- 
ination It may be noted, however, that, if the 
—CH.CN group were assigned a structure close to that 
in methyl cyanide!, the constants so far measured 
would require a carbon-fluorine distance of about 
138 A, and an angle FCC near 111° The present 
results are thus compatible with a carbon—fluorme 
distance similar to that in methyl fluoride?, and a 
carbon-carbon distance similar to that in methyl 
cyanide Definite conclusions, however, must await 
further measurements 

We thank the Department of Scientific and Indust- 
rial Research for a research studentship awarded to 
one of us (B E J) 
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* Rubeanic Acid as Stabilizer of Aqueous 
Solutions of Ascorbic Acid * 


ESPECIALLY noteworthy among the stabilizers of 
ascorbic acid solutions are sulphydric organic deriva- 
tives such as glutathione, thiourea, methylthiouracyl, 
cysteme!?, 2-carbethoxy-mercapto-1-methylglyoxa]- 
ine??, dithioglycerin, thioglycolic acid®, ete On the 
other hand acids have found application as agents 
reducing the rate of oxidation of ascorbic acid in 
solutions Among these oxalic acid plays an important 
part In 2 per cent and 1 per cent dilutions it 18 
apphed as a stabilizer of synthetic ascorbic acid in 
various solutions and of ascorbic acid im biological 
material 

This suggested the use of rubeanic acid for prevent- 
ing oxidation of ascorbic acid in aqueous solution 
Rubeanie acid is a diamide of thio-oxalic acid We 
wanted to mvestigate the stability of 001 per cent 
aqueous solution of ascorbic acid m the presence of 
rubeanie acid 

Ascorbic acid solutions contamimg rubeanie acid 
were prepared, and the ascorbic acid content was 
assessed during storage Moreover, the same solutions 
were subjected to the effect of oxidizmg factors, such 
as radiation with a quartz lamp or mtroduction of 
cupric tons, the ascorbic acid content bemg measured 
all the time This was carried out by means of 
Tullmann’s method, consistmg ın the reduction of 
2,6-dichlorphenolindophenol Table 1 shows results 
obtained in determmuing the stability of ascorbic in 
1ubeanic acid solutions 


Table 1 STABILITY OF 0 01 PER CENT AQUEOUS SOLUTION OF ASCORBIC 
ACID IN THE PRESENCE OF RUBEANIO ACID 





Ascorbic acid content (per cent of initial content) 


Time of ın aqueous  !in 001 per centj|1n 0 001 per cent 
storage (hr ) solution rubeanic acid Tubeanic acid 
— 100 0 100 0 100 0 
05 820 99 2 98 3 
10 49 9 98 3 97 6 
20 33 3 08 3 90 0 
30 16 6 976 96 0 
40 133 97 6 04 4 
23 0 00 92 8 800 
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In Table 2 are assembled the results obtained in 
assessing the stability of ascorbic acid solutions 
irradiated with a quartz lamp 


Table 2 STABILITY OF 0 01 PER CENT AQUEOUS SOLUTION OF ASCORBIC 
ACID IN THE PRESENCE OF RUBEANIO ACID ON IRRADIATION WITH A 
QUARTZ LAMP 


Ascorbic acid content 
(percentage of muitial content) 
in 001 per cent 
rubeanic acid 


Time of storage 
(hr ) 


in aqueous solution 





Table 3 shows the ascorbic acid content m 0 01 
per cent and 0 001 per cent solutions of rubeanie acid 
1n the presence of copper tons (0 001 per cent and 
0 0001 per cent copper sulphate) 


Table 3 STABILITY OF ASCORBIC ACID IN 0 01 PER CENT SOLUTION, 
IN THE PRESENCE OF RUBEANIO ACID AND ON ADMIXTURE OF 
COPPER IONS 


Ascorbic acid content (percentage of mitial content) 


Time of in 001 per cent In 0 001 per cent 
storage | ın 0 001 rubeanie acid rubeanic acid 
(hr ) percent | ın 0001 | ın 00001 | inO 001 | in 0 0001 
SO, percent | percent | percent | per cent 
CuSO, CuSO, CuSO, CuSO, 
— 100 0 100 0 100 0 100 0 100 0 
05 10 0 99 0 99 98 3 1000 
10 00 99 0 99 3 97 4 99 2 
20 — 98 1 98 4 012 98 3 
80 — 95 8 96 5 91 2 96 6 
40 — 93 4 95 9 912 95 8 
24 0 — 80 0 86 3 
48 0 — 066 9 728 





From the results ın Tables 1-3 rubeanie acid 1s seen 
to be a stabilizer of ascorbic acid The stability of the 
solutions 1s dependent on the amount of rubeanic acid 
added. Ultra-violet radiation and copper ions in 
solution, which are factors accelerating the oxidation 
of ascorbic acid, lose their activity in the presence of 
rubeanic acid 
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Ligand Field for Chromic lons in the 
Corundum Lattice 


RECENT work on absorption spectra and lattice 
spacings ın the AlL,0,-Cr,0, solid solution!-5 has 
been m sufficient agreement to warrant a fitting of 
the optical results to the crystal field-sphtting 
diagram’. The relevant terms are shown m Fig I, 
which also shows the transitions involved m the yellow 
and blue absorption bands 

Assuming the Racah parameter B to be constant 
throughout the system, ıt 1s impossible to obtain a fit 
no matter what value of B 1s chosen An example is 
shown in Fig 2, with B = 650cm-! This value wase 
chosen to give a fit at about 5 5 per cent Cr,O,, where 
the observed maxima for ruby (Graham!) and 
Cr(H.4,0),?* (Tsuchida®) are identical. 
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It 1s known that an merease in covalent bonding? 
and/or charge transfer!? results ın a decrease in B 
There 15 evidence! for the existence of bondmg other 
than ionic in both Al,O, and Cr,0,, and ıb can be 
shown, that the proportion of such bonds increases 
as the chromium content decreases This follows from 
a consideration of cell volumes Thus if we assume 
ionic bonding and regular octahedral surroundings for 
the Al** and Cr?* ions in pure Al,O, and Cr,O, 
respectively, we would expect an increase in unt cell 
volume of 10 35 per cent ın passing from Al,0, to 
Cr,0,, whereas the observed morease 1s 13 5 per cent 
The contents of the unit cell (on the basis of 10n1e 
volumes) have increased in volume by only 2 8 per 
cent, so that in the absence of other types of bondmg 
one would expect distortions of the octahedron to 
accommodate a good deal of the increase calculated 
here The observed increase m cell volume 1s there- 
fore much greater than that to be expected unless 
Al,O, 18 more covalent in character than Cr,O, The 
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lattice spacings)? tend to confirm this conclusion, as 
the effective radius of the chromium ion 1s greater 
at the alumina-rich end of the solid solution, perhaps 
indicating a greater amount of charge transfer 
Based on present 1deas, ıt would be expected that B 
would increase as the chromium content mereases 

However, if we calculate the values of B required to 
fit the experimental and theoretical curves at all 
points, we find that B increases approxunately 
linearly with decreasing CrO, content or mcreasing A 
(Fig 3) Although there ıs some scatter between 
observers, the result 18 quite clear, and the variation 
of B 1s very large The results of Graham and of 
Schultz are closely linear, and the lines of best fit have 
been plotted in Figs 1-8 The accurate single crystal 
absorption data of Mandarino* on weighting the 
ordmary and extraordinary components in the ratio 
2 3 according to the experimental result of Schultz} 
give a value of A 18 I1 em ~ for Al,O, m excellent 
agreoment with ref 1 

The increase im A as the chromic oxide content 
decreases 18 easily explamed on the basis of decreasing 
metal-ligand spacing, but the corresponding increase 
of B 18 anomalous Smee the axial ratio 1s almost 
constant throughout the system, the trigonal com- 
ponent of the field 1s unhkely to account for the 
anomaly 

Goodenough" points out that mteractions between 
the ligands and the d-shell of the metal m the corun- 
dum structure are weak if there are three electrons 
or less ın the d-shell, and postulates direct cation- 
cation couplmg as the cause of antiferromagnetic 
ordering n these structures Chromic oxide itself 1s 
antiferromagnetic with a Néel temperature near room 
temperature, and 16 would appear that the overlap of 
the d-orbrtals of adjacent Cr#+ ions which results m 
the antiferromagnetie ordering may also explain the 
absorption spectrum if the d-shells interact to some 
extent even in the dilute solutions!’ The decrease in 
B would then correspond to mereasing cation—cation 
interaction as the chromium content mcereased 
This 1s again consistent with the structural results}, 
as the metal-to-metal distance m Cr,O,, 258 A, 38 
significantly less than that m AlO, 273 A Yn terms 
of the cation radius, the difference is even more 
marked 

It is felt that the anomalous values of B and A 
obtained by one of us (J G ) for pure Cr,O, (the separ- 
ate pomts shown in Figs 2 and 3) are associated, with 
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antiferromagnetic ordermg ın this sample This 
would be expected to result m a discontmuous decrease 
in B, but the accompanying increase in A 18 not so 
easy to understand 
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BIOCHEMISTRY 


Biosynthesis of L-Ascorbic Acid : Missing 
Steps in Animals incapable of 
synthesizing the Vitamin 


IT has been reported! that cyanide greatly stimu- 
lates the synthesis of r-ascorbic acid from p-glu- 
curonolactone by the liver microsomes of the iat 
By this method using cyamde ıt was found that either 
the liver or the kidney tissue of all the species exam- 
ined which are known to be independent of an 
exogenous source of ascorbic acid was able to syn- 
thesize L-ascorbic acid, while the corresponding 
tissue of those which are dependent on such a source 
could not Whether the enzyme system concerned 
was present in the liver or the kidney tissue depended 
on the position of the species in the phylogenetic 
scale of evolution? This technique revealed further 
that, apart from man, monkey and the guinea pig, 
the India fruit bat (Pteropus medius) and the red- 
vented bulbul (Pycnonotus cafer) were unable to 
synthesize L-ascorbic acid, and this was confirmed 
by the production of experimental scurvy ın the bulbul 
and its cure by the admunuistration of r-ascorbic 
acid’ ‘This communication concerns the location 
of the genetic defect ım all these species, which 
distinguishes them from those which can synthesize 
L-ascorbie acid 

According to a scheme given elsewhere! indicating 
the probable biosynthetic pathway of ascorbic acid 
in those species which can make it, the following 
representation (Fig 1) may be made m regard to the 
substrates and the enzymes of the microsomes and 
of the soluble supernatant mvolved 1n this synthesis 

Fig 1 indicates that with p-glucuronolactone as 
substrate, microsomal enzymes alone can convert 1b 
mto L-ascorbic acid through r-gulonolaetone and 
2-keto-L-gulonolactone With p-glucuronie acid as 
substrate, however, the microsomes require the 
addition of the soluble supernatant which supplies 
the necessary enzymes to convert p-glucuronic acid 
into L-gulonolactone, which can be then converted 
into L-ascorbic acid by the microsomes We have 
previously reported‘ that the failure of the guinea pig 
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Enzymes 1n the mierosomes , 
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Fig 1 Schematic representation showing the substrates and the 
enzymes of the microsomes and of the soluble supernatant involved 
in the biosynthesis of L-ascorbie acid in animal tissue 


to synthesize L-ascorbie acid was due to the absence 
of L-gulono oxidase, which oxidizes r-gulonolactone to 
2-keto-L-gulonolactone Using the tracer technique 
this was also observed by Burns et al 5 and by Burns? 1n 
regard to man, monkey and the guinea pig 

It has now been found, however, that not only 
L-gulono oxidase but also the other mucrosomal 
enzyme, D-glucurono reductase, which converts 
D-glucuronolactone into L-gulonolactone, 1s specific- 
ally absent from those species which cannot synthe- 
size L-ascorbic acid ‘This has been demonstrated by 
the fact that, under anaerobic conditions, Incubation 
of D-glucuronolactone with liver or kidney muero- 
somes from man, monkey, the bat, the guinea pig 
and the bulbul m the presence of cyanide did not 
result ın the formation of r-gulonolaetone whereas 
in simular experiments with microsomes from rat and 
goat livers, r-gulonolactone was produced as an 
intermediate L-gulonolactone was identified by 
paper chromatography of the deprotemized and 
concentrated incubated mixture usmg (a) ethyl 
acetate/acetic acid/water (3 1 3, v/v, upper phase, 
descending), (b) ethanol/acetic acid/water (8 1 1 
v/v, descending), (c) acetone water (4 1 v/v, 
ascending) as the urigatimg solvents The Rr values 
for D-glucuronolactone and r-gulonolactone were 
(a) 0 51 and 0 43, (b) 0 62 and 0 54, (c) 0 72 and 0 55 
respectively The lactones were identified on the 
chromatogram by the hydroxamie acid method: 
L-gulonolaetone has also been identified by Suzuki 
et al? as a product of anaerobic meubation of D- 
glucuronolactone with rat-lrver microsomes in the 
presence of cyanide 

The absence of p-glucurono reductase was further 
revealed in the following way The microsomes of the 
hver or kidney tissue (40 mgm protem) from all the 
aforesaid species which cannot synthesize L-ascorbic 
acid were incubated with p-glucuronolactone (20 
umoles) in the presence of sodium phosphate buffei 
(002 M, pH 70) and potassium cyanide (0 05 M) 
After incubation, the mixture was deprotemuzed with 
perchloric acid, neutralized with caustic potash and, 
after filtermg off potassium perchlorate, freed from 
cyanide by acidification with N hydrochloric acid 
followed by evaporation to dryness under suction 
The residue was taken up in a minimum volume of 
water, neutralized and then incubated with goat liver 
microsomes, but no n-ascorbie acid was formed Had 
there been any formation of L-gulonolactone, ıt would 
have led to the synthesis of L-ascorbic acid in the 
absence of cyanide on addition of goat liver mucro- 
somes? A control experiment starting with n-gulono- 
lactone (5 umoles) instead of p-glucuronolactone 
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resulted in the formation of L-ascorbic acid (05 
umole) imdicating httle destruction of r-gulono- 
lactone 1n the process of removal of cyanide 
In the scheme given (Fig 1), the supernatant 
enzymes, converting D-glucuronic acid into L-xylulose 
and into t-gulonolactone, have been found to be 
present in all the above-mentioned species requirmg 
dietary ascorbic acid®. Thus there are two genotic 
blocks ın regard to the synthesis of L-ascorbic acid m 
these species (1) the absence of D-glucurono reductase 
so that p-glucuronolactone cannot be reduced to the 
intermediate r-gulonolactone, (2) the absence of 
L-gulono oxidase so that r-gulonolactone cannot be 
oxidized to the intermediate 2-keto-r-gulonolactone. 
even if the enzymes of the soluble supernatant brmg 
about the conversion of D-glueuronie acid into 
u-gulonolactone That these two enzymes are actually 
present but are masked by some microsomal inhibi- 
tory substance 1s considered unlikely, as the addition 
of the microsomes from these species to the solu- 
bihzed enzyme from rat liver, prepared. as described 
before’, was not found to mhibit the synthesis of 
L-ascorbie acid by the latter 
Our thanks are due to the Indian Council of Medical 

Research for financmg this work 
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Riboflavin and Liver Sulphydryl-Levels in Mice 


Durie the course of a series of mvestigations of 
the sulphydryl content of mouse lhver under varying 
experimental conditions, 1t was found that during a 
period of nine months there was a steady merease in 
the level found ın control animals The hver —SH 
content rose from 31 4 — 17 ugm per 100 mgm wet 
weight to 343 + 59 ugm per 100 mgm wet weight 
In all cases the groups of animals used comprised a 
mmumum of 10 Strong A male mice This steady 
increase m control-levels was succeeded by a sharp 
fall to 27 7 + 26 ugm per 100 mgm wet weight in a 
group of similar animals Consideration of factors 
which might have been mvolved in this variation led 
to suspicion of the diet, particularly since, during the 
period in question, growth-rates ın these animals had 
shown deviations from the expected pattern Further 
examination of the diet question focused suspicion 
on the vitamin content, and especially on the con- 
stancy of the riboflavin-level We were thus led mio 
an investigation of the xnfluence of dietary riboflavin 
on liver —SH levels 

All measurements of —SH levels recorded ın the 

ollowing paragraphs have been made by the method 
described by Calcutt and Doxey! Whereas in the 
original use of this technique milhvoltmeters were 
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used for the potentiometric titrations these have 
now been replaced by transistorized titrimeters based 
on Stock’s design?*. These mstruments have proved 
superior to millivoltmeters ın operation as the settling 
time 1s negligible and scale movements are large and 
easily read 

All experimental work has been carried out with 
Strong A mice These have been used in batches of 
the same age and, so far as possible, of approximately 
equal weights This latter precaution has been taken 
in. view of Calcutt's? finding of an inverse relationship 
between body weight and —SH content per unit 
mass of hver The effects of addition and withdrawal 
of riboflavm from the diet have been examined and 
also the effects of riboflavm given by myection 

Addition of riboflavin to drinking water Twenty 
mice were divided into two groups of ten each While 
both groups were maintained on a normal pellet diet, 
one group received fresh water to drink whereas the 
second was given a saturated solution of riboflavin 
in tap-water After four days the liver —SH content 
was estimated for all the animals The group which 
had been given water had an —SH level of 33 9 + 2-8 
ugm per 100 mgm of wet weight of hver, while 
the corresponding figures for the group given ribo- 
flavin were 335 + 26 ugm of —SH per 100 mgm 
of wet weight of liver. There 1s obviously no signifi- 
cant difference between the two groups Simce the 
solubility of riboflavin 18 only 0 01 per cent m water, 
the intake by the mice from this source would be small 
Further, the actual absorption may have been even 
smaller, as mice eat and drink at separate times, and 
the evidence collected by Bro Rasmussen‘ indicates 
& requirement for the presence of protein for the 
adequate absorption of riboflavin The shghtly bitter 
taste of the solution may also have limited drinking by 
the mice in question. In the circumstances, tho results 
obtained ın this experiment are not surprising 

Withdrawal of riboflavin from the dret. Thirty male 
mice were placed on a synthetic diet obtamed as a 
vitamin-free diet from British Drug Houses, Ltd , of 
London To this, vitamins were added in the amounts 
used, by Greenstein, Otey, Birnbaum and Winitz5 in 
their experiments on synthetic diets After 28 days, 
during which period the animals maintamed them 
weight and health, ten were taken as controls and the 
liver —SH content was estimated The remamuing 
animals were transferred to the vitamin-free diet 
supplemented, as previously, with all vitamins except 
riboflavin ‘These animals were killed mm batches of five 
at intervals for hver —SH measurements The 
results are shown in Fig 1, where ıt will be seen that 
the liver —SH content rose above the control-level 
seven days after withdrawal of the riboflavm 

Effects of riboflavin by injection Thirty male mice 
were divided into two batches of 15 each One lot 
received an intraperitoneal injection of 01 mgm of 
riboflavin m 1 ml of distilled water each mouse 
Liver —SH content was estimated on all animals, 
those that had received riboflavin bemg killed 1 hr 
after the injection The control animals had 
345 + 42ugm of —SH per 100 mgm of wet weight 
of liver whereas the corresponding figure for the ribo- 
flavin-treated animals was 28 8 + 4 75 pgm of —SH 
In a similar series, using female mice, the treated 
animals were killed 18 hr after the injection This 
time the control —SH level was 38 6 + 38 ugm per 
100 mgm wet weight of liver and the level ın the 
treated animals was 25 3+5 0 ugm per 100 mgm wet 
weight of hver As a further experiment a batch of 
male mice was injected, as previously, with an 
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Fig 2 Effects of 1njected riboflavin on mouse liver —SH levels 


aqueous solution of riboflavm These were killed in 
batches at daily mtervals and the liver —SH level 
estimated Return to the control-level did not take 
place until six days after treatment i 

Tissue riboflavm-levels have often been associated 
with tissue protem content As a follow-up to the 
above expermments, which were performed on mice 
fed a high-quahty diet, the effects of mboflavin on 
animals on an inferior diet have been examined Mice 
were fed rice and water only for ten days and then 
recerved an injection of 01 mgm of riboflavin in 
10 ml of distilled water Estimates of iver —SH 
level showed that this remained depressed until six 
days after treatment, as in the previous experiment 
The results are shown m Fig 2 

It is known that riboflavin plays a part ın oxidation/ 
reduction systems as a consequence of its participa- 
tion in various enzyme systems The experimental 
results reported here now mdicate that mboflavin 
may exercise a function in relation to the general 
oxidation/reduction status of the liver cell This 
activity would appear to be independent of the 
nutritional state of the animal, smce there is no 
apparent distinction between the effect of injected 
riboflavin in well-fed or poorly fed animals From 
this 1t seems unlikely that the effect mvolves the 
riboflavin in conjunction with the proteins of the cell 

The actual mechanism of the effect ıs at present 
unknown Iwaln® has shown that a direct combma- 
tion of glutathione and riboflavin can occur, but even 
if this did happen the hnkage would probably be 
broken by the more reactive mercurial used m the 
—SH estimation Rıboflavm can act as an electron 
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acceptor, and 1t 1s possible that, rather than any direct 
chemical combination of the vitamin with cellular 
components, we have an induced oxidation of various 
cellular components which, ın turn, are responsible 
for maintenance of sulphur-contamimng groups in the 
reduced form It has 1n fact been suggested by Booth 
and Boyland’ that riboflavm inhibits the microsomal 
hydroxylating system by causing the oxidation of 
reduced triphosphopyridine nucleotide, which ıs 
required for maintenance of —SH in the system 
Recently, Hsu and Chow? have found that thiamme 
deficiency 1n rats leads to an elevation in the level of 
liver glutathione This finding, m conjunction with the 
results recorded above, suggests that dietary vitamin- 
levels, at least of thiamine and riboflavm, may take a 
major role in determming the biochemical status of 
the liver Further, 1t once more stresses the extreme 
importance of strict dietary control of animals used 
for biochemical work 
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In vivo and in vitro Inhibition of 
Aromatic Hydroxylation by Riboflavin 


DETAILED and extensive investigations of the 
metabohsm of polyeyehe hydroearbons have been 
carried out over many years, but ıb 1s only recently 
that information hnking the metabolism of these 
agents with an enzymic system present in liver has 
become available It has been found that hydroxyla- 
tion of the carcmogenic 3 4 benzpyrene and the 
non-caremogenie naphthalene? 18 brought about by an 
enzyme, or 'hydroxylase'!, which occurs in the micro- 
somal fraction of liver homogenates, this system 
requiring reduced triphosphopyridine nucleotide and 
molecular oxygen for activity One of us (K H H) 
has found that the same o1 a similar system is also 
active against pyrene and 1 2 benzanthracene The 
products obtained are similar to those obtained during 
wn vwo metabolsm This work will be reported in 
detail elsewhere 

This hydroxylating system 1s susceptible to sulphyd- 
ryl complexing agents, such as -chloromercur- 
benzoic acid The information concerning the effects 
of riboflavin on liver sulphydryl-levels reported by 
Calcutt, Doxey and Coates (see previous communica- 
tion) led us to further consideration of the effect of 
riboflavin on microsomal hydroxylation Previously, 
it had been found by Booth and Boyland? that flavine 
mononucleotide (FMN) 1s an effective mhibitor of the 
microsomal hydroxylation of naphthalene It seemed 
desirable, therefore, to see whether riboflavin also 
affected hydroxylation of other compounds ê 

The pyrene hydroxylating system (active ın the 
conversion of pyrene to 3-hydroxypyrene) was 
chosen for the first vestigation The low solubility 
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Table 1 INHIBITION OF PYRENE HYDROXYLATION BY RIBOFLAVIN 

Percentage 
Compound Concentration inhibition 

‘Beflavit’ 107? 100 

10-4 95 

‘Dummy’ *Beflavit' 10-? 70 

10-* 15 

FMN 10^ 60 

10-4 20 


of riboflavin ın aqueous solutions led us to the use of a 
concentrated (5 mgm /ml) commercial preparation 
made in a solvent base ‘This was ‘Beflavit’, prepared 
by Roche Products, Ltd, England for control 
purposes the solvent base preparation was also used 
The results, together with those obtaimed using FMN, 
are summarized in Table 1 

It ıs evident from these figures that the solvent 
base itself contributes to the inhibitory powers of 
‘Beflavit’, but even when allowance ıs made for this, 
riboflavin itself appears appreciably more active 
than the FMN 

Identical findings were then obiamed in a similar 
series of experiments based on vhe metabohsm of 
3 4 benzpyrene 

The effect of riboflavin on the hydroxylation of 
3 : 4 benzpyrene 4n vwo was then examined Ten 
mice were each given an intraper:toneal injection of 
01 mgm of riboflavm in water and, 1 hr later, an 
intravenous injection of 0 6 mgm of benzpyrene as a 
colloid m 1 ml of water A second group of ten 
mice each recerved a similar benzpyrene injection 
This group acted as controls The excretion of 
phenohe metabolites, predommantly 8-hydroxybenz- 
pyrene, in the fæces was then followed over a period 
of 48 hr The animals treated wich the hydrocarbon 
alone excreted approximately 25 per cent of the total 
mjeeted dose as phenolic derivatives durmg this 
period ‘The difference between this group and that 
which had received prior treatment with riboflavin 
was strikmg, for this group excreted less than 1 per 
cent of the dose as metabolites durmg the same 
period The benzpyrene in this group was not 
excreted unchanged, since only trace amounts were 
detected in the urme and feces Whether ıb 1s stored 
or metabolized m a different manner ıs still to be 
determmed 

This last experiment provides excellent confirma- 
tion of the «n vitro experments and also supports the 
view that the microsomal hydroxylatmg system 
observed sn vitro 18 a true representation or model of 
the normal celular process Further, thus last 
experrmenb ıs interesting in that this 1s the first tıme 
that it has been shown that the metabolism of 
benzpyrene may be influenced by dietary or other 
external agents 

Itis not yet clear which part of the hydroxylating 
system 1s inhibited by riboflavin It appears unlikely 
that riboflavin becomes bound to the enzyme system, 
since microsomes prepared from animals pretreated 
with riboflavin show undimmushed activity as com- 
pared with control preparations, provided that they 
are washed several times with 1 15 per cent potassium 
chloride solution This would suggest that the effect 
1s on the coenzyme moiety rather than the enzyme 
itself 

Apart from the more obvious implications arising 
from this work in respect of the nutritional state of 
animals used in metabolic studies, there 18 the question 
of riboflavin and caremogenesis by polycyclic hydro- 
carbons Boyland? has given reasons for considermg 
that carcmogenesis by polycyclic hydrocarbons 1s 
associated with the metabolism of these compounds 
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If this 18 true, then the mfluence of riboflavin on the 
metabolism of these agents should be reflected in the 
earemogenie activity Further evidence of possible 
effects of mboflavin m carcinogenesis 18 given im the 
finding that the hepatocarcinogen (4' dimethylamino- 
azobenzene) ıs metabolized by the same, or a simular, 
microsomal enzymic system‘, whereas the carcinogenic 
action of this agent 1s inhibited by a high dietary 
riboflavin imtake* Further consideration of these 
problems will be grven elsewhere 

We are grateful to Roche Products, Ltd , Welwyn 
Garden City, England, for the gift of samples of the 
solvent base ın which 'Beflavit' 18 prepared 
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Effect of Insulin on the Phosphorus-32 
Mononucleotide Labelling of the Isolated 
Rat Diaphragm in the Controlled 
Absence of Extracellular Glucose 


ExTENSIVE work on glucose transport mto the cell 
under the influence of insulin and on the metabolic 
consequences of this transport has been carried out on 
the eviscerated animal, the isolated rat diaphragm?, 
the isolated perfused heart? and the1solated'epididymal 
fat pad* Insulin stimulation seems to involve not 
only an enhanced transport-rate, but also an increased 
intracellular distribution space as measured, with non- 
metabolizable sugars? and amimo-acids®:? However, 
somerecentreports?:? dealing primarily with meorpora- 
tion of carbon-14 into proteins of rat diaphragm, in 
the absence of added glucose, demonstrated a striking 
insulin, effect, which could not be explamed by an 
increased accumulation of amino-acid precursors of 
the labelled protem This effect may be correlated? 
with another report mentioning the action of insulin 
on endoplasmic reticulum proliferation im the fat 
pad! Whatever the mechanism of action of msulm 
may be, stimulation of glucose transport, protem 
synthesis or any other metabolic event is bound to 
be reflected ın the turnover of free mononucleotides 
and especially adenosine nucleotides, the role of which 
is essential in the activation of sugars, fatty acids?” 
and amino-aeids?? 

The present communication reports an effect of 
insulin on the labelling of free mononucleotides 1n the 
isolated rat diaphragm in the controlled absence of 
extracellular glucose The isolated rat diaphragms 
were first washed, for 5 min , n Krebs—Rimger bicar- 
bonate medium" at 37°, m an atmosphere of 95 per 
cent oxygen plus 5 per cent carbon dioxide After 
removal and careful blotting of the diaphragms, they 
were incubated in fresh Krebs—Rmger bicarbonate 
medium with or without added glucose and insulin 
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Table 1 INFLUENCE OF INSULIN ON THE LABELLING OF PHOSPHATES IN THE ISOLATED DIAPHRAGM WITH OR WITHOUT GLUCOSE (NORMAL RAT) 


#gm phosphorus/100 mgm fresh weight 


———— en BM ÀM—ÀM— Á— 





Glucose (2 mgm /ml ) 0 0 + 
Insulin 0 + 0 
Extracellular phosphorus 12 11 09 
Intracellular phosphorus 23 8 28 6 246 ' 
PC 158 129 20 2 
ATP 30 5 311 32 5 
ADP 78 78 59 
U+G 39 36 25 
DPN 29 40 22 
Res phosphorus 35 36 61 


Specific activity (c p m jugm ) (percentage extracellular 
or intracellular phosphorus) 


——————————— |—MM—MM dá ÓÓ——' 


+ 0 + 
09 20,200 21,600 27,100 25,300 
28 6 ,540 1,235 1,835 1,405 
ud 05, & 77 57 68 56 
17 7 634 799 869 979 
% I 41 67 47 70 
23 21 602 699 734 
% I 27 49 38 52 
79 ~ 289 452 354 540 
95 I 19 37 19 38 
25 ~ 370 450 686 827 
95 I 24 36 4 37 59 

24 E E E 8 
87 42] 477 648 624 
% I 27 39 35 44 


~ = labile phosphate bonds 


The washing and incubation were performed in a 
Warburg apparatus After 5min gassing and 10 min 
pre-incubation, a known amount of phosphorus-32 
was tipped 1n the incubation medium and the meuba- 
tion continued for another 10 mm The amount of 
glucose still present 1n the diaphragm at the moment 
the phosphorus-32 was added to the medium can be 
demonstrated (Fig 1) This amount has been determ- 
ined by a chromatographic procedure After rapid 
weighing, the diaphragms were homogenized in 1ce- 
cold 10 per cent trichloracetic acid, the extract 
centrifuged, an aliquot taken for the estimation of 
inorganic phosphate and phosphocreatine and 
specific activities The remaming supernatant was 
processed using a chromatographic procedure, 
essentially identical to that described in a previous 
report?® adenosme triphosphate (ATP), adenosine 
diphosphate(A.DP), adenosine monophosphate (AMP), 
drphosphopyridme nucleotide (DPN), and the sum of 
uridine and guanosine phosphates (U + G) were thus 
separated, their amounts and their specific activities 
measured The ‘residual phosphate’ comprising 
mainly the phosphorylated intermediates of glycolysis 
has also been determined In all cases, the total 
phosphorus and radioactivity recovered after the 
fractionation, procedure amounted to 90 per cent- 
100 per cent of the original phosphorus and radio- 
activity present in the trichloracetic acid extract 
It should be mentioned that the amount and 
specific radioactivity of intracellular morganic phos- 
phate has been calculated from the total morganic 
phosphate and the extracellular phosphate present in 
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Glucose gm /gm fresh weight 


T 123 4 
Fig 1 Glucose content of rat diaphragm incubated under various 


conditions T, Theoretical value for (1) (extracell space, 22 per 

cent), 1, washed 5 min , 37°, Krebs—Ringer glucose, 2 mgm /ml , 

2, washed 5 min, 37°, no glucose, 3, washed 5 min, 37°, no 

glucose, insulin, 10 ugm /ml , 4, same as 3 plus incubation fresh 
medium 15 min 


the incubation medium assuming an extracellular 
space of 22 per cent as measured by Kipnis and Cori 
on the eut diaphragm? 

Table 1 shows a characteristic result obtained with 
normal rat diaphragms in absence or ın presence of 
added msuhn (10 ugm /ml) or glucose (2 mgm / 
ml ) / 

From these results the following conclusions may 
be drawn (1) There seems to be no influence of 
insulin, or glucose on the amount of the different 
phosphate fractions m the rat diaphragm except so 
far as the ‘residual phosphate’ 1s concerned The 
amount of this phosphate fraction increases imm the 
presence of glucose and still more with glucose + 
insulin, as may be expected if 16 consists mamly of 
glycolytic mtermediates (2) There is no influence of 
insulin or glucose on the rate of penetration of radio- 
active phosphorus into the diaphragm of the normal 
rat, as visualized by the ratio of the specific activities, 
namely, intracellular phosphate/extracellular phos- 
phate (3) There is a striking enhancement of the 
labelling of phosphocreatine, ATP, ADP, uridine and 
guanosine phosphates by insulin in the presence or 
absence of added glucose The increase of specific 
activity of these fractions with respect to mtracellular 
phosphates averages 50 per cent for phosphocreatine 
(PC), 80 per cent for ATP, and 100 per cent for 
ADP No significant labellmg of ribose-Imked phos- 
phoryl groups such as AMP or DPN occurred within 
our limited times of incubation (4) In the presence of 
glucose there 1s a definite rise of the labelling of ATP 
both with or without msulin There 1s a slight 
glucose effect on the specific activities of phospho- 
creatme and the ‘residual fraction’ and a marked 
effect on the labelling of the uridine and guanosme 
phosphates But there 18 no influence whatsoever of 
glucose on labelling of ADP, whereas insulin exerts 
its most striking effect on the labelling of this sub- 
stance 

It ıs thus clear that 1nsulm has a marked effect on 
the labelhng of phosphorylated coenzymes even in 
the absence of any measurable amounts of glucose 
within or without the cell The exceedingly small 
amount of glucose found in the diaphragm with the 
conditions under which the present experrments were 
carried out could as well have arisen from the lhmited 
breakdown of labile esters lıke glucose-1-phosphate or 
of glycogen itself The marked effect of insulim on the 
labelling of the terminal phosphate group of ADP, 
which seems to be in equilibrium with the secomd 
phosphorylated group of ATP, 1s what one might 
expect to occur if amino-acid activation including & 
‘pyrophosphate split’ of ATP (ref 13) and subsequent 
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re-phosphorylation of AMP by an adenylate kinase 
system would occur However, many other metabolic 
events such as, for example, activation of fatty acids” 
and increased dephosphorylation of ADP by myo- 
kinase could equally well explain the increased 
formation of AMP 

Finally, ıt must be borne m mund that although 
msulin does not appear to crease the penetration of 
radioactive phosphate into the cell of the diaphragm, 
a mechanism whereby insulm could promote penetra- 
tion of phosphate mto a restricted compartment of 
the muscle cell where re-phosphorylation of AMP to 
ADP and ATP normally occurs, thus increasing 
the actual labelling of the two terminal phosphoryl- 
ated groups of ATP, cannot be excluded at present 


P VOLFIN 
D EBOUE 
H CLAUSER 


Laboratoire de Chimie biologique 
de la Faculté des Sciences de Paris, 
96 Bld Raspail, 
Paris VI 
1Levine, R , and Goldstem, M S, Recent Progress yn. Hormone Res , 
7, 948 (1955) 
? Kipnis, D M, and Corn, C F, J Biol Chem , 224, 681 (1957) 


3 Morgan, H E, Henderson, M J, Regen, D M , and Park, C R, 
J Biol Chem, 286, 253 (1961) 


‘ libr A I,and Renold, A E,J Brol Chem , 238, 207, 273 
5 

d dn Ta , Martın, D B, and Cooper, O, J Brol Chem ,237, 774 

£ Kea) M, and Noal, M W , Bsochvm Biophys Acta, 28, 226 


' Manchester, K L, and Young, F G, Biochem J , 75, 487 (1960) 
e Manchester, K L, and Young, F G, Biochem J , 77, 386 (1960) 


bue ri K L, and Krahl, M E, J Bl Chem, 984, 2938 
10 Top ik J, and Tepperman, H. M , Pharmacol Revs , 12, 301 


u Barrnett, R J, and Ball, E G, Seence, 129, 1282 (1959) 
12 Berg, P, J Brol Chem, 222, 991 (1956) 
1! Hoagland, M B, Biochim Biophys Acta, 16, 288 (1955) 


u Umbret, W W, Burns, R H, and Stauffer, J F, Manometre 
Techniques and Tissue Metabohsm, 119 (Burgess Pub Co, 
Minneapolis, 1951) 


15 Volfin, P , Clauser, H., Gautheron, D , and Eboué, D , Bull Soc 
Chim Bol , 48, 107 (1961) 


Effects of the Sulphur Amino-Acids on 
the Vitamin A Content in Liver of Rats 


RECENTLY we reported? the effect of vitamm A on 
the cystine content 1n the skin of rats and suggested a 
causative relationship between vitamin, A and sulphur 
amino-acids The present work was designed to 
investigate the effects of dietary supplementation of 
sulphur ammo-acids on the vitamm A content m 
liver of rats 

The test animals used were rats of both sexes of the 
Wistar stram, weighing about 40 gm ‘They were 
housed in individual compartments with screen 
bottoms and fed the basal diet deficient in sulphur 
amino-acid content as shown 1n, Table I 


Table 1 COMPOSITION OF THE BASAL RATION 


Exp 1 Bxp 2 

Milled rice 60 gm 02 gm 
De-fatted sovbean meal 26 ,, 6 ,, 
Soybean oil b, 2c 
Dried yeast 5. ss 0 ,, 
Sodium ehloride O as Lx 
Caleium carbonate O° 4 l 5 
Salt mixture (Hegsted) 4,, 0 ,, 
Supplements per rat daily 

Thiamine 0 ugm 20 ugm 

Riboflavin 0 , 50 ,, 

Vitamin A palmitate 100 ,, l 55 

a-''ocopherol 300 ,, 0 s 


NATURE 


October 14, 1961 


In the first experiment we investigated the effect 
of supplementary methionine, cystine, lysine and 
gelatin on the basal diet Five groups of rats were 
given different diets as described in Table 2 Rats in 
group 1 were fed the basal diet and used as control 
Groups 2, 3, 4 and 5 were given methionine, cystine, 
lysine and gelatm respectively. The amount of 
gelatin was so adjusted that the lysme content m 1b 
was equal to the amount of lysine used ın group 4 
Durmg the four-week feeding period, the amount of 
diet was restricted to 6 gm per rat daily during the 
first week, and thereafter mcreased by 1 gm a week 
At the end of four weeks the animals were killed 
Pieces of liver from the median and left lateral lobes 
were removed immediately, weighed and saponified 
with alcoholic potassium hydroxide, and the amount 
of vitamin A extracted by di-ethyl ether was measured 
by the aa’-glycerol dichlorohydrm method? For 
determination, of the sulphydryl activity of the liver, 
another weighed piece was homogenized and mcubated 
with monoiodoacetic acid at 37° C for 1 hr and the 
liberated iodme in its deprotemized filtrate was 
measured. by Mors method? The absorption 
coefficient (Æ) obtamed on a colorimeter was taken 
as the measure of sulphydryl activity 

The result of the first experiment showed that the 
vitamin A content m liver of animals fed the methio- 
nine-supplemented diets, but not those given the 
lysme- or gelatin-supplemented diets, was strikmgly 
elevated above that of the control Cystine supple- 
mentation showed a moderate increase in vitamin A 
content of liver over that of the control animals 
The sulphydryl activity showed close parallelism with 
vitamin, A. content, the highest value was obtaimed 
with a supplement of methionine, the next highest 
being that of cystine 

In the second experiment we investigated the effect 
of methionine on the vitamin A content m liver of 
rats fed an madequate supply of protem and vitamin 
A In this case, a basal diet of lower protein content 
than that in the first experiment was used and was 
given 1n conjunction with the liberal or small dosage 
of vitamin A, the small dosage being madequate to 
allow accumulation of the vitamm in the liver 
Amount of supplement of the four groups and 
analytical data are shown 1n Table 3 

The results of the second experiment showed that 
with the addition of methionme to the diet of low 
protem content, the differences m the content of 
vitamin A in livers were less pronounced but still 
significant , ın other words, the vitamin content was 
higher than. those of the unsupplemented regardless 
of the presence of an ample or mmimum supply of 
vitamin A 

Present findings indicate that the dietary supple- 
ment of sulphur amino-acids, especially methionine, 
elevated the vitamin content in the liver of rats, 
while lysine or gelatin increased ıt a little or not at all 
above that of rats fed the basal diet The basal and 
supplemented groups of rats were normal m general 
appearance and no apparent difference was observed 
between ther growth-rates tis remarkable that the 
sulphur amino-acids alone had an increasing effect on 
the vitamin A content in liver This 1s in agreement 
with our suggestion! that vitamin A ıs mvolved in 
the metabolism of sulphur amino-acid 

Concurrent with the increase of vitamin A content 
in liver, the sulphydryl activity in liver and muscle 
of rats fed a diet supplemented with methionine 
increased In this connexion, Flesch e£ al * noticed that 
vitamin A was able to unite with the sulphydryl 
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Table 2 EFFECT OF METHIONINE, CYSTINE, LYSINE AND GELATIN ON THE VITAMIN A CONTENT IN LIVER OF RATS 
(Values shown with mean and standard deviation of five rats in each group) 
Group No 1 2 3 4 5 
Per 100 gm of diet DL-Methionine (gm ) 02 
L-Cystine (gm ) 0 2 
pDi-Lysine (gm ) 02 
Gelatin (gm ) 43 
Body-weight Initial (gm ) 404 - 83 4040-66 402459 408 +54 408 +53 
Gain per day (gm ) 20+012 20+011 20+ 049 21+012 20+ 028 
Liver Weight/Body wt (percent) 4 52 3 59 3 71 3 61 3 67 
Liver Vitamin A (ugm per cent) 309 + 50 774 + 141 494 + 111 347 + 40 306 + 60 
Sulphydryl activity * 100 + 276 152 + 218 128 + 282 125 + 218 108 + 184 
* Relative value against group 1 by reading of colorimeter 
Table 3 EFFECT OF METHIONINE ON THE VITAMIN A CONTENT IN LIVER OF RATS 
(Values shown with mean and standard deviation of six rats m each group) 
Group No 1 2 3 
Vitamin A per rat daily (ugm ) 1 1 100 
Methionine per 100 gm diet (gm ) 0 02 0 
Body-weight Initial (gm ) 363 421 365 +25 865 +25 
Gain per day (gm ) 186 +010 194 + 007 196 +012 
Liver Vitamin A (ugm per cent) 157 + 526 231 + 378 386 + 450 
Muscle Sulphydryl activity * 100 +165 146 +181 104 +157 157 +140 
* Relative value against group 1 by reading of colorimeter ` 


groups, possıbly due to the unsaturated centres, and 
prevented their conversion mto disulphide linkages 
Thus, our findings that there was a correlation 
between the inerease of sulphydryl activity and 
vitamin A content are especially interesting 
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Conservation of the Biological Activity 
of a Soluble Ribonucleic Acid 


PREVIOUS Investigations! carried out 1n one of our 
laboratories have shown that nucleic acids could be 
precipitated as quaternary ammonium salts, soluble 
m various organic solvents, and that they could be 
regenerated from these organic solutions as the 
sodium salts on addition of concentrated solutions 
of sodium chloride This treatment does not affect 
the infectivity of tobacco mosaic virus ribonucleic 
acid (RNA)? 

We thought that ıt might be mteresting to see if 
such a treatment could also be applied to soluble 
RNA (S-RNA) and to study its mfluence on the 
ability of S-RNA to accept amino-acids activated as 
amino-acyl adenylates 

S-RNA was prepared from baker’s yeast according 
to the technique of Monier et al? This S-RNA was 
precipitated by addition at 0° of trimethylhexadecyl- 
ammonium bromide m the proportion of one quatern- 
ary ammonium group for one nucleotidic phosphorus 
The precipitate of quaternary ammonium ribonu- 
cleate, washed three times with distilled water, was 
soluble m absolute ethyl alcohol On the addition of 


an equal volume of 3 M sodium chloride solution, 
the S-RNA was regenerated as the sodium salt, and, 
after three washings with a mixture of equal volumes 
of ethyl alcohol and 3 M sodium chloride, ıt was 
redissolved ın distilled water 

The activity as valine-aeceptor of the so-treated 
S-RNA was compared with that of a control S-RNA, 
under the following ineubation conditions 100- 
150 ugm of S-RNA, 10 moles of adenosine triphos- 
phate (ATP)-Mg** and 0 333 (mole of 4C-nr-valmne 
(corresponding to 1 pe) were meubated m a final 
volume of I ml of inms-(hydroxymethyl)amino- 
methane hydrochloride buffer 0 025 M pH 7 6 contam- 
ing 0 0025 M magnesium chloride, at 37° for 30 min , 
m the presence of a valme-activating enzymic 
preparation The enzymic preparation was the S4 
fraction of rat ascites hepatoma cells, prepared 
according to Hecht et al* The S-RNA was precipi- 
tated and isolated, and its radioactivity measured 
under the conditions described by these authors*. 
The results obtamed are summarized in Table 1 


MO-VALINE INCORPORATION RATE OF CONTROL S-RNA AND 
TREATED S-RNA 


Cpm/mgm S-RNA Incorporated valine 


Table 1 


(mymoles) 
1,024 221 
S-RNA preeipitated by 1,024 2 21 
quaternary ammomum 2 37 
and regenerated 1,167 2 62 J 


The biological activity of S-RNA was suppressed. 
neither by the treatment with the quaternary am- 
monium salt nor by the dissolution m an organic 
solvent Instead, a slight increase of the specific 
activity was observed, in agreement with the chiom- 
atographic behaviour of the treated S-RNA and the 
control S-RNA on ‘Ecteola’-cellulose columns?" 

The elution with a 0-1 M sodium chloride gradient 
of the control S-RNA showed evidence of a fractipn 
which was eluted by low concentrations of sodium 
chloride and which was composed. of oligonucleotides, 
inactive as amino-acid acceptors ‘This fraction dis- 
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appeared after precipitation of the S-RNA as quatern- 
ary ammonium salt and regeneration This precipita- 
tion, would thus constitute a method of purification 
of S-RNA, which 18 equivalent, so far as the elimina- 
tion, of inactive oligonucleotides 1s concerned, to 
chromatography on ‘Ecteola’-cellulose 
In summary, after treatment with a quaternary 
ammonium salt, S-RNA can be dissolved in an 
organic solvent and regenerated from this solution 
as the sodium salt, without loss of its biological 
activity 
Experiments are in progress to take advantage 
of this dissolution in an organic solvent and attempt 
a fractionation of S-RNA 
J H Wait 
J P EBEL 
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Mechanism of the Hepatoxic Action 
of Dialkylnitrosamines 


DIMETHYLNITROSAMINE! and some other dialkyl. 
nitrosamines?? cause centrilobular necrosis 1n, rats 
Schoental and Roset suggested independently that 
centrilobular necrosis was caused by diazo-alkanes 
formed by the metabolic oxidation of the nitrosammes 
in the liver «n vwwo*:5 The sequence of reactions 1s 
presumed to be 


—CH, —CH(OH) —CHO H 
S 
(NO — NNO — > + NNO 
/ "d "4 
—CH, —CH, —CH, 
——* —CH=N, -+ H.O 


On this sequence (n-butyl)(methyl)nitrosamune 
(BuMeN NO) should cause centrilobular necrosis, 
but (tert-butyl)(methyl)nitrosamine (Me,C MeN NO) 
should not  «-Oxidation of the n-butyl compound 
can give either diazomethane or diazobutane, accord- 
mg to which alkyl group 1s attacked In the tert-butyl 
compound the tert-butyl group cannot be attacked m 
the « position, and oxidation of the methyl group 
leaves a compound with no x-hydrogen atom, which 
cannot, therefore, yield a diazo-alkane 

The two compounds were synthesized and tested on 
female rats (Porton Wistar stram) Both compounds 
were given intraperitoneally as solutions in normal 
saline 

elhe n-butyl compound caused acute centrilobular 
necrosis ın doses of 100-120 mgm /kgm ın 1-2 days 
Doses of 60 mgm /kgm were without obvious effect 
This compound is about one-quarter as toxic as 
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dimethylnitrosamine, and affects the liver m a very 
similar way 

Twenty rats were treated with the tert-butyl 
compound Four died from the treatment they 
received, so the doses given were near the maximum 
tolerable Three survived 1,600 mgm /kgm given in 
divided. doses over 4 days, and three others survived 
1,400 mgm /kgm given over the same period The 
rest survived smaller doses given over shorter periods 
The survivors were killed at various times after the 
last dose—from the highest doses at 1, 3 or 10 days 
after Various lesions were observed on histological 
examination, but no centiilobular necrosis 1n any case 
Thus the n-butyl compound caused the typical lesion, 
but the tert-butyl compound did not, m accordance 
with the diazo-alkane theory 

This evidence for the diazo-alkane theory 18 not, of 
course, conclusive It 1s possible that stil higher 
doses of the tert-butyl compound might cause centri- 
lobular necrosis Alternatively, perhaps the tert- 
butyl compound does not reach the sites in the liver at 
which metabolism takes place This last possibility 1s 
bemg investigated with nitrosamines labelled with 
earbon-14 

I thank Dr P N Magee for earrymg out the 
histological examinations, Dr A R Mattocks for 
preparing the specimens of nitrosamunes. and Mr J 
Rose for technical assistance 
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PHYSIOLOGY 


Cytotoxic Effect of Aminoacetonitrile 

on Fibroblast Cultures and its Prevention 

by Histidine 

THE understanding of the etiological factors 
mvolved in the curious poisoning arising from the 
ingestion of Lathyrus odoratus seeds has been greatly 
advanced by the identification of 8-ammo-propionitrile 
as the active moiety of the toxic principle and the 
recognition of the even more potent lathyrogenic 
property of ammoacetonitrile (AAN)? However, 
the site and nature of the primary metabolic disturb- 
ance responsible for the characteristic mesenchymal 
lesions produced by aminonitriles have not yet been 
elucidated The present investigation was designed, 
primarily to explore the possibility of using tissue 
cultures as a prospective tool for studying under 
wm vitro conditions the biochemical mechanism 
underlying the toxic action of AAN. 

The experiments were performed regularly with 
chick embryo fibroblasts grown in a modified M-—150 
medium of Morgan e? al è consisting of Hanks’s salt 
solution, a mixture of amimo-acids and vitamins and 
fortified with 2 per cent calf serum In most experi- 
ments 3-4 days-old cultures were used and AAN 
was added with fresh medium following the removal 
of the initial culture flud Under such conditions 
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Table 1 PREVENTION OF CYTOTOXIC ACTION OF AMINOACETONITRILE 
BY HISTIDINE 
Amino- 
aceto-  L-Hist- Time eourse of cytotoxic effect 
nitrile dine (hr ) 
(umoles (umoles 
p ml ) XT ml) 24 48 72 96 120 
0 0 25-4 — — - — — 
07 0 + ++ ++ +++ +++ 
07 0 25 — — + +++ ttt 
07 0 50 — — ++ +++ t+tt 
07 1 00 — — — — ++ 
07 200 — — — — 
10 0 +++ BG BERG BGB RR 
10 100 — ++ ob RRG 
10 2 00 — — t 
30 0 TRE BB BL +++ 
30 10 t+ t+te+ +444 
30 20 ++ ++ ++ 
30 40 + ++ ++ 


Suitable dilutions of aminoacetonitrile hydrosulphate and histidine 
hydrochloride neutralized with NaOH were added to 3-day-old cultures 
along with the replacement medium M-150 (ref 3) Incubation 
(at 37°C) was continued and the cultures were examined micro- 
scopically at the intervals indicated All experiments were performed 
in 5-replicate tubes 

Key — No effect, +, scattered appearance of rounded cells but 
cell-sheet intact, ++, incipient loosening of cell texture, +++, 
pronounced fragmentation of cell sheet, large number of loose rounded 
cells, ++++, disintegration of cell sheet complete, rounded cells 
and cell debris 


AAN (100 ugm per ml ) produced a series of progres- 
sive alterations manifested by swelbng of the nuclei, 
roundmg of the cells and enlargement of their volume 
until the fibroblastic morphology was no longer 
recognizable concurrently, fragmentation of the cell- 
sheet became inereasingly pronounced and finally 
complete disintegration of the culture took place at 
the end of 2-3 days after the addition of AAN With 
higher levels of AAN (150-400 pgm per m] medium) 
the course of the toxic phenomenon was consider- 
ably accelerated and short-circuited 

The noxious effect of AAN was most prominent in 
young, actively proliferating fibroblasts and appeared 
to decrease with increasing age of the culture This 
observation may be correlated with the strikmg 
enhancement of AAN toxicity occurring ın fibro- 
blast cultures supplemented with microgram quanti- 
ties of triiodothyronine, truodothyronine has been, 
shown previously to stimulate considerably the 
metabolic rate of chick fibroblasts! Both findings 
seem to suggest that high metabolic activity 1s essen- 
tial for poisoning to occur It may be also relevant to 
mention, m this connexion that the susceptibility to 
experimental lathyrism is highest in weanling rats 
and declines sharply with increasing age of the 
animals? 

Mouse fibroblasts exhibited an essentially similar 
response to AAN although their sensitivity was of a 
somewhat lower order than that of the chicken fibro- 
blasts On the other hand, two epithelial Imes tested 
(kindly supplied by Dr J F Morgan), namely, human 
kidney cells and the FL stram of human amnion 
cells, proved to be refractory to AAN even at doses 
threefold higher than those lethal for chick fibro- 
blasts 

Of particular mterest was the observation that 
addition of an enzymic hydrolysate of lactalbumin to 
the culture medium (10-20 mgm per ml) resulted 
in a significant delay or even complete prevention of 
the toxic phenomenon induced by AAN under the 
usual test conditions The latter finding, which 
appears to bear directly on the mode of action of 
AAN, may be related to the repeated observations 
that the course and severity of the Lathyrus poisoning 
in rats can be modified considerably or attenuated by 
maintainmg the animals on protem-rich diets*:’ 

The protective effect of lactalbumim could be 
duplicated by raising the amino-acid concentration m 
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the culture medium Furthermore, out of 20 natural 
amino-acids tested singly or m various combinations, 
only histidine overcame the cytopathic action of 
AAN As shown ın Table 1, t-histidine at 2 x 10-3 M 
gave complete protection against 7 x 10-* M AAN 
When tested agamst graded amounts of AAN, 
the effective dose of histidme varied in a roughly 
parallel manner with the changing levels of AAN 

Further work revealed that p-histidme 1s equally 
effective as 168 natural (L-) enantiomorph 1n counter- 
acting the toxicity of AAN  Hastamine and mmidazole, 
on the other hand, failed to exhibit a protective 
effect 

It may be concluded, therefore, that the ability of 
histidine to prevent the cytotoxic action of AAN 1s 
probably unrelated to its role as an essential amino- 
acid since the latter property 1s known to be stereo- 
specific with respect to the L-configuration® The 
possible relationship of the protective property of 
histidine to 1ts well-known metal-bmding capacity® 
18 being examined 

Addendum Recent experiments revealed that the 
cytotoxic action of AAN on fibroblasts requires the 
presence of traces of copper ions in the culture 
medium In the light of the latter finding, the protec- 
tive effect of histidine appears to be attributable to 
its copper-chelating property 
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Incorporation of '4C-glycine by Sub- 
Nuclear Preparations from Rat Liver 
Nuclei 


It has been shown previously! that rat liver nuclei 
isolated in 0 25 M sucrose solution will incorporate 
4C-glycme into protein en vitro The possibility of 
non-specific exchange of glycine was elimmated? It 
was shown that radioactivity was retamed after 
re-incubation of labelled nuclei for 2 hr m a 200-fold 
excess of unlabelled glyeme The meorporation of 
glycine by nuclear preparations was inhibited by 
2,4-dinitrophenol (DNP), azide, and anoxia 

The ability to ineorporate glycine was retamed 
after the nuclear preparations had been subjected to 
various treatments Suspending the nuclei m water, 
freezing and thawing this preparation up to four 
times, or even freeze-drying and resuspending the 
nuclei in water did not reduce the ability to incor- 
porate by more than 30 per cent Treatment witl? a 
detergent, ‘Triton X 100’, was no more effective 
Microscopic examination showed these treated nuclei 
to be structurally intact 
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In a further attempt to disrupt the nuclei, the 
preparation was subjected to sonic disintegration 
Microscopic examination showed that complete 
disintegration. was obtamed after 15 mm at 20,000 
oscillations per sec using a Mullard ultra-sonic 
dismtegrator This sonicate incorporated 14C-glycine 
without any loss of activity compared with the intact 
nuclei (Table 1) 


Table 1 
Preparation Counts/mm at infinite thickness 
Intact nuclei 192 
Sonically disintegrated nuclei 204 
Supernatant after 6 3 x 10° giy min * 171 
Supernatant after 4 41 x 107 gay min 156 
Residue after 4 41 x 10? gav mun 380 


For incorporation of 2-C-glycme into nuclear protein the system 
used was sodium phosphate buffer, pH 7 4, 20 mM, NaCl, 20 mM, 
MC-glyeme, 1 uc , 15 ml of a sub-nuclear suspension in 025 M 
sucrose, water to 25 ml, temperature, 38°C , for determination! of 
radioactivity, see Rees and Rowland (ref 1) 


* Centrifugal force developed atfthe"mid-point of the tube 


The sonicate was centrifuged at 105,000g for 60 min 
m a 'Spmoeo' model L ultra-centrifuge at 0? C Using 
the same incubation medium as for intact nuclei, the 
supernatant was able to mcorporate “C-glycme and 
this imeorporation was not mhibited by DNP or 
anoxia Centrifugation of this supernatant for 7 hr 
at 105,000g yielded a pellet which on re-suspension 
in 025 M sucrose very actively ineorporated 1C- 
glycine The supernatant also retamed ability to 
incorporate (Table 1) 

Sub-nuclear particles have been prepared from calf- 
thymus nuclei by extraction, with trs buffer (pH. 7 1)? 
These particles incorporate amimo-acids but, in 
contrast to the preparations described m this paper, 
they require a system contamung the nuclear pH 5 
enzymes*, adenosine triphosphate, guanosme tri- 
phosphate and a source of generating adenosine 
triphosphate 

This work was financed by a grant from the British 
Empire Cancer Campaign 
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Fate of Tritiated Noradrenaline at the 
Sympathetic Nerve-Endings 


PREVIOUS work 1n this Laboratory has shown that 
tritiated adrenaline and tritiated noradrenaline 
are taken up and retained in certam tissues for long 
periods of time’? Jt was also demonstrated that 
chronic denervation of sympathetic nerves resulted 
in the decreased ability of denervated tissues to 
take up admunistered tritiated noradrenaline and 
adrenaline? These observations indicated that 
Sympathetic nerve-endings selectively took up and 
retained circulating catecholammes This property 
enabled us to label the nerve-endings with tritiated 
noradrenaline and to study its fate on hberation 
fr@m sympathetic nerves 

In the experiments described here cats were 
given tritiated noradrenalme, the splenic nerve 
stimulated m the manner described by Brown and 
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Gillespie’, and the tritiated noradrenaline and its 
metabolites measured ın the venous outflow Because 
of the relatively large amount of tritiated noradren- 
alme present ın the blood supplymg and leaving the 
spleen, this organ was isolated and perfused with 
blood from a donor cat that was free of radioactive 
material Cats were given 200 uc/kgm  pr-?H- 
noradrenaline (20 me /mgm ) m the forelimb vein 

Three hours later the animals were anesthetized with 
pentobarbitone and given 3000 U S P units of heparm 

The small and large mtestines were tied off and re- 
moved The blood vessels between the spleen, 
stomach and omentum were tied and cut Poly- 
ethylene tubing (“PH 200’ Clay-Adams) was inserted, 
into the superior mesenteric vem and the tubing 
clamped The superior mesenteric artery was tied 
off close to the aorta and cut, and the splenic artery 
was separated from the connecting tissues Poly- 
ethylene tubmg (‘PE 20) filled with heparmized 
saline was inserted mto the artery branching from 
the splenic artery to the stomach and was used to 
inject drugs into the spleen A second cat recerved 
pentobarbitone and heparin, and ıts femoral artery 
cannulated with polyethylene tubing (PE 200’) and 
connected to the splenic artery of the first cat The 
blood supplied from the donor cat was replaced by 
blood obtamed from a third cat The portal vem 
of the first cat was tied and cut, and the tubmg mn 
the mesenteric vem opened After the remeinmg 
connexions were tied and cut, the spleen was placed 
1n a saline water bath at 37°C The splenie nerve 
was placed on & dipolar platinum electrode and was 
coated with paraffin The splenic nerve was stimu- 
lated with 10 V for a duration of 1 msec a stimulus 
and a frequency of 10 or 30/sec An equal number of 
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Fig 1 Release and O-methylation of tritiated noradrenaline 


after stimulation of the splenic nerve Cats were given tritiated 
noradrenaline intravenously and the spleen was prepared as 
described in the text Splenic nerves were stimulated at a fre- 
quency of 10 or 30/sec Cats 1 and 3 received a total of 300 
stimuli for each period and cat 2 received 200 stimuli Blood was 
collected 2 5 min before and 2 6 min. during and after stimulation 
from cats 1 and 3 and 2 0 min for each period from cat 2 Non- 
radioactive noradrenaline was injected into the splenic artery 
Hach bar represents tritiated noradrenaline or tritiated normetane- 
phrine ın myc found ın each period Stippled bars are tritiated 
noradrenaline and tritiated normetanephrine measured before 
stimulation, and striped bars are tritiated noradrenaline and 
tritiated normetanephrine during and after stimulation 
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stimuli was given ın all cases A Grass stimulator, 
model S 4B, was used Blood was collected for 2 0 
or 25 min before and 20 or 25 mm  durmg and 
after stimulation There wasa 7-mm mterval between 
each group of stimuli Blood was collected in grad- 
uated centrifuge tubes contammg two drops of 
heparin solution and the hematocrit was determined 
An, aliquot of plasma was deprotemized with 10 ml 
of 04 N perchloric acid and tritiated noradrenaline 
was determined as described m refs 1, 2 Tritiated 
normetanephrine was estimated on the effluent from 
the alumina column by adsorption on ‘Dowex 50 
(ref 5) Results are expressed as muce iritiated 
noradrenaline released or tritiated normetanephrine 
formed in each period 

After each stimulation there was a marked increase 
1n the concentration of tritiated noradrenaline in the 
venous outflow (Fig 1) <A greater amount of the 
tritiated catecholamine was released after 30 stimuli/ 
sec than after ten stimuli Durmg each stimulation 
period there was a contraction of the spleen The 
release of tritiated noradrenaline, however, was 
unrelated to this contraction smce a similar contrac- 
tion induced by the admunistration of non-radioactive 
noradrenaline directly into the splenic artery did 
not merease the outflow of tritiated noradrenalme 
(Fig 1) There was a small amount of tritiated 
noradrenaline released spontaneously without stimu- 
lation, 

After each stimulation there was a concomitant 
increase in tritiated normetanephrine (Fig 1) The 
amount of tritiated normetanephrine found was 
directly related to the amount of tritiated noradren- 
aline released The de-aminated metabolites (3,4- 
dihydroxyphenylglycol and 3,4-drhydroxymandeliec 
acid) im the venous outflow were also determined’ 
The amount of these compounds found were small 
(02 myc /period) and were not elevated durmg 
stimulation 
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Fig 2 Fate of noradrenaline at the sympathetic nerve ending 


Our earlier work has shown that sympathetic nerve 
endings or neighbouring structures take up and bind 
circulating catecholamimes!-* In this communication 
we have demonstrated that stimulation of these 
nerves releases tritiated noradrenalme which was 
taken up previously from the circulation This 
indicates that the neurohumour, noradrenaline, can 
be taken up from the blood-stream, bound and then 
released on stimulation The O-methylated metabo- 
lite tritiated normetanephrine was also elevated 
after each series of stimulations 

It can be concluded that the noradrenaline liber- 
ated from the nerve endings reacts with the receptor, 
and a part is discharged into the bloodstream, a 
part O-methylated by catechol-O-methyl transferase? 
and a part bound again at the sympathetic nerve 
endings The fate of noradrenaline at the sympathetic 
nerve ending 18 shown schematically (Fig. 2) 
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Phenylalanine as Inhibitor of Transport 
of Amino-Acids in Brain 


IN phenylketonuria the tissues are unable to 
metabolize phenylalanine to tyrosme, resultimg in 
abnormally high levels of phenylalanine in body 
fluids, together with a number of disorders of tyrosine 
metabolism!:? 

Iv has been shown that certam amuno-acids can 
interfere with the transport of other ammo-acids in 
tissues? Thus it 18 possible that the high levels of 
phenylalanine in phenylketonuria might produce a 
similar type of interference and result ın abnormal 
metabolism of free amimo-acids generally 

To determine whether such an mterference might 
occur, the effect of phenylalanine on the uptake of 
five amino-acids by brain tissue has been investigated, 
using an wm vitro technique described elsewhere® 
Slices of rat bramm were agitated for 1 hr at 37? C in 
Krebs’s bicarbonate salme which contaimed the amino- 
acids under investigation The concentration of the 
particular amino-acid bemg investigated was then 
estimated in tissue and suspending medium by a 
colorimetric method®-* There was no evidence that 
phenylalanine when present in equimolar amounts 
interfered with the estimation of any of the other 
amino-acids, at a concentration ten-times higher ıt 
interfered only with the estimation of arginine, but 
to a negligible extent Recoveries of appropriate 
amounts of tyrosine added to tissue initially agitated 
for 1 hr in medium free of amino-acid were found to 
be low (87-88 per cent), values found for tyrosine 
In tissue have therefore been corrected by the 
corresponding factor Recoveries of the other ammo- 
acids were satisfactory The pH of the suspending 
medium (critical in this type of experiment?) was 
measured at the end of all expermments and lay 
within the range 73-74 ‘The mean blank value in 
tissue fluid of each amino-acid bemg estimated was 
not greater than 0 35 mM 

Results have been expressed in the form of the 
‘concentration difference’ (concentration of ammo- 
acid in tissue fluid minus concentration of ammo- 
acid m suspending medium), which 1s an indication of 
the net effectiveness of the transport mechanism for 
the particular amuno-acid being investigated. 

Table 1 shows that phenylalanine not only mter- 
feres with transport into brain tissue of all the ammo- 
acids investigated, but also that ıt inhibits uptake of 
tyrosine considerably more than that of any of the 
other four amimo-acids It follows that the heh 
phenylalanine-level of phenylketonuria probably 
causes a similar interference with movements of 
tyrosine and, to a smaller extent, of other amuno- 
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Table 1 EFFECT OF PHENYLALANINE ON TRANSPORT OF AMINO-ACIDS 





Concentration difference developed 
between slices and suspending 


medium (mM) Toon 
——M————— y 
Amino-acid In the presence | L-phenyl- 
When present of an equimolar alanine 
alone amount of (per cent) 
L-phenylalanine 
L-Proline 848 + 073 771 + 0 67 9 
16 16 
L-Histidine 156 +11 90 +16 42 
(12) (20) 
L-Arginine 270 + 0 56 147 + 032 46 
(16) (15) 
L-Ornithine 3 44 + 031 182 + 014 47 
(12) (12) 
L-Tyrosme 388 + 032 115 +010 70 
(13) (12) 


Initial concentration of each amuno-acid in suspending medium 
2 mM Figures shown for concentration difference are mean and 
standard deviation with the number of samples in parentheses 
Experimental period, 1 hr 37? 


acids m bram and other tissues of the body The 
considerable interference with tyrosme transport 
would be of greater significance in those tissues such 
as brain and intestinal mucosa which transport tyro- 
sme the most actively® With tissues m which there 
does not appear to be active transport of tyrosine’, 
movement of tyrosine would probably not be affected, 
as has already been shown with liver! 

I wish to thank Prof N L Edson for giving me 
facilities in the Department of Biochemistry, and the 
Medical Research Couneil of New Zealand for financial 


ies ale K D NzAwE* 
Department of Medicine, 
Medical School, 
Great King Street, 
Dunedin, New Zealand 


* Present address Department of Physiology, University of 
Liverpool, England 


' Knox, W E, and Hsia, D Y-Y, Amer J Med , 22, 687 (1957) 
* Meister, A , Pediatrics, 21, 1021 (1958) 


* Christensen, H N , Riggs, T B, Fischer, H , and Palatine, I M, 
J Bool Chem ,198, 1 (1952) 


* Wiseman, G and Ghadially, F N, Brit. J Cancer, 9, 480 (1955) 
* Neame, K D,J Neurochem , 6, 358 (1961) 

*Chinard, F P, J Biol Chem ,199, 91 (1952) 

* Macpherson, H T , Pvochem J, 40, 470 (1946) 

* Ceriottt, G, and Spandrio, L , Biochem J, 66, 607 (1957) 

? Neame, K D, Proc Unw Otago Med Sch, 39, 11 (1961) 


ae rie , J, Kennedy, J P, and Quastel, J H , Nature, 179, 1124 
1957 


Stability of Dextran during Prolonged 
Storage 


So far as we are aware, no measurements relating 
to the stability of clinical dextran solutions kept for 
several years have been published Two dextran 
solutions made in the United States, A and B, and 
two made m Great Britam, C and D, were exammed 
in 1954, and agam after storage for 5 yr at 4° C 
Where applicable the methods of testing described 
in the British Pharmacopceia! were used The optical 
rotation of each dextran was determined and used m 
calculating the concentrations of solutions for the 
viscosity measurements (Table 1) Dextran D had 
undergone the most change, the changes in the 
others were relatively small 

The renal excretion of these dextrans was measured 
m rabbits (Table 2) The greater part of the dextran 


Table 1 
e Dextran Optical rotation Intrinsic viscosity at 25° C 
a) 1954 1959 
A 195 1 0 249 0 248 
B 197 7 0 254 0 251 
C 201 2 0 394 0 388 
D 198 1 0 362 0 326 


NATURE 


October 14, 1961 


was excreted on the first day, less than 3 per cent on 
the second and less than 1 per cent on the third day 
Two, three or four rabbits were used for each determ- 
nation and the daily results averaged, Table 2 
records the totals for 3 days after mjection The 
results for dextran A suggest a change m molecular 
composition, but no corroboration of this was found 
in the other measurements 


Table 2 
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Dextran Percentages of injected 
dose excreted 
1954 1959 
A 37 2 476 
B 43 1 891 
C 135 14 6 
D 159 154 


The retention of each dextran m the plasma was 
determined by taking the average of daily estimations 
in the same groups of rabbits (Table 3) During five 
years of storage little 1f any change had occurred m 
the dextrans affecting their retention ın the cireula- 
tion 


Table 3 PLASMA CONCENTRATION OF DEXTRAN AS PERCENTAGE OF 
CONCENTRATION 10 MIN AFTER INJECTION 


Day 

Dextran 10 min 1 2 3 4 5 6 7 
A 195 100 288 117 04 00 00 00 00 
1959 100 200 152 225 08 00 00 00 
B 1954 100 292 138 36 00 00 00 00 
1959 100 300 141 20 06 — — 00 
C 1954 100 568 348 123 38 07 — 00 
1959 100 610 409 183 100 — — 00 
D 1954 100 605 402 228 128 51 — 08 
1959 100 565 387 220 — — 33 15 
The difference in molecular composition of 


American, and British dextrans 1s well illustrated by 
these results The lower average molecular weight of 
the American dextrans 1s associated with shorter 
retention m the circulation and greater renal excretion 
The British dextran, of higher average molecular 
weight, would mduce greater aggregation of red cells 
n vitro? and possibly ın vwo, too 

From our observations we conclude that during 
the 5-yr period there was little, if any, change in the 
molecular composition of these dextran solutions and 
none that would be noticeable m clinical use Ib 1s 
probable that any limitation of the storage ‘life’ of 
dextran solution will be imposed by defects m the 
container and 16s closure rather than by any mstabihty 
of dextran solution itself 

W DA Mavcock 
Lister Instıtute, Elstree 
C R RICKETTS 
Medical Research Council 
Industrial Injuries 
and Burns Research Unit, 
Accident Hospital, 
Birmmgham 

! British Pharmacopera (1958) 
ritas J, Ricketts, C R, and Squire, J A, Nature, 166, 988 


PHARMACOLOGY 


Effects of 7-Chloro-2-methylamino-5- 
phenyl-3H-l,4-benzodiazepin-4-oxide on 
Mitochondria from Rat Liver and Brain 


ALTHOUGH little 1s known about the relations 
between «n vwo drug action and the effects of a drug 
on metabolic processes en vetro, 1t has been confirmed 
that psychopharmacological materials 1n many cases 
act on oxidative reactions in the mitochondrial 
respiratory cham The two different drugs, amytal 
and chlorpromazine, both, for example, have inhibi- 
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Table 1 EFFECT OF CMPB oN UPTAKE OF OXYGEN, RESPIRATORY CONTROL AND PHOSPHORUS/OXYGEN RATIO OF LIVER AND BRAIN MITOCHONDRIA 
The phosphorylation medium consisted of phosphate-buffer, pH 7 4, 20 mM, tris-buffer, pH 7 4, 20 mM, adenosine diphosphate, 2 mM, 


substrate, 10 mM, except 6-hydroxybutyrate, 30 mM, and malate together with pyruvate, 1 mM, glucose, 28 mM 
Bach tube contained mitochondria from 100 mgm (glutamate), 135 mgm or 200 mgm (brain) wet-weight tissue, and sucrose, 50 mM 
case of respiratory control adenosine diphosphate and hexokimase were omitted The final volume was 1 ml 


, and hexokinase 1n excess 
In the 
The vessels were incubated for 


min at 80° 


Uptake of Respiratory 
Substrate mM CMPB oxygen control 
(uatoms) (uatoms) 
Glutamate 0 28 01 
Glutamate 1 13 0 
Malate 0 36 14 
Malate 1 25 10 
B-Hydroxybutyrate 0 21 16 
B-Hydroxybutyrate 1 16 13 
Succinate 0 4 9 27 
Succinate 04 46 30 
Succinate 20 47 32 
Pyruvate + malate 0 29 07 
Pyruvate + malate 04 25 10 
Pyruvate + malate 20 14 08 


tory effects on the flavoprotem in the respiratory 
chami? Therefore ıt was of interest to test whether 
the new drug, 7-chloro-2-methylammo-5-phenyl-3H- 
1,4-benzodiazepm-4-oxide (CMPB, used as hydro- 
chloride)! acts on mitochondrial reactions 1n a similar 
manner 

CMPB, a drug of a new chemical group, has been 
tested ın concentrations up to 1 mM With higher 
concentrations a precipitate 1s formed at the physio- 
logical pH 74 Rat liver mitochondria were prepared 
according to the method described by Ernster and 
Low? Rat bram mitochondria were isolated in 0 25 M 
sucrose contammg 1 mM ethylenediamietetra- 
acetic acid (EDTA)? between 1,400 and 12,0009 

As shown in Fig 1, CMPB 1s a potent swelling 
agent on liver mitochondria The swelling effect, 
however, could be prevented completely by 1 mM 
EDTA (Fig 15), which ıs ın accordance with earlier 
findings on a variety of other swelling agents‘ 
Lehninger® has shown that mitochondrial swelling 
produced by various agents m a buffered saline 
medium, but not in 0 3 M sucrose, could be reversed 
by adenosme triphosphate and magnesium In Fig 
1C 1$ can be seen that in a potassrum chloride medium, 
swelling induced by CMPB could be reversed partially 
by adenosine triphosphate alone and more effectively 
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Fig 1 Effect of CMPB on swelling of hver mitochondria 
triphosphate and magnesium 


002 M in 03 M sucrose (A and B), or in 0125 M 


mH ATP-3mN Mg” 





A, effect, of various con- 
centrations, B, prevention of swelhng by EDTA, C, reversal of swelling by adenosine 
The swelling medium consisted of tris-buffer pH 7 4, 
potassium chloride (C) 
Mitochondrial swelling was carried out in 1-cm tubes at 520 mu at room temperature 
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by adenosine triphosphate with magnesium Using 
bram mitochondria, no swelling could be obtained even 
with higher concentrations of CMPB (2 mM), how- 
ever, 20 mM phosphate, too, which causes a rapid 
swelling of liver mitochondria, had no effect on brain 
mitochondria A resistance of bram mitochondria 
against swelling agents has been observed recently by 
Spirtes® 
The effect of CMPB on mitochondrial oxidation 
and phosphorylation and the respiratory control 18 
shown ın Table 1 There is a distinet inhibition of the 
oxidation-rates with substrates hnked with diphos- 
phopyridine nucleotide (DPN), however, no inhibition 
is found using succinate as substrate Whereas the 
phosphorylation with the DPN-lnked substrates 18 
almost unaffected, with succinate there 18 a slight but 
obvious depression of the ratios of phosphorus to 
oxygen Similar results are obtamed concerning the 
respiratory control Only with sucemate a marked. 
loss of the respiratory control could be detected 
With brem mitochondria analogous results were 
obtained 
To find out the sıte of action of CMPB, the 2,4- 
dinitrophenol (DNP)-induced adenosine triphosphat- 
ases of both types of mitochondria were examined, 
beeause 15 has been suggested, from the DNP-induced. 
adenosine triphosphatase, to occur 
only at the first phosphorylation step 
C at the flavin region’? As shown in 
Table 2, the DNP-induced adenosine 
triphosphate 1s markedly depressed 
by CMPB This effect 1s even higher 
with bran mitochondria Amytal, 
which 1s known to have an inhibitory 
effect on the flavoprotem of the 
respiratory chai’, stimulates the 
effect of CMPB 
From these observations it 18 sug- 
gested that CMPB has two pomts of 
action at the respiratory cham of 
mitochondria It seems to inhibit 
the redox reactions of the flavo- 
protem However, the reactions 
which transfer the high-energy phos- 
phate at the flavoprotem level pro- 
bably are not mfluenced by this drug, 
because of the small uncoupling effect 
on the phosphorylation with DPN- 
linked substrates compared with 
succmate Low? has proposed a 
scheme of the DNP-induced adeno- 
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EFFECT OF CMPB ON THE DNP-INDUCED ADENOSINE 
TRIPHOSPHATASE 


Each tube contained mitochondria from 100 mgm (liver), or 200 mgm 

(brain) wet-weight tissue, adenosine triphosphate, 5 , tres-buffer, 

pH 74,5 mM, P,01mM m 1 ml 025 M sucrose, and was 
incubated for 20 min at 30° 


Table 2 





umoles morganic 


phosphate liberated 
Additions mM CMPB |——————,— ——————- 

Liver Brain 

0 2 05 1 59 

01 195 134 

05 176 1 22 

10 1 53 0 89 

Amytal, 10 Af 0 192 1 43 
Amytal, 10-? M 01 1 65 1 35 
Amytal, 107? M 05 134 114 
Amytal, 10 M 10 119 0 76 


sine triphosphatase reaction In agreement with that 
scheme it may be suggested that the reaction between 
the flavoprotem and the reduced diphosphopyridine 
nucleotide may be the one inhibited by CMPB ‘The 
second point of action of this substance seems to be 
the phosphorylation steps between cytochrome b and 
the cytochrome oxidase, which 1s suggested from the 
uncoupling effect on succinate-lmked phosphoryla- 
tion 

No marked difference between the effects on mito- 
chondrial reactions from brain and liver has been 
found This seems to indicate that the effects shown, 
here may have & common meaning as applied to 
mitochondria from different origins Although we 
are not able to explain the special psychopharmaco- 
logical action of this drug «nm vivo by the results 
obtained «n vitro, 16 18 of mterest to note that chlor- 
promazine, a chemically completely different com. 
pound, which has similar pharmacological effects, acte 
on mitochondria in à surprisingly analogous way$-1? 

CMPB, available under the trade name ‘Librium(®)’, 
was a gift from the Deutsche Hoffmann-La Roche AG 

We thank Mrs Brigitte Kuhn for skilful technical 
assistance. 
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A Non-diuretic Benzothiadiazine with 
Anti-hypertensive Properties 


Iw recent years the benzotmadiazine diuretics 
həve become the drugs of choice for treatmg mild to 
moderate hypertension Although ther anti-hyper- 
tensive effect 1s relatively weak, they are quite non- 
toxic and are well absorbed orally The mechanisms 
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by whıch these agents reduce blood pressure ın hyper- 
tensive individuals are not known Some investiga- 
tors^? have implicated natriuresis as the primary 
event, whereas others? have suggested that the con- 
centration of circulating pressor agents 1s reduced 
That benzothiadiazme diuretics do antagonize m 
vitro mtestinal and aortic contractions has already 
been demonstrated‘ * Consequently, the possibility 
exists that these agents directly affect the responsive- 
ness of vascular smooth muscle It was, therefore, 
considered of interest to try to dissociate the anti- 
hypertensive and diuretic actions of these compounds 
and, further, to intensify the former action while 
minimizing the latter 

Accordingly, several types of benzothiadiazime 
analogues were synthesized by Dr. J G Topliss, 
M H Sherlock and Dr N. Sperber of the Chemical 
Research Division, Schermg Corporation, and after- 
wards evaluated for anti-hypertensive and diuretic 
activities It soon became apparent that certain 
structural modifications of the benzothiadiazine 
nucleus produced a class of compounds that lowered 
arterial blood pressure acutely in laboratory animals 
The most critical structural change mvolved the 
elumination of the sulphamyl group from the benzenoid 
moiety A representative member of this des-sulph- 
amyl benzothiadiazine series which has received con- 
siderable attention in our laboratories 1s 3-methyl- 
7 - chloro - 1,2,4 - benzothiadiazine - 1,1 - dioxide (SRG 
95213) This agent has virtually no natriuretic or 
diuretic activity Indeed, ıt caused slight sodium and 
urme retention ın acute experiments on hydrated 
rats 


N 
C—CH, 


| 
NH 


cl S0, 


In acute work on more than 100 anesthetized, 
normotensive cats and dogs, mtravenous injections 
of SEG 95213 (2-0-100 mgm /kgm) caused an 
immediate and prolonged fall m arterial blood 
pressure In contrast, benzothiadiazine diuretics, in 
doses as high as 40 0 mgm /kgm , produced little or 
no change in blood pressure under the same experi- 
mental conditions In chronic work on hyper- 
tensive dogs (Goldblatt renal preparations) and rats 
(active deoxycorticosterone acetate and metacorticoid 
hypertension), daily oral administration of 5 0-200 
mgm /kgm of SRG 95213 resulted ın a gradual and 
sustamed reduction in blood pressure followed by a 
gradual recovery to pre-treatment-levels after the 
drug was discontinued (Figs 1 and 2) 

In other experiments designed to elucidate the 
mechanisms whereby this agent produces its charac- 
teristic effects, it was observed that SRG 95213- 
induced hypotension in anesthetized cats was not 
blocked by previous admunistration of atropine, 
phentolamine, hexamethontum, chlorpheniramine, 
reserpine or by transection of the cervical spmal cord 
In addition, direct injections of SRG 95213 mto the 
femoral, renal and coronary arteries of anesthetized 
dogs caused immediate and prolonged mcreases ın 
the rate of flow of blood through each vascular bed 
The results of this work suggest that SRG 95213 does 
not primarily mfluence nervous pathways or humoral 
factors m producing its hypotensive effect, but rather 
induces a direct perrpheral vascular relaxation In 
vitro experiments on rat and rabbit aortic strips tend 
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Fig 2  Antrhypertensive effect of SRG 05218 on the mean 
systolic blood pressure of 9 DOCA hypertensive rats 


to support this thesis by demonstrating SRA 95213 
antagonism to contractions mduced by several 
different classes of vasoactive agents, for example, 
norepinephrine, angiotensin and serotonin 

In summary, ıt has been shown that SRG 95213, 
although structurally sumilar to the benzothiadiazme 
diuretics, 1s, m fact, non-diuretic but does reduce 
blood pressure m normotensive as well as hyper- 
tensive animals /Prelimmary elimical observations 
im hypertensive mdividuals have, so far, confirmed 
the results obtained with animals It is there- 
fore not unreasonable to assume that SRG 95213 
represents a true separation of the anti-hypertensive 
and diuretic properties associated with benzo- 
thiadiazine diuretics The possibility does exist, how- 
ever, that SRG 95213 possesses an anti-hypertensive 
action unhke that of the benzothiadiazme diuretics 
and, therefore, may be representative of a new class 
of anti-hypertensive agents 
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Effect of y-Radiation on Escherichia coli 
grown in Deuterium Oxide Medium 


IT has been shown by several authors, for example 
by Alper and Gilhes!, that the nature of the growth 
medium has an effect on the radiation sensitivity of 
bacteria with regard to them ability to divide and 
fozm colonies A simple, and yet considerable, change 
in the growth medium 1s the substitution of D,O for 
H.O It was found that, on transferring cells from 
normal minimal medium (NH,Cl 2 gm, Na,HPO, 
6 gm, KH,PO, 3 gm, NaCl 3 gm, MgCl, 10 mgm, 
NaSO, 26 mgm , glucose 5 gm per litre) to the same 
made in 995 per cent D,O, the cells grew, after a 
long lag period, with a generation time of 4 hr 
at 37° C, which 1s about five times the normal 
Similar results were found by Borek and Rittenberg? 
Such cells, after growth, must possess very consider- 
able substitution of deuterium for hydrogen, with 
consequent modification of hydrogen-bonded mole- 
cular structures as well as any changes due to the 
increased rotational moment of mertia of water The 
greatly reduced rate of division, could be due to slowed 
enzyme kinetics, to less efficient protem synthesis, or 
to some modification m the DNA, among other 
reasons Since it 18 likely that radiation action, as 
regards cell division, 1s concerned with the DNA or 
its organization, 16 seemed of terest to see whether 
cells grown 1n D,O showed any differences in radiation 
sensitivity 

The results of two separate experiments, m which 
cultures grown in H,O and D,O were simultaneously 
irradiated ın a cobalt-60 source, are shown 1n Table 1 


Table 1 
Dose Survival Survival Survival Survival 
(r) (per cent) (per cent) (per cent) (per cent) 
D4,0 H*O " H4 
Fist Second 
experiment experiment 
5,000 150 80 28 23 
10,000 48 21 51 39 
15,000 15 37x 107} 07 11 
20,000 21x10 16x10-! 11x10- 0 26 
25,000 25x10-* 95x107* 37x10- 11x10- 
30,000 71x10 11x10- 44x10 28x107 


Both types of bacteria are inactivated, to a first 
approximation, according to the ielation ln(n/n,) = 
— (constant) (dose), when n 1s the number of surviv- 
ing colony-forming units for a given dose, and m, 1s 
the number present for no dose The average 37 per 
cent doses, for which In (n/n) = — 1, are 3,040r for 
H,O bacteria and 3,230 r for D,O The difference 18 
not significant. 

In these experiments the bacteria were diluted in 
H,O medium and plated on H,O ager Since the 
return transition to H,O might be thought to affect 
the colony count, the colony counts so found were 
checked against the turbidity of the culture, which 18 
measured in D,O The plate counts matched the 
expected turbidity. Microscopic observations showed 
no visible alteration in the bacteria grown m D,O It 
is believed, therefore, that the colony counts made ın 
this way are significantly related to survival Whether 
cells plated on D,O agar would show a difference 
cannot be said here 

In addition to these experiments the relative 
radiation, sensitivity while the cells were adapting to 
D,O was measured, and the results are shown gn 
Table 2 

These results involve separate observations from the 
previous series The variation in D; 18 probably only 
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Table 2 RELATIVE RADIATION SENSITIVITY OF BACTERIA WHILE 
ADAPTING TO D,O 
Time (hr)  Controleolony count Ds, (roentgens) 

0 14 x 10° 3,000 

16 18 x 10° 4,100 
23 16 x 10° 6,000 

39 90 x 10° 4,900 
47 43 x 107 3,700 


significant as regards the 23-hr stage, just before the 
cells began to grow and divide m the new medium 
This kind of behaviour has already been reported for 
normal cells by Stapleton? and cannot be ascribed to 
any special effect m D,O 

These experiments suggest that the DNA 1n deu- 
terium-grown bacteria ıs not markedly different, 
using radiation sensitivity as an indicator, from 
that in normally grown bacteria The considerable 
modification in growth-rate, therefore, still offers a 
challenge in interpretation 

Acknowledgement is made of the assistance of 
Mrs Anne Porter ın the bacterial assays 

The work was aided by the US Atomic Energy 
Commission 
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Specificity of Plant Feeding in Mosquitoes 
as determined by Radioactive 
Phosphorus 


THE development of resistance to insecticides in 
mosquito populations has made ıb increasingly 
apparent that alternative methods of control are 
required In this connexion, the plant-feeding habits 
of mosquitoes might offer a possible approach to 
control by biological means If specificity could be 
proved m the plant-feeding habits of any mosquito 
species, the extermination of such plants might lead 
to the control of that species 

It 1s generally assumed in entomological literature 
that mosquitoes, especially the males, feed on nectar 
from flowers In work using phosphorus-32 on the 
feeding habits of arctic mosquitoes, West and Jenkins? 
claimed that, under laboratory conditions, both males 
and females of Aedes communs DeGeer ingested the 
juices and nectar from flowers of several species of 
arctic plants The present communication gives 
results of prelummary experiments, done in the 
Biology Branch of Atomic Energy of Canada, Ltd, 
Chalk River, Ontario, to investigate the plant-feeding 
habits of Aedes aegypti L reared ın the laboratory and 
of native Aedes species from this area 

In these experiments, the flowers and leaves of 24 
different species of native plants were labelled with 
phosphorus-32 solutions at a concentration of 20 
uc /ml Preliminary tests with cotton wicks, using 
different concentrations of phosphorus-32 (as H4,3?PO,) 
m, 5 per cent dextrose solution, had proved that this 
concentration, gave easily detectable counts in both 
male and female mosquitoes, which fed on the dextrose 
solution 

So far as possible, plants found m bloom around 
tye breeding places of mosquitoes were used for the 
experiments These were brought into the laboratory 
and their stems were cut short under water ‘The 
flowers and/or leaves of these plants were placed in 
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2-ounce bottles with the ends of the stems, wrapped 1n 
cotton, immersed ın 30 ml of phosphorus-32 solution 
The mouths of the bottles were covered with cheese 
cloth to prevent the mosquitoes from coming m direct 
contact with the radioactive solution Without excep- 
tion, the flowers and leaves of these plants took up 
appreciable amounts of radioactivity, reaching 1n some 
species about 25,000 count/min /em ? of leaf How- 
ever, the presence of radioactivity in the nectar was 
not specifically determuned 

Larve of native mosquitoes were collected from 
temporary pools and swamps and reared together to 
the adult stage m the laboratory Three species of 
Aedes were identified 1n these collections ‘These were 
Aedes «mplacabils (Walker), Aedes dianteus H D 
and K, and Aedes punctor (Kby ) Thenative species 
were tested as a mixed population and separate tests 
were carried out with pure cultures of Aedes aegypti 

For each feeding experiment 30 adults, meluding 
both males and females approximately one to two days 
old, were removed from the stock emergence cage to 
small laboratory cages (about 11 ın x ll ım x 26 
in ) having sliding plastic fronts These mosquitoes, 
previously fed on 5 per cent dextrose solution, were 
left for 24 hr without food before the start of any 
experiment After a 24-hr period of confinement with 
the plants, the mosquitoes were killed, washed m 
three changes of distilled water, dried between filter 
papers, and mounted under cellulose tape on counting 
planchets ‘This method of mounting was also used 
for the plants where, ın most cases, the phosphorus-32 
uptake of whole flowers and unit samples of leaves 
(1 cm 2) were measured 

Counts of radioactivity were made with a Geiger- 
Muller end-window tube (31 mgm fem ?) and a 
Marconi scaler All counts were corrected for back- 
ground and decay of phosphorus-32 The plants used 
are listed ın Table 1 
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Table 1 


Fragarva amerwana (Porter) 
Britton 

Geranium bwknel Britton 

Osmunda cannamomea L 


Acer rubrum L 

Amelanchier bartramana (Tausch) 
Roemer 

Amelanchier canadensis (L ) Medic 

Amelanchier laevis Vieg 

Clintonia borealis (Ait ) Raf 

Comptona peregrina (L ) Coulter 

Corydals sempervirens (L ) Pers 

Corylus sp 

Cypripedium acaule Ait 

Epiwgaea repens L 

Erythronuum americanum Ker- 

Gawl 


Prunus depressa Pursh 

Saha humilis Marsh 

Spiraea latifolia (Ait ) Borkh 

Streptopus roseus Michx 

Tarazacum officonale Weber 

T'rilum grandiflorum Michx 
Vacanium angusti fohum Ait 
Viburnum alnifohhum Marsh 
Viola conspersa Reichereb, J E 
Smith 


Results of these laboratory tests showed that feed- 
ing had taken place on only three species of plants, 
namely, Vola conspersa, Trilluum grandiflorum, and 
Spiraea latvfolua All mosquitoes confined with these 
three plant species became radioactive, the average 
counts of the mosquitoes are shown in Table 2 


Table 2 
Aedes aegypti Native Aedes sp 


Viola conspersa (American 


dog violet) 517 counts/min 114 counts/min 
Trilhum grandiflorum (white 
trillium) - 8 22 
Spiraea latyfolra (meadow- 
sweet) 54 ge 32 


An important finding in these laboratory experiments 
was that, ın all cases, the mosquitoes confined with 
flowers alone did not receive any radioactivity, on the 
other hand, placmg leaves with the respective flowers 
of these three species of plants or the use of leaves only 
gave positive results This evidence mdicates that, 
under the conditions of these experiments, mosquito 
feeding was confined to plant juices from the leaves 
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These results differ from those of West and Jenkins on 
Aedes communis! and emphasize the need for further 
work on the plant-feeding habits of mosquitoes 

We are indebted to Dr Marshall Laird, Institute of 
Parasitology, McGill University, for suggesting the 
problem, to Dr A S West, Zoology Department, 
Queen's University, for help in planning the experi- 
ments and identifying the mosquitoes, and to Dr 
A M Moore, Biology Branch, Atomic Energy of 
Canada, Ltd , for identification of plants 
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Effects of Irradiation on the Incorporation 
of Amino-Acid into Normal and 
Regenerating Rat Liver 


THe biosynthesis of proteins has been studied in 
normal rat liver?? and in regenerating liver of 
partially hepatectomized rats? Although the effect of 
1onizing radiations on the incorporation of ammo- 
acids into protems in normal rat hver has been 
mvestigatedi:5, to our knowledge it has not been 
mvestigated ın regenerating rat liver ‘The present 
report presents a comparison of the effects of X-rays 
on the potential capabilities of livers of normal and 
partially hepatectomized rats to corporate amuno- 
acids mto their liver proteins ın relation to the dose 
and time of exposure to radiation after hepatectomy 

In the first of two series of experiments, 20 Sprague 
Dawley rats, each weighing 80-100 gm, were used 
Three groups, each consisting of 5 rats, were exposed 
to 500, 1,000, or 2,000 r of total-body X-irradiation, 
whereas the remamung five rats served as the non- 
irradiated control group In the second of these 
series, 20 rats, each weighing 200—250 gm, were 
partially hepatectomuzed* under ether anesthesia 
Four groups, each consisting of four rats, were given 
total body exposures of 1,000 r 2, 4, 6, and 18 hr 
after hepatectomy, whereas the remaiming hepatecto- 
mized animals served as the non-irradiated control 
group In both series of experiments the radiation 
was delivered by an X-ray tube operated at 250 kV 
and 15 mA. The radiation was filtered through 
0 5 mm of copper and the radiation field was rendered 
uniform by means of a parabolic mirror, measuring 
in depth 14 2 em at the centre The dose-rate was 
50 r/min All rats were starved after X-irradiation, 
but had free access to water In the second series, 
food was withdrawn after hepatectomy 

Each rat in the first series of experiments recerved 
an intraperitoneal mjection of 36 x 10° counts per 
mm (cpm ) (30 umoles) of leucme-u-“C 3 hr after 
X-irradiation, whereas the rats ın the second series 
recerved 60 umoles of leucime-u-4C 22 hr after 
operation All animals were killed 3 hr after the 
myection ` From each animal, 3 gm of liver were 
removed and homogenized m a Dounce all-glass 
homogenizer at 0° C for 3 mm in 15 ml of a 
0 35 M sucrose medium contammg 0 025 M potas- 
sum chloride, 0 035 M potassium bicarbonate and 
0004 M magnesium chloride Each homogenate 
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Table 1 INCORPORATION OF LEUCINE-U-C INTO LIVER PROTEINS 
OF NORMAL AND PARTIALLY HEPATECTOMIZED IRRADIATED RATS 


40 activity | 


Time of X-| (cp m /mgm of protein) 
Experi- Radiation | irradiation |————————]————————— 
meníal dose (r) | after hepa- Mean of 
series tectomy Range of values 
(hr values + SE 
Non-hepa- 0 — 400-600 510 +37 
tectomized 500 — 460-650 570 + 36 
rats ,000 — 500-700 606 + 39 
(Series I) 2,000 — 550-800 680 + 46 
Hepatect- 1,000 2 600—780 702 + 30 
omized 1,000 4 040-760 708 +22 
rais 1,000 6 650-710 686 +14 
| {Series IT) 1,000 18 790—1,050 938 +44 
i 0 — 860-1,120 1,018 + 45 





was centrifuged at 105,000g at 0? C for 2 hr ma 
preparative ‘Spmco’ ultracentrifuge and the clear 
supernatant fraction was removed and filtered through 
8 layers of fine cheese cloth To 1 0 ml of the super- 
natant fraction 5 0 ml of 5 per cent trichloracetic 
acid (TCA) was added and the resultmg precipitate 
sedimented by centrifugation was washed twice with 
5 per cent TCA, alcohol and ether respectively, as 
described by Devi et al’. In a few instances, the 
precipitate was heated at 90° C. for 15 min in 5 per 
cent TCA, then washed and counted as before The 
isotope concentration of the precipitate was not 
changed by this manipulation — Radioactivity was 
determined with a windowless gas-flow counter using 
alummium planchets 125 mm in diameter on to 
which an mfinitely thin layer (less than 5 mgm ) of the 
aforementioned precipitate had been placed The 
counting error did not exceed 3 per cent 

The results of both series of experiments are 
summarized ın Table 1. Evidently the intact rat hver 
differs qualitatively from the hepatic tissue remaming 
after partial hepatectomy 1n so far as the effect of 
X-irradiation on the incorporation of leucme-U-“C 
into hver protems is concerned Thus X-irradiation 
at 1,000 or 2,000 r is followed by an increase in the 
isotope concentration m the protems of the non- 
hepatectomuzed rat liver, whereas in the case of 
regenerating liver exposed to 1,000 r a decrease in the 
isotope concentration im. liver proteins is found 1f the 
animals are irradiated within 6 hr after hepatectomy 
After this time period, the exposure of the hepatec- 
tomuzed rats to X-rays ıs without effect on amino-acid 
incorporation The time period after hepatectomy 
dunng which the partially hepatectomuzed liver 
exhibits evidence of radiosensitivity 1s probably not 
characterized by a change ın cell number since ib 
precedes that period durmg which the DNA concen- 
tration increases, a pre-requisite condition for an 
increased rate of mitosis? It1s conceivable that durmg 
the first 6 hr after hepatectomy conditions exist 
which either limit the supply of amino-acid-activating 
enzymes or of enzymes required for transfer of the 
activated amino-acids to microsomal ribonucleic 
acid and protem Either condition would reduce the 
rate of utihzation of amino-acids for protein synthesis 
In interpreting the significance of the observed 
changes ın the hepatectomized, X-imradiated liver, 
15 must be remembered that there are several uncon- 
trolled vaxmables in the experimental conditions 
prevailing here for example, the variation in elapsed 
time between X-irradiation and the injection of “C- 
leucine, and the effect of starvation on the irradiated 
as compared with that on the non-rradiated rat 
hvers The contribution of these factors 1s probably 
small compared with that of the X-rradiation 


180 


In the non-hepatectomized rat, radiation-induced 
changes are limited to the 1,000 r and 2,000 1 dose- 
level, at the dose-level of 500 r the increase 18 not 
statistically significant Although the mechanism 
underlying the increased incorporation of earbon-14 
into the protems of normal hvers of the nradiated 
animals remains unknown, two possible factors may 
be operating (a), a contraction of the leucme pool 
may occur, thus reducing the isotope dilution of the 
injected labelled leueme, and/or (b), a translocation of 
10.labelled protein from radiosensitive sites to the 
less sensitive hepatic tissue? 

In. conclusion 16 may be stated that the normal rat 
liver, with cells im the inter-mitotic phase, and 
regenerating liver, many cells of which are im the 
pre-mutotie phase, seem to respond differently to the 
action of 1onizing radiation in so far as their ability 
to incorporate *C-labelled leueme mto protein is 
concerned 

We thank Mr K I Altman for his interest in 
this work and for his many helpful suggestions 
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HA MATOLOGY 


Role of Hageman Factor in the 
Activation of Vasodilator Activity in 
Human Plasma 


Hageman factor 1s a olot-produemg substance 
which is not found in the plasma of patients with 
Hageman trait! The coagulation of blood obtamed 
from patients with Hageman trait is grossly abnormal, 
although hsmostas.s ıs usually unimpaired The 
defect in blood in Hageman trait may be corrected 
«n vitro by the addition of partially purified Hageman 
factor»? ^ Margolis?: has shown that Hageman 
factor is required for the appearance in glass-treated 
human plasma of a permeability factor and of a pain- 
producing and smooth muscle-contracting substance 
beheved to be a plasma kimn Three separate stages 
have been proposed for the release of plasma kmun 
when plasma was treated with glass 








Hageman factor Component 4 Component B 
Absorbed E 
— activated | —— — Plasma himn 
Pa Hageman factor 
Glass Activated component A 


Tn this scheme Margolis? has suggested that activated 
component A and the permeability factor are the 
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same substance Since the permeability factor and 
the glass-activated protemase (activated component 
A) have not been distinguished clearly from plasma 
kallikrem®, work was undertaken to determine 
whether Hageman factor might be related to the 
activation of plasma kallikrem Conceivably, com- 
ponent A might be identified with kallikremogon, 
which on activation becomes plasma kalhkrem in 
turn, plasma kallikrem could act through component 
B to release kallidin from kallidinogen® 

Citrated plasma fiom patients deficient in Hageman 
factor and plasma from normal individuals were 
prepared m, silicone-coated tubes and kept frozen 
until used ‘Celite’ activation was accomplished by 
the addition of 1-2 mgm ‘Celite Filter-cel’ (Johns 
Manville)/ml of plasma and gentle agitation for 10 
min at 25°, acetone actrvation was accomplished by 
the addition of 0 25 ml of acetone/ml of plasma and 
by standing at 25° for 4-6 hr , and trypsin, activation 
by the addition of 1 mgm crystalline trypsm/ml of 
plasma and by standing at 25° for 15-20 mm? The 
vasodilator activity m. the preparations, a measure of 
kallikrem activity, was determmed by measuring the 
increase m blood-flow followmg their injection into 
dogs’ The results in Table 1, recorded m Frey units 
of human plasma kallikrem, are averages of two or 
more determinations The vasodilator activity ob- 
tamed by all methods of activation was probably 
mediated through a protease, since the addition of 
soybean, trypan inhibitor after activation prevented 
the increase ın blood-flow 

‘Celite’ induces clot-promoting activity in plasma 
contamung Hageman factor but lacks this effect in 
plasma deficient in this substance? In these experi- 
ments, ‘Celite’ released smal! quantities of vasodilator 
activity from normal plasma With plasma deficient 
m Hageman factor, no activation occurred Similarly, 
vasodilator activity did not appear m Hageman 
factor-deficient plasma treated with acetone, a 
technique thought to destroy inhibitors and thus 
permit the activation of kallikremogen by kallikremo- 
genase Trypsin activation, on the other hand, 1s 
thought to attack the kallikremogen molecule 
directly This method liberated vasodilator activity 
both in normal and m Hageman factor-deficient 
plasma The addition of partially purified Hageman 
factor? to the Hageman, factor-deficient plasma gave 
it the ability to produce vasodilator activity upon 
treatment with ‘Celite’ or acetone The preparation 
of Hageman factor contained approximately 1 5 times 
as much Hageman, factor as that found in 1 ml of 
plasma and was deficient m other recognized clotting 
factors and ın plasminogen, from which Hageman, 
factor 18 readily separable! 1°12 Higher concentra- 
tions of activated Hageman factor than, those used 1n 
this work were capable of producing vasodilator 
activity m dogs presumably by activation of the dogs’ 
plasma kalhkrein However the results varied from 
one dog to another when compared with the response 
obtained with human plasma kalhkrein and did not 
appear to give the same dose-response relationship 
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Table 1 EFFECT OF HAGEMAN FACTOR ON THE RELEASE OF VASO- 
DILATOR ACTIVITY IN HUMAN PLASMA 


Frey units of plasma Kalhkrein activated in 
Method of Normal plasma Hageman plasma Hageman plasma + 


activation Hageman factor* 
None <0 03 <0 03 <0 03 
‘Celite* 013 <0 038 05 
Acetone 61 <06 93 

T 107 — 


rypsm i 54 

AJl results calculated per mi of starting plasma 

* Partially purified Hageman factor gave no detectable vasodilator 
activity with acetone activation, and <015 Frey umt of actrvity 
with ‘Celite’ actrvation 
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These experiments aie compatible with the hypo- 
thesis that the plasma of patients with Hageman, 
trait 18 not deficient in kallikremogen but lacks either 
kalhkremogenase itself or some prior enzymic step 
required for 1ts activation by acetone or ‘Celite’ 
Whether the vasodilator activity released from human 
plasma by the various methods of activation 1s due to 
the release of a single proteimnase cannot as yet be 
unequivocally stated However, plasmin, because of 
its relatively low potency m produemg vasodilata- 
tion’, cannot be one of the protemases mvolved 
Sunuarly, the question of the identity of plasma 
kallikrem with the permeability factor and the glass- 
activated protemase ın human plasma cannot as yet 
beresolved The results provide evidence that a com- 
mon mechanism is involved m their release, but this 
does not exclude the possibility that the enzymes 
themselves may be different Certamly, however, the 
simplest hypothesis would be that they were the same 
substance Keele!! has reported that salivary and 
urinary kalhkrem form kalhdin in the absence of 
component B and m the presence of soybean trypsin 
mnhibitor It would be of interest to know whether 
plasma kallikrem, which 1s inhibited by soybean 
trypsm inhibitor, produces kalhdim by a process 
dependent on component B 

This work was supported ın part by grants from 
the National Heart Institute, National Institutes of 
Health, U S Public Health Service, and the American 
Heart Association 
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Presence of Two Iron-Transport Proteins 
in Serum 


Tae 1ron-bmding protem transferrm was isolated 
in crystalline state as early as 1952, and 1t has been 
generally accepted that this was the only won- 
contammg protem m serum under normal conditions 

Using electrophoresis m starch supporting medium 
according to Kunkel and Slater! and 1ron-59 determ- 
mnations after electro-plating, 16 1s possible to detect 
minor variations in the electrophoretic pattern which 
aie not m agreement with this point of view The 
experiments were performed on human beings and the 
results are given ın Table 1 

When serum and 5?Fe are incubated for 15 min 
and mvestigated by electrophoresis, 11 7 per cent of 


NATURE 


18] 


Table 1. PERCENTAGE OF TOTAL FE ACTIVITY 
Sample Albumin — a,-Globulin f-Globuhln y-Globulin 
a,-Globulin 
In vitro 
1 serum-r*??Fe 60 57 88 2 01 
In vwo 
9 Serum + Fe 
injected 26 33 941 00 
3a Serum + "Fe 
injected 
15 min after 
injection 55 13 98 2 00 
36 25 min after 
injection 30 18 95 2 0 0 
4a Transferrin + 
DFe 
15 min. after 
injection 10 0 T 813 15 
4b 25 m.n after 
injection 94 6 4 82 0 99 
5a I-transferrm 
Rabbit 01 06 848 145 
5b Human 0 2 0 0 97 2 36 


the *?Fe 1s found in front of the transferrin contaming 
G-globuhn It must be noted that no activity 1s 
found m the y-globulin 

When serum from a patient 1s incubated with 59Fe 
and re-injected, the serum from the patient shows the 
same type of pattern It 1s of mterest to note that 
two samples taken after an interval of 10 mın show 
the same relative distribution although the activity 
has decreased by 25 per cent from the first to the 
second sample 

Tf tho 5*Fe 1s incubated with transferrm (Behring- 
werke) we find again the same pattern with a splitting 
of the 5°Fe into more than one protem fraction. 

The electrophoretic findmgs are In many ways 
identical with the effect of a protem-protem mter- 
action This could, however, be shown not to be the 
case If i0odime-131-labelled transferrm ıs injected 
into a rabbit or m a man, ™I ıs found only at the 
expected place for transferrm and not where the fast 
fraction of the **Fe was found 

The results can therefore only be taken to indicate 
that serum contams a protem. which 1s not identical 
with transferrm and which has the ability to bmd 
5?F'o reversibly 

The constant relative size of the fast fraction in 
experiments 4a and b, where the iron was injected 
bound to transferrm, makes ıt probable that this 
smaller fraction may even represent an mtermediary 
stage between transferri and the erythroblasts 

The presence of such an mtermediate m serum has 
been suggested by the work of Najean, Ardaillou and 
Bernard? They showed that the rate of iron transfer 
from transferrin. to reticulocytes could be augmented 
by adding serum to the system The active com- 
ponent was non-dialysable and thermolabile 

In the ghosts of erythrocytes from animals myected 
with ®°Fe Falbe-Hansen and Lothe? found an iron- 
contaimmg fraction which could not be identified, with 
known iron protems ‘This fraction appeared to be 
an :ntermediate stage in iron transport as rb could 
only be found during the first hours after the 5?Fe 
injection. The possibility of identity between these 
two fractions 1s bemg investigated 
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Genetical Evidence for Syathesis of 
Transferrin in the Foetus 


CLEAR-CUT evidence that the foetus synthesizes rts 
own plasma proteins is secant It has been demonstra- 
ted by «n vitro experiments that the liver of a foetus 
of three months gestation can meorporate glycme 
labelled with carbon-14 into protems resemblmg 
albumin, «,-globuhn, x,globuhn, and -globuhn of 
human plasma! These mvestigations also showed 
that metal-binding 8-globulm (presumably transferrin) 
was capable of being synthesized by foetal liver Other 
workers have estabhshed that the foetus synthesizes 
haptoglobin by finding some new-born children with 
types of haptoglobin that were absent in their 
maothers?:* 

In the course of a survey of 212 cord blood sera by 
starch-gel electrophoresis, genetical evidence was 
obtained indicating that the foetus produces its own 
transferrin 

The sera, each with sufficient hemoglobin added to 
saturate the haptoglobin completely, were tested by 
Smuthies's technique of starch-gel electrophoresis‘, 
using Poultk’s discontinuous buffer system The 
resultant gels were sliced horizontally, one half 
stained with amido black 10B to identify protein 
bands, and the other half with a dilute benzidime 
stain to locate the haptoglobm-hzemoglobin, com- 
plexes® 

Three of the 212 cord sera contained two protein 
bands ın the transferrm region The faster migrating 
of these two bands corresponded to the usual trans- 
ferrin, designated as C In each case, the mobility of 
the slower-migrating band was identical to that of the 
D, transferrin of a reference standard These three 
new-born children were therefore of the heterozygous 
transferrm type C/D, The remaining 209 cord blood 
sera contained only one band in the transferrm region, 
which had the mobility of C transferrm These new- 
borns were considered to be homozygous (Tr C/C) 
Two of the Tr C/D, new-born children were negroes, 
while the third was of Caucasian ancestry Other 
examples of slow-migrating transferrins (which as a 
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Fig 1 Portion of starch-gel electrophoretic patterns of family 

with new-born of T? C/D, pattern, run rn parallel with reference 
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group are designated ‘D’ transferrins) have been found 
1n negro populations and Austrahan aborigmes’. The 
three mothers of the Tr C/D, new-born children had 
the usual, homozygous transferrm type (Tr CJC), 
while their husbands were all heterozygous (Tr C/D,) 
(Fig 1) In one of the negro familes and in the 
Caucasian family, autoradiography with iron-590 per- 
formed? on fresh sera of the infants and their parents 
verified that the presumptive transferrin bands were 
truly iron-binding Simce each of the three mothers 
lacked the D, transferrm, i6 is evident that trans- 
placental passage from mothe: to foetus could not 
account for the D, transferri in the cord blood, and 
consequently these new-born children must have 
synthesized the D, transferrm themselves. 

We thank Dr Eloise Giblett, of Seattle, Washing- 
ton, for supplymg us with Tr C/D, and Tr CJD, 
reference standard sera This work was supported 
by grants from the John A Hartford Foundation, 
Ine, and the National Heart Institute (H—-4706) 
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IMMUNOLOGY 


Rapid Preparation of Fluorescent Anti- 
bodies using Gel-Filtration 


In the preparation of fluorescent antibodies the 
excess dye is generally removed by dialysis for 5-6 
days (ref 1) In order to avoid a time-consuming 
dialysis and to decrease the risk of destroymg antibody 
activity we have used gel-filtration? m the preparation 
of a number of fluorescent antibodies, the titres of 
which were afterwards compared with those of 
dialysed samples A preliminary report of the method 
has already been published? 

After the conjugation of serum or a serum fraction 
with fluorescein isothiocyanate (Sylvana Chemical 
Co , Orange, New Jersey) as described by Riggs ef al 4, 
one portion was dialysed for six days at 2° C against 
a saline-phosphate buffer (0 15 M sodium chloride m 
001 M phosphate, pH 7 0) with two daily changes, 
and another portion was subjected to gel-filtration 
One ml of fluorescein-treated material was put on a 
2 x 5 em column of gel-filte: substance ‘Sephadex 
G25’ (AB Pharmacia, Uppsala, Sweden), previously 
washed with the salme-phosphate buffer During 
elution, which was performed. with the same buffer, 
two yellow zones appeared Tho fast-moving one 
contained the conjugated protems, while the unbound 
dye was retarded partly by the gel-filtermg effect and 
partly by adsorption to the ‘Sephadex’. The strongly 
coloured protem fraction was collected and used for 
the subsequent comparison with the material pre- 
pared by dialysis Generally, a two-fold dilution 
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Table 1  EFFEOT ON ANTIBODY ACTIVITY OF DIALYSIS AND GEL- 
FILTRATION 
| l | 
| | Antibody titres (dilution x observed titre) 
| Expen- ' Original | Fluorescein-labelled material 
en g Dicat pi eoi pub 
No |j Serum | without Gel- 
| | ‘or serum) further | filtered | Dialysed 
i ; treatment | fraction | fraction 
_— | OL ——————— 
| Anti-A | 
i mpooled I,1 48 | 1 48 |1 48 
groupO ID!1 16 | 1 12 j1 i2 |1 12 
serum i ; | 
| 9 [Separated I|1 128 | 1 80 lı 72 
| 19 Sant- I | 1 128 |. 1 80 |1 72 '1 80 | 
— ne E 
' 3a 7 S anti-D ra 198 1 160 1 100 | 
ed n 256 | 1 80 1 80 1 20 
' 8b ,7Santi- III 1 128 : 1 20 1 36 No de- 
i | | i tectable 
| | activity 
Rabbit | | 
4 anti- I} 1 3200} 1 2000 É 2000 
human y- II | 1 6400 | 1 8000 '1 8000 |31 4000 
globulin | 





I, Titrated immediately after gel filtration, II, titrated after prep- 
aration of the dialysed fraction, III, titrated two days after com- 
pletion of the dialysis 

Anti-A activity was determined using a 2 per cent suspension of 
type A, red cells in saline In experiment 1 cells from different donors 
were used in I and II, which precludes direct comparison between the 
two series In the other experiments I and II were titrated under 
similar conditions using fresh cells from the same donors 

Anti-D activity was titrated using a 3 per cent suspension of 
papainized group O D-positive red cells 1n saline 

Antiglobulin activity was determined on slides using 2 5 per cent 
suspension 1n saline of four times washed group O D-positive red. cells 
previously incubated with the anti-D serum used in experiment 3 

The dilution compared with the original serum or serum fraction 
wasl 25for the fluorescem-labelled material without further treat- 
ment and for the dialysed fraction, and 1 45-1 6 25 for the gel- 
filtered fraction 





occurred during the passage through the column and, 
as expected, the pH of the alkalme protem solution 
changed from 90 to 70 The elution was usually 
completed m 10-15 min Antibody titres were determ- 
ined immediately after gel-filtration as well as after 
storage for 6 days at 2° C —4? C, when the dialysed 
samples were also titrated For comparison, on both 
occasions the original serum or serum fraction was 
titrated as well as the fluorescem-labelled material 
without removal of excess dye 

The followmg antibodies were investigated 

(1), Anti-A m pooled serum from three gioup O 
donors (2), Antj-A separated from pooled human 
sera, by starch-block ‘electrophoresis® The anti-A 
active fraction behaved as a 19 S y-globulin m density 
gradient ultracentrifugation® and on diethylammo- 
ethyl-cellulose (DEAE)? (3a) and (3b), Anti-D of the 
incomplete type ın the serum from an Rh-immunized 
woman The antibody behaved as a 7 S y-globulm ın 
ultracentrifugation and on DEAE-cellulose (4), 
Rabbit anti-human y-globulm No 72 from Behrmg- 
werke AG, Marburg, Germany (5), Neutralizing 
antibody against chicken erythroleukemia virus 
(CEV) Convalescent serum was obtained from a 
cock which had survived infection with CEV and 
had then been further moculated subcutaneously four 
times with CEV at mtervals of about one month 
The serum was collected 48 hr after the last CEV 
dose had been given The globulin fraction used was 
precipitated by adding ammonium sulphate to half 
saturation 

The results of the titrations are presented ın Table 
1, which shows that no significant loss of activity was 
caused by the couphng with fluorescein isothiocyanate 
Nor did any significant changes 1n trtre occur during 
the later removal of excess dye by either gel-filtration 
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or dialysis in the experiments with anti-A (1 and 2) or 
anti-human y-globulin (4) Anti-D (3 a and b), how- 
ever, was less stable, and some loss of activity occurred 
durmg storage of the fluorescem-treated material 
Compared with the fluorescein-treated starting 
material the gel-filtered preparation showed no 
significant decrease m titre, whereas the dialysed 
fraction had a lower activity 
In the experrments with CEV antibody, blood 
smears from a chicken with erythroleukzemia were 
fixed with methanol for 10 min, stained for 30 mm 
with the fluorescent antibody solutions to be com- 
pared, and washed with saline-phosphate buffer 
With this procedure the stem-cells (erythroblasts) 
showed a specific fluorescence in the cytoplasm, 
whereas other cells belongmg to the red cell series 
were not stamed No qualitative difference was 
observed between the dialysed and the gel-filtered 
preparations The staining properties of various other 
gel-filtered conjugates eontamung other antibodies, 
as well as other fluorescent dyes, have been quahta- 
tively equal to those prepared by dialysis 
In a separate semi-quantitative experrment, fixed 
blood smears were stamed with serial two-fold 
dilutions of CEV antibody, half of each slide being 
stamed with a gel-filtered and the other half with a 
dialysed antibody solution of equal titre The highest 
dilution at which fluorescence could still be seen was 
1 64 for both preparations 
Thus it ean be concluded that gel-filtration ıs 
superior to dialysis m the preparation of fluorescent 
antibodies mamly because of 1ts extreme rapidity 
and also, to some extent, because ıt involves less risk 
of damage to labile antibodies 
This work was supported by grants from the 
Swedish Medical Research Couneil and the Swedish 
Cancer Society. 
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BIOLOGY 


Fluctuations in Hormone Activity in 
Brachyura Larve 


ALTHOUGH similarities between the control of some 
chromatophores ın larval and adult Crustacea have 
been noted}, relatively little 1s known of the presence 
of chromatophorotropie substances or their develop- 
ment ın larval Brachyura The three zoeal stages and 
one megalops stage of Sesarma retwulatum, reared 
from hatching to the first crab and beyond, m coh- 
trolled Jaboratory conditions, provide an excellent 
source of material to test for the presence of a Uca 
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black-dispersing substance ın all stages of larval 
development and to determine if the actavity of this 
substance durmg larval development is associated 
with the larval moult and mter-moult periods 

Eye-stalks were dissected from ten zoeæ at the 
following intervals first zoez immediately after 
hatching, and thereafter at 12-hr intervals up to 
Thr ,secondzoex 6 hr after moulting, I8hr , 30hr , 
42 hr, 54 hr and 65 hr, third zoez 2 hr after 
moultmg, 13 hr, 25 hr, 37 hr, 44 hr and 55 hr, 
megalops 12 hr after moulting, 24 hr and 48 hr 
The eye-stalks were placed in a glass dish, the excess 
water removed with filter paper, and the tissues 
homogenized with a ground glass rod ‘The homo- 
genate was then diluted in 0 5 ml of filtered sea water 
which was boiled and centrifuged The supernatant 
fluid was injected into 10 adult Uca from which both 
eye-stalks had been removed 12-14 hr previously 
Each adult Uca recerved 005 ml of the extract 
Using the chromatophore mdex in which the number 
5 mdieates complete dispersal of the Uca black 
chromatophores and I signifies complete contraction? 
the chromatophore stage of the adult crabs was 
determined at intervals of 15, 30, 45, 60, 90, 120 and 
150 mm after mjection The sums of the activities 
during the total period of dispersion? for the intervals 
noted previously were then compared to determine if 
fluctuations ın hormone activity of the tracts were 
associated with a physiological state withm the 
moulting cycle of the larvee 

To compare possible differences m technique 
between successive expermments, eye-stalk extract 
from adult Uca (10 pairs/2 25 ml ) was injected mto a 
separate series of 10 de-stalked Uca at the same time 
as the larval eye-stalks were assayed Sea water 
controls, 005 ml per adult Uca, were used with each 
experrment Initially, muscle from the abdominal 
segments of the larve was mjected mto a third series 
of test Uca Larve in each experiment were taken 
from one egg-mass to avoid possible genetic differences 
and eliminate variations m size of the larvae Where 
possible, injections were made durmg the same period 
of the day ın order to avoid diurnal differences in the 
sensitivity of the black chromatophore response of 
the recipient Uca 

The Uca black-dispersing substance was found in 
the unstalked eyes of the first zoeal stage and m the 
eyestalks of all remaining larval stages of S rethwula- 
ium  Duspersal of the black chromatophores of test 
Uca was not observed following myection of abdominal 
muscle from the larva 

At the time of hatchmg the total activity of the 
hormone was lowest Durmg the next 36 hr the 
activity inereased, but was again reduced at the 
interval preceding the first moult The activity 
increased during the inter-moult period, was reduced 
prior to, and followmg, the second moult, and 
increased again durmg the mtermoult period of the 
third zoeal stage This same pattern, lower activity 
before and after moulting followed by an increase in 
total activity, was observed for extracts of eye-stalks 
of the megalops Zoex which were delayed in moult- 
mg normally showed a decrease m total activity at the 
tune when moultmg would be expected but, 1f ecdysis 
did not follow, the total aet:viby of the hormone 
mereased again 

The observed fluctuations m total activity of the 
hormone cannot be attributed solely to size of the 
moulting zoez since the main reduction m activity 
occurred prior to moulting, m other words, without 
any change in size The differences do not show any 
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association with changes m light or phases of the tide 
It 1$ conceivable, therefore that the fluctuations in 
activity are associated with moulting or tbe physio- 
logical processes which precede and follow moulting 
Although theeye-stalk of the adult Brachyura 1s known 
to contam the major site of production of the moult- 
inhibiting hormone it has not been established when 
these organs develop functionally or if they control 
moulting in the larval stages Even if different 
hormones are responsible for the control of colour 
changes and the control of moulting, several hypo- 
theses are possible on the basis of these results (1), 
the Uca blaek-dispersing substance located withm the 
eye-stalks of the larva fluctuates because of changes 
in titre associated with moultmg but is not directly 
responsible for, nor involved in, the actual moultmg 
process, or (2), 1f the endocrme organs withm the 
eye-sialks of the larval stages are responsible for 
production or storage of several hormones, including 
the moult-inhibiting hormone, the reduction of the titre 
of the Uca black-dispersing substance may reflect the 
reduction in titre of the moult-inhibitimg hormone also 

The reduced titre 1s followed by ecdysis, a subse- 
quent increase in concentration of the moult-mhubit- 
ing hormone, and another larval mtermoult period 
This pattern of decreasmg activity or titre prior to 
moulting and mereasing activity after moulting 
would be repeated through all larval moults and 
carried over into the crab stages 

The assistance of Miss Joanne O’Connell 1s grate- 
fully acknowledged ‘The work was supported by the 
Office of Naval Research, NR 104-194 
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Axenic Cultivation of an Enchytraeid Annelid 


THE monoxenic cultivation of Enchyiraeus frag- 
mentosus Bell, 1959! (that ıs, the rearing, through 
successive generations m serial subculture, of this 
micro-annelid m the company of one?? other species 
—in this case, Escherichia colt), was reported by us 
here’ some months ago At that time our next goal 
was its axenic cultivation (that 1s, growth and repro- 
duction, generation after generation, m complete 
isolation, from hvmg organisms—or parts thereof— 
belonging to other species??) We can now report 
success over & period exceeding 2 months at this date, 
with indications that such cultivation can be sustamed 
indefinitely 

After our earlier report’, E  fragmeniosus has 
contimued to grow monoxenically with little difficulty 
and is now m its sixth set of serial cultures For our 
first axenie cultures we used a few of the numerous 
worms In an old (231-day) monoxenic culture originat- 
ing with one of the 3 fragments mto which the mitially 
monoxenized organism had divided? 

Axenization was accomplished by rmsing the worms 
3 times im sterile distilled water, followed by their 
transfer to 10 ml antibiotic solution (1,000 units 
potassium penicillin G and 100 y streptomycm 
sulphate per ml), after 15 hr the worms were 
moved to a second antibiotic rmse, and, 50 mim later, 
7 were inoculated on to 15 per cent nutrient agar 
slants mm 16-mm test-tubes, one worm per tube, the 
following day, 20 hr later, 5 active worms (2 had 
died) were transferred to individual test-tubes con- 
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taining the experimental medium None of the 7 
transiently occupied nutrient-agar slants developed 
bacterial colonies 

The experimental medium was mutially biphasic 
(1), a semi-solid base of 1 5 per cent nutrient agar, 
autoclaved in test-tubes 16 mm wide, allowed to cool 
to 48" C , and then, while still hquid, supplemented 
with a sterile heated (lamb) hver extract (HLE), 
prepared, according to a strict recipe? of relatively 
mild heating (53? C for 6 mm), from liver homo- 
genized with equal parts (w/v) distilled water The 
HLE was mcorporated to give a 16x dilution, 
uniform dispersal being achieved by gentle shaking of 
each tube before the agar hardened as a slant (2), A. 
liquid phase of much smaller volume—HLE (diluted 
x 16), added later at 0 1 ml /tube After moculation 
with antibiotic-treated worms, the experimental 
tubes were kept almost horizontal until evapoiation 
left negligible free hiquid—then, on the 32nd day, 
they were placed upright 

Of the 5 tubes one showed contamunation with 
E coh on the third day, one gave no visible evidence 
of contamination until the 32nd day (with an uniden- 
tified organism—not Æ cola—of undetermined origin), 
and the remaining 3, by all evidence to date, received, 
and continue to harbour, axenized worms In 2 of 
these 3 tubes the isolated worms grew to large size 
and began to fragment on the 36th day, yielding, 
within 1—2 days, 8 and 9 pieces, respectively Sub- 
cultures into the same medium were made on the 
39th day with 5 of the offspring from one tube, one 
piece of worm/new tube Other sub-cultures have been 
initiated since Most F, pieces, whether left in the 
original tubes or sub-cultured, have recently reached 
adult size, and, so far, 3 worms of the former group 
and 1 of the latter have fragmented, the earliest, ın an 
original tube, starting during the 29th day following 
the onset of first generation reproduction F, worms 
are growing, and further F, fragmentation appears 
Imminent 

To our knowledge, Enchytraeus fragmentosus 1s the 
first axenically grown annelid, being of further special 
interest as the only metazoon of extensive regenerative 
powers to be so maintaimed through successive 
generations Methods for such axenic culture of a few 
arthropods (insects, with the exception of one micro- 
crustacean) and nematodes have been known for from 
several to many yeais*, and of a rotifer for a few 
months’ HLE has now proved useful in work with 
members of three major invertebrate taxa  Caeno- 
rhabdiiis briggsae? (class Nematoda, phylum Aschel- 
munthes), Lecane wnermis® (class Rotifera, phylum 
Aschelminthes), and Æ fragmentosus (class Olgo- 
chaeta, phylum Nematoda) For the axenic mam- 
tenance of the second and third of these, HLE has so 
far been a crucial ingredient m all media The prepa- 
ration used for E fragmentosus was sterilized by Seitz- 
filtration, which, curiously enough, has consistently 
yielded. HLE’s inadequate for the rotifer, L wmerms 
(the latter growmg only with HLE filtered through 
‘Millipore’ membranes) 

With E fragmentosus under axenic cultivation on a 
complex organic (oligidic?*) medium one may now 
reasonably set out to determine this annelid's absolute 
nutritional requirements 

We thank the National Science Foundation for 
partial support, through grants G—6018, G—13138 and 
G—15034 

The technical assistance of D JoAnne Ferral, 
Larry G Harris and Douglas L Getchellis gratefully 
acknowledged 
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Note added in proof E fragmentosus 18 now 1n 1ts 
tenth set of serial cultures In certain tubes some or 
all worms show tumorous growth So far this 
phenomenon has been observed only when enchy- 
traeids have been trapped m lquid—as when an 
excess of moisture collects, or ıs mtroduced‘, as a 
meniscus at the base of the slant, or when a worm 1s 
transferred into water or HLE (3 days 1s the shortest 
time so far observed with slants, 2 days with water) 
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Life-cycle of an Acanthocephalan 
Parasite of the Eider Duck 


ABOUT 190 species of Acanthocephala occur in 
buds, but the life-histories are known only m five 
species In all known casés the life-cycle 1s indirect 

Thom and Garden! reported an outbreak of disease 
among elder ducks caused by acanthocephalan 
parasites, and Harrison? also found them in eider 
ducks in Orkney | Rayski? analysed the systematic 
position of these Acanthocephala and suggested that 
they are fProjilicollts botulus (syn Polymorphus 
botulus) In the Ythan estuary, these parasites are 
known to be responsible for a seasonal epidemic with 
high mortality every year, this 1s also known to occur 
in the Dutch island of Vleland (Van den Broek, 
personal communication) 

In 1960, 98 dead eiders (Somaterza mollassvma (L )) 
were collected in the Y than estuary, 48 of which were 
unfit for examination Of the 50 dissected, all except 
two were found to be infected with 100—750 specimens 
of P botulus This suggests that the mtermediate 
host must be common in the locality of the habitat 
of the duck arid must constitute a large proportion of 
the diet of the eider 

Samples of a wide range of the food of the erder 
taken from the Ythan estuary (which 1s brackish) were 
examined but with no positive result The maternal 
examined was as follows Hydrobia ulvae, Lattorwna 


litiorea, Retusa alba, Mytilus edulis, Corophrum 
volutator, Crangon vulgaris, Gammarus | zaddacha- 
salinus, G | zaddache-oceamacus, | Marwnogamma: us 


marmus and Cancer pagurus 

Petioehenko?*, ın his monograph on Acanthocephala, 
quotes a paper by Belopolskaya in which she states 
that the intermediate host of P botulus 1s Gammarus 
locusta We therefore concentrated on searching for 
these lavæ in a large nümber of different species of 
Gammarus trom the habitat frequented by eiders, but 
with no success For several months attempts werg 
made to infect gammarids obtamed from the south 
coast of the Firth of Forth near Edinburgh Collecting 
areas were chosen which were not known to be fre- 
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quented by eiders Laboratory-bred gammarids 
were also used m these experments Gammarids 
greedily devoured both eggs and worms containing 
eggs They did not become infested, though m some 
cases eggs were seen 1n the alimentary canal several 
days later, hatehing had not taken place 

Eventually, a smgle specumen, of the common shore 
crab Carcinus moenas was collected and fed with a 
worm contamung a large number of eggs of P botulus 
Two days later the crab was dissected and about a 
dozen acanthors were seen ın process of hatching in 
the alimentary canal Eventually 10 crabs collected 
from the same area were fed with eggs and worms 
contamung eggs Five crabs died ın the space of 3-5 
weeks after mfection and were found to contain large 
numbers of developing &canthelle One crab died 50 
days after mfection. showing a large number of 
acanthella stages Four crabs were killed and 
examined 62 days after infection and two of these 
contained fully developed cysts contaming acan- 
thelle (cystacanths) and two others had a large 
number of acanthelle 

From these experiments 1t was clear that the crabs 
had been hyper-infected, and at the same time ıt was 
obvious that full development of P botulus takes 
place in C moenas 

Since then, 68 shore crabs from the Ythan estuary 
have been examined, and 29 of them were found to be 
infested with cysts contammg acanthelle of P botulus, 
the numbers varying from 1 to 9 ın each crab When 
these were examined microscopically and the pro- 
boseis of the larve was compared with the proboscis 
of adults. ıt was found that number, arrangement and 
shape of hooks were identical The cystocanths were 
situated m the region immediately under the heart, 
and either above the hind gut or on both sides of ıt 
The very high rate of infestation in the shore crab in 
the Ythan estuary explams the common occurrence 
of this acanthocephalan parasite m eider duck 

This 1s the first record of the crab Carcvnus moenas 
acting as intermediate host in the hfe-history of 
acanthocephalan parasites 

Unfortunately, Belopolskaya’s paper ıs not avall- 
able to us, and we have been unable to find out on 
what grounds she concluded that the larvz found in 
G locusta were really the early stages of P botulus 
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ENTOMOLOGY 


Intracellular Rickettsia-like Micro-organisms 
in Certain Ticks 


LITTLE attention has been paid to the intracellular 
Rickettsza-lhike micro-organisms mm acarines Perhaps 
the first approach to a comprehensive survey on 
ethese organisms in ticks was that of Cowdry!, although 
a few earlier observations were made?! Cowdry 
reported the occurrence of intracellular miucro- 
organisms, of rickettsial nature, in the malpighian 
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tubules and 1n eggs of several species of 1xodid and 
argasid ticks He pointed out that, being present in 
eggs and unfed larve, the organisms were transmitted 
by inheritance, and postulated a symbiotic function 
Further work on the morphological appearances of 
such micro-organisms and their distribution m the 
malpighian tubules and oocytes of some of these tick 
species were developed by Buchners, Mudrow® and 
Jaschke’ 

Of the several species of A7gas*, however, 1t appears 
that only A perszcus has been shown to possess 1ntra- 
cellular Reckettsta-like micro-organisms Recent work? 
describes imn detail for this tick the nature and 
distribution of the organisms in the malpighian 
tubules and in-1ts oocytes at different stages of 
development, their recognition and description bemg 
based on histochemical methods and electron 
microscopy 

Sutor and Weiss also recently reported mamly 
serological and cultural aspects of this organism, 
isolated from the malpighian tubules, but not, ıt 
appeared, from the oocytes, and proposed from their 
description the name Wolbachia persica S and W 

The present communication reports on intracellular 
mucro-organisms of simular rickettsial appearance in 
the ticks Argas vespertslionis, A transgariepwus, and 
A bouetw collected from bat-infested places in the 
Abu-Rawash area near Cairo, Egypt In theso ticks, 
asin A persicus, the organisms are found ın almost 
all cells of the malpighian tubules and in oocytes 
In the malpighian tubule cells, the organisms are 
mostly present imn groups of variable size, though 
single coccoid and short rod forms have been seen 

In the oocyte cytoplasm, the organisms appeared 
in smaller groups, and were only demonstrable after 
combined ribonuclease enzyme treatment and Giemsa 
staining® or after Feulgen-Schiff’s technique 

Further work on the nature of the organisms m 
these species of Argas, including examunation by 
electron microscopy 18 m progress, the work includes 
a survey also of representatives of other tick genera 

I wish to thank Prof D S Bertram, director of 
this Department, for his valuable suggestions and 
helpful guidance m the work 
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Biological Species confused under the 


Name Culicoides austeni (Carter, Ingram 
and McFie) 


THE age-grading techniques at present widely used 
in the study of biting Diptera having been found 
appheable to Culhcowes m Gambia, they were 
used systematically with material referred to 
C austen (Carter. Ingram and McFie) As a result ıt 
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became apparent that material referable on morpho- 
logical grounds to this species showed pronounced 
biological differences correlated with differences m 1ts 
larval habitat — Hopkins? and Nicholas? reared this 
species from rottmg banana litter and Gambian 
material from this habitat agreed with theirs in 
requiring blood-meals throughout life for maturation 
It never mated under laboratory conditions and field 
observations showed that mating normally occurred 
in crepuscular swarms Far more abundant m 
Gambia, however, was a form of this Species which, 
while morphologically identical, differed ın having its 
larval habitat m the salt-water mangrove swamps of 
the river estuary. The salt-water form proved to be 
autogenous in the first ovarian cycle, maturing its 
first batch of eggs at the expense of the larval fat body 
without taking a blood-meal Swarming was never 
observed 1n this species and was evidently not obliga- 
tory since 16 mated freely without ıt under laboratory 
conditions, even as a smgle pair m a glass vial 

Since C austem s str was described from a 
coastal area (Accra, Ghana) the possibility of 1ts 
bemg the salt-water form 1s quite strong The soil. 
breeding form, presumably that studied by the 
Nigerian workers and implicated in transmission of 
filariasis, was synonymuzed with C maine, Austen by 
Nicholas e? alt CO malnew, however, also occurs in 
Gambia and ıs clearly distinct from both forms of 
C ausiem lat in having fully separated eyes as 
stated by Carter et al ! m their origmal description of 
C austen 

Salt-water C austen: exhibits a pronounced 14-day 
periodicity due to synchronization, of emergence with 
spring tides As a result of this, the age composition 
of the population varies cyclically, primipare bitmg 
for the first time, predominating at times of peak 
density and higher age groups at times of low density 
Correlated with this rhythm, a marked decrease in 
survival-rate after the third oviposition was apparent 
when the dissection results were substituted mto the 
total numbers The immature stages have not been 
reared through from egg to adult, but enough 1s 
known to make ıt clear that the life-cycle cannot be 
completed between, one spring tide and the next 
With a hatching time of two days, a fourth instar 
larval life of 4-5 days and a pupal lıfe of 3 days 
the probability ıs that ıt can be completed imn two 
full tidal cycles Taken together, these two factors 
imply the existence of two populations, oviposit- 
ing and emerging in alternate spring-tide periods, 
between which a considerable degree of isolation 
exists 

Also breeding in the mangrove swamps 1s a third 
species of the group which can be separated morpho- 
logically from the two forms referred to above by 
virtue of 1ts marked melanism This form, which 1s 
certainly a taxonomically separate species, 1s con- 
sidered to be very much more closely related to salt- 
water C ausient than either 1s to the sorl bieeding 
form Like salt-water C austeni 1t 1s autogenous m 
the first ovarian cycle, mates without swarming and 
also comprises two alternating populations The two 
salt-water forms breed in different parts of the man- 
grove swamp, salt-water C asustena in the areas 
dominated by Avicennia nitida and the related species 
in parts of the zones characterized by Rhizophora 
racemosa and R mangle The peaks of emergence 
exhibited by these two species are usually out of 
phase with each other by several days, presumably 
in association with the different so1l-levels and times 
of inundation of their respective habitats 
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Sorghum Midge, Contarinia sorghicola (Coq.), 
in West Africa 


BARNES! listed the dates of the first definite records 
of the sorghum midge, Contarwaa sorghicola (Coq ), n 
various African countries as Sudan (1930), Nyasaland 
(1950), Uganda (1951), Aden Protectorate, Gambia, 
Kenya and Tanganyika (1952), Nigeria (1953) He 
suggested that these records probably reflect the fact 
that only m recent years have economic entomologists 
in Africa been able to turn their attention from cash 
crops to food crops, and that the midge was well 
established m these territories before it was first 
reported, ? 

In 1958 Matthee and Oberholzer? reported the first 
appearance of the midge m South Africa and suppor- 
ted the alternative explanation of these records, 
namely, that the midge was mtroduced into Africa 
from America and has gradually spread southwards 
from the Sudan 

In an attempt to determine whether or not the 
midge was introduced to, and 1s spreading through, the 
African continent, we have begun an investigation of 
herbarium material of the genus Sorghum collected in 
Africa during the past century Herbarium specimens 
are exammed for symptoms of midge damage, and, 
where this ıs suspected, spikelets are removed 
for dissection under the microscope Cecidomynd 
larve and pups have been dissected from material 
collected more than thirty years ago, and, although 
larvae and young pupz cannot be identified beyond 
their genus, specific determinations can be made on 
the adult characters which are displayed by fully 
developed pups 

-A preliminary survey of the West African section 
of the genus Sorghum im the Kew Herbarium has 
revealed a wealth of material from which the following 
new records of C sorghicola have been made (Table 1) 


Table 1 NEW RECORDS OF Contarinia sorghicola (COQ) IN WEST 
A 
Date of 
Country Locahty Host - collection of 
host 
Northern Nigeria Zaria S gwwneense 1929 
Munchi S guineense 1929 
Sokoto S caudatum 1929 
Gold Coast Northern Territories S guineense 1931 
— S gwneense 1930 


In addition, larve of the genus Contaryma, which 
are almost certamly C sorghcola, were obtamed from 
S margarWiferum collected in Sierra Leone (Por$ 
Lokko) m 1929 

The oldest Sorghum collections, made in 1859, 
yielded no specimens of midge, possibly because these 
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‘collections are less representative, and ın poorer 
condition than the more extensive collections made m 
the 1920’s and 1930’s It 1s therefore impossible, at 
this stage, to determme whether the midge has or has 
not been introduced to Africa, since the new records 
presented here will easily fit into a pattern of umtial 
introduction to West Africa, followed by distribution. 
eastwards to the Sudan and then southwards to South 
Africa 

However, ıt 18 obvious that Barnes was correct in 
suggesting that the sorghum midge might have been 
overlooked by economic entomologists m Africa 
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Effect of Age and Pregnancy on the Tolerance 
of Tsetse Flies to Insecticides 


Ir has been found that, m the laboratory, old 
female Glossina mo stans Westw show a considerably 
greater tolerance to some chlorinated hydrocarbon 
insecticides than do the young flies of both sexes, 
and in particular that pregnant flies show an excep- 
tional degree of tolerance Complete log-dosage/ 
probit-mortalhty regression lines have been determ- 
ined for dieldrin (Table 1) 

Dieldiin was applied m solution m lighting kerosene 
as a constant volume (0 022 ul ) to the mesothorax of 
flies which had emerged from wild pups and had been 
given a blood feed the previous day Pregnant flies 
were defined somewhat arbitrarily as those more than, 
50 mgm ın weight at the time of testing, and fertilized 
flies were those less than 50 mgm 1n weight and more 
than 21 days old They were a mixture of those 
msects which were in an early state of pregnancy or 
had recently larviposited or aborted All hnes were 
parallel, and all differences given in Table 1 are 
significant at P = 0 05 (ref 1) Old females also show 
significantly increased tolerance to DDT and y-BHC, 
but males do not develop tolerance as they age These 
tests have been extended to G swynnertons Aust 
caught as wild adults, and pregnant females were 
found to be nine times as tolerant as males to DDT 

That breeding females are up to nue times as 
tolerant as young flies is of obvious practical signifi- 
cance In a recent paper, Yeo and Simpson? have 
given a theoretical forecast of the final results to be 
expected from repeated applications of a non-residual 
insecticide to wild tsetse populations, basing their 
calculations on a constant kill attamed at each appli- 
cation The kill ıs usually assessed from catches of 
males, and for the first one or two applications, of 
females They discuss the results of a number of 
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experiments in aerial control The apparent kill for 
both sexes 1s normally more than 90 per cent, that 
for males being the higher, but the final reduction at 
the end of the experiment ıs frequently consistent 
with a kill of about 60 per cent? It 18 suggested 
that this 1s because the major part of the measured 
mortality falls on young flies, the old breeding 
females escaping These form a small proportion of 
catches because the mean life of wild females 18 only 
1-2 months? and because they come most readily to 
man when young‘ Thus a high kill may be recorded 
without any great reduction in the breeding popula- 
tion This will, of course, fall as the old flies die from 
natural hazards, but the result will be to delay the 
expected, reduction m breeding and increase the value 
of the later applications above that assigned by Yeo 
and Simpson’s analysis It ıs also necessary to 
re-examine the conclusion that an, inter-treatment 
interval close to the pupal period 1s the best At the 
appropriate season in, Central Tanganyika, the mean 
temperature 1s about 24° C5, the pupal period 
about 31 days and the mean age at deposition of the 
first larva 23 days* ‘Thus by the end of the third 
week of life the female fly 1s pregnant and tolerant 
of msecticide This means that, with an mter- 
application interval of 4 weeks?, all females emerging 
in the week after an application are potentially 
tolerant of the next 

A second, consideration concerns tests for msecti- 
cidal resistance For these, care must be taken to test 
only males or females of known age 


- G F BURNETT 


Tropical Pesticides Research Institute, 
Arusha, Tanganyika 


2 Litchfield, J T , and Wileoxon, F, J Pharm , 96, 99 (1949) 

2 Yeo, D, and Simpson, H R , Bull Ent Res , 51, 631 ((1960) 

3 Jackson, © H N, Brol Rev , 24, 174 (1949) 

“Jackson, C H N, Bull Ent Res , 87, 291 (1946) 

s Jackson, © H N, Ann Eugen , Lond', 10, 332 (1941) 

9 Notes for Freld Studies of Tsetse Flues wn East Africa, E A Tsetse 
and Trypt Res Org (1955) 

7Fisher, R A, and Yates, F, Statistical Tables (Edinburgh, 1948) 

8 Burnett, G F, Bull Ent Res (in the press) 
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Increase in Distribution of Deraeocoris 
olivaceus 


THE study of animal introductions and their fate 
provides an, object lesson in ecology! Some, as the 
leafhopper G» aphocephala coccinea, become permanent 
elements of the British fauna, others, as the tingid 
Stephanas rhododendri, achieve an initial spread 
but later contract, still others, such as the rhopalid 
Inorhyssus hyalinus, can do no more than maintain 
an, occasional very temporary colony in Britain The 
present communication concerns a conspicuous mirid 
bug, Deraeocoris olwaceus, which it 1s timely to map 
after a space of ten years It occurs on Crataegus 
(hawthorn), usually becomes adult during July, and 1s 
collected by beating, its biology ıs known ın broad 
outline? 


TOXIQITY DATA FOR G morsitans TO WHICH DIELDRIN WAS APPLIED TOPICALLY IN KEROSENE SOLUTION 72 HR MORTALITY, COR- 


RECTED FOR CONTROLS (REF 7) 


0 0017 
0 0065 


LD; (ugm ) and 95 per cent fid limits | Ratio and 95 per cent fid limits 


Sample Mean age Mean weight 
(days) (mgm 
s Young males * 4 202+ 31 
Fertibzed females 32 43 3 
Pregnant females 35 56 6 


^ 


0 016 


0 0013-0 0022 l 
0 005 -0 0085 38 26-56 
0 012 —0 021 94 6 4-13 8 


* Young females of this batch were not tested, but in other batches there was no significant sexual difference imn susceptibility (ref 8) 
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Fig 1 Distribution of Deraeocoris olwaceus (Hemiptera, Miridae) 
in southern England, showing year of first capture at each locality 
For names of localities see text 


The bug was found for the first time in Britain in 
July 1951 at Silwood Park, Sunninghill, Berks , by 
Sands? Jt is known ın Europe from Greece and the 
Balkans to France and the Low Countries but is 
absent from the Baltic lands and Scandmavia Fig 1 
shows known, occurrences with the year of first cap- 
ture, based on published‘ or unpublished? records 
The localities, all ın Berks , Bucks , Middx or Surrey, 
are (a) Burnham Beeches, (b) Hedgerley Park, 
(c) Langley Park, (d) Ditton Park, (e) Silwood 
Park, (f) Windsor Forest, (g) Hounslow Heath, 
(h) Bookham Common, (2) Witley and Elstead 
Commons , (7) Epsom Common, (k) Camberley, 
(/ Shalford Many of these localities are well known 
to collectors, and 1t 1s unlikely that the bug would be 
overlooked for more than a year or two 

Durmg the past few years the Herts -Middx and 
Hants-Surrey borders have been searched for the 
insect but so far without a capture m either Herts 
or Hanis It seems, therefore, that Fig 1 Lepresents 
the present distribution, based on records during 
the decade 1951-60, fairly accurately Recent 
checks have shown that the bug 1s still present at its 
earlier known stations Spread of the msect from its 
1951-55 area ıs thus shown to have been slight, 
save towards the south where 1ts advance seems to be 
on a broadening front The host-plant 1s common 
throughout southern England, so any restramt 
imposed on 1t 1s likely to be climatic No braconid 
parasitism has so far been detected although its 
congeners m Britain are known to be attacked 

Dennis LESTON 
Green End, 
Renhold, Beds 


22 Fairfield Avenue, 
Datchet, Bucks 
1 Elton, C , The Ecology of Invasions by Animals and Man (London, 
1958) 


G E WOODROFFE 


? Southwood, T R E, and Leston, D , Land and Water Bugs of the 
Brihsh Isles (London, 1959) 
3 Sands, W A, Ent Mon Mag, 90, 301 (1954) 
4 on Mag, 94, 180 (1958) Woodroffe, G E, 
ei Mod "Mas. 90. 237 (1954), Mon RAE. 87, 16 (1954), 
Ent Mon Mag, 92, 47, 300 (1956), Entomologist, 92, 8 (1959) 
5 Allen, A A, Leston, D, Massee, A M, and Woodroffe, G. E 
_ (unpublished results) 
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New Method of preparing 
Corynebacterium pyogenes Toxoid with 
High Anti-hamolysin Titre in Rabbits 


Corynebactervum pyogenes 18 generally grown in 
Robertson’s medium! when small quantities are 
prepared and m derivatives of this medium for vaceine 
production Producing this medium for vaccines 1s 
an expensive time-consuming operation, so it was 
decided to investigate the possibilities of using fat- 
free milk as the basic medium | Strains used thi ough- 
out the work were those 1ecently isolated fiom bovine 
lesions and used at present foi vaccine pioduction 

lo a 10-1 Pyrex’ bottle was added 7 1 of fresh 
skimmed milk with a natual pH of 6 8, this being 
particularly important since milk with a higher 
acidity was found to coagulate on autoclaving The 
pH was raised to 7 4 using 40 per cent caustic soda 
To this was added 100 gm: of calcium carbonate for 
controlling acidity during incubation Stoppered 
with cotton wool, the bottle was autoclaved at 
5 lb /sq in for 30 mm At a higher temperature 
caiamehDzation of the lactose was found to occur 
1esulting in a dark filtrato After cooling to 37? C 
the medium was inoculated with 10 ml of a 48 hr 
active un washed culture of Cor ynebactervum pyogenes 
grown in Robertsons medium, with a hemolysin 
titre of 1 640 A sterile rubber stopper fitted with 
an aur filter and a length of glass tubing which almost 
reached to the bottom of the bottle replaced the 
cotton wool During the 48-hr incubation period at 
37° C sterile air was passed slowly through the 
medium, carbon dioxide was also tried without equal 
success, as a cloudy filtrate resulted After 24 hr 
coagulation and digestion of the casein had begun, and 
after 48 hr all that remained was a small flocculai 
precipitate and pale-yellow supernatant, colourless in 
small quantities The resultant supernatant was 
clarified afterwaids through kieselguhr and ster le- 
filtered through Berkfield candles, there was very 
little loss of fluid dung filtermg The hemolysin titre 
obtained by this method was 1 1,000 The filtrate 
was toxoided by the addition of 0 5 pex cent formalin 
and this was incubated at 37° C over a period of 
2 days 05 ml was injected intravenously into two 
mice which showed no toxic reaction after 24 hr The 
pH. was then altered fiom 5 8 to 6 8 using 40 per cent 
caustic soda, and "Thiomersalate' (British Drug 
Houses) 1n the final dilution of 1 10,000 was used as 
preservative  "Thiomersalate' was used ın preference 
to phenol or tricresol as the latter preservatives 
tended to precipitate the proteins, causing an opacity 
in the toxoid which increased in density with time 
and high storage temperatures 

Rabbits used in this work were tested for natuial 
immunity before inoculation and those possessing ant1- 
bodies were not used "Their sera were titrated against 
9 and 10 minimal hemolytic dose of Coi ynebactervum 
pyogenes toxin Ten rabbits were injected with 10 ml 
of the toxoid intramuscularly with another injection 
of 15 zl ten days later and 20 ml 10 days after 
that The animals developed no signs of shock after 
Injection nor was any rise in temperature noted, thus 
proving that milk pyrogens had been destroyed The 
animals were bled 14 days after the last mjection On 
titrating the rabbit sera against 10 minimal hemolytic * 
dose of Corynebacterxwwm pyogenes toxin 0 00156 
ml of sera mhibited hemolytic activity, controls 
were set up This figure represents thirty-two 
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times the potency standard for Corynebactervum 
pyogenes set down by the British Veterinary Codex 
After 2 months of retesting, the sera showed no 
appreciable drop in titre I feel this method could be 
extended to other aerobic and anaerobic proteolytic 
organisms used for production of vaccine 


VALERIE LEVY 


Bayer Biological Institute, 
Exning, 
Newmarket, 
Suffolk 


1 Robertson, J, J Path and Bact , 20, 327 (1916) 


Antibacterial Synthetic Polypeptide 
Derivatives 


As already stated}, some synthetic polypeptide 
derivatives exhibit considerable antitubercular ac- 
tivity These antibacterial polypeptide derivatives 
were prepared from poly-a-amimodicarboxylic-acid- 
esters (for example, polymethyl-a-poly-L-glutamate, 
polymethy]-«-poly-pL-aminoadipate) and from poly- 
aminodicarboxylic-acid-anhydrides (for example, an- 
hydro-poly-aspartic-acid) with diamines (ethylene- 
diamine, B-dialkylethylenediamines)? 

The hydrochloride of the polypeptide derivative 
which was prepared from polymethyl-«-poly-r-gluta- 
mate with ethylenediamme, m particular, was 
examined, and 1s now produced by Chinom Chemical 
and Pharmaceutical Works Co , Budapest, for clinical 
experiments under the name of ‘Polyanthm’ The 
characteristic feature of the structure of ‘Polyanthin’ 
can be given m the formula below, the unit repre- 
sented 1s the main component of the polymeric 
material 


—NHCHCO— 
(CH), 
CONHICH,),NH, HO 
The microbiological activity of “Polyanthin’ against 


different micro-organisms was further exammed The 
examinations, the results of which are summarized in 


` 
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Table 1, were performed as follows the strains 

given in Table 1, were inoculated ın bouillon media 
and ineubated at 37° C for 24 hr With 01 ml 

quantities of these cultures, bouillon media contain- 
ing various amounts of “Polyanthin’ (see first column 
of Table 1) were fected The controls were infected 
media with no “Polyanthm’ and non-mfected culture 
media with “Polyanthmn’ The degree of growth of the 
micro-organisms characterized by crosses m Table 1 
was visually evaluated after mcubation at 37° C for 
24 hr 

As seen in Table 1, 5-20 y/ml of ‘Polyanthin’ 
restrains the growth of Staphylococcus aureus haemo- 
lyticus (Wood), and also of the penicilin- and sulph- 
amide-resistant variations of Staphylococcus aureus 
haemolytecus isolated from diseased persons, of Bacillus 
subtilis, Mycobacterrum friburgensis and Mycobac- 
terum smegmais There was no effect against 
bacteria belonging to the Gram-negative group, like 
Proteus vulgaris and Escherichia cols, even 1n. concen- 
trations as high as 300y/ml ‘Polyanthin’ seems to be 
active above all against those strains to which glut- 
amme 18 necessaly for the initiation, of growth? 

After the favourable results of the prelummary 
investigations clinical tests of *Polyanthm? were also 
carried out ‘Polyanthin’ was used, so far only for 
local treatments, particularly in obstetrics and 
gynecology, as well as prophylactically and m cases 
of developed suppurations It was used in obstetrics 
for the treatment of episiotomies and myuries of the 
vagina and cervix, m gynecology after different 
operations of the vagina and abdomen in cases where 
the healing of the wound was disturbed 

A solution, contammg 1:3 gm ‘Polyanthm’ m a 
litre of water, was used for the different treatments 
either in the form of rmsings or for the soaking of 
gauze strips applied as tampons and covers The 
controls are ‘similar cases as those treated later with 
‘Polyanthin’, but taken from the time before the 
testing of “Polyanthm’ had begun These control 
cases were treated with wound powders (‘Ultraseptyl- 
urea’ (Chmoin Chemical and Pharmaceutical Works 
Co, Budapest) ‘Dermaphorin’ (United Works of 
Pharmaceutical and Dietetic Products, Budapest)) 
and wound omtments contammg cod-liver oil 

From Table 2 1t 1s seen that when ‘Polyanthin’ 1s 
used for the treatments the primary healing of 
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Table 1 
Polyanthin | Staphylococcus Staphylococcus, | Staphylococcus, Bacillus Proteus Mycobactervum | Mycobacterium 
(yiml) ! (Wood) peniculin- sulphamide- subtilis vulgaris E coh fnriburgensis |- smegmatis 
resistant resistant 
5 TEGERE t++++ ++++ t++++ +++ | +4+4+4+ ++t+ ++++ 
10 — t++t+ + + — +++ | +++ TE ++++ 
20 —— — — — ++++ | ++44 — — 
50 — — — — +++ | +t+4 — — 
100 — = = = +++ | +t44 — — 
300 — — — — +++ +t e+ — — 
l 
Symbols —,no growth, ++, partial growth, + + + +, full growth 
Table 2 
Se eee RN — E 
Cases treated with ‘Polyanthin’ 
Control case 
Treatments Healing No of cases Healing : 
In case of 
Prophylactin suppuration P/I* . Pir P/I* P/IIt 
© Obstetrics 155 81 281 (97 995) 5 (21%) 236 161 (68 2° 15 (31 89 
Gynecology 63 65 124 (96 9%) 4 (31%) 128 81 (6 Sd 47 a Ba} 
Total 218 146 355 (87 5%) 9 (25%) 364 242 (665%) 122 (33 5%) 





* PJI, healed per primam 







T PHI, healed per secundam 
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vounds 18 97 5 per cent, while without ‘Polyanthin’ 
he primary healing of wounds 1s only about 66 5 per 
rent 

Further mvestigations for the extension of the 
linical appheabihty of ‘Polyanthm’ (for example, 


uberculosis, surgery, general medicine) are in 
MENS K Kovács 
A K6rar 
Institute of Organic Chemistry, 
University, 
Budapest, Muzeum krt 4/b 
I SZABÓ 
National Institute for Tuberculosis, 
Korany1, 
Budapest 124 
R MeEcsEx1 


Margaret-Hospital, 
Budapest ITI 


Kovács, K , Kétai, A , and Szabó, I , Nature, 185, 266 (1960) 


Kovacs, K , and Kótai, A , Acta Chim Hung ,21, 453 (1959) Kótai, 
A, Kovács, K , and Császár, J, «bid , 21, 461 (1959) 


' Anderson, © G , Intro to Bact Chem, 106 (Wilhams and Wilkins 
Co , Baltimore, 1948) 


Nature of Colicine Receptors 


COLICINES are unique among antibiotics m being 
specifically adsorbed on to the surface of bacteria 1n a 
manner analogous to antibodies and bacteriophages 
Besides bemg removed from solution by adsorption on 
sensitive bacteria’, they can be mactivated by extracts 
of sensitive, but not of resistant, organisms? The 
nature of coheme receptors on the bacterial surface 
has not so far been elucidated This communication 
describes some preliminary observations on the 
subject P 

Absorption experiments were undertaken, using 
two of Fredericq’s strains, namely Shigella sonne P9, 
produemg colicme $3, and the cohemoe-sensitive 
Escherichia colt C6 When colicme was mixed. with 
preparations of the sensitive E col, each killed by a 
different procedure, then centrifuged and the residual 
colicmme assayed, a number of properties of the recep- 
tor sites were demonstrated They were unaffected 
when, the organisms were killed by heat at 65? C for 
30 min, by exposure to 03 per cent formalin or 2 
per cent phenol, but were destroyed by heating at 
100° C for 1 hr or exposure to 80 per cent ethanol 

The residual colicine was titrated by the agar diffu- 
sion, technique developed by E van Horn (personal 
communication) By this technique small differences 
in colieme titre can be detected, and results may also 
be obtamed with a more than hundred-fold dilution 
of the original colicine Partial absorption of colicine 
could thus be detected but, m fact, 1n the absorption 
experiments described here either all or none of the 
colicine was 1emoved from the solution 

The results obtained with the absorption experi- 
ments were corroborated by assaying the colicme on 
agar plates inoculated with a mixture of viable and 
killed organisms The moculum consisted of 
5-10 x 10*/ml viable organisms 
of the sensitive E cols, mixed with 
a suspension of 5-10 x 108/ml 
organisms of the same XE col 
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which the receptor sites were intact adsorbed colicine 
and hence the inhibition zones were significantly 
reduced in size The amount of reduction was 
comparable with that obtained by an moculum of 
viable cells, substituted for the killed organisms? 

From these observations ıt appears that the recep- 
tor, at least for this particular colieme, resembles 
most closely a flagellar or, to a lesser extent, a fimbrial 
antigen Æ col C6 1s non-motile, which lends par- 
ticular interest to the findmg of a receptor substance 
on its surface having the properties of a flagellar 
antigen 

ANNA Maxn-HaARTING 
Department of Bacteriology, 
University of Biistol 


* Jacob, F , Siminovitch, L, and Wollman, E, Ann Inst Pasteur, 
83, 295 (1952) 


* Bordet, P , and Beumer, J, C R Soc Biol , 142, 259 (1948) 
*van Horn Ehzabeth A , MSc thesis, University of Bristol (1961) 
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A Simple Flattener for holding Filter 
Papers on Planchettes for Radioactive 
Counting 


Tum use of a 'Millipore' chimney and filter paper 
provides a convenient means of collecting radioactive 
material for measurement of its activity A major 
disadvantage of this system arises from the curling of 
these papers by the precipitated materials and the 
alhed difficulties of fitting them ın the planchette 
The use of doubly gummed ‘Scotch’ tape provides only 
a partial solution to this problem, and if the material 
on the filter paper ıs to be analysed chemically 
afterwards, the tape adhesive may interfere The 
use of liquid adhesives and, ın the case of *Millipore' 
filters, of solvents also does not solve this problem 
The amount of collected material 1s hmuted by the 
point at which the precipitate will flake and not hold 
to the paper Recently we devised a simple spring 
mechanism to hold the paper in the carriers 

The precipitates are collected on the surface of 
hardened small-pore filter paper (for example, 
Whatman No 42) or modified cellulose papers 
(“Maillipore’ filters) and dried in a desiccator The 
flatness of the resulting material ıs a function of the 
amount of precipitated material collected The 
diameters of the papers are slightly smaller than the 
inside diameter of the planchettes used (Nuclear- 
Chicago sample pan lian in diameter) The papers 
are fixed mside the planchette by use of a 330° arc 
of stainless steel sprmg wire No 24 gauge, so made 
that the arc has a diameter 4 m greater than the 
planchette (Fig 1) The wire 1s placed within the 
planchette and on the paper by compressing 16 with 
the thumb and forefinger and placing the closed end 
against the wall of the planchette The sprmg is 
then permitted to expand slowly below the level of 
the planchette side wall, and final adjustment 1s made 


with a pair of forceps 
nes Planchette 





killed by the methods used in the Spring —##_____*_ —— e[*-Plonchette Spring 
absorption experiments The e O02" 
kılled suspensions in which the 125" 


1eceptor site had been destroyed 
did not materially alter the size 
of the inhibition zones, those ım 





Paper 


Fig 1 Details of arrangement of the spring flattener - 
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We have found these uniquely successful ın holding 
the papers and ‘their contents flat, they are simple 
to use and easy to clean They will withstand brief 
washing m dichromate cleanmg solution, may be 
autoclaved, and can be made by most machine shops 
A convenent maternal, though not stamless steel, 
is commercially available piano wire Thicker wue 
will provide additional strength where required 

This work was supported in part by US Public 
Health Service grants H-3174 and E-3854 


EDWARD A SMUCKLER 
EARL P BENDITT 


Department of Pathology, 
University of Washington, 
Seattle 5, Washington 


Chemico-Linguistics: Computer Translation 
of Chemical Nomenclature 


I wrsH to report what ıs believed to be the first 
successful mechanical translation of chemical names 
into chemical formule Tsukermann and Terentiev' 
have indicated their mtention to work on this prob- 
lem 

Programmung the initial experiments was simplified 
by imposing several restrictions Simulated tests by 
manual methods have been, successfully performed 
without these restrictions (a) longest carbon chains 
allowed are ten carbon atoms ın length, (b) maximum 
length of chemical names 1s 59 characters, (c) elements 
other than carbon, hydrogen, oxygen, nitrogen, 
sulphur, bromine, chlorine, fluorine and 10dine were 
eliminated 

The most significant aspect of this research 1s the 
linguistic study of chemical nomenclature which 
preceded, for several years, the development of the 
computer programme’ 

In effect, a recognition grammar for organic 
chemistry has been written which can be used not only 
for mechanical indexing but also for teaching chemical 
nomenclature Using Harris’s methods? for gram- 
matical analyses both the morphology and syntax of 
chemical nomenclature were analysed Morphemes, 
allomorphs, homonyms, ete , were identified as well 
as their roles in the generation of molecular formule 

The difficult problem of calculating hydrogen 
values was overcome by application of the following 
formula, which ıs a modification of Soffer’s® formula for 
determing double bonds and cyclic structures 


H = 2(€4Mg — “Map + 1) + uM y — uM y 


where M, 1s an expression indicating the summation of 
the computational values represented by morpheme 
class ; For example, Mg 1s the number of carbon 
atoms implied by all morphemes ın the chemical 
names which contam carbon This completely resolved 
the tedious, though solvable, problem of constructmg 
more complex rules for hydrogen calculation which 
are required when one attempts to follow the ‘natural’ 
inclination to record methyl as CH;, amino as NH,, 
ete 

It ıs the ultimate objective of this work to generate 
accurate molecular formule for all chemical names 
and also to display end print ideographs, that is, 
structural diagrams Once the mutial linguistic prob- 
lems have been completely resolved, this can be done 
elt has already been shown that computers can be 
instructed to draw such diagrams®? | However, 
neither Opler nor Waldo began with uncoded chemical 
names It1s one thing to programme a computer to 
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diaw a diagram for a known specific chemical In this 
case, a human coder works from a diagram drawn by 
someone and calculates a cipher that 1s used by the 
computer to draw the same diagram It ıs another 
matte: to translate, without human intervention, 
from chemical names to structural diagrams 

The most difficult problem one encounters when 
trying to include all methods of namung chemicals, 
1ather than just systematic International Union of 
Pure and Apphed Chemistry names, 18 the ambiguity 
of different rmg-numbering systems While this 
does not affect the ability to calculate molecular 
formule, ıt does affect the ease of creating entirely 
accurate diagrams In such cases the computer will 
render an invaluable service in reminding the chemist 
that several alternatives must be considered It may 
also remind authors to stipulate whether they are 
following International Union of Pure and Apphed 
Chemistry or some other system 

From a linguistic point of view, 16 18 an interesting 
observation that the basic language of all naming 
systems 1n organic chemistry is essentially the same 
While two chemists will name the same compound 
differently, both will be able to draw the same 
structural diagram In this sense, the use of different 
systems corresponds to the problem of handling 
dialects rather than treatment of separate distinct 
languages In addition, the complete understandmg 
of the mechanisms for translating the language of 
organic chemistry provides useful experimental data 
for the more general problem of mechanical trans- 
lation If we cannot solve the problem of translating 
chemical nomenclature, there would seem to be little 
hope for translating natural languages such as 
English with a machine 

The following chemical compounds (Table 1) 
illustrate the capabilities of the present computer 
programme While a Unwac I was used for this 
experiment, the programme can be modified without 
too much difficulty for smaller computers such as the 
IBM 650 (ref 8) 
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Table 1 
Chemical name Molecular formula 
1,4-b23s[b23(3-Diethylaminopropyl)amino]butane Cz H- 
2-[ (2-AmmopropyDethylamino]ethanol ION O 
8-Hydroxy-6-octene-2,4-diynenitrile CHNO 
1,3,3,4,4-Pentachloro-2-methyleyclobutene ,H4Cl 
2-Phenyl-2,4,6-cycloheptatriene-1-one 12H10 ) 


7-(2,4,5-Tr1chlorophenoxy)heptanoie acid 
Ethyl 2-cyano-5-pheny1-2,4-pentadienoate 
2-Naphthyl-2-cyclohexen-1-one 
Diphenyl-3-butynol 


16^—11 


I wish to thank Dr J O'Connor and Mr C Meunch 
for their help in writing this programme, Dr C 
Borkowski for fruitful discussions on problems of 
mechanical translation, and Prof N Rubin, who 
acted as my chemical ‘mformant’. 

E GARFIELD 

Institute for Scientific Information, 

33 South 17th St, 
Philadelphia 3 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk * are open to the public) 


Monday, October l6 


SOCIETY OY CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
ave Square, London, S W 1), at 530 pm —Mr Sherlock 
‘Advances in the Chemistry of Phosphorous Insecticides” 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
16530 pm—Dr F A E Pirani and Dr G F Elhott ‘Ballistic 
Missiles and Nuclear Weapons"* (First of seven lectures in War 
a Further lectures on October 23, 30, November 6, 13, 20 and 


UNIVERSITY OF LONDON (at Burkbeck College, Malet Street, London 
WC1), at 6 pm —Prof A Rodger ‘Occupational Versatility and 
Planned Procrastination” * (Inaugural Lecture ) 


INSTITUTE OF METAL FINISHING (at the Northampton College of 
Technology, St John Street, London, EC1), at 615 pm —Mr 
S G Clarke ‘‘Chromate Passivation of Brass” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 645 pm— 
Mr C F Price “Experimental Techniques Developed for Determ- 
mung the Performance of Fuel Elements m Nuclear Reactors” (Chair- 
man’s Address) 


Monday, October l6—VVednesday, October 18 


INSTITUTE of METALS (in the Assembly Hall of the Royal Common- 
wealth Society, Craven Street, London, WC2), at 930 am on 
Monday and 9 am on Tuesday and Wednesday—International 
Conference on ‘‘The Metallurgy of Beryllium” 


Tuesday, October |7 


UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, W C1), at 115p m —Dr P J Newbould ‘Nature 
Reserves in Britan Can We Afford Them?” * 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W C 2), at 6 p m —Duscussion on 
“The Place of Digital Computers in the Teaching of Electrical 
Engineers" opened by Dr P D Aylett 


Wednesday, October |8 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
S W 7), at 5 pm —-Scientific Papers 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (at 
Savoy Piace, London, W C 2), at 530 pm—Dr J S Forrest 
“Research and Transmission" (Chairman’s Address) 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W C1), at 6 pm —Mr J W Nichols and Mr A C 
MORIAR "Some Recent Developments in Marine Navigational 

1 g” 


SOCIETY OF CHEMICAL INDUSIRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 p m —Meeting on ‘‘Volatile Corrosion 
Inhibitors’ Mr E LI Evans "Prinerples", Mr R I Barraclough 
"Practical Applcations” 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society 
Hall, 20 Bloomsbury Way, London, W C 1), at 6 15 p m —Sir Lindor 
Brown, FRS Presidential Address 


INSTITUTE OF WOOD SCIENCE (at Carpenters Hal, Throgmorton 
Avenue London, E C 2), at 7 pm —Mr P O Reece "The Establish- 
ment of Safety Factors and Stresses for Timber’. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at Manson House, 26 
Portland Place, London, W 1), at 7 pm —Dr L M Baraken ‘‘Sol- 
vents ın the Surface Coatings Industry” 


SOCIETY FOR ANALYTICAL CHEMISTRY BIOLOGICAL METHODS 
GROUP (at the Chemical Society Burlington House, Piccadilly, London, 
W 1), at 7 p m —Miss Maureen Wilson ‘The Use of Bactenophages 
in Epidemiology” 


Thursday, October 19 


UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, WC 1), at 115 pm —Dr M Marv Douglas ‘‘Cult 
and Ordeal as Techniques of Sorcery Control in the Belgian Congo" * 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W 1), at 5 pm —Diuscussion 
of a paper by Mr J T M Taylor on “Mining Practice on the Kolar 
Gold Field, India" 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 p m —Scientific papers by Dr Anna B Hastings 
and Dr H G Vevers 


UNIVERSITY OF LONDON (at Westfield College, Kidderpore Avenue, 
London, N W 3), at 515 pm —Mrs Grace Wyndham Goldie ‘‘Tele- 
vision in Society” * 


LONDON PLANETARIUM (in collaboration with the ROYAL SOCIETY 
and the ROYAL ASTRONOMICAL SOCIETY, at the London Planetarium, 
Marylebone Road, London, N W 1),at 5 30 p m —Dr Joseph Needham, 
FRS ‘Astronomy m Classical Chia" 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropieal Medieme, Keppel Street, Gower Street, London, W C 1), at 
580pm- —Prof A S Parkes, FRS “External Factors in Mam- 
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mahan Reproduction” * (Second of seventeen lectures on “The 
Scientific Basis of Medicine” organized by the British. Postgraduate 
Medical Federation ) 


SOCIETY OF INSTRUMENT TECHNOLOGY (at the Royal Institution 
Albemarle Street, London, W 1), at 6 pm—Su George Thomson, 
FRS “The Inspiration of Science" (First Thomson Lecture) 


ROYAL INSTITUTE OF CHEMISTRY (Joint meeting with the SOUTH- 
EAST ESSEX TECHNICAL COLLEGE SCIENTIFIC SOCIETY, at the South- 
East Essex Technical College, Longbridge Road, Dagenham, Essex), 
at 7pm—Dr S I Levy ‘Chemical Patents” 


CHEMISAL SOCIETY (at Burlington House, Piccadilly, London, 
W 1), at 7 30 p m —Scientific Papers 


BRITISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, 32 
Welbeck Street, London, W 1), at 8 p m —Ordimary Meeting followed 
by Mr F G Spear ''Questioning the Answers” (Presidential Address), 


UNIVERSITY OF LONDON (in Swanley Hall, Withersdane, Wve 
College, near Ashford Kent), at 8 15 pm —Prof J D Bernal, F RS 
"Seience in History", 


Thursday, October 19—Friday, October 20 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at the Royal Overseas League, St James's, London, S W 1)— 
Symposiam on *'Seale-up and Pilot Plants” 


Friday, October 20 


BRITISH PSYCHOLOGICAL SOCIETY, OCCUPATIONAL PSYCHOLOGY 
SECTION (in the Department of Psychology, Birkbeck College, Malet 
Street, London, W C 1),at 1 p m —Dr R A M Gregson “Operational 
Research, Psychological Information and Managerial Decisions” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
oe e 530 pm—Mr T A Brock “Petroleum Products in 
osmetics’’, 


Saturday, October 21 


LONDON COUNTY COUNCIL (at the Hormnman Museum, London 
Road, Forest Hil, London, S E 23), at 330 pm —Mr E Milne- 
Redhead “A Plant-Collecting Expedition to Southern Tanganyika” * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

SCIENTIFIC OFFICER (male, with a good honours degree), for 
genetical, physiological and breeding research with cereals—The Secre- 
tary, Plant Breeding Institute, Trumpington, Cambridge (October 21) 

MAP CURATOR/LIBRARIAN (preferably with qualifications in geo- 
graphy and Lhbrarianship IN THE DEPARTMENT OF GEOGRAPHY— 
The Registrar, The University, Sheffield (October 23) 

RESEARCH PHYSICIST, Senior Scientific Officer (with an honours degree 
together with several years appropriate experience) at the Defence 
Standarcs Laboratories, Finsbury, near Adelaide, South Australa, 
for basic studies relating to the effects of light, X- and gamma-radiation 
on photoconductive materials and the physics of electrophotography 
—The Senior Representative (AV 125/6), Department of Supply, 
Australa House, Strand, London, W C2 (October 26) 

ASSISTANT LECTURER IN PURE MATHEMATICS—The Registrar, The 
University, Nottingham (October 28) 

LECTURER or DEMONSTRATOR (Assistant Lecturer) IN PHYSIOLOGY 
—The Registrar, The University, Leeds 2 (October 31) 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY—The 
Registrar, The University, Sheffield (November 4) 

JUNIOR RESEARCH FELLOW (with a good first degree in zoology) 
IN LOCUST PHYSIOLOGY IN THE DEPARTMENT OF ZOOLOGY, University 
College of Rhodesia and Nyasaland, for work on the water relations 
of locusts— The Secretary, Inter-University Council for Higher 
Educaticn Overseas, 29 Woburn Square, London, W C 1 (November 8) 

READER IN CHEMICAL PATHOLOGY at the Postgraduate Medical 
School of London—The Academic Registrar, University of London, 
Senate Eouse, London, W C 1 (November 8) 

LECTURER IN PHILOSOPHY at the University of Otago, Dunedin, 

ew Zealand—The Secretary, Association of Universities of the 

ritish Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (New Zealand and London, November 15) 

LECTURER (with special interest 1n plant physiology or morphology 
or taxonomy) IN THE DEPARTMENT OF BOTANY, University of Ghana 
—The Assistant Registrar (London), University of Ghana, 15 Gordon 
Square, London, W C 1 (November 15) 

LECTURER/SENIOR LECTURER IN ORGANIC CHEMISTRY at the 
University of Western Australia—The Secretary, Association of 
Universities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall London, 8 W 1 (Austraha and London, 
November 17) 

LECTURER (with a good honours degree and experience in research 
or teaching, and preferably qualifications 1n the history and philosophy 
of science) IN THE SCHOOL OF PHILOSOPHY, University of New South 
Wales—The Agent-General for New South Wales, 56 Strand, London, 
W C2, and the Appointments Section University of New South 
Wales, Box 1, Post Office, Kensington, New South Wales, Australia 
(November 17) 

SENIOR LECTURER (with a higher degree or equivalent qualifica- 
tions) and a LFOTURER (with an honours degree) IN THE SCHOOL OF® 
NUCLEAR ENGINEERING, University of New South Wales—The Agent- 
General for New South Wales, 56-57 Strand, London, WC2, and 
the Appomtments Section, University of New South Wales, Box 1, 
Post Office, Kensington, New South Wales, Australia November 17) 
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LECTURER and an ASSISTANT LECTURER IN INORGANIO CHEMISTRY— 
The Registrar, The University, Nottingham (November 22) 

LECTURER (with an honours degree m chemistry and preferably 
a higher degree, and experience and a special interest in modern 
physical methods) IN THE DEPARTMENT OF CHEMISTRY, Newcastle 
University College—The Agent-General for New South Wales, 56-57 
Strand, London, W C 2, and the Appointments Section, University 
of New South Wales, Box 1, Post Office, Kensington, New South 
Wales, Australia (November 24) 

CHAIR OF PHARMACOLOGY m the University of Malaya, Singapore 
—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, WCi (November 30) 

KEEPER (with an appropriate university degree, and preferably 
museum experience and/or a knowledge of herbarium work) OF THE 
DEPARTMENT OF BOTANY—The Secretary, National Museum of Wales, 
Cardiff (November 30) 

LECTURERS (2) IN PHYSIOLOGY, and a LECTURER IN PHARMACOLOGY 
at Makerere University College, East Afmca—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (November 30) 

SENIOR LECTURER IN METEOROLOGY, and a LECTURER IN GLACIO- 
LOGY at the University of Melbourne, Australa—The Secretary, 
Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (Australia 
and London, November 30) 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (with 
a degree or HNC 1n chemistry or equivalent), for work mainly 
concerned with the analysis of foods and feeding-stuffs of tropical 
origin—The Director, Tropical Products Institute (D S I R ), 56 Gray’s 
Inn Road, London, W C1, quoting Ref YE 709/9 

ASSISTANT LECTURER, Grade B (with a good honours degree in 
mathematics and preferably some teaching or research experience), 
IN MATHEMATICS—The Clerk to the Governors, South-East Essex 
Technical College, Longbridge Road, Dagenham, Essex 

ENTOMOLOGIST (with a good honours degree m biology, with entomo- 
logy as a special subject, and not less than two years postgraduate 
research experience 1n entomology) at the West African Institute for 
Trypanosomiasis Research, to carry out laboratory and field mvestiga- 
tions on tsetse flies, at Kaduna, Northern Nigeria—The Crown Agents 
4 Millbank, London, S W 1, quoting Ref M3B/53514/NF 

JUNIOR TECHNICAL OFFICER (with GCE at “A” level in two 
science subjects, one of which should be botany or biology), for work 
in a section investigating the cytogenetic effects of radiation—The 
Admunistrator, Radiobiological Research Unit, Medical Research 
Council, Harwell, Didcot, Berks 

LECTURER (with a good honours degree m physics and preferably 
& PhD degree, and preferably experimental research experience in 
some aspects of plasma physics and an interest ın high-current dıs- 
charge work) IN THE DEPARTMENT OF NATURAL PHILOSOPHY—The 
Secretary, Royal College of Science and Technology, George Street, 
Glasgow, CI 

LIBRARIAN (with a knowledge of chemistry or physics) IN THE 
DEPARTMENT OF CHEMICAL ENGINEERING AND CHEMICAL TECHNOLOGY 
—Prof A R Ubbelohde, F RS, Imperial College of Science and 
Technology, London, S W 7 

POSTDOCTORAL FELLOW, for research in flame spectroscopy or a 
related subject—Dr A G Gaydon, FRS, Chemical Engineering 
Department, Imperial College, London, 8 W 7 

POSTDOCTORAL FELLOW, for research 1n modern concepts between 
structure and biological activity or orgamic molecules, organie syn- 
thesis and stereochemistry— Prof B Belleau, Department of Chem- 
istry, University of Ottawa, Ottawa, Ontano, Canada 

RESEARCH ASSISTANT (Graduate), to undertake cell counts as part 
of an investigation on the growth of cereal seedlings—The Secretary, 
Agricultural Research Council Unit of Plant Physiology, Imperial 
College of Science and Technology, London, S W 7 

SCIENTIFIC OFFICER (male or female, with an honours degree in 
science, pharmacy or biology) IN THE BLOOD TRANSFUSION SERVICE, 
for duties which will consist of technical work in the Blood Transfusion 
Service Laboratories—The Director, Blood Transfusion Service, Roby 
Street, Manchester 1 

SENIOR LABORATORY TECHNICIAN, Grade 1 (with appropriate qual- 
fications and experrence)—The Head Master, King Edward VI School, 
Southampton 

STATISTICIANS (2) (with good qualifications m mathematics and 
statistics) to engage imn the development of biometric techniques for 
medical research and the application of electronic computers fo 
pence problems—The Secretary, Marischal College, The University, 

erdeen 

TECHNICIAN AT THE MARINE BIOLOGICAL STATION, Port Erin— 
The Registrar, The University, Liverpool 3, quoting Ref CV/N/M B Se 


REPORTS and other PUBLICATIONS 


(not «ncluded wn the monthly Books Supplement) 


Great Britain and Ireland 


Institute of Personnel Management Job Analysis By H E Roffand 
T E Watson Pp 40 7s 6d Supervisory Tramung By J R Arm- 
saong Pp 51 78 64 (London Institute of Personnel Management, 
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Department of Scientific and Industrial Research National 
Physical Laboratory Notes on Apphed Science No 22 Capacitors, 
Inductors and Resistors at Radio Frequencies By Dr T I Jones 
Pp iv+24 (London HM Stationery Office, 1961 ) 1s 9d net [148 

Britain’s Cultural Crisis By M C Goodall Pp 4 (Hove, Sussex 
M OC Goodall, 16 King’s Gardens, 1961 ) [158 

CIBA (ARL), Ltd Technical Notes, No 224, (August, 1961) 

oat Bmlding by Yarecraft—Colf-moulded and Hard-Chine Hulis 

onded with 'Aerohte" 300 Pp 8 (Duxford CIBA (ARL), 
Ltd , 1961 ) [158 

Royal Observatory Bulletins No 27 . Three-colour Photometry 

in the Southern Hemisphere—NGOC 6383, NGC 6405 and Standard 
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Stars By O J Eggen Pp C61-70 (London HM Stationery Office, 
1961) 38 net [158 

Building Research Station Digest, No 18, (Second Series) _ Concrete 
Mix Proportioning and Control—1 Pp 4 (London HM Stationery 


Office, 1961 ) 4d [158 
Control of Public Expenditure Pp 33 (Cmnd 1432) (London 
H M Stationery Office, 1961) 1s 9d net [258 


Other Countries 


Mental Health Book Remew Index, Vol 6, Whole No 11, July 1961 
Compiled by the Editorial Committee and Contributing Librarians 
(Sponsored by the World Federation for Mental Health, The Inter- 
national Council of Psychologists , The American Foundation for Mental 
Hygiene, and The Research Center for Mental Health, New York 
University) Pp xvun+62 (Flushng, NY Miss Lois Afflerbach, 
Paul Klapper Library, Queens University, 1961 ) [158 

Institute for Scientific Information, Philadelphia 
Brochure Pp 18 (Philadelphia, Penn 
Information, 1961 ) (158 

Chicago Natural History Museum Fieldiana Anthropology 
Vol 52 Mineral Creek Site and Hooper Ranch Pueblo, Eastern 
Anzona By PaulS Martin, John B Rinaldo and Wiliam A Longacre 
Pp 181 (Chicago Chicago Natural History Museum, 1961) 550 
dollars 158 

New South Wales Department of Agriculture Contributions from 
the New South Wales National Herbarium Flora Series, No 101, 
Part 1 Papihonaceae By Joy Thompson Pp u+91 (Sydney 
Government Printer, 1961 ) 158 

United States Department of Commerce Coast and Geodetic 
Survey Publication 65-1, Part 22 Plane Coordinate Intersection 
Tables (2}-Minute), Mississippi Pp u1+92 50cents Pubhcation 65-1, 
Part 40 Place Coordinate Intersection Tables (23-Munute), Tennessee 
Pp +58 40 cents (Washington, DC Government Printing 
Office, 1961 ) {158 

Arctic Institute of North America Technical Paper No 6 The 
Medusae of the Chukchiand Beaufort Seas of the Arctic Ocean including 
the description of a New Species of Eucodomum (Hydrozoa Antho- 
medusae) By Cadet Hand and Lai Bing Kan Pp 238 (Montreal 
Arctic Institute of North America, 1961 ) 1 dollar 158 

Canada Publications of the Dominion. Astrophysical Observatory, 
Victoria, BC Vol 11, No 16 Curve of Growth of C, Absorption 
Bands Applied to the Problem of the C!?/03* Abundance Ratio By 
John L Chmenhaa Pp 307-338 25 cents Vol 117, No 17 The 
Light-Ratio and Secondary Spectrum of the Eclipsing Binary Zeta 
Aurigae By E K Lee and K O Wright Pp 339-353 Vol 11, 
No 10 Some Spectroscopic Observations of the Supergiants 67 
Ophiuchi, 55 Cygniand x? Orionis By Anne B Underhill Pp 353-362 
(Ottawa Queen’s Printer, 1960 and 1961 ) 158 

University of California Publications in Geological Sciences Vol 40, 
No 1 Calhfornia Pleistocene Paleotemperatures By James W 
Valentine and Robert F Meade Pp 1-46 (Berkeley and Los Angeles 
University of California Press, London Cambridge University Press, 
1961.) 1 dollar 158 

Metropohtan Life Insurance Company Statistical Bullletin, Vol 42, 
(June, 1961) Voting Population at Record High Recent Variations 
in Pneumonia-Influenza Mortality Longevity of Industrial Policy- 
holders ın 1960 Accident Death Rates Decrease mn Most States Pp 
12 (New York Metropolitan Life Insurance Company, 1901 ) [158 

Institutt for Atomenergi Kjeller Research Establishment, Norway 
Quarterly Progress Report, January-March, 1901 Pp iv+41+35 
figures (Kjeller, Lillestram Institutt for Atomenergi, Kjeller Research 
Establishment, 1961 ) 15 

National Research Council of Canada Radio and Electrical Engin- 
eermg Division NRC No 6404 Energy Transfer in Polyacene Solid 
Solutions, JI—a Bibliography for 1957-1960 y F R Lipsett 
Pp 14605 (Ottawa National Research Council, 1961) 50 cents [158 

Forschungsberichte des Landes Nordrhein-Westfalen Nr 974 
Nehmen Luftelektrische Faktoren Eimfluss auf die Aktivitats- 
wechsel Kleiner Insekten, insbesondere auf die Hautungs und 
Reproduetionszahlen von Blattlüàusen Von Dr Else Hame, Pp 80 
(Koln und Opladen Westdeutscher Verlag, 1961) 2430 DM [158 

Umted States Department of the Interior Geological Survey 
Bulletin 1032-F  Petrography and Origin of Xenotime and Monazite 
Concentrations, Central City District, Colorado By E J Young and 
P K Sims Pp m+278-299 20cents Bulletin 1070-C Distribution 
of Uranium in Rocks and Minerals of Mesozoic Batholiths 1n Western 
United States By E S Larsen, Jr , and David Gottfried Pp v+63- 
103 Bulletin 1084-J L A Constant-Feed Direct-Current Arc By € S 
Annelland A W Helz Pp 1iv4-231-251 15cents Bulletin 1084-K. 
Beryllium Content of American Coals By T Stadnichenko, P Zubovic 
and Nola B Sheffey Pp 1v+295+2 plates Bulletin 1102 Strati- 
graphy and Refractory Clayrocks of the Dakota Group Along the 
Northern Front Range, Colorado By KarlM Waagé Pp v+154+8 
plates Bulletin 1123-A Geology of the Dubuqye South Quadrangle, 
Iowa-Ilinos By C Ervin Brownand Jesse W Whitlow Pp v+93+7 
arn (Washington, DC Government Printing Office, di 
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THE SCIENTIST AND THE COMMUNITY 


HE address, "Power and Responsibility im 
Science”, which Prof M Swann broadcast in the 
Third Programme on the eve of the British Associa- 
tion foi the Advancement of Science meeting at 
Norwich (August 29) m no way anticipated Sir 
Wilfnd Le Gros Clark's presidential address, though 
in his concluding passages Sir Wilfrid summoned 
scientists to play a special part m promoting 
opportunities for free mtercourse and the free inter- 
change of ideas among the peoples of the world Prof 
Swann 18 no less convinced that scientists have some- 
thing to offer the world besides their discoveries, but 
he did not touch on this particular question of co- 
operation, except to note that, in simple terms 
of its influence on mankind, H B du Pont, when 
addressing the Franklin Institute, once described the 
development of the modern industrial corporation as 
the greatest invention of all, exceeding even the 
influence of the steel plough, steam locomotive, the 
telegraph and telephone, and the flour mull of 
Oliver Evans, which was the precursor of automatic 
control 
Prof Swann began indeed by referring to certain 
diseoveiies of science which had reduced drudgery, 
transformed communication and transport and 
enhanced or improved the standard of living, or 
relieved pam and suffermg, doubled our hfe-span 
and vastly umproved food production These dıs- 
coveries, apart from the 1mpact of science on ways of 
thought, could undoubtedly be placed on the credit 
side even 1f there were other things such as the atom 
bomb or the misuse of scientific ideas to bolster up 
1aclal, economic or political theories to be placed on 
the other side 
Prof Swann, however, was not attempting to 
strike a balance but to indicate the vast power which 
science has come to wield ove: the human race This 
power, he argued, 1s exercised without responsibility 
and this 1s one reason for the anti-scientific feelings 
sometimes encountered Moreover, because every 
scientific discovery depends on what has gone before, 
such power as science exercises 1s not applied by 
individuals but collectively by scientists as a whole 
and all must m some sense accept responsibility 
While at the individual level the concept that power 
and responsibility must be linked has long been estab- 
lished, ıts acceptance at the collective level of 
government and society is a much more recent 
achievement, and Prof Swann taxes science with 
having evaded this issue of the responsible exercise 
of power which 1s at the heart of modern democracy 
It was not suggested by Prof Swann that this 
evasion is deliberate It arises out of the very nature 
of science as, first and foremost, a search for know- 
ledge, and ıt was much later—Prof Swann puts ıt 
withm the past century—that knowledge came to 


mean power, and still more recently that the power 
and the atvendant responsibility of science became 
glaringly obvious To-day, he remarks, even a 
research worker in the most esoteric corner of science 
can no longer feel sure that he 1s not laymg founda- 
tions for some new advance with all sorts of practical 
mplheations The scientist who fails to develop a 
social conscience can no longer be excused. 

Prof Swann does not, however, analyse this ques- 
tion of responsibility at all deeply or even the position 
of the scientist 1n the community ın which he works 
He considers the question whether the scientist has 
anything beside his discoveries to offer the world in 
which practical decisions have to be made and dıs- 
coveries translated into action, for good or for ill 
He recognizes, of course, that under present con- 
ditions society contrives fairly effectively to prevent 
scientists as such from domg much to mprove the 
situation Prof Swann makes the point that there 1s 
just as much need, and possibly more immediate 
prospect of success, for scientists to enter public life 
vigorously at lower levels than those of the higher 
reaches of government—in the councils, committees, 
boards of governors, through which the hfe of the 
local community 1s ordered Moreover, he suggests 
that foresight 1s only a part of the scientist’s whole 
attitude to tradition and progress and that here the 
scientist has something further to offer to the national 
way of thought 

Considering the way change occurs m public life, 
Prof Swann points out that to the scientist the past 
is worthy of respect and represents the best that able 
minds could achieve The scientist, above all men, 
depends on the work of those who have gone before 
him, and because we have the advantage of other 
men’s labours we should be able to go further and 
do better Prof Swann looks on the scientist as a 
conservative and evolutionary influence m public life 
rather than a revolutionary influence, seeking to add 
to the structure, remodel it here and there, to change 
but not to destroy 

Closely linked with this is the stress Swann lays 
on the scientist’s msistence on the experimental 
approach ‘This 1s built so firmly into science that the 
scientist scarcely realizes how much less instinctive 1t 
18 ın the outside world, and Prof Swann frankly 
advocates an extension of the expernnental approach, 
for example, in such matters as nationalization 
Here, of course, he enters on the wide issues of 
influence, as opposed to power, and of the place of the 
scientific outlook and scientific method in public 
affairs, and these are vital aspects of the problem of 
the right relation of knowledge and power Moreover 
it 18 necessary to distinguish between the scientist as 
a scientist and the scientist as a citizen, for the 
responsibilities are not identical, and failure to 
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distinguish between them has led to mistaken action 
as well as to the opposition to science which Prof 
Swann notes 

The scientist as such has mfluence rather than 
power It 1s hs responsibility to exercise his foresight 
so far as ın him lies, and to point out the consequences 
that must follow the adoption of particular scientific 
or technical measures Only to that extent does he 
bear political responsibility as a scientist Whether, 
however, he 1s able to exercise that advisory function 
at a high enough level or sufficiently effectively or 
early ıs a matter for society as a whole, and 16 1s here, 
as citizen, that the scientist must recognize a responsi- 
bility to work to ensure that the structure of govern- 
ment allows scientific and technical advice to be 
tendered appropriately and effectively This civic 
responsibility requires also that he should seek to 
ensure that educational policy 1s such that 16 provides 
for the task of administration those competent to 
assess scientific and technical advice and give 16 due 
weight along with other factors in a situation 

It ıs only when scientists as citizens prove effective 
in the discharge of such responsibilities that one can 
speak of the scientists as exercising power Even if, 
and when, a scientist 18 appointed. to a position of 
high responsibility in the executive government, 1t 18 
not as a scientist but as a citizen that he holds and 
exereises power It ıs mmportant that this should be 
clearly understood, for confusion over the relations 
between the layman and the scientist to-day is 
responsible for much of the opposition to the wider use 
of the scientific method and to the establishment of 
conditions 1n which scientific work 1s most effectively 
done It ıs scarcely conceivable that there will be 
any reversal, either 1n the advanced or the backward 
races, at the national or at the mternational level, 
of the process of applying the fruits of scientific 
knowledge But the real reason why this confusion 
over the relations between the layman and the 
scientist and their respective responsibilities for the 
use or misuse of science 1s dangerous was brought out 
rather better by Sir Solly Zuckerman m the Stephen 
Paget Memorial Lecture in November 1959, and m 
his address at the California Institute of Technology 
in June of that year (see Nature, 184, 135, 1959) 

Sir Solly pointed out that there 1s a sense 1n which 
science 18 the handmaiden of the economie o1 social 
institutions in which ıt functions—a framework which 
18 indeed to some extent continually bemg trans- 
formed by new scientific ideas and the application or 
practical development of those ideas, but which 
nevertheless to some extent determines what ideas 
shall be developed A material civilization of motor- 
cars, or jet planes, of radio and television, of man- 
made fibres and nuclear power 1s not necessarily the 
only form that civilization might have taken Now 
that ıt has taken that shape, Sir Solly remarked ıt 
helps to define for us the content and the boundaries 
of the area within which we exercise our freedom 
Pursuit of some major development, for example, the 

“development of the steam engme, means that some 
other path that potentially might have been followed 
1s not followed 
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This 1s as yet only imperfectly grasped in Brita 
to-day, though 1t 1s bemg strongly emphasized b 
such topics as space research There are, moreove 
two further points to be made ın this context First 
this choice of development 1s not one that 1s made b 
the scientist as such It 1s a political choice, only t- 
a limited extent made on scientific or technica 
advice, and Sir Solly Zuckerman reminded us that 1 . 
may not even be conscious, and that only parth 
because of the unpredictability of any new majo 
scientific advance or the mcreasing complexity o 
scientific knowledge in the applied field It ıs alsx 
partly because in the application of scientific know 
ledge means tend to become ends, the discovery o 
new ways of doing things transforming the thing: 
done and so their purpose 

Here Sir Solly’s vision 1s clear, but 1ts implication: 
have not as yet been widely discussed or the requisite 
steps taken to provide some means of guarding 
against the dangers to which he directed attention 
Rejecting as too simple the idea that to-day democracy 
has abrogated its rights to a bureaucracy which. is 
determining the direction we are taking, Sir Solly 
maintained that, since the element of the unknown in 
government increases with every step we are now 
taking to apply the fruits of science, if sovereign 
power ıs bemg abrogated ıt ıs less to a governing 
body, however formed, and more and more to a 
process of applying scientific knowledge without any 
real possibility of determining its final consequences 
Neither the voice of the majority nor those through 
whom ıb 1s expressed can proclaim the precise lines 
of the future 

This 1s a vital pomt which Prof Swann over- 
looked, 1t 1s dangerous to speak of the power and 
responsibility of the scientist if 16 18 not recognized 
that while the scientist may be the better able to 
appreciate the scientific aspects of a situation, he 18 
not responsible as such for the application of the new 
knowledge and cannot be held responsible for pre- 
dicting some vast social transformation which might 
result from a seemingly trivial observation Nor 1s 16 
sufficient to urge the need to regard education m 
Science as constituting an essential element in a 
liberal education We need above all to appreciate, 
as Sir Solly put it, that in the major scientific 
matters which now affect human destiny, we cannot 
safely take decisions for to-day unless we realize that 
those same decisions determine the future It ıs at 
this pomt that the scientist’s foresight ought to be 
exerting its decisive influence, and the survival of 
mankind may well turn on the urgency and vision 
and, determination which are brought to bear on the 
creation of the institutions which will enable the 
scientist to make that contribution effectively Nor 
18 that solely & challenge to creative thinking or 
mventiveness It ıs equally a challenge to the 
scientist and technologist to respond to Prof Swann’s 
appeal and use to the full, rmagmatively and construc- 
tively, such opportunities of public service that may 
already confront them as citizens Even when new 
opportunities are provided, scientists and technologists 
will only be able to use them adequately as they gain 
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experience of public work Perhaps one of the 
most constructive steps that our major scientific 
professional institutions could now be takmg would 
be to stimulate the interest of their younger members 
m puble service and to assist them to gam the 
experience and the outlook which would enable them 
to make their particular and unique contribution 
most effectively 


HUMAN PARASITES 


Animal Parasites in Man 
By Dr N H Swellengrebel and M M Stezman 
Pp x+652 (Princeton, NJ D Van Nostrand 
Company, Inc , London D Van Nostrand Com- 
pany, Ltd , 1961) 67s 6d 


T ıs difficult, as one ieads through this book, 
to decide what type of reader its authors had ın 

mind First issued sixty years ago, 1t has now been 
re-written and enlarged, and its authors hope ıb will 
be useful to the physician and the biologist For 
the physician seeking an introduction to this subject 
and information about the epidemiology and treat- 
ment of human parasitic infections ıt may well seem 
adequate, but the biologist or medical man who 
requires guidance and information on difficult points 
of detail or procedure may prefer one of the several 
text-books of medical parasitology which are available 
at not much greater cost The biologist, moreover, 
may wish for more systematics than this book 
attempts to give and more on the features of the 
main groups of parasites He may wonder, too, at 
some statements, such as the suggestion, that all 
trematodes are flat “like a flatfish or the leaf of a 
tree", and why the authors have introduced into 
an, otherwise excellent mtroduction such terms as 
‘‘proliferous”’ and ‘‘non-proliferous”’ parasites, “initial 
aggressors” and the like , and at the division of the 
common, parasites of man into the Protozoa, Metazoa 
and the ‘‘Scolecida, or lower worms", one wonders, 
too, whether Sabm would nowadays agree with the 
statement attributed to him in 1953 that toxoplas- 
mosis 18 an ‘‘almost perfect host-parasite relationship 
in which the parasite only rarely causes serious 
damage to 168 hosts, and the hosts are not too intent 
on destroying the parasite" 

Apart, however, from points hke these, the text 
18, as one would expect from a book bearing the highly 
respected name of Prof N H. Swellengrebel, accurate 
and as up to date as any book can, 1n these days of 
very rapid advances in knowledge, hope to be 
Among the best sections are the new chapters on 
methods of examination of the excreta and blood 
for eggs and larve of parasites and on the methods 
for the enumeration of the eggs of parasites and 
on serological methods of diagnosis The biblio- 
graphies at the end of each chapter will also be useful 
to readers who wish to extend their knowledge 
The book ıs written m an easy style and shows the 
host and parasite in conflict with each other, a point 
of view which leads the authors to use such phrases 
as ‘“‘the host’s defense mechanism was kept con- 
stantly on the alert” (p 127), or the host applies 
"topical" or “numerical”? restraint on the parasite, 
phrases which are useful only if great care is taken 
not to mislead the reader An odd feature ıs the 
disproportionate space given to the rare occurrence 
of Babesia bovis, a parasite of cattle, in splenectomized 
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human subjects Its true that babesiasis may be a 
risk to which man, and especially splenectomized man, 
may rarely be exposed, and the space grven to this 
disease would be justified m a large and comprehensive 
text-book , but ıt should be accompanied by a fuller 
consideration of the Babesudae than is given here 
It is difficult, too, to understand the statement 
(p 127) that “calves are the only hosts to suffer" 
from Babesia bwgemana, because they suffer less 
severely than adult cattle and ıt ıs explained on 
the same page that they acquire pre-immumty — It is 
implied, also, that Boophilus annulatus ıs the only 
invertebrate host of Babesia bwgemana, whereas at 
least 10 ticks belonging to 3 genera have been recorded 
as its invertebrate hosts The tick, moreover, 1s here 
deseribed as the intermediate host, whereas it 
harbours the sexual phases of the Babesia and is 
therefore the definitive host 

Most of the numerous illustrations are taken from 
other text-books, and it 1s unfortunate that many 
have suffered much in the process of repioduction 
Outstanding examples are the figures of Echinococcus 
granulosus (p 267), and the black-and-white figures 
of the exo-erythrocytic stages of Plasmodwm anu 
and P falewarum, which give no idea of the clarity 
and draughtsmanship of the originals These examples 
are the more regrettable because other figures are 
well reproduced 

The format of the book and its general make-up 
and print are attractive, but its price, compared with 
that of the bigger and more detailed text-books 
available, 1s high G LAPAGE 


CANCER OF THE RECTUM 


Cancer of the Rectum 

Edited by Cuthbert E Dukes (Neoplastic Disease at 
Various Sites, Vol 3) Pp xm+304  (Edmburgh 
and London F and $ Livingstone, Lid, 1960) 
50s net 


HIS 1s the third volume of the series Neoplastic 
Disease at Varrous Sites under the general editor- 
ship of Prof D W Smithers In one way, at least, the 
volume 1s unique eleven of the eighteen contributors 
are connected with St Mark’s Hospital, London— 
seven as consultant surgeons, two as consultant 
pathologists, and two as research assistants Not 
only are these contributors familar with each 
others’ views and methods, but also for many years 
the work of the surgeons has been co-ordmated 
through a smgle pathology department and follow-up 
system In this connexion the mmmense and univer- 
sally acknowledged contribution of Dr Dukes himself 
is further made evident by the fact that his accurate 
observations. his plan for the exammation of opera- 
tion specimens and dissection of lymph nodes and 
blood vessels, his pathological classification, and his 
histological grading of rectal cancer, form the basis 
on which the contributing surgeons analyse their 
operative results, and are unquestionably the frame- 
work on which many of the recent advances 1n surgery 
of rectal cancer have been made 
Theoretically, at least, the fact that so many of 
the contributors have been working ın close associa- 
tion with each other, carries with 16 the danger thatthe 
views expressed here arenarrowed through inbreeding. * 
Only in Chapter 13, written by Prof J C Goligher of 
Leeds, 1 mention made of methods practised in 
other countries Some may be surprised to read that 
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combined abdomuno-perineal excision by two surgeons 
operating simultaneously 18 httle practised m America, 
or in Germany and other Continental countries 
The views of an American or Contmental surgeon, 
particularly with regard to the choice of operation, 
might well have made an interestmg additional 
chapter  Asitis, the reader 18 left with the knowledge 
that the abdommo-permeal excision 18 the operation 
most commonly practised im Britain, but with 
the feelmg that anterior resection with sphincter 
preservation might be the better operation for at least 
a proportion of cases On the other hand, one hastens 
to say that the descriptions of the different surgical 
techniques are both remarkably clear and admurably 
brief Each 1s written by a surgeon who has immense 
experience of the operation in question 

Some of the tremendous advances in surgical 
technique, especially ın the resectabuity-rate, durmg 
the past thirty years, are attributable to improved 
anesthesia antibiotics, anticoagulants, a better 
understanding of surgical shock and 1ts treatment, 
and to the consequent possibility of undertaking more 
radical operations Some have arisen as the direct 
result of pathological observations, for example, the 
observation that cancer of the rectum rarely spreads 
downwards and therefore that sphincter preservation 
is feasible Finally, some are undoubtedly the direct 
result of the concentration of surgical and nursing 
experience at St Mark’s Hospital itself In this latter 
connexion this book 1s & poignant answer to those who 
still oppose the establishment of ultra-speciahzmg 
treatment centres in Britain 

The section (pp 36-39) by Dr Dukes on the control 
of rectal cancer in polyposis families provides an 
unparalleled example of cancer control. By keeping 
detailed records of polyposis families and by going to 
great lengths to keep in close touch with them, it 
has 1n many cases been possible to undertake colec- 
tomy before metastasizing cancer has developed At 
the same time an understanding of the inheritance of 
the disease has enabled the surgeon to reheve the 
minds of unaffected siblings of the fear that they too 
might eventually develop the disease 

Surprisingly, no special space 1s set aside for con- 
sideration of the pre-operative general examination 
or preparation of patients On p 251, 1n the chapter 
on operative complications (Chapter 22), Mr Gordon 
Ungley wnites “ . & pre-operative intravenous 
pyelogram 1s of immense advantage, should serious 
urinary complications arise" The desirability of 
conducting this and other investigations pre-opera- 
tively in certain patients should surely have been 
discussed somewhere earlier ın the volume 

As regards alternatives to surgery, cancer chemo- 
therapy 1s not mentioned, but radiotherapy 1s well 
dealt with by Dr Wilhams in Chapter 19 Here no 
strong claim 1s made for the value of radiotherapy 
other than as a palhative measure On the other 
hand, 1t 18 pomted out that only recently have X-ray 
voltages in excess of 1 MeV been available, these 
give less severe skin and mucosal reactions than 
lower voltage X-rays, and better results may be 
expected from radiotherapy m the future 

The authors of the final section entitled ‘Possibilities 
for Future" (p 277) conclude that further mnprove- 
ment ın prognosis must depend mainly on earher 
diagnosis and earler surgical treatment, but they 
do not suggest how these may be achieved It seems 
unlikely that exfoliative cytology, which 1s mentioned 
briefly on p 132, will be found to have much value as 
@ quicl screening test 
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One problem which urgently needs an answer 1 
“to what extent, 1f any, does surgical biopsy, and th 
pre-operative or operative manipulation of tumour 
increase the risk of distant metastasis via the bloo< 
stream?” Now that appropriate and reliable methodi 
for the detection of circulating cancer cells are becom 
mg available, 1t ıs to be hoped that this question wil 
soon be answered ‘The technique called ‘Chemo 
surgery’ developed by Mohs?! is bemg mcreasingly 
practised m the United States and some European 
countries It ıs hkely that ıt would prove of value 
m the diagnosis and treatment of possibly malignant 
polyps and of iesions of the lower rectum near the 
anal margin 

At the end of an excellent review chapter (Chapter 
5) on “Tumours of the large intestine of mammals 
other than mar”, Dr Roberts discusses the exper) 
mental mduction of tumours of the large gut by 
chemical substances The possibility that constitu- 
ents of the diet, or that anal omtments or sup- 
positories, play an etiological role cannot, without 
further research, be excluded The fact that httle 
space 18 given to consideration of the etiology of 
human rectal cancer is a measure of the paucity of 
research in this field. 

None of the criticisms made here 1s more than 
minor, and they detract very little from the value 
of the contents of the book The contributors 
end editors are to be congratulated on the clarity of 
style and presentation, on the high qualty of most of 
the tables and illustrations, and on the remarkable 
degree of continuity Moreover, the choice of paper 
and size of type ale admirable The book will be of 
value to a wide variety of qualified doctors whether 
primarily concerned with surgery or not In addition, 
the figures for operative mortality and 5-yr survival 
will provide a useful yardstick by which surgeons 
can measure their own prowess when using the same 
techniques and by which the value of new techniques 
can quickly be assessed Francis J C RoE 


! Mohs, F E , Chemosurgery in Cancer, Gangrene and Infections (C C 
Thomas, Springfield, Illinois, 1956) 


DEVELOPMENTS IN VETERINARY 
SCIENCE 


Advances in Veterinary Science 

Vol.6 Edited byC A Brandly and E L Jungherr 
Pp x1+3882 (New York Academic Press, Inc 
London Academic Press, Inc (London), 
1960) 12 dollars 


T volume, which follows the pattern of previ- 
ous ones, covers seven main subjects In the 
first chapter, screw-worm research and eradication 
are dealt with Details are given of the biology of 
the screw fly, its geographical distribution and the 
means of rearmg it under laboratory conditions 
Chief mterest m this section will probably be found 
m the discussion on the means of screw-worm eradica- 
tion by releasmg sterilized males m an infested area 
The genetic basis for sterilization by irradiation 1s 
discussed in a concise but thorough manner  Insecti- 
cides m the form of wound dressings, sprays and dusts, 
meluding organo-phosphorus compounds, are dis- 
cussed ın the concluding chapters of this section 

In the second chapter foot-and-mouth disease and 
related vesicular diseases are dealt with m consider- 
able detail Although a number of the facts set out 
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here are already well known, they are very wisely 
reiterated in order to form a correct basis for the 
subsequent discussion The distribution of foot-and- 
mouth virus types and sub-types, the etiology, pre- 
vention, control and eradication as well as diagnosis 
are covered in some detail. At the present time, 
when the control of this disease throughout the world 
1s receiving active attention, the information on types 
of vaccine and their preparation and application is of 
more than academic interest Vesicular stomatitis 
and vesicular exanthema, virus diseases which show 
so many clinical signs sunilar to those of foot-and- 
mouth disease, are discussed from the same angle 
While in Great Britain the absence of these two 
diseases makes the diagnosis of foot-and-mouth 
disease less complicated, the position m the United 
States is not so simple, and differentiation between 
the three viral diseases covered in the chapter ıs a 
practical necessity ın those States m which all three 
could occur simultaneously 

To those primarily mterested 1n animal husbandry, 
the chapter dealing with the effects of nutrition on 
mucrobial disease will have a special appeal Any 
confusion of thought on what really constitutes 
disease, mfection, nutrition and ecology 1s dispelled 
by the critical and clear definition of these terms 
with which the chapter begins The authors sum- 
marize the effects of the various food constituents 
on the prevention of patent disease m the animal 

ln summarizing ther conclusions, they liken the 
balance between the host and muicro-organism to a 
game of chess ın which the result more commonly 
depends on a series of moves and counter-moves 
than on a single finahzing move, and point out that 
the micro-organism may ın many cases overcome its 
host by the narrowest of margins 

The fourth chapter deals with anaplasmosis, cover- 
ing historic development, distribution and incidence, 
and the evolution of epizootics m the United States 
The epidemiology of the two main types of anaplasma 
and of organisms of similar type but doubtful nature, 
such as eperythrozoon, are given due attention 
Transmission of the parasite by ticks, flies and mos- 
quitoes and transmission n utero and accidentally 
by direct contact with infected animals are discussed 
Investigations of the parasite, including the use of 
electron microscopy, problems of 1ts reproduction, 1ts 
cultivation, its properties and its pathogenesis (aided 
by the use of radioisotopes), occupy a considerable 
part of this chapter and will be found to be of funda- 
mental importance to those mterested in this proto- 
zoan blood parasite Diagnosis by clinical and 
laboratory means, the pathology of the disease and 
its prophylaxis and therapy, with a note on the future 
for its control, complete a full and valuable descrip- 
tion of this widespread disease of the blood 

The fifth chapter covers a great deal of ground 
without being unduly long It deals with the com- 
parative pathology of arthritis and embraces the many 
forms of arthritis in all classes of livestock, including 
birds In the concluding remarks to this chapter, it 18 
pointed out that the chemical composition of articular 
cartilage has not yet been studied on a comparative 
basis and that httle ıs known of the character of 
normal synovial fluid ın the various species This 
observation must surely suggest hnes for future 
research 

The followmg chapter deals with coceidioidomyco- 
sis This fungal disease, which has been found to 
affect both animals and man, 1s described from the 
point of view of 1ts history, 1ts ineidence, its classifica- 
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tion (including 1ts saprophytic and parasitic forms) 
and the conversion from one form to the other With 
mhalation as the usual mode of infection of men 
and animals, the epidemiology of the disease makes an 
interesting study, and ıt 1s noted that certain races 
of humans and certain breeds of animals are more 
susceptible than others Pathogenosis and pathology 
are discussed, and diagnosis, prognosis and treatment 
are dealt with. The public health significance of the 
disease renders an investigation of it all the more 
important 

The final chapter deals with canine distemper, a 
disease of which so much has been written. Here we 
find the more important considerations condensed 
into a valuuble and all-embracing treatise The 
question ıs posed ‘Does distemper produce a long- 
lasting immunity because there is one serological 
type or, conversely, 1s there one serotype because 
the virus evokes a high-grade 1mmunity?" 

As in the case of previous volumes, this sixth volume 
contains a comprehensive list of references on each 
of the subjects discussed as well as author and 
subject indexes of considerable value to the reader 
The high standard set by previous volumes 1s fully 
maintained and another addition of outstanding 
value to the teacher and research worker will find 1ts 
way on to ther bookshelves, not to lie there but to 
be consulted freely and profitably. 

Hanorp BURROW 


THE FATTY ACIDS 


Fatty Acids 

Their Chemistry, Properties, Production, and Uses, 
Part 1 Edited by K S Markley. Second completely 
revised and augmented edition. (Fats and Oils 
a Series of Monographs on the Chemistry and Tech- 
nology of Fats, Oils, and Related Subjects) Pp 
1x 4-714 (New York Interscience Publishers, 
Ine , London Interscience Publishers, Ltd , 1960 ) 
169s 


HE first edition of this work was published in 

1947 as a single 668-page volume, written en- 
tirely by K S Markley The material covered has 
now been expanded to such an extent that this 
second edition occupies four parts, each with its own 
index Part 1 ıs concerned with the content of the 
first third of the 1947 edition and has chapters by 
Markley on the mdividual acids and isomerism (250 
and 36 pages, respectively), by R T O'Connor on 
X-ray diffraction and polymorphism (94 pages) 
and spectral properties (120 pages), and by W S. 
Singleton on the properties of the liquid. state and of 
solutions (111 and 70 pages, respectively) 

Markley’s section on the acids has more than 600 
references and covers most types of aliphatic carboxy- 
he acid—natural and synthetic, short- and long-chain, 
saturated and unsaturated, and oxygenated The 
acids are dealt with individually, the main points of 
discussion being occurrence, structure, preparation, 
applications and properties The more important 
acids, industrially as well as academically—such as 
oleic acid and the naturally occurrmg acetylenic 
acids—are treated at some length, though the 
approach tends to be historical and somewhat classical 
rather than critical The tables of physical constants” 
and other properties are numerous and well presented 
Unfortunately, the literature coverage does not 
appear exhaustive, though 1t ıs certainly extensive 
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Those vital adjunets of modern organic chemistry, 
the physical methods, are expertly and concisely 
introduced and the relevance and application of the 
main methods to the fatty acid field are well brought 
out X-ray diffraction, ultra-violet, visible, infra-red 
and micro-wave spectroscopy, and nuclear magnetic 
resonance are each discussed The estimation of 
trans-isomer content by infra-red spectroscopy and 
other similarly important applications are carefully 
documented though, again, I would have preferred 
a more critical appraisal of the present situation 

The properties dealt with under ‘the hquid state’ 
include heats of formation and combustion, density, 
molar volume, viscosity, surface tension and re- 
fractivity, many of the data bemg economically 
presented ın tabular form The final chapter surveys 
the properties of aqueous and non-aqueous solutions 
of the acids and their glycerides 

In summary, Part 1 of this completely rewritten 
and enlarged edition of Fatty Acids provides an 
unrivalled survey of the field covered The complete 
work, which will consist of Parts 1, 2, 3 and 4, should 
prove a worthy successor to the first edition 

GEOFFREY EGLINTON 


COTTON IN INDIA 


Cotton in India 

A Monograph, Vol 2 By R H Dastur, R D Asana, 
K Sawhney, S M Sikka, R S Vasudeva, Quadi- 
ruddin Khan, V P Rao and B L Sethi Pp vm+ 
339 (16 plates) Rs 30, 458 


Vol. 3 By C Nanjundayya, R L N Iyengar, W R 
Natu, M B Ghatge, K S Murt, C B Parikh, 
B L Seth and D N Mahta Pp vm+295 (20 
plates) Rs 30, 45s 


Vol 4 By 8 M Sikka, Arjan Singh, Avtar Singh, 
P D Gadkan, R Balasubrahmanyan, N K Iyengar, 
K Sawhney, V K Bederker, G B Patel, P S 
Pandya, V N Paranype and N S Pamgrahı Pp 
x+378 (20 plates) Rs 30, 45s 

(Bombay Indian Central Cotton Committee, 1961 ) 


HE monograph Cotton «n India, the publication 

of which has been sponsored by the Indian 
Central Cotton Committee, 1s now completed by the 
issue of Volumes 2, 3 and 4 Volume 1 has already 
been reviewed in Natu: e, 189, 86 (1961) 

The second volume deals with physiology, 
agronomy, diseases, msect and mite pests, and with 
seed multiplication and distribution The third 
volume concerns itself with technology, ginning and 
pressing, marketing, consumption of cotton (seed and 
lint), legislative measures and exports and imports 
The fourth and final volume treats of the special 
features of the sıx recognized cotton regions of India 

As the work covers every possible aspect of cotton 
in India, with a large number of contributors, 16 18 
difficult to discuss any pomts m detail Practically 
all work done in India 1s mentioned and, though some 
can only be described as trivial, important findmgs 
occur sporadically throughout the work The labori- 
ous and painstakmg, though somewhat unfruitful, 
work of Dastur on applied physiology deserves 
special mention He pomts out that no funda- 
enental physiological research has so far been 
attempted as all attention has been concentrated on 
the physiological causes of bud and boll shedding, 
bad opening of bolls with mmature seeds and lnt, 
premature yellowmg and reddenmg of leaves, low 
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yields of seed cotton, ete The important work on 
cotton physiology m Trmidad by Mason and his 
co-workers, Maskell and Phillis, recerves only scant 
attention In Egypt much fundamental work was 
done by Balls and his colleagues, much of which has 
some bearmg on Indian problems There is a casual 
reference to the Cotton Plant ın Egypt pubhshed m 
1912, but later work durmg 1927-47 is ignored The 
subterranean environment, probably as important as 
the aerial one, does not seem to have been studied, 
and it 15 significant that ‘roots’ finds no place m the 
index 

In Volume 3, several pages in the chapter on 
technology are devoted to an exposition of statistics 
at the elementary text-book level This moelusion 
would appear to be unnecessary The section on 
small-scale spmning-tests covers less than a page 
and ıs inadequate Although of great :mportance 
to India, the pioneer small-scale spmnmg-plant set 
up by Balls and Hancock in Egypt 1s not mentioned 

The index can only be described as amateurish 
and ealamitously inferior It is neither comprehensive 
nor usable, and 18 quite unworthy of the encyclopedic 
nature of the work The virtues of the monograph, 
however, greatly outweigh the defects, which regret- 
tably include an undue number of printer’s errors 
On the whole, it 1s a reasonably good attempt to 
put on record what 18 known about cotton in India 
and will undoubtedly find wide use as a standard 
work of reference 5 C HARLAND 


SOME ASPECTS OF ASIATIC 
RUSSIA 


Physical Geography of Asiatic Russia 

By S P Suslov Translated from the Russian by 
Noah D Gershevsky Edited by Joseph E Wilhams 
Pp xiv+594 (San Francisco and London W H 
Freeman and Company, 1961) 105e 


É bos book—a large quarto, prmted on good 
glossy paper and contamimg well-reproduced 
text, maps and diagrams as well as photographs, 
although these as a rule are not so well reproduced— 
possesses all the potentialities of a good and mforma- 
tive book Actually 1t suffers from many original and 
translation defects 

First and foremost the book purports to be the 
Physical Geography of Asiatic Russia, but this title 
does not accurately describe the contents of the book 
Physical geography must clearly include geomorpho- 
logy and structural geology In these fields the book 
1$ very weak, whereas the sections on hydrography, 
souls, plants and animals are adequate and well 
presented The names of plants and animals are 
translated mto vernacular English and ther Latm 
names are printed in brackets Ther habit and 
ecology are well described—the general mmpression 
being that the writer 1s a specialist m bio-geography, 
not physical geography On the other hand, the 
geomorphological and geological sections are written 
in à casual and often inexpert manner, occupy a 
small proportion of the text, are often disposed 
throughout the text and are inadequately illustrated 
by geological maps and sections This 18 particularly 
annoying since great progress has been made durmg 
the past hundred years in the study of the geology 
and geomorphology of the Asian part of Russia, as 
evidenced by the work of such authorities as Obruch ev, 
Shatsky and Nalivkin 
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Returning to the title, we read Physical Geography 
of Asiatic Russia Here ıt must be pomted out that 
the frontiers of Asia with Europe follow the Urals 
watershed, the Ural River and the watershed of the 
Great Caucasus Cham In the book the eastern 
Urahan region and the Transcaucasian region are 
excluded This means that in the first part of this 
book, entitled “Western Siberia”, which comprises 
the greater part of the River Ob’, all the head- 
waters of its left tributaries and all the important 
miming and metallurgical zone of the Uralan region 
are excluded The exclusion of Transcaucasia means 
also the exclusion of a very important part of the 
Alpine orogenic belt, stretching from the Carpathians 
to the Hindu Kush 

The first three parts of this book deal with Siberia, 
while the fourth and last part deals with central 
Asia The territorial division 1s done m a very peculiar 
manner, which agrees neither with the leading geo- 
logical nor with the geographical features The first 
part, entitled ‘“‘Western Siberia’”’, embraces the 
western Siberian lowlands, Altai, Salair and the 
Kuznetsk basın So far, so good One would expect 
then that Part 2 would deal with central Siberia, 
but its title 1s "Eastern Siberia", and the title of its 
first chapter (Chapter 4) ıs also “Eastern Siberia", 
while the title of its Chapter 6 1s "Central Siberia" 
For a century, the plateau region situated between 
the Rivers Yemsey and Lena has boine the name of 
"Siberian Platform", as 16 ıs characterized by a unity 
of geological-tectonic structure and a unity of 
morphological features Now, according to the 
authors, the northern part of the “Siberian Platform" 
receives the name of “Eastern Siberia" and the 
southern part “Central Siberia" Under“ Eastern 
Siberia’? are also included Sayan, Tuva, Cis- and 
Trans-Baikal regions—mountainous regions most 
properly Imked with Altai—Salar—Kuznetsk basin 
Again, Part 3, entitled “Far East”, 1s made to em- 
brace Amour and Maritime Province, which is the 
true Far East, as well as Sea of Okhotsk coastal 
region and the Kamchatka-Kurile region, the two 
western provinces which, in spite of their situation, 
are not generally called the “Far East" Part 4 deals 
with central Asia, which ıs plausibly divided mto 
semi-desert, desert and mountain regions 

The results of this peculiar regional planning are 
obvious Geologically and geomorphologically Altai, 
Salan, Kusnetsk, Sayan and Tuva represent a 
definite structural-tectonie unit, which, ın this book, 
is broken up into various disjomted chapters The 
balance struck between the geological—morphological 
and other aspects is illustrated by a typical chapter 
on the Altai m which, out of 45 pages, 19 are devoted 
to bio-geography, 6 to geology and 83 to morphology 
In other chapters, such as Chapter 4, dealing with 
part of the central Siberian Platform, there 1s no 
section on geology In Chapter 5, dealing with the 
Arctic, the most important geological structure of 
Taimyr 1s not described at all The book has only one 
proper geological map (Kuznetsk basin) in addition 
to a tectonic map of the Transbaikal region and a 
few maps of Kamchatka-Kuriles 

The book would be greatly mproved if ıt had an 
introductory chapter m which the main geological, 
tectonic and geomorphological features were dis- 
cussed Permafrost, a phenomenon typical of a very 
large part of Siberia, would be much more effectually 
discussed m an introductory chapter than within the 
confines of Chapter 4. Because of this choppmg up 
of Siberia mto unnatural regions, a very important 


NO 4799 


NATURE 


201 


geological feature has been missed out—namely, the 
Siberian shield, and its associated plateau lava 
region, one of the most extensive in the world— 
the so-called ‘Siberian Traps" Not only do the 
numerous basalt lava flows and sills determme the 
landscape of central Siberia, but also these rocks are 
often associated with valuable ore deposits and with 
the newly discovered kimberlite diamond bearing 
pipes But diamonds are not mentioned ın the general 
index of this book, neither are important tin deposits 
of the Sikhote-Alm Range, nor many ores of iron, 
lead, silver and gold, noi coal nor o3. All these are 
important ingredients of physical geography 

The translation has not been properly revised, and 
the number of glaring muistranslations or mistakes 
in. the original text 1s large Here are a few examples 
p 4, “Paleozoic sea" for ‘Paleogene sea", p 5, 
“Paleocene” for “Paleogene”, ''*Neocene" for ‘“‘Neo- 
gene’, p 106, “Mount Shora” for ‘“Mountainous 
Shora”? (Gornaya Shoria), p 115, “Sapropel” 
(organic mud) for *Sapropehe coal", p 115, 'Strati- 
fied intrusive vem” (of basalt) for “sill”? (of basalt), 
p 188, “Tungus formation" for “Tunguska forma- 
tion", p 208, ‘‘Mesozoic phase of Alpine folding" 
for ‘‘Kimmerian folding’, p 233 ''Pendite" for 
*peridotite" p 257, ‘Basalt deposits” for “intrusive 
basalt", p 269, “Tuva” (correct) in the text and 
*"Tuvim" (wrong) in maps 8-V and 8-VI, and p 289, 
“Caledonian = Lower Paleozoic” for “Caledonian = 
Upper Paleozoic” 

The general impression 1s that this book was 
rapidly thrown together by a person or persons moie 
interested in bio-geography than m geology and that 
the geological-morphologieal part of ib is very poor 
and contains many original and translation errors 

S I TOMKEIEFF 


INFINITE-DIMENSIONAL ALGEBRAS 


Normed Rings 

By M A Namark Translated from the First 
Russian edition by Leo F Boron Pp xvi4- 560 
(Groningen P Noordhoff, Ltd, 1959) 45 Dfl, 
12 dollars, paper bound 4875 Dfl, 13 dollars, 
cloth bound 


HE theory of finite-dimensional algebras, or 
hypercomplex number systems, as they used to be 
called, 1s one of long standing, gomg back to Hamil- 
ton's quaternions, but only m the past twenty years 
or so has there been ereated & general theory for the 
infinite-dimensional case As in the case of vector 
spaces, one has to introduce some notion of continuity 
to obtam a useful theory, the algebraic operations are 
required to be continuous with respect to an appro- 
priate topology, which, in the simplest cases, 1s 
defined by a norm, and we then have a normed 
algebra 
The most familar normed algebra ıs that formed 
by the contmuous functions on a closed interval of 
the real lne, the algebraic operations bemg defined 
in the natural way and the norm bemg taken as the 
upper bound of the absolute value of the function 
Another important algebra ıs formed by the set 
of all functions integrable over the whole real axis, 
multipheation bemg defined as convolution, that 1s, 
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the norm being the mtegral of the absolute value of 
the function, this is a special case of the group 
algebra of a locally compact topological group 
These algebras are commutative, important non- 
commutative algebras arise when we consider con- 
tanuous linear operators m a Hulbert or Banach 
space 

Naimeark’s book is an admurable survey of the 
subject up to the appearance of the Russian edition 
in 1956 The 154 pages of the initial chapter could 
scarcely be bettered as a brief mtroduction to the 
basic ideas of functional analysis The fundamental 
notions of normed algebras are then imtroduced, we 
next come to an account of Gelfand’s theory of com- 
mutative algebras and their representation by means 
of continuous functions on a topological space formed 
by the maximal ideals of the algebra, and its exten- 
sions by Shilov and others This ıs followed by a 
discussion of the representation of symmetric algebras 
by means of operators m Hilbert space and descrip- 
tions of some special types of algebras The chapter 
on group algebras constitutes an excellent account 
of the theory of harmonic analysis on commutative 
locally compact groups, the non-commutative theory, 
which 18 still in a state of rapid development, 1s 
touched on lightly The book concludes with a 
discussion of von Neumann’s operator algebras m 
Hilbert space 

Throughout the book the author concentrates 
mainly on the analytic aspects and applications of the 
subject, a more algebraic point of view ıs to be found 
in Rickart’s recent book on Banach algebras The 
translation 1s well executed, with only occasional slight 
infelicities, 16 18 a pity, however, that Mr Boron has 
not followed the example of the German translation 
by using ‘algebra’ mstead of ‘rng’, and so avoided a 
certain danger of confusion F SMITHIES 


COMPUTING UP TO DATE 
Modern Computing Methods 


Department of Scientific and Industrial Research 
National Physical Laboratory Notes on Applied 
Science, No 16 Second edition, completely revised 
Pp vit+170 (London HMSO, 1961 ) 21s not 


dq second edition of the handbook prepared 
by staff of the Mathematies Division, National 
Physical Laboratory, 1s extremely welcome A com- 
plete revision of the 1957 version has been made, 
revealing the considerable advances of the past few 
years, with particular emphasis on automatic com- 
puting, and also a greater appreciation of the pur- 
pose which the book fulfils A hard cover in dark 
blue adds a becoming air of respectability and greater 
permanence 

The new edition opens with five chapters on linear 
equations and matrices, including a new one on error 
analysis, followed by chapters on zeros of poly- 
nomials, finite-difference methods, Chebyshev series, 
two on ordinary and two on partial differential equa- 
tions, and one each on evaluation of limits, evaluation 
of integrals, and tabulation of mathematical func- 
tions As before, there ıs a valuable bibhography 
consisting of carefully selected and annotated 
references 

There are many interesting changes of emphasis 
between the first and second editions — Relaxation 
methods are now given passing mention only, whereas 
nearly twelve pages are devoted to Chebyshev series 
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Graeffe’s method and the Aitken—Bernoull process 
have disappeared from the chapter on solving 
polynomial equations, and stress is placed on tho 
il-determmation of the roots of high-order poly- 
nomials The names of Givens and Householder now 
appear m connexion with the latent roots of matrices 
It 18 perhaps in the chapters on partial differential 
equations that there ıs least evidence of progress 

Modern Computing Methods should not be regarded 
as a text-book, nor merely as a book of reference 
It ıs a valuable supplement to any good book on 
numerical analysis, providing a critical selection and 
appraisal by experts of methods which have been 
put to the test For this reason it must appeal both 
to teachers of numerical techniques and to prac- 
titioners Not everyone will agree with the choice 
made, but after all experts must still be allowed to 
disagree We should wish & great success to this 
second edition and hope that the hard cover does 
not betoken a life of more than three or four years, 
after which the third edition will be eagerly awaited 

R A BUCKINGHAM 


MASER THEORY 


Elements of Maser Theory 

By Arthur A Vuylsteke Pp xin4-362 (Princeton, 
NJ OD Van Nostrand Company, Ine , London 
D Van Nostrand Company, Ltd, 1960) "71s 6d 


HE subject-matter of this book falls into two 
parts, each of which occupies roughly the same 
amount of space The first 15 mtroductory 1n nature, 
and covers quantum theory, statistical mechanics 
radiation and the teraction of radiation with matter, 
together with a treatment of the necessary mathe- 
matical techniques The second part deals with the 
theory of two- and three-level masers, covers the 
ammonia maser and the paramagnetic solid maser m 
detail, and ends with a short discussion of noise theory 
m general and maser noise m particular Mr Vuyl- 
steke writes with admirable clarity , but one 1s tempted 
to question the value of books of this type which 
attempt to do too much The detailed study of 
masers 1s unlikely to be necessary for the student, 
who might well find much of value m the first half 
of the book, the professional theoretician, on the 
other hand, might consider that this part merely 
adds to the bulk of what could have been a more 
modest monograph 
The section on masers proper ıs a most useful 
summary of the theory underlying microwave masers 
Practical details are mentioned only when they are 
necessary for appreciation of the theory, or when they 
themselves have points of theoretical interest The 
bibliography, as the author admits, 1s by no means 
exhaustive, and 1s complete enough only to support 
the text, 16 1s a pity that this opportunity could not 
have been taken to provide the reader with a complete 
set of references The style is lucid, and the author 
appreciates the value of explanatory mterpolations 
to bring out essential points Such 1s the rapidity 
of developments m this field that the optical maser 
now fashionable 1s not mentioned at all, but 
most of what need be said on microwave maser 
theory 18 to be found here The book will prove 
invaluable as an introduction for those approaching 
the subject for the first time, and as a summary of 
the theory for those already familiar with the field 
J. H SANDERS 
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Nuclear Reactor Stability 

By Dr A Hitchcock (Nuclear Engmeermg Mono- 
graphs, No 11) Pp x+61 (London: Temple 
Press, Ltd , 1960) 12s 6d. net 


HE neutron multipheation in a reactor 18 affected 
by changes ın temperature and other physical 
variables, which are ın turn affected by changes in 
power. This circular situation can cause small changes 
m power-level to build up, so that the reactor becomes 
unstable The possibility of unstable behaviour 
limits the available power output and must be either 
corrected by control action or, if possible, avoided by 
correct design This monograph presents concisely, 
but with an admurably lucid and readable style, 
an mtroduction to the theory of reactor stability 
and the present methods used in establishing condi- 
tiona for the stability of solid- and liquid-moderated 
power reactors, a theory which over the past few years 
has led, ahead of experimental confirmation, to 
important advances m power reactor contro] The 
treatment, avoiding the use of specialized techniques 
and the jargon of control system analysis, assumes 
only an elementary knowledge of linear differential 
equations and Fourier series 
The first two chapters show how the physical 
mechanism of several kinds of instability may be 
related to the partial differential equations of reactor 
dynamics In the third and fourth chapters the 
modal expansion method 18 applied to yield conditions 
for mstability, first due to temperature effects and 
then due to the relatively slow effect of fission product 
(xenon) poisoning ‘The last two chapters deal with 
voidage mstability ın boiling reactors and the prin- 
eiples of spatial control 


Proceedings of the International Conference on 
Nuclear Structure 

Kingston, Canada, August 20-September 3, 1960 

Edited by D A. Bromley and E W Vogt Pp 990 

(Toronto University of Toronto Press , Amster- 

dam North-Holland Publishmg Company, 1960 ) 

125s 


FREQUENT cuiticism of conference proceedings 
is that they tend to present a heterogeneous 
collection of papers which might more suitably and 
more speedily have been published ın the appropriate 
technical journals This criticism does not apply 
to the volume under review Here we have a well- 
edited handbook of contemporary ideas on nuclear 
structure It leads ın logical sequence from a consid- 
eration of the properties of nuclear forces and infinite 
nuclear matter to a series of contributions on the 
detailed properties of levels in actual nucle: The book 
is interfused throughout with contributions on the 
various reaction mechanisms by which our know- 
ledge of nuclear structure 18 obtamed It 1s excel- 
lently produced with good, clear type and 1s well 
Illustrated with diagrams reproduced from the 
contributors’ slides This 1s particularly praiseworthy 
because this book was available to the delegates 
within five weeks of the closing date of the confer- 
ence 
The editors have succeeded in effecting a pleasing 
compromise between the linguistic correctness of a 
submitted manuscript and the informality of expres- 
sion m the conference hall This happy blend has 
been much aided by the inclusion of verbatim reports 
of the lively discussion which followed the main 
contributions This book has been made what a good 
conference report should be It provides those who 
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were there with an accurate record of what was said, 
while at the same time ıt preserves something of the 
atmosphere of the conference hall for their less 
fortunate colleagues who were unable to be present 
D. L ALLAN 


Progress in Dielectrics 

Vol 3 Edited by Dr J. B. Birks and Prof J Hart 
Pp vu-292 (London : Heywood and Co, Ltd, 
1961 ) 63s. net. 


HE third volume of this series 18 hvely and well 
written Three of the articles are concerned with 
electrical properties and molecular structure R H 
Cole's review “Theories of dielectric relaxation and 
polarization" 18 helpful by its lucidity even when 1t 
covers old ground, and 1t contains some illummating 
remarks, for example, on the dynamics of the Onsager 
equation J B  Hasted's article “The dielectric 
properties of water" (and 1ce) fills a long-felt want 
This subject might deserve a book, particularly 
since 1b 18 relevant to biology Hasted also gives a 
useful review of microwave techniques R J Meakins 
systematically reviews new work on long-cham 
erystals, hydrogen-bonded compounds, occlusion 
compounds, and other types of solids the structure 
of which implies distinctive features of dielectric 

relaxation 
R Stratton’s review of theories of electrical 
breakdown ıs well presented, but this subject is 
perhaps being reviewed too frequently. The article 
by D G Keely, “Dielectric waveguides and aerials”, 
presents a mathematically difficult subject m & 
manner comprehensible to the experimentalist 
The readable article by C W Hamilton on “Recent 
developments in cable insulation in the United States” 
1s interesting in that it illustrates the gap which stall 
exists between the questions asked by the engineer 
and the answers provided by the physicist and chemist 

V DANIEL 


Electrical Activity of Single Cells 
Edited by Yasup Katsuki Pp vim 312 (Tokyo 
Igaku Shom, Ltd, 1960) np. 


Eb book consists of 18 separate articles by 
different workers in the field of electrophysiology 
Their common feature, given by the editor as reason 
for grouping these articles together, ıs that they all 
represent work done in Japan with the intracellular 
capillary mucro-electrode The subjects of mvestiga- 
tion include sensory receptors, peripheral and 
central nerve cells, the neuromuscular junction and 
cardiac muscle Each article has the strictly limited 
range of interest of a paper m & scientific journal 
Furthermore, apparently because the numerous 
authors were intent on presenting as much of their 
experimental results as space allowed, very little 
attention 18 given to describmg the method or to 
justifying its application in different experimental 
situations This is particularly unfortunate here, 
ag ıt ıs the method which 1s the unifying feature 
of the book A welcome exception to this 18 an article 
by Takeuchi and Takeuchi, who give a careful 
account of the application of the voltage-clamp 
techmque to the localized response of the neuro- 
muscular junction 

Much of the material m this book has already been 
published in readily accessible journals (in English), 
and 1t ıs clear that the remamder will soon follow 
The book does not therefore fulfil any general need 

P. Farr 
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BIOSYNTHESIS OF PORPHYRINS AND CHLOROPHYLLS* 


By Dr K. D. GIBSON, MARGARET MATTHEW, ProF A NEUBERGER, FRS, and G. H. TAIT 
Department of Chemical Pathology, St Mary’s Hospital Medical School, London, W.2 


| is now generally accepted that all the carbon 
and nitrogen atoms of the hem of hemoglobm, 
myoglobin, catalase, peroxidase and the various 
cytochromes, and probably also those of the dihydro- 
porphyrin of the chlorophyll of green plants and 
algae and those of the tetrahydioporphyrin of 
bacteriochlorophyl! are derived from the one nitrogen 
atom and the five carbon atoms of 6-amimolevulic 
acd The enzyme which ıs responsible for the forma- 
tion of this acid, §-ammolevule synthetase, has 
been found in a great variety of cells and must be 
presumed to be present in all cells contaming either 
hem protems or chlorophylls. This synthetase 
catalyses the condensation of glycine with succinyl- 
coenzyme A to give §-aminolevulic acid, carbon 
dioxide and free coenzyme A The enzyme has not 
been prepared in a high state of purity, but so far 16 
appears that the only co-factor required for this 
reaction 18 pyridoxal phosphate 

The importance of this substance in the synthesis 
of 8-amunolevulie acid was indicated m the work of 
Lascelles! on porphyrin synthesis in Tetrahymena 
vorax and that of Schulman and Richert? on hem 
synthesis m bird erythrocytes The participation of 
pyridoxal phosphate 1n the enzymic reaction was later 
directly demonstrated independently by two groups 
of workers*?:. On the basis of the work of Braunstem 
and Snell, it seems reasonable to assume that 
pyridoxal phosphate (combined with a specific 
enzyme protem, possibly through its phosphate 
group) can react with the amino group of glycine to 
form an aldimuine or Schiff’s base, and this then 
reacts with suceinyl-coenzyme A to form a new C—C 
bond This reaction has been discussed in detail 
by Shemm et al® and by one of us?, moreover, 
mechanisms of reactions of this type have recently 
been considered by Perault e£ al’, who have applied 
the molecular orbital method (LC AO method) to 
this problem These workers have confirmed the 
belief that in the anionic form of the glycine—pyni- 
doxal phosphate complex the carbon atom which is 
derived from the a-carbon atom of the amino-acid 
has a high electron density, and thus will react with 
the electrophilic carbonyl carbon atom of suecmyl- 
coenzyme A 


Inhibition of 3-Aminolzvulic Synthetase by 
Aminomalonate 


The requirement for pyridoxal phosphate in the 
enzymic formation of 3-amunolevulhne acid fully 
explains the mhibitory effects of substances lke 
cysteme, penicillamime or cyanide, which are known 
to react with the aldehydic group of the coenzyme 
and thus prevent the formation of the aldzmuine 
We have recently found that the formation of 
6-aminolevulic acid can also be inbibited by ammo- 
malonate The effect of this substance 1s very marked, 
even at a low concentration Kinetic investigation 
showed. that the mhibition 1s of the competitive type 
with respect to glycine, and so far 1t appears that 


* Substance of two lectures given by Prof A Neuberger at Univer- 
sity College, London, on May 8 and 11, 1961 


amuinomalonate has no marked effect on other 
enzymes requiring pyridoxal phosphate Monoethyl 
aminomalonate 1s a somewhat weaker mhibitor than 
aminomalonate, and the diethyl ester has only a 
relatively slight effect which 1s of the same order of 
magnitude as shown by many other amuno-acids 
such as threonine, «-alanme or B-alanine While 
kinetic investigations with crude enzyme preparations 
cannot be considered to give results of exact quantita- 
tive significance, the followmg values give some 
information of the inhibitory power of amuino- 
malonate Km for glycine, 14 x 10-* M ; Kı for 
ammomalonate, 2-2 x 10-5 M , Ki for monoethyl 
ammomalonate, 31 x 10-5 M It seems likely that 
am:nomalonate combmes with the pyridoxal phos- 
phate — enzyme complex, the ammo group forming 
an aldimine with the aldehyde group of pyridoxal 
One or two carboxyl groups probably combine with 
parv of the enzyme protein and the resulting complex 
which cannot react further with succinyl-coenzyme 
A may be sterically more favoured than the corre- 
sponding complex with glycme, which 1s the mter- 
mediate imn the enzymic synthesis of §-ammolevulic 
acid, 


Transamination of 8-Aminolzvulic Acid 


Shemm and Russell? found that with rats given 
S-aminolevulic acid labelled with carbon-14 in the 
carbon atom bearing the amino group, the isotopic 
carbon appeared in substantial amounts ın respiratory 
carbon dioxide, urinary formate and in the ureido 
groups of uric acid They proposed that $-ammo- 
levahe acid was metabolized by a cyche pathway, 
the succinate-glyeme cycle, involving the formation 
of a one-carbon mtermediate derived from the 
-carbon of 68-ammolevuliec acid The general 
metabolic importance of this pathway cannot be 
assessed at present and the enzymic steps mvolved 
have not as yet been properly defined with the 
exception of the first reaction, the conversion of 
S-aminolevulic acid to y,8-dioxovalene acid A 
specific transaminase catalysmg this reaction has 
been found ın mammalian tissues and m Coryne- 
bactervum  daphtheriae?1?, we have further exam- 
ined this enzymic reaction as ıt might provide 
a possible control mechanism for the synthesis of 
hem and chlorophyll The earlier workers investi- 
gating this reaction have incubated 9-aminolevule 
acid and a-oxoglutarate and measured the glutamic 
acid produced However, using extracts from 
Rhodopseudomonas spherowes, we have found that 
the equilibrium appears to be in favour of the produc- 
tion of 8-amunolevule acid, and we have therefore 
incubated +,8-dioxovaleric acid (supphed by Dr A T 
Carpenter) with the amino-acid, and estimated 
8-aminolevule acid, for which a sensitive method 18 
available Moreover, we have found that r-alanme 
and 3-alanine are from five to seven times more effec- 
tive than glutamic acid ın this reaction Other amino- 
acids tested showed very httle activity The pH 
optimum is 7 0-72, and the reaction is strongly 
inhibited by pyruvic acid and methylglyoxal, whereas 
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oxoglutarate has little effect So far no evidence has 
been obtained which would indicate that the trans- 
&mmase has any controlling effect on the synthesis 
of porphyrin or chlorophyll ın Rps spherowes 
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Role of Biotin in the Synthesis of Porphyrin and 
Bacteriochlorophyll 


In an earher account by one of us$, the effect of 
biotin in these reactions was considered, and the 
possibihty was discussed that ıt acts by catalysing 
the decarboxylation of «-ammo-f-oxoadipic acid 
present as an intermediate in the pyridoxal phos- 
phate — §-ammolevulic acid synthetase complex The 
evidence in favour of such an assumption was the 
finding (since confirmed by Lascelles!) that $-amino- 
levulie acid synthetase activity m extracts of organ- 
isms grown in media contaming very low concentra- 
tions of biotin was apparently specifically reduced 
if compared with those of d$-aminolevulic acid 
dehydrase, threonme dehydrogenase, §-hydroxy- 
butyric dehydrogenase or alamme — $-ammolevulic 
acid transaminase The finding, however, that 
Ulumination of biotim-deficient organisms with addı- 
tion of biotin to the medium produced growth and 
synthesis of porphyrin and  bacteriocholorophyll 
without any increase in the synthetase activity as 
measured in extracts indicates that any effect of 
biotin 18 not exercised directly through a control of 
the level of 8-aminolevule acid synthetase activity 
Moreover, it was found that other conditions which 
are unfavourable to formation of bacteriochlorophyll 
by Eps spherordes, such as a deficiency 1n nicotinic 
acid or thiamine, or replacement of malate in the 
growth medium by acetate, are associated with a 
depression of §-aminolevulic acid synthetase activity 
It therefore appears that the effect of biotin on the 
level of this enzyme 1s unspecific, and that the depres- 
sion of the synthesis of porphyrin and bacterio- 
chlorophyll by biotin deficiency 1s caused by some 
other mechanism, possibly through a reduction in 
the concentration of pyridoxal phosphate ın the cells 

It was also reported earlier! that both a commercial 
preparation of avidin and preparations made m our 
laboratory by Dr N M Green, contaming 25 and 
4-9 units of avidin/mgm protem mhibited §-amimo- 
levulie acid synthetase activity ın crude extracts of 
Rps spheiowes ‘This mhibition appeared to be 
specific; but when this ‘avidin’ was pre-incubated 
with biotin, mbhibition was still observed This 
seemed surprising, as other biotin-contammg enzymes 
are not 1nhibited by avidin which has been mncubated 
with biotin before bemg added to the enzyme under 
investigation However, when Dr Green achieved 
a further purification of the avidin by column chroma- 
tography and made a preparation available to us 
which had an activity of 96 umts/mgm, and an 
estimated purity of 80 per cent, no mhibition of 
§-aminolevulic and synthetase activity was obtained 
No inhibition was observed with other egg-white 
proteins such as ovalbumin, lysozyme and ovomucoid, 
and 1t must be concluded that some protein not yet 
identified and which contaminates crude avidin, has 
a specific mhibitory effect on 3§-ammolevulic acid 
synthetase 


Chemical Conversion of Porphobilinogen to 
Uroporphyrins 
The next step in porphyrm biosynthesis 1s the 


conversion of 5-aminolevulic acid to porphobilmogen. 
This reaction is catalysed by the enzyme 3-amino- 
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Ievule acid dehydrase and 1s fully discussed in a 
recent review of Bogorad!?  Porphobilnogen ıs then 
transformed to uroporphyrmogen by enzymes to be 
discussed later, but first ıt 18 worth while to consider 
briefly the non-enzymic reaction which occurs fairly 
readily under relatively mild conditions It has 
been known ^or some time! that on heatmg porpho- 
bilmogen 1n acid solution, there ıs obtained a mixture 
of uroporphyrins in good overall yield and that this 
mixture contains an appreciable amount of uropor- 
phyrm UI These findings were confirmed by 
Westall, who isolated porphobilinogen im pure form, 
and by Cookson and Rimmgton!, who determined its 
structure and showed 1t to be an mtermediate m por- 
phyrin biosynthesis Recently, Mauzeralli* improved 
the analysis of mdividual isomers by decarboxylatmg 
the uroporphyrin and estimating the coproporphyrins 
after chromatographic separation by a modification 
of the method of Falk et al?” In this way ıt was 
possible to determine the amounts of isomers I and 
IJ and the combined amounts of III and IV m a 
mixture Maeuzerall was thus able to study the 
formation of uroporphyrin semi-quantitatively and 
to determine the distiibution of isomers, although 
the sensitivity of the method 1s still not very high 
and the fact that isomers III and IV cannot be 
separated makes interpretation somewhat difficult. 
The results obtained by Mauzerall and the earher 
workers can be summarized as follows 

(1) The products of the reaction are not uroporphy- 
rns, but uroporphyrmogens, that 1s, hexahydro- 
porphyrms in which the pyriole rmgs are lnked 
through methylene bridges 

(2) If porphobilmogen or any of the four uropor- 
phyrmogen isomers is heated in acid solution, the 
distribution of the resulting uroporphyrinogen isomers 
is as follows 3/4 III + IV, 1/8 I and 1/8 II In 
neutral or alkalme solution, no isomer II 1s formed 
from porphobilinogen and about half the total 
porphyrinogen was found to be isomer I 

(3) If the isomerization of uroporphyrmogen in 
acid is carried out in the presence of [14C]formalde- 
hyde, radioactivity 1s found m the final mixture of 
uroporphyrmogens, however, no such incorporation 
of formaldehyde takes place when uroporphyrms 
are heated m acid or when uroporphyrmogens are 
heated at neutral or alkalme pH. Radioactivity 18 
found in uroporphyrmogens when these are formed 
by heating solutions of porphobilinogens in the 
presence of ['“C]formaldehyde and this occurs at 
acid, neutral and alkaline pH values 

(4) In the isomerization of uroporphyrinogen in 
acid solution and in the formation of uroporphyrinogen 
from porphobilnogen ın acid or neutral solution, 
yields of up to 80-87 per cent of total porphyrinogen 
are obtained Although some material behaving 
hke dipyrrylmethanes was formed, no evidence was 
obtained for the presence of higher linear polypyr- 
rylmethanes, and 1t must be assumed that once a 
linear tetrapyrrylmethane with one ammomethyl or 
hydroxymethyl group ıs formed, cyclization to the 
macrocycle, uroporphyrinogen, 1s very fast 


Enzymic Conversion of Porphobilinogen to 
Uroporphyrinogen 

The enzymic conversion of porphobilinogen to 
uroporphyrinogen has been studied in extracts of 
Chlorella, spmach leaf and wheat germ, and m fow 
erythrocytes, by Bogorad, Mauzerall, Granick and 
Rimington (for review see Bogorad!?) and more 
recently by Lockwood and Benson!5, and in Rps 
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spheroides by Heath and Hoare!® The mam findings 
were as follows the product of the reaction catalysed 
by the crude enzyme system 1s uroporphyrinogen III 
and not uroporphyrm III When the crude enzyme 
system 1s heated to 55° or 60° (depending on pH) 
the product is not uroporphyrinogen III, but isomer 
I. From the heated extracts an apparently single 
enzyme called porphobilmogen deammase can be 
obtamed which can be further purified and which 
converts porphobilmogen quanizitatively into uropor- 
phyrinogen I The second and more heat-labile 
enzyme, called uroporphyrmogen isomerase, has no 
detectable action on uroporphyrinogen I or on 
porphobilinogen alone Its substrate is either a 
linear tetrapyrrole or, what seems less likely, a 
dipyrrolic or tripyrrolie substance which 18 converted 
by the isomerase to uroporphyrmogen III through 
further condensation with one or two porphobilinogen 
molecules. 

Although, as pomted out above, isomer analysis 
of porphyrins ıs neither so sensitive nor so specific 
as might be desired, ıt appears from evidence at 
present available that enzymic condensation does not 
give rise to uroporphyrinogens II and IV It also 
appears that formstion of uroporphyrmogen by the 
two enzymes 1s quantitatively pareleled by con- 
sumption of porphobilnogen. Moreover, neither 
the intact nor the heat-altered enzyme preparation 
incorporates radioectivo formaldehyde mto porphy- 
rn This finding ıs 1n accordance with the observa- 
tions of Bogorad™ and of Carpenter and Scott??»*?, 
that opsopyrroledicarboxylic &cid and isoporpho- 
bihnogen are not substrates for the deaminase or 
isomerase, in fact, the two substances act as com- 
petitive inhibitors 

Many suggestions have been put forward to explam 
both the chemical and enzymic condonsation of 
porphobilnogen to uroporphyrmogen and particu- 
larly the proportions of isomers formed. Most of 
the schemes are not readily compatible with the 
experimental findings; particularly those obtained in 
the enzymic reaction | Porphobihnogen deaminase 
might perhaps best be visualized as catalysing the 
addition of a porphobilmogen molecule to the 
free «-position of another porphobilinogen mole- 
cule or a dipyrrole or tripyrrole of the structures 
PA PA-—CH,NH,, PA PA PA—CH,NH, (A 
stands for acetyl and P for propionyl side-chain) 
It 18 postulated that the action of this enzyme stops 
at the linear tetramer stage and that the deammase 
is highly specific with regard to the nature of the 
D-substituents, both in the electrophilic and the 
nucleophilic partner of each step of the reaction. 
Alternatively, the condensation of the four porpho- 
bilmogen units on the enzyme surface may be simul- 
taneous In the absence of the isomerase the lnear 
tetramer will cyclize spontaneously to give uroporphy- 
nnogen I The findings of Mauzerall!! have clearly 
shown that at the tetrameric stage cyclization 1s 
greatly favoured over further Lnear addition, and 
this author has also adduced convinemg reasons for 
such preference. 

In an important paper, Mathewson and Corwin** 
suggested that the substrate of the 1somerase 1s the 
linear tetramer and that this enzyme catalyses an 
attack by the CH,NH;* group, not on the free «-posi- 
tion of the pyrrole at the other end of the tetramer 
chain, but on the ‘occupied’ «-position of that 
pyrrole The cyclic structure thus produced will 
then become re-arranged to give uroporphyrinogen 
III Mathewson and Corwm have also proposed that 
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three of the rings in the linear tetramer are in the 
pyrrolenine form, thus giving even greater flexibility 
to the structure In the cell, co-operation between 
the two enzymes is almost perfect and thus only 
mmute traces of uroporphyrin I are normally formed 
In congenital porphyria this co-operation breaks 
down, with the result that the lmear tetramer 
accumulates and this spontaneously changes into 
uroporphyrinogen I 

The mechanisms operating in the non-enzymic 
formation of uroporphyrinogens from porphobilinogen 
are more obscure than those involved 1n the enzymic 
reaction The scheme proposed by  Mauzerall!* 
explains the incorporation of formaldehyde and the 
isamer ratios, but the suggested mechanism of 
Mathewson and Corwm, though satisfactory for 
explammg the enzymic condensation, does not 
readily accommodate the exchange with formalde- 
hyde so convineingly demonstrated by Mauzerall 
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Conversion of Uroporphyrinogen Ill to 
Protoporphyrin 


The decarboxylation of uroporphyrinogen IIT to 
coproporphyrinogen 1s a straightforward reaction 
and requires httle comment ım this discussion The 
next step, however, 1s more complex and has been 
investigated recently. 

Sano and Granick*4 have described an enzyme 
which 1s present in & great variety of tissues, but 1s 
found m particularly high concentration in the liver, 
bone marrow and small intestine, and which converts 
coproporphyrmogen III to protoporphyrm IX. This 
enzyme, which has been purified approximately 
twenty times, 1s localized primarily in the muto- 
chondria The enzyme responsible for the condensa- 
tion of succinyl coenzyme A and glycine to give 
S-aminolevuhe acid ıs also localized ın particulate 
structures of the cell, whereas 93-aminolevulie acid 
dehydrase 18 present in the cytoplasm It would 
therefore appear that $-aminolevulc acid 1s synthes- 
ized in mitochondria, then leaks out into the 
cytoplasm, to be converted ultimately into copro- 
porphyrinogen, which migrates back again into the 
mitochondria, to be transformed into protoporphyrm 
Sano and Granick suggest that this localization might 
permit a control of porphyrm synthesis by the cell 
through permeability factors 

The enzyme which acts on coproporphyrinogen 
removes two hydrogen atoms and a carboxyl group 
from each of the two propionie acid side-chains in 
rings A and B, and at the same time porphyrinogen 
is converted to porphyrm The latter reaction occurs 
fairly readily ın the presence of oxygen and ıs not 
necessarily catalysed by an enzyme The first two 
reactions, however, appear to be part of a concerted 
mechanism as the appropriate diacrylic acid is not 
an intermediate Oxygen acts in this somewhat 
impure system as a hydiogen acceptor and cannot be 
replaced by any other co-factor tested This 1s of 
considerable general importance, since 16 might 
indicate that oxygen was present in the atmosphere 
of the Earth at a time in evolution when protoporphy- 
rin 3rsb appeared 


Biosynthesis of Chlorophyll and Bacteriochloro- 
phyll 
The work of Granick*® has produced strong pre- 


sumptive evidence that chlorophyll! and bacterio- 
chlorophyll are synthesized by green plants and 
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certain bacteria from protoporphyrm Although the 
enzymic steps mvolved cannot as yet be clearly 
defined, Granick has proposed, mamly on the basis 
of work with mutants of Chlorella, that the following 
pathway operates 


protoporphyrm —> magnesium protoporphyrin or 
protoporphyrin monomethyl ester —> 
magnesium protoporphyrin monomethyl ester — —- —- 
magnesium vinyl pheoporphyrin a; —> 
magnesium vinyl pheoporphyrin a, phytyl ester — 
chlorophyll a — bacteriochlorophyll 


Although this ıs a rational scheme, ıt does not neces- 
sarily follow that compounds which accumulate in 
mutants, in which the enzyme for a particular step 
in & biosynthetic pathway 1s absent, are true inter- 
mediates It 1s now known, for example, that nter- 
mediates m hem synthesis are porphyrmogens and 
not uro- and coproporphyrins, although these latter 
substances may be accumulated or excreted under 
certain conditions In a similar manner, proto- 
porphyrinogen or one of its derivatives might be a 
precursor of chlorophyll 

We have recently been able to define at least one 
step m Granick’s pathway more clearly In work 
aimed at elucidating the effect of biotin, it was 
observed that ethionine at a concentration of about 
10~* M inhibited bacteriochlorophyll synthesis by 
Rps. spherowdes almost completely, and at the same 
tume produced a markedly mereased excretion of 
copro- and uro-porphyrm into the medium in which 
the organism was Wlummated At that concentration 
very little mhibition of protem synthesis or growth 
occurred Many other substances, such as methionine, 
other amino-acids, keto-acids and related compounds, 
amino-acid antagonists and other inhibitors of 
protein or nucleic acid synthesis, were tested to see 
whether they produced similar effects The results 
were negative with the exception of threonine, the 
addition of which to the medium at a concentration 
of 10-3 M inhibited bacteriochlorophyll synthesis 
and produced a considerable increase m porphyrm 
excretion The effects of ethionine and of threonme 
were reversed by methionine and by homocysteine, 
but not by cysteme or serme The effect of threonine 
was also reversed by homoserme ‘This suggested 
that ethionine interfered either with the synthesis of 
methionine or its utilization and further that 
methionine had a specific function in the synthesis 
of chlorophyll from protoporphyrm mvolvmg the 
methyl-group donating capacity of this amimo-acid 
The effect of threonine was baffling at first, until 
it was realized that methionine and threonine share a 
biosynthetic pathway leading from aspartic acid 
through aspartyl B-phosphate and aspartyl Q-semi- 
aldehyde to homoserme The latter can be converted 
either to homocysteine and methionine or to threonine. 
Thus threonine could inhibit methionme synthesis 
from aspartic acid by a feed-back mechanism involv- 
ing either repression or inhibition of one of the 
enzymes catalysing the various steps leadmg to 
homoserme (Recent results have shown that m Rps 
spheroides threonine is a competitive inhibitor of 
homoserme dehydrogenase, although 1t does not 
repress the formation of this or any of the other 
enzymes involved in homoserme synthesis ) 

The most likely step ın the biosynthesis of chloro- 
phyll involving the methyl group of methionine is 
the methylation of protoporphyrm or of 1ts mag- 
nesrum complex to give magnesium protoporphyrin 
monomethyl ester Organisms were illuminated m 
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Table 1 LABELLING OF BACTERIOCHLOROPHYLL SYNTHESIZED IN 


THE PRESENCE OF [M®THYL-“C]METHIONINE 


Rps spherovdes were illuminated at 2 mgm dry wt /ml in Mixture I 
of Lascelles (ref 31) for 18 hr at 32-34? [Methyl-“C]methiomne 
(10-* M) was also present The bacteriochlorophyll was extracted and 
purified A portion of ıt was degraded in methanolic potassium 


hydroxide The methanol, bacteriochlorin and phytol were isolated 
and estimated for radioactivity by liquid seintillation 
Fraction Specific radioactivity 
(counts/min /umole) 
Bacteriochlorophyll 9,800 
Methanol 9,900 
Phytol 64 
Bacteriochlorin 6 


8 suitable medium to which methionine labelled with 
earbon-14 in the methyl group was added At the 
end of the experiment, bacteriocholorophyll was 
isolated, purified and counted The chlorophyll 
had high radioactivity, which was shown on degrada- 
tion to be entirely confined to the methyl ester 
group (Table 1) With appropriate amounts of 
[^C]methionine the dilution was only about three 
times, and this indicated that the methyl group of 
methionme was almost certamly the immediate and 
specific precursor of the porphyrin ester carbon 
atom The less specific utilization of formate for the 
methyl ester group of chlorophyll had already been 
shown some time earlier?! More recently two of us, 
using chromatophore preparations of Eps spherowdes, 
have been able to demonstrate directly the methyla- 
tion of magnesium protoporphyrin to its methyl 
ester by S-adenosylmethionine? 


Control of Synthesis of Bacteriochlorophyll 


Micro-organisms such as Rps spheroides or Rhodo- 
spirillum rubrum can grow either anaerobically in 
the hght or aerobically in the dark, usmg as source 
of energy a number of aliphatic acids or alcohols 
Elsden and Ormerod?? showed that R rubrum, 
under aerobic conditions in the dark, metabolized 
all substrates by the tricarboxylic acid cycle Anaero- 
bically in the hght, acetate and butyrate are metab- 
olized by this cycle, but propionate, malate and 
succinate are utilized by another pathway which 18 
not inhibited by fluoroacetate The question there- 
fore arises how the type of metabolism 1s regulated 
Following van Niel’s pioneer work, this problem 
was first systematically imvestigated by Cohen- 
Bazire, Sistrom and Stamer?® They showed that 
organisms grown aerobically in the dark contamed 
little pigment, whereas those grown anaerobically 
in the light contained relatively large amounts of 
bacteriochlorophyll, that transference of organisms 
from the dark to hght resulted, after a lag phase, in 
synthesis of pigment, that exposure to oxygen of 
organisms growing in the hght inhibited synthesis of 
pigment immediately, that 1s, without a lag phase, 
and removal of oxygen resulted 1n immediate resump- 
tion of synthesis of pigment and that increasing light 
intensity beyond a certam value had the same effect 
as an increase of oxygen tension On the basis of 
these results, they suggested that the synthesis of 
both bacteriochlorophyll and carotenoids 1s controlled 
by the state of oxidation or reduction of a carrier of 
the electron-transport cham They did not specify 
the identity of the substance postulated or the 
mechanism by which this control operates 

Lascelles!:39 examined changes in the activities 
of various enzymes involved in porphyrm synthesis 
in extracts from cells grown under conditions under 
which the rate of bacteriochlorophyll synthesis ıs 
either high or low When synthesis of pigment was 
inhibited or when levels of pigment were low, the 
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activities of 8-ammolevulic acid synthetase and 
dehydrase were also reduced, and synthesis of these 
enzymes was appareatly mhibited She also found 
that the transference of organisms from highly 
aerobie conditions in the dark to conditions of low 
oxygen tension ın the dark, or to anaerobic conditions 
in the light, not only caused pigment synthesis but 
also resulted ın an mcrease m the activities of -ə mıno- 
levule acid synthetase and dehydrase This adapta- 
tion could be mhibited by inhibitors of protein 
synthesis Lascelles! observed that hæmın represses 
formation of the synthetase and dehydrase ın whole 
cells, and there was some evidence that formation 
of these two enzymes could be regulated by the con- 
centration of iron porphyrins present m the cells 
We have found that hemun, in addition to 1ts repres- 
sive effect on the formation of these enzymes, 
inhibits the synthetase activity im cell extracts and 
that protoporphyrin mhibits the dehydrase activity 
Accumulation of hæmın and of protoporphyrin under 
certain conditions of growth may thus reduce synthe- 
sis of pigment both by repression of enzyme formation 
and by mhibition of the activities of enzymes already 
present in the cells 

There 18, however, good evidence that levels of 
porphyrins and hem are not the only factors con- 
trolhng synthesis of pigment The experiments on 
the effects of ethionine and threonine demonstrate 
the importance of the methylation step, and the 
excessive amounts of porphyrins excreted in the 
cells in the presence of moderate quantities of 
ethionine and threonine in the medium suggest that 
porphyrin formation is normally controlled by a 
substance X, possibly a phzoporphyrin derivative, 
which occurs after magnesium protoporphyrm m 
the biosynthetic pathway of bacteriochlorophyli 
If this substance ıs not synthesized, for example, 
owing to inhibition of the methylation of magnesium 
protoporphyrin or to mhibition of methionine forma- 
tion, porphyrin synthesis ‘runs wild’ and excessive 
amounts are formed which are released mto the 
medium In addition to these direct mechanisms of 
control, 16 appears that ın general the rates of forma- 
tion of chlorophyll and of carotenoids are closely 
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parallel, and we know httle about the factors regulat- 
mg the formation of the latter Similarly, phytol 
18 & component of the bactenochJorophyll molecule 
and its mode of synthesis 1s still obscure, although 
1t would appear likely that it ıs derived from a 
carotenoid or a carotenoid precursor Mechanisms 
which increase or depress terpene synthesis might 
therefore also control synthesis of bacteriochlorophyll 
through the availabilty of the phytol side-chain. 
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ANIMAL BEHAVIOUR 


SYMPOSIUM on animal behaviour was held on 
September 4 by Section J (Psychology) of the 
British Association for the Advancement of Science, 
during the recent meetmg at Norwich As was 
pointed out by the chairman, Mr D E Broadbent 
(Medical Research Council Applied Psychology 
Research Unit, Cambridge), the Section has usually 
considered primarily human behaviour, but m this 
16 18 ceasing to be ın step with university departments 
of psychology, which are devoting more effort than 
they once did to research on animals Animal 
behaviour ıs a subject of great mterest m itself It 
also has relevance to human beings, because ıt reveals 
simple general principles about behaviour that may 
also apply to men, and ıt makes possible exper:ments on 
causal factors in behaviour which cannot, for moral 
and practical reasons, be performed on men Thus the 
influence on behaviour of rewards, of the structure 
of the brain, of restricted mfantile experience, and of 
drugs and instincts, can be studied in animals, and 


papers on each of these topics were mcluded in the 
symposium 

Mr H M B Hurwitz and Dr. J R Maillenson 
(Birkbeck College, University of London), proceeded 
to discuss and demonstrate the control of behaviour 
by reward Their emphasis was on the possibility of 
building up valid empirical statements about observed 
relationships without appeal to theoretical concepts 
Thus, 1f a response E was followed by a remforemg 
agent S", such as food, the frequency of R would 
increase If Sr ceased to follow R, the latter would 
decrease ın frequency Such statements could be 
made without any discussion of events within the 
animal In a similar way, but with more complex 
experimental manipulations, behaviour such as- 
problem solving or delayed reaction could be studied 

The authors then demonstrated a pigeon and a rat 
the behaviour of which had been shaped m a comph- 
cated fashion The pigeon would look at three keys, 
peck the middle one, and observe a coloured hght on 
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that key which was sometimes red and sometimes 
green One of the other two keys was red and one 
green, and the bird would then peck the key which 
was the same colour as the middle key This sequence 
occurred continuously at a rate rather faster than 
most humans could make the comparison The 
method of training had been, first, to teach the bird 
that food would appear in a certain place when a 
hght was on, then to teach that pecking either of 
the two end keys would produce the food, this traimng 
was followed by withholding the food unless a peck 
at the centre key was made before the peck at the 
end key, and so on until the full sequence was 
learned 

The rat had been taught ın a similar way to press 
one lever five successive times, and then press another 
lever to obtam food Both animals behaved as they 
had been taught despite the strange surroundings 
and the audience and provided a most convincing 
demonstration that suitable manipulation of reward 
could indeed control behaviour so as to produce 
exceedingly complex learned actions 

Dr L Weiskrantz (University of Cambridge) 
emphasized the importance of such behavioural 
techniques, but he was concerned with the brain 
and with its relation to behaviour rather than with 
purely external observations of anrmals Historically, 
the cortex of the brain had been regarded as composed 
of projection areas through which messages entered 
and left, and association areas which were more 
general in function Indeed, according to Lashley’s 
principle of mass action, the amount of deterioration, 
m performance in mazes, produced by removal of 
association cortex from a rat’s bram depended on 
the weight of cortex removed and not the location 
More recent research had shown both that the pro- 
jection areas were less specific and that the association 
areas were more so than had been thought Removal 
of the projection area which was fed by the ear 
had little effect on the ability of an animal to detect 
sounds On the other hand, damage to the frontal 
association areas would produce an Impairment in 
the ability to remember, over a short period, which of 
several possible hiding places contamed food The 
latter impairment did not occur with damage else- 
where inthe brain Similarly, damage to the temporal 
lobes would affect the ability to discriminate between 
two stimuli whereas damage to the frontal lobes 
would not Thus different parts of the brain do have 
different functions 

Experiment in this area is made difficult by the 
wreversible nature of a lesion in the brain once the 
frontal lobe has gone the animal cannot be tested 
again in its normal state Recent work at Cambridge 
had, however, explored the possibility of temporary 
interference with particular regions by electrical 
stimulation, and ıt seemed that the ability to make 
delayed responses to hiding-places could mdeed be 
removed temporarily while stimulation was being 
applied in the frontal lobes The animals were 
afterwards normal in their performance Once 
again different parts of the brain showed different 
effects 

Whereas the classical view of the nervous system 
was of a series of levels, in which the lower mechan- 
isms dealt with isolated actions and higher ones 
with combined and co-ordinated ones, a different 
interpretation was now gaining support On this 
view the nervous system might rather be compared 
with a candle m which the wick dealt with gross and 
undifferentiated action of the whole organism, and 
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the outer skin of the candle dealt with finely dis- 
crimmated functions To take another analogy, on the 
old view, lower levels might be compared with isolated 
instruments and the cortex to the whole orchestra, 
on the new view, the contrast was rather between the 
orchestra tuning up, all simultaneously, and the 
orchestra playing m complex harmony 

Dr Weiskrantz ended with a clear and well-reasoned 
argument for a physiological approach to behaviour 
as well as the approach m which actions alone are 
studied without reference to events within the animal, 
and as well as the approach ın which mechanical 
models are constructed without physiological refer- 
ence He regarded these approaches as healthy in 
their scepticism, but negative, and firmly supported 
the importance of the brain in behaviour It may 
be added that his paper was both witty and modest, 
and that 1t produced a deep impression on the 
audience 

Dr R Stretch (Queen’s University, Belfast) gave 
8 general review of experiments on the early expert- 
ence of animals, including a few which show effects 
of ante-natal experience It appears that exposure 
of pregnant rats to frightening situations may produce 
offspring which are unduly susceptible to fear possibly 
through some ill-understood hormonal mechanism 
Most research has, however, concentrated on early 
post-natal experience, and m this area the relation- 
ships seem to be complex Electric shock admunis- 
tered to rats durmg infancy seems, for example, to 
produce adults which are more resistant to emotional 
disturbance On the other hand, if animals are 
reared in a very restricted environment they seem 
as adults to be poor in ability to learn There is 
some evidence that exposure to a complex environ- 
ment ın mfancy produces adults with a lower concen- 
tration of cholinesterase in the brain, and this may 
be related to the differences in ability There are 
also genetic differences as well as those produced by 
environment, and in this connexion ıt 18 mteresting 
that wild rats differ from laboratory rats in the extent 
to which they will show curiosity or exploration 
Wild rats avoid novel objects, while laboratory 
animals will mvestigate them and even feed in their 
presence There may therefore be some interaction 
between anxiety and curiosity, and the effects of early 
experience on curiosity are of interest 

Dr Stretch then turned to some experments of his 
own on this latter problem One group of rats was 
kept m ordinary laboratory wire-mesh cages for the 
period just after weaning, while another group of 
rats was kept in restricted cages through the walls 
of which they could not see In the latter case there 
was little background noise, and the environment 
was in general a rather unstimulatmg one As 
adults the rats were tested for curiosity m two ways 
One of these was a maze shaped like an H, the measure 
of exploration being derived from the number of parts 
of the maze entered On this test the animals which 
had had a restricted environment explored more 
Another test could, however, be applied For this a 
box was used, m an alcove of which novel cards with 
patterns on them were placed, and a record was kept 
of the extent to which the rats entered the alcove 
rather than the rest of the box On this test the 
restricted rats gave a lower score As Dr Stretch 
pointed out, these results suggest that rats with a 
restricted early experience were more fearful They 
therefore avoided, particular novel objects, but if 
placed in a completely novel situation ran around 
looking for a means of escape ‘There are therefore 
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implications both for the methods to be used in 
studymg curiosity and also for the possible mechan- 
ism by which variety of early experience has 1ts effect 

The last speaker, Dr J M Cullen (University of 
Oxford), was a zoologist rather than a psychologist 
Accordingly he gave more attention to the natural 
behaviour of animals than did the other members of 
the symposium Huis particular mterest was the 
possibility of separating different classes of behaviour 
as affected by one drug rather than another 
By this means one might ultimately disentangle the 
mechanism by which drugs affect behaviour The 
animal which he had studied was the stickleback, and 
the drug benactyzine 

The stickleback lives ın schools ın the winter, but 
in the breeding season each male defends a territory 
in which ıt builds a nest It courts an approaching 
female, she lays her eggs in the nest, departs, and the 
male then looks after the eggs When defending the 
territory, the male will attack other males close to 
his own nest, but flee from them at greater distances 
The border-hne between these two behaviours moves 
nearer to the nest under benactyzine, which suggests 
at first sight that fear 18 increased 

When the female appears, drugged males less 
frequently court her, and are more likely to attack 
her than undrugged males are This 18 not altogether 
consistent with the effect on size of territory, but 
might perhaps be explained by supposing that sexual 
behaviour 1s even more sharply reduced than fear 1s 
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Pharmacology at St. Bartholomew’s Hospital 
Medical College: Prof. J P. Quilliam 


Dr J P. QuitriaM, at present reader m pharmaco- 
logy m the University of London at St Bartholomew's 
Hospital Medical College, has been appomted to the 
newly created chair of pharmacology at that Medical 
College as from October 1. Dr Qwlham graduated 
with honours (physiology) im the University of 
London, and took his M Se m 1938, and hs MB. 
BS (London) in 1941. After a period of war service, 
m the Royal A: Force, he was appointed lecturer in 
pharmacology at King’s College, London, and in 
1946 he was appointed part-time lecturer in pharmaco- 
logy at St Bartholomew’s Hospital Medical College 
to assist in the early development and expansion of 
that Department In that early development he 
played a very active part and was appomted senior 
lecturer ın charge of the Department and later reader 
in pharmacology ın 1958. Dr Quilham has built up 
at St Bartholomew’s a very active Pharmacology 
Department with wide research interests and com- 
prehensive teaching courses for medical, dental and 
Science students He has developed a department 
which 1s particularly well equipped for the use of 
electro-pharmacological techniques for research in 
pharmacology and for the teaching of that subject 
He has built up a very strong and enthusiastic 
research team, with many postgraduate workers in 
his group, and he has attracted for his work important 
and valuable research granis from the United States 
His research interests are manifold and his particular 
ifiterests have centred on neuromuscular and gang- 
honie transmission and 1ts modification by centrally- 
acting drugs He *as had wide experience of teaching 
methods, and he has spent a year as a Fellow m 
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On the other hand, kicking the tank in which the 
fish live causes them to cluster into a school, which 
suggests that schooling is a fear response and the 
drug reduces schooling rather than inoreases ıt 

Feeding 1s reduced by frightening stimulation and 
also by the drug but closer examination shows that 
the effects are rather different In feeding, the stickle- 
back orients towards the food, possibly several times, 
before each grasp at ıt When frightened there are 
fewer grasps but also fewer orientations per grasp, 
whereas under benactyzine there are fewer grasps 
with & normal number of orientations per grasp 
The latter type of behaviour also results simply from 
reduced hunger, so that the drug 1s in this respect 
apparently similar to a reduction in hunger 

The common factor in all these effects might perhaps 
be a reduced responsiveness to visual stimulation, and 
in fact sticklebacks placed in a situation where a 
triped wall rotates around them are less responsive 
to this stimulation At the moment the most 
promising hypothesis 1s therefore that the drug 
reduces responsiveness rather than the strength of 
one category of behaviour, but the experiments 
remain an illustration of the way in which a know- 
ledge of instinctive patterns may be used to analyse 
the operation of drugs 

It was clear from all four papers that work on 
animal behaviour ıs developimg rapidly, and that 
important principles are beginning to emerge 
D E BROADBENT 
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residence at Johns Hopkins University, Baltimore 
He has had much experience as an examiner in the 
University of London and other universities 1n Britain, 
and is the chairman of the Board of Studies in 
Pharmacology m the University of London He ıs a 
member of the General Optical Council He has 
carried out important editorial duties as an editor of 
the British Journal of Pharmacology and Thera- 
peutics, and his own publications involve mvestiga- 
tions on the pharmacological action of hypnotic 
drugs, fluorophosphonates and many other drugs 


New Zealand Department of Scientific and Indus- 
trial Research: Senior Research Fellowships 


THe New Zealand Department of Scientific and 
Industrial Research has announced, the award of the 
1961 Senior Research Fellowships to Dr B H 
Howard, principal scientific officer, Rowett Research 
Institute, Bucksburn, Aberdeen, Scotland, and to 
Dr R Melville, principal scientific officer, Royal 
Botanic Gardens, Kew, Richmond, Surrey, England. 
Dr Howard’s work has been concerned since 1954 
with the study of the biochemistry of micro-organisms 
of the rumen, under Dr D P Cuthbertson, director 
of the Rowett Research Institute Prior to that he 
was studying biochemistry of micro-fungi, under Prof. 
H Raistrick at the London School of Hygiene and 
Tropical Medicine He has published several papers, 
and in his work under the Fellowship in New Zealand 
he hopes to apply techniques used in the Umted 
Kingdom to the different rumunal flora and fauna 
found in New Zealand ruminants Dr Melville ıs in 
charge of the Australasian Section of the Herbarium 
at Kew and is working mainly on Australian plants 
and to some extent on New Zealand plants, in 
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particular Ranunculaceae, Epacridaceae and Ruta- 
ceae He has published several papers, in particular 
on Ulmus, and 1s very interested in the application 
of biometrical methods to taxonomy and. the evolu- 
tion of the angiosperm flower He will be working 
in the Botany Division of the New Zealand Depart- 
ment of Scientific and Industrial Research 
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Zoological Society of London : 
Senior Research Fellowships 


Dr I W RowrLANDS has been appointed by tho 
Zoological Society of London as Senior Research 
Fellow in reproductive physiology He will take up 
his appointment on January 1, 1962, and will be in 
charge of the Wellcome Institute of Comparative 
Physiology which is to be built im the Society’s 
grounds next year For the past twelve years Dr. 
Rowlands has been on the staff of the Agricultural 
Research Council and has worked at the Institute of 
Animal Physiology, Babraham, Cambndge. on prob- 
lems concerned with the ovarian cycle of mammals 
Before this, he worked at the Wellcome Vetermary 
Research Station, Frant, Sussex Dr Rowlands 
began his research career at the University College of 
North Wales with Prof F W Rogers Brambell and 
was afterwards with Dr A S Parkes at the National 
Institute for Medical Research ın London 


Research Fellowships and Studentships 


Dr QG H Maxey, who 18 at present on the staff 
of the Department of Zoology, University of Notting- 
ham, has been appointed to a research fellowship, 
and wil take up his appointment on January l, 
1962, working mmitially with Prof A St G Huggett 
at St Mary's Hospital Medical School, on reproductive 
behaviour of the lower primates Mrs A D Wood- 
head, who was been appointed to a research fellowship, 
has already taken up her appomtment, and will work 
at the Fisheries Laboratery, Ministry of Agriculture, 
Fisheries and Food, Lowestoft, on the physiology and 
reproduction of fish Mr D B A Symons and Mr 
G Glough have been appointed to research student- 
ships 


Science at the British Council * 
Mr E Bolton King 


Mr E Borron Kine will retire from the posts of 
assistant controller, Arts and Science Division (Science 
Group), and director, Science Department of the 
British Council, at the end of this year He will 
immediately thereafter take up the post of British 
Council science officer in Chile Mr Bolton King was 
educated at Warwick School and Balliol College, 
Oxford, where he was a mathematical exhibitioner 
and obtaimed first-class honours in physics finals 
He was elected to a research studentship at Christ 
Church, Oxford, and carried out research at the 
Clarendon Laboratory, largely on photo-electricity 
Later he formed the Oxford Instrument Co Early 
in the war he jomed, the Ministry of Supply Rocket 
Team under Sir Alwyn Crow and was engaged on 
rocket development, with special emphasis on 
proximity fuses, mvestigation of the performance of 
British and enemy rocket weapons m the Mediter- 
ranean theatre, and liaison with rocket development 
in the United States, where he was an assistant 
director of the British Commonwealth Scientific 
Office At the end of the War he went to Germany 
in connexion with the British firmgs of the V-2 
rocket and became supermtendent of the Ministry 
of Supply Establishment, Cuxhaven 
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Dr. P. A. |. Tahourdin, O B.E. 


Dr P A I TAHOURDIN wil succeed Mr Bolton 
King as an assistant controller, Arts and Science 
Division, with responsibility for various departments, 
including the Science Department Dr Tahourdm 
graduated in physics at Oxford m 1943 and afterwards 
obtained a Ph D after nuclear work under the late 
Sir Francis Simon He joined the British Council m 
1946 and has served as science officer in Italy, 
assistant representative in Yugoslavia, and repre- 
sentative ın Israel He will assume his new duties 
early in 1962 


Mr F. M Beatty, MBE 


Mg F M Bearry will become director of the 
Science Department in April 1962 He was trained 
as a physicist at Cambridge, taking his degree m 
1940, and served durmg the War in the Royal Navy 
He joined the British Council in 1946 and has served 
in the Science Department at headquarters, as 
Science officer ın Poland and in Austria, assistant 
representative/science officer in Brazil and, since 
1959, as deputy representative m Pakistan 


Delegation from Academia Sinica in. Britain 


On the mvitation of the President and Council of 
the Royal Society, a delegation from the Academia 
Sinica m Peking ıs visiting Britain during October16— 
November 2 The members of the delegation are: 
Dr Chu Ko-chen, vice-president and department 
member of Academia Sinica (meteorologist), Dr. Pei 
Shih-chang, department member and director of the 
Institute of Biophysics, Academia Sinica, Dr Wang 
Shou-wu, deputy director of the Institute of Semi- 
conductors, Academia Sinica; Dr Chang P'ei-hn, 
deputy director of the Institute of Metals, Academia 
Smica Mrs Chu 1s accompanying the delegation 
Short visits are bong made to Cambridge, Edinburgh 
and Oxford, and Dr Chang 1s also visiting Sheffield. 
Visits wil be made to university scientific depart- 
ments, the National Physical Laboratory, the 
National Chemical Laboratory and other scientific 
institutes On October 19 a special presentation and 
lecture on “Astronomy in Classical China’ was 
arranged at the London Planetarium 


The Wellcome Trust: 
Grants for Research on Trop.cal Anzsmias 


THe Wellcome Trustees are to provide up to 
£100,000 to assist an integrated programme of 
research by several groups of workers into the severe 
anzmuias prevalent m tropical countries, with special 
reference to the malabsorption syndrome and tropical 
sprue The Trustees already support work in this 
field by Dr Henry Foy and Dr Athena Kondi at the 
Medical Research Laboratories, Nairobi, Kenya, and 
Dr Selwyn Baker and others at the Wellcome Sprue 
Research Unit at the Christian Medical College, 
Vellore, South India Under the new arrangements 
the work of both teams will be associated with that 
of a new Wellcome Laboratory of Tropical Hemato- 
logy which 1s to be established m Prof J V. Dacie’s 
department at the Postgraduate Medical School of Lon- 
don, Hammersmith The total allocation of £100,000 
for the work on tropical ansmuas and kindred dis- 
orders ıs made up as follows £45,000 to build 
and equip the Wellcome Laboratory of Tropical 
Hematology at Hammersmith, £14,000 to organize 
and maintain a scheme of close co-operation between 
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the groups led by Dr Foy, Dr Baker, Dr D L 
"Molhn of the Hammersmith Laboratory, and a Royal 
Army Medical Corps team in Singapore, £25,000 for 
the contmued support of Dr Baker’s unit in Vellore, 
£15,000 for new X-ray equipment at Vellore 


Awards in the United Kingdom and the United 
States 


OTHER major grants in aid of research out of the 
total of £248.00 distributed by the Trust during the 
past half-year included £40,000 to Prof H O 
Schild and others for the extension to the Pharmaco- 
logy Building at University College, London, £15,000 
. to Prof J D Lever to purchase an electron micro- 
scope for the Department of Anatomy, University 
College of South Wales and Monmouthshire, Cardiff, 
£13.500 to Prof D H R Barton for the purchase of 
a nuclear magnetic resonance spectrometer for the 
Department of Organic Chemustry, Imperial College 
of Science and Technology, £10,500 to Dr D P 
Cuthbertson for the purchase of new radiographic 
equipment for the Rowett Research Institute, Aber- 
deen, £10,000 to Prof H E de Wardener, Depart- 
ment of Medieme at the Fulham branch of Charing 
Cross Hospital, £9,850 to Prof F W Rogers 
Brambell to inerease the accommodation for post- 
graduate research workers in the Department of 
Zoology, University College of North Wales, Bangor. 
£4,000 to Dr A H Harthoorn, to provide a mobile 
laboratory for field research ın comparative physio- 
logy, University College of East Africa, Nairobi A 
five-year senior Wellcome research fellowship has 
been provided for Dr Karls Adamsons in the 
Columbia-Presbyterian Medical Center, New York 
City, at a cost of 50,000 dollars His work will be 
concerned chiefly with the physiology of the new- 
born 


New Member of Trust 


Tur Wellcome Trust announces that Mr Lancelot 
Claude Bullock, who was appointed a trustee under 
the will of the late Sir Henry S Wellcome, has 
retired. For many years he was senor partner m 
the London firm of solicitors, Markby, Stewart and 
Wadesons, where his associations with Sir Henry 
Wellcome go back to the time he was asked to 
advise and draft the will under which the Trust was 
created He ıs succeeded by Mr Robert Malleson 
Nesbitt, also of Markby, Stewart and Wadesons 


The State and the Freedom of the University 


Pror M BOUCHARD, writing in Sczence and Free- 
dom (No 19, June 1961) on “The Universities in 
France Freedom and Autonomy”, expresses some 
concern at the effect on univeisity autonomy of the 
growing dependence of the universities on State 
support While the maintenance of university free- 
dom depends ın the last resort on the moderation and 
liberal outlook of the State, Prof Bouchard ıs no less 
concerned that the individual members of the 
universities must be allowed full scope for their 
inquiries and research in whatever field they please, 
without Jet or hindrance They must be free to form 
their own conclusions and say what they believe to 
be true In France, university teachers have the 
stgtus of Civil servants and are protected from all 
arbitrary measures by a special legal clause which 
offers security so long as the spirit of independence 
18 kept alive in the universities, and Prof Bouchard 
pleads that care should be given to the preservation 
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of this vital principle To the same issue, Prof L 
Massart contributes & note on the problems and 
prospects of the Belgian universities Pointing out 
that the appomtments of teaching staff are not 
immune from political influence, he stresses, how- 
ever, that the real problems of the universities in 
Belgium arise out of their growing dependence on 
State support and the moereasimng number of students 
He 18 disturbed at the persistence of obsolete methods 
of teaching, the failure to mcrease the number of 
students trained for research commensurately with 
the national needs and the effects of inbreeding 
from which the university system suffers. He believes 
that a thorough reappraisal of the university structure 
in Belgium 18 required While the number of students 
has increased from 10,307 ın 1938-39 to 26,057 ın 
1958—59, and the number of graduates from 1,995 to 
4,930 over the same period, the number of doctorates 
has only risen from 79 to 120, a 40 per cent drop in 
the rate per 100 graduates 


The Berkshire, Buckinghamshire and Oxfordshire 
Naturalists’ Trust, Ltd 


Tax first annual report of the Berkshire, Bucking- 
hamshire and Oxfordshire Naturalists’ Trust, Ltd, 
which was incorporated as a limited company on 
January 9, 1961, covers the year 1960 (Pp 7 Ken- 
nington, Oxford Berkshire, Buckmghamshire and 
Oxfordshire Trust, Ltd , 146a Poplar Grove, 1961) 
At its incorporation the Trust had 328 members, and 
the major task of the Provisional Executive Com- 
mittee during the first year was the preparation of a 
draft constitution which was approved at a meeting 
of members on November 12, 1960 The objects of 
the Trust, as set out in 1ts memorandum of associa- 
tion, are to record and investigate places and objects 
of botanical, zoological, geological, archeological or 
scientific interest, or of natural beauty, and to protect 
these from injury, ill-breatment or destruction, to 
establish, form, own, maintain and manage nature 
reserves or bird sanctuaries, to encourage the breed- 
ing of wild-birds, msects and plants which are harm- 
less, useful, beautiful or rare, and to promote, 
organize, carry on and encourage study and research 
for advancing knowledge m the natural sciences The 
Trust has already been concerned with threats to 
several rmportant sites In December 1959 ıt joined 
with the Nature Conservancy and other bodies m 
successfully resisting the proposal to build a 250-ft 
radio tower in Little Lenham Wood, near Beacon 
Hill Jt has also jomed with the Banbury Ornitho- 
logical Society in asking for the preservation of 
certain woods m that neighbourhood 1f further large- 
scale ironstone working 1s authorized, and has also 
sought to preserve the heronry at Chievsley Furze, 
the famous crocus field at Inkpen, Berkshire, and the 
sites on which the military and monkey orchids, the 
red helleborine and the wild fritillarias grow 


Museums Journal 


THE second issue of the new format of the quarterly 
Museums Journal (61, No 2, September 1961) 
maimtains the high standard and deals with a variety 
of topics Mr F I. G Rawlins emphasizes the value 
of the scientific outlook m conservation, Mr Philip 
Rawson describes the new Gulbenkian Museum m 
the University of Durham and Mr Robert Hull deals 
the various types of electronic lecture guide systems 
which are now proving of such absorbing interest to 
museum curators Much of this issue 1s devoted to a 
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record of the annual conference of the Museums 
Association held at Plymouth in June 1961 A 
report on the symposium held at the Britzsh Museum 
(Natural History) on “The Museum and the Natural- 
185", and book reviews, complete an mmformative issue 
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The Bernice P. Bishop Museum, Honolulu 


UNDER the title of “Work Half Done" the Bernice 
P Bishop Museum at Honolulu issues its report for 
1960 The title refers to the fact that at the end of 
1960 the Museum was in the middle of a particularly 
important project, the new Planetarium-Observator y. 
This ambitious building 18 being constructed without 
the necessary total of capital funds but with the 
conviction that these will be forthcoming when the 
value of the venture 1s demonstrated An interesting 
experiment was involved in the trapping of air-borne 
insects to determine the role of air currents in msect 
dispersal This was carried out both on board ship 
and by a special device in aeroplanes 


The Stanley Clifford Milk Industry Award 


Tae Central Milk Distributive Committee, m 
recognition of the valuable services rendered in the 
dairy industry by Stanley Clifford, who was for many 
years chairman of the Committee, has established a 
fund for the purpose of providing awards to enable 
a suitable applicant to make a short study tour of 
the dairying industry m the United Kingdom or 
abroad Employees in the dairy mdustry or in dairy 
engineering in the United Kingdom who are below 
the age of thirty are eligible The Award, which will 
be made annually, will be administered by the Society 
of Dairy Technology. It has been decided that the 
first award shall be granted for a study tour in 
Denmark immediately following the International 
Dairy Congress which 1s to be held m Copenhagen 
during September 3-7, 1962 Applications for this 
Award should be made to the Secretary, Society of 
Dairy Technology, 17 Devonshire Street, London, 
W 1, not later than January 31, 1962 


Royal Institute of Chemistry Lecture Series 


THE first three numbers of the Royal Institute of 
Chemustry 1961 series of lectures have just been 
published (‘The Royal Institute of Chemistry Lecture 
Series 1961 London Royal Institute of Chemistry, 
1961 5s each) The first, entitled Atmospheric 
Photochemistry, 13 by Sir Harrie Massey and Dr A E 
Potter, the second, A QOChemast's Introduction to 
Statistics, Theory of Error and Design of Experiment, 
by Dr D A Pantony, and the third, Recent Develop- 
menis «n Polarography, 18 by Dr G W C Milner 
The booklets also contam a lst of other recent 
publications of the Institute 


The Night Sky in November 


New moon occurs on Nov 8d 09h 59m uT and 
full moon on Nov 22d 09h 44m The followmg 
conjunctions with the Moon take place Nov 2d 05h, 
Regulus 001° N , Nov 13d 13h, Saturn 3° S, 
Nov 14d 00h, Jupiter 3°S , Nov 23d 03h, Alde- 
baran 07? S, Nov 29d 13h, Regulus 03° S In 
addition to these conjunctions with the Moon, 
Venus 18 ın conjunction with Spica on Nov 4d 17h, 
Venus being 4? N Mercury 18 à morning star, visible 
low in the south-east before sunrise, on November 7 
it rises almost two hours before the Sun Venus 18 a 
morning star, rismg at 4h 50m, 5h 30m and 6h 
20m on November 1, 15 and 30, respectively It 1s 
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rather too close to the Sun for convenient observation 
Mars 1s too close to the Sun for observation Jupiter 
and Saturn are evening stars, setting about four 
hours after the Sun They may be seen low in the 
south-west after sunset, they are not very favourably 
situated for observation Occultations of stars 
brighter than magnitude 6 are as follows, observations 
beng made at Greenwich Nov. 20d 16h 569m, 
E? Cet (D); Nov 21d 2h 229m,uCet (D), Nov 
23d 2h 528m, « Tau (D), Nov 23d 3h 443m, 
« Tau (R), Nov 24d 4h 235m, 119 Tau (R) 
Nov 24d 5h. 07 4m, 120 Tau (R), Nov. 24d 21h 
14 4m , 71 Ori (R); Nov 27d 3h 56 7m, 7 Cne (R), 
D and E refer to disappearance and reappearance, 
respectively The Taurid meteors are active during 
the first half of the month, maximum activity being 
on November 7 The radiant is at RA 3h 36m, 
Dec + 14°, and conditions for observation are 
favourable The Leonid meteors are active on Novem- 
ber 16, the radiant being at RA 10h 08m, Dec 
+ 22°, and conditions for observation are favourable 


Announcements 


Pror W T Whnirirrws, professor of botany at the 
University of Southampton, has been appointed a 
member of the Agricultural Research Council in 
succession to Prof S J Watson, who has retired 
after ten years service 


Tse one-hundred-and-twenty-eighth meetmg of 
the American Association for the Advancement of 
Science will be held m Denver, Colorado, during 
December 26-30 Further information can be 
obtamed from the director of public mformation, 
Sidney S Negus, Medical College of Virginia, Rich- 
mond, Virginia 


AN international conference on “Magnetic and 
Electric Resonance and Relaxation” 1s to be held at 
Eindhoven, The Netherlands, in July 1962, under 
the auspices of the Netherlands Physical Society and 
the Groupement Ampère Further information can be 
obtamed from Dr D J Kroon, Philips Research 
Laboratories, Eindhoven, Netherlands 


THE second International Symposium on Con- 
tinuous Culture of Micro-organisms will be held in 
Prague during June 18-23, 1962. It 1s beng spon- 
sored by the Czechoslovak Academy of Science 
Further information can be obtamed from Academi- 
cian Ivan Malek, Czechoslovak Academy of Science, 
Institute of Biology, Na evicisiti 2, Prague 6, Czecho- 
slovakia 


Messrs MACMILLAN regret that an incorrect price 
for Volume II of Partington’s “History of Chemistry” 
was given in Nature of October 14, p Ixxxix, the 
volume 1s bemg published at £5 5s. net 


Errata Dr D H Trollope has written stating 
that some omissions and misprints have occurred 
in the communication entitled ‘Effective Contact 
Stresses and Friction" published in Nature of July 22, 


W 
p.376 Equation 7 should read R = N Ua + ga, 


W 
equation 8 should read F} =p ( Now pa )= 


wW A A 
«( N UR t es). equation 9 should read S z 
u (© — u + o) On p 376, col 2, hne 41, for ‘macro- 
fraction’ read ‘micro friction’, hne 56, for ‘invert’ 
read ‘mert’; hne 57, for p = 0 read u = 0 


214 


NATURE 


October 21, 1961 


Vor 192 


SCIENTISTS IN THE PUBLIC SERVICE 
SPECIAL PROMOTIONS 


S mn previous years a number of special posts has 
A been created m the Scientific Civil Service under 
the provisions included in the White Paper on the 
Scientific Civil Service (Cmd 6679, 1945) to provide 
for the promotion of individual research workers 
of exceptional merit The promotions were effective 
from July 1 and include the following - 


Deputy Chief Scientific Officers 


Dr L J BzerLAMY, who ıs supermtendent of 
Analytical Services at the Ministry of Aviation’s Ex- 
plosives Research and Development Establishment, 
Waltham Abbey, entered Government service in 1939 
and undertook various analytical jobs until he was 
posted to the Directorate of Chemical Inspection, 
Woolwich, ın 1945 Here he became responsible for 
the development of new methods of analysis, particu- 
larly physical methods, and became a member of 
the World Health Organization Expert Advisory 
Committee on Insecticides In 1955 he was trans- 
ferred to his present post, where he has been respons- 
ible for the development of new analytical methods, 
research and assessment on the stability and com- 
patrbihty of explosives, X-ray and electron micro- 
scopy techniques and polymer synthesis and proper- 
ties Dr Bellamy’s major personal contributions 
have been in the fields of the interpretation of the 
spectra of large molecules, solvent effects, and more 
recently on the difference in the associative properties 
of protons and deuterons. On the mterpretation of 
spectra of large molecules, Dr Bellamy has developed 
a broad theory, whereby the behaviour of the more 
important group frequencies can be predicted and 
understood ‘This has revealed new relationships 
between frequency shifts and other physical proper- 
ties On solvent effects, his work has led to a better 
understanding of inter-moleeular forces in solution 

Dr. A F Grsson 1s leader of the Semiconductor 
Physics Research Division at the Royal Radar 
Estabhshment of the Ministry of Aviation at Malvern, 
and has been associated with that establishment 
since 1944 Dr. Gibson's work has included lumuines- 
cence, infra-red photo conductors, transistor physics 
and research of a fundamental character on the 
properties of semiconductors He has applied his 
research to practical needs and has been responsible 
for the development of a new form of far infra-red 
and milhmetre wave detector, based on cyclotron 
resonance and an avalanche injection diode of value 
iin fast-switehmg ewewts He has carried out 
mvestigations of the microwave properties of ger- 
manium and the effect of carrier injection and extrac- 
tion on the absorption. Dr Guibson’s most recent 
work has been concerned with ‘hot’ electrons in 
germanium, which has shown the complex nature 
of the processes whereby energy given to electrons ın 
a semiconductor by an electric field 1s exchanged 
with the lattice to give ohmic heating and how, when 
this cannot be done sufficiently rapidly, the energy 
ig spread unequally among the various ‘valleys’ m 
momentum space Similar investigations carried 
out with ‘holes’ have led to a better understanding 
of the band structure of the complex valency band of 
germanium 


Senior Principal Scientific Officers 


Dr J M Borom, of the National Physical Labor- 
atory, specializes in metrological optics, particularly 
imn the production and application of photographic 
gratings These gratings are of two kinds large 
photographs of very closely spaced interference 
fringes for spectroscopic purposes, and gratings for 
linear and radial measurement based on the 1mprove- 
ment of conventional rulings by methods of 'photo- 
graphic averaging’ Gratings, read by optical and 
electronic methods to which Burch has also made 
important contributions, are now bemg extensively 
used in the control of machine tools and ın metrology 
Dr Burch has recently taken charge of a research 
project concerned with the development and applica- 
tion of optical masers 

Pror J C Cooks, one-time professor of applied 
mathematics m the University of Malaya, 1s now 
working on fluid dynamic theory in the Aero- 
dynamics Department at the Royal Aircraft Estab- 
hshment, Farnborough 

Dr. D A L Daves, attached to the Immuno- 
Chemistry Section of the War Department’s Micro- 
biological Research Establishment at Porton, 1s 
concerned with work on the isolation and structure 
of bacterial antigens. His work has laid the basis 
for a chemical and rmmunological approach to tissue- 
cell antigens 

Mr D Freres 1s now m charge of the work of the 
Flud Power Section of the National Engineermg 
Laboratory concerned with research into oil hydraulic 
and pneumatic devices for general mdustrial use 
Earher this year Mr Firth won the Wolfe Award 
for his work on hydrostatie transmissions. 

Mr J F Grrrrws, of the Services Electronics Re- 
search Laboratory Extension, run by the Admiralty 
at Harlow, has undertaken research in the field of 
high-power microwave valves, particularly of the 
travelling-wave variety This has led to the use of 
the traveling-wave tube as an effective high-power 
amplifier at microwave frequencies Mr Gittins 18 
also chairman of the Power Valve Research Advisory 
Panel of the Co-ordination of Valve Development 
Committee 

Ma B E J Pacer ıs in charge of the Astrophysics 
Department at the Royal Greenwich Observatory 
In addition to carrymg out theoretical and observa- 
tional research Mr Pagel has also assisted in the 
design of new apparatus and introduced improved 
techniques 

Dr G B Preston, of the Royal Military College 
of Science, Shrivenham, has been engaged 1n research 
in the field of pure mathematics, particularly in the 
theory of semi-groups 

Dr J T STUART, of the Aerodynamics Division, 
National Physical Laboratory, has made contribu- 
tions to the study of the stabihty of flud flow Of 
particular &gnifieanee ıs his research work into the 
non-linear theory of hydrodynamic mstability, the 
growth of wave disturbances and the effects of 
Reynolds stresses on transition from laminar to 
turbulent flow 

Dr R H Woop 18 m charge of that part of the 
Building Research Station research programme that 
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la i with girato engineering design problems; 
particular interest is the structural interaction 
ween the various elements of construction in 
lti-storey framed buildings. This interaction, or 
tual stiffening of the parts of a building so as to 
ngthen the whole, has an important influence 
building design, and Dr. Wood's work has con- 
ited greatly to the understanding of the structural 
iaviour of complete buildings and to the more 
allowance for composite action in structural 













































promotions have been made by: 


ed Kingdom Atomic Energy Authority: 
Senior Principal Scientific Officers 
.Q. Marri has worked at the Atomic 
ns Research Establishment, Aldermaston, since 
undation in 1953. His early work was concerned 
with small-scale explosives research, investigati ng 
ie motion of fluid surfaces and later with the develop- 
ent and use of scintillation counters. More recently 
he has worked on neutron sources and on the develop- 
ment and applieation of sub-mierosecond radio- 
graphic techniques for the experimental work on 
explosions. Starting with an early prototypo 35-MeV. 
ar accelerator for which he developed & double 
focusing system, he has brought it to a state of output 
and reliability which has made it a valuable tool in 
the solution of certain hydrodynamic problems. He 
is now attempting to extend the flash X-ray tech- 
nique from its present limit in the region of 1 MV. 
. . up to about 6 MV. He has contributed a number of 
|. , original ideas in the field of advanced nuclear and 
_ thermo-nuclear weapons. 
De. J. B. Taytor has worked at the Atomic 
Weapons Research Establishment, Aldermaston, for 
 Bix years. He contributed first to the improvement 
of neutronie calculations used in the theory of 
xplosions and in the computation of the stochastic 
behaviour of small populations in a supercritical 
 Bystem. He then carried out à number of investiga- 
tions, ranging over several fields and at all levels of 
. detail, to illuminate and help to direct the astro- 
physical engineering behind the megaton test series 
-of 1957-58. He later worked on problems connected 


“HE foundation stone of the Royal Scottish 
. Museum was laid by the Prince Consort in October 
61, and thereafter there arose in instalments the 
netian Renaissance building which now occupies 
re than half of Chambers Street, west of the Old 
llege, University of Edinburgh. It is a grey stone 
ructure consisting of a central block elongated east 
west, with two wings stretching southwards. 
jthin was afterwards built on to yield a 
tangular halls, most of them with a main 
r surmounted by two balconies, the earlier 
'd on cast-iron pillars, the later either 
| or upheld by ferro-concrete structures. 
taircase’ was added at the rear in 1931, 
shes at its mezzanine landings to lead to à 
ive future block. A lecture hall had. been 





later saerificed 
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with fast reactors and on electromagnetic phenóena 
from explosions, before turning to problems of the |. 
thetatron and other controlled thermonuclear reactors. = 


(2) Agricultura! Research Council: 
Deputy Chief Scientific Officer 


Dr. R. MARKHAM joined the staff of the Plant Virus - 
Research Station, Cambridge, now the Agricultural yd [a 
Research Council Virus Research Unit, in 1940 and © 
became director of the Unit in. 1960. His research 
has been concerned mainly with the biochemis 
of the smaller plant viruses, and in 1949 he. 
able to demonstrate that the ribonucleic acid. o 
turnip yellow mosaic virus, whieh he and Dr. K 
Smith first isolated and purified, was necessary 
the infectivity of the virus and was enclosed in. 
protective shell of protein. This work led to an 
intensive investigation of nucleie acids in general ^. 
and resulted in the development of a large number =- 
of delicate methods for the analysis of nucleic acids o oo > 
and their constituents. It also led to an understand. | 
ing of the way in which some of the enzymes which 
degrade nucleic acids, particularly panereatie ribo- o >= 
nuclease, act. Dr. Markham has also been concerned — oo 
with synthetic mechanisms by which small poly- 
nueleotides ean be made. He was elected a Fellow . 
of the Royal Society in 1956. | 


















Senior Principal Scientific Officers 


Dr. C. H. CapMAN is head of the Virology Depart- 
ment, Scottish Horticultural Research Institute, 
Mylnefield, Dundee, and is at present particularly 
concerned with the transmission of plant viruses by 
nematodes. 

Dr. B. Kassanis, of the Plant Pathology Depart. . 
ment, Rothamsted Experimental Station, has dis- ^ ^ 
covered and described a number of viruses, and - 
recently discovered that the multiplication of the 
virus depends on the simultaneous multiplication of 
another. 

Dr. A. KrgCzkowskI, of the Plant Pathology 
Department, Rothamsted Experimental Station, is... 
primarily a serologist, but has made substantial con- = 
tributions to a range of subjects, and is now studying 
the surface structure of the protein units which al : 
up tobacco mosaic virus. "o 







THE ROYAL SCOTTISH MUSEUM 
By Dr. D. A. ALLAN, C.B.E. 


Formerly Director 


included in the earliest part of the building but was = _ 
to yield much-needed exhibition ^ ^. 
space, yet the necessity for a hall for lectures and =. 
demonstrations and later to provide educative film ^ 
shows was ever present, and just before the Seeond ^ 
World. War foundations were dug beyond the 'grand 
staircase’ for a rectangular lecture hall... and were 

left to be obliterated by ashes from the boilers. In — 


May 1959 work was commenced on a theatre block 
of an entirely novel design, and its completion was 


achieved early in September 1961, the opening 
ceremony being performed by the Right Hon. the 
Earl of Rosse, chairman of the Standing Commissiofi 
on Museums and Galleries, with the Right Hon. 
John Scott Maclay, H.M. Secretary of State for 
Scotland, in the chair. 





Fig. 1. 


The site was a difficult one, being a triangle hemmed 
in by part of the back of the old building, a busy 
street and a little cul-de-sac. Again, whatever 
occupied it had to marry with a 1914 red sandstone 
somewhat classical facade of the Museum zoological 
galleries beyond and the grey sandstone of the 
Robert Adam Old College building further on. 

The principal contribution being a lecture theatre, 
it had to be given the lion’s share of the space, and 
the angle of the seating floor was determined by 
the number of persons to be accommodated. As the 
Museum’s opening ceremonies attract around 200 
guests—and the early 1900 public lectures, organized 
by the Museum but housed in the adjacent University 
examination hall, as many as 250—it was determined 
that the new theatre should hold 
300. The plans allowed for this 
number of seats in ten curving rows 
of thirty, rising steeply on steps, 
with three aisles. The platform is 
low, long and narrow, so that every- 
one can have an uninterrupted view 
of speaker, demonstrations or of 
the screen occupying the central 
portion of the wall beyond. The 
back of the auditorium is against a 
solid bow-shaped, windowless street 
wall, impervious to light and sound. 
At the narrowing end of the triangle 
is an emergency staircase, with a 
side door at street-level. The wider 
end of the triangle is a three- 
storeyed block, each floor eonsisting 
of a curving chamber running from 
the street back to the older part 
of the building. The ground-floor 
is a foyer with a door to the street, 
another to the main museum build- 
ing and the double sound-proof 
dbors to the front of the auditorium. 
Above are two more floors, reached 
by an open staircase of steps 
cantilevered on a single supporting 
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beam, with landings against an im- 
mense window rising the height of 
the building and facing the street. 
Because of differences in level, the 
foyer is broken across the middle 
and a short flight of curving steps 
leads from the new end to the old. 
The top-floor gallery opens on to 
an extensive exhibition hall over 
the lecture theatre, top lit and with 
an additional exit to the top of the 
emergency staircase. The propor- 
tions of the building can be put 
briefly and roughly—two-thirds 
width and two-thirds height for tho 
lecture theatre, with the remaining 
third at the top exhibition hall and 
the remaining third at the side 
foyer with two overlying exhibition 
rooms. Underneath is a large cellar 
space, which will later be developed 
to advantage for much-needed 
storage. In contrast to the preval- 
ence of right angles throughout the 
many halls of the old building, 
those in the new are limited to 
the contacts between floors and 
walls and walls and ceilings. 

The lecture hall, which will be used for opening 
ceremonies connected with special exhibitions in the 
adjacent halls, conferences, lectures, school-class 
talks and cinema shows, presents a novel, modern 
and entirely charming interior, with its major sweep 
across its width, and the steeply tiered rows of tip-up 
chairs, upholstered in grey plasticized fabric, flanked 
and backed by walls lined to the full height with 
Abura wooden strips of a warm brown colour. The 
ceiling, which is also acoustically designed, presents 
a pattern of shallow rectangles in relief to the audience 
but projects a battery of lights from the unseen 
forward and downward projecting ends on to the 
platform. The lighting can be controlled either from 
the stage or from the projection room in the rear of 
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the ceiling. The tiers and access gallery at the back 
are covered in grey marbled plastic flooring, with 
gold-coloured carpet on the three access stairways 
and blue carpet fronting the stage, the curtains of 
which are in gold. Hardwood strip has been used 
in the floors of the exhibition halls and travertine for 
the foyer. The ‘flying’ staircase is finished with 
hardwood treads with rubber inserts and aluminium ; 
plate glass and plastie have been used for the balus- 
ide. The architect has designed an appropriately 
‘ved teak door for the emergency exit. The designs 
gin at the base with early forms of life and 
fossils, pass up to various animals and man, show 
motives, telephones and television sets, and 
to a top row of aeroplanes, sputniks and an 
mie explosion. The ‘finale’ is a row of question 
ks. 

he. “exhibition halls are heated by low-pressure 
ater coils contained within the floor. Background 
heating for the theatre is provided by coils behind 
the stage front and this will be supplemented when 
the hall is in use by warmed air introduced through 
the slats on the walls near the stage and extracted 
at the ceiling below the projeetion room. The 
|. 16-mm. projector is sited in a special room reached 
| e by a passage above and behind the auditorium. 
_. The building could well have taken a full-size pro- 
|^. jector, but in view of the difficulty of getting 
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documentary films suitable for educational purposes, ae ? 


the smaller size had to be chosen. 

The façade of the new extension is spectacular and 
modern, yet it provides a pleasing gradation with its | 
neighbours. The bastion-like central mass consists 
of plain ribs of cream-coloured sandstone, reminiscent 
of a clinker-built boat, and standing on a simple 
polished granite base. In the lower portion of the 
sandstone are a few ovoid windows. 

The curved central mass is flanked by two un- 
equal flat walls, that to the east being smaller . 
and having its square sandstone blocks split into two 
facets anglod diagonally, so as to yield an attractive 
shadow pattern. The greater flank to the west is 


framed in square sandstone blocks with alternate o= 
ones set back to provide a different pattern, but the | ^. 
main face is a rectangular aluminium frame with a o 
slightly arched doorway in the centre surmounted by — 
five tiers of plain glass panes, the horizontal crossings ^ 
marked by narrow bars which combine decoration with = = 

Through the . 


utility in supporting window cleaners. 
glass, the stair landings add a decorative motif. The — 
rohai was Stewart Sim, a senior architect of H.M. . 


Ministry of Works, and the contract was carried out by . f uy 
Thaw and Campbell, Ltd., Glasgow, at a costofapprox- 


imately £120,000. Thus the Royal Scottish Museum : 
displays the march of time in its architecture and its 
furnishings—in its exhibits as well—overafulleentury. 


CANCER RESEARCH IN THE UNIVERSITY OF PERUGIA MEDICAL SCHOOL 
By Pror. LUCIO SEVERI 





vo € N June 26, the occasion of the centenary cele- 
(s brations of the chair of morbid anatomy of the 
|? University of Perugia, Dr. Thelma B. Dunn, head of 
- v the Cancer Induction and Pathogenesis Section. 
^ National Cancer Institute (U.S.A.), opened at Monte- 
-=o Juce an extension to the Division of Cancer Research, 
^. University of Perugia Medical School. 
‘The ceremony included a visit to the new animal- 
house: and the remodelled older one, on the main 
floor, in which normal work was in progress. The 
< - guests consisted essentially of the participants of the 
international conference on the ‘Morphological Pre- 
‘eursors of Cancer". At the opening of the extension, 
all the doctors honoris causa of the University of 
ugia Medical School were present, including Prof. 
Haddow, director of the Chester Beatty Research 
itute, London; Prof. J. W. Orr, director of the 
partment of Pathology and Cancer Research 
boratories, University of Birmingham; Prof. J. J. 
ittner, Division of Cancer Biology, University of 
innesota, Minneapolis; Dr. L. C. Strong, director 
f the Biological Section, Roswell Park Memorial 
nstitute, Springville; Dr. J. R. Heller, president of 
he Memorial Sloan-Kettering Cancer Center, New 
ork; Prof. C. Krauspe, director of the Institute of 
forbid Anatomy, University of Hamburg; Prof. 
R. Khanolkar, vice-chancellor of the University 
Bombay ; and Prof. T. Yoshida, dean of the 
f Medicine, University of Tokyo. 
sion was designed by Prof. G. Nicolosi, 
‘the work was carried out under the 
of Dr. G. Castori, Perugia, being erected by 
rs. Fioroni, Perugia, at a cost of 50,000,000 lire. 
new v accommodation doubles the previous floor 
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area and makes the Division the largest and best 
equipped organization of its kind in Italy. | 
The extension consists of four storeys of conerete- 


cased steel-framed structure, faeed with grey-coloured CUm 
The various floors are formed with pre-cast — 


plaster. 
concrete flooring units. The various services to the 
laboratories, which include hot and cold water, gen 
electricity, compressed air, vacuum and steam, are _ 
visible, not concealed. In this way easy access is 3 


possible to the various services and pipe-lines when — i 


it is desired. Each floor is served by an automatic 
electrically operated passenger lift. The new building 
is linked with the older Division of Cancer Research . 
by an underground passage, and contains extensive 


animal-house accommodation and laboratories for : 


virology, tissue culture and cytogenetics, 


The main financial responsibility of the Division of E "C 
Cancer Research has always been borne by the =~ 


University of Perugia. Additional funds are provided . l 
by the National Cancer Institute of the U. S. National 


Institutes of Health, and to a lesser, but valued, > 
extent from the Lega Italiana per la Lotta. contro i | 

Tumori, Consiglio Nazionale delle. Ricerche, Farmi- ae e 
talia Milano, and from other private Italian bene- = . 


factions. 7 
It is only since the Second World War that the 
idea of a Division of Cancer Research in the Univer- 


sity of Perugia was conceived. But it was several = 


On — 


years before the plan could be carried out. 
November 30, 1952, the Minister of  Publie 
Education, on the occasion of the opening of the 
academic year, announced the establishment of a 
University Division of Cancer Research at Perugia. | 
Ín the first building were established an animal 











Fig. 1. New Extension of the Division of Cancer Research, University of Perugia 
Medical School 


colony and laboratories for research in biology and 
pathology. Later, in the years 1956 and 1957, a 
programme of improvement was completed with the 
aid of grants and contributions. 

During recent years, investigations have been 
carried out in the Division by various groups of 
scientists on different aspects of cancer research. 
Work on the spreading of metastases in human and 
experimental tumours has been described in a serios 
of papers dealing with the various facets of tho 
problem. A valuable contribution to tho conflicting 
problems of the morphological precursors of human 
breast cancer was made by the staff of the Division 
of Cancer Research working as a unit. In the initial 
phase, different types of mammary cancer, arising 
from different lesions, and characterized by a different 
age at onset, «tiological pattern and morphology 
were detected and classified. It was then shown that 
the frequency and the latency period were also 
different for each of these types of cancer, On this 
basis, an attempt was made to determine the order 
of importance of the respective morphological pre- 
cursors; this is still regarded as a useful factor for 
prognosis. 
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In recent years, much effort has 
been transferred to the study of 
causation, behaviour and evolution 
of mammary tumours in inbred 
mice. The origins, nature, fate and 
hormonal control of the hyperplastic 
alveolar nodules in the mammary 
glands of virgin and breeding 
animals carrying the milk factor 
have been analysed in a series of 
papers. After the discovery of a 
new kind of pre-malignant change, 
the plaque, in hybrid animals. 
various inbred strains of mice 
normally bred were investigated to 
determine the occurrence of plaques. 
These have been found in two of 
the three strains investigated. In 
connexion with these experiments, 
an analysis of responsiveness and 
progression of mammary tumours 
of inbred mice was carried out, 
which led to the detection of the 
existence of strain differences in the 
biological and morphological charac- 
ters of neoplasms. Finally, a 
recent extension of these investiga- 
tions has shown that the strain 
differences found might be due to 
differences in the properties of the 
respective milk factors. 

A new field of investigation, 
cytology, opened at the Division of 
Cancer Research with the conversion of à spontane- 
ous mammary tumour into an ascites tumour. 
Work on the mitotic rate and chromosomal pattern 
of this ascites tumour is now in progress. 

Recently, it was demonstrated that isoniazid, a 
drug very widely used in the management of tuber- 
culosis, is carcinogenic for the lungs of BALB/c mice. 
Due to its practical importance, this field of investi- 
gation has been rapidly extended in order to see 
whether isoniazid is carcinogenic to other species of 
animals, whether it is carcinogenic in itself or through 
some of its metabolites, and how this carcinogenic 
action may be prevented. 

Since its foundation, the Division of Cancer Research 
has encouraged, within the limits of its facilities, 
visits of qualified scientists from foreign countries, in 
order to exchange information and ideas on the work 
in progress. A large number of such visitors have 
come during recent years. Several of them delivered 
lectures. For others, small seminars were organized 
with the staff. Other visiting scientists have spent 
several months working at the Division of Cancer 
Research with members of the staff, in fields of 
common interest. 


THE INTERNATIONAL FEDERATION FOR DOCUMENTATION 


HE twenty-seventh conference of the Inter- 

national Federation for Documentation was 
held at Caxton Hall, London, during September 6-16. 
The Federation has its headquarters at The Hague, 
and its work on many different problems of docu- 
mentation is carried on mainly through correspon- 
dence, committees and meetings of the Executive 


Bureau and a General Assembly held each year in a 
different country. The large, unrestricted. conference 
gatherings take place only every three or four years 
and this was the first to be held in England since 
1938. It was attended by more than 500 delegates 
coming from 38 countries and from all five con- 
tinents. Aslib, as the British representative 
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body in the Federation, was responsible for the 
arrangements 

The earher part of the conference, that 1s, during 
September 6-11, was devoted to meetings of com- 
mittees, the Executive Bureau, and the General 
Assembly with a special session on September 9 to 
consider present-day systems and trends imn automatic 
documentation such as the use of electronic computers 
and research into the possibilities of mechanical 
translation Excursions to Oxford and Cambridge 
were arranged for September 10 

During the second week of the conference, an 
exhibition of new processes and experimental work 
in documentation was open, and included a device 
for the automatic identification of printed numerals 

emonstrated by Dr M B Clowes and Mr J R 
Parks of the National Physical Laboratory 

The official opening of the full conference took 
place on September 12 when the Baroness Wootton 
of Abmger, deputizing for Lord Hailsham, Minster 
for Science, gave the opening address The chairman, 
Dr Burton W Adkinson, head of the Office of Science 
Information, US National Science Foundation, 
referred to the great loss to the Federation through 
the recent death of Fritz Donker Duyvis Has 
passing had been ‘‘the quiet closing of a door on an 
age", the age of the pioneers of documentation such 
as Otlet and La Fontaine, and of the devoted amateuis 
who followed them such as “D D" who, for more 
than two decades, was the embodunent of the 
International Federation for Documentation After 
this tribute to the late secretary-general of the 
Federation, the meeting heard four papers describ- 
ing recent developments imm documentation These 
were presented by Dr K Schneider (Germany), who 
described the use of electric typewriters operated by 
punched cards, Mr A C van Schaik (Netherlands), 
who showed that advantages could come through 
bibbographical co-operation withm a country, Mi 
C W Cleverdon (United Kingdom), who outlined the 
work of the Ashb Cranfield investigation into the 
efficiency of indexing systems, and Mr Karl F 
Heumann (United States), who presented Verner W 
Clapp’s summary of recent important progress in 
documentation in the United States In the evening 
delegates attended a reception given by the Vice- 
Chancellor of the University of London and Mrs 
Noble at the Senate House 

The morning sessions of September 13 dealt with 
scientific and technical information under the char- 
manship of Dr M A T Rogers, research controller, 
Imperial Chemical Industries, Ltd, deputizing for 
Dr T E Allibone, who was indisposed Papers were 
contributed by Mr R G PHermute (France), Dr A 
Moore (United States), who dealt particularly with the 
problem of information ın the pharmaceutical indus- 
try, and Dr Y Niwa, who described the history and 
growth of the Japan Information Centre of Science 
and Technology and simular services ın his country 

The afternoon session was presided over by Mi 
G Deurinck, of the Fondation Industrie- Université 
pour le Perfectionnement des Dirigeants d’ Enterprises, 
Belgium The papers covered the documentation 
of management (Prof R W Revans, United King- 
dom, and Prof J L Mey, Netherlands), and the use 
of information for economic planning (Mr K Hav- 
litek, Czechoslovakia) In the evening delegates were 
invited to a reception given by Imperial Chemical In- 
dustries, Ltd , at Imperial Chemical House, Millbank 

The efficient use of information was the theme of 
the morning session for September 14 when the chair 
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was again taken by Dr Burton W Adkinson Mr 
R. E McBurney described the work of the Canadian 
Technical Information Service of the National 
Research Couned Mr K Klntoe, director of the 
Danish Technical Information Service, spoke on 
productivity in information service, Mr William T 
Knox gave an interesting talk on the use by some 
United States companies of senior scientists or engin- 
eers as Information research workers, and Mr J de 
Laclémandiére (France) set out his views on informa- 
tion and the ‘law of least effort’ The afternoon 
was left free for visits and other activities and ın the 
evening a reception was held by HM Government 
in the unique setting of the King’s Library, British 
Museum, when Lord and Lady Hailsham received 
the guests 

The final public session and the official closure of 
the conference took place on the afternoon of Septem- 
ber 15, with Dr Alexander Kung, president of the 
Federation. ın the chair ‘The General Assembly 
this year had been attended by representatives of 
twenty-four member countries and by observers from 
several otherregions Dr King welcomed the presence 
of Miss Hilda S Lindstedt, formerly librarian of the 
Royal Technical University, Stockholm, and now an 
honorary member of the Federation Dr King 
went on to say that the decision to break away from 
tradition and to hold the 1960 meetings at Rio de 
Janeiro had had important consequences for the 
International Federation for Documentation, melud- 
ing some changes in constitutional procedure In 
future, presidents would be elected a year ın advance 
of the date on which they would take office and 
retirmg presidents would serve an additional year 
as members of the Executive Bureau, all this made 
for continuity 

Dr King announced that Dr Burton W Adkmson 
would succeed him as president in 1962 Vice- 
presidents were working appomtments chosen on a 
regional basis The vice-presidents for Western 
Europe were now Miss Barbara Kyle (United King- 
dom), Dr Z Paulo (Portugal), Dr W Schurmeyer 
(Germany) and Prof E Wegelius (Finland). East 
European vice-presidents were Dr L  Janzky 
(Hungary) and Prof A I Mikhailov (USSR) 
Dr S R Ranganathan (India) had retired and his 
place had not yet been filled, but Far Eastern repre- 
sentation was in the capable hands of Prof H. 
Ootuka (Japan) For the Americas, Mr K. F 
Heumann (United States) would replace Dr Burton 
Adkinson, now president-elect, and Prof Lydia 
Sambaquy (Brazil) would continue m office 

Turning to future conferences, Dr King announced. 
that the meeting for 1962 would be at The Hague 
It was hoped that a meeting ın one of the Asian 
countries could be arranged for 1963 or 1964, and 
the United States had issued an invitation to hold 
the next unrestricted conference in Washington in 
1965 

Dr Kung then dealt with the committees, the 
secretariats of which were now each located in differ- 
ent member countries Mr E Ohman (Sweden) 
had been appointed the first full-time officer of the 
Universal Decimal Classification at The Hague The 
training of personnel for carrying out documentation 
was being actively investigated under Prof Majewski 
at Warsaw, a newly constituted committee to consider 
the theory of classification would be based in Dene 
mark, responsibility for hnguistic problems had been 
accepted by the Netherlands, and mechanized 
documentation was the special concern of the German 
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section A new ad hoc Committee had been set up to 
give an impartial study to the future of the Universal 
Decimal! Classification 

For the closmg moments of the conference Dr 
Burton Adkmson took over the cham and voiced 
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the thanks of the delegates to the representa- 
tives of the host country, and in particular to 
Ashb, for the organization of the conference and 
for the accompanying programme of visits and 
entertainment EM R Ditmas 


X-RAY MICRO-ANALYSIS 


IST 177/2, recently issued by the Cambridge 
Instrument Co, Ltd , 1s an illustrated booklet * 
giving a comprehensive description of the Company's 
'Mierosean' X-ray analyser which 18 now in produc- 
tion The technique of X-ray micro-analysis consists 
of focusing an electron beam, normally accelerated 
from 0 to 50 kV , on to a region of the surface of the 
specimen, approximately lu. ın diameter and rather 
less in depth, and analysing spectroscopically the 
resulting X-rays excited from the specimen R 
Castaing, ın 1951, published details of the first practi- 
cal instrument that could be described as an ‘emission’ 
mucro-analyser, but Castaing’s instrument, ın common 
with similar instruments developed mdependently 
by others, used a static electron probe; ıt was thus 
limited to carrying out only pomt-by-pomt mucro- 
analyses on parts of the sample surface previously 
selected under an optical microscope The Cambridge 
instrument incorporates a deflexion system to control 
the electron probe, and in addition to static point-to- 
point micro-analyses ıb can also be used for scanning 
a maximum area of about $ x 4mm ? on the sample 
surface It 1s based on the instrument originally 
designed by Dr D A Melford and colleagues at the 
Tube Investments Research Laboratories in collabora- 
tion with Dr V E Cosslett and Dr P Duncumb, 
who were responsible for the prototype developed at 
the Cavendish Laboratory, University of Cambridge 
In the booklet the arrangement, constructional 
details and functioning of the analyser are clearly set 
out, together with photographs of parts of the instru- 
ment and of results obtained with the mstrument 
The analyser consists of four separately standing 
sectlons—the electrical supply unit, the main console, 


* The Mrcroscan X-ray Analyser, Pp 32 (London 


Cambridge 
Instrument Co, Ltd , 1961) 
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and three racks occupied manly by scanning, count- 
ing and display electionic equipment, respectively 
In the main console are housed the vacuum system 
consisting principally of a 2-1n oil diffusion pum 
backed by a rotary pump, the electron-optical 
system , the specimen chamber on which the electron- 
optical system is mounted and which ıs designed to 
allow from outside the maximum possible manipula- 
tion of the specimen which 1s itself under high 
vacuum Sixteen positions are provided on the table 
and the table can be rotated to bring any one of the 
positions under either the electron beam or the 
optical microscope, the binoeular optical microscope 
for conventional optical exammation of the specimen 
for comparison with the electron image, and the sem1- 
focusmg X-ray spectrometer of a special and simplified 
design, containing three curved, rotatable, hthium 
fluoride crystals and two interchangeable detectors, 
one a sealed-off proportional counter for the detection 
of hard radiations and the other a flow proportional 
counter for soft radiations 

The technique of X-ray muicro-analysis has so far 
been successfully applied. to investigating the micro- 
structure of both metals and minerals, and although 
the ‘Microscan’ was designed primarily for metallurgi- 
cal work 1t can be used for substances other than 
metals By providing both X-ray and electron 
pictures of small surface regions, the analyser 18 
invaluable as a metallurgical tool, and the examples 
of 1ts application to the examination of various 
alloys and inclusions ın steel which are discussed and 
illustrated in the booklet show clearly 1ts advantages 
Its main limitation, in common with other similar 
mstruments, 18 1ts 1nabihty at present to detect the 
soft X-rays from specimens consisting of elements of 
atomic number less than twelve 


DISTRIBUTION OF INTENSITY AMONG VARIOUS ULTRASONIC 
DIFFRACTION ORDERS 


By Dr C. RAGHUPATHI RAO 
Department of Physics, Nizam College, Hyderabad 


HE generalized theory of Raman and Nath 

gives very complicated expressions which, with 
certain restrictions, have been modified by Nath! 
to get closed expressions for intensities of ultrasonic 
diffraction orders The intensity of the supersonic 
field 1s assumed to be not strong enough to excite the 
second and higher orders and solving the difference- 
differential equation obtained in the generalized 
theory, the following expressions for the intensities 
of the first and central zero orders have been obtained 
for normal incidence 


4 e? + 8 
ee d YX5 E] 
EE: 
I,=1 zg sm’ l ve 3 (1) 
A? 2roL 
where oO = and §& = di 





No 4799 


October 21, 1961 


This expression clearly reveals that the mtensity of 
the zero order I, on diffraction 1s less than unity by 
a value of 2 x I, where I, 18 the intensity of the first 
order of diffraction The intensity of the zero order 
18 shared by the two first orders of diffraction 
equally on either side of the central ordei If 
the mdrvidual intensities of various orders, Io, I,, 
and I- could be measured accurately, then ıt can be 
expected, according to expression (1), that the sum 
of the three intensities, that is (J, + Lı + 1), 
Should be equal to the original slit mtensity I of 
the zero order without diffraction With the view of 
verifying the above statement, mtensities of the 
various diffraction orders were measured with a sensi- 
tive photomultipher tube and the results obtained 
are presented here 

lt 18 very important to note that only the first 
orders of diffraction are excited, smce expression 
(1) ignores the intensity of higher orders Further, 
when, second and higher orders are excited, multiple 
diffraction effects set 1n and these are carefully avoided 
m the present experiments using very low acoustical 
power 


Table 1 ees DISTRIBUTION AMONG VARIOUS ORDERS 


f = 3 8 Mc js —normal incidence) 
Aggregate 
intensity as 


Liquid JyI IfI I-I percentage of 
(per cent) (per cent) (per cent) ineident 
intensity 
Water 11 11 96 1 
Acetone 96 6 16 160 99 8 
Methyl alcohol 980 06 06 99 2 
Toluene 97 2 07 07 98 6 


A progressive wave in water at 3 8 Mc /s 1s set up 
and the mtensities of I, 7,, and J_, on diffraction 
and the intensity I of zero order without diffraction 
are measured with the photo-tube The intensity of 
the diffraction order expressed as a percentage of 
the original slit intensity of the zero order 1s tabulated 
m Table 1 using different liquids Table 1 clearly 
shows that the aggregate intensity of various diffrac- 
tion, orders compares very well with the intensity of 
the original incident light ın the zero order These 
experimental results are in good agreement with 
expression, (1) 

The second aspect of interest 1s to study the dis- 
tribution of intensity among various ultrasonic 
diffraction orders with obliquity of the sound wave- 
front Raman and Nath?, starting from very simple 
elementary considerations, have shown that diffrac- 
tion effects disappear periodically, whenever the 
obliquity ® of the sound wave-front from the position 


nA* 
of normal incidence 1s equal to tan-! „where 7 = 018 
L 





an integer, ìà * ıs the sound wave-length m the medium 
and L is the length of the ultrasonic path traversed 
by the light beam The expression for the relative 


JIm*( V) 


a 


Jas V) where 


intensities 18 given by 


ec : D) 
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and Vo = > 





The behaviour of the above expression explains very 
well the variation of intensity with ® among various 
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Fig 1 Variation of intensity of the diffraction orders with 


obliquity of the sound wave-front 
——, Expermment, —--, theory, f=38 Mc/s, L=15 cm 


diffraction orders and it is interestmg to study this 
phenomenon with the photo-multipher 

As before, a progressive wave 1n water at 3 8 Mc /s 
18 employed and, usmg moderate power, only the first 
orders of diffraction on either side of the zero order 
are excited The intensities of I, Iı and J, are 
recorded with the photo-tube for various angles of 
obliquity ® ın steps of 30’ The value of the para- 
meter V ıs calculated for the angles of tilt ® chosen 
using the expression (2) and the corresponding mtensi- 


Jm*( V) 
ties are evaluated using the Bessel functions Wy 
n 


The value of L used here ıs 1 6 em The theoretical 
results evaluated in this way and the experimental 
ones obtained by the photo-tube for I, and L+, are 
plotted in Fig 1 It can be seen that the agreement 
between the two curves 1s very satisfactory, showing 
the valdity of expression (2) The intensity J, 
becomes zero at 95’, as can be seen m Fig 1, and this 
value compares very well with the angle of 92’ 
* 

computed by tan-1 M for the disappearance of the 
first order 

Expression (2) ıs very important in that ib can 
predict the poor intensities of the very high frequency 
diffraction orders observed by several mvestigators?'*. 
It is well known that at moderately high frequencies, 
the sound wave-front 1s to be tilted with respect to 
the light beam to make the first-order diffraction lne 
appear and therefore the tilt angle (b ıs to be taken 
into account in estimating the mtensity of the high 
frequency diffraction orders The expression (2) can 


t 


nL tan © 
Dec e tan 
The parameter V, ın the case of normal meidence 1s 
2roL 

A 

the moment the light beam 1s tilted, as ın the case of 
high frequencies, the parameter V includes not only 
V, but also 4*, the sound wave-length in the medium. 
It 1s important to see how (^ affects V The value of 
® involved experimentally is generally small, namely, 





be written as 


where 


and does not include A*. But 





given by Ve = 
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Intensity parameter (V) 
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Pehaviour of the intensity parameter with increasing 
frequencies L = 15cm 
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Fig 2 


< 2°, and therefore one can approximate tan O 





and gm ® to ® and write t = But sin? 1s 


x * 
never equal to ¢ under the experimental conditions 


since 4 mvolves 





T which 1s very large At high 
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= tends to increase as A* decreases 
with increasing frequencies, ¢ therefore assumes 
large values making si £ approach its maximum 
value unity at very high frequencies Under these 
valid approximations, the parameter V can be 


frequencies 


AF 
written as V = Vela (>) and 1s directly propor- 


* 
tional to 6 At high frequencies, approaches the 


Bragg angle® to bring the diffraction order into the 
field of view and 4* decreases, with the result the 


4 


À 
ratio d tends always to decrease with increasing 


frequencies Therefore the intensity parameter V 
goes on diminishing with high frequencies as shown in 
Fig 2, thus giving a natural explanation to the poor 
intensities observed in high-frequency ultrasonic 
diffraction phenomena 


! Nath, N S Nagendra, Proc Ind Acad Sev , BA, 499 (1938) 


* Rameo Y V,and Nath, Nagendra, Proc Ind Acad Ser, 2, 418 


3 Rao, B R , thesis, Andhra University (1948) 
‘Rao, C R , thesis, Osmania University (1953) 
5" Bhagavantam, S , and Rao, B E , Nature, 101, 927 (1948) 


EIGHT-CO-ORDINATE DIARSINE COMPLEXES OF QUADRIVALENT 
METAL HALIDES 


By Dr. R. J H CLARK, Dr JACK LEWIS, Pror R 5. NYHOLM, FRS, 
Da PETER PAULING and Dr G. B ROBERTSON 


William Ramsay and Ralph Forster Laboratories, University College, Gower Street, London, WC | 


S part of a systematic study of the ditertbiary 

arsine complexes of transition metal halides, 
we have been mvestigating the behaviour of titanium, 
zirconium and hafnium tetrachloride with the chelate 
group o-phenylenebzsdimethylarsme! (diarsme or D 
in the following account)! The ditertiary arsine 
complexes of metals in the first half of the transition 
series have been little mvestigated One reason for 
this 1s undoubtedly the great interest imn transition 
metals which have potential double-bondmg capacity 
such as nickel, palladium and platinum In addition, 
the metals at the beginning of each transition series 
were thought to co-ordinate with the more electro- 
negative donor atoms such as oxygen rather than 
with arsenic Provided that one uses a non-hydroxylic 
solvent as the reaction medium, however, these 
transition metals will co-ordinate with the diarsine 

We have prepared a mono-chelate derivative of 
titanium tetrachloride with the formula T1Cl, diarsme 
by the reaction of titanium tetrachloride with the 
diarsine ın 1 1 molar ratio m carbon tetrachloride 
solution? The composition of this compound has 
been confirmed by analysis and some of ıts properties 
are given in Table 1 It ıs a non-conductor m nitro- 
benzene solution , it 18 considered to be a typical 
octahedral non-electrolyte but it 1s not 1so-structural 
with SnCl, diarsine originally described by Allison 
and Mann? 

From the reactions between the diarsine and zır- 
conum tetrachloride and hafnium tetrachloride ın 
acetone, we have isolated only the bzs-diarsine com- 
pounds ZrCl,.2diarsie and HfCl,2diarsine The 
corresponding 6zs-diarsine titanium tetrachloride com- 
plex TiCl, 2diarsme can be prepared by treating 


TiCl, diarsine with excess diarsine or by & curious 
reaction between titanium trichloride and the diarsine 
in glacial acetic acid? The reaction of vanadium 
tetrachloride with the diarsine m carbon tetrachloride 
solution gives VCl,2diarsme This compound 13s 
paramagnetic, with one unpaired electron, as expected 
Some properties of these four bws-diarsine complexes 
are shown in Table 1 They are iso-structural as 
shown by X-ray powder photography and have 
nearly identical infra-red spectra 

The 628-diarsine titanium complex, which 1s shghtly 
soluble ın nitrobenzene, has been more fully investi- 
gated than the other derivatives because they have 
much lower solubilities ın all solvents tried In nitro- 
benzene, T1Cl, 2diarsine forms a non-conducting solu- 
tion, this implies that m solution either (1) the 
complex involves an eight-co-ordmated titanium 
atom, the diarsine behaving as a chelate group, or 


Table 1 PROPERTIES OF DITERTIARY ARSINE COMPLEXES 


' Conductivity in nitrobenzene 

Concentra-| Am | deft — 
eg tion (cm *ohm™ | (BM) 

(decomp ) |(mol em ~)} mol) 


| Melting 


Compound | Colour point in 











TiCl, D 


yellow- 210 50 x 10? 05 00 
orange 
TiCl, 2D* Grange: 174 23 x 10° 09 00 
re 
VOI, 2D* orange 134 — — 18 
ZrC), 2D* white 290 — — 00 
HfCl, 2D* jvery pale 284 — — 00 


| pink 


* Isostruetural D = diarsine 


Satisfactory analytical results for carbon, hydrogen, chloride, arsenic 
and metal have been obtained for these compounds 
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(a) (b) 


Fig 1 (a) Drawing showing the relationship between the co- 

ordination polyhedron and a cube, (b) a perspective view of 

TiC), 2diarsine in which the phenyl mngs are represented 
diagrammatically 


(2) the complex dissociates, forming, for examole, 
one mole of TiCl, diarsme and one mole of Tree 
diarsine (We consider that the possibility that the 
titanium atom 1s six-co-ordinate with the diarame 
behaving as a monodentate group 1s excluded by the 
infra-red spectrum ) 

The diffuse ultra-violet and visible spectra of the 
solid TiC], diarsme and TiCl, 2diarsme have been 
recorded ‘The charge transfer band of the former 
occurs at 4650 A and of the latter at 5100 A Both 
compounds, however, show the same spectrum in 
polar solvents (Amax ~ 4600 A) and m benzene 
(Amax = 4480 Å ) This suggests that TiCl, 2diareme 
dissolves by dissociation into T1Cl, diarsine and free 
diarsme Both compounds can be recrystallized from 
benzene and nitrobenzene solutions, but the »2s- 
diarsine complex is less soluble, presumably because 
of the mass action effect of the liberated diarsine. 

From the infra-red spectrum and an X-ray dif. 
fraction mvestigation of TiCl, 2diarsine, we have 
shown that in the solid state both diarsme molecules 
are co-ordinated to the titanium atom The intease 
infra-red bands at 884, 846 and 741 em - of the fee 
diarsine are not present ın the compound, but corre- 
sponding bands some 20 em? higher in frequency are 
present This shift 1s characteristic of co-ordina: ed 
diarsine 
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The structure of the solid TiC], 2diarsine has been 
studied by single-crystal X-ray diffraction methods 


The point symmetry of the titamum atoms ıs 42m, 
with all the atoms m the molecule except the methyl 
groups lymg on muror planes ‘The co-ordination 
polyhedron around the titanium atom 1s a dodeca- 
hedron with eight vertices consisting of four equiv- 
alent arsenic atoms and four equivalent chlorine 
atoms ‘The arsenic atoms are 2 71 + 0 02 from 
the titanrum atom and are at an angle of 36° to the 
tetragonal axis The chlorme atoms are 246 + 
002 A from the titanium atom and are at an angle 
of 73° to the tetragonal axis So far as we know, 
these are the first examples of eight-co-ordination of 
atoms m the first long period of the Periodic Table. 

The molecular symmetry of these compounds 1s 
the same as that reported for the complex ion 
[Mo(CN),]*- (ref 4) For this symmetry a set of 
hybrid bond orbitals determined by Racah® from 
d^sp? orbitals has one group of four with maximum 
strength 2 968 at an angle of 72? 47’ to the tetragonal 
&xis and another group of four with maximum 
strength 2 995 at an angle of 34? 33' to the tetragonal 
axis 

The direction of the titanrum—chlorme bond com- 
cides with that of the first group of these hybrid 
bond orbitals The angle between the direction of 
the titanium-arsenie bond and the tetragonal axis 
(36°), however, 1s 2° larger than that of the corre- 
sponding maximum strength hybrid orbital, while the 
neighbourmg carbon'-carbon-arsemie angle (117^) 1s 
3° smaller than the ideal trigonal angle of 120° 
While barely significant, this suggests that the stab- 
ity of the molecule ıs sensitive to the titanium — 
arsenic distance, and that the angular distortion 
necessary to obtain this distance 1s correspondingly 
distributed between these two angles 

An mvestigation of the reactions of diarsine with 
other tetrachlorides and with other halides 13 m 
progress Further details of this work will be pub- 
lished elsewhere 1n full 

We are indebted to British Titan Products, Ltd 
(R J H C), and to the United States Department of 
the Army through its European Research Office 
(G B R) for financial support, and to O S Mills 
and J S  Rollett for the use of their computer 
programmes 
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UNSTABLE FLOW OF MOLTEN POLYMERS 
By J. J BENBOW, R V CHARLEY and P LAMB 


Plastics Division, Imperial Chemical Industries, Ltd , Welwyn Garden City 


HEN molten polymers are extruded at low 

stresses through dies of circular cross-section, 
the extrudates are smooth and cylindrical. At 
higher stresses the surface may be marred by two 
defects The first 1s known as mattness or in 1s mcre 
severe form as ‘shark-skin’, which consists of ridges 
at a separation usually small compared with the dra- 
meter of the extrudate ıt tends to occur at a constant 


value of the average velocity and 1s attributed to a 
stick-slip motion at the die exit! The second 1s on 
a larger scale, and the extrudates may take a helical 
or an irregular, distorted form This second defect, 
with which this article 1s concerned, has been atth- 
buted? to ‘melt fracture’ within the polymer The 
term fracture implies that the ultimate cause of the 
distorted extrudates lies in the failure of inter- or 
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mtra:molecular bonds within the melt. The evidence 
to be presented suggests the origin of the defect as 
bemg a stick-shp phenomenon at the die wall. 

In extrudates of polytetrafluoroethylene and poly- 
vinyl chlcride there 1s clear evidence of macroscopic 
fracture, with the formation of free surfaces, but 1b 
has not been demonstrated that these arise before the 
material enters the die, they could be produced at 
the exit In less viscous polymers such as ‘Diakon’, 
polythene and polypropylene, fracture 18 not obvious 
in the extrudate, but i8 sometimes inferred from the 
‘breakage’ during extrusion of a central coloured 
filament embedded ın colourless material, ın experi 
ments with transparent apparatus the apparent 
breakage 1s seen to occur before the material enters 
the die 

As part of an investigation into the causes of 
distortion mn extrudates, we have carried out experi- 
ments to examine the possibility of slipping at the die 
wall Clegg? considered the possibility of a stick-slip 
mechanism bemg responsible for unstable flow, but 
his experrments showed that changes ın the roughness 
of the die surfaco had little effect on the flow of 
polythene However, 15 seems hkely that the polymer 
properties rather than the roughness of the surface 
are usually predommant ın determmimg the onset of 
slippage, since on a molecular scale all surfaces are 
rough. In our experments we measured the distribu- 
tion of velocity m the die at extrusion-rates above 
and below the point of mstabihty The movement 
of a coloured disk of poly(dimethyl siloxane) gum was 
determined from ciné films of ıts motion m the die 
after the sudden application of the appropriate shear 
rate. Poly(dimethy] mloxane) gums were used because 
therr flow behaviour at room temperature resembles 
that of molten polymers at much higher tempera- 
tures! Working at room temperature avoids 
elaborate temperature control equipment and makes 
possible the use of easily fabricated transparent 
‘Perspex’ dies 

The results are shown 1n Fig 1, where the relative 
displacements are shown at equal time-intervals after 
an arbitrary zero chosen when the velocity of the 
extrudate reached a constant value It 1s evident that 
shpping 1s indicated m. the two high stress measure- 
ments (a), (b), where at low stresses the profile (c) 18 
very similar to that predicted (d) from the measured 
Bhear stress-shear rate relation 

The displacement profiles 1n (a) and (b) suggest that 
‘plug’ flow 18 occurring, but similar experiments, using 
a less viscous silicone gum, show that when slippmg 
takes place there 1s still, as would be expected for 
such material, a wide distribution of velocities within 


the melt This probably explains why ıb 1s difficult 
to detect slippmg 1n low-viscosity polymers since the 
Q Le] O 
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Fig 1 Displacement profiles of poly(dimethyl siloxane) at high 


and low stresses  &, stress = 12 x 10° dynes/cm °, b, stress = 
12 x 10° dynes/cm ?, e, stress = 6 x 10° dynes/em ?, d, profile 
caleulated from measured stress—shear-rate relationship 
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large range of velocities m the melt mask the relatively 
small difference in velocity between the die wall and 
the material m contact with ıt Conversely, ib is 
easier to detect shppage m highly viscous liquids 

Because the stress was apphed suddenly and the 
measurements necessarily ended when the disk was 
extruded, ıt may be argued that the experiments 
are too transient m character and do not correspond 
to steady-state extrusion However, this criticism 
applies equally to the experiments above and below 
the point of mstabilty, and the difference m behaviour 
remains valid To establish this pomt more con- 
vineingly, additional qualitative experiments were 
carried out m which coloured material was mjected 
at the die wall under steady-state conditions and these 
agam showed no slip at & low stress, but appreciable 
sip when the flow was unstable. Similar experments 
with highly viscous molten polythene extruded 
through a glass die also showed that slippmg was 
taking place when the stress was above that at which 
instability began. Our results show that when 
molten polymers are extruded at sufficiently high 
stresses the velocity at the die wall ıs not zero Since 
the stress at which slipping occurs 1s near the stress 
at which the results of unstable flow ın the die can 
be detected m the extrudate, this suggests that the 
two effects are connected and that the unstable flow 
may be due to & stick-shp mechanism 

The typical forms which non-cylindrical distorted 
extrudates take m molten polymers can also be 
qualitatively explamed ın terms of a stick-shp 
mechanism, helical extrudates found with many 
polymers could be caused by a precession of the 
pomt of shipping or the pomt of maximum slip around 
the emceumferenee of the die, and the defect known 
as 'kneemg! in polypropylene could be caused by 
shppage takmg place alternately at opposite ends of 
a diameter 

There 1s much indirect evidence which supports 
the stick-slip hypothesis Experiments m which & 
metal plate 1s pulled across the surface of & pool of 
low-viscosity (104 poises) siloxane fluid show that at 
high speeds even a weighted slider will slp When 
polythene ıs extruded ıt has been shown‘ that the 
‘swelling ratio’ passes through a maximum at or 
below the pomt of instability, the dechne from the 
maximum when mstability sets m could be due to the 
storage of less elastic energy in the extrudate when 
slipping occurs Smee the stress 18 a maximum at the 
die wall and the onset of instability occurs at a critical 
stress, rb 18 reasonable to expect the cause of the 
instability to be at the wall rather than in the polymer 
The effects of sipping are more easily observed with 
highly viscous polymers, so that any differences m. 
the amount of slip which takes place when using 
dies of different composition will also be more easily 
detected with highly viscous polymers Experiments 
with a very viscous polythene melt suggest that, at 
high stresses, the stress for a given output-rate 18 
slightly less through a polytetrafluoroethylene than 
through a steel die of the same dimensions 

The facts presonted here seem to us strong evidence 
that unstable flow of molten polymers 1s associated 
with shpping at the die wall, and we further suggest 
that mstebihty may be the result of a stick-slip 
mechanism 
1Benbow,J J , Brown, R N ,and Howells, E R ,Coll Inter Rheologu, 

Parts (1960) 

2Tordella,J P, J App Phys ,27, 454 (1956) 
3 Clegg S L , Rheology of Elastomers, 174 (Pergamon Press, London, 


‘Beynon, D L T,and Glyde, B S, British Plastics 414 (1960) 
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CCURATE knowledge of chromosome number, 
morphology and behaviour ın mitosis and 

meiosis has often assisted. genetical and evolutionary 
analysis at the species-level 

Recent technical advances have made possible a 
more accurate study of chromosomes in several 
species of mammals, including man!. By usmg ın 
vtro cultures of biopsy specimens of slun?? and 
peripheral blood‘, precise delineation of somatic 
chromosomes may be obtamed This mvolves little 
discomfort and no danger to the animals As a direct 
result of these developments, the chromosome number 
of some twenty-five species and sub-species of 
primates has been recently determined* The anthro- 
poid apes, however, have thus far been relatively 
neglected, mamly because of the difficulties of 
obtamung suitable material [See also p 285 of this 
issue | 

The diploid chromosome number of the chimpanzee 
was determined as 48 by Yeager et al*5, who used 
testis material. This was recently confirmed by 
Young et al ? in preparations from the bone-marrow 
of nme animals, but a detailed analysis of the 
karyotype 18 not as yet available 

We describe here the chromosomes of the gorilla 
and attempt & comparison with the human chromo- 
Bome complement, of which several analyses have 
been published® 

Two gorilas, one of each sex, kept st the Basle 
Zoological Gardens, were made available for exam- 
ination while some of us were on the teaching staff 
of the World Health Organization imternational 
laboratory course in methods of human cell culture 
and cytology at the Anatomical Institute of the 
University of Basle Both gorillas are of the Lowland 
sub-species (CGordla gorilla gorilla, Savage and Wye- 
man) The male, which was about nine months 
old at the time of biopsy, was captured in the 
Cameroons ın March 1960 The female was born 
in the Basle Zoological Gardens on the night of 
September 22-23, 1959 8 ml of blood were drawn 
from an arm vein of the male and cultures were 
prepared by a technique similar to that described for 
human leucocytes* 

A skin biopsy was taken from the female and cul- 
tured by a plasma clot technique in the presence of 
a fluid medium Celle from both animals were pre- 


treated with ‘Colcemid’ (Ciba, desacetylmethylcol- 
chicme) and hypotonic solution, fixed and after- 
wards stamed with acetic orcem or unna blue. 
Chromosome counts were performed directly on 
preparations from both primary and (with the skin) 
transferred cultures Karyotype delmeations and 
measurements of the relative lengths of mdividual 
chromosomes were obtamed from enlarged photo- 
micrographs Absolute measurements were made 
with a micrometric ocular 

Sexual dimorphism of interphase nucle. Smears of 
oral mucosa cells were obtained from both anmals 
and stamed with thionm® 42 per cent of the nuclei 
in the female possessed a characteristic chromatm 
mass lying adjacent to the nuclear membrane (Fig 1 
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Fig 1 Nuclei of buccal mucosa of the female gorilla (a, b, c) and 
of the human female (d) for comparison 
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Fig 2 Mitotic metaphase ın cultured cell from peripheral blood 
of the male gorilla Acetic orcem Phase contrast Photographic 
enlargement x 1,600 
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Fig 3 Karyotype of the male gorilla Constructed with the 


chromosomes of big 2 


a, b, c) This usually appears larger and more rect- 
angular in shape than in man (Fig 1d) 4 per cent 
of the nuclei ın the male contamed a similar peri- 
pheral chromatin mass A variable number of smaller, 
centrally placed chromocentres were frequently 
observed ın the nuclei of both sexes These are seen 
less frequently i man The fine, particulate, 
nucleolar-associated chromatin was observed in about 
the same amount as usually seen ın human nucle!’ 
The majority of interphase nuclei of cultured cells 
derived from the skin of the female also showed a 
characteristic sex-chromatin body 

Chromosome counts The distribution of chromo- 
some counts independently obtamed by four of us 
1s set out in Table 1 





Table 1 CHROMOSOME COUNTS IN THE GORILLA 
D m 
Ty pe of Chromosome No l 
Individual! culture Observer 45 46 47 48>48 Total | 
Male Blood JLH 2 2 28 2*| 34 | 
female Skin IL DC FN 1 2 3 22 — | 28 | 
| MF 1 3 146 2* | 53 i 
| | 115 


* Poly ploid cells 
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Table 2 SOMATIC CHROMOSOMES OF THE GORILLA 


Group 1-3 Long chromosomes with approximately median centro- 
meres It 1s difficult to distinguish them from each other The 
X-chromosome is similar to these but easily separated by its 
length It ı» the longest chromosome of the complement 

Group 4-12 Medium-sized chromosomes with median or sub-median 
centromeres There 1s little difference 1n length between individual 
pairs in this group, and the chromosomes are difficult, if not 
impossible, to distinguish one from another by comparative 
measurements Chromosome 12 can be identifed by the presence 
of a prominent secondary constriction in its long arm, close to 
the centromere 

Group 13-18 Medium-sized acrocentric chromosomes Chromosomes 
13, 14, 15 bear satellites, chromosome 16 apparently does not 
Chromosomes 17 and 18 are shorter than the other chromosomes 
in this group Their short arms bear prominent satellites 

Group 19-21 Medium to short chromosomes with median centro- 
meres These can usually be distinguished from each other and 
pi ehromosomes of other groups by their length and centromere 
position 

Group 22-23 Short acrocentric chromosomes Chromosome 22 bears 
prominent satellites, chromosome 23 has slightly smaller ones 
The Y-chromosome 18 similar to these chromosomes, but generally 
appears more metacentric 
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The diploid chromosome number 1s 48 The counts 
of less than 48 chromosomes are probably due to loss 
of chromosomes durmg the technical procedures A 
few of these cells were analysed and no consistent 
pattern of chromosome loss was found The four 
cells with chromosome counts greater than 48 were 
probably polyploid, and two of them had exact 
counts of 96 chromosomes 

Karyotype analysis A summary of the chromo- 
some morphology of the gorilla ıs given in Table 2, 
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Fig 4 Mitotic metaphase in cultured skin cell of the female 
gorilla Acetic orcein Phase Vr Photographic enlargement 
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Fig 5 Karyotype of the female gorlla Constructed with the 


chromosomes of Fig 4 
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Table 3 MEANS AND RANGE OF VARIATION (IN BRACKETS) OF T ÍE 
ABSOLUTE LENGTH (IN u) OF THE LONGEST AND SHORTEST CHROMO- 
SOMES OF THE GORILLA AND HUMAN COMPLEMENT 
The estimates are based on measurements performed on 10 cells 
(treated with colchicine) for each type of tissue 














Blood Skin 
Chromosome |———— — 
measured Gorilla Man Gorilla !} Man 
Longest 53 | 56 63 | 64 ' 
(36-63) | (45-80) | (45-81) ! (59-72) | 
Shortest 


16 16 22 16 | 
oto) | ors) | ain | a118 | 


and representative metaphase plates and karyotypes 
in Figs 2-5. The complement has been divided into 
five groups and the chromosomes numbered so far as 
possible m order of descending length The presence 
of secondary constrictions or, m the case of acro- 
centric chromosomes, of satellites, has aided the 
identification of certain chromosomes This system 
is based on the same criteria as the Denver standard 
system of nomenclature proposed for the human 
chromosome complement 

Idiograms of the chromosome sets of the gorilla 
and man, based on average relative measurements of 
the chromosomes of seven cells from the two gorillas 
and on the measurements of human chromosomes 
given in the Denver statement!, are compared in 
Fig 6 The major points of differenee are 

(1) The X.chromosome of gorilla is metacontric 
and 1s the largest chromosome m the complement 

(2) Chromosome 12 has @ prominent secondary 
constriction mn 1ts long arm, no counterpart of this 
chromosome 18 found 1n the human karyotype 

(3) Six pairs of medium-sized acrocentric chromo- 
somes (group 13-18) are present in gorilla and only 
five pairs 1n man (groups 13-15, 17-18) 

(4) The acrocentric chromosomes 
of group 13-18 have more definite 
short arms and more promiment 
satelites than the acrocentric 
chromosomes (groups 13-15, 17-18) 
i man Satellites of chromosome 
13 (gorilla) are particularly promin- 
ent 

While several of the longest auto- 
somes of gorilla are relatively 


shorter than those of man, absolute X 


measurements of comparable cells 
(Table 3) show that there 1s no 
significant difference between the 
absolute lengths of the longest and 
of the shortest chromosomes 1n the 
two species 


Discussion The similazities be- 


tween the karyotypes of man and b 


gorilla provide further evidence of 
the close evolutionary relationship 9 
of the two species Man has one 
acrocentrie chromosome less than 
gorilla, although the number of 
metacentric chromosomes ıs the 
same (Fig 6) 

Differences 1n. chromosome num- 
bei may originate m three ways by 
polyploidy, polysomy or structural 
change  Polyploidy 1s a source of 
karyotype evolution 1n plants!?, but 
whether 1t has played any part in 
the evolution of mammals remains 
uncertain!?:14 Polysomy ıs now 
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Fig 6 ‘Tentative comparison of the 1diograms of gorilla (black) and man (outhned) The 
human chromosomes are numbered according to the Denver system (ref 11) 
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known to be a component of pathological chromo- 
some variation in man and the mouse!® Changes 
of the type first recorded by Robertson” im 
the Acrididae have been found in two species of 
mammals, and cause mter- and intra-specific variation 
in chromosome number with lttle or no loss of 
chromosome material? 

One of the metacentric chromosomes of the gorilla 
(No 12 1n our system) has a promment secondary 
constriction m its long arm A simular characteristic 
autosome has been reported in the chromosome com- 
plements of all species of primates which have been 
exam.ned?, but not ın man The size and position 
of the secondary constriction are morphologically 
similar throughout the group, although the auto- 
some which contains ıt may differ ın length and arm 
ratio from species to species 

The significance of this chromosome region 18 
uncertain and its absence in man may be explained 
in several ways A single ieciprocal translocation 
with one break near the centromere of one of the long 
acrocentrie chromosomes, followed by loss of the 
centric fragment, 18 one way ın which the change m 
number may have occurred If the other break were 
to have been in or near the secondary constriction 
of chromosome 12, ıt would also conceivably explain 
the apparent disappearance of this region 

The X-chromosome of the gorilla 18 relatively longer 
than the human X-chromosome This might be corre- 
lated with the apparent larger size of the sex-chromatin 
mass ın the nuclei of the female gorilla The increased 
number of centrally placed chromocentres observed 
m the nucle: of the buccal mucosa cells of the gorilla 
may be similarly related to the increased number of 
negatively heteropyknotic regions observed in tho 
metaphase chromosomes Further speculation about 
the mechanism of karyotype evolution m man and 
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the anthropoid apes must wait additional data Now 
that simple biopsy techniques are available, institu- 
tions with collections of anthropoids will perhaps 
allow examination of the chromosomes of their 
charges To quote the words of Darhngton™ “Great 
institutions have been devoted to collecting, and 
preserving, deseribmg and naming, the bony frag- 
ments of our ancestors and relatives, and great 
bodies of literature have been brought forth by their 
labours Rightly so Yet at the cost of a few hundred 
cells, and a few drops of blood, a few moments of 
discomfort to the animals, and a few hours of work 
to a cytologist, the genetic record of human evolution 
could be laid bare It would, perhaps, be worth while” 
We wish to thank Drs R Schenkel and E Undritz 
for their help ın collecting the material and Mr G 
Clarke for his work with some of the tissue cultures 
We are indebted to Dr C E Ford for constructive 
criticism of the manuscript 
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EFFECT OF GAMMA-RAYS ON THYMUS NUCLEOPROTEIN 
IN SOLUTION 


By Dr A. R. PEACOCKE and Dr B N. PRESTON 


Department of Biochemistry, South Parks Road, Oxford 


"qu have been many investigations mto the 
action of jonzing radiations on deoxyribonucleic 
acid (DNA) and, from the pomt of view of macro- 
molecular structure, the effects may be broadly classi- 
fied as degradation mto smaller fragments and 
denaturation, that 1s, loss of the double helical 
conformation Since these substances occur $n vwo 
only m combination with protem, earlier work!-3 
has been extended to an examination of the effects 
of y-1rradiation on the molecular weight and shape 
of the soluble deoxyribonucleohistone which may 
be obtained from calf thymus glands by extraction 
with water after a prelimmary washing of tho glands 
with versene and salinet The method afforded 
dilute solutions of the nucleoprotem in 07 mM 
phosphate buffer (pH 68) The viscosities of these 
solutions, as measured in Ubbelohde viscometers, 
changed by less than 5 per cent durmg five days 
at 25° C 

The molecular weights of nucleoprotein were determ- 
med by the method of lght-scattermg (details in 
ref 2) and had an average value of 22 x 109, with a 
maximum variation of 10 per cent from one inde- 
pendent extraction to another Better reproduci- 
bility was frequently obtained, as in the partieular 
preparations used in this work (Table 1) The stability 
and reproducibility of this material are thus confirmed 
Analysis of these preparations (Mr P M Bayley) 
showed that the N/P ratio was 3 70 im agreement 
with Doty and Zubay* Nucleoprotem solutions 
were clarified from dust by centrifugation at 29,000 
rpm for 30mm (Spinco Model L), no fractionation 
ocgurred during this centrifugation 

The solutions of nucleoprotem (about 0 02-0 09 
per cent) m 0 7 mM phosphate buffer were irradiated 
by y-rays from a cobalt-60 source, without exclusion 
of oxygen. Dosages (R) are stated as eV [phosphorus 


atom, where 1 eV /phosphorus atom 1s equivalent to 
28 1 or 13 2 kilorads given to a 1 mgm /ml solution 
of nuclere acid or nucleoprotein, respectively After 
irradiation, the solutions were stored at 3? C for at 
least 24 hr and then used for hght-scattermg work 
(This precaution proved to be unnecessary since no 
decrease in viscosity occurred during this period ) 
Aggregation of the nucleoprotem was observed at all 
dosages greater than 60 eV /phosphorus atom (up to 
430 eV 'phosphorus atom) Irradiation caused a 
decrease in viscosity, with no ‘after-effect’, and no 
increase in ultra-violet absorption at 259 my This 
suggests that a decrease m molecular size occurred 
without denaturation of the nucleic acid of the 
complex 

The decrease in weight-average molecular weight 
(M p) and in radius of gyration (pg), also derived from 
the lght-scattermg measurements, are shown in 
Fig l and Table 1 At dosages of less than 18 eV / 
phosphorus atom, the relative decrease in molecular 
weight was a linear function of R, m contrast? to 
DNA, where ıt ıs dependent on R? This relation to 
E appeared to take a new direction above about 
15 eV /phosphorus atom m the case of the most 
extensively studied preparation (D, cone = 42 x 
10-* gm /ml) Moreover, the slope of the relation 
depended on the concentration of the nucleoprotein 
during the irradiation, even though R 1s expressed 
in eV /pnosphorus atom, which should allow for the 
usual variation of an indirect effect with concentra- 
tion In all these respects, irradiation of the nucleo- 
protem differed from that of nucleic acid! Another 
important difference was that, whereas og of irradiated 
nucleic acid was? proportional to Mz) 5, Pg of irradi- 
ated nucleoprotem declined only very slowly as the 
molecular weight decreased for example, to 70 per 
cent of its original value when the molecular weight 
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Table 1 EFFECT OF y-IRRADIATION ON CALF THYMUS DEOXYRIBONUCLEOPROTEIN 
| 10°°x Mz, Po 10 A 
Preparation B C D E F B | C D E F 
Dosage 
R in eV [phosphorus 
atom 
0 22 5 22 7 22 2 218 22 0 2000 2100 2050 2200 2100 
| 153 16 7 2100 
337 156 1800 
4 22 111 1700 
5 66 128 1950 
5 78 95 1800 
615 53 1600 
6 30 14 7 2000 
7 90 71 1600 
9 96 59 1600 
120 38 1300 
12 6 100 1800 
130 40 1300 
156 42 1800 
177 22 1750 
190 69 1800 
| 24 3 21 1300 
t 36 2 15 1300 
x T ERAS TT ee ee 


B, C, D, E, F, independent extractions of nucleoprotein 
C,3 77 x 10-* gm [ml , D, 42 x 107* gm /ml , E, 8 77 
of gyration, both from light-scattering measurements 


had been reduced more than ten-fold, at R — 243 
and 36 2 eV [phosphorus atom (In terms of a power 
relationship pg 1S approximately proportional to 
Mz’? ) Clearly a process must be occurring whereby 
the molecular weight can be reduced without a com- 
parable change in the extension of the molecular 
system primarily contributmg to the observed p; 
The most likely explanation of this ıs that, on irradi- 
ation, the smaller protem units dissociate from the 
DNA, the molecular weight of which 1s unchanged 
and the extension of which 15 modified only relatively 
httle Ifthis view were correct, the dissociation process 
should continue until the protein is fully dissociated 
when Mz should be approximately 4 x 10°, taking 
the molecular weight of ntact nucleic acid as 8 x 108 
A value of 45 x 10? for the mean molecular weight 
of the fully dissociated nucleoprotein system was 
observed when the solvent was 2 0 M sodium chloride 
(This process of dissociation by salt has been the sub- 
ject of separate work*) For this dissociated nucleo- 
protein, for non-irradiated and y-1rradiated deoxyribo- 
nucleic acid?, and, in the present experiments, for 


GM p) OH p) n 





0 10 20 30 
R (eV /phosphorus atom) 
Relative change in the molecular weight of thymus 
nucleoprotein caused by y-irradiation 


Ordinate = (Af, before irradiation) /{M, after dosage R) 
bentrition of nücleoprotem (independent preparations) A (A) 


Wig 1 
Con- 


115 x 10-4 ml, B.@), 23 x 10-* gm (ml , C (Q), 377 x 
107+ xO, 42 x ae [m] , E (O), 877 x 10° 
gm 


Concentrations of solutions as extracted and irradiated B, 23 x 10-4 gm /ml , 
x 10" gm /ml Solvent 00007 M phosphate (pH, 6 8) Mz = mol wt » pg radius 


y-rradiated nucleoprotein of Mr, < 4 x 10*the values 
of the ratio Mpg were all approximately unity, m 
distinction from the value of 2 3 obtamed with the 
original nucleoprotein This suggests that when the 
mean molecular weight has fallen to less than 4 x 109, 
the shape 1s determmed by nucleic acid. free from pro- 
tem Beyond this pomt m the irradiation, the changes 
previously reported for nucleic acid! should be 
observed and denaturation should begin Further 
experiments are needed to elucidate this point 

The first major effect of irradiation on the nucleo- 
protem complex therefore appears to be dissociation 
of the small protem molecules from the nucleic acid, 
which remains relatively intact until most of the 
protem 1s dissociated This proposal is consistent 
with the earlier observation of Kaufmann et al 5 that 
the decrease in viscosity of nucleoprotein solutions 
caused by X-rays did not mvolve depolymerization 
of the nucleic acid Hems” has obtained evidence 
for rupture of the linkage between DNA and an 
acidic protein which ıs present ın nucleoprotem pre- 
pared by the method of Kay et al? At what point 
m the dissociation nucleic acid itself begins to degrade 
and denature needs to be determined The changes 
in Mz and pg show that the nucleic acid must form a 
central core the extension of which ıs somewhat 
modified as the protem is removed, but not in pro- 
portion to the decline ın its molecular weight This 
15 entirely ın accordance with a structure for deoxy- 
ribonucleohistone (the protem 1s almost all histone 
m this preparation) which consists of a central core 
of double-helical deoxyribonueleie acid around which 
the histone chams are wound? However, the possible 
role of any protem bridges must not be overlooked 
in more detailed work The effect of changes in 
concentration (Fig 1) mdicate that the dissociation 
proeess does not have the usual characteristics of an 
indirect effect Whether or not the protein is de- 
graded before 1t dissociates is not known 

Although nueleie acid by itself 1s very sensitive to 
denaturation by y-rays (16 eV [phosphorus atom 
causes 70 per cent denaturation’), there was no 
evidence for denaturation of the nucleic acid in the 
radiated nucleoprotemn even up to 40 eV /phəs- 
phorus atom This agrees with the chemical evidence 
of Emmerson e£ al !? that up to dosages of 13 x 105 
rads (= 50 eV /phosphorus atom with their 0 02 per 
cent solutions) practically no radicals actually pene- 
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trate to the nucleic acid and attack either the bases 
or the phospho-ester bonds It 1s also consistent 
with investigations on electron spm resonance made 
by Kirby-Smuth? , these detect radical attack and 
suggest that ionizing radiation should at first damage 
the protein of a nucleoprowem complex Thus it 
seems unhkely that y-1rradiation would readily cause 
denaturation of the nucleic acid m the nucleoprotein, 
for this ıs now known to be effected by the free 
radicals!” 

We thank the Medical Research Council for finan- 
cial assistance and Dr F Elhs and Mr R Oliver for 
their co-operation ın the use of the cobalt-60 source 
of the Radiotherapy Department, Churchill Hospital, 
Oxford 
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LEUK/EMIA WITH PURIFIED 
PREPARATIONS 


By Dr ESTHER F HAYS* 


Laboratory of Nuclear Medicine and Radiation Biology, School of Medicine, University of California 


EUKAIMIA ın the mouse has been demon- 
strated to be transmitted by hereditary factors 

There exist certain mbred strams where the spontan- 
eous meidence of this disease 18 high Because of 
known genetic transmission of leukemia I have 
attempted to transmit the disease with purified 
nucleic acid preparations from both normal and 
leukemic tissues of mice of one of these inbred strains 
with a high spontaneous incidence of the disease 

Gross!, ın 1951, demonstrated that leuksmua of 
AKR mice could be transmitted to C3H;/Bz mice if 
they were moculated with cell-free filtrates of AKR 
leukemic tissues when new-born Law? was able to 
Increase the incidence of spontaneous Jeuksemia imn 
(C3H x AKR)F, hybrid mice from 27 7 per cent 1n 
control animals to 609 per cent im expermental 
animals by implanting in them fragments of normal 
thymic tissue from young AKR mice Stewart? 
increased the incidence of leukemia from 23 per cent 
to 60 per cent m this same hybrid cross by inoculating 
cell-free filtrates of AK E leukemic tissues into new- 
born animals Because of the work of these investi- 
gators indicating strain susceptibility of the (C3H; x 
AKR)F, hybrid and C3H;/B2 mice to transmission of 
AKR leukemia, new-born hybrid mice and C3H [P 
mice were utilized as recipient animals for nucleic 
acids prepared from tissues of normal and leukzemic 
AKR mice 

Preliminary experiments‘ carried out in this 
Laboratory showed that when nucleic acids were 
injected subcutaneously into suckling mice less than 
24 hr of age of an F, hybrid of a C3H,; x AKR coss, 
there was an increased incidence of leukemia in the 
injected animals when compared with the controls 
Nucleic acids mjected into new-born C3Hy/Bi mice 
did not result m leukemia 

In the work to be reported here 1t has been possible 
to demonstrate, with larger numbers of animals than 
previously reported, that there is a significant in- 
crease in the incidence of leuksmia ın (C3H; x AKR) 
FY hybrid mice when injected with purified nucleic 
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acid preparations from lymphoid tissues of AKR 
mice These nucleic acids have not been associated 
with leukemia development im OC3H;/B» mice, but 
other tumours have been seen to develop ın one small 
group of these mice mjeeted with nucleic acid pre- 
parations into the thymus 

The AKR/JAX mice used as a source of spon- 
taneous leukemia were from an inbred colony that 
has been maintained m this Laboratory for four years 
The original litter came from the Jackson Memorial 
Laboratory, Bar Harbor, Maine 

The C3H;[B. mice have been maintained as an 
mbred strain for five years, the original litter being 
a gift from Dr L Gross, Veterans Admmiustration 
Hospital, Bronx, New York. 

Lhe F, hybrid mice were a cross between AKR 
males and C3H females of these two strains 

The animals were housed in wire-mesh cages con- 
taining  steinless-steel-sponge basins with wood 
shavings for nests They were supplied with Rock- 
land rat diet and water ad libitum and the pregnant 
females were given lettuce and oatmeal once weekly 
The new-born mice used for moculation were 19-14 
hr of age in the subcutaneously injected group and 
24-72 hr of age m the intravenously injected group 
The subcutaneous injections were made on the back 
with a 30-gauge needle and sealed with collodion in 
most cases The mtravenous mjections were made 
with a 33-gauge needle into the orbital vem The 
animals were observed until natural death Autopsies 
were performed in all cases and appropriate organs 
taken for microscopic mvestigation when indicated 

The nucleie acids were prepared by the method of 
Simmons as previously described‘, preparations used 
for intravenous injection substituted xylene sul- 
phonate for sodium dodecyl sulphate as a detergent 
The final nucleic acid yield from 5 gm of tissue was 
dissolved m physiological saline and stored as a 
1 per cent solution in 1 ml aliquots at —10° until 
used The preparations contamed both deoxyribo- 
nucleic acid and ribonucleic acid No attempt was 
made to separate the nucleic acids in these experi- 
ments ‘These preparations will be referred to as 
DNA-RNA 


No 4799 


October 21, 1961 


The leukemias in both experimental and control 
animals were grossly and microscopically similar to 
the disease which was seen to occur spontancously 
in the AKR mice The morphology of the tumour 
was similar to that described by Dunn’ as a lympho- 
cytic neoplasm or lymphocytie leukemia 

Experiments with (CBHy x AKR)F, Hybrid Mace 
Lhe first group of animals was injected subcutaneously 
with DNA-RNA (C3H; x AKR)F, hybrid mice of 
12-48 hr of age were used The results are summar- 
izedin Table 1 Forty-five animals were injected with 
01 ml of DNA-RNA Seventeen (37 7 per cent) of 
these animals developed leukemia Nineteen had 
received nucleic acids prepared from pooled spleen 
and lymph nodes of non-leukemie AKR mice with 
eight developing leukemia, Twenty-six animals had 
received DNA-RNA from leukemic AKR tissues 
(spleen, thymus and lymph node) Nine of these 
developed leukemia 175 animals were from non- 
ijeeted litters of the same hybrid cross These 
animals were raised concomitantly with the experi- 
mental animals and under the same conditions Thirty- 
five animals in this group developed leukemia, an 
incidence of 20 per cent The mean age of develop- 
ment of leukemia was approximately 12 months m 
both groups The onset of the disease was 6-22 
months in the injected group and 8-20 months in 
the controls These results give a P value of less 
than 0 01 and confirm the results obtained in the 
preliminary experiments reported elsewhere! 


Table 1 RESULTS OF INJECTION OF PURIFIED NUCLEIC ACID PREPARA- 
TIONS FROM AKR MIOE INTO (C3Hy x AKR)F, HYBRID MICE AT 
12-72 HR OF AGE 


Amount and No of 
route of No of leuhsemias Percentage 
injection animals observed 
01ml DNA-RNA 
subcutaneously 45 17 37 7 
No injection 175 35 20 0 
005ml DNA-RNA 
intravenously 54 20 37 0 
No injection 108 25 23 0 


A second group of (C3Hy x AKR)F, hybrid animals 
was injected intravenously with 005 ml of DNA- 
RNA from leukemic AKR tissues The injections were 
made in the orbital vein at 24-72 hr of age The 
controls again were alternate non-mjected litters 
The results of these experiments are meluded in 
Table 1 Fifty-four animals were injected with 0 05 
ml of DNA-RNA intravenously Twenty of these 
animals (37 per cent) developed leukemia at an 
average age of 105 months 108 control mice were 
observed and 25 mice (23 per cent) developed leuke- 
mia at an average age of 10 7 months The P value 
for these results was less than 0 05 

Tumour cells from ten of the leukemias developmg 
in mice injected with DNA-RNA were implanted 
intraperitoneally mto 2-month-old C3H;/Bi, AKR, 
and hybrid mice None of 20 C3H mice developed 
leukemia Four of 19 hybrid mice and four of 23 
A K E mice developed leukemia In one case leukzemias 
occurred in AKE and hybrid mice receiving the same 
cell suspension The leukæmıas developed within 4 
wk of injection of cells and were assumed to be due to 
progressive growth of injected cells and not to have 
developed spontaneously 

Tumour transfers were carried out from cells of three 
leukemias developmg in control hybrid mice No 
leukemias developed ın the 5 mjected C3H;/Bz and 
4 hybrid mice, but 2 out of 4 mjected AKER mice 
developed the disease within 4 wk of transfer of 
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cells This would indicate that the leukemias develop- 
ing ın the control and DNA-RNA injected mice had 
essentially the same transfer characteristics However, 
the lack of consistent growth of these tumours in 
hybrid mice 1s difficult to explain 

Hapervmenis with C3H,/Bi Mice A group of similar 
experiments was carried out utilizing the C3H;/Bz 
mice Ninety mice were injected mtravenously with 
DNA-RNA at 12-72 hr of age Two leukemias 
developed at 11 months 

Three litters were injected with 0 05 ml of a DNA- 
RNA preparation to which had been added an equal 
volume of 50 per cent sucrose These animals were 
injected mito the thymus at 2-5 days of age The 
majority of the animals died during the first 24 hr 
after mjection However, five animals m this group 
survived Three of these animals developed parotid 
gland carcinomas and one developed an adrenal 
gland neoplasm The parotid tumours occurred at 
7, 9 and 10 months of age and were local bilateral 
growths The adrenal tumour was found at 10 months 
of age It was metastasized to the liver and thoracic 
lymph nodes The remaming mouse died of pneumonia 
at four months of age 

Four htters were mjected with 0 05 ml of cell-free 
‘Selas’-filtered extract of AK E leukemic tissues mto 
the thymus at 2-5 days of age Eight of these 
animals survived Their htter mates died during the 
first 24 hr after mjection The cell-free extract was 
prepared as that described previously? None of the 
eight animals that had received cell-free extract 
developed neoplasms or leukemia 

One leukzemia was found ın 114 non-injected control 
C3H r[ Bs mice raised at the same time and under the 
same conditions as the expermnental animals 

Other work* had shown that the subcutaneous 
myection of DNA-RNA at 12-24 hr of age in seven- 
teen C3H;j/B. animals did not result m leuksemia 
development However, cell-fiee (‘Selas’-filtered) 
extracts when injected into 36 mice of this stram 
resulted in the development of ten leukemias No 
leukemias were seen m non-injected control animals 

A summary of the results of these experiments 
with C3H;/B2 mice is given in Table 2 The tumours 
that developed in the DNA-RNA injected mice are 
grossly and histologically simular to those described 
by Stewart? as occurrmg ın (C3Hy x AKR)F, 
hybrid mice after injection with cell-free extracts and 
later shown by Stewart and Eddy to be due to the 
polyoma virus? Neoplasms of the parotid and 
adrenal gland have not been noted to occur spontane- 
ously in the C3Hs/B:, AKR or hybrid colonies 

These experiments demonstrate that the myection 
of nucleic acid preparations from normal and leuksemic 
AKR mice into new-born (C3H; x AKR)F, hybrid 
mice iS associated with a statistically significant 
merease in the incidence of leukæmıa in the injected 
mice when compared with non-injected controls 


Table 2 RESULTS OF INJECTION OF PURIFIED NUCLEIC ACID PRE- 
PARATIONS COMPARED WITH THOSE OF CELL-FREE EXTRACTS AND 
NON-INJECTED CONTROLS IN C3Hf| Bı MICE 


Age Route of No of No of Other 

Material injected injection animals leukemias tumours 
Cell-free 

extract 12-24 hr Subcutaneous* 36 10 0 
Cell-free 

extract 2-5 days Inthymus 8 0 0 
DNA-RNA 12-24hr Subcutaneous* 17 0 0 
DNA-RNA 12-72hr Intravenous 90 2 0 
DNA-RNA 2-5 days In thymus 5 0 4T e 
No injection 114 1 0 


*These results are taken from previously published experiments 
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However, nucleic acids from leukemic AKR mice 
prepared and injected in the same manner do not 
merease the meidence of leukaemia m C3H y/ Bv mice 

These two observations would seem to indicate 
that an mherited tendency to develop leukemia m 
the hybrid mouse can be accentuated by the addition 
of nucleic acids from lymphoid tissues of a high- 
incidence leukemia stram m the new-born period 
This ıs possibly an observation of the effects of 
addition of more AK E genetic material with leukemo- 
genie properties to that of a mouse with an inberited 
leuksemuie tendency from rts AKR parent 

The C3H;/Bz mouse ıs not susceptible to leukemia 
induetion with nucleic acids but is susceptible to 
mduction of the disease with cell-free extracts of 
AKR tissues, presumably contaiung a virus! This 
would suggest that viral nucleic acid 1s not involved 
in the observations made m the hybrid strain and 
that the situation 1s more analogous to that observed 
in bacterial transformation where the DNA of the 
donor combines with that of the recipient, resulting 
im the appearance of donor characteristics m the 
recipient bacterium That ıs, the hybrid mice, after 
having received AKR nucleic acid, are more hike ther 
A KR parent, so far as tendency to develop leukemia 
18 concerned, than non-inJeeted. P, hybrids 

The observation of the induction of parotid and 
adrenal tumours m C3H;/Bz mice injected mto the 
thymus with nucleic acid from AKR leukemic 
tissues would indicate that this nucleic acid prepara- 
tion very lkely contained DNA from polyoma virus 
This preparation was made from a different AKR 
leukemic mouse than that utilized for the subcutane- 
ous and intravenous injections An agent that 
mduced parotid gland and other neoplasms m 
C3H;/Bz mice was found mutially in cell-free extracts 
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of tissues of the leukemic AKR mouse?  Latarjet!? 
has carmed out experiments usmg the dotergent 
method of isolatmg nucleic acids from AKR 
leukemic tissues He also found no increased med- 
ence of leukemia m C3H mice injected. subcutane- 
ously with these nucleic acid preparations at birth, 
but 5 per cent of the injected animals after an average 
latency of 202 days developed multiple tumours 
which were interpreted by the author as being due to 
the inclusion of DNA from the polyoma virus m his 
preparations The experiments of Dı Mayorca et al t 
and Smith et al 1? have shown the polyoma virus to 
be a DNA virus 
Experiments are now in progiess to investigate 
the effects of nucleases on the nduction of leukemia 
and other tumours with these nucleic acid prepara- 
tions <A group of hybrid mice receiving nucleic acid 
preparations with litter-mate controls is under 
investigation 
Ths work was supported by contract AT!(04—1)- 

GEN-12 between the Atomic Energy Commission 
and the University of Califorma at Los Angeles 
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ENHANCED EFFECT OF TOTAL-BODY X-IRRADIATION IN MICE 
UNDER MILD HYPOTHERMIA 


By Dr H. J G BLOOM 


Radiotherapy Department, Royal Marsden Hospital. and Institute of Cancer Research, 
Royal Cancer Hospital, London, S W 3 


AND 


K. B. DAWSON 


Radiobiology Research Unit, Institute of Cancer Research, Royal Cancer Hospital, London, S W 3 


T 1s well established that the sensitivity of a variety 

of biological species to damage by 1onizing radia- 
tion 18 dependent on the presence or absence of oxygen 
im the environment at the time of irradiation An 
increase in tissue oxygen can be brought about 
through breathing oxygen under raised pressure or by 
lowering its consumption by means of hypothermia 

The use of hypothermia m man to raise the cerebral 
oxygen concentration and thereby perhaps increase 
the radiosensitivity of mtracramal tumours 1s being 
investigated at the Royal Marsden Hospital, London 
This has been undertaken to try to mmprove the 
extremely poor results obtained by conventional 
methods of treatment in patients suffermg from 
malignant grades III and IV cerebral astrocytomata 
(ghoblastoma multiforme) ^ Under generalized mild 
hypothermia (230-32?) moderate doses of whole 
brain X-irradiation (300-450r given in daily fractions 


of 50-150 r) appear to produce an exaggerated 
cerebral reaction! Many problems were encountered 
in this treatment and, while the clnical work was in 
progress, the present investigation was undertaken 
to mvestigate the mfluence of hypothermia on the 
response of mice to whole-body irradiation 
Eight-week-old albmo male mice of 'THeiler's 
original strain were anesthetized with mtraperitoneal 
sodium pentobarbitone (approximately 50 mgm /kgm 
body-weight) and then suspended by a plastic collar 
in a thermostatically controlled water-bath, the entire 
body with the exception of the head bemg immersed 
The bath was kept at various temperatures between 
29° and 37° (Table 1) and the colonic temperature of 
each mouse was continuously recorded by a mercury 
thermometer n situ The temperatures of the 
anzssthetized mice fell to approximately 29° (room 
temperature, 20°) and remained in this region until 
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they were placed in the water-bath, the colonic 
temperatures reached that of the bath within 10 min 
of immersion 

The mice were irradiated five at a time m the water- 
bath and allowed to remain immersed for 20 min 
before and after the irradiation The X-ray factors 
were 140 kV , 5 m amp , focal skin distance 38 cm , 
no added filtration, half-value layer 2mm aluminium, 
dose-rate 25 r [mm After removal from the bath the 
mice were placed in a box at 37? to recover and dry 
out 

The effects of total-body irradiation with a dose of 
550 r was studied, but the head, not bemg shielded 
by the water, received 12 per cent more irradiation 
For each of the temperatures used, 10 control mice 
were treated under identical conditions, but shielded 
in each case from irradiation by a 3-mm thick lead 
screen. 

In these experiments the criterion of an irradiation 
effect was death of the animal within 30 days The 
majority of fatalities occurred between the tenth 
and twentieth day following irradiation There did 
not appear to be any difference in the mode of death 
at the different temperatures, nor with the number of 
animals involved could a significant relationship be 
established between time of death and temperature 

The results (Table 1) show an increased mortality 
among the animals treated under mild hypothermic 
conditions (31-35?) At a temperature of 29° a 
protective effect was noted No deaths occurred in 
any of the control animal groups 
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Table 1 EFFECT OK MOUSE SURVIVAL OF COMBINED HYPOTHERMIA 
AND 550 R TOTAL-BODY X-IRRADIATION 


Temperature No, of mice Survivals Died (per cent) 
29° 19 19 
31° 19 7 63 
33° 18 11 39 
35° 18 13 28 
37° 21 18 14 


Ten control animals for each temperature, Shielded from irradiation 
no deaths 


Hypothermia, by lowermg the metabolic rate and 
by increasing the amount of oxygen dissolved in the 
plasma, may lead to an merease in the oxygen 
environment of tissues and thereby perhaps an 
increase in radiosensitivity Working against these 
tendencies to an increased oxygen tension m hypo- 
thermia, however, may be (1) a reduction of blood- 
flow due to the decreased cardiac output, the ın- 
creased peripheral resistance and the 1inereased 
viscosity of the blood, (2) a shift of the oxygen 
dissociation curve to the left, which will interfere 
with the liberation of oxygen from hemoglobin, 
(3) a fall m the rate and depth of respiration On 
the other hand, normal well-oxygenated tissues are 
considered to be practically at their maximum radio- 
sensitivity In such circumstances no appreciable 
increase in response to 10nizing radiation 1s expected 
to follow a further rise of oxygen tension, as opposed 
to relatively anoxic foci in tumours which have out- 
grown their blood supply? The oxygen tension in 
normal bone marrow, however, appears to be low 
compared with that of muscle and subcutaneous 
tissue? If this 18 true, hypothermia may increase the 
oxygen environment and therefore the radiosensitivity 
of normal marrow The chief cause of death m mice 
following 550 r whole-body irradiation is marrow 
failure Alternatively, the lowered temperature may 
increase radiosensitivity by imterfermg with the 
efficiency of detoxifying and repair mechanisms or 
the transport of tissue breakdown products A third 
possibility 1s that hypothermia, like mild whole-body 
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irradiation, may increase the response to local 
irradiavion* through the production of certain plasma 
factors? A recent report? suggests that a greater 
difference ın litter size, ın viability at birth, m 
developmental curves and in behaviour changes 
occur in chicks following whole-body pre-natal 
irradiation of the mother compared with localized 
direct irradiation of the gravid uterus 

The influence of temperature on the degree and 
the timing of response to y- and X-ray irradiation of 
various biological systems have been investigated by 
many workers with somewhat conflictimg results 
In general, profound hypothermia (15° C or less) 
reduces the damage resulting from irradiation, and 
such observations have recently been reviewed by 
Weiss? Heat, on the other hand, appears to have an 
additive effect on irradiation?:? 

Although most investigators report that hypo- 
thermia reduces radiosensitivity, an increased effect 
at reduced temperatures has been reported in the 
broad bean root!9, im Tradescania microspores", 
in mouse skin?? and in mouse carcinoma tissue? 
Changes of temperatures at the time of irradiation do 
not appear to influence the response of isolated 
mammalian cells ?n vitrot4-1*, but may bring about 
pronounced effects in more complex tissue systems 
during ın vwo studies?:17-?0 

The results of the present investigation appeal to 
support a protective effect for hypothermia at 29° 
against ionizing radiation, but reveal an enhanced 
effect of irradiation with a lesser degree of hypother 
mia, the peak beimg at 31-32? The difference in 
survival-rate followmg whole-body irradiation at 
31° and 29°, a change of only 2 degrees, 1s striking 
The results in mice reported here and the severe 
cerebral reactions observed ın patients treated by 
whole-brai irradiation: suggest that the increased 
response to irradiation during mild hypothermia 1s 
more likely to be due to systemic humoral factors 
rather than a local oxygen effect (for example, 
stress endocrine changes, tissue breakdown products) 

These experiments, including an investigation into 
the possible mechanisms involved, will be reported ın 
greater detail elsewhere 

We wish to thank Dr P Alexander for his helpful 
criticism and. discussions 
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SIMPLIFIED TECHNIQUE FOR ISOLATION OF SUB-CELLULAR PARTICLES 
By Dr. DAVID W E SMITH* 


Clinical Endocrinology Branch, National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda |4, Maryland 


HE heterogeneity of particles isolated m the 
classical sub-cellular fractions!-* makes it desir- 

able that tissue homogenates be divided into a greater 
number of fractions each of which can be tested for 
enzymic activity and chemical composition Density 
gradient centrifugation has been widely used for this, 
but ıt has certam disadvantages These are diff- 
culty in constructing reproducible gradients, especi- 
ally of the continuous variety, difficulty 1n estimating 
the sizes of the particles collected‘, and difficulty ın 
collecting the particles from the various levels in the 
gradient after centrifugation Moreover, in order to 
construct gradients of sufficient density to separate 
particles, many workers have used extremely hyper- 
tonic solutions which have probably had deleterious 
effects on the morphology and activity of the particles 
collected 

My technique utilizes layering of aliquots of a 
homogenate in 0 88 M sucrose over relatively large 
amounts of clear 0 92 M sucrose solution, and centri- 
fugation of a series of these preparations at suc- 
cessively greater forces Each increased force sedi- 
ments all the particles sedimented by previous forces, 
together with some smaller particles not sedimented 
by the lower forces The value of using ‘two phase’ 
preparations has been demonstrated® Only particles 
which sediment completely are collected m the pre- 
cipitate Smaller particles are decanted with the 
supernatant, and smce all the particles start sedi- 
menting at essentially the same level at the top of 
the tube, there 1s negligible contamination of desired 
particles ın the precipitate with smaller particles 
The clear phase, moreover, washes the particles as 
they sediment and frees them of contammants 

DeDuve et al * have shown that the mtegral force 
apphed to & preparation can be approximated by 
multiplying the force used by the time during which 
16 was applied The product 1s expressed in gravity- 
minute (g-min) umts I have found ıt desirable 
to use the swinging bucket rotor (SW 39) ın the 
‘Spmco’ model L centrifuge because sedimenting 
particles in angle rotors move first to the centrifugal 
side of the tube and then slide down the tube to the 
bottom In the horizontal rotor the distance that a 
particle must move from the thin layer of homogenate 
to the bottom of the tube can be measured accurately, 
and at the end of centrifugation there are fewer 
particles adhermg to the sides of the tube 

No special precautions were taken to prevent 
vibration during acceleration and deceleration of the 
rotor Such vibration would appear to be less critical 
in this procedure, with a packed sediment well sep- 
arated from suspended particles, than m density 
gradient methods, where zones of suspended particles 
must be stabilized The acceleration and deceleration 
times were short relative to centmfugation time at 
top speed, and only the latter was used in the calcu- 
lation ‘To test the efficacy of our technique, a survey 
of uricase and cytochrome c oxidase in the particles 
of rat liver was done Particles were sedimented by 
layermg 0 5 ml of 20 per cent rat liver homogenate 
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Fig 1 Distribution of uricase and cytochrome e oxidase 1n sub- 
cellular particles of rat livers 
Ordinates, cytochrome c oxidase activity (top) 18 given as the 
constant for the first order reaction observed colorimetrically in 
sec ! units , uricase activity (bottom) as micromoles of uric acid 
destroyed by each fraction ın 30 min 


in 0 88 M sucrose over 30 ml of 0 92 M sucrose and 
centrifuging a series of these preparations for varying 
periods of time at different speeds Aliquots of the 
supernatants were used for enzymic assays Cyto- 
chrome c oxidase was assayed by the technique de- 
scribed by Smith’? Uricase was assayed by the tech- 
nique of Hogeboom and Schneider! with modifications 
as suggested by Kalckar? The results are shown in 
Fig 1 The activity of the enzyme ın each super- 
natant is plotted against the integral centrifugal 
force used to prepare ıt The eentnfugal forces 
shown are those apphed at the bottom of the tube 
The curves thus show the disappearance of these 
enzymes from the homogenate and indicate the forces 
required to precipitate the particles contaming the 
enzymes 

Comparison of the forces needed to precipitate 
these enzymes with those used to prepare classical 
sub-cellular fractions (indicated at the top of Fig 1) 
shows that both of the enzymes are ‘mitochondrial’ 
The range of forces precipitating particles contammg 
either of these enzymes 1s much narrower, however, 
than the range used to prepare the whole mito- 
chondrial fraction From a knowledge of these 
forces, a fractionation method can be devised by 
which particles contaming either of these enzymes 
can be isolated in the absence of other particles 
usually isolated with the ‘mitochondrial fraction’ 
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Calculation of the diameters of the particles 
(assuming that they are spherical) can be made usmg 
the following expression, which may be derived from 
the equations given by DeDuve and Berthet® 


2 = 63 1 (logi, r» — logy 71) 
(c —ep)(rpmp 7 


where d = particle diameter (cm), v = viscosity of 
the suspending medium (poises), T = time for sedi- 
mentation (min), o = particle density (gm fece) 
o = density of the suspendmg medium (gm /o o), 
?, = the distance from the axis of rotation to the 
surface of the suspension m the tube (cm ), 7, = the 
distance from the axis of rotation to the bottom of 
the centrifuge tube (cm ), and rpm = the speed of 
centrifugation (revolutions per minute) 

The value for the density of these particles was 
that determined in sucrose and ordinary water by 
Beaufay et al! The approximate average density 
of 1 22 was used for both cytochrome c oxidase and 
uricase, although the uricase particles appear to be 
less homogeneous Since this value was determined 
by isopyeme centrifugation, the density of any 
particle undergomg osmotic shrinking will be increased 
relative to that ın isotonic solutions or m 0 92 M 
sucrose used in the present experments Its diameter, 
calculated from the above equation, will be under- 
estimated Density values obtamed in sucrose- 
deuterium oxide gradients! were not used because of 
the increased density of uricase apparently due to 
bound deuterium oxide The values for the density 
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and viscosity of 0 92 M sucrose were obtained from 
DeDuve e£ al ?? 

The diameters calculated from the data m Fig 1 
showed a range of 0 52-1 58u for cytochrome c 
oxidase-containmg particles, and 026-0 754 for 
those containing uricase These may be compared 
with the values reported by Beaufay et al 11, where 
calculation was made by reference to ‘standard con- 
ditions’ of 0 25 M sucrose and 0° C They found the 
diameter of cytochrome c oxidase-contamuing par- 
ticles to be about 0 5-1 2u and of uricase-contain- 
ing particles, 02-07, Other workers have also 
found the ‘mitochondrial’ oxidative enzymes to be 
associated with larger particles than the ‘mito- 
chondrial’ (lysosomal) lytic enzymes!8 
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ALTERATIONS IN CONNECTIVE TISSUE AND INTESTINE PRODUCED 
BY HYPERVITAMINOSIS A IN XENOPUS LAEVIS 


By GERALD WEISSMANN 


Strangeways Research Laboratory, Cambridge 


ECENT  expermnents have indicated that 

vitamin A may hberate from intracellular lyso- 
somes a cathepsm-lke protease active on such extra- 
cellular materials as cartilage matrix'. Thus the 
depletion of cartilage matrix observed 1n rabbits made 
acutely hypervitammotic A resembled that produced 
by an exogenously admmiustered protease, papain? 
Considerable catheptic activity has been demon- 
strated m the tais of amphibian Jarve, this 1s greatest 
at the tıme of tail resorption during metamorphosis? 
If the hypothesis of vitamin A action on lysosomes 
is correct, resorption of the tails of amphibian larve 
might accompany hypervitammosis A, since the 
vitamin would cause release of cathepsins from the 
lysosomes, which Novikoff has shown are abundant 
m amphibian tails‘. 

Larve of Xenopus laevis were therefore exposed to 
high doses of vitamin A, and the effect of this treat- 
ment on gross and microscopical structure was 
observed. Although the predicted effects on con- 
nective tissue were seen, and will be briefly noted, 
this article 1s chiefly concerned with an entirely 
unexpected effect of this régime on the intestines of 
the larvæ 

Larve of Xenopus laevis, obtamed through the 
generosity of Dr. R jT. Sums, Department of Anatomy, 
University of Cambridge, were grown under condi- 
tions suggested by Nieuwkoop and Faber‘, at room 
temperature and fed with nettle powder thrice weekly 


Twenty-eight animals were given 2 mgm of synthetic 
vitamin A alcohol ground with their food twice a 
week the tank contained 800 ml of tap water fo: 
each group of 14 larve An equal number served as 
controls 

Treatment was contimued for three months, begin- 
ning with larval stages 49-50 By the end of the 
experiments, the treated animals had progressed to 
stage 59-61, while some of the controls had undergone 
metamorphosis After three weeks, six of the experi- 
mental animals were transferred to fresh water, and 
given the normal diet without added vitamm A At 
varying intervals, larve were killed with ‘Nembutal’, 
fixed zm toto ın acetic alcohol, embedded, and sections 
were stained with hematoxylin and eosin and with 
toluidine blue 

Grossly, the first change noted was a drooping of 
the tentacles of the larva exposed to the vitamin 
This oecurred on the fourteenth or fifteenth day of 
treatment, and resembled m many ways the droopmg 
of the ears of rabbits made hypervitammotic A, or 
of those given papam intravenously? After 18- 
20 days, however, another change became evident 
The stools of the animals, which had been well. 
formed, dark, and solid, assumed a mucinous, thready 
appearance and floated in strands at the surface*of 
the tank This change persisted to the end of the 
experiment, and simple addition of vitamm A to a 
suspension of normal stools did not produce a simular 





1 Photomicrographs of fore-gut of Xenopus laems larvæ 


Fig 

(stage 58-54) stained with toluidime blue (a) 1s from an animal 

exposed to high doses of vitamin A alcohol for 42 days There 

1s à marked overgrowth of metachromaticaly starmng goblet 

cells, and the epithelium ie N than in the control 
x 


change That this represented diarrhcea was readily 
observed by isolating individual normal and hyper- 
vitamimnotie larve and noting the increased number 
of stools eliminated by the latter By the twenty- 
first day of the experiment, most of ihe hyper- 
vitaminotic larve had developed pronounced kypho- 
scoliosis and also showed definite resorption of the 
tail, with a loss of the fine flagellar structure of that 
appendage , several actually developed fractures of 
the tails, along with shrivelling and resorption Associ- 
ated with the gross skeletal deformity was a change 
in the normal apposition of the upper and lower jaws, 
the experrmental group having developed a prognathie 
appearance 

Histologically, the most remarkable change was in 
the gut of the hypervitammotic animals Sections 
of gut taken before the appearance of mucinous stools 
were unremarkable, but those taken two or three 
weeks later showed a great increase in the number 
of metachromatically staming goblet cells (Fig la) 
These, situated mainly in the proximal gut and m 
the lower colon, were increased not only in absolute 
number (per high-power field m sections cut at 7p) 
but also m ratio to the normal cells of the epithelium 
These metachromatic cells were secreting discrete 
strands of metachromatic material mito the lumen 
The fecal material ın the gut of treated animals was 
diffuse, mucmous, and mixed with metachromatic 
strands, thus contrasting with sumilar debris in the 
lumen of controls where 1t was compact and entirely 
orthochromatic 

The whole character of the hypervitaminotic gut 
was altered At comparable larval stages, the in- 
testines of the treated animals had better developed 
vila, abnormally deep columnar epithelium (Fig 
la, 6) and at stages before metamorphosis (stages 
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49-60) the gut closely resembled the organ in con- 
trol animals after metamorphosis, except for the 
remarkable overgrowth of goblet cells In other 
structures, especially ın the resorbimng tail and the 
collapsed tentacles, there was a decrease of the meta- 
chromatically stamimg material of the ground sub- 
stance , in these chronically hypervitaminotie animals 
the metachromasy of cartilage was almost unaffected, 
unhke that of acutely hypervitamunotie rabbits? 
Those larve which were placed m the recovery group 
lost all the gross morphological stigmata of hyper- 
vitammosis A within 21 days, and ther gastro- 
intestinal tracts were mdistinguishable histologically 
from those of the controls, despite the contmuance 
of mucinous diarrhoea for 8-10 days after transfer 
to a medium without vitamin A 

The above findings are ın accord with two recently 
postulated effects of vitamm A Moretti and Wolf* 
have found that mucopolysaccharide-bound hexos- 
amine 18 decreased in the colon of hypovitammotie A 
rats, and have suggested that vitamin A 1s necessary 
for mucopolysaccharide synthesis It has been postu- 
lated that vitamin A causes the release of a proteolytic 
enzyme from cells or their organelles?-? which after- 
wards acts on the protem—polysaccharide complexes 
of connective tissue In amphibian tails and ten- 
tacles the means for their own resorption durmg 
metamorphosis must be ‘built im’ as an active 
lysosome-cathepsin system, and the observation that 
these structures are affected by vitamin A, would 
support the lysosomal theory of vitamm A action! 
If the degradation of mucoprotem complexes in the 
epithelium of gut or in the ground substance of 
connective tissue by cell-released proteases were to 
act as a stimulus for the resynthesis of protein- 
polysaccharide complexes by competent cells, then 
the lysosomal action would explain the mtestinal as 
well as the eartilagenous changes 

This work was done m the laboratory of Dr S 
Fitton Jackson during the tenure of a special research 
fellowship of the National Institute of Arthritis and 
Metabolic Diseases, United States Puble Health 
Service 
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SEPARATION OF BACTERIA BY COUNTER-CURRENT DISTRIBUTION 
By G DAVID BAIRD, PER-AKE ALBERTSSON and BENGT v. HOFSTEN 


Institute of Biochemistry, University of Uppsala 


HE method of counter-current distribution has 

been successfully applied to the separation of 
mnportant biochemical substances! Even very 
large particles, such as protems of high molecular 
weight and viruses, may be studied by this method, 
if g@queous-phase systems contaiming two different 
water-soluble polymers are used? In this case, the 
use of organic solvents, which may cause denatura- 
tion, 18 avoided 


In the present article we report some results 
of work on the distribution of whole cells, in this 
case bacteria, m these aqueous polymer phase 
systems It has been found that the nature of the 
distribution m a given phase system of this type 1s 
frequently different for different bacteria. On the 
basis of this observation, 1t has been found possible 
to separate even quite closely related bacterial types 
by means of counter-current distribution The 
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Fig 1 Distribution patterns of different types of bacterium in 
phase system (D£$9—PEG$9*^) in the absence and presence of 
sodium chloride Abscissa, concentration of sodium chloride (M), 
ordinate, quantity of cells present 1n each phase and at the mter- 
face (per cent of total added) Experiments carried out at 20° C 
Bacteria cultured overnight on Penassay broth at 37° C ,collected 
in growing state and afterwards washed twice in 0 01 M potassium 
phosphate buffer, pH 6 9, at 5° C In general, the distribution of 
each bacterial type examined by mixing 1 ml of washed cell 
suspension of E(l cm, 400 mu) = 80 with 9 gm of aqueous 
polymer solution to produce about 10 gm of cell/phase system 
mixture, in which the polymers were at their correct concen- 
tration The bottom phase of this mixture had a volume of 

46 ml and the top phase a volume of 5 2 ml 

@, Bottom phase, O, interface, C], top phase 


results obtained may be of mterest not only to 
microbiologists but also to other cell research workers, 
since m principle ıt should also be possible to apply 
the method to the separation of other types of whole 
cells 

Phase systems consisting of aqueous solutions of 
dextran and polyethylene glycol have been used 
for examining the distribution of bacteria Systems 
contaiming these polymers have previously been 
employed mainly for studying the distribution of 
protems?3 The particular phase system that was 
found most appropriate for the studies on bacteria 
was that contamuing 5 per cent w/w dextran (“Dextran 
500’, limiting viscosity number 48 ml /gm , obtained 
from A. B Pharmacia, Uppsala, Sweden) and 4 per 
cent w/w polyethylene glycol (‘Carbowax 6000’, 
average molecular weight 6,000—7,500, obtamed from 
Carbide and Carbon Chemicals Co, New York) 
This phase system will be designated (Dis — PHG$°°) 
in this article The aqueous solution of these poly- 
mers was hghtly buffered with 001 M potassium 
phosphate buffer, pH 69 ‘The distribution of 
protems ın the dextran/polyethylene glycol systems 
was found to be markedly influenced by the presence 
of electrolytes?5 It seemed therefore of interest 
also to examune the effect of electrolytes on the 
distribution of bacteria Accordingly, the effect 
of increasing concentrations of sodrum chloride on the 
distribution of each bacterial type ın (D4 — PEG.) 
was also studied 
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The behaviour of a number of different types of 
bacteria under these conditions is illustrated m 
Fig 1 In the case of Escherichia col ML 3081, 16 can 
be seen that in the absence of sodium chloride the 
majority of the cells are suspended in the top phase, 
and that increasing concentrations of salt scarcely 
affect this distribution pattern at all It appears 
that other E cols ML strains also behave m a similar 
fashion In the case of the E coh K 12 C (Hfr) 
strain, too, a large portion of the cells are present in 
the upper phase in the absence of salt Increase of 
salt concentration to 002 M, however, causes these 
cells to be transferred to the interface and the bottom 
phase It seems to be a general rule that the distribu- 
tion of bacterial cells in this phase system is more 
sensitive to increasing concentrations of sodium 
chloride in the region 0 00-0 02 M than at higher salt 
concentrations Thus, the distribution of Sarena 
jiava ıs also altered markedly by increasing the 
concentration of sodium chloride to 0 02 M In the 
absence of salt, the majority of the cells of this 
bacterium are present m the top phase, but are 
transferred to the bottom phase when 0 02 M sodium 
chloride ıs added Increase of the salt concentration 
to 006 .M does not appear to affect the distribution 
any further Mecrococcus albus ıs another example 
of a bacterium the distribution of which is scarcely 
affected by 1nerease of concentration of sodium 
chloride from 000 to 006 M In this case, about 
half the cells are present at the interface and about 
half m the bottom phase at all the salt concentrations 
used. 

It 1s thus clear that different types of bacteria are 
distributed in quite different fashions in this phase 
system However, on occasions different bacteria 
ean also behave ın the same manner For example, 
the E colt K 12 strams, 58/161 (Hfr) and C 600 (F-), 
and also Bacillus megatervum are distributed in this 
system ın a very similar way to Æ cols K 12 C (Hfr) 
(F- indicates standard female mating type, Hfr indi- 
cates male giving high frequency of recombination ) 
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Fig 2 Counter-current distribution of a mixture of E cola 


ML308land E coh K 12 C (Hfr) 1n phase system (Di*-PEG$°"), 
contaiing 0 06 M sodium ehlonde Cells cultured and washed 
as for Fig 1 1 ml samples of MZ 3081 and C(Hfr), each of 
E(1 em , 400 mz) = 26 0, added to tube No 0 Twelve transfers 
carried out Lower graph, vanation in E(1 cm , 400 mæ) x total 
volume of cell/phase system mixture per tube (7 5 ml) with tube 
number Upper graph, variation ın viable count on EM B agar 
plates with tube number Volume of bottom phase 25 ml and 
of top phase 50 ml, of which 05 ml kept stationary Total 
volume per tube therefore 7 5 ml and stationary volume 3 ql. 
À hand-operated train of 20 glass tubes of the type described by 
Raymond (ref 6) (obtained from E-C Apparatus Co , Swarthmore, 
Penn, US A) was used ın this experiment, which was carried 
out at room temperature (20-28? C ) 
@, lactose + ve colomes, O, lactose — ve colonies 
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Fig 3 Counter-current distribution of a mixture of the E cols 
K 12 strams IV 1177 (#-) and 58/161 (Hjr) in phase system 


(Di9-PEG9*9? in the absence of sodium chloride Cells cultured 


and washed as for Fig 1 5 ml samples of IF 1177 and 58/161, 
each of EZ(1 cm , 400 mz) = 40 0, added to tube No 0 Forty-five 
transfers earned out Lower graph, variation in £Z(1l cm, 
400 my) x total volume of cell/phase system mixture per tube 
(20 7 ml) with tube number Upper graph, variation in viable 
count on EM B agar plates with tube number Volume of bottom 
phase 9 5 ml and of top phase 11 2 ml, of which 05 ml kept 
stationary Total volume per tube therefore 20 7 ml andstationary 
volume 10 ml An automatically operated train of glass tubes of 
the type due to Craig (ref 1) was used m this experiment, 
which was carried out af room temperature (20--23° C ) 
@, lactose — ve colonies, ©, lactose + ve colonies 


It can then be seen that it 1s possible to obtain a 
partial fractionation of cells from a mrxture of bacteria 
which have different distribution patterns in the phase 
system merely by a one-step procedure To obtam a 
more complete purification of the cells of one particu- 
lar type of baeterrum from such a mixture, this 
mixture can be subjected to counter-current distribu- 
tion ‘The straightforward counter-current procedure, 
where the top phase 1s transferred and the bottom 
phase kept stationary, cannot, however, be used for 
bacterial cells, as they, m common with other whole 
cells, are usually to some extent adsorbed to the 
interface Instead, the whole bottom phase, the 
interface and a small layer of the upper phase above 
1t can be kept stationary, while the rest of the upper 
phase is transferred? Alternatively, a small layer of 
the bottom phase, the interface and the whole of the 
top phase may be transferred, while the rest of the 
bottom phase is kept stationary In either of those 
cases, distribution of the particles occurs effectively 
between the interface and that phase which 1s moving 
relative to rb 

Several mixtures containing two different types of 
bacteria have been fractionated by this method of 
counter-current distribution, the results of two such 
experiments bemg illustrated in Figs 2 and 3 In 
both these experiments, the two bacterial types were 
cultured and washed separately and then mised, 
together with phase system, in the first tube of the 
distribution chain The choice of pairs of bacteria, 
for these two experiments was determined not only 
by differences ın behaviour in phase system but also 
by the necessity of distmguishing between the 
members of each pair m a convenient fashion. This 
latter requirement was met by selecting pairs, one 
member of which could ferment lactose, and was 
therefore lactose-positive, while the other could not 
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ferment this substance, and was therefore lactose- 
negative It was then possible to distinguish between 
the two by means of the well-known procedure m 
which bacteria are plated out on agar containmg 
both lactose and indicator (EMB agar) As the result 
of acid production durmg lactose fermentation, 
lactose-positive colonies appear dark red when grown 
on this agar, whereas the lactose-negative remain 
hght pink 

From Fig 1, ıb is clear that in phase system 
(Di* — PEG$"", the majonty of E coh ML 3081 
celis (lactose-negative) are found m the top phase 
in the presence of 006 M sodium chloride, while 
under these conditions E col. K 12 C (Hfr) (lactose- 
positive) is found either at the interface or m the 
bottom phase It should therefore be possible largely 
to separate a mixture of these two in the presence 
of this concentration of salt in one step, assummg 
that the distribution of each is unaffected by the 
presence of the other Alternatively, complete 
separation should be obtamed by counter-current 
distribution after only a small number of transfers 
To demonstrate this, the experiment illustrated m 
Fig 2 was performed Here, the mterface was kept 
stationary At the conclusion of the experiment ıt 
was possible, as described above, to determme the 
nature and proportion of the bacteria m each tube 
of the train by plating out on HMB agar From the 
plating results, ıb ıs clear that tubes 0-4 and 7-11 
of the extraction tram contained virtually uncon- 
taminated samples of K 12 C (Hfr) and ML 3081 
respectively 

It ıs also possible to fractionate mixtures of bacterial 
cells which have distributions which are much more 
similar to each other than those of MZ 3081 and 
K 12 C (Hfr) Thus, mixtures of the E cok K 12 
strains W 1177 (F-) (lactose-negative) and 58/161 
(Hf*) (lactose-positrve), the distributions of which are 
shown in Fig 1, can also be successfully separated 
by the counter-current procedure From Fig 1 ıt 
can be seen that a greater portion of the male cells 
than of the female cells partition in favour of the top 
phase of the (Dé? — PEGs!) system when no galt 
ws present This implies that ıt 18 possible to separate 
the two strams using a stationary interface, if a 
sufficient number of transfers ıs carried oub Fig 3 
represents the results of an experiment carried out 
in this manner From the viable counts on HMB 
agar ib i8 apparent that the two cell types were 
largely separated in this experiment One may 
assume that, with a larger number of transfers, com- 
plete separation could have been achieved The 
reason for the asymmetric distribution of the Hfr 
cells 1s under investigation 

These iesults indicate, then, that different types of 
bacteria frequently have different patterns of distribu- 
tion imn the dextran/polyethylene glycol system I+ 
would seem that these distribution patterns, each of 
which can be expressed as a phase-mterface distribu- 
tion ratio, Gi, can be mamtamed through a number 
of transfers m the counter-current apparatus, implying 
in particular that adsorption of cells to the mterface 
is reversible? Furthermore, the distribution of one 
type of bacterium seems not to be noticeably affected 
by the presence of another with a different sort of 
distribution It can be noted here that comparison 
of viable counts of untreated bacteria and of bacteria 
which had been subjected to counter-current distribu- 
tion indicated that treatment with phase system did 
not apparently have any deleterious effect on the 
viability of the bacterial cells 
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It 1s of interest that even very similar strains, such 
as the E cols K 12 strams W 1177 and 58/161, are 
distributed m manners which are sufficiently different 
to allow mixtures of the two strains to be separated 
by the counter-current procedure FE cols K 12 
strains of opposite sex do not seem always to have 
different distribution patterns, however For example, 
as mentioned before, the & colt K 12 female strain 
C 600 ıs distributed ın a very similar fashion to the 
E cols K 12 male strains 58/161 and C <A more 
detailed study of the behaviour of sex strams in 
aqueous polymer phase systems and of the mfluence 
of surface properties on the distribution of baeteria 
1n these systems 18 1n progress 
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EFFECT OF TEMPERATURE DURING GERMINATION ON THE 
CRYSTALLINE TYPE OF STARCH IN SOYBEAN 
SEEDLINGS 


By Dr SUSUMU HIZUKURI, Miss MICHIKO FUJII and Pror ZIRO NIKUNI 


Institute of Scientific and Industrial Research, Osaka University 


HE crystallme structure of native starch granules 

is not identical, and the three main types, the 
A-, B- and C-types!, are known ‘The U-type, which 
has been found recently m Ulva expana starch?, 18 
an exceptional type The A-type has been found 
mainly in cereal starches, the B-type m tuber starches, 
and the C-type m bean and root starches Some 
exceptional cases have been found as, for example, 1n 
amylomaize (B-type), wrmkled pea (B-type)! and 
Colocasia antiquorum (A-type)® The C-type is a 
transition type between the A- and B-types and 
many varieties are known, some resembling the 
A-type (Ca-type), some being intermediate (Cc-type) 
and some resembling the B-type (Cb-type) A trans- 
ition series from the A-type (rice) to the B-type 
(potato) through various C-types has been observed 
by Nikuni ei al %’ 

Some hypotheses have been proposed as to why 
these various structural modifications occur, but this 
important problem has not been elucidated We 
tried to attack this problem by studying the effect 
of environmental conditions on crystallization, usmg 
amylodextrm (short-cham amylose) as test mat- 
erialé? It was shown that the crystalline type of 
amylodexiri obtamed depends entirely on crystal- 
lization conditions such as the temperature of 
erystallization®, the concentration of amylodextrin® 
and the kind and concentration of morganie ions m 
the mother hquor® 

In this article, the effect of temperature on the 
erystallne type of starch in living plants ıs reported 

Mature soybeans (Glycine soja) contain piactically 
no starch, though starch 1s produced during the 
germination period to the extent of several per cent 
of the weight of the seedhngs!?! Therefore, seed- 
lings germinated at different temperatures were very 
suitable material for this work 

Batches of 50 gm of soybeans were soaked in 
water at various constant temperatures (10—40° + 
0 5° C —the temperature-range at which germmation 
is possible) They were kept in a thermostat at these 
same constant temperatures for 24 hr, or for 48 hr 
when the temperature was below 13 5° C Then the 
soaked beans were transferred to wet purified cotton 


beds in deep Petri dishes (12 cm in diameter and 
5 em deep) Beans were germinated in the dark, 
keeping the thermostat at the same fixed temper- 
atures It took 3-10 days, depending on the temper- 
ature, for seedlings to germinate During incubation, 
the seedlings were washed with water at the various 
temperatures and transferred carefully and quickly 
once or twice a day to new beds to prevent bacterial 
mfection and to provide sufficient humidity The 
water content of the cotyledons was 59-64 per cent 
and that of hypocotyls was 88-92 per cent 

These parts were homogenized with cold water 
(about 5° C) for 6 mm in a homogenizer The 
homogenate was filtered through filter paper (Toyo 
Roshi No 2), with suction Starch granules were 
small enough to pass through the filter paper (0 3— 
3 5u in diameter) and were thus separated from the 
cell debris The residual cell debris were homo- 
genized twice more in the same way ‘The resulting 
filtrates were combined and centrifuged at 3,500 
rpm for § mn The starch fraction, which sedi- 
mented, was washed repeatedly with cold water, and 
finally with methanol, and was then dried to about 
20 per cent moisture content The resultmg starch 
preparation was exammed in an X-ray diffracto- 
meter The X-rays used were nickel filtered copper 
radiations 

The results showed that the crystalline type of 
the starch obtained from the cotyledons and hypo- 
cotyls of soybean seedlings varied greatly with the 
temperature at which germination took place A 
transition series from the B-type to one very similar to 
the A-type (Ca-type) was obtained with elevation of 
the germination temperature The B-type appeared at 
germination temperature below 13 5? C , the Cb-type 
at 16? C, the Cc-type at 22? C , and the Ca-type at 
or above 28°C There was no difference in the type 
of the starch in the cotyledons and hypocotyls of the 
same seedlings 

To investigate a mixed type of starch, an mcuba- 
tion was carried out at alternatmg temperatieres 
Thus, soaked beans were kept at 32? C for the first 
10 hr and then the Petri dish was transferred to a 
18 5° C thermostat for the next 14 hr Thuis altera- 
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seedlings germinated at various constant temperatures Germ- 
ination temperature J, 13 5° C (B-type), II, 22°C (Ce-type), 
III, 30? C (Ca-type, faint 1-line seen) 


tion of temperature was repeated five times durmg 
the 5-day period of mcubation The starch obtained 
from these seedlings was the Cc-type, which corre- 
sponded to that formed at the intermediate temper- 
ature of 22°C ‘This ıs further evidence for the idea 
in ref 7 that the C-type ıs a mixture of the A- and 
B-types 
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Typical X-ray diffractometer patterns are shown 
m Fig 1 The relation between the diffractometer 
patterns and the temperature are exactly repro- 
dueible, m the same batch of soybeans Patterns of 
starch from younger and older seedlings at the same 
temperature were identical 

This relation between the crystallme type of native 
starch and the germmation temperature coincided 
with the relation between the crystallme type of 
amylodextrin and the temperature of crystallization 
which was reported in ref 9 

These facts indicate that the crystalline type of 
native starch 1s not always decided by the botanical 
classification of the plant and that 1t 1s very much 
affected by the environmental conditions during the 
formation of the starch In fact, some variations m 
crystallme type have been found m peas!?, mung beans 
(Phaseolus aureus)" and sweet-potatoes!*. 
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INDUCTION OF A LIGHT REQUIREMENT FOR THE GERMINATION 
OF LETTUCE SEED BY NARINGENIN, AND ITS REMOVAL 
BY GIBBERELLIC ACID 


By Dn. l. D J. PHILLIPS 


Commonwealth Scientific and Industrial Research Organization, 
Irrigation Research Station, Griffith, New South Wales 


ARINGENIN  (5,7,4’-trihydroxyflavanone) has 
recently been isolated from dormant buds of 
peach!, with the suggestion that 15 1s a plant growth- 
inhibitor playing a functional hormonal role in the 
control of dormancy? I have been examining some 
effects of naringenin on several growth and dor- 
maney systems, during the course of which 1t has 
become apparent that naringenin exhibits certam 
properties very simular to that of coumarin, another 
well-known naturally occurring plant growth- 
inhibitor 
One of the most interesting effects of coumarin on 
plants ıs the observation that ıt can induce a light 
requirement for germination in varieties of lettuce 
that are normally not hght-requinng?, and that such 
an mduced requirement can be removed by gibber- 
elhe acid4 Thus ıt was decided to investigate the 
possibility that narmgenin, too, could mduce a light 


requirement by non-dormant lettuce seed, despite its 
structure bemg very different from that of coumarin 

Commercially supplied lettuce seed (var Great 
Lakes) was used in the following experiments The 
seeds were allowed to germinate ın either darkness or 
hght in 9 em diameter Petri dishes on Whatman 
1/64 ın seed-test papers, which had been moistened 
with either 4 ml distilled water m the controls, or 
with 4 ml test solution Light was supplied by a 
bank of ‘Daylight’ fluorescent tubes 88 cm above the 
Petri dishes, and the temperature was maintained at 
a constant 21° + 1°C Germination was allowed to 
proceed for 48 hr, at the end of which time the per- 
centage germination per treatment was determined 
There were approximately 300 seeds 1n each treatment 

Germination of seeds in a range of aqueous narm- 
genin concentrations revealed that, up to 20 mgm /1 
naringenin, there was no inhibition of germination 
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Fig 2 Effect of a range of concentrations of gibberellic acid 
on the dark-inhibitmg effect of an 80 mgm Jl solution of 
naringenin, on the germination of Great Lakes lettuce seed 
O, gibberellic acid alone, @, gibberellic acid plus naringenin 


in either ight or dark, but that at 40 mgm /1, and 
particularly at 80 mgm /l there was a suppression 
of germination, with much more inhibition in dark- 
ness than in light (Fig 1) Thuis result has been fully 
confirmed 1n other experiments Consequently narm- 
genin behaves similarly to coumarm ın this respect 

The effect of a range of gibberellic acid concentra- 
tions on the dark germination of seeds in & solution 
of 80 mgm /l narimgenim was measured, and the 
result shown in Fig 2 It can be seen that gibberellic 
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acid reverses the light requirement induced by 
naringenin, and that the extent of the reversal is a 
function of the ratio of the number of gibberellic 
acid molecules present to molecules of narmgenin 
It might be said, therefore, that there 1s a competitive 
relationship between gibberellic acid and naringenin 
in their effects on lettuce-seed germmation m dark- 
ness Ths again is srmiar to what has been found 
for coumarin? 

It 1s mterestmg that two such chemically dis- 
similar compounds as coumarin and naringenin have 
the same effects on lettuce-seed germmation, and 
that these effects can be counteracted by gibberellic 
acid However, both compounds are naturally occur- 
ring plant-growth inhibitors, and there 1s an accumu- 
lation of evidence that such substances may be active 
in the control of dormaney It ıs conceivable that 
both are active as inhibitors of growth in dormant 
tissues by aeting as competitive inhibitors of endo- 
genous gibberellin of the tissues This hypothesis 1s 
supported by the evidence that gibberellins are pre- 
sent ın plant tissues®, and that mhibitors are found 
particularly 1n dormant organs However, m work 
on &uxin-antagonists 16 has generally been found that 
where such a compound competitively inhibits auxin 
then the ‘competition’ for sites of action between 
antagonist and auxm can be related to chemical 
structure? Perhaps in the case of coumarm and 
narmgenin there 1s a common basis in their molecular 
structures for their similar physiological effect, but 
elucidation of what that basis 1s must wait until the 
effects of other compounds on dormancy systems are 
investigated to enable a closer comparison to be made. 

Ib 1s possible that such apparent competitive inhi- 
bition of gibberellic acid by either coumarin or 
naringenin as reported here may not be a true, simple 
competition of molecules for ‘sites of action’, as is 
the case for competitive enzyme inhibitors If this 
were so, then 1t might be that a wide variety of diverg- 
ent types of compound will behave similarly to 
coumarin and naringenin, with no common structural 
basis to explain the similarity However, 1t has been 
reported’ that any change in the molecular structure 
of coumarm, as brought about by substitution, will 
cause a decrease in the inhibiting effect of the mole- 
cule This would seem to indicate that there 1s some 
specific molecular requirement for mhibitory activity 
i uir C H, and Walker, D R, Scrence, 130, 3378, 798 
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CHLOROGENIC ACID: AN ALLERGEN IN GREEN COFFEE BEAN 
By Dr. S O FREEDMAN, J KRUPEY and A H SEHON 


McGill University Clinic of the Montreal General Hospital and Departments of Biochemistry 
and Chemistry, McGill University 


T 1s well known that workers m the coffee industry 
I frequently develop bronchial asthma, rhinitis or 
dermatitis on exposure to the fine dusty powder 
which fills the air of the factory as the chaff 1s mechan1- 
cally stripped from the raw bean prior to roasting 


Previous investigations! showed that all workers so 
affected gave large positive immediate type intra- 
dermal reactions to aqueous extracts of green coffee 
chaff and green coffee bean Skin-sensitizing antibody 
(reagin) to green coffee was shown to be present 
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in the sera of these allergic workers by passive 
transfer (Prausnitz-Kustner) experiments Extracts 
of roasted coffee, on the other hand, gave minmnal or 
negative reactions on both direct and passive transfer 
testing 

Chlorogenie acid, a compound of quinic and caffeic 
acids, 18 one of the major water-soluble constituents 
of green coffee, accounting for 5-8 per cent of the dry 
weight of the bean? It was first obtained m crystal- 
hne form from gicen coffee beans by Gorter? On the 
basis of a ferric chloride colour reaction, he concluded 
that this compound was widely distributed m the 
leaves and seeds of numerous plants, but 1t 1s now 
known that Gorter’s test 1s not specific for chlorogenic 
acid, since ferric chloride will give a colour reaction 
with most phenolic compounds Nevertheless, 
chlorogenic acid has been shown to be present in 
significant quantities 1n. apples, pears, carrots, beans, 
celery, lettuce, cucumber, cabbage, plums, cherries, 
sweet potatoes and tobacco-® Joslyn and Ponting have 
suggested that the darkenmg of certain cut fruits on 
exposure to air 1s due to the oxidation of chlorogenic 
acid to a quinone, rather than to the oxidation of true 
tannins® 

The purpose of the present work was to identify 
the chemical nature of the allergen(s) present 1n green 
coffee bean The aqueous extract mvestigated was 
highly allergenic, producing a markedly positive 
wheal and erythema response on direct skin testing 
with 0 02-5 ml of a solution contammg 5 mgm /ml 
and a positive passive transfer reaction at @ serum 
dilution of 1 3,200 

The aqueous extract of green coffee was fraction- 
ated by chromatography on dextran gel (‘Sephadex 
G-25', purchased from Pharmacia, Uppsala). Forty- 
five fractions were collected and tested for allergenicity 
by the passive transfer method The middle fractions 
(18-29) gave strongly positive passive transfer 
reactions, while the remainder of the fractions gave 
minimal or negative reactions All the allergenically 
active fractions were coloured brown and gave a 
green colour reaction with ferric chloride, while the 
allergenically mactive fractions were colourless and 
gave a negative ferric chloride test These observa- 
tions suggested that phenol compounds were 
present m much higher concentrations in the aller- 
genically active fractions 
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A’ systematic evaluation of the known phenoho 
compounds in coffee was undertaken by mjeeting the 
suspected compounds into the skins of ten workers 
known to be allergic to green coffee Only chloro- 
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genic acid produced positive reactions l pgm of 
chlorogenic acid was sufficient to induce a large wheal 
and flare response with pseudopods 1n all the subjects 
tested On passive transfer testing with the sera 
obtained from five of these workers, as little as 
5 x 10-5 pgm of chlorogeme acid was required to 
elicit a reaction at a site sensitized with 005 ml of 
serum Identical results were found with chlorogenic 
acid obtained commercially and with chlorogenic acid 
isolated, from the aqueous extract of green coffee by 
the method of Moores et al ? 

Cross-neutralization tests were performed with 
chlorogenic acid and an aqueous extract of green 
coffee ın order to elucidate the allergenic relationship 
between these two substances In one series of tests, 
sitos in the skin of normal human recipients were 
passively sensitized with sera obtained from mdivi- 
duals allergie to green coffee These sites were then 
challenged m 24 hr by the intradermal injection of 
l ugm of chlorogenic acid On the following day, 
the same sites were re-challenged with 100 ugm of 
green coffee extract There were no reactions on 
re-challenge, indicating that all the antibody directed 
against the green coffee had been previously neutral- 
ized by the chlorogenic acid (Table 1) 
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Table 1 RESULTS OF CROSS-NEUTRALIZATION EXPERIMENTS 


Initial reactions Reactions on 


| 
Serum from on passive transfer to rechallenge with — , 
patients sensitive | 1,;gm of chlorogenic 100 ugm of green 

to green coffee acid coffee | 

PS cb - | 
PS + + + -— 

AS ++++ - | 
MC +++ — 

WM +++ - } 


Complete cross-neutralization was also obtained by 
another technique Chlorogenic acid and the serum 
of an individual allergic to green coffee were mixed 
an vitro m previously determined neutrahzimg propor- 
tions 24 hr later, this mixture was injected into the 
skin of a normal recipient Challenge of this same 
site on the followmg day with gicen coffee extract 
produced no reaction These results would suggest 
that chlorogenic acid (or chlorogenic acid complexed 
with other constituents of green coffee) may be the 
principal allergen ın green coffee 

In an attempt to identify the allergenically active 
portion of the chlorogenic acid molecule, passive 
transfer tests were performed with caffeic and quinic 
acids No positive reactions were obtamed How- 
ever, when a passive transfer site previously sensi- 
tized with alleigic serum was injected with a mixture 
of caffeic and quimic acids ın equimolar proportions 
at a relatively high concentration (300 pgm /ml. and 
320 ugm /ml respectively), and the same site was 
re-challenged m 24 hr with 1 ugm of chlorogenic 
acid, the expected reaction was partial mhibited 
Similarly, when a solution of quime and caffeic acids 
at the same high concentrations was mixed with 
allergic serum prior to injection, there was partial 
inhibition of the passive transfer reaction to chloro- 
genic acid 

In order to explore the possibility of developing an 
an vitro test for precipitating or hemagglutmating 
antibodies to green coffee, rabbits were immunized 
with a mixture of green coffee extract and Freund’s 
adjuvant A positive precipitin test was obtamed 
when the rabbit antisera were treated with green 
coffee extract or with a solution contaming both 
chlorogenic acid and human serum albumin In the 
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haemagglutmation procedure, green coffee extract 
was hnked to rabbit erythrocytes using the bzs- 
diazotized benzidine technique described by Gordon, 
Rose and Sehon? Hemagglutinating antibodies 
against green coffee were detected in the rabbit 
antisera up to a dilution of 1 1,000,000 Chlorogenic 
acid, when used m the standard hemagglutination 
procedure, produced non-specific hemagglutination 
of rabbit erythrocytes and was therefore unsuitable 
for investigation by this method The hemag- 
glutination reaction with green coffee was completely 
inhibited by the whole extract and by the previously 
described allergenically active coloured fractions 
obtamed. on chromatography 

No precipitation was obtained with human allergic 
sera, but one of the human sera so far tested was 
found to contan hemagglutinating antibodies to 
green coffee up to a dilution of 1 1,280 

In conclusion, ıt would appear that chlorogenic 
acid may be the principal allergen m green coffee 
The fact that an immediate skin reaction can be 
produced by a compound of low molecular weight 
would suggest that chlorogenic acid acts as a hapten 
in human skin or mucous membranes A simple 
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phenohe compound of low molecular weight has thus 
been identified as a major allergenic component of 
a plant material responsible for human atopic disease 
Because polyphenohe compounds are widely distri- 
buted throughout the plant kingdom, it 1s possible 
that these observations may be useful in the search 
for the allergenic constituents of other foods, pollens, 
dusts or moulds 

This work was supported by grants from the 
Imperial Tobacco Company of Canada, the National 
Institute of Allergy and Infectious Diseases, Bethesda, 
Md , and the National Research Council of Canada 
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RESPONSE OF CHLOROPLAST CYTOCHROMES TO LIGHT 
AND SUBSTRATES 


By Pror H LUNDEGARDH 


Penningby, Sweden 


E ds introduction of a new spectrophotometric 
technique for vestigation of oxidation-reduction 
processes in livmg material has promoted our know- 
ledge of the respiratory enzymes in plants, for 
example, roots of cereals, and yeast! The presence 
and activity of a number of cytochromes, flavopro- 
tems and enzymes lnked to pyridme nucleotide (PN) 
has been demonstrated in lve cells and m mito- 
chondria and observations of the steady-state 
changes at variation of the oxygen supply are reveal- 
ing certam general features of the structural orgamza- 
tion of the respiratory unit? 

Chloroplasts, too, contain cytochromes, which are 
spectroscopically very similar to those in muto- 
chondria Hull and Scarisbrick® found in chloro- 
plasts a cytochrome f, characterized by an «-band 
at about 554 mu and a prosthetic group simular to 
that of cytochrome c Its spectral bands are very 
close to those of cytochrome c, in mitochondria 
The cytochromes c and c, are predominantly oxidized 
in normally respirmg mitochondria and are reduced 
rapidly m the absence of oxygen Cytochrome f 
1emains partially reduced in the dark and the «-band 
at 554 mu may be observed easily m de-chloro- 
phylhüzed chloroplasts I showed in 1954 that ıb 1s 
oxidized if the chloroplasts are exposed to lght5 
Similar observations of the oxidation by hght of a 
cytochrome of c-type were made in a number of 
photosynthetic micio-organisms? During my work 
on the response of cytochrome f to hght I also 
observed partly opposite reactions of a cytochrome 
b (ref 5) Hill reported? the presence of a cytochrome 
b, with an a-peak at about 563 my — Emally, a 
cytochrome 5b, was distinguished with an «-peak of 
the reduced enzyme at about 559 and a y-band at 


429 my (ref 10) This cytochrome ıs very similar 
to a cytochrome b;, which ıs probably a regular con- 
stituent of the respiratory unit in plant tissues 
Very little has hitherto been reported regarding an 
eventual response of the b-g10up in chloroplasts to 
hght The whole problem thus called for a re-mvesti- 
gation, particularly ın connexion with the recent 
discoveries regardmg photophosphorylation 

Arnon) first showed the actual existence of a 
hght-induced, phosphorylation ın chloroplasts, inked, 
in his results, with the mentioned interaction of 
cytochromes in the light response According to 
Arnon’s scheme of photophosphorylation, chlorophyll 
converts hght-energy in a stream of electrons which 
are passing through a cycle of redox-enzymes, among 
these, cytochromes The cytochromes m chloroplasts 
aie figured co-operating m. phosphorylation m much 
the same way as in mitochondria 

Chloroplasts also produce reduced, pyridine nucleo- 
tide1!:12 (PN, preferably triphosphopyridine nucleo- 
tide (TPN)) and, sumultaneously, oxygen It is com- 
monly assumed that PN 1s reduced by the electrons 
expelled from the excited chlorophyll plus protons 
(H+) from water The remaimmg OH- 10ns may lose 
their electrons to the cytochrome system and simul- 
taneously produce oxygen and water Water thus 
acts as a bridge connectmg the reducmg (Chl — 
TPNH) and oxidizing (cytochromes — Chl ) moieties 
of the cycle The net effect of the water bridge is 
to move electrons in the direction of the potential 
gradient and protons m the opposite direction ‘The 
formation of adenosme triphosphate (ATP) and 
reduced, pyridine nucleotide (PNH) takes place in 
the pigmented grana!'? The reduction of CO, + H,O 
to carbohydrate (CH,O) 1s a dark chemo-synthetical 
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process which takes place m the non-coloured 
stroma of chloroplasts 

In eontinumg my work on the response of chloro- 
plast cytochromes to hght I have kept m mind the 
results of my recent investigations on steady-state 
relations of the respiratory enzymes in baker's 
yeast! ^ It was shown that the intensity of respira- 
tion and the apparent velocity of reduction of the 
involved cytochromes are synchronously lowered on 
the addition of ATP, and raised on the addition of 
ADP + PO, This is what would be expected if the 
steady-state balance ADP + PO, = ATP were moved 
in one direction or the other on changing the concen- 
tration of the substrates, and 1f the process of phos- 
phorylation serves as an efficient path of electron 
transfer between two cytochromes. A displacement 
of the steady-states of pyridine nucleotides may also 
have an influence Because in chloroplasts both 
pyridine nucleotides and adenosine phosphates are 
directly or indirectly involved in the transfer of 
electrons between chlorophyll and water ıt may bo 
expected that a rise of concentration of one of these 
substrates will exert a significant influence on the 
hght response 

Cultivated and wild plants, includmg spinach, 
wheat, clover (T'rWolwwm repens), Agrostis stolonsfera 
and Chenopodium album served as experimental 
material The leaves were ground with sand and 
0 3 M sodium chloride with 0 02 mol £ris buffer and 
the brei squeezed through double cheese-cloth For 
clover and spmach homogenization for 5—7 seo also 
gave good results Coarse particles were removed by 
centrifugation for 1 mun at 100-200g The super- 
natant was spun for 7 mun at 1,400g and the pellet, 
containing the whole chloroplasts, was washed and 
re-centrifuged ın 0 3 M sodium chloride All manı- 
pulations, including the spectrophotometric observa- 
tions, were carried out at approximately 0? C The 
final suspension in 0 3 M sodium chloride contained 
about 30 mgm chloroplasts (dry weight) in 10 ml 
solution (0 3 per cent) 

Forthespectrophotometric analysis 10-mm cuvettes 
were provided with an inset of gilded brass leaving a 
central 2-mm -wide sht The cuvettes were placed in 
a holder about 30 mm from the entrance slit of a 
Bausch and Lomb monochromator The enclosed 
portion of the suspension (2 x 10 x 10 mm) was 
illuminated by focusmg on ıt the straight band of a 
tungsten lamp (through a thick plate of heat-absorb- 
ing glass) By means of a suitable shutter the hght 
was turned on ummediately after the start of the 
spectrophotometric recorder Two instruments of 
my own construction were used for this investigation 
One instrument moves the wave-length screw 2 my, 
in intervals of 0:33 or 05 sec and yields a record 
(high-speed pen recorder) of the region 540-570 mu 
in 5 0-7 5 sec , which 18 repeated ın intervals of 10 sec 
The second instrument 1s of the scanning type and 
moves the wave-length screw 540-570 mp in 025 
sec with immediate repetition of the movement 
An osculographie recorder yields 180 complete 
spectrograms in 1 min 


Occurrence and Percentage of Cytochromes 
in the Chloroplasts 


Because the state of oxidation-reduction of the 
eyfochromes is varying aecordmg to hght intensity 
and availability of co-factors and substrates, measure- 
ments of the amplitudes of the reduced «-bands 
under varying conditions are revealing not only the 
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Absorption spectrum of suspensions of dechlorophylhzed 
chloroplasts and of root mitochondria 


0 015 


Extinction 


0 005 


chloroplasts 


Clover chloroplasts 





400 420 440 550 570 


my 


Fig 1 Reduced cytochromes (dithionite) in chloroplasts of wheat 
and clover, from which the chlorophyll was removed by treatment 
with alcohol, compared with cytochromes in mitochondria 


types of involved cytochromes, but also the reacting 
quantities. Direct spectrograms of chloroplast 
suspensions or whole leaves show band-peaks oi 
elevations at 550, 554, 556-558 and 562-564 mu, 
corresponding to cytochromes c, f, b, and b, The 
close relation of cytochrome b, to a correspondmg 
cytochrome 1n roots and of b, to the cytochrome 5 in 
mitochondria appears from records of the y-region of 
de-chlorophylhzed chloroplasts m dithionite (Fig 1) 
Peaks are appearing here at 416 (c), 420 (f), 426—427 
(b) and 430-432 mu (b, The relation ım height 
between the y-bands and the «-bands amounts to 
4—7, or about the same as in wheat roots and in 
preparations of cytochromes c, f, c, and b 

After removal of the chlorophyll with alcohol and 
re-suspending in 0 3 M sodium chloride, chloroplasts 
and whole leaves show a reduced band of cytochrome 
f which 1s further increased in dithionite The weak 
bands at 416 and 550 my are not always clearly 
recorded, and the possibility cannot be a pror: 
excluded that contammations from protoplasm are 
at work A comparison between the spectrograms 
from whole leaves and from suspensions of chloro- 
plasts does not support this possibility, however, and 
it must be concluded that chloroplasts contain certam 
quantities of a cytochrome, the bands of which he 
close to those of cytochrome c The complete 
sets of cytochromes in chloroplasts and mitochondria 
are thus surprisingly similar to one another even if 
the proportions are different (see Fig 1) ‘Besides 
the above-mentioned differences, roots contam about 
2-4 times as much cytochrome b as cytochrome e 
whereas ın wheat chloroplasts the relation b, to f 1s 
about 1, and 5, 1s less abundant than 6 in plant mito- 
chondria A suspension of chloroplasts of clover 
contams 3-5 times as much cytochrome as a yeast 
suspension of equal concentration 

For calculation of the percentage of cytochrome in 
chloroplasts, measurements were made at the follow- 
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ing wave-length intervals 550—542, 554—542, 558- 
542, or 558—570 and 564-570 mu = The calculations 
are approximate, primarily because of the partial 
overlapping of the bands of c and f and of f and 5,. 
About 25 per cent of the «-band of f covers the 
a-band of b, 

In 03 per cent chloroplast suspensions the ampl- 
tude of variations in the state of oxidation-reduction 
iin maximum amounted to about e = + 0 03, corre- 
sponding to about 2 5 per cent cytochrome (c + f + 
b, + 6,) calculated per unit dry weight Leaves of 
clover contam higher quantities than those of wheat 
seedlings. It was assumed that the group c + f has 
a molecular weight of 15,000 and the group b; + b, 
30,000 (ref 15) These calculations are, of course, 
only tentative De-chlorophyllized chloroplasts yield 
lower values, or 0 7 per cent, probably because some 
cytochrome ıs extracted or disorganized in alcohol 
Alcohol also removes most of the lipids, which, 
together with chlorophyll, contribute about 50 per 
cent of the solid substance of the chloroplasts Per 
unit of iron, group c—f and the group 5,-5, have about 
equal percentages of the total quantity of cyto- 
chromes 

For comparison, determinations were also made on 
mitochondria from wheat roots, yielding 0 5-10 
per cent cytochrome per unit dry weight (earlier 
figures are somewhat higher, because ıt was then 
calculated with a molecular weight of cytochrome 
b = 60,000) We thus arrive at the conclusion that 
chloroplasts contain 2-3 times more cytochrome 
than mitochondria from the same plant The observed 
rapid interaction of chlorophyll and cytochromes, and 
the fact that the grana are the sites of photophos- 
phorylation, support the conclusion that all cyto- 
chromes are structurally inked to chlorophyll 


Response to Light 


According to current opinions (see above) the 
excited chlorophyll maimtams a flux of electrons 
through a cycle of redox enzymes and co-factors 
makmg up an internal circuit and, if Ht + e- is 
consumed, water the external circuit Warburg 
discovered 1: that chloride was acting as a co-factor 
Chloride 10ns may here possibly act ın a similar way 
to salt 10ns 1n respiration, in other words facilitating 
the shuffling of electrons over a water bridge. In 
photosynthesis the chlorophyll may be thought of as 
operating m the same way as the cathode of a photo- 
cell, expelling electrons m hght, lke many other 
dyes" The conversion of electrical energy into 
chemical energy, namely, the synthesis of reduced 
pyridine nucleotide and high-energy phosphate, occurs 
at a few intermediate pomts 

The structural organization of the respiratory unib 
of mitochondria 18 mirrored in a rhythmic course of 
reduction at removal of the oxygen’? Reduction 
invariably starts with the enzymes of highest oxida- 
tion potential (cytochrome oxidase (g,) and cyto- 
chrome c) After a gap of 1-2 sec (in yeast at room 
temperature) or a few minutes (in wheat roots) 
reduction of cytochrome b begms Observations of 
the time course of reduction by means of rapidly 
recording spectrophotometers* thus serve as a 
useful tool for investigating the individual response 
of the single respiratory enzymes to environmental 
influences At re-oxidation the time course 18 re- 
versed, now starting at the enzymes of the highest 
reduction potential, but the rhythm is here less 
clearly observed, because re-oxidation, as a rule, 
proceeds very quickly 
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Chloroplasts have no cytochrome oxidase and do 
not respire!!! Ther electronic state m darkness thus 
corresponds to that of mitochondria which lack 
oxygen. Light converts chlorophyll mto an oxidase 
which attracts electrons from the adjacent cyto- 
chrome f Electrons are now flowing through the 
whole cytochrome system and continuously replaced 
by those expelled from the excited chlorophyll Each 
link in the cycle 1s steered by an on-reaction and an 

ff t ( e mia 

off-reaction on cyt off 
at least some of them, are mterspersed by speed- 
regulating ‘factors’ A close observation of the time 
course might also reveal an individual response I 
have in this article restricted myself to observ- 
ing the sign and magnitude of the response of the 
cytochromes 

Recent investigations of Witt and co-workers!? have 
shown that the immediate activation of chlorophyll 
may be observed a few mulliseconds after turning 
on the hght and also that activation of the water 
bridge probably starts very rapidly My own oscullo- 
giaphie records show, in less than 01 sec, & rapid 
rise in extinction of the whole green trough be- 
tween 540 and 570 mu The extinction ıs highest 
m the region 555—560 mp, but this broad band does 
not belong to a cytochrome A possible reactant 1s 
catalase The role of catalase in chloroplasts has 
been widely discussed, but we cannot go into this 
problem here The possibility of catalase guiding 
the de-10nization of OH- and transference of electrons 
to cytochrome b, deserves serious consideration 

The response of the cytochromes to hght is con- 
siderably slower than the initial reaction already 
mentioned In my first publication the response was 
measured about 10 see from the start? New records 
in time-intervals of 0 3—0 5 sec afforded values down 
to 2 sec but most of them centred around. 6-8 sec 
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Fig 2 Above, the response of cytochrome f to hght Washed 


chloroplasts of Chenopodium album Upper curve in 0 3 M NaCl, 

lower curve 0 3 M NaCl + 0015 M ADP assodium salt Below, 

response of chloroplast cytochromes of T'rifolum repens to light 
The light was 1n both cases turned on at 0 sec 
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Fig 3 Response of chloroplast cytochromes of Agrostis stolonifera 
tolght Whole leaves The hght was turned on at 0 sec 


(Fig 2) The existence of a starting lag was observed 
m all plants, both ın whole leaves and m chloroplast 
suspensions In a number of cases different starting 
lags were observed regardmg cytochromes f and b; 
The oxidation of cytochrome f 1n light started earher 
than the oxidation of cytochrome b; (and be) by eyto- 
chrome f ‘This result refers to washed chloroplasts 
and shows a more rapid supply of electrons from 
TPNH to b, and from f to chlorophyll than from 
b, to f, when phosphorylation 1s retarded for lack of 
substrates 

Similar to the length of the startmg period, the time 
course of the response to hght may vary too All 
these observations were made on chloroplast sus- 
pensions in 03 M sodrum chloride Ageing suspen- 
sions sometimes react differently to light and may 
show either an msignificant response or an mcreased 
reduction of the cytochromes instead of oxidation 
(Figs 4and5) Sometimes cytochromes f (and c) react 
m an opposite way to the group b-b; This counter 
reaction of the b-group, which was observed also in 
1954 (ref 5), 1s shown m Fig 3 These observations 
also show & lowermg of the conductivity between 
the b-group (primarily b,) and the f (c)-group, a fact 
remuniscent of the relation between the cytochromes 
b and c m mitochondria, which is exposed to a 
number of influences, for example, mhibition by 
urethane and antimycin A (refs 1 and 19) 

Variations in the response to light are always to be 
expected from a cyche system m which the individual 
on- and off-reactions are regulated by interaction 
with different enzymes or ‘factors’ Some of the mter- 
mediate factors have been tested, for example, flavin 
adenme mononucleotade (EMN), vitamin K, etc} 
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Fig 4 Response to light of unwashed wheat chloroplasts after 


addition of ferricyanide (10 mgm iniml) The controls (broken 
curves) show in this experiment an mereased reduction of the 
cytochromes after turning on the light (see text) 
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These co-factors are controling the supply of elec- 
trons to the cytochrome system My experiments 
show that addition of FMN turns a negative response 
to hght (oxidation of cytochromes), into a positive 
one (reduction m hght) This may be explained as 
follows FMN lowers the resistance to mternal 
transport of electrons from exerted chlorophyll to 
the cytochromes, a result m agreement with observa- 
tions on photophosphorylation" An opposite effect 
—an increase of the hght-mduced oxidation of the 
eytochromes—is observed on addition of ferricyanide 
This substance is obviously trapping the electrons 
before they reach the cytochromes, but does not 
impede the reduction of chlorophyll (Fig 4) 
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Influence of Substrate Factors on the Light 
Response 


In these experiments sodium salts of DPN or 
DPNH (Sigma, acting sumar to TPN and TPNH, 
but shghtly weaker) and ATP or ADP were added in 
quantities corresponding to 0 01-002 M After a 
period of 10-60 min ım the dark, the response to 
light was recorded as above For determmation of 
the dark response to the substrates the recipients were 
placed in front of the photomultipher tube. The 
weak light from the monochromator does not appre- 
ciably disturb the steady states 

As shown in Table 1, addition of DPN mduces 
increased, oxidation of the cytochrome system The 
opposite effect of DPNH 1s notably observed as & 
reduction of cytochrome b, The weak response of 
cytochrome f to reducing agents is due apparently 
to rts normally predominant reduction im the dark 
The results indicate the existence of a steady state 
between pyridme nucleotide and cytochromes, m 
which transferring co-factors (FMN, etc) may be 
mvolved, according to the scheme in Fig 6 and 
reaction l (see later) A rise in the concentration of 
PN moves the steady state m one direction, additron 
of DPNH promotes the reverse reaction ‘The 
pronounced response of b, points to this cytochrome 
functioning as the switch-board between the reducing 
(Chl — PN — co-factors) and the oxidizmg moieties 
(cytochromes — Chl ) of the cycle 
Table 1 DARK REACTIONS EFFECTS OF SUBSTRATES ON THE STATE 


OF OXIDATION-REDUCTION OF THE CYTOCHROMES CHLOROPLASTS 
FROM WHEAT SEEDLINGS 


Cytochromes f GF c) bs b, 
+0015 M DPN Oxidation Oxidation Oxidation 
2n ae 4 DENH Weak reduction Strong reduction Weak reduction 
-+ 

ADP(+P0,) Weak oxidation Weak oxidation Weak reduction 
+0015 M ATP Reduction Reduction Reduction 


As to the adenosme phosphates, recent observations 
on yeast showed that a supply of ADP + (PO,) 
accelerates the electron transference, notably from 
cytochrome b to c (and c,), whereas addition of 
ATP retards it The effects were also observed as an 
increase or a decrease of the intensity of oxygen 
consumption It was concluded that variations in 
the mutual concentration of ADP and ATP cause the 
steady-state balance ADP + (PO,) = ATP to move 
forwards or backwards 

In the dark chloroplasts the chlorophyll remeans 
saturated with electrons and cannot absorb more 
from cytochrome f This cytochrome consequently 
remains reduced to a degree which is determined 
by the total oxidation-reduetion balance between 
PN, PNH, co-factors, and cytochromes Substrate 
mfluences will thus, to a certain degree, be reflected 
m a displacement of the corresponding steady states 
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Response to light and substrates 
Chloroplasts of clover 


Response to light and substrates 
Chloroplasts of wheat 
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Fig 5.4 Response to light of washed chloroplasts of clover 
(Trifohum repens) 1n 03 M NaCl after addition of ATP or ADP 
(8 mgm in 1 ml) Exposure (at 0 sec) made 40 min after 
addition of substrates Controls (broken curves) in 03 M 
NaCl alone 
B Response to hght of washed chloroplasts of wheat in 0 3 M 
NaCl after addition of TPN and TPNH (as sodium salts, 6 mgm 
in 1 ml) Controls (broken curves) in 0 9 M NaCl alone 


in the dark ‘The response of cytochromes to ADP 
or ATP in the dark (Table 1) indicates the position 
of a pomt 2 of phosphorylation between b, (and/or 
bs) and f (and/or c) Changes ın the steady state of 
b, and b, indicate a point 3 of phosphorylation between 
these cytochromes (or one of them) and the dehydro- 
genizing co-factors (see also Fig 6) 

The response to light (Table 2 and Fig 5) illus- 
trates a further development of the dark effects, the 
reactions are still more intensified except in the 
case of b, which responds to ADP or ATP much 
in the same way as in respirmg yeast The rising 
oxidation of yeast cytochrome b on the addition 
of ATP was interpreted as a retardation of the 
stream of electrons from dehydrogenases to cyto- 
chrome b ‘This conclusion may be applied also 
to the chloroplasts The increased reduction of 
b, of chloroplasts on the addition of ATP indicates 
the existence of a point 2 of phosphorylation 
between b, and f, the inhibition of which retards 
the off-reaction of b, and consequently promotes its 
reduction The fact that cytochrome f 1s less oxidized 
in hght after addition of ATP ıs imteresting because 
it mduicates the existence between f and Chl+ of a 
pomt 1 of phosphorylation, which ıs absent in the 
transference a, — O, ın the respiratory cham 


Table 2 RESPONSE TO LIGHT AVERAGE EFFECTS OF SUBSTRATES 

ON THE LIGHT-REACTION OF CHLOROPLASTS OF CLOVER AND WHEAT 

Penod of glumination, 60 sec Spectral records at short intervals 
Controls without organic substrate showed weak oxidation 


Cytochromes fi (+e) bs b, 
+0015 M DPN Oxidation Oxidation Weak oxidation 
+0015 M DPNH Weak reduction Reduction Reduction 
+0015 M 

ADP(+PO.) Oxidation Oxidation Weak oxidation 
+0015 M ATP Weak oxidation Reduction Oxidation 
Discussion 


The new experiments corroborate my work in 
1954 regarding oxidation of cytochrome f in light® 
I clarmed that ‘‘1t 1s feasible to assume that radiant 
energy transformed into chemical energy may 
oxidize cytochrome f or alternatively a special cyto- 
chrome system connected to the chloroplasts and thus 
create a pool of chemically accessible hydrogen 
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required for up-hill reactions ın the path of carbon” 
It was assumed that the electrons flowing from cyto- 
chrome to chlorophyll are brought back agam to 
cytochrome b by the transformed hght energy 
Arnon’s discovery of photophosphorylation strongly 
supports this idea of the chloroplast cytochromes 
acting as a mechanism for transforming electrical 
energy mto chemical energy 

The results of the present investigation are ın 
agreement with Arnon's concept of a photophos- 
phorylation and they also emphasize the similarities 
in enzymic composition of chloroplasts and mito- 
chondria 

With regard to Arnon’s distinction of a cyclic and 
a non-cyclic phosphorylation, or, m other words, 
production of only ATP or of ATP + TPNH, my 
own results pomt to the combined activity of a chain 
of reduction, ending ın TPNH, and a chain of oxida- 
tion (through cytochromes) producmg ATP The 
following reactions may illustrate the main trans- 
ferences (cf Hig 6) 


excited 
chlorophyll 


TPN reductase 
TPN + 2H* + 2 le — 


co-factors 





NH, (1) 


TPN + 2H* + 2Fe?* (2) 





TPHN, + 2He?* 
dehydrogenases 


catalase ? 


H,O + 2Fe?* -O + 2H* + 2Fe** (3) 
Fe*+ + excited chlorophyll — chlorophyll + Fe** (4) 


Chloroplasts which are not performmg chemo- 
synthesis of carbohydrates only form ATP (Arnon’s 
cyclic phosphorylation) The electrons which are 
relinquished, from the excited chlorophyll are, to- 
gether with protons from the surroundings, reducing 
TPN (reaction 1) and are from here (via dehydrogen- 
ase co-factors) transferred to cytochrome b (reaction 
2) Because in reaction 2 the same quantity of protons 
18 released. as 1s consumed 1n reaction 1, hydroxylions 
are not produced There is consequently no need 
for eimimatmg OH- and produemg oxygen The 
electrons are flowing directly to the cytochromes 
from reduced pyridine nucleotide without accumula- 
tion of anything except ATP 

The need of a continuous supply of protons arises 
if TPNH, 1s used for an external purpose, such as the 
chemosynthesis of carbohydrates Protons are, in 
this case, contmuously pulled from water leaving 
OH- 10ns which would be accumulating in unphysio- 
logical quantities unless they are eliminated by reac- 
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Fig. 6 Scheme of the photosynthesis ın chloroplasts The 
broken line marks the effect of sche carbohydrate synthesis 
on oro 
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tion 3 This process mphes a de-10mzation of 
OH- by the hem enzymes, possibly ım co-operation 
with catalase, leaving reduced cytochrome 6 and 
oxygen Reaction 3 ıs simular to the well-known 
Hill reaction??, with the experimental difference that 
in the reaction observed by Hill, electrons from the 
exeited chlorophyll are reducmg external ferri-10ns 
(cf trapping of electrons m potassrum ferrocyanide 
(Fig 4) What is producmg oxygen 1s, however, 
in this case not the reduemg moiety of the cycle but 
the oxidizing one, namely, the cytochrome system in 
co-operation with catalase or some other enzyme 
catalysing the electrolysis of water If electrons are 
trapped in the reducmg moiety the excited chloro- 
phyll will pull electrons from the cytochromes and 
thus keep the electrolysis of water gomg ‘The 
relinquished, protons (see reaction 3) are, in the Hill 
reaction, accumulating to unphysiologieal levels??, but 
in normal photosynthesis they are feeding the trans- 
ference of H+ + e- from TPNH to the chemosynthetie 
processes producing carbohydrates from CO, + H,O 

Introduction of water 1n the electron cycle means an 
extension of the electron tiansference to an outer 
creut (the water bridge) The reducing moiety is 
here acting as the cathode and the oxidizing moiety 
as the anode The electrons expelled from the 
excited chlorophyll are thus passmg over the water 
bridge back agam to the chlorophyll molecule 
(reaction 4) 

The observed oxidation of the cytochromes on 
addition of TPN indicates a retardation or partial 
reversal of reaction 2 It may be expected that this 
initial retardation will decline slowly because of & 
simultaneous strmulation of reaction 1 The expen- 
ments show that the mihal oxidation of the cyto- 
chromes soon disappears and even may turn over to 
reduction (Fig 4) 

On addition of TPNH, reaction 2 1s going from left 
to nght. This mutiel response, which results m an 
increased reduction of the cytochromes, soon declines 
after the speed of photophosphorylation has adjusted 
itself to the inereased supply of electrons (Fig 4) 

The mere fact that the sudden start of the electronic 
cycle at turnmg on the ight does not affect uniformly 
all links in the chain proves the existence of a spatial 
organization and of factors or zones of specific 
conductivity interspersed between the enzymes 
Sumilar to the respiratory enzymes, the correspond- 
mg enzymes in chloroplasts are very probably 
organized m sub-micro-multmmolecular groups? (layers, 
rod-like or helical formations, ete ) which are reacting 
at specific points (‘reaction centres’’) or surfaces A 
number of observations furthermore indicate the 
existence of intermediate factors!*, Irpids or quinones, 
which are acting as electrical machines transforming 
the motive power of electrons mto chemical energy 
Most mmportant are those machmes which produce 
ATP The mtermediate factors are largely responsible 
for the internal conductivity of the system and the 
observed specific response of the various cytochromes 
may be interpreted as a reflexion of local changes in 
their conductivity 

The three pomts of phosphorylation are probably 
individually sensitive to variations of substrate 
concentrations, a circumstance that might explam 
negative results regarding the ‘exchange reaction’ 
between ADP and ATP ?? It 1s mportant to dis- 
tinguish between the mitial response, which, according 
to the present article, mirrors the pomts of sub- 
strate sensitivity, and the adaptation of the total 
cycle to the changed conditions, which, as shown 
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here, may be completed in less than 1 mun Con- 
ventional biochemical methods are insufficient for 
sbudying the initial effects In yeast the mechanisms 
of oxidative phosphorylation were shown to be 
regulatmg the internal conductivity and hence the 
speed of electron transference from reduced sub- 
strates to oxygen From the present results ıt may 
be inferred that in chloroplasts, too, the mternal 
conductivity varies with the intensity of the ATP 
formation 

It has been shown that the external circuit (the 
water bridge ın chloroplasts which are consuming 
both water and ATP during the chemosynthesis of 
carbohydrates) ıs sensitive to the presence of salts, 
in particular chloride, whereas salts are reported as 
not affecting the internal creuit)! This points to 
the existence of alternate pathways between TPN 
and the cytochromes as shown m Fig 6 It appears 
from this scheme that the mternal stream of electrons 
is automatically switched over to the water bridge 
the moment Ht + e- are consumed for reduction of 
carbon dioxide 

In 1954 I advanced the idea that anions may, in 
chloroplasts, play a sumlar part as carriers of elec- 
trons as they are domg in the respiratory cham* 
What 1s gomg on in the water bridge may be charac- 
terized as a hidden electrolysis of water (only oxygen 
is evolved, H+ + e- is hidden in reduced products) 
Salts are promoting en viro the electric conductivity 
and stimulating the electrolysis, and the same may 
be true regarding chloroplasts The fact that 
chlomde serves preferably as an electron carrier in 
photosynthesis may depend on the abihty of chloride 
ions to be adsorbed firmly to the structure’! Also, 
the stimulating influence of salts on respiration may 
be specific, owing to hydration, specific mobilities, etc , 
of anions and cations, but the specificity 1s generally 
less pronounced than in the case of photosynthesis 

These mvestigations have been supported by the 
Swedish Research Councils for Natural Science and 
Agriculture and by a grant (RGT7737) from the US 
Pubhe Health Service 


1 Tundegardh, H , Ark Kem (Stockholm), 3, 469 (1951), 5, 97 (1952), 
7, 451 (1954) 

1 LundegArdh, H , Acta Chem Scand , 10, 1083 (1956) 

Ec yaa H, Bwchwn Biophys Acta, 27, 653 (1958), 35, 340 

* LundegáArdh, H , Endeavour, 16, 193 (1959) 

*TLundegárdh, H , Physrol Plant , 7, 375 (1954) 

* Hil, R , and Searisbrick, R , New Phyt , 50, 98 (1951) 

? Duysens, L N M, Transfer of Excuation Energy sn. Photosynthesis 
(Utrecht, 1952) 

8 Kok, B, Nature, 178, 583 (1957) 

"Hill, R Nature, 174, 501 (1954) 

1° Bendall, D S, and Hill, R , New Phyt , 58, 208 (1956) 

u Arnon, D I, Allen, M B, and Whatley, F R , Biochim Biophys. 
Acta, 20, 449 (1956) Arnon, D I, Mature, 184, 10 (1950), Cell- 
Free Photosynthesis and the Energy Conversion Process (Sympo- 
sium on Light and Life, Baltimore, 1960 ) 


1!yishniae, W , Ann Rev Plant Physil , 8, 115 (1955) 
13 Granick, S , Harvey Lectures, Ser 44, 220 (1950) 
HM Lundegárdh, H , Nature, 190, 983 (1961) 


15 Bornstein, R, Goldberger, RE, and Tisdale, HK, Biochem Brophys. 
Res Comm , 2, Nr 3 (1960) 


1s born Q, Heavy Metal Prosthehe Groups and Enzyme Action 
17 Lewis, G N and Lipkin, D ,J Amer Chem Soc , 64,{2801 (1942) 
18 ilis T, Z phymsk Cheme, NF, 20, 17, 283 (1959), 23, 133 


1? Tundegardh, H., The Cylochrome-Cytochrome Oxidase System — Ency- 
elopedia of Plant Physiology, Vol 12, 311 (1980) 


20 Avron, M , Biochim Biophys Acta, 40, 257 (1960) 


3t Tundegardh, H , Phys Plant , 11, 342, 564, 585 (1958), 12, 336, 
342 (1959) 


22 Hill, R , Nature, 103, 881 (1930) 


73 Clendenning, K A, and Gorham, P R, Arch Biochem Biophys, 
87, 50 (1959) diria ia 


No 4799 


October 21, 1961 


LETTERS TO THE 


RADIOPHYSICS 


Riometer Observations during a Solar 
Eclipse 


Dure the solar eclipse of October 2, 1959, record- 
mgs of cosmic noise (extra-terrestrial radio waves) 
mtensities were made with riometers at the Sagamore 
Hill Radio Observatory of the Air Force Cambridge 
Research Laboratories m Hamilton, Massachusetts 
The observing site 1s 243 ft above sea-level at 70° 
48’ 56" west longitude and 42° 37’ 51" north latitude 
and was directly in the path of totality 

The riometer consists of a servo-controlled, self- 
balancing recetving system which compares the 
incoming cosmic noise signals with the noise output 
of a diode vacuum tube Any change in the value of 
the mput signal to the receiver 1s detected by an 
internal balancing system, and a corresponding 
change 1n the filament temperature of the noise diode 
18 effected The actual recorded trace 1s driven by 
the filament current of the servo noise diode and 
iepresents the power-level of the mcommg cosmic 
noise at the antenna Variations in the recorded 
signal strength from the normal day curve are due 
to fluctuations in the charged particle population of 
the atmosphere, ın particular changes ın the electron 
density oftheionosphere The attenuation curve of a 
27 5 Me /sec radio wave passing through the atmo- 
sphereisshownin Fig land was derived from electron 
density profiles and electron-neutral particle collision 
cross-sections (personal communications from T J 
Keneschea and G Gassman) 

On the day of the eclipse, the Sun rose approxi- 
mately 10 min before second contact Totelity began 
at 5hr 50mm I1sec and continued until 5 hr 51mm 
32 sec EST The solar eclipse occurred at an 
elevation of about 1° above the horizon and was of 
magnitude 102 The Fort Belvoir and planetary 
K mdices were 5 during the observing period 

Two riometers were used in the measurements 
One was tuned to a frequency of 30 25 Mc [sec , with 
1ts antenna oriented toward the zenith The other 
was tuned to 27 5 Me /sec, and its 
antenna was pointed toward the 
eclipse The antenne were three- 
element Yagis with lobe dimensions 
of approximately 110° horizontally 
by 60° vertically The 27 5 Me /sec 
riometer antenna was mounted a half- 
wave-length above the ground with 
its axis of maximum sensitivity about 
30° above the horizontal The azimuth 
position of this beam was 95° E , the 
azimuth angle at which the eclipse 
would take place The beam-width 
of the 275 Mc/sec antenna was 
sufficiently large to enable signals to 
be well received before and just after 
totality Since the antenna was 
stationary and did not track the Sun, 
incoming signals were received in 
different parts of the antenna reception 
lobe as time progressed The recorded 
fluctuations in signal strength, there- 
fore, indicate only relative changes ın 
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Fig 1 Attenuation curve of a 27 5 Mce /sec. radio wave passing 
through the atmosphere 


absorption Because of the large antenna beam-width, 
however, the 275 Mc/sec record provided an 
excellent mdication of the variation of atmospheric 
absorption as the eclipse progressed 

Fig 2 shows the records of both the zenith and the 
eclipse riometers The zenith riometer (30 25 Mc /sec ) 
shows no deviations from the normal quiet-day curve 
which was obtained from the records of the control 
days The eehpse riometer record (275 Mc /sec ) 
shows slight absorption occurring before sunrise and 
an increase m cosmic noise of about 2 db nearly 
coincident with optical totality The pre-sunrise 
absorption may be due to the presence of auroral 
ionization, observed m the backscatter records! of the 
Plum Island Observatory It 1s of particular interest 
that peak cosmic noise intensity, corresponding to 
mmimum electron density, 1s observed to follow 
optical totality by less than 30 sec 

As can be seen from Fig 1, maximum attenuation 
for signals recerved by the eclipse riometer occurs at 
approximately 70 km , the D region Because of the 
low angle at which the eclipse occurred, the path- 
length of the 27 5 Me /sec cosmic noise through the 
D region ıs about 200 km Therefore, an average 
change of attenuation of 001 db/km will explain 
the over-all change 1n attenuation of cosmic noise of 
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Fig 2 Variation of cosmic noise from normal quiet day curve on October 2, 
59, during a solar eclipse Percentage of obscuration also shown 
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2db At the zenith, the path-length 1s considerably 
less than the path-length in the direction of the 
eclipse ‘Therefore, the small change m attenuation 
observed ın the eclipse rrometer would not result in a 
noticeable change of cosmic noise intensity measured 
in the zenith 

Theoretical investigations of the # and F regions 
during a solar eclipse have been made?? Expressions 
involving the delay in time between, optical totality 
and the mmunum electron density have been derived 
Measured times of delay for the 7, region during total 
eclipses are approximately 5 min , for the E region, 
3 mm* From my measurement, the delay time, 
Omm, 18 determined, to be about 30 sec for the D 
region Such a value 18 consistent with theory 

This work has been sponsored by a National Science 
Foundation grant to the Arctic Institute of North 
America It was carried out at the Ionospheric 
Physics Laboratory, United States Air Force Cam- 
bridge Research Laboratories, Massachusetts I 
thank H Strick, of the Radio Astronomy Branch, for 
operation of the Zenith riometer and analysis of the 
zenith observations 

M A GORDON 
Arctic Institute of North America, 
1530 P Street, N W , Washington 5, DC 
1 ACO Aarons, J , and Poeverlem, H , J Geophys Res , 65, 3241 
2 Rydbeck, O E H, and Wilhelmsson, H , Avd LElehtrotehnik, 41, 
No 149, 14 (1954) 

3 Pun) R,and McDowell, M R C,J Atmos Terr Phys ,10, 96 
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GEOPHYSICS 


World-wide Distribution of Diurnal 
Variation of the Neutron Intensity of 
Cosmic Rays 


Ir is maportant to glean mformation on ways m 
which cosmic rays are influenced in interplanetary 
space If 1t were possible to find world-wide distribu- 
tions of cosmic rays and their variations with time, 
one might be able to obtain information on modulation 
of cosmic rays by magnetic clouds in interplanetary 
space As ıt ıs unpossible, however, to normalize the 
cosmic-ray intensities at every station in the world at 
present, I mvestigated the world-wide distributions 
of local trmes of maximum intensity in the diurnal 
variations and their variations with time during the 
period of the International Geophysical Year, and 
the following results were obtamed 

Data of the thirty-nine stations m the world were 
used during the period July-December 1957, forty- 
five stations durmg January—June 1958, and forty- 
five stations during July-December 1958 ‘These 
stations were classified mto two groups, one 1s the 
mountain altitude group (> 2,000 m above sea- 
level), the other the sea-level group (< 2,000 m 
above sea-level) 

Tm, the local time of the maximum intensity m the 
diurnal variation, was derived as follows 

(1) The bi-hourly readmgs, represented by the 
procedure of Wada!, were averaged over a period of 
one month, excluding all data of the imperfect days, 
and only the months having more than ten perfect 
days were used The harmonic analyses were carried 
out on these monthly mean diurnal variations, and 
the average value of Tm of each month was derived 
from the vector sum of the first and second har- 
monies 
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Fig 1. Relation between Tm and the geomagnetic latitude on 

the average, during the period July-December 1957 Ful line 

and @, sea-level group, dotted line and O, mountain altitude 
group 


(2) The average values of Tm during the period of 
each half-year were derived from the averaged 
values of the vector sum durmg six months of each 
period 

Variations of Tm with the geomagnetic latitudes 
during the period of July-December, 1957, are shown 
in Fig. 1 It seems that there is a latitude effect in 
Tm, which has the minimum value around the geo- 
magnetic equator Also the minimum values of Tm 
and the differences of Tm (AZm, g0°-0°) between 80° 
and 0° (geomagnetic latitude) of the latrtude-effect 
curves belonging to the sea-level group have both 
clear correlations with the sunspot numbers determ- 
ined by the Zurich Astronomical Observatory 
during each month It appears that minimum Tn 
advances and ATm,gọ-0° Increases as the solar 
activity becomes intense Since many points deviate 
from the curve in Fig 1, limes of equal Tm were 
drawn, in the world map 1n order to find reasons for 
this From the lines of equal Tm 1n the world map 
(Mercator’s projection), 1b 18 seen that world-wide 
distributions have special tendencies there is a 
minimum value of Tm 1n the region from the Pacific 
Ocean to South Africa passing through South 
America, there are longitudinal effects, and the 
distributions tend to move every month, as shown 
in Fig 2 

If ıt 18 possible to define broadly the mmimum 
pomt between the northern hemisphere and the 
southern hemisphere as producing the equator, 1t 1s 
then possible to consider the minmum point of Tm 
as a kind of cosmic-ray equator, instead of the mmni- 
mum point of the intensity, and this may be 1mpor- 
tant, since one cannot normalize the intensity of 
stations ‘Thus 1t may be plausible to suggest that 
the cosmic-ray equator 1s moving with time 

From the results mentioned before, ıt may be 
suggested that the cosmic-ray mtenarty 1s controlled 
by three factors the first 1s due to the inner terrestrial 
magnetic dipole, the second due to the modulation 
by magnetic clouds m imterplanetary space, and the 
third due to deformation of the lines of force of the 
geomagnetic field by contact with magnetic clouds 

It may be suggested that, from the first factor, there 
exists the latitude effect on the average, from the 
second, minmum Tm advances and ATZm, 99° 
becomes large as the solar activity becomes intense, 
and from the third are derived variations with time of 
the world-wide distribution of Tm and the cosmic-ray 
equator 

It was pointed out by Simpson et al? and others? 
that a difference between the geomagnetic equator and 
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Fig 2 The average world-wide distribution of Tm during the period July-December 
1957 The heavy chained hne shows the cosmic-ray equator determined by Pm 


The fine dotted line shows the geomagnetic equator 
Tm (units/hr ) belonging to them 


the cosmic-ray equator exists, but the reason foi this 
has not been made clear until now The cosmic-ray 
equator, that was established by them, was produced 
from data obtained at different times If 1t 1s true 
that the location of the cosmic-ray equator may also 
vary with time because the cosmic ray 1$ modulated 
in interplanetary space, ıt may be permissible to 
determine the location of the cosmic-ray equator 
without consideration, of the variation with time 

J thank the directors and staffs of all the stations 
from which data were obtamed for this wozk These 
data were obtained through WDC-C2 by Dr Y 
Miyazaki et al , whom I wish to thank too Also my 
thanks are due to Prof Y Kato for his suggestions 
and contimuous encouragement, to Prof Y Sekido, 
the chief director of the Primary Cosmic-Ray Co- 
operative Research Group imn Japan, and members 
of this group for their help 

This investigation was financially supported by the 
Scientific Research Fund of the Ministry of Education 


TSUNEKICHI KANNO 
Department of Physics, 
Fukushima University, 
Fukushima, Japan 


 Cosmie-Ray Intensity during the International Geophysical Year 
No 1, No 2 and No 3 (Science Council of Japan, Tokyo) 


-Sumpson, J A, Fenton, K B, Katzman, J , and Rose D C , Phys 
Rev , 102, 1648 (1956) 
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Effect of a Lake on Distribution of 
Permafrost in the Mackenzie River 
Delta 


Tus thawing effect of water in contact with perma- 
frost ıs of considerable importance to engineers 
engaged on construction work that may involve 
flooding areas of perennially frozen ground There is 
little information at present available, however, to 
indicate the magnitude of the effect which might be 
expected An mvestigation of the present level of 
permafrost under natural bodies of water in the north, 
such as lakes and streams, 1s one means of improving 
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our knowledge of this effect and 
of providing some guidance to 
engineers During Apii 1961 a 
drillmg programme was carned 
out by the Division of Building 
Research of the Canadian National 
Research Council to determine the 
distribution of permafrost under 
a lake in the Mackenzie Rıver 
Delta (68° 18° N, 183° 50 W) 
at the new town-site of Inuvik, 
Northwest ‘Territories, near the 
arctic coast 

A small lake was selected for 
investigation following &æ pre- 
limmary study of aerial photo- 
graphs and a field reconnaissance, 
in 1960, of a portion of the delta 
within a 10-mile radius of Inuvik 
This lake, located about 5 mules 
south-west of Inuvik, 1s approxim- 
ately circular, having a diameter 
of about 900 ft Like all delta 
lakes 16 ıs shallow At the time of 
investigation the ice cover was 
about 225 ft thick and the 
aveiage depth of water was l 5- 
2 ft The snow cover was on the average 12-15 in 
The colour of the lake water was hght brown and a 
very strong odour of hydrogen sulphide was noticed 
when the bottom sediments were disturbed The dense 
forest vegetation around the lake is typical of the 
climax developed 1n the lower valley and delta of the 
Mackenzie River The dominant species 1s white 
spruce, the largest t1ees growing to a height of 50 ft 
Also present are black spruce, willow and alder with 
scattered stands of tamarack The apparently 
continuous moss cover 18 about lin thick 

A diamond, drill-bit was used to drill and sample the 
various materials encountered The operation was 
greatly complicated by the presence of permafrost 
and the subnormal air temperatures which occurred 
durmg April Water, obtained from the lake at a 
temperature of 33°-35° F , was used as a circulating 
medium except for an unsuccessful attempt to use 
arctic grade fuel oil m one hole When using water, 
drilling techniques had to be shghtly modified and 
precautions taken to prevent freezmg of equipment 
m the hole Hot water was circulated periodically to 
keep the hole free of ice 

Durmg the course of the mvestigation, four holes 
were drilled at the locations and to the depths noted 
No 1, centre of lake—to 240 ft , No 2, 33 ft west of 
lake—to 115 ft , No 3, 132 ft west of lake—to 196 ft , 
No 4, 550 ft west of lake—to 260 ft 

To measure ground temperatures, two thermocouple 
cables were installed to depths of 100 and 200 ft m 
holes Nos 3 and 4 respectively 

Good undisturbed cores were obtamed which 
indicated the followmg soi profile 0-100 ft , thinly 
stratified sandy silt with layers of decomposed organic 
material throughout, 100-180 ft, fine to medium 
sand with thin layers of organic material 1n the upper 
40 ft , 180-240 ft , very dense, clay-sized soil (free of 
stones except for last few feet) 

Representative samples were taken for identifica- 
tion and classification testing of the sois, moisture 
(1ce) content, pollen analysis, carbon-14 age detesm- 
inations and, petroleum pigment analysis Bedrock (a 
dolomitie limestone) was encountered ın hole No 3 at 
a depth of 230 ft and m hole No 4 ata depth of 260 ft 
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Although testing of samples has not been completed 
nor the formation fully analysed, a number of 
observations can be made No frozen ground was 
encountered throughout the depth of the hole under 
the lake (No 1), but did occur for the full depth of 
each of the three other holes Initial ground tempera- 
ture measurements suggest that the permafrost 1s 
about 250 ft thick at the location 130 ft from the 
lake and about 300 ft thick at a distance of 550 ft 
from the lake 

Probings showed that the permafrost table extended 
out from shore under the lake and sloped down steeply 
10 ft from the shore the permafrost table occurred 
15 5 ft below the 1ce surface, 12 ft from the shore 
at a depth of 197 ft , at 15 ft ıt was more than 
22 ft below the ice Although the soils encountered 
in the three holes adjacent to the lake (Nos 2, 3 and 4) 
were solidly frozen, little 1ce was observed 1n the soils 
below the 20-ft depth. Although flooding of the lake 
and surrounding area probably does not occur each 
year, 1b appears that 16 may occur at mtervals of a 
few years Marks on tree trunks mdicate an extreme 
high-water mark about 5 ft above the present ground 
surface at the lake, that ıs, about 20 ft. above the 
winter ice-level of a nearby delta channel 


G H JOHNSTON 
R J E Brown 


Northern Research Group, 
Soul Mechanics Section, 
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METEOROLOGY 


Size Distribution of Raindrops 


A C Best! has found an empirical formula for 
the size distribution of ramdrops If F(x) is the 
fraction of quid water in the ar comprised by drops 
of diameter less than x 


F = 1 — exp [—(x/a)] 


where & and n are constants for any particular 
rainfall Contrary to the general supposition that 
the above formula applies to the average size dis- 
tribution of a number of samples of ram, I have 
found that the formula holds for mdividual samples 
in 90 out of 104 cases of general monsoon rains and 
in 134 out of 169 cases of thunderstorm rains recorded 
at Poona, provided the samples are sufficiently 
representative The formula fails where the hquid 
water distribution ıs multimodal (generally bimodal) 
or where the distribution curve has a long tail with 
a sharp maximum either at the beginning or at the 
end 

The parameters a and n are found to be independent 
for general rains but are connected by the average 
relation an = 71mm for thunderstorm rams There 
18 also a correlation between the intensity of precipita- 
tion 7 (mm jhr ) and the parameter n For general 
rams the average relation found 1s 


I = 6 9 exp [—0 14(n — 5-5)?] 
and that for thunderstorm rains is J = 975 exp (—n). 


M V N KELKAR 


Nowrosjee Wadia, College, 
Poona, India 


1 Best, A.C, Quart. J. Roy Met, Soc , 76, 16 (1950), 77, 418 (1951) 
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Stark Broadening of the Spectrum Line 
4603 A. of Lithium 


Imm Stark broadening of spectrum Imes, in par- 
ticular the lines of hydrogen, has been of interest to 
astrophysicists for many years Recent advances in 
plasma physics on a laboratory scale have emphasized. 
the need for a better understanding of the relationship 
between the number density of charged particles in a 
plasma and the profiles of the spectrum lines from the 
plasma The broadened hydrogen lines from a water- 
stabilized carbon arc have been studied carefully by 
workers at Kiel'-?, and the latest refinements of the 
theory of hne broadening describe the profile of Hg 
quite accurately: 

Ihe shock tube 1s à very useful device for studying 
spectrum lmes from plasmas, since the degree of 
lonization and the temperature behmd the shock 
wave can be varied over a wide range and calculated 
from measurements of the shock speed The shock 
tube used for the present work has a low-pressure 
section 18 ft 7 mn long, and a high-pressure section 
3 fb long Argon ıs used as the test gas ın the low- 
pressure channel, and hydrogen as the driver gas in 
the high-pressure section. Diaphragms of alummium 
or ‘Mylar’ are used, dependmg on the bursting 
pressure desired Spectra are obtamed with a 
Raman glass spectrograph Spectra can be re- 
solved m time by sweepmg the spectrograph slit 
with a rotating disk havmg a number of radial 
slots 

Lithium was chosen for mitial Stark broadening 
studies, since this shows a large Stark effect for some 
of rts lines, particularly the line at 4603 A Hydrogen 
and helium both have large Stark shifts, but were not 
used since their presence in quantities large enough to 
give easily photographed spectrum lines would reduce 
the shock strength quite markedly The lithium was 
introduced into the shock tube ın the form of lithium 
chloride which was supported on a short rod mounted 
on the closed end of the tube A time-resolved spec- 
trum showed that the lithium was excited behind the 
shock wave reflected from the closed end of the tube 
A time-mtegrated spectrum 1s shown in Fig 1 The 
argon lines are broader than those emitted from an 
argon discharge lamp and they are also shifted a httle 
to the red Hf appears very famtly, this 1s excited 
near the contact surface between the hydrogen driver 
and the argon The lithium Ime at 4603 1S very 
broad The blackenmg profile of this lme 18 shown in 
Fig 2 

In the analysis of this line 1t has been assumed that 
the hne 18 broadened solely by the statistical micro- 
fields due to 10ns The broadenmg of the lithium lme 
at 4603 À has been treated approximately by 
Holstmark using some experimental results obtamed 
by Stark on sparks through hthium vapour* Since 
then, more accurate Stark results have become 
available for lithium mainly through the experimental 
work of Poirot and these results have been used for the 
present analysis® 

The hthium hne at 4603 A arises from a 2p-4d 
transition Under the action of a uniform electric 
field this line 1s displaced to longer wave-lengths and 
two other lines appear, one due to a 2p—4p transition 
and the other to a 2p-4f transition The 2p—4p transi- 
tion gives a weak le at 4636 A for vanishingly weak 
electric fields, shiftmg to longer wave-lengths at 
mnereasmg field strengths 
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Iron arc j 
reference spectrum 







Lithium excited ım the shock tube, showing Stark-broadened line at 4603 A The Stark-broadened hydrogen line Hf 18 


just visible also 


Plate density 


4580 4600 


Wave-length (A ) 


4620 


Fig 2 Density profile of Stark-broadened line of lithium at 4603 A 


The 2p-4f transition gives a line at 4602 A for 
vanishingly weak fields, shifting to shorter wave- 
lengths at increasing field strengths Data on the 
intensities of these Stark components are not aval- 
able and therefore the full-hne contour cannot be 
worked out as ıt has been done for the hydrogen lines 
by Schmaljohann, who apphed Holtsmark’s statistical 
theory to the known Stark data for hydrogen? In 
order to overcome this difficulty 1t 1s assumed that 
the long wave-length part of the contour, havmg a 
maximum at 4611 A, ıs due solely to the 2p—4d 
transition, and the weaker 2p—4p transition, which 18 
much farther mto the red, 15 neglected This part of 
the line contour cannot be encroached on by the 
hne due to the 2p-4f transition, smce that cannot 
affect any part of the me at wave-lengths greater than. 
4602 Å Poirot gives only rough estimates of tho 
intensities of the components, but from these esti- 
mates ıt appears that the lme due to 2p—4d transition 
does not vary in intensity over the field strengths he 
used, which did not exceed 95 kV per cm 

Poirot's results show that the Stark displacement 
varies very nearly as the square of the electric field 
strength For the quadratic Stark effect, the statistical 
theory of hne broadening for a smgle line leads to a 
line profile given by (ref 8, equation 3 14) 





where B= (ye (2) 


where Av ıs Stark displacement ın cm -! due to a 
field F, Av, 1s Stark displacement in cm -! due to a 
field F, and W 1s a probability function that has been 
tabulated by Schmaljohann’ 

F, 1s related to the number density of 10ns, N, by 


(3) 


where e 1s the electronic charge (4 80 x 1039 su) 
From Schmaljohann’s tabulated values of W (B), 1t 1s 
readily found that the maximum of J occurs when 


F, = 261 eN?’ 


B =11 Substitution in (2) for B gives 
the position of the maximum as | 21 
Aw, From direct measurement of the 
blackening contour (Fig 2), this 1s 
38 cm -1, which gives Av = 31 4 cm~! 
From an extrapolation of  Poirot's 
results this corresponds to F, = 122 
kV Jem 
Equation (3) then gives 


N = 185 x 10 perce 


In the actual experrment the shock 
wave Mach number was 9 2, and the 
initial pressure of the argon 5mm mer- 
cury By calculation this gives a temper- 
ature of 11,500? K and ion density of 1 6 x 10" per 
cc behind the shock wave reflected from the end of 
the tube There are two effects which would lead to a 
higher observed ion density than that computed 
behind the reflected shock wave (1) the reflected 
shock wave undergoes a second reflexion at the 
contact surface before the radiation ıs finally quenched 
by the spreading contact surface This second reflex- 
1on 18 shown by a time-resolved spectrum, and has 
the effect of further heating and compressing the gas, 
thus raising the number density of electrons and 1ons 
Computations have not been carried out for this 
second reflexion (2) The lithium itself almost cer- 
tainly provides a large number of electrons and 10ns 
since this has a much lower ionization potential 
(5 39 eV ) than argon (15 75 eV ) 

This work 18 proceeding further ın order to mvesti- 
gate the effect of varying the number density of 10ns 
and, electrons The most recent work on hydrogen 
lne broadening also shows the need to take 
into account the effect of electrons on the broad- 
ening, which has been neglected in this treat- 
ment® 

This work 1s published by permission of the 
Director of the Laboratory I acknowledge with 
thanks the assistance of Mr J Townsend in the 
experimental work 


K C LAPWORTER 


Aerodynamics Division, 
National Physical Laboratory, 
Teddington, 
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Polarized Thermal Emission from 
Narrow Tungsten Filaments 


FRoM experimental work carried out by Fresnel 
many years ago and a theoretical investigation made 
by K Schwarzschild}, ıt 18 well known that hght 
transmitted through a narrow slit is more or less 
polarized Though conditions are rather different in 
the case of thermal emission from a narrow filament 
the idea has occurred to me that polarized emission 
may be obtaimed ın this way ın addition to 1nelined- 
surface-layer-effects described by Worthmg? and 
others (Arago effect?) Thiough the courtesy of 
Dr G Siljeholm of the Lumalampan Aktiebolag in 
Stockholm I have been able to test recently some 
filaments no thicker than 48u The experiments 
were carried out at the Swedish Solar Observatory in 
Anacapri, and a polarization as high as 28 per cent 
has been found ın the red The plane of vibration 
(electric vector) is perpendicular to the direction of 
the filament Considermg the fact that the 4 8u 
filament had not been polished as in the case of 
Worthing’s measurements, the high value obtamed 
in the red (28 per cent instead of 19 per cent found 
by Worthing) gives some indication that a ‘slot-aerial’ 
effect might be present To some extent this view 1s 
supported by measurements of a 6 5y filament show- 
ing already a smaller degree of polarization than a 
polished broad filament. Furthermore, when exam- 
Ónung with a Savart polariscope the interference 
fringes appearmg in highly magnified images, ıt has 
been found that the polarization appears to be nearly 
the same in the central part of the wire as at the 
limb Though the resolving power may have been 
insufficient for separating the regions clearly, 16 seems 
hard to explain the observation by means of the 
Arago effect alone 

By using different colour screens I have been able 
to establish an merease of polarization with wave- 
length. The determinations are presented ın Table 1 
The effective wave-length A transmitted through the 
filters has been estimated with a spectroscope ‘The 
degree of polarization was measured with a Cornu 
polarimeter, except in the caso of infra-red radiation 
for which photographic observations were made 
Special precautions were taken to avoid polarization 
effects due to reflexion m the glass tube, ete 


In Table 1 the quantity s 1S given as well as P : : 


d bemg the thickness of the wire 
from the last column n. 18 remarkably constant and 


As 18 evident 


approximates to 2 

In Fig | the degree of polarization ıs plotted against 
d 
, using dots for d = 6 5u and crosses for d = 4 8u 


The dots follow closely a straight hne All values 


d 
follow closely the hyperbola P; = 2 presented as a 


dashed curve When using instead. 1/1 as abscissa the 
crosses and the dots give different relationships This 
indicates again that an aerial effect may be present The 


Table 1 

d(u) Au) P p? 
0 48 135 014 + 002 19 

0 55 118 016 +001 19 

e 65 0 64 10 2 016 + 002 16 
0 66 98 019 + 002 19 

0 82 79 022 +002 17 

48 ae 10 0 022 + 002 29 

0 66 72 028 + 002 20 
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d 
probable behaviour close to 3 = I has been indicated 


by the dotted curve by taking into account the 
phenomena produced by a narrow slit If the rela- 


tion P; = 218 valid also for smaller values of 


than those examined here, the highest polarization 
would be expected when the thickness of the filament 
18 about twice the wave-length of hght 

Preparations are bemg made for extendimg the 
measurements to narrower filaments It ıs planned 
to ascertam also whether narrow bolometer filaments 
may be used for the purpose of analysing polarization 
in the infra-red 

YNGVE OHMAN 
Stazione Astrofisica Svedese, 
Anacapri, 
Italy 

? Schwarzschild, K , Math Ann , 55,177 (1901) Compare also similar 


2010) produced in gratings (Riecke, Lehrbuch der Physik, 2, 375, 


* Worthing, A G, J Opt Soc Amer ,18, 635 (1926) 
3 Öhman Y , Polarization Measurements ın Astronomy (Boulder 1949) 


CRYSTALLOGRAPHY 


Crystallographic Data for Urea Calcium 
Nitrate and Urea Cadmium Nitrate 


THE crystal structures of urea calcium nitrate and 
urea cadmium nitrate are being mvestigated as part 
of a survey of hydrogen bonding m urea inorganic 
salt complexes Prelimmary work has shown that 
urea calcium nitrate and urea cadmium nitrate are 
isostructural and belong to the monoclinic system 

By using small smgle crystals mounted on a Seifert 
diffractometer and copper K, radiation, accurate values 
for the translations dq, A499, dio1 and b were obtamed 
The accurate estimates were made by plotting the 
values of these translations, determined from the 
001, 200, AOL (for h = 1) and Ok0 reflexions, against 


| ı (00878 cos?0 
the function! 4 (= g t 
Zero 


The monoclmie angle B was calculated by means 
of the equation 





and extrapolating to 


@r01(4*200 + oor) — (4ro0%o01)* 


= arc cos 
par 2d, ocd ood ioi 
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By using the calculated value of B and the observed 
values of doo: and dy, the unit cell translations c and a 
were derived 

The systematic absences were deduced from indexed 
Wesenberg photographs taken about the unit cell 
axes 

The densities were determined by flotation of the 
crystals m toluene/bromoform mixtures 

A summary of the crystallographic data for urea 
calcium nitrate and urea cadmium nitrate 18 given in 
Table 1 
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Table 1 
Urea calcium nitrate, Urea cadmium nitrate, 
Ca(NO4,,4(NH4,CO Cd(NO,4,4(NH4,),CO 
it 7 683 + 0002 Å 7607 + 0002 Å 
b 12 665 + 0002 Å 12 772 + 0002 Å 
c 9245 + 0002 Å 9040 + 0002 Å 
113° 32’ + 2’ 114° 4’ + 9' 


B 
No of molecules 
per unit cell 2 
Measured density 1034 gm cm ~= 
Calculated density 1628 gm cm~ 
Linear absorption 
coefficient for 


2 
1968 gm em -? 
1973 gm cem 


copper Ka radiation 41 9 em -1 128 0 cm ~! 
Systematic absences 
hol h=2n+1 h= 2n +1 
0X0 k= 2n+1 A=2n+1 
Space group 
(uniquely determined) P2,/a P2,/a 
a[2 — c cos 8 0 150 0 118 


All the crystals of urea cadmium nitrate that were 
examined were found to be twinned, with (010) 
forming the composition plane. Examination of the 
(010) Weissenberg photographs of urea cadmium 
nitrate showed that twinning had occurred as a 
result of a two-fold rotation about the a axis Since 


the relation c cos B = 5 holds fairly closely for urea 


cadmium nitrate, this 1s an example of twinning 
according to the Carlsbad Law? 

No evidence of twining has been observed in the 
isostructural urea calcium nitrate complex, for which 
the value of 3 — ccos B 1s equal to 0 150 as compared 
with the value of 0 118 for urea cadmium nitrate. 

C G C CaTEsBY 
Research Department, 
African Explosives and Chemical Industries, Ltd , 
PO Northrand, 
Transvaal, South Africa 


1 Henry, N F M, Lipson, H , and Wooster, W A , The Interpretation 
of X-Ray Diffraction Photographs, 190 (Macmillan, London, 1953) 


? Bragg, W L, Atomic Structure of Minerals, 244 (Cornell Univ 
Press, New York, 1937) 


CHEMISTRY 


A Transition in the Dielectric Properties 
of Solid Secondary Alcohols 


SINCE the discovery of the large dielectric absorp- 
tion in aliphatic secondary alcohols', there have been 
several papers?-* published on this subject The only 
definite conclusion about the mechanism ıs that the 
presence of some lattice defect or arrangement of 
defects 18 required for this large absorption?:t 

In the belief that further progress can be made only 
from measurements on single crystals grown from 
pure material, attempts have been made to grow 
single crystals from the melt The solid grown to date 
has been below the standard ıt ıs hoped to obtam 
eventually Nevertheless, measurements made on 
the oriented polycrystallme material obtamed has 
revealed a sharp transition in the dielectric properties 
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of certain alcohols at a temperature about — 4° C 
The transition was not apparent m samples pressed 
from powders, although a suggestion of 1ts presence 
was noted in samples annealed for long periods 

The solid was that used by Meakms and Sack}, 
zone-refined and grown from the melt by a Bridgman 
method The secondary alcohol was contaimed in a 
glass tube which was evacuated to a pressure of 
10- mm mercury. The tube was lowered through a 
sharp and highly stable temperature gradient at 0 51n 
a day After removal from the tube, plane parallel 
sections for measurement were cut in three perpen- 
dicular directions, using a wet string saw One of 
these directions was perpendicular to the growth 
axis In some experiments ‘Aquadag’ electrodes were 
painted on the samples 

In the case of 9-heptadecanol (C,H,,CHOH C,H,,), 
the absorption at room temperature 1s comparable in 
all three directions However, the change 1n dielectric 
absorption at the transition 1s three times greater in 
the two directions for which the measuring field 1s 
perpendicular to the growth axis than when the field 
18 1n the direction of the growth axis In Fig 1 the 
dielectric absorption for one of these samples 1s 


Dielectric loss factor (6”) 
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Dielectric-loss factor as a function of frequency for the 
symmetrical secondary alcohol 9-heptadecanol 


Fig 1 
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Temperature (? C ) e 


€ — s’ for 9-heptadecanol as a function of tempera- 
ture The full lme refers to ce’ measured at 4 8 c /s , the dotted 
line to an estimated :z',, that 1s, the permittivity below the 
absorption region 
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plotted as a function of frequency at several tempera- 
tures In Fig 2 the relative permittivity at a 
frequency of 4 8 c /s 18 plotted as a function of tem- 
perature, the dotted curve 1s an estimated z’, obtained 
by extrapolating the absorption curves to frequencies 
below 48 c/s and measuring the area under the 
extrapolated portion It can be seen that the dıs- 
persion (e', — €’«) Increases by a factor of 10(0 95-10) 
in passing through the transition 

A similar transition at approximately the same 
temperature has been observed in 8-pentadecanol 
(C,H,;,CHOH C,H,;), and evidence has been obtained 
of a less-sharp transition in 10-nonadecanol 
(C,H, CHOH C,H,,) The best sample obtained of the 
latter material was considerably more polycrystalline 
than those of the other compounds 

A. direct-current voltage of 30 kV /em was applied 
to the samples at temperatures both above and below 
the transition, the permittivity was linear up to this 
voltage 

Further purification and growth of better crystals 
of these compounds are being attempted. 

We wish to acknowledge the contributions of Mr 
J S Cook and Mr K G Warr to the crystal-growmeg 
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I,2-Benzanthracene Derivatives in a Kuwait 
Mineral Oil 


THE isolation of a number of polymethylanthra- 
cenes from fractions of a Kuwait crude oil has been 
reported by one of us! The hydrocarbons were 
obtamed by treatment of acetone extracts of the oil 
with maleic anhydride and chromatography of the 
material recovered from the acidic adducts by 
distillation from sodium hydroxide We have now 
applied the same procedure to higher-boiling fractions 
of acetone and furfural extracts of the Kuwait oil 
(corrected boiling points m the range 390-440? C) 
and have obtained crystalline fractions consisting 
essentially of alkyl derivatives of 1,2-benzanthracene 
This 1s evident from their ultra-violet absorption 
spectra, which closely resemble those of typical 
alkylbenzanthracenes? Vapour-phase  chromato- 
graphy of some of the fractions indicates, however, 
that they are mixtures contaming varying proportions 
of benzanthracene and other components with 
retention times similar to those of mono- and di- 
methylbenzanthracenes 1,2-Benzanthracene itself 
was isolated from several fractions by further 
chromatography on alumma as colourless plates, 
mp 154-156° undepressed, when mixed with an 
authentic specimen, mp 158-159? The ultra-violet 
spectrum of the isolated material (Amax 228, 256, 
267, 277, 287, 299, 314, 327, 342, 358, 374, 384 mu, 
log e, 4 54, 451, 464, 489, 498, 395, 370, 3 80, 
3 85, 3 69, 2 69, 2 86), and the infra-red spectrum’, 
were 1dentical with those of 1,2-benzanthracene, and 
vapour-phase chromatography gave one peak with 
retention time similar to that of benzanthracene 
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under the same conditions The 2,4,7-trinitrofluor- 
enone addition complex formed red needles, m p 217— 
221°, not depressed when mixed with an authentic 
specimen, m p 220-223? 4, and the identification was 
confirmed by preparation of the s-trmitrobenzene 
complex, orange needles, mp 161-—163°, and com- 
parison of this with an authentic specimen, mp 
162-163° (found C, 653, H, 36, C,,H,,N,0, 
requires C, 65 3, H, 3 4 per cent) 

A second product, mp 192-194 5°, obtained in 
very small amount after purification by chromato- 
graphy and sublimation, did not depress the melting 
point of 4'-methyl-1,2-benzanthracene (mp  199— 
200?)5, and the ultra-violet spectrum (Amax 226, 
228-9, 256, 2715, 2815, 2925, 302, 316, 3285, 
344, 361, 387 mu, log £, 4 55, 4 55, 4 57, 4 65, 4 78 
4 79, 4 02, 3 T7, 3 80, 3 81, 3 66, 2 94) was identical 
with that of this hydrocarbon The infra-red spectra 
were also identical in the region 650—900 cm -* (there 
was insufficient material to obtain a well-defined 
spectrum over the remainder of the normal range)? 
The 2,4 7-trinitrofluorenone complex formed brown 
needles, mp 223-227°, and when mixed with the 
derivative of 4’-methyl-1,2-benzanthracene (m p 233- 
235^)9 the melting point was 224-230? The s-trinitro- 
benzene complex gave red needles, mp 158-160°, 
mixed with the derivative of the 4’-methyl compound 
mp 165 5-168°, the melting point was 160-168? 
Beeause of the very small amounts of material 
available ıt was not possible to obtain the derivatives 
completely pure, but the results reported, taken as a 
whole, may be considered to justify the identification 
of the substance from the o as 4’-methyl-1,2- 
benzanthracene 

The presence of derivatives of 1,2-benzanthracene 
m fractions of the Kuwait oil 1s of interest with regard 
to the carcinogenic activity of the 0117 We have not 
as yet been able to obtain an accurate estimate of the 
amount of benzanthracenes present, but spectroscop- 
16 evidence indicates that, ın one fraction of cor- 
rected boiling point 390—405°, 1t ıs certainly less than 
0 25 per cent of the acetone extract, disregarding 
possible losses during decomposition of the maleic 
anhydride adducts 1,2-Benzanthracene itself ıs 
generally considered to be non-carcinogenic or only 
very weakly so when tested by skim painting on 
animals*:?, but 1t has been reported to be moderately 
active by subcutaneous injection in mice!? 4’. 
Methyl-1,2-benzanthracene has been shown in one 
series of tests to be a very weakly active carcmogen 
towards mouse skim! 

Several other crystalline substances have been 
obtained by chromatography of those fractions of the 
oil which did not react with maleic anhydride One 
of these, obtamed as colourless needles, m p 195-199°, 
was shown to be triphenylene by mixed melting point 
with an authentic specimen, mp 202-204? 1, by 
ultra-violet absorption measurements (Amax 249, 
257 5, 273, 284, 320, 328, 335 mu, log e, 4 93, 5 15, 
437, 432, 287, 270, 272) and by elementary 
analysis (found C, 946, H, 53, cale, for C,,H,, 
C, 947, H, 53 per cent) Another substance, 
mp 252-256°, was identified as chrysene (mp 
256?) by mixed melting pomt and ultra-violet 
absorption (Amax 241, 258, 267, 294, 306 5, 320, 
344, 352, 361 mu, log e. 4 62, 5 18, 5 36, 4 39, 4 44 
443, 312, 284, 810) Tho infra-red spectrum was 
identical with that of chrysene, and on vapour-phase 
chromatography one peak was obtained with retention 
time similar to that of chrysene The s-trmuitro- 
benzene complex formed yellow needles, mp 189°, 
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not depressed when mixed with an authentic speci- 
men, mp 191-193? (hb mp 192-194?) 

None of the hydrocarbons reported here has 
previously been isolated from an uncracked petroleum 
fraction Clamms have been presented, based on 
spectroscopic evidence, for the occurrence of chrysene 
and of 1,2-benzanthracene ın the aromatic fraction of 
a clarified 01115, and of chrysene, triphenylene and 
1,2-benzanthracene in a paraffin wax of unspecified 
origin!® 

We are indebted to Dr J. W Cook for his interest 
and encouragement, and to Prof F Morton, of the 
Manchester College of Science and Technology, fo: 
supplying us with the o1l fractions used in the 
investigation 
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Partition Isotherms and Gas-Liquid 
Chromatography 


THE various well-known theories of gas-liquid 
chromatography all assume a Imear ‘partition’ 
isotherm, that 1s, the concentration of a solute in the 
stationary liquid phase 1s a Imear function of the 
concentration in the gas phase, also the theories are 
unanimous in predicting symmetrical elution peaks 
Asymmetrical peaks, when they occur, are variously 
ascribed to ‘overloading’ of the column, lack of 
attainment of equilibrium, adsorption on the solid 
support and at the gas-liquid mterface, and finally, 
non-ideal solution behaviour! WNon-ideality is taken 
to mean that the solutions show deviations from 
Raoult’s law We wish to make two points, first, that 
partition isotherms are frequently markedly non- 
hnear and, second, that non-1deal solution behaviour 
is not important in determining elution peak sym- 
metry, but that isotherm shape ıs We base our 
arguments on the results of experiments which were 
aimed at the determmation of partition isotherms by 
& static method 

Usmg a modified McBain—Bakr balance we have 
measured the partition isotherms of a number of 
vapours ın a variety of liquids commonly used as 
stationary phases m gas-liquid chromatography The 
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method was as follows a small sample of ‘Celite’ 
coated with the hquid stationary phase was weighed 
into a small glass bucket and suspended from a silica 
spring (extension approximately 1m per gm) and 
the system degassed to a vacuum of 10-410-5 mm 

of mercury Small charges of the vapour were then 
admitted to the system and the uptake by the liquid 
determined by measurmg the extension of the spring 

In this way we have investigated the solubility of the 
following vapours at a number of different tempera- 
tures cyclohexane, benzene, dichloromethane, chloro- 
form and carbon tetrachloride mm dinonyl phthalate 
and squalane, and additionally, benzene ın benzyl 
diphenyl, diglycerol and silicone 011 Similar measure- 
ments have been made by Everett and Ashworth? 

Some of the isotherms determined at 30° C are shown 
in Fig 1 With the exception of the system benzene- 
diglycerol, ın which there was negligible uptake of 
benzene by the diglycerol, even at relatively high 
pressures, all the isotherms obtained were of the same 
general shape, that 1s, all were curved m a direction 
convex to the concentration axis This establishes 
our first pomt It 1s only fair to point out, however, 
that these isotherms approximate to lnearity at low 
concentrations, hence, provided that only small 
samples are used 1n gas-liquid chromatography, sym- 
metrical elution peaks should be obtained In passing, 
1b 18 interesting to note that the isotherms curve in 
the opposite sense to that usually observed 1n adsorp- 
tion at a solid surface 
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Fig 1 Isotherms at 30°C (1) Cyclohexane in dinonyl phthalate, 
(2) carbon tetrachloride 1n dinonyl phthalate, (3) dichloromethane 
in dinonyl phthalate, (4) chloroform in dinonyl phthalate, 
(5) cyclohexane in squalane, (6) dichloromethane in squalane 


It has been shown theoretically by de Vault? and 
experimentally by Gregg and Stock* that systems 
giving rise to 1sotherms of the shape illustrated in 
Fig 1 will, if used ın chromatography, tend to give 
elution peaks with diffuse front boundaries (‘front- 
ing’) and sharp tails, and there 1s no doubt that such 
peaks are frequently observed ın gas-liquid chromato- 
graphy when rather large samples are used (as may 
be necessary when a comparatively insensitive 
detector 1s employed) Now Raoult’s law defines an 
ideal solution as one which gives a straight line when 
the partial vapour pressure of a component 18 plotted 
against its mole fraction, x» (In the systems under 
consideration only one of the components exerts an 
appreciable vapour pressure, that of the stationary 
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Fig 2 Deviation from Raoult’s law at 30° C, all in dinonvl 
phthalate (1) Cyclohexane , (2) carbon tetrachloride, (3) di- 
chloromethane, (4) chloroform 


liquid can be neglected ) If we now replot the 180- 
therms mvolvmg dinonyl phthalate in Fig 2 using 
mole fractions instead of concentrations, we observe 
that three of the systems show negative deviations 
from Raoult’s law and one shows both a positive and 
a negative deviation, ın spite of the fact that the 
corresponding isotherms are all the same general 
shape. It can easily be ascertained that systems 
which obey Raoult’s law or give positive deviations 
will still give curved isotherms of the type illustrated 
To obtain isotherms which are curved m the opposite 
sense, that 1s, are concave to the concentration axis, 
and which would therefore give rise to tailing, the 
most pronounced negative deviations from Raoult’s 
law are necessary Such a system has never been 
observed by us. We are therefore of the opinion that 
‘fronting’ ıs an inherent tendency m gas-liquid 
chromatography, but will not be marked, or even 
noticeable, when low concentrations of the solute are 
used Tailing 18 seldom, 1f ever, caused by deviations 
from ideality of the gas-liquid system, and 18 most 
probably due to the adsorption on the solid support, 
or perhaps at the gas-liquid interface 

Finally, we would like to record that our results for 
the system showmg both positive and negative 
deviations from Raoult’s law, namely, cyclohexane— 
dmonyl phthalate, confirm the measurements and 
predictions of Everett and Ashworth? Very careful 
measurements were made to establish the deviation 
at low concentrations of cyclohexane, and the relevant 
data are given in Table 1 Further investigations 


Table 1 RESULTS FOR THE SYSTEM CYCLOHLXANE AND DINONYL 
PHTHALATE AT 30°C 


B(P? — P) o 
0 Q 

PIP X 10810 PIPUY 2308 RT logus f 
0 02628 0 02841 1 9661 0 0041 i 9701 
0 08483 0 06904 1 9726 0 0039 1 9765 
0 11903 0 12504 I 9786 0 0037 i 9823 
0 20486 0 21123 1 9867 0 0033 1 9900 
0 26321 0 25772 1 9923 0 0031 1 9954 
0 20065 0 30318 19904 0 0029 1 9903 
0 35461 0 35424 0 0004 0 0027 0 003 
0 41186 0 40826 0 0033 0 0025 0 0057 
0 48327 0 47396 0 0086 0 0021 0 0107 
0 56548 0 54729 0 0140 0 0018 0 015 
0 66598 0 63829 0 0182 0 0014 0 0196 
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have shown that this type of system 18 by no means 
uncommon 1n gas-liquid chromatography 

We are pleased to acknowledge the gift of equipment. 
by ‘Shell’ Research, Ltd 


G F FnaEEGUARD 
R Stock 


Chemistry Department, 
College of Technology, 
Byrom Street, 
Liverpool, 3 
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A Cyclic Tetramer of Chloral 


TREATMENT of chloral or its hydrate with con- 
centrated sulphuric acid yields a number of polymeric 
materials which were identified by Chattaway and 
Kellett? and studied by Novak and Whalley? From 
the mixture obtamed m this Laboratory by treatmg 
some 300-400 gm of chloral hydrate, about 2 gm 
(05 per cent) of a new polymeric compound was 
isolated as a white erystalhlme solid (m p 219-220? 
corr) It crystallized from absolute ethanol as short 
needles shghtly less soluble in this solvent than 
ehlorahde or «-parachloral The compound 1s very 
soluble in acetone, pyridine and ether, moderately 
soluble in boiling ethanol, slightly soluble m carbon 
disulphide, carbon tetrachloride and cold ethanol and 
insoluble in water Boihng with an aqueous ethanol- 
20 per cent sodium hydroxide solution hberates 
chloroform and formic acid Further work gave 
the following results Analysis, calculated for 
(CCl;-CHO), ©, 1628, H, 068, Cl, 7217 Found 
C, 1643, H, 073, CL 7178 Molecular weight 
(Rast), calculated for (OClj CHO), 5895 Found 
614, 616, 571 (average 600 3) Infra-red spectrum the 
compound was exammed m ‘Nujol’ mull (0 025 mm ) 
and m saturated (18°C) carbon tetrachloride and 
carbon disulphide solutions (1 mm), on a model 
137 ‘Infracord’ spectrophotometer (with sodium 
chloride prism) The bands observed are recorded 


m Table 1 
Table 1 
Wave-length (4) 
Solid Solution 

40, weak 3 49, weak 
60, medium 6 60, medium 
23, medium 7 23, medium 
50, medium 


8 

6 

7 

7 

7 50, medium 7 52, strong 
7 57, strong 

8 55, sharp 
8 
8 
9 
9 


60, very strong 
8 75, very strong 
78, very strong 
22, strong 
37 strong 
9 40, medium 
9 50, medium 
9 80, very strong 9 80, strong 


10 30, medium 


11 78, very strong 
12 30, very strong 
12 55, sharp 
13 90, sharp 
14 10, strong 


11 78, very strong 
12 30, very strong 


13 90, sharp 
14 10, strong 
14 50, strong 


15 00, strong 


The results in Table 1 mdicate (a) the absence 
of hydroxyl and carbonyl groups, (6) the presence 
of a cyclic ether linkage due to the series of bands in 
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the 950-1,200 cm -! (8 3-10 5u) and 800-860 cm -! 
(11 6-12 5u) regions, and (c) a shift towards lower 
frequencies as compared with bands of other known 
cyclic ethers? I+ 1s a well-established fact that there 
18 a shift to lower frequencies whenever there 1s an 
increase in ring-size among cyclic ethers 

These results are consistent with the existence of a 
cyclic tetramer having the following formula 


ché ë H 


A report on the structure of this compound, 
2,4,6,8-tetrakis-(trichloromethy])-1,3,5,7-tetroxocane, 
will be published elsewhere 

I am indebted to Dr Oscar H Saggese of this 
Department for his mterpretation of the infra-red 
spectra, 
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BIOCHEMISTRY 


Oxidative Decarboxylation of Indole-3- 
acetic Acid by Mangani-Versene and by 
Wheat Leaf Enzyme 


THERE 1s little agreement concerning either the 
pathway or the final products of the enzymic oxida- 
tion. of heteroauxin! The stoichiometry of the 
oxidative decarboxylation seems to be reasonably 
well established’, one mole of oxygen being taken up 
and one of carbon dioxide evolved for every mole of 
indole-3-acetic acid (IAA) reacting Galston? reported 
that no mdole-3-aldehyde was formed when IAA was 
destroyed by a pea b1e1 (see, however, Racusen'), two 
principal products were formed with Ep very close to 
that of o-ammoacetophenone (I) and o-formamudo- 
acetophenone (II) and giving similar colour reactions 
On the basis of a ferric chloride test, Galston concluded 
that these compounds were hydroxylated derivatives 
of (I) and (II) Indole-3-aldehyde has an Rp mter- 
mediate between those of (I) and (II) and does give & 
brownish-pink colour with ferric chloride, the colour 
reported by Galston 1s undoubtedly due to the spot 
for the indolealdehyde overlapping on to the other 
two spots It also seems most unlikely that the Rp of 
phenolic derivatives of both (I) and (IT) should be the 
same as those of (I) and (II) Finally, should such 
phenols be formed, the uptake of oxygen should be at 
least 15 times that actually reported Using an 
oxidizing enzyme from Omphala flavida, Stowe et al 4 
rejected the possibility that (I), (II) or mdolealde- 
hyde was formed 1n any amount and suggested that 
the product (not isolated) might be 3-methyldioxin- 
dole From their chemical evidence ıt seems rather 
unlikely that ther product was 3-methyldioxindole 
Most of their observations can be explamed on the 
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basis of our present results With Lupinus seedlings 
Stuiz®> obtained a number of products (one of them 
bemg indolealdehyde) chromatogmaphically similar 
to those obtained by Galston? Usmg substituted 
3-mdoleacetic acids Stutz concluded that the ring 
system (probably C,) and not the side chain was the 
primary site of dehydrogenation 

MacLachlan and Waygood® reported that the 
oxidative decarboxylation of JAA by mangani-ver- 
sene m a phosphate buffer at pH 6 gave a product 
which appeared to be chromatographically identical 
with that obtained by the oxidation of IAA in the 
presence of wheat leaf enzyme, or by using a peroxid- 
ase in the presence of manganese ions and 2,4-dichlor- 
ophenol Waygood et al’ also suggested a radical 
chain mechanism for this reaction involving the 
formation of a skatyl radical leading to a product 
CHON (not established) (cf Hewitt’) No pure com- 
pound was actually isolated, all the conclusions 
being based on the rates of absorption of oxygen 
and evolution of carbon dioxide 

We have now oxidized JAA with oxygen in the 
presence of mangani-versene at pH 6 and isolatea the 
basic, neutral and acidic fractions The neutral 
fraction (57 5 per cent based on TAA) was analysed 
using paper, column, and vapour phase chromato- 
graphy By preparative vapour phase chromato- 
graphy two compounds could be identified (in all 
cases here by analysis melting points, mixed melting 
points with authentic samples, Rr values, and mfra- 
red spectra) as o-aminoacetophenone (I) (very small 
amounts) and o-formamidoacetophenone (II) (9-13 
per cent) Column chromatography of the neutral 
fraction gave o-ammoacetophenone (10-13 per cent) 
(o-formamidoacetophenone 1s hydrolysed to (I) under 
these conditions), followed by a small amount of 
unidentified crystals, melting point 164—165? (no 
C = O bands in the mmfra-red) Indole-3-aldehyde 
was eluted next (123 per cent crude yield), and, 
finally, a low-meltmg solid (25 per cent) which was 
chiefly 3-methyloxindole (III) It would thus seem as 
though all the postulated modes of primary attack are 
occurring in this system Phenolic products are 
probably also formed (cf ref 9) and are present ın the 
acidic fraction together with some unreacted JAA, 
but this was not investigated Formation of 3-methyl- 
oxindole probably proceeds by primary attack at C, 
of the indole ring followed by the assisted decarboxyl- 
ation of a cyclic mtermediate such as (IV) 


(= 


H—OH 

„~> E70 
N Ns N^ oO 
HO H 


(IV) CIII) 
The formation of (I) and (II) 1s analogous to the con- 
version of tiyptophan to kynurenine and probably 
involves attack at C, (ref 10) The formation of 
indole-3-aldehyde necessitates primary attack at C, 
of the side-chain 

In the case of the enzymic oxidation products*? 
(reaction mixtures kindly supphed by Dr E R 
Waygood) neither (I) nor (II) could be detected 
Column chromatography on alumina led to the 
isolation in low yield of 3-methyloxindole manfiy 
together with indole-3-aldehyde 

A prehmunary investigation (with Mr K A H 
Adams) of the mangan1-versene catalysed oxidation of 
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IAA at pH 4 gave a coloured product (melting point 
160° with decomposition) which was very difficult to 
purify and the molecular weight of which was 
approximately 576 This compound gave only one 
spot on paper chromatography, but decomposed on 
alumina into three fractions A small amount of the 
same product also precipitates out m the pH 6 
reaction, 

We wish to thank Prof Waygood for generous 
supplies of enzymic oxidation mixtures and the 
National Research Council of Canada (Prairie Regional 
Committee) for financial support 
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Complement-fixing Antibodies to 
Human Growth Hormone and Sheep 
Interstitial Cell Stimulating Hormone 


PREVIOUS reports from this Laboratory!-? have 
shown that human growth hormone (HGH) and sheep 
interstitial cell stimulating hormone (ICSH) produce, 
in rabbits, precipitin antibodies that are specific to 
the respective hormones Immunochemical tech- 
niques have been used to characterize these hormones 
as well as to perform quantitative determinations of 
small quantities of the hormone Hemagglutination 
inhibition has also been used to study and detect 
HGH m human serum* The purpose of the present 
investigation, was to study HGH. and sheep ICSH. by 
another immunochemical reaction, namely, comple- 
ment fixation It may be noted that the complement 
fixation method is capable of determimmg quanti- 
tatively as little as 0 01 ugm of the hormone and 1s 
an, objective procedure which 1s more reproducible 
than, the hemagglutination technique 

Rabbit antisera to HGH and sheep ICSH were 
produced and the y-globulin was obtained as pre- 
viously deseribed?? The procedure for the comple- 
ment fixation tests was modified from that described 
by Kabat and Mayer’ For a typical experiment, 
002 ugm HGH was dissolved m 05 ml saline 
solution and 20 ugm anti-HGH y-globulin plus 500 
ugm lyophilized guinea pig serum ın 0 5 ml veronal 
buffer of pH 73 were added. With HGH, comple- 
ment fixation was carried out by meubation for an 
initial interval of 20 min. at 37°C , followed by further 
incubation overnight in the refrigerator at 4° C In 
the case of ICSH, meubation for 1 hr at 37? C was 
sufficient 

For the determination of uncombmed complement, 
a suspension of heemolysin-sensitized sheep red blood 
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Fig 1 Amount of complement fixed as a function of human 
growth hormone (HGH) and sheep interstitial cell stimulating 
hormone (ICSH) concentrations 4, HGH, O, sheep ICSH 
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cells was added and the contents of the tubes were 
allowed to meubate for 1 hr at 37° O The non- 
hemolysed mtact red blood cells were removed by 
centrifugation, the clear supernatant fluid was 
diluted to the proper concentration for estimation, of 
hemoglobin concentration at 540 my. in a Beckman 
spectrophotometer, model DU Increased, comple- 
ment fixation resulted ın less hemolysis and, conse- 
quently, a lower optical density Since the quantity of 
complement added 1s a critical step for reproducible 
results, a single lot of complement (Difco) with 
periodic titration was used in this work The amount 
of complement used was sufficient to lyse about 60 
per cent of the sheep red blood cells ın the tubes 
contammg the lowest concentration of antigen. 

The standard curves, which were obtained by 
varying the concentration of the hormone while 
keeping constant the amounts of all other components 
of the system, are shown m Fig 1 A linear response 
was observed up to 0 06 ugm of ovine ICSH and 
004 ugm of HGH The complement fixation tests 
were found to be reproducible if care was used 1n all 
phases of the test As a routine practice, 1t 1s always 
necessary to use a sufficient number of controls to 
detect anti-complement or synergistic activity and 
non-specific hemolysis 

The amount of complement fixed as a linear func- 
tion of the hormone concentration suggested that the 
complement fixation reaction could be used as a 
quantitative method for determmmng HGH and ovine 
ICSH This technique has thus been employed for 
estimation of hormonal content m the pituitary gland 
Fresh pituitaries were homogenized ın saline solution 
and the clear supernatant fluid was used The HGH 
content of two glands was found to be 21 3 and 31 8 
ugm per mgm of fresh tissue by complement fixation 
and 193 and 36 1 ugm per mgm by quantitative 
precipitin tests? By complement fixation the HGH in 
three acetone-dried glands was estimated as 4 4 ugm 
per mgm of dry tissue and 4 1 ugm per mgm by the 
precipitin test? These results were m good agreement 
with values estimated on the basis of the results of 
the tibia test in hypophysectomized rats? 

Similar studies were carried out for the estimation 
of the ICSH content in sheep pituitaries It was found 
that two sheep prtuitaries contamed 09 ugm and 
08 ugm, respectively, of ICSH per mgm of fresh 
tissue when the content was determmed by comple- 
ment fixation and. 1 0 ugm and 0 9 ugm , respectively, 
of ICSH. per mgm by the preciprtin test? 
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The results of this mvestigation demonstrate that 
antibodies, prepared from rabbit antisera, to highly 
purified preparations of human growth hormone and 
sheep ICSH fix complement when allowed to react 
with the respective antigens On a quantitative 
basis, the complement fixation reaction will detect 
about one-hundredth of the quantity of hormone 
measured by precipitm reactions ‘The close agree- 
ment of the values obtained by the technique of 
complement fixation with those obtamed by quanti- 
tative precipitm tests indieates that complement 
fixation ean be used as a quantitative immuno- 
chemical technique for measuring mmute quantities 
of HGH and sheep ICSH 

This work was supported ın part by a grant from 
the American Cancer Society and the United States 
Public Health Service (RG—-4092) Two of us (A T 
and K K S) thank the United States Public Health 
Service and the Population Council of the Rockefeller 
Foundation, respectively, for research fellowships 
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Effect of Riboflavin on Liver Histomucoid 


Isenberg and Szent-Gyorgy1! studied the reaction 
between tryptophan and tryptophan metabolites and 
nboflavin It was observed that free tryptophan or 
this amimo-acid in protems formed a complex with 
riboflavin The vitamin molecule takes up one elec- 
tron from tryptophan and a semiquinoid riboflavin 
free radical 1s formed Those authors speculated 
that this complex occurs ın vwo Since 16 was estab- 
hshed by Winzler et al? that seromucoid contains 
tryptophan, and 1n view of the hepatic origin of that 
fraction’, experiments were conducted by us to 
investigate a possible effect of riboflavin on liver 
histomucoid an vivo 

Male Wistar rats with mean body weight of 135 gm 
wero injected mtraperitoneally with a freshly prepared 
riboflavin solution (20 mgm /100 ml of physiological 
sahne) ‘The dose used was 02 mgm of riboflavin per 
100 gm of body weight One group of animals 
received only one mjection and the other was treated 
with a daily dose for 7 days Control rats were 
myected with the same volume of the saline solution 
All the ammals were fed ad lbwwum a standard 
balanced diet, and liver histomucoid determinations 
were carried out, by the method previously reported’, 
24 hr after the last mjection A summary of the 
results 15 shown 1n Table 1 

Table 1 clearly shows that 1n both riboflavin groups 
lowered levels of liver histomucoids were observed 
The differences between riboflavinanjected rats and 
the controls were statistically significant (1 treat- 
ment t= 3733, P«001, 7 treatments t = 4711, 
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Table 1 LIVER HISTOMUCOID IN RATS TREATED WITH RIBOFLAVIN 


No of No of Histomucoid 
Treatment injections rats (mgm hexose/100 gm acetone powder) 
Range Mean + SD 
Saline 1 6 105-191 152 + 36 
Riboflaym 1 6 89-108 96+ 7 
Saline 7 8 110-187 146 + 24 
Riboflavin 7 11 67-127 97 + 20 
P < 0001) From the results presented 1t 1s obvious 


that one dose of riboflavin 1s sufficient for the produc- 
tion of the full effect 

Seromucoid determinations? m the same animals 
were carried out and no differences were disclosed 
between control and riboflavin-treated rats Ths 
result warrants the conclusion that the lowered liver 
histomucoid observed was not produced by a mobiliza- 
tion of mucoprotems from that organ to the plasma 

On the other hand, incubation of extracts from liver 
acetone powders? or liver homogenates in physiological 
saline with mboflavim at 37° C up to 3 hr gave no 
change in the histomucoid-level 

Further mvestigations are bemg undertaken to 
elucidate the mode of the action of mboflavm on 
liver histomucoids 

This work was carried out with research fellowships 
from the National Research Council of Brazil 
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D-Penicillamine as an Antidote to 8- 
Hydroxyquinoline and Alloxan 


Owine to the chelate-forming effect of rts —SH. 
and NH, radicals, DL-penieillamine has hitherto been 
used for removing copper deposited 1n brain tissues 1n 
cases of Wilson's disease and for preventmg intoxi- 
cation caused by heavy metals! It is, however, 
undesirable to use L-penicillamine as a remedy or a 
preventive, because of its strong toxicity which 
causes acute and chronic deficiency of vitamin 
B, (refs 2-4) 

D-penicillamine, on the other hand, has no toxicity 
We have examined its preventive and remedial 
effects on mtoxication by 8-hydroxyquimoline and 
alloxane, which are diabetogenic agents 

0 03 mgm /gm of body-weight was determined as 
the lethal dose of 8-hydroxyquinoline for mice 10 hr 
after intramuscular imyection 02 mgm/gm of 
D-penicillamine, injected 5 min before the injection 
of lethal doses of 8-hydroxyquimoline, prevented 
death of 60 per cent of the experimental animals or 
showed effects ın retarding death Injection of 
05 mgm/gm of p-penicillamine prevented death 
completely but could not prevent toxic symptoms 








Table 1 
po EP 7 
| No of Mice 10 10 | 10 10 | 10 
p-Peniculamine mgm / | 
body-weight (gm ) 10 0 02 05 10 
8-Hydroxy quinoline mgm / , 9 
body-weight (gm ) 0 0 03 003 | 003 | 003 
Toxic symptoms — tet | tt + — 
No of mice dead 0 10 4 0 0 
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Table 2 
—— eee, 
No of mice 10 10 10 10 10 3 
Tested compounds mgm /body- — D-penicillamme | DL-cystine Vitamin B, Glucose Vitamin By, 
weight (gm ) — 10 10 10 10 0 15 
Alloxan mgm /body-weight (gm ) 0 45 0 45 0 45 0 45 0 45 0 45 
Toxic symptoms +++ + +++ +++ +++ ++ 
No of mice dead within 15 hr 10 3 10 10 10 2 
k 
— E 


such as dyspnoea, tremor and paralysis Injection of 
D-penicillamine (1 0 mgm /gm ), however, was success- 
ful in preventing death as well as all toxic symptoms 
(Table 1) Further, D-penicillamine Injection in the 
same amount, l hr before the lethal dose of 
8-hydroxyquinolme, could also save the animals 
friom death 

On the other hand, injection of 1 mgm /gm of 
vitamin B,, Dr-eystem (hydrochloride) or glucose or 
of 015 mgm /gm of vitamin B,, 5 min before the 
injection, of lethal doses of 8-hydroxyqumoline could 
not prevent death ın these animals 

10 mgm/gm p-penicillamine mjection 5 mm 
before the mjection of alloxane m the lethal doses 
(045 mgm /gm ) retarded death, but pzr-cystein, 
vitamin B,, glucose or vitamin B,,, injected ın the 
amount mentioned above, could not prevent or retard 
death (Table 2) 

8-Hydroxyquinoline injection m an amount less 
than the lethal dose caused the blood sugar in mice to 
increase by approximately 100 per cent in 1-3 hr and, 
thereafter, ın 6-16 hr , to decrease by approximately 
40 per cent, during which time some of the mice died 
of mtoxieation The blood sugar returned to the 
normal level in 24 hr and, thereafter, ın most cases 
showed slightly higher values than the normal In 
order to test the influence of D-penicillamine upon the 
changes of blood sugar values brought about by 
8-hydroxyquinoline, 1 0 mgm /gm of n-penicillamine 
was injected 5 mın before 8-hydroxyquinoline 
injection, but no influence whatever was observed 
Accordingly, 1t 1s considered that death caused by 
8-hydroxyqumoline and the antidotal effect of 
D-penicillamine against 8-hydroxyqumolime has noth- 
ing to do with the changes of blood sugar values 

With regard to the mechanism of the preventive 
action of D-penicillamme, we are still conducting tests 

Maxoto MATSUDA 
KATASHI MAKINO 
Department of Biochemistry, 
The Tokyo Jike1-kai School of Medicine, 
Minato-ku, Tokyo 
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Preparation and Determination of 
Sulphosalicylo-soluble Proteins using Tannin 


IN previous papers!-*, regeneration of proteins 
from insoluble protem-tannm compounds (PT) after 
treatment with caffeme, without loss of physico- 
chemical and biological properties, was reported The 
present communication 18 concerned with determma- 
tion and preparation of sulphosalicylo-soluble proteins 
(SSP) The proteins belonging to that group are, for 
example, gonadotropins, thyreotropim, orosomucoid, 
haptoglobin, submaxillary mucoprotein, oOvomucin, 
lysozyme, uromucoid and acid mucopolysaccharide- 
containing proteins 


In this commumeation the turbidimetrie micro- 
method‘ 1s applied to estimation of both groups of 
protems, soluble and insoluble ones, in sulphosalicylic 
acid (SSA) It has been shown that 10-100 ugm of 
dried gelatin, lysozyme, orosomucoid or mucin, dis- 
solved m 1 ml of 09 per cent sodium chloride or 
015 M SSA, produce with tannin reagent similar 
turbidity as hemoglobin, fibrinogen or egg albumin 
dissolved ın 1 ml of 09 per cent sodium chloride 
Under conditions of the method (pH about 0, excess of 
tannin with reference to weight of protem), imrevers- 
ible PT compounds are formed Turbidities, measured 
as optical density, are directly proportional to the 
weight of protems and do not depend on molecular 
weight, nitrogen content or on presence of a non- 
protein moiety In this way it 1s possible to apply the 
same criterion for the determination of proteins 
which are soluble or insoluble ın SSA, and an appro- 
priate conversion factor should be used 

It has been shown that as well as previously 
investigated protems, orosomucoid and lysozyme form 
reversible PT’ compounds at their isoelectric points 
and below, at a definite ratio of weight of the reac- 
tants’ For the precipitation of proteins at pH about 
1(0 15 M SSA), 400 mgm of tannin should be added 
to each 100 ml of the solution and then an amount 
of tannin equal to protein content The precipitate 18 
centrifuged and washed with water until 16 18 free 
from SSA Lysozyme and orosomucoid, after 
regeneration with caffeme, retain their electrophoretic 
mobility and solubility in SSA unchanged SSP can 
be recovered with 90 per cent yield 

Concentrations of total protein as well as that 
remaining in SSA filtrate have been determmed in 
different biological materials For example, in 100 ml 
of gastric juice, normal serum or urme (without 
uromucoid), 0 2, 6 0 and 0 005 gm of protein and 0 2, 
0 07 and 0 002 gm of SSP, respectively, were found’ 
Very small amounts of SSP in normal serum and 
urine require to be concentrated before paper electro- 
phoresis For that purpose, the tannm and caffeine 
procedure was appledi. SSP of serum had been 
concentrated. 50-fold and those of urme 1,000-fold, 
and they were separated afterwards by paper electro- 
phoresis The results of one experiment in which both 


Table 1 CONTENT OF THE SULPHOSALICYLO-SOLUBLE PROTEINS 
(SSP) IN THE ELECTROPHORETIC FRACTIONS OF NORMAL HUMAN 
SERUM AND URINE 


Serum Urine * 
SSP SSP 
Fraction Protein Percent Protein Per cent 
gm / gm / of gm / gm / of 
100 ml 100 ml fraction 100ml  100ml fraction 
Albumin 940 00045 013 000073 000013 180 
a,-Globulin 034 00470 1890 000048 000034 726 
a,-Globulin 072 00097 134 000054 000016 288 
B-Globulin 092 00066 072 000158 000043 26 9 
y-Globulin 114 00142 125 000048 000029 00 5 
Protein with- 
out electro- 
phoresis 66 0 0820 124 000881 000135 35 5 


* Urine without uromucoid of Tamm and Horsfall 

Paper electrophoresis ın veronal buffer of pH 8 6 and tonic strength 
009 (ref 8) Protein was concentrated by the tannin-caffeme pro- 
cedure (ref 2) Amount of SSP in 100 ml of serum, amount of protein 
in 100 ml of urine and SSP ın 100 ml of urine were, after the con- 
centration procedure, 31, 18 and 2 gm, respectively The results 
are obtained by dividing the obtained values by degree of concentration 
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the protem and regenerated SSP of normal human 
serum and regenerated protem and SSP of normal 
urme were determined after paper electrophoresis 
are shown ın Table 1 The values obtained for oroso- 
mucoid, of normal human serum were strikingly 
simular to those of Winzler® 

Electrophoretic paper strips of regenerated proteins 
and SSP of normal urme were stained for acid muco- 
polysaccharides with alcian blue according to 
Heremans and Vaerman’ Three fractions were found 
with anodic mobility greater than albumin even 
though chondroitic acid and heparin are not precipit- 
able with tannin The presence of acid mucopoly- 
saccharides proves that they are precipitated together 
with the protem component and are then dissociating 
during electrophoresis 
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Comparative in vitro Activities of 
Phosphorylase b and Cytochrome Oxidase 
in Preparations from Two Ox Muscles 


Ir ıs generally observed that glycolysis in mam- 
mahan muscles ceases when the pH falls to 5 4-5 5 
and that this pH. 1s usually reached unless there 1s 
insufficient glycogen present in the muscle at the 
moment of death In some muscles, however, as 
much as 1 per cent of glycogen may remain uncon- 
verted to lactic acid at an ultimate pH of 5 9-6 0 1? 
One such muscle 1s ox sternocephalicus It has been 
shown that during post-mortem glycolysis in this 
muscle the length of the external glycogen chains 
diminishes significantly Thus, while the mean 
number of glucose residues in external chains of 
glycogen molecules for ox s?ernocephalwus glycogen 
18 12 before the onset of rigo? mortis (pre-rigor), the 
mean number of glucose residues for the residual 
glycogen’ (post-rigor) ıs 9 the latter is apparently 
msusceptible to further glycolysis ın situ In these 
circumstances, 1t was of interest to compare the 
behaviour of the glycogen isolated post :4gor from ox 
sternocephalicus when exposed ın vro to the action 
of phosphorylase b preparations from ox sterno- 
cephalicus and psoas major muscles respectively The 
rate of ın vitro breakdown of some other muscle 
glycogens by these phosphorylases has also been 
considered 

The methods for preparmg pre- and post-rigor 
samples of muscle glycogen have been described 
eailier? Phosphorylase b was prepared by the method 
of Fischer and Krebs‘, and its enzymic activity in 
forming glucose-l-phosphate from glycogen was 
measured as described by Illmgworth and Cor1® The 
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Table 1 RELATIVE 27 vitro ACTIVITY * OF OX PHOSPHORYLASE b FROM 
Two Ox MUSCLES WITH VARIOUS SAMPLES OF MUSCLE GLYCOGEN T 


Source of Source of glycogen 

phosphoryl- Psoas Psoas Sterno- Heart Heart 
ase bt major major cephalicus (horse) (horse) 
preparation (ox) (ox) ox) pre-rigor post-rigor 
pre-rigor post-rigor post-rigor 

Psoas major§ 100 100 80 130 95 
Sterno- 

cephalicuss 100 110 75 145 115 


* Rate of glucose-1-phosphate formation in a reaction mixture of 
02 mM adenylic acid, 1,000 mgm per cent glycogen, 25 mgm per 
cent inorganic phosphate and 5 mgm per cent phosphorylase b protein 
in 007 M glycerophosphate and 0 06 M cysteine buffer, pH 68 
Activity of psoas major phosphorylase b with psoas major (pre-rigor) 
glycogen taken as 100 = 850 units/mgm protein 

t As prepared by Lawrie et al (ref 3) 

t As prepared by Fischer and Krebs (ref 4) 

§ values of three determinations except for psoas major (post- 
rigor 


activity of phosphorylase b prepared from ox psoas 
major muscles against pre-rigor glycogen from this 
same source has been given an arbitrary value of 100 
Findings are summarized in Table 1 

It ıs clear that phosphorylase b preparations from 
psoas major and sternocephalwus muscles of the ox 
break down a given glycogen at comparable rates 
Different glycogens, however, are attacked at 
markedly different rates by both phosphorylase 6 
preparations ‘Thus pre-rigor glycogen from horse 
heart 1s broken down at about twice the rate of post- 
rigor glycogen from ox sternocephalwus (Table 1) 

The results indicate that post-rigor glycogen from 
ox sternocephalicus 1s broken down sn vetro by phos- 
phorylase b prepared from this same muscle This 
suggests that ıts apparent insusceptibihty to attack 
during post-mortem glycolysis cannot be entirely 
explained by those structural changes in the molecule 
represented by the shortening of the mean number of 
glucose residues m external chains of glycogen 
molecules In this context ıt may be mentioned 
that pre- and post-rigor glycogens from horse 
diaphragm and psoas muscles have similar mean 
number of glucose residues, yet ın both muscles there 
18 0 6-1 per cent of residual glycogen at ultimate pH 
values above 585% On one hand ıt could mean 
that phosphorylase 1s more readily mactivated during 
post-mortem glycolysis ın ox sternocephalwcus than m 
ox psoas On the other hand, ıt could sigmfy that, 
apart from the magnitude of the store of muscle 
glycogen, intracellular organization is a factor m 
determining the extent of post-mortem glycolysis It1s 
not meonceivable that glycogen ıs functionally 
differentiated «n vwo and that there may be con- 
comitant specificity of localization Thus, in muscles 
such as ox sternocephalwus, some of the glycogen 
present ın vivo may be inaccessible to attack under the 
conditions prevailmg in the immediate post-mortem 
period 

The relatively high activity of phosphorylase b 
with pre-rigor glycogen from horse heart is compatible 
with the rapidity of glycolysis in the latter post 
mortem‘ and under anaerobic conditions an vwo” Pre- 
and post-rigor glycogens from ox psoas major are 
apparently converted mto glucose-l-phosphate at 
much the same rate by phosphorylase b preparations 
wm vitro This accords with their similar branching 
structure? and with the fact that no residual glycogen 
18 found in this muscle above an ultimate pH of 
5 4-5 5 (ref 8). 

The potential respiratory capacity of the ox 
sternocephalicus was compared with that of tite 
psoas major by determining cytochrome oxidase m 
enzyme preparations! made from each (Table 2) 
Both the concentration of enzyme solids, and their 
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Table 2 COMPARATIVE DATA ON CYTOCHROME OXIDASE ACTIVITY IN 
ENZYME PREPARATIONS FROM OX psoas major AND Ox sternocephalicus 


MUSCLES 
Cytochrome Mgm dry Calculated 
Source of oxidase * fat-free oxygen UltimatepH 
enzyme Qo, solids/ml uptake of muscle 
preparation meanand SE  meanand on whole- 
SE tissue 
basis 
(ul fem / 
I 
om major 1,146+51 (5) 370+60(5) 4,770 5514004 (5) 
erno- 
cephalwus 1,554 + 222 (b) 480-6 8(5) 8,400 5 91+0 08 (5) 


Qo, max = ul oxygen/mgm dry fat-free 


* Cytochrome oxidase D 
xperi- 


enzyme solids/hr at infinite cytochrome e concentration 
mental conditions of Slater (ref 9) 


intrinsic activity, were greater in the sternocephalicus 
preparations than in those from the psoas major 
As a result the potential rate of respiration due to 
cytochrome oxidase in the former was found to be 
about twice as high as that in psoas major, when 
calculated on a whole-tissue basis There tends to be 
an inverse relationship in muscle between respiratory 
capacity and the magnitude of the initial glycogen 
Storeb?:3! (Initial glycogen ıs an approximation to 
the ın vwo resting value It refers to the quantity at a 
hypothetical initial pH of 7 2, calculated from the 
pH, glycogen content and buffermg power of a 
muscle sample) Since the sternocephalicus has a 
markedly greater imutial store of glycogen than 
psoas major’, its greater cytochrome oxidase activity 18 
unexpected This finding does suggest, however, that 
the glycogen store ın a muscle such as ox sterno- 
cephalicus may serve other purposes than the pro- 
duction of energy by glycolysis or respiration solely 
from a quantitative aspect The resistance of part of 
this glycogen to post-mortem glycolysis, 1ts relative 
resistance to phosphorylase b ın vitro and its unusual 
branching characteristics lead to a similar conclusion 
E J BRISKEY 
Animal Husbandry Department, 
University of Wisconsin, 
Madison. 
R A LAWRIE 
Low Temperature Research Station, 
Agricultural Research Couneil and 
University of Cambridge 
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Prostatic Cytochromes 


THE endogenous respiration of adenomatous human 
prostatic tissue 18 known to be low! In the present 
work the respiratory activity and lactic acid produc- 
tion of normal rat prostate and adenomatous human 
prostate have been compared 

The rate of oxygen uptake of the human gland was 
about one-third that of the dorsolateral lobe or the 
veatral lobe of the rat It was considerably increased 
by 10-3 M succinate and to a lesser extent by 10-° M 
fructose Except for pyruvate, which had a slight 
stimulatory effect on the ventral lobe, the oxygen 
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Table i EFFECT OF EXOGENOUS SUBSTRATES ON THE RATE OF 

OXYGEN UPTAKE OF PROSTATIC TISSUE 

Oxygen uptake zmoles/gm dry weight/hr 
Substrate issue 

Rat dorsolateral lobe Rat ventrallobe Human gland 

Ni 80 + 10 (4) 96 + 5 (12) 83 +7 (8) 
Succinate 82 + 8 (3) 119 2) 500-5 (5) 
Fructose 87 + 13 (3) 101 + 21 (3) 53 +5 (0) 
Pyruvate 84+ 8 (4) 126+ 9 (8) 42+6 (6) 
Glucose 78+ 7 (3) 99 +12 (8) 32 + 2 (18) 


Slices of tissue were incubated in a calexum-free Krebs—Ringer- 
phosphate buffer at pH 74 with 10° M substrate — Equilibrated 
with air at 37? 

Results are given as means + S E with the number of experiments 
shown in parentheses 


uptake of either lobe of the rat was uninfluenced by 
10-9 M sucemate, pyruvate, glucose or fructose 
(Table 1) 

The rate of lactic acid production, which was greater 
in the human gland than in either lobe of the rat 
prostate, was increased by added fuctose All the 
substrates tested on the rat glands except fructose 
(which was without effect) shghtly raised the rate of 
lactic acid production These findings might be due 
to qualitative or quantitative differences in the 
cytochrome systems of the tissues (Table 2) 


Table? EFFECT OF EXOGENOUS SUBSTRATES ON THE RATE OF LAOTIO 
ACID PRODUCTION OF PROSTATIC TISSUE 


Lactic acid production umoles/gm dry weight/hr 


Substrate Tissue 

Rat dorsolateral lobe Rat ventrallobe Human gland 
Nu 28 + 4 (3) 17 + 1 (5) 90 +19 (9) 
Succinate — 24 (2) 05 + 14 (5) 
Fructose 19 (2) 15 (2) 120 +10 (6) 
Pyruvate 39 + 6 (4) 27 + 3 (6) 86 + 25 B 
Glucose 31 + 3 (3) 24 + 4 (3) 80 + 10 (18 


Conditions were as shown 1n Table 1 


Homogenates ın phosphate-salne buffer at pH 7 4 
were prepared from the glandular portions of human 
adenomatous prostate, and from the separated 
dorsolateral and ventral lobes of the rat prostate, 
reduced with sodium dithionite and examined by the 
Beck—Hartree microspectroscope Both lobes of the 
rat gland showed absorption bands with maxima 
at 550 my, 562 mp and 600 mu, corresponding to the 
maxima of cytochromes c, b anda The bands were 
also produced by the addition of succinate to cyanide- 
treated preparations, suggesting enzymic reduction 
of cytochromes Homogenates from human glands 
chemically or enzymically reduced showed strong 
bands of cytochrome b and weaker bands of cyto- 
chrome a@ Cytochrome c was not detected with 
certamty, and, if present, its concentration was 
considerably less than those of cytochromes b and a 
The eytochrome b bands in all preparations disap- 
peared on heating in a boiling water-bath for 5 mm 

Fresh normal human prostates have not been 
available for examination, but the absence or rela- 
tively low concentration of cytochrome c in the 
human adenomatous tissue might either be related 
to the mechanism of adenomatous change, or an 
adaptive response to hypoxia in the poorly vascular- 
ized hypertrophied gland (cf the decrease in the 
concentration of cytochrome c in diaphragm during 
hypoxia?) 

We wish to thank the British Empire Cancer 
Campaign for a grant to support the work 
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An Unusual Major Fatty Acid Component 
in Human Depot Fat 


THE technique of gas chromatography has shown 
that naturally occurring fats and waxes contain 
saturated and unsaturated fatty acids with both 
even and odd numbers of carbon atoms So far, 
however, the acids with odd numbers of carbon atoms 
have been reported to occur in only relatively small 
amounts 1n natural materials 

During analysis of human depot fat bemg carried 
out at this Institute, one specimen was shown to 
contain 8 7 per cent of a branched chain fatty acid 
containing thirteen carbon atoms Other specimens 
of depot fat we have examined have always contained 
less than 01 per cent of this acid The analysis 
showed no other abnormal features The fat was 
obtained from the abdominal wall of a male African 
of the Sukuma tribe, whose approximate age was 60 
yeais, admitted to hospital suffering from a strangu- 
lated hernia The material was treated by the method 
described by Kingsbury et al! and 01 yl of the 
resulting methyl esters was applied to a 4-ft column 
of 20 per cent ‘Apiezon L’ grease on 100-120 mesh 
‘Celite’ held at a temperature of 186° C Argon was 
used as the carrier gas and the effluent gas was passed 
through a Pye 1omzation detector The methyl ester 
of the component emerged from the column with a 
retention volume of 0 256 relative to methyl palmitate 
With these conditions the relative retention volume of 
n-tridecanoic acid was 0 307 The amount of material 
available was too small to allow the nature of the 
acid to be determined accurately, but as the peak 
corresponding to the acid still appeared on the trace 
after bromination by the method of James and Martin? 
15 must be considered to be a saturated acid 

We aie unable to explain the presence of the large 
amount of this acid m this specimen, but since it 18 
most unlikely to occur to any extent in the diet, we 
suggest that 1ts presence 1s due to an unusual method 
of fatty acid synthesis ın the body 


D S MCLAREN 
W W C READ 
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Blood Glucose-6-Phosphate in Heterozygous 
Carriers and Patients with Liver 
Glycogen Disease (Von Gierke's Disease) 


Hsia and Kot! have reported that children with 
liver glycogen disease (von Gierke’s disease) and their 
paients, presumably heterozygous for the disease 
trait, both have high levels of glucose-6-phosphate 
and fructose-6-phosphate ın red. blood cells If correct, 
this observation would have very important practical 
as well as theoretical umpheations It would greatly 
smmphfy the diagnosis and study of this disease and 
would open the possibility of its control through a 
eugenic approach However, Hsia and Kot presented 
no evidence that ther analytical methods were 
appropriate or that the materials they measured were 
m fact glucose-6-phosphate and fructose-6-phosphate 
Furthermore, the values these authors cited for their 
normal control population (glucose-6-phosphate, 
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50-370 mgm per 100 gm red blood cells, fructose-6- 
phosphate, 120-570 mgm per 100 gm red blood cells) 
are much higher than those reported by other mvest1- 
gators? * or expected from theoretical considerations 
Accordingly, their findings seemed questionable We 
have re-examined this problem with respect to 
glucose-6-phosphate, using a specific enzymic analyti- 
cal method Our results are m sharp disagreement 
with those of Hsia and Kot 

Samples of whole blood or sedimented erythrocytes 
were deprotemuzed with equal volumes of 7 per cent 
perchloric acid The filtrates were neutralized with 
potassrum hydroxide and aliquots were incubated 
with glucose-6-phosphate dehydrogenase and triphos- 
phopyridine nucleotide (TPN) The procedure of 
Aisenberg* was followed, except that 300 pgm of 
TPN was used and the total volume of the incubation 
mixture was reduced to 0 5 ml The reaction was con- 
ducted m microcuvettes The procedure was applied 
to standard solutions of glucose-6-phosphate, produc- 
tion of reduced TPN was within 6 per cent of the 
expected amount The method was then tested by 
determing glucose-6-phosphate in whole blood to 
which different amounts of glucose-6-phosphate had 
been added The results are shown m Table 1 There 
was some loss of added glucose-6-phosphate, pre- 
sumably due to catabolism durmg the interval 
between addition of the material and mactivation of 
enzymes m the blood However, recoveries were in a 
satisfactory range and reproducibility was good, 
down to concentrations of about 1 mgm /100 ml 
Below this level, the procedure proved inaccurate 
because the increases 1n optical density durmg incuba- 
tion were very small 


RECOVERY OF GLUCOSE-6-PHOSPHATE ADDED TO WHOLE 
BLOOD 


Manipulations were carried out at room temperature, time interval 

before addition of perchloric acid was about 2 mın In each experi- 

ment the glucose-6-phosphate concentration was determined in an 

aliquot of blood to which none had been added and the recovery 
results were appropriately corrected 


Table 1 


Glucose-6-phosphate (mgm /100 ml ) Recovery 
Added Recovered (per cent) 
64, 64, 64 55, 57, 56 84, 89, 88 
382, 32, 2 31, 26, 9 97, 81, OI 
16, 16 14, 14 88, 88 
0 64, 0 64, 0 64 0 72, 0 53, 053 112, 82, 82 
0 32, 0 32, 0 32 0 21, 034, 038 66, 107, 115 
0 16, 0 16 0, 021 0, 131 


Table 2 presents the results obtained on whole 
blood and/or sedimented erythrocytes in 3 children 
with von Guerke’s disease, 4 parents and 12 other blood 
relatives of such children, and 11 healthy adults 
without a family history of the disease In all cases, 
the concentrations of glucose-6-phosphate were near 
the lower limit measurable by the method and much 
below those reported by Hsia and Kot There were no 
major differences among affected children, their 
parenis, other relatives, and normal controls Because 
our analytical method was maccurate at these low 
concentrations, however, 1t was not deemed worth 


Table 2 GLUCOSE-6-PHOSPHATE IN BLOOD OF CHILDREN WITH 
VON GIERKE’S DISEASE, ae OF SUCH CHILDREN, AND NORMAL 
DULTS 


Relatives examined include 4 parents, 3 grandparents, 4 aunts or 
uncles and 5 siblings 


Whole blood Red blood cells 
(mgm /100 ml ) (mgm /100 ml ) 
Affected children 
Case 1 04 10 
Case 2 07 -— m 
Case 3 — 08 
Relatıves of affected «03-07 «038-05 
children, range (8 individuals) (8 indrviduals) 
Normal controls, <0 3-20 <03-08 
range (11 individuals) (8 individuals) 
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while to calculate means and standard errors, and our 
results do not exclude the possibilty that small 
differences between some of these groups may exist 

The recovery data shown im Table 1 indicate that 
we would not have failed to find the concentrations 
reported by Hsia and Kot for ther normal controls, 
to say nothing of the very high values these authors 
1eported for affected children and their parents Our 
values are roughly of the same order of magnitude as 
those reported by Bartlett?, who undertook a pains- 
taking analysis of glycolytic intermediates in human 
red blood cells, using carefully controlled column 
chromatographic techniques for the separation of 
individual compounds and identifying each fraction 
obtained by appropriate chemical methods Bartlett 
obtemed the following values ın 14 healthy adults 
glueose-6-phosphate, 008-010 umole per ml red 
blood cells (2 1-2 6 mgm per 100 ml), fructose-6- 
phosphate, 0 01-0 02 umole per ml red blood cells 
(0 26-0 52 mgm per 100 ml ) 

Hsia and Kot reported normal erythrocyte concen- 
trations of glucose-6-phosphate and  fructose-6- 
phosphate which are up to six times as high as the 
normal level of glucose The concentrations proposed 
for heterozygous carriers (who have no obvious 
clinical abnormalities) and for children with von 
Gierke’s disease are ten to fifteen times the normal 
glucose concentration These values are far outside 
the range expected from theoretical considerations or 
found by other investigators Simce Hsia and Kot 
offered neither recovery data as a check on their 
analytical technique nor evidence that the materials 
measured were indeed  glucose-6-phosphate and 
fructose-6-phosphate, we are forced to conclude that 
they were measuring something other than these 
phosphorylated hexoses and that a method for the 
detection of heterozygous carriers of von Guierke’s 
disease is not yet at hand 

This investigation was supported in part by grant 
4-1646 (C) from the National Institutes of Health, 
US Pubhe Health Service 
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DuniNG the past year, we have attempted to 
improve the methodology usmg two different 
approaches I would lke to summarize the results 
obtained up to the present time 

In all experiments, equal volumes of 10 per cent 
trichloroacetic acid were added to whole blood and the 
precipitate removed by centrifugation The super- 
natant was then extracted four times with ether or 
until neutral, and the ether removed by evaporation 

In the first series of experiments, glucose-6-phos- 
phate was measured directly by incubation with yeast 
glucose-6-phosphate dehydrogenase (Sigma) and TPN, 
and observing the conversion of TPN to TPNH in the 
Beckman spectrophotometer at 340 mp Recoveries 
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of glucose-6-phosphate added to normal red cells was 
somewhat variable, with ranges from 76 to 111 per 
cent bemg obtamed ın successive experiments 
Jsing this technique, the range of values for 6 normal 
controls was 0 23-0 74 mgm /100 ml red blood cells 
(all values have been expressed on the basis that the 
hexose phosphates are intracellular) In two patients 
with von Gierke’s disease, the values were 1espectively 
0 44 and 072 mgm /100 ml red blood cells These 
findings are essentially ın agreement with those of 
Sokal e£ al 

In the next series of experiments, the total hexose 
monophosphates were determined in the following 
manner The evaporated ether extract was passed 
through “Dowex 50 x 8 (50-100) and washed with 
25 ml water This was neutralized with ammonium 
hydroxide and put through a ‘Dowex 1 x 8 (50—100)' 
column and washed. with 50 ml water The resin was 
eluted with 80 ml. 0 02 N hydrochloric acid and the 
total hexose determined by anthrone Recovery for 
glucose-6-phosphate was 101 per cent Using this 
technique, the range for normal controls was 1 04— 
177 mgm /100 ml red blood cells The values for two 
mothers were 1 74 and 1 85 mgm /100 ml red blood 
cells, and for five children with von Guierke’s disease 
were 104, 159, 187, 207, and 2 20 mgm /100 ml 
Thus, three of the affected children and one of the 
mothers had levels m excess of the upper limits of the 
normal range These findmgs are compatible with 
those previously reported by Wagner et al! and from 
our laboratory 

In reviewing the communication by Sokal et al , one 
should evaluate critically two points First, there 18 
considerable doubt as to whether the conversion of 
TPN to TPNH at 340 mp can be used as a satisfactory 
means of measuring glucose-6-phosphate at such low 
ranges In particular, I feel that the values by this 
method tend to run low Secondly, the authors have 
failed to take into account the action of phosphatases 
and other enzymes on glucose-6-phosphate m the 
erythrocytes of normal individuals? and m those with 
von Gierke’s disease In experiments with normal 
red cells, we have observed changes of glucose-6- 
phosphate upon standing at room temperature during 
a period of 1 hr The results of Sokal e£ al ın Table 2 
would seem to support this In their experiments, 
the whole blood was deprotemuzed within 2 min, 
while the packed red cells had to be separated by 
sedimentation or centrifugation mvolving at least 
20-30 mun It can be seen that m case 1, this pro- 
cedure had httle or no effect, smce the packed red 
cell values are approximately twice that in whole 
blood On the other hand, 1n the normal controls the 
value m the packed red cells, instead of bemg about 
twice the range in whole blood, ıs ın fact about half, 
indicating roughly a four-fold decrease 

We? have recently prepared an enzyme system in 
red cells which hydrolyses glucose-6-phosphate 
Assays were carried out using a mixture of 1 ml of 
1 1 hemolysate and 1 ml 004 M histidine buffer 
at 5 0 contaming 75 uM of glucose-6-phosphate and 
100 pM of ethylene diamine tetraacetate and ın- 
cubated for 2 hr at 37° C The glucose that was 
liberated was measured by glucose oxidase Duplicate 
assays showed, variations of less than 5 per cent by 
this method The activity m 15 normal controls 
averaged 17 + 27 mgm glucose hberated/hr /100 ml 
red blood cells, while m 8 patients with glycogen 
storage disease and their parents, 1t averaged 14 + 
27 The demonstration of an erythrocyte enzyme 
system which hydrolyses glucose-6-phosphate and a 
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significant decrease of activity among patients and 
their parents explains our earlier findings. 

Davip Y1-Yune HsrA 
Northwestern University Medical School, Chicago 
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Prolonged Biological Half-Life of Sodium-22 
in Patients with Essential Hypertension 


In the treatment of hypertension, the effectiveness 
of sodium depletion by either dietary restriction or 
natriuretic agents 1s now fully documented It :5 
sufficient to say that the response to such treatment 
led to the hypothesis that hypertensives might suffer 
from an abnormality in sodium metabolism The 
first measurements of the sodium content of indivi- 
duals with hypertension were done in 1951 by the 
technique of isotopic dilution using sodium-241 With 
the exception of one report these observations have 
been confirmed repeatedly by ourselves and by others: 
an Increase m sodium was not evident In the single 
discordant report?, some cases of severe hypertension 
were noted to have an increase m exchangeable 
sodium, but this was interpreted as bemg secondary 
rather than primary to the disease, because ıt was 
observed almost exclusively m individuals with 
advanced, hypertension, 

In 1953 1t was reported that when the average salt- 
consumption of rats was increased, the mean systolic 
pressure increased linearly? Observations on human 
beings have shown a similar type of correlation as the 
average salt-consumption of a community increases, 
the prevalence of hypertension mereases linearly: 
Such observations have been interpreted to mdicate 
that chronic excess salt consumption plays a primary 
part in the etiology of human hypertension? In view 
of these considerations, the apparent absence of 
measurable increase in body sodium m patients with 
hypertension has been subjected to new scrutiny 

During the past two years we have explored further 
the sodium metabolism of patients with and without 
hypertension using sodium-22 (physical half-lıfe, 
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2 6 years) instead of sodium-24 The results suggest 
that hypertensives probably do have an abnormahty 
m sodium metabolism 

Fifteen adult patients, none of whom had had 
symptoms or signs of cardiac or renal failure, were 
studied Seven patients had ‘essential’ hypertension 
whereas the other 8 had unrelated diseases with 
normal blood pressure These investigations were 
carried out while the patients were in a metabolic 
ward and were consuming a constant diet which con- 
tained, about 250 mgm of sodium chloride by analy- 
sis After the dietary regimen had been established, 
Sodium-22 (usually 2-4 ue) was given orally and 
the total body burden of this 150tope was recorded 
every l-3 days by means of a whole-body counter? 
Thereafter the patient's daily mtake of salt was m- 
creased by 2, 5 or 10 gm, at which level 1$ remained 
for 2-4 weeks without other change m the regimen 
Some patients served as subjects for more than one 
level of salt increment The addition of this salt 
resulted ın a prompt increase in the rate at which 
sodium-22 was lost from the body, manifested by a 
decrease in total body counts On any given salt 
intake, the rate of decline in counts proved to be 
steady and relatively predictable for each patient At 
each of the three levels of salt ingestion, the hyper- 
tensive individuals, without exception, lost sodium-22 
significantly more slowly than did those without 
hypertension (P < 001) This ıs shown m Table 1, 
where the rate of loss of sodium-22 1s described in 
terms of its ‘biological half-life’ 

There are at least three possible explanations for the 
slower excretion of the sodium-22 ın hypertensive 
subjects (1) The metabolism of sodium-22 differs. 
from that of sodium-23 in hypertensives This seems 
most unlikely (2) Hypertensives absorb less of the 
supplementary sodium chloride This was disproved 
by measurements of the urmary excretion of sodium. 
(3) Hypertensives have more sodium im the body, 
that 1s, they have a larger ‘metabolic pool’ of sodium 
Obviously, the last-named hypothesis merited re- 
investigation in spite of the repeated evidence to the 
contrary cited above 

The original calculations of total exchangeable 
sodium were based on actual weight? However, 
recent unpublished observations which were made on. 
obese hypertensive females during sharp decline in 


Table 1 
Hypertensive subjects 


Biological half-life of sodium-22 (days) 
Sodium chlonde per day added (gm ) 


Patient Age Sex Diagnosis Weight (kgm ) 2 10 
RB 51 M EHT 83 61 (56, 66)* 28 (26, 30) 13 5 (18, 14) 
BC 42 F EHT 51 65 
EEr 45 M EHT 62 62 13 
AK 56 F EHT 73 83 
ML 48 M EHT + P 73 13 
PD 58 M EHT 84 63 26 
NS 55 M EHT 63 71 (78, 64) 95 5 (26, 25) 13 5 (13, 14) 
Mean 642 5 26 5 1833 
SD +36 +12 +03 
Normotensive subjects 
AE 51 F Ob 59 48 7 (45, 46, 55) 12 (12,12) 
RG 25 F Ob 79 41 (40, 42) 20 11 
AR 17 F Ob 55 30 23 11 
MW 50 F ND 64 37 (35, 39) 
MP 52 F A 47 41 17 9 
LL 56 M Sch 51 39 21 11 
CB (coloured) 39 M Sch 65 45 22 11 
EE 60 M CVA 52 44 20 12 
Mean 407 205 110 
D +58 +21 +10 
tt 9 27 4 58 +437 
Pt « 001 « 001 « 001 


EHT, Essential hypertension, EHT + P patient also had Parkinson's disease, Ob, obesity, ND, no disease, A, periodic alcohofism, 
no liver disease, Sch, sehizophrenia, CVA, cerebrovascular accident—no known antecedent hypertension 

* More than one value indicates additional periods of study which were not performed sequentially For such individuals the average 
of these values was used in calculating mean and standard deviation of the group 

T For hypertensive versus normotensive subjects on equal sodium chloride intakes 


268 


weight had frequently shown negligible loss of 
exchangeable sodium despite weight losses of 20-50 
kgm ‘This indicated that the fat deposits m such 
people had a low sodium content Therefore the 
calculations based on actual weight might have been 
misleading if the average hypertensive person had 
been fatter than the average non-hypertensive 
subject Hence, body sodium content was recalculated 
on the basis of two approximations of ‘lean body 
mass’ This brought into evidence that the hyper- 
tensives appeared to have an increase 1n tissue sodium 
One approximation was based on ‘desirable’ body 
weight as defined from a recent large actuarial study’, 
while in the second, exchangeable sodium was 
expressed with reference to body potassium ‘The 
latter was derived from the amount of naturally 
occurring potassium-40 present in each patient as 
determined by a total body radiation counting tech- 
nique? 

The evidence seems unequivocal that mdividuals 
with essential hypertension have a prolonged biological 
half-hfe for sodium 22 Our prelimmary calculations 
suggest that this 1s the result of hypertensive patients 
having a large metabolic pool of sodium These 
findings lend support to the thesis that sodium 1s 
intimately involved in the hypertensive process? 
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Modification of the Inotropic Activity 
of Calcium by Potassium 


IN previous communications from this laboratory’, 
results have been presented which suggest that the 
accumulation of calcium at specific sites on or about 
the membranes defining individual cardiac cells may 
provide the fundamental basis for the conditions of 
enhanced contractility recorded durmg post- and 
extra-systolic potentiation and throughout the classi- 
cal staircase? These results confirmed the earlier 
observations of Niedergerke* and support the hypo- 
theses of Sandow®, of Csapo*, and of Bianchi and 
Shanes’, who maintain that entry of calerum associ- 
ated with the depolarization stage of activation 1s 
involved both ın the link between excitation and 
contraction and in the regulation of the contractile 
force Hajdu and Szent-Gyorgyi?, however, having 
observed that the staircase in isolated perfused frog 
hearts was abolished by reducing the potassium 
concentration, [K+], of the perfusate suggested that 
progressive loss of potassium from the myocardium 
during successive beats of the staircase provided the 
basis for the increased contractility 
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Fig 1 Aand B Positive motropic response recorded following 
A, increase of perfusate [Catt] from 0 65 to 26 mM when [K+] 
was 3 2 mM (Catt added at arrow), B, replacement of half the 
perfusate Nat by Lit (at arrow) nom the perfusate [K*] was 
m 
C and D Change in contractile force recorded 1n same prepara- 
tion as used in A and B following C, increase of perfusate [Catt] 
from 065 to 26 mM when the perfusate [K+] was reduced to 
0005 mM, D, replacement of half the perfusate Nat by Lit 
when the perfusate [K+] was 0 005 mM 


A possible lınk between the hypothesis involving 
changed [K+] formulated by Hajdu and Szent- 
Gyorgyi, and that involving the accumulation of 
calc1um as postulated by Niedergerke and others, has 
recently been noted in a series of experiments in 
which the action of calcium on the contractile 
behaviour of isolated toad ventricles perfused with 
Rimger’s solution contamimg varying [K+] was 
studied 

In these experumnents ventricles removed from 
summer, non-hibernating toads of the species Bufo 
marinus were stimulated at a constant rate of 6 beats/ 
min using supra-maximal rectangular pulses de- 
livered from a ‘Tektromx’ square-wave generator 
Isotonic contractions detected by the photo-electric 
method previously described® were recorded on a 
direct-writing recorder and the ventricles imitially 
perfused for a standard 60 mm _ equilibration. 
period with Ringer’s solution containing 3 2 mM Kt 
and 065 mM Catt Followmg this preliminary 
perfusion, addition of Cat+ (as CaCl,) to give a final 
[Cat+] of 26 mM resulted ın an immediate well- 
defined positive inotropic response (see Fig 14) 
Such an increase in contractile force would be antici- 
pated from the classical experiments of IHungeri? 
Similarly, replacement of half the perfusate Na* by an 
isotonically equivalent amount of Lit (as LiCl) 
evoked an immediate positive inotropic response 
(Fig 1B) 

Reduction of the perfusate [K+] from the original 
level of 3 2 mM to 0005 mM profoundly modified 
these positive motropic responses recorded in the 
presence of 3 2 mM K+ when the perfusate [Cat*] 
was Increased or the [Na*] decreased Thus when the 
perfusate [K+] was reduced to 0 005 mM, increasing 
the [Catt] from the original 0 65 mM to 2 6 mM either 
failed to alter the contractile force or in some 
preparations slightly decreased it (see Fig. lC) In 
the presence of this low [Kt], replacement of half the 
perfusate Nat by Lit without any attendant change 
in tonicity reduced the amplitude of contractions 
(see Fig 1 D) 

The negative inotropic response which was recorded 
when the [Ca**] of the perfusate was raised from a 
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(K+]=3 2 mM [K+] =0 mM 


Fig 2 Changes m contractile force recorded in a single prepara- 

tion following the addition (at arrow) of Ca** to give a final 

concentration of 26 mM when the perfusate contained 
A,32mM K+, B, Kt deleted 


Li* Lit 


A B 
[K*]=3 2 mM [K+] =0 mM 


Fig 3 Changes ın contractile force recorded from a single prepara- 

tion following replacement (at arrow) of half the perfusate Na* 

by an isotonieally equivalent amount of Lit when A, perfusate 
contained 3 2 mM K+, B, K+ deleted from perfusate 


preliminary level of 0 65 mM to 2 6 mM or when the 
[Na*] was halved was further enhanced by the use 
of a Kt-free perfusate A typical result is shown 1n 
Fig. 24 and 2B, where the positive motropie response 
recorded, following the above increase in perfusate 
[Ca++] in the presence of 3 2 mM K+, 1s compared with 
that recorded from the same preparation following a 
similar increase in [Ca++] in the absence of any 
perfusate K+ Simuarly, 1eplacement of half the 
perfusate Na+ by Lit depressed the contractile 
activity when Kt-free perfusate was used (see Fig 
3A and 38) In these particular experiments using 
the Kt-free solution ıt was necessary to replace 
repeatedly the K+-free perfusate throughout the 
preluminary perfusion so that Kt+-loss from the 
myocardium associated with successive contractions 
would not ultimately result in an appreciable per- 
fusate [K*] 
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From these results 15 seems possible that the failure 
of Hajdu and Szent-Gyorg: to record the classical 
staircase in the absence of K+ may reflect the need for 
the presence of a critical perfusate [K+] for Catt to 
exert a positive inotropic effect on cardiac muscle. 
The findings of Hajdu and Szent-Gyorgyi, therefore, 
do not preclude the involvement of calcıum in the 
staircase and other conditions of enhanced cardiac 
contractility. 

This work was supported by a grant from the Life 
Insurance Medical Research Fund of Australia and 
New Zealand 
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Free Amino-Acids in Rachitic Epiphyseal 
Cartilage of Albino Rat and the Influence 
of Vitamin D 


IT was suggested by Dikshit and Patwardhan! that 
admunistration of vitamin D imparted an enhanced 
ealofying capacity to rachitic bone and cartilage 
Histochemical work by Ramalmgaswami e? al? on 
cartilage in rickets and durmg healimg under the 
influence of vitamin D, revealed an alteration in the 
staming characteristics of the cartilage matrix on the 
basis of which they suggested that vitamin D ın- 
fluenced the glycoprotein of the rachitic cartilage 
matrix Dikshit? observed a decrease in the hexos- 
amine content of the rachitic cartilage during healing 
induced by the administration of vitamm D It was 
felt desirable, therefore, to investigate whether 
vitamin D influenced the protein metabolism of the 
cartilage The effect of vitamin D on the free amino- 
acids of rachitic cartilage was studied as a prelimmnary 
to such investigations 

Young albino rats, 4 weeks old, were fed a low- 
phosphorus rachitogenic diet* for 14 days and then 
divided into 3 groups taking htter and sex-distribu- 
tion mto account Each rat in group 3 received @ 
single dose of 4,000 rv. vitamin D orally on the 
fourteenth day and those 1n group 2 on the sixteenth 
day Rats in group 1 received no vitamin D and 
served as rachitic controls On the eighteenth day, 
4—12 rats from each group were killed and their tibial 
epiphyseal cartilages removed, pooled according to 
groups, and weighed ‘The weighed cartilage was 
extracted exhaustively with 75 per cent ethanol, 
the collected extracts were evaporated and dried, 
and the residue was extracted again with 95 per cent 
ethanol The residue from the second extract after 
evaporation was dissolved in 10 per cent isopropanol 

Using phenol/isopropanol/water (70 5 25) m 
presence of 0 3 per cent ammonia as the developing 
solvent, serine, glycine, threonine, glutamic acid and 
glutamine were separated from the mixture of fkee 
amino-acids contained in the isopropanol solution of 
cartilage extracts Circular paper chromatographic 
procedure was used as described by Gur e£ al.5 for 
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EFFECT OF VITAMIN D ON THE FREE AMINO-ACIDS OF 
RAOHITIC RAT CARTILAGE 


Table 1 


Rachitic Treated rats 
Ámino-acid controls (4,000 rU vitamin D/rat) 
(no vitamin D) After 48 hr After 06 hr 
I II III 
Glutamic acid Mean 222 194* 2227 
E +41 +25 +72 
Serine Mean 143 18 8* 24 2*T 
SE + 145 + 039 + 051 
Glycine Mean 68 80 99* 
E + 21 +47 +65 
Threonine Mean 170 108* 15 57 
E +149 + 078 i112 
Glutamine Mean 124 104* 1921 
E +18 +23 +42 


Values denote nem of amuno-acid/100 mgm fresh tissue 

* Difference significant from group I below 5 per cent level 

f Difference significant from group TI below 5 per cent level 

Each value ts 2 mean of 3 observations, each observation was on 
cartilage pooled from 4-12 rats 


quantitative determination of these smuno-acids 
Duplicate values at three concentration-levels were 
obtained and only those ım which there was good 
agreement withm 5 per cent selected 

Results shown ın Table 1 revealed that &dministra- 
tion of vitamin D affected the concentration of some 
free amino-acids in the rachitic cartilage While 
serine and glycme showed a gradual increase during 
heabng, glutamic acid, glutamine and threonine 
showed an imitial decrease by 48 hr followed by a 
rise to the pre-treatment level at 96 hr These 
different trends observed preclude the possibility 
that other simultaneous changes m the cartilage, for 
example, changes m the concentration of calorum and 
phosphorus’, are the cause of the observed changes m 
the concentration of the free amino-acids 

Thus there appears unmistakable evidence that 
protein metabolism m the rachitic epiphyseal cartilage 
altered under the mfluence of vitamin D 

G V. QG Krisona Rao 

Nutrition Research Laboratories, 

Indian Council of Medical Research, 
Tarnaka, Hyderabad-7. 
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Failure of the Purified Growth Hormone 
to restore the Size of the Kidneys in 
Hypophysectomized Rats 


In previous work the effect of hypophysectomy on 
the sze of the remaining kidney after unilateral 
nephrectomy was investigated in dogs and rats! 
After hypophysectomy rats, unlike dogs, lose weight 
or fail to grow normally It 1s, therefore, difficult to 
assess whether the failure of the remaining kidney to 
hypertrophy 1s a non-specifie effect or the result of a 
deficiency of (a) particular hormone(s)  Bearmg 
this m mund, 16 seemed necessary to study the effect 
of growth hormone 

Young male rats, weighing between 35 and 120 gm , 
were hypophysectomized by the parapharyngeal 
approach Of the hypophysectomized animals, one 
group (six rats) received growth hormone while 
amother group (ten) was untreated After the opera- 
tion the animals were given drinking water containing 
glucose and, in addition to the ordinary rat diet, 
brown bread, milk and glucose were given 
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Purified growth hormone was dissolved m famtly 
alkalme isotonic solution of sodium chloride and was 
myected beneath the skm twice a day with a 7-hr 
interval between the two myections, in doses mdicated 
1n Table 1 


Table 1 ErrFECT oF SUBSTITÇTING GROWTH HORMONE ON THE 
WEIGHT OF THE JCIDNEY OF HYPOPHYSECTOMIZED RATS 


Body-weight (gm ) 


Weight of both 
lind 


Remarks 


Injected with 2 mgm 
growth hormone for 
20 davs 

Injected with 4 mgm 
growth hormone for 
20 days 





Grant fiom NH I (United States), N I H -GH-B2 (bovine growth 
hormone), growth potency, 153 x USP reference standard, con- 
tamination LH, 001, folbcle stimulating hormone, 0009 USP, 
prolactin, 033 10, adrenocorticotrophic hormone, 025 USP, 
thyroid stimulating hormone, 0 009 U S P 


The an1mals were killed with ether on the twenty- 
first day after hypophysectomy The sella turcica 
was carefully examined for any remnants If the 
pituitary was completely removed, the sella turcica 
was seen to be covered with a smooth ghstening layer 
of the meninges, beneath which a central depression in 
the bone, representing the site of the drill hole, was 
seen, 

From Table 1 ıt would appear that the growth 
hormone was effectrve m promoting growth m the 
hypophysectomized rats and the rate of growth in the 
treated anrmals was quite comparable with that of 
normal animals The adrenals and testes, however 
were found to be hghter m weight than un the norma] 
controls In contrast to these findings, the kidneys of 
hypophysectomized rats receiving growth hormone 
were found to be the same size as those from the 
untreated hypophysectomuzed ammals ‘This con- 
clusion was reached as a result of expressing kidney 
size as the ratio of kidney weight to body-weight 
Statistical analysis of the results showed that there 
was no significant difference m kidney size between 
the hypophysectomuzed group and the group which 
was treated with the hormone, but that there was a 
significant difference between these two groups and 
the control normal group (Table 2) It 1s interesting 
that the stomach weight and gastric mucosa were 
found restored completely to normal in the hypo- 
physectomized animals and those treated with 
growth hormone (Crean, G P, personal communica- 
tion) It can be seen that mjections of the purified 
growth hormone can mamtain the growth of the 
hypophysectomuzed rat, but are unable to prevent the 
relative shrmkage of the kidney that occurs after this 
operation ‘This 1s contrary to results with the crude 
extract of the adenohypophysis! 

Depression of kidney functions and blood-flow 
are known to occur after hypophysectomy?? Unlike 
adenohypophysial crude extract, gonadotrophic hor- 


EFFECT OF GROWTH HORMONE ON KIDNEYS OF HYPO- 
PHYSEOTOMIZED MALE RATS 


Table 9 


Kidney weight 
m mgm /body- 
weight im gm 
Mean (+S D) 


9538 (+ 2 14) 


Statistical 


Condition of rat significance 


6 i Hypophysectomized,) à 931 (+ 1 59) 
growth hormone 
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mone, thyroid stimulating hormone and adrenocortico- 
trophic hormone, when given individually, are 
unable to restore kidney function completely to 
normal 

From these results 16 seems unlikely that an expla- 
nation in terms of hemodynamic changes! of the 
failure of the kidney to grow 18 correct, for the kicney 
remamed small m hypophysectomized rats even 
when the animals grew at a normal or slightly greater 
than normal rate It 1s more likely that there is a 
deficiency of a pituitary hormone without which the 
kidney cannot well maintain 1ts size and growth ir. the 
hypophysectomized animals It would appear, from 
this work, that growth hormone 1s unlikely to be the 
only deficient hormone 

The following acknowledgments are made Dr 
J A Loraine for his criticism and facilities for work, 
Dr A E Wilhelm: for supplying the growth hormone, 
Dr K E Kirkham for work on statistics, Dr E B 
Roberts for reading the manuscript, and Mr J Lowe 
for animal care-takmg 
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Effect of Urea Ingestion on Parotid 
Salivation in Sheep 


UREA 18 the most common source of non-protem 
nitrogen used for the partial replacement of protem 
in the diet of ruminants In association with readily 
available carbohydrate such as molasses, urea 1s used 
to supplement the low-quality roughage diets which 
are often consumed by rummants m Africa, the 
United States and Australa 

This form of supplementation results ın an inczease 
in the rate of cellulose digestion in the ramen! Food 
intakes are increased by approximately 30—4( per 
cent, live-weight losses are decreased, and wool pro- 
duction 18 increased?~5 

Balch and Johnson! found a correlation between 
the fluidity of the rumen contents and the rate of 
cellulose digestion It is therefore important to znow 
if the volume of saliva secreted 1s altered when urea 
and molasses are added to a roughage diet 

The volumes of parotid saliva secreted by two 
Merimo wethers were measured by means of permanent 
unilateral parotid fitule Each sheep weighed aporox- 
imately 40 kgm and they were kept in electrolyte 
balance by allowing them to drink their own saliva 

The basic diet consisted of oaten straw conteinmg 
2 per cent crude protein The supplement of urea 
(25 gm ), molasses (200 gm) and water (200 gm) 
was intimately mixed with straw (600 gm ) to make 
up the daly ration This supplement raised the 
nitrogen content of the straw to the equivalent of 
11 per cent crude protein 

One sheep received straw only, while the other 
received straw plus the supplement After two weeks 
of recordings, the diets were reversed The unsupple- 
mented straw was offered without stint and the daily 
intake per sheep was approximately 500 gm The 
mtake of straw when fed with the supplement was 
restricted by offering only 600 gm of straw plus the 
supplement On every occasion this ratior. was 
completely consumed. 
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The volumes of saliva secreted did not alter 
significantly with the addition of the supplement 
The average volumes for each animal were 2,160 
and 2,560 ml without the supplement, and 2,250 
and 2,380 ml, respectively, with the supplement 

The mean total nitrogen of the saliva from each 
animal rose from 2 9 and 4 2 mgm nitrogen/100 ml to 
121 and 133 mgm. nitrogen/100 ml respectively, 
when the supplement was added to the straw 

It 1s concluded that the increased rate of passage 
of food through the alimentary tract, and the in- 
creased rate of cellulose digestion m the rumen, 
which are brought about by urea feeding, are not 
associated with quantitative changes in the pattern 
of parotid salivation In the present work the urea 
supplement produced an moerease of 20 per cent in 
the consumption of straw, but this was not accom- 
panied by any increase in parotid salivation 

A reasonable estimate for the total volume of 
saliva secreted by each sheep would be 101 a day’ 
Also, 1t has been shown that the nitrogen content of 
this total salivary secretion, excluding mucoprotein, 
is similar to that of parotid saliva? Since the total 
nitrogen content of parotid saliva was raised by 
10 mgm /100 ml on feeding urea, the increase in 
saliva nitrogen represents an overall merease in nitro- 
gen economy to the sheep of only about 1 gm 
nitrogen a day 

Therefore, the influence of urea supplementation 
on the parotid secretion does not seem to be particu- 
larly rmportant from either the qualitative or quan- 
titative point of view 

I thank the Australian Dairy Produce Board for 
the financial assistance that made this work possible 
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HISTOCHEMISTRY 


Relationship between Tissue 
Eosinophils and Peroxidase Activity 


Four different peroxidase enzymes have been 
found mn mammelan organisms lactoperoxidase, 
myeloperoxidase, hepatic tryptophan peroxidase 
and labile peroxidase of the thyroid gland There 1s 
insufficient knowledge of the physiological significance 
of these enzymes for animal organisms This apples 
especially to the myeloperoxidase found in the 
granules of leucocytes!? 

It has been shown histochemically that the peroxi- 
dase activity possessed by eosmophils in the rat 
differs from other granulocytes?. This enzyme 1s very 
resistant ın eosinophils to the effect of, say, formalin, 
ethyl and methyl alcohol and other agents of similar 
type and it ıs therefore possible to demonstrate ıt 
specifically by histochemical methods It can, how- 
ever, be asked whether this enzyme ıs a myeloperofta- 
dase at all 

The highest peroxidase concentrations of the extra- 
medullary organs of the rat have been established in 
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the small intestine, uterus, large intestine, spleen, 
lungs and stomach? It is in these same organs that 
the relatively highest extra-medullary eosmophil 
counts have also been established m the rat? It 
has also been observed that both the peroxidase con- 
centration’ and the number of eosimophils? merease 
clearly in the rat uterus under the mfluence of 
cestrogen stimulation It ıs thus possible that the 
high peroxidase content of the organs mentioned 
derives from eosmophile granulocytes 

The observation that the peroxidase enzyme in rat 
uterus is in its behaviour lke lactoperoxidase 
—and not like myeloperoxidase—agrees well with the 
histochemical differences existing between eosmophils 
and other granulocytes 

The views cited are supported by the fact that 
physiological, intense eosmophila appears ın lactating 
lactiferous gland* 

The high peroxidase concentration established «n 
vitro in the gastrointestinal tract, uterus, spleen and 
lungs 1s probably caused by the eosinophil granulo- 
cytes of tissues The enzyme contained in the 
eosinophils resembles lactoperoxidase 
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PATHOLOGY 


Acid Extract of Leucocytes and 
Staphylococcus pyogenes 


SEVERAL workers!-* have demonstrated recently 
the inhibitory action of acid extracts of leucocytes 
towards microbes 

Amano’ et al found a cell-free acid extract of 
guinea pig leucocytes to be lethal to coagulase- 
negative Staphylococcs, and to be slightly inhibitory 
to coagulase-positive Staphylococci This active 
principle they call leucozyme A and show that 
although lysozyme ıs present ıt ıs not the agent 
responsible for the destruction of the Staphylococcz 

Hirsch? has also reported on the destructive activity 
of an acid extract (phagocytin) of leucocytes obtained 
from several species This extract 18 prepared free of 
lysozyme I have confirmed both these observations 
using Staphylococcus albus and aureus and extracts 
made from guinea pig, rabbit and human leucocytes 
My work has been extended to compare the activity of 
human and rabbit phagocytin towards Staphylococcus 
pyogenes Obtained from a variety of lesions which 
exhibit qualitative and quantitative differences in 
toxin production, I also compared the action of an 
extract made from leucocytes obtained from patients 
with acute osteomyelitis with that from healthy 
donors 

It seemed reasonable to expect that Staphylococcus 
pyogenes which have survived phagocytosis and 
proliferate in the bone marrow would show a greater 
resistance to phagocytm The results, shown m 
Table 2, do not support this No significant difference 
18 found in the action of either of the extracts towards 
Staphylococcz. 
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REDUCTION IN STAPHYLOCOCOAL COLONY COUNTS BY 
PHAGOCYTIN 


Table 1 


Rabbit phagocvtin 

extract Reduction 

of from 140 to 10 or 
less per cu cm 


Human phagocytin 
extract Col count 
reduced to 

10/20 


No of strains 
staphvlococcoid 


pyogenes 10 or less 


percu em pereu cm 


Nasal 

Boils 3 1 
Osteomyelitis 30 26 
Miscellaneous 23 16 


Total 60 47 





Average count for untreated controls, 190-140 colonies per cu cm 


Table 2 


Osteomyehtic 
white blood cells 
extract 

10 or less 


Normal human 
white blood cella 
extract Col count 
10 or less 10-20 


No of strains 


Nasal 2 
Osteomyelitis 8 


Total 10 





Average count for untreated controls, 180-140 colonies per cu em. 


The extracts have been made by Hirsch’s methods, 
incubated for 2 hr. with a 4-hr shaken culture of the 
test organism in broth standardized to give a reading 
of 1 0 on an EEL colorimeter using an orange filter 
After meubation this standard extract and suspen- 
sion 18 finally diluted to 1/50,000 and pour plates made 
with 5ml agar ın standard 2-n Petridishes Controls 
are set up using distilled water mstead of the extract 
The colonies are counted per cubic centimetre, for the 
controls the average count 1s between 130 and 140 

er cc 

$ In view of the Japanese report that their acid 
extract was more inhibitory towards coagulase- 
negative Staphylococcz, an attempt was made to see 
whether & partially purified coagulase preparation 
gave any protection No difference was noted when 
this was used The pH at which tests were made fell 
to pH 56-60 (The coagulase was prepared by the 
late Dr Edward Duthie of Southampton ) 

Coagulase, « toxin, staphylokinase, leucocidin 
(some) and hyaluronidase production of the Staphylo- 
cocci were noted, and there 18 no correlation between 
the toxigenicity of the Staphylococcz tested and their 
susceptibility to phagocytin, or the nature of the 
lesion from which the organism was originally 
isolated, the two strains showing greater resistance 
to the osteomyelitic extract were different from those 
two relatively resistant to the normal extract 
Neither 18 there any apparent relationship between 
phagocytin susceptibility and the ability to provoke 
antibody response in the patient to the various 
antigens of the coccus The morphology of the 
Staphylococcs surviving incubation with extracts 1s 
normal, as might be expected from the appearance 
of the colonies 

A G TOWERS 
Department of Pathology, 
Institute of Orthopaedics, 
Royal National Orthopaedic Hospital, 
Brockley Hill, Stanmore, Middlesex 
1 Rogers, D, and Melly, M A, J Hap Med, 111, 533 (1960) 
23 Kapral, F A , and Shayegam, M Gh, J Exp Med ,110, 123 (1959), 
* Yan Heyningen, W E, J Gen Macrobwl , 5, 758 (1951) 
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* Morse, 8 I, Nature, 186, 102 (1960) 
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Lathyrogenic Activity in vitro 

Reasons have already been given for the view that 
the basic aortic lesion ın experimental lathyrism 1s 
mamly a failure of formation of elastic tissue! An 
attempt has since been made to investigate, wn vtro, 
the effect of various lathyrogenic substances on the 
production of elastic fibres 

Explants were taken from the ventricles of chick 
embryo heart (the great vessels bemg carefully 
removed so that the only elastic tissue in the initial 
explants was the small amount present in the coron- 
ary vessels) and were cultured by & modification of 
the method described by Bloom? using Waymouth’s 
medium’ with 10 per cent calf serum for 10-12 days 
at 39°C as the fluid phase Whether the explants 
were grown in fibrin clot or directly on glass, in 
stoppered glass tubes or m Petri dishes in an atmo- 
sphere with 5 per cent carbon dioxide did not affect 
the results Some additional results obtamed from 
experunents with mouse embryo hearts do not differ 
markedly from those with chick embryo hearts and 
are not reported in detail here 

A preliminary experrment showed that fibres 
sumilar to those described by Bloom? first appeared 
after 7 days meubation, and were well formed after 
10 days Subsequent cultures were therefore exam- 
ined after this tıme The fibres stain with Weigert’s 
method for elastica, with orcein, and with Gomori's 
aldehyde fuchsin, providing strong presumptive evi- 
dence that they are indeed elastica, further investiga- 
tions are being made into this matter The fibres 
usually run parallel to each other to form a circle or 
are of a circle around the explant at the junction of 
the onginal tissue and the monolayer extending 
from ıt They appear to have formed immediately 
under the surface layer of cells at the farthest point 
from the glass In a few cases, particularly in small 
explants, the fibres form a disorganized network, or 
may show some radial orientation In the presence 
of lathyrogenic substances these fibres were not 
found. 

For assay of lathyrogenic activity each experi- 
ment comprised multiple cultures and graded con- 
centrations of test substances Only those experi- 
ments 1n which one or more control cultures produced 
elastica. were considered In successful cultures 40 
out of 51 (78 per cent) of the controls produced 
elastica When f-aminopropionitrile hydrochloride— 
known to be lathyrogenie wn vivo—was added to the 
cultures 16 was found that a concentration of 2 mgm / 
ml killed the majority of the explants, and in the few 
cases where the cells survived elastic fibres were 
never formed With lower concentrations down to 
80 ugm /ml, although the explants were healthy as 
frequently as in the control cultures, elastic fibres 
were never formed With still lower concentrations 
the percentages of healthy cultures producing elastic 
fibres were as follows 16 ugm /ml, 10 per cent, 
3 2 pgm /ml, 125 per cent, 064 ugm /ml, 66 per 
cent Two other compounds active en vivo, B-mer- 
captoethylamme’ and semicarbazide’, mhibited the 
formation of elastic fibres at concentrations of 
3 4 ugm /ml and 0 66 ugm /ml respectively Sodium 
propionate and mn-propylamme, both inactive n 
vwo, were also mactive sn vuro at concentrations 
of up to 364 pgm/ml and 016 per cent respec- 
tively; higher concentrations caused cell death 
Assuming uniform distribution of lathyrogenic 
substances throughout animal tissue, the doses of 
8-ammopropionitrile hydrochloride, {-mercapto- 
ethylamine and semicarbazide which inhibit the 
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formation of elastica en vitro correspond to the con- 
centrations calculated as bemg present in the tissues 
of mice treated with these compounds and showing 
rupture of the aorta The results demonstrate that 
lathyrogenic substances act at a cellular level, and 
the parallelism between the sn vwo and ww viro 
findings supports the origmal hypothesis that the 
aortic rupture in experimental lathyrism 18 secondary 
to a failure of formation of normal elastic tissue 


H Morag McCALLUM 
Department of Pathology, 
JOHN PAUL 


Department of Biochemistry, 
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Glasgow 
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An Early Test for Possible Skin 
Carcinogens 


IN previous papers!-* ıt has been shown that it 18 
possible by a tetrazolum reduction method to 
estimate changes in the rate of formazan deposition 
in the epidermis of hairless mice after different skin 
irritants 

A characteristic reaction was observed after the 
application of some carcinogenic substances and after 
local irradiation with X-rays The topical application 
of carcinogens produced a short initial rise in formazan 
deposition, followed by a depression of longer 
duration An initial decrease in formazan deposition 
was observed after the application of some non- 
carcinogenic compounds It was suggested that an 
initial rise in formazan deposition might be specific 
for skin irritants with carcinogenic potency 

Examining the validity of this hypothesis, a blind- 
test with 20 different compounds was performed The 
substances were dissolved ın benzene and the different 
samples were indicated by A, B, C, ete 

Hairless mice, 8 males and 8 females for each test 
substance, were given 0 005 ml of the solution as a 
single, topical application to a emcumsoeribed area of 
the skim The formazan deposition per mgm dry 
epidermis per hour measured on the first and the 
second day after the application was recorded It 
was postulated that mean relative values of 1 100 
and above should indicate a compound with skin 
carcinogenic potency 

The results of the blind test are given in Table 1. 
The values are arranged in order from the lowest to 
the highest To the right 1s presented the list of 
answers, including an indication of the carcinogenic 
potency of the substances. In this communication 
only those substances are listed as complete carcino- 
gens which each alone are known to produce epiderm- 
oid carcinomas in mouse skin after topical applica- 
tion 

It appears that there 18 2, correlation between such 
complete carcinogenic activity and muitial rise ım 
formazan deposition The above-mentioned hypo- 
thesis 1s thus given some further support and 
the method may probably be used as an early 
test for possible skm carcinogens It must, how- 
ever, be kept 1n mind that correlation never proves 
specificity 
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Table 1 
Blind test 


Compound Mean of the 


List of answers 
Compound carcinogenic 
potency 


1,2 benzanthracene — 
Pyrene — 

à-Limonene — 

1 stearyl 2,8 polyethylene 
monoglvceride 

Naphthalene 

8 methyl 1,2 benzanthracene 

Oil of turpentine 

Fluoranthene 

Cholesterol 

Phenanthrene 

Ethyl carbamate 

Anthracene 

1,2,6,7 dibenzanthracene 

1,2,3,4 dibenzanthracene 

4 nitroquinoline N oxide 

Croton oil 

9,10 dimethyl 1,2 benz- 
anthracene 

3,4 benzpvrene 

3 methylcholanthrene 

1,2,5,6 dibenzanthracene 


The substance P (1,2,3.4 dibenzanthracene), 
for which a borderline value (1 010) was observed, 
is the substance that represents an exception in 
the mteresting observations of Heidelberger® con- 
cerning binding of carcinogens to skin proteins 

There 1s no general agreement as to what tetra- 
zolum really measures It acts as an electron 
acceptor and 1s thereby reduced to formazan The 
amount of formazan deposited permgm dry epidermis 
per hour may probably be considered as an estimate 
of the activity of the energy-generating processes in 
the cell, mamly the mitochondrial enzyme systems 
Increased values may mean some myjury to the mito- 
chondria, for example increased permeability of the 
mitochondrial membrane 
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PAL/EONTOLOGY 


A Mammalian Fauna from the 
Kimmeridgian of Portugal 


A MAMMALIAN fauna, consisting of 14 specimens, 
has been collected from the small Guimarota coal pit, 
near Leira The age has been determined as Kim- 
meridgian by means of the ostracods and chara- 
ceans The pit is still in operation and ıt seems possible 
to obtam a good fauna, qualitatively as well as 
quantitatively A typical coal swamp fauna has been 
encountered Lamellibranchs, gastropods, and ostra- 
cods are frequently found, the holostean genus 
Lepidotus 18 well represented by scales Carapace 
fragments of turtles are less frequently found 
Crocodiles predominate numerically, with many shed 
teeth and scutes Many hzard jaws have been collec- 
ted, as well as a few shed teeth of dinosaurs 

The fauna contains the earliest known multi- 
tuberculates (two good jaws without molars and one 
skull without teeth) and the oldest pantothenan 
upper dentition The latter has a tooth formula of 
P4/M® (P?-4 have been lost, P* pror to fossilization) 
There 18 also a good pantotherian lower Jaw which has 
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a tooth formula of I /C,/P,/M, All the molars are 
unbasined, the trigonid being open lingually. The 
talonid is covered by the paraconid of the tooth 
behind, ıt 1s not worn by the opposing lingual cusp 
of the upper molars The lower molars have their 
longitudinal axis oblique to the axis of the jaw. 

The molars are shorter than those of Amphi- 
thervum and the talonid 1s much smaller than in the 
latter tooth The metaconid almost equals the 
protoconid ın height and is higher than the paraconid 
This is a feature which is found also in the dryolestid 
genera Dryolestes, Laolestes, Phascolestes and Peras- 
palax as well as in the paurodont genera Archaeotrigon 
and Z'athiodon The tooth formula of the present jaw 
is now diagnostic 1n respect to differentiation between 
Amphitheridae and Dryolestidae, but ıt excludes 
paurodont relationship 

The right lower, M,, and right upper, M°, of the 
pantothere are shown in Figs land 2 There 18 no 
suggestion that these upper and lower Jaws belong to 
the same genus The tooth shown m Fig 2 1s typical 
as regards number of cusps on all teeth .M!-? are 
longer than broad, M* and M* are broader than long 
The tooth ıs similar in many respects to Herpetarrus 
arcuatus from the Morrison formation Both have the 
same number of cusps of equal relative height A 
large basin is formed by five of six cusps, two buccally, 
two posteriorly and one, the highest, hngually The 
sixth cusp, at the anterobuccal corner, stands outside 
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lig 1 Right lower M, of Kimmeridgian pantothere 





Fig 2 Right upper M* of Kimmeridgian pantothere 
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the triangular basin and dorsal to ıt The function 
of this cusp 18 to buttress the posterobuccal corner of 
the tooth in front, similarly the talonid cusp but- 
tresses the paroconid The second highest cusp, as m 
Melanodon, Herpetavrus, Amblothei vum and Kurtodon, 
stands at the anterobuccal corner of the basin 

Primitive features of the lower jaw and maxilla, 
seeing that they are older than Purbeckian, are: 
(1) ın the jaw there is an open, not a closed trigonid 
(the Purbeckian paurodontids with an open trigonid. 
are similar to the Bathonian Amphithervum in this 
respect), ıt 18 agreed that in Amphithervum, the 
earliest known pantothere, the open trigonid 1s a 
primitive character which the paurodonts retain, 
(2) ıt has been postulated that in pantotherian upper 
molars of pre-Purbeckian age the length would equal 
the width in all teeth In the Kimmeridgian upper 
dentition now available, M1-° are longer than broad, 
whereas in the Purbeckian only M! has such dimen- 
sions 

It has been customary to discuss the origin of the 
Pantotheria whenever a new mammalian fauna 1n the 
Mesozoic 18 discovered Such procedure ıs inevitable, 
taking into consideration the few faunas known and 
the interest that the Pantotheria arouse as ancestors 
of the placentals and marsupials I do not agree with 
a derivation of Pantotheria from Rhetic symmetro- 
donts, as Butler}, Kermack and Mussett®, and 
Patterson? do I consider a derivation from Rhetic 
triconodonts more likely "The new maxillary denti- 
tion does not provide any new 1tem of symmetrodont 
affinity The second largest cusp (Butler’s buccal 
cusp, Patterson’s stylocone) stands right in the middle 
of the buccal side as in Purbeckian teeth, forming a 
tricuspid front with the cusp at the anterobuccal 
corner (Butler’s anterior cusp, Patterson’s para- 
style) and the cusp at the postero-buccal corner 
(Butler’s posterior cusp, Patterson’s “‘motastyle’’) 
Patterson’s cusp on the anterior crest of some 
Purbeckian dryolestids, said to indicate symmetro- 
dont affinity, 1s not present on any of the molars of the 
Kimmeridgian maxilla The central buccal cusp has 
in the new maxilla the same relative height as m the 
Purbeckian teeth, while if 1t were to be a homologue 
of the anterobuccal cusp of the Symmetrodonta, one 
would expect 16 to be less high 

The morphological break between upper premolar 
and molar ıs considerable ın the dryolestid upper 
dentition Only the aberrant Docodon has a Pt: 
which 18 so similar to the M! that the nature of the 
paracone and protocone m the molars of this genus 
has never been debated The paracone stands ın the 
middle of the buccal row of cusps, flanked by two 
smaller eusps, the protocone 1s a lingual neomorph, 
added to an original triconodont pattern 

I believe that Docodon and all other Pantotheria 
have—as Simpson‘ originally claimed—the same 
cusp pattern and the same origin. A. history of all 
cusps of the Albian therian from Texas, of the 
Purbeckian maxilla, of the new Kimmeridgian 
mexulla and the Rhetic triconodonts or symmetro- 
donts can be written respective of whether one 
begins with a triconodont or a symmetrodont With 
a triconodont at the base a much simpler history of 
all dental elements concerned 1s possible Moreover, 
this would solve the Docodon paradox, namely, that 
ene genus which 1s patently neither triconodont nor 
symmetrodont has a different origin. from all (other) 
Pantotheria 

As regards jaws as well as teeth, the Purbeckian 
Docodon was a livmg fossil, giving a hint of what 
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happened to the still unknown triconodonts which, ın 
the Upper Liassic, embarked on the road to the 
Pantotheria 
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Berlin-Dahlem, 
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Chitinozoa from the Ordovician Nod 
Glas Formation of Merioneth 


CurriNOZOA! are microscopic, flask-hke fossils of 
problematical affinities They are generally black, 
structureless and opaque, being composed of *pseudo- 
chitin’, and ranging from 003 mm to 15 mm in 
length They are bilaterally symmetrical and may be 
club-hke, rod-like, or globular in form, the test being 
thin, hollow and open at one end The surface of the 
test 1s usually smooth, but 1s sometimes tuberculate 
Spines may be present and aggregates of up to six 
individuals have been recorded’. 

The zoological affinities of the Chitinozoa have been 
discussed by Collinson and Schwalb?, who conclude 
that they represent an extinct order of rhizopod 
protozoans 

Chitinozoa are known from strata rangmng from 
Ordovician to Devonian ın age from Germany, France, 
Czechoslovakia, the United States, Canada and Brazil 
The only previous record of Chitinozoa from Biitain 
is that of Lewis?, who described two species of 
Conochitena (C cf C filfera Eisonack and C cactacea 
Eusenack) ın thin sections of the Upper Carodocian 
“Phosphate band" of Pen-y-garnedd, Montgomery- 
shire 

The present specimens were collected from crags on 
the face of the Graig Tynant (M R SH/898218), 
about two miles north of Llanmawddy, Merioneth- 
shire? They occur m limestone nodules 15 ft above 
the base of the Nod Glas Formations, and were 
extracted by digestion of the limestone in acetic 
acid. 

The Nod Glas chitinozoa fall mto three well-defined 
morphological groups The most common are 
elongated tubular forms, with the oral end open and 
the aboral end roundly closed Most of these (for 
example, Fig 8) are straight and agree broadly with 
Exsenack’s description of Rhabdochitina magna Enise- 
nack, although they show rather more variation m 
the form of the distal end than 18 recorded by 
Eisenaek Numerous other specimens show, however 
that there 18 a complete gradation between such forms 
and those with a gently or strongly curved axis 
(Figs. 11-14) and also between forms which have a 
uniform diameter along their entire length (that is, 
‘tubular’ forms) and those m which the aboral 
diameter 18 rather larger than the oral (that 1s, ‘club- 
shaped’ forms) Such forms as the latter have been 
referred to the genus Conochitena Exsenack, but the 
present specimens suggest that ıb 1s difficult to separate 
these from ‘typical’ members of the genus Rhabdo- 
china The axial curvature does not seem sufficiant 
to exclude most of these forms from the species 
R magna A precedent for the evaluation of such 
variation as infra-specifie 18 provided by Eiusenack', 
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Figs 1-14 Chitinozoa from the Ordovietan Nod Glas Formation 
of Merioneth (x c 44) 


1-4, Hhcehina cf I campanulaeformis (Bisenack) 1, oral view 

of specimen, showing cross-section of cylindrical neck and basal 

outune of chamber, 2-4, oblique lateral views of specimens 
showing general form of chamber 


5-6, Lagenochthna? sp Lateral views showing general form 
7 and 9, Club-shaped forms of Rhabdochitina (Conochitina of 
some authors) 


8, 11-14, Rhabdochitina spp lateral views of specimens showing 
variation m genera) form of chamber 


10, fragmentary specimen Gen et sp indet 


who included various forms showmg comparable 
variation within the species Rhabdochitina taema 
Eisenack 

The second group of chitmozoa are bell-shaped 
forms (Figs 1-4) which closely resemble the species 
Ilhchitma campanulaeformis (Eisenack) The base 18 
often perforated, and they appear to show morpho- 
logical variation which partly bridges the gap between 
that species and I crotalum Collmson and Schwalb 

The third group are globular forms (Figs 5 and 6), 
which may represent the genus Lagenochitina 
Eusenack Some have an mvagmated opening, but all 
appear to lack the tubular neck which 1s characteristic 
of most members of the genus 

I am most grateful to Prof Harry B Whittington, 
of Harvard University, who accompanied me in the 
field, and to Mrs Shirley Osborn, who has given me 
considerable help ın the extraction of specimens 
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Growth-stimulating Activity of Trans-Caffeic 
Acid isolated from Coleus rhenaltianus 


Iw our previous work! on the abscission. of debladed, 
petioles of Coleus rhenalisanus. we met with an auxin 
that was not an indole derivative, m ether extracts 
from the leaves 

On paper chromatograms of ethanolic leaf and stem 
extracts, developed withisopropanol/water(5 1 v/v), 
we now find two blue fluorescent spots (Rr 0 84 and 
079), the eluates from which both enhance the 
elongation growth of Avena coleoptile sections 
(Table 1) 


Table 1 GROWTH-RATE OF 3 MM Avena COLEOPTILE SECTIONS IN A 

SOLUTION OF 1 PER CENT GLUCOSE AND THE ELUATE FROM A 

CHROMATOGRAM (SPOTS AT Rr 079 AND 0 84) OF AV Hr iANOLIC LEAF 

AND STEM Extract OF Coleus GROWTH RECORDED AFTER 24 HR 
NUMBER OF SECTIONS BETWEEN BRACKETS 


Tnerease tn length (eye-piece micrometer units) 
Spots at Re 0 79 Spots at Rr 0 84 


Control Diluted eluate Control Diluted eluate 
168 +159 268 + 150 130 + 0 72 194 + 076 
15) 14 (15) (17) 
1664134 262+ 1738 84+ 089 204 + 104 
(13) (14) (10) (10 
84 + 089 239 + 136 50 + 045 108 +058 
(10) (9) (10) (10) 


The eluates show practically the same ultra-violet 
absorption spectrum as the auxin found earher in 
ether extracts of leaves The substance at Rr 0 84 was 
identified by us as trans-caffeic acid Most probably 
the substance at Rr 0 791s a closely related one, since 
it gives several identical colour reactions and, after 
treatment with diluted sulphuric acid, 1s transformed 
into frans-caffeic acid, with Rr 084 It is nerther 
chlorogenic nor evs-cafferc acid Both compounds are 
precipitated with neutral lead acetate, after removal 
of the lead from the yellow precipitate, growth 
activity m the coleoptile section test is unimpaired. 

Generally the emnamic acid derivatives caffeic and 
ferulic acid are considered to be growth mhuibitors? 
Other reports mention a synergistic action of these 
substances with the growth regulators indole-3- and 
a-naphthyl-aeetie acid? Caffeic acid alone 18 
thought not to exert any true auxin activity We 
find, however, that commercial trans-caffeic acid, at a 
concentration of about 1 pgm /ml or less, greatly 
enhances the elongation growth of coleopttle sections 
(Table 2), about as much as does mdole-3-acetic acid 
in these circumstances. 


Table 2 GROWTH-RATE OF 2 MM Avena COLEOPTILE SECTIONS IN 

SOLUTIONS OF trans-CAFPEIC ACID AND INDOLE-3-ACETIC ACID IN 

DISTILLED WATFR BOTH SUBSTANCES WERE ADDED 6 HR AFTER 

CUTTING THE SECTIONS GROWTH HAS BEEN RECORDED AFTER 18 HR 
NUMBER OF SECTIONS BETWEEN BRACKETS 


Increase In length (eye-piece micrometer units) 
trans-Caffeic acid Indole-3-acetic acid 


Control 1,4gm /ml 05,4gm/mi Control 1,ugm /ml 065 agm jml 
3884045 57-035 434034 80-5048 504082 48-000 
(19) (21) (18) (11) (17) (10) 
12+028 50+034 837-027 154064 304059 321040 
(14) 14) 08) (10) (190) (11) 
224-0429 56-034 44-044 24+034 654054 404058 
(15) (15) (13) (14) (14) (14) 


The rather general occurrence’ of caffeic acid in 
plant tissues thus suggests that this substance may 
be a very important natural growth regulator, not less 
important than indole-3-acetie acid 

Of both stereo-1someric cmnamic acids, only the 
cts-isomer 18 physiologically active m growth? Our 
own experiments have confirmed once more the 
inactivity of frans-cmnamic acid The ets configura- 
tion has been supposed to be generally important m 
growth regulation It ıs believed, moreover’, that the 
introduction into the hpophihe aromatic nucleus of 


October 2], 196] 


iydrophihe substituents results m the formation of 
nactive or weakly active compounds Taking mto 
count these structural requirements, we should not 
4 all expect auxin activity ın trans-caffeic acid, 
vhich 18 3’,4’-dihydroxy cinnamic acid The extreme 
ifference m growth activity between trans-cinnamic 
ind trans-caffeic acid on the contrary seems to indicate 
» special importance of the ortho-diphenol configura- 
10n m growth regulation 

Our results stress the importance of a thorough 
study of the physiological function of einnamie acid 
derivatives m growth and metabolism 

Support fiom the Nationaal Fonds voor Weten- 
schappelijk Onderzoek (Bolgrum) 1s gratefully acknow- 
ledged 
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High Root-Pressures in Palms 


DESPITE some impressive demonstrations of root- 
pressure’, ‘pumping’ or positive pressure 1s generally 
thought to be of httle mportance for the ascent of 
sap m trees This is probably true for dicotyledons, 
but 1n ten species of palms at Calcutta I was able to 
detect and measure positive root-pressures through- 
out the year, sometimes enough to hft sap to heights 
exceeding those of the trees 
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A palm has rather uniform adventitious roots 
growing from the bole, or stem base The number a£ 
bearing stage varies from a few hundred to more than 
13,000 as in Cocos nuczfera Such a root, generally 
about 0-7 cm im diameter, 1s cut about a metre from 
the bole The proximal end, attached to the tree, 1s 
connected by a long rubber tube to a glass tube of 
3mm bore dipped in water, and connexions sealed 
with paraffin The distal end, severed from the tree, 
18 connected by a short rubber tube either to a vertical 
glass capillary tube or a mercury manometer 

The maximum suction, or negative pressure, 18 
usually reached within 10 hr , and may persist for as 
long as four months Its value fluctuates rapidly 
with atmospheric changes, as would be expected if 
transpiration were an important cause of it The 
positive pressure usually starts developing after about 
24 hr , and reaches a maximum after 10-20 days, the 
time varying between species and between roots of the 
same tree After a day or two ib begins to decline, 
and disappears after about two months There are 
shght drurnal fluctuations, the pressure being higher 
by day. Table 1 grves data on 51 palm and 2 banana 
(Musa sapientium) trees The roots of Phoemx 
sylvestris are not suitable for the operation described, 
and the low valnes obtained are probably due to 
leakage In seven of the eleven species, the positive 
pressure exceeds the negative pressure considerably 
Ib often exceeds the plant’s needs. Thus a seedling of 
Borassus flabell fer, a little under a metre high, had a 
root which developed a pressure of 5:24 m of sap 
Again, m Musa sapientum, the only monocotyledon 
other than a palm which I studied, and which behaves 
just like the palms, the suckers die before reaching a 
height of 4 m 

In order to demonstrate that my results are due to 
& physiological property of palms, and not to differ- 
ences of method, I used just the same methods on 


Table 1 







Species of trees studied Number 


Suction pressure 






— | ee | Se 


Cocos nucifera 20 
Borassus flabellifer 29 
Areca catechu 6 25 
lamstonia chinensis 6 16 | 
Phoenix sylvestris 5 13 
Piychosperma macarthur 4 19 
Oreodoza regia 3 5 
Chrysalidocarpus lutescens 3 9 
Tamnstonta rotundifoha 2t b 
Caryola urens 1f 3 | 
Total for the 10 species 144 
Musa saprentum 11 


No of roots connected for 


Pumping pressure 


Suction Pumping Sucked 
39 20 34 201 
36 27 24 510 
25 23 19 27 5 
24 16 15 49 0 
20 12 1 18 2 
19 17 18 34 3 
12 4 6 25 9 
15 8 7 399 
5 4 4 240 
3 8 1 620 
198 184 124 62 08 
11 10 9 25 1 


No of roots showing Maximum height (cm) of 


water column 


a | | ay 





* Two of these palms were studied at Kayangulam, Kerala State 


The palm was at its last stage of flowering 


l Connexions damaged due to heavy rains at an early stage 
§ 


Denotes the maximum for all the palms studied 


Table 2 


No of roots connected for 





Species of trees studied Number ay aap ASRS SaaS ERU PRR 
Suction pressure | Pumping pressure | Suction Pumping Sucked Pumped 
Dalbergia 818800 1 8 6 i 6 nil 54 5 0 
Polyalthia longifolia 1 5 5 5 nil 59 0 0 
Sterculsa urens 1 5 5 ' 4 ni 276 | 0 
Padium guajava 1 5 5 5 ml 61 2 0 
Ficus religiosa 1 4 E: | 4 mi 27 5 | 0 
pM—————————————————— E i e e i e e i e i e ÀÀ— | | ——M—ÓMÓ— MM |——À——— L—A—MM————————— a | 
' Total 5 25 25 24 nil | 
! Cycas carcanatts 1 7 7 5 nii 85 7 | 0 






Maximum height (cm) of 
w&ter column 


| No of roots showing 
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five dicotyledonous trees and one gymnosperm ‘The 
results are given in Table 2, and require no comment 

It seems likely that monocotyledonous plants, 
having no secondary growth, behave very differently 
from dicotyledons As M H Zimmermann (private 
communication) says “because most monocots do 
not form new vascular tissue m the lower part of the 
trunk as dicots do, a cohesion mechanism alone would 
run into difficulties" The method ıs clearly important 
as others*-? have failed. to demonstrate root pressure 
m palms 

A few simple experiments suggest that the observed 
root pressures suffice to drive sap up the stem about as 
easily as up a capillary tube The distal part of a cut 
root of a fruited banana plant was seen to develop 
pressure The plant was decapitated at 225m above 
ground-level, and the cut root reconnected with a 
rubber tube Other agencies such as transpiration 
are probably less mmportant than root pressure. 
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Probable Mechanism of Resistance of 
Varieties of Cocoa to Black Pod Disease 
caused by Phytophthora palmivora (Butl.) 

Butl. 


IsonLATES of Phytophthora | palmavora showed 
different degrees of pathogenic actrvity (measured by 
rate of spread of lesions at 25° C) when wound- 
moculated into surface-stenhzed pods of particular 
varieties of cocoa (Theobroma cacao, L) One isolate, 
WA 8, failed to attack any variety Isolates also 
showed varied rates of spread m different varieties of 
cocoa The variety SCA 6 was consistently more 
resistant than the variety ICS 1. Holliday’ has 
shown that the variety SCA 6 18 more resistant to 
artificial inoculation of intact pods with a zoospore 
suspension than is the variety ICS 1 

Rotted cocoa pod tissue showed no evidence of 
pectolytic enzyme activity when tested by Brown's 
maceration method’, and by the polygalacturonase 
agar plate method? The same tests, however, showed 
that pectolytic enzymes were produced by Phytoph- 
thora palmwora on autoclaved potato blocks 

Aqueous oxtracts of host tissue, prepared by homo- 
genization of tissue m distilled water (durmg which 
browning occurred), when added to pectolytic 
enzymes of P palmwora from mvaded autoclaved 
potato blocks caused inhibition of the pectolytic 
enzyme activity The mactivating abihty of such 
extracts was removed by pre-treatment with 0 5 per 
cent aqueous solution of gelatin If the homogeniza- 
tion was carried out m 0 1 per cent aqueous sodium 
dithionite solution brownmg did not occur and the 
extracts did not cause inhibition of pectolytic enzyme 
detavity These results suggested that the mhibition 
was due to high molecular weight tannins produced by 
polymerization of the products of oxidation of host 
polyphenols by polyphenol oxidase*-? 
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Tests of maceratmg activity of pectolytic enzyme 
of P palmavora on cocoa pod tissue showed tha 
tissue disks were more resistant to maceration wher 
allowed to brown after cutting than 1f browning wer 
prevented by ummersion in a 01 per cent sodiun 
dithionite solution Moreover, disks of the mor 
resistant variety SCA 6 browned more rapidly thar 
those of the susceptible variety ICS 1 and showec 
eorrespondmgly greater resistance to maceration 

If the resistance of cocoa varieties to rotting by 
isolate WA 8 were due to the mactivation of pectolytac 
enzymes of the fungus by action of the host poly. 
phenol oxidase system, then reduction. of the activity 
of the latter system by low oxygen tension would be 
expected to break down this resistance Some of these 
effects have been demonstrated Cocoa pods of 
vanety IMC 67 were wound-anoculated with the 
avirulent isolate WA. 8, placed at 60, 21 and 2 per cent 
oxygen tension and incubated at 25" C Lesions were 
produced at 2 per cent oxygen tension but were very 
hght brown 1n colour, whereas at oxygen tensions of 
21 and 60 per cent no lesions were produced, the only 
reaction being a narrow dark margin around the point 
of moculation 

Pods moculated with 1solate WA 8 and incubated 
at 15° C produced lesions, whereas no attack occurred 
at 25? C or 30? C Low temperature also might be 
expected to reduce the polyphenol oxidase activity 
and this reduction in host resistance would explain 
the better growth of the fungus 1n the host tissue at 
low temperatures than at temperatures nearer the 
optimum for growth of the fungus on agar culture 

A virulent isolate produced lesions at 60, 21 and 
4 per cent oxygen tensions; size of lesions mereased 
from an average diameter of 2 1 em at 60 per cent, to 
33cm at 21 per cent and 4 5 cm at 4 per cent after 
three days incubation at 30? C The lesions varied 
from dark brown &t 60 per cent, to brown at 21 per 
cent and lighter brown at 4 per cent, indicating a 
correlation between rate of attack and browning of 
host tissues 

Tests of growth-rates of P palmvora at various 
temperatures and oxygen tensions showed that the 
results could not have been solely due to direct 
effects on the growth-rate of the parasite Other host 
factors would be affected by alteration of oxygen 
tension and temperature, but an alteration of the 
balance between the pectolytic enzyme systems of the 
parasite and the polyphenol oxidase system of the 
host offers the sunplest explanation of promotion of 
attack by low oxygen tension and low temperature 

If resistance 1s correlated with polyphenol oxidase 
activity of cocoa pod tissue ıt may be possible to 
select varieties with high actrvity of the polyphenol 
oxidase system, and 1f, as would be expected, these 
show some degree of resistance, to use them m 
breeding resistant varieties 

It 19 hoped that a fuller account of this work will be 
submitted for publication sho tly 
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Canadian Salmon caught off Greenland 


Ox October 10, 1960, an Atlantic salmon 7] cm 
total length, weighing 3 7 kgm (8 2 lb ), and carrying 
Fisheries Research Board of Canada tag No 1,616, 
was caught in the sea off Tassiussag (65° 06’ N, 
52° 08’ W ), near Napossok to the south of Sukker- 
toppen, Greenland ‘The fish was tagged on May 22, 
1959, m the estuary of the Miramichi River near 
Chatham, New Brunswick (47° 04’ N, 65° 28” W ), 
as a smolt 17 5 em in total length It was one of 
3,500 smolts tagged there m May and June, 1959, 
with tags patterned after those used by Dr Borje 
Carlin! in Sweden, but had printed laminated plastic 
pendants supplied by a commercial firm 

Scales from the recaptured fish show three years of 
river life typical of Miramich River smolts, followed 
by a first sea year of moderate growth and a relatively 
wide winter band The second sea year includes a 
period of fast growth followed by a summer check, 
then a period of fast growth continuing to the time of 
capture in October 

This recapture represents the longest migration yet 
recorded, about 1,500 mules, for Canadian Atlantic 
salmon the river of origin of which 1s known through 
fin-clipping or tagging Many fin-elipped salmon from 
Quebec, New Brunswick, and Nova Scotia rivers have 
been recaptured, however, m sea fisheries as far 
away as Newfoundland and Labrador The recapture 
also lends some support to the suggestion? that salmon 
from both sides of the North Atlantic share common 
feeding grounds The first direct evidence of Scottish 
salmon reaching Greenland waters was provided by 
the recapture ın October 1956 near Sukkertoppen, 
Greenland, of a fish tagged as a kelt m November 
1955 at Loch na Crore, Ross-shire’ 

We are mdebted to Dr Jørgen Nielsen, of the 
Ministeriet for Grønland, for detais of this recapture 
accompanied by a scale sample, andto Dr P F Elson, 
of the Biological Station, St. Andrews, New Bruns- 
wick, for reading the scales 
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Penetration of Spines from a Marine 
Diatom into the Gill Tissue of Lingcod 
(Ophiodon elongatus) 


FisHeRMEN from the Porlier Pass area of Vancouver 
Tsland were experiencing unusually high mortalities 
among lingcod (Ophiodon elongatus), which according 
to common practice were being held m surface hve- 
wells prior to the weekly slaughtering and transport 
to market Exammation of dead and dying fish 
showed only that all specumens had discoloured gulls 
with considerable detritus embedded im the gill mucus 
(Fig 1) Much of this detritus was composed of 
Chaetoceros convolutus, one of a common group of 
marine plankton diatoms’, and their siliceous spmes 
(Fig 2) The spmes or sete with their apically 
directed barbs are shown m Fig 3 These findmgs 
suggested the possibility that the sets mı ght bring 
about tissue damage and be a direct or indirect cause 
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Fig 2 


Chaetoceros cells and sete on surface of lngeod gill fila- 
Specimen had died in lve-well within 8 hr of samphng 


Phase contrast view of Chaetoceros sp and sets on gill 
mucus Same specimen as m Fig 1 


Fig 8 Dark field picture of Chaetoceros sets showing apically 


directed barbs 


Fig 4 Sets embedded in gill of dead lingcod which had been 
exposed for 24 hr at 11°C to 1-5 x 10° Chaetoceros cellsji 
G indicates gill tissue 


of death. Gull tissue 1s particularly vulnerable to 
injury from chemical and biotic agents because of 1t8 
intimate contact with the external environment and 
because of its delicate structure It was therefore 
decided to expose apparently healthy lmgeod. (18 ın ) 
to 3-4 times the natural concentration (that 1s, 1-5 x 
105 eells/1 ) of Chaetoceros while the fish were held m 
aquaria. Control fish were kept m natural sea water 
Only one of the three treated fish died, from un- 
determined causes, and although the final results were 
mconclusive, 16 18 of considerable interest that setze 
were found embedded ın the gil tissue of the dead 
fish (Fig 4) It was established that the spines had 
actually penetrated the tissue and were not merely 
trapped m the mucus ‘The meidence and extent 
of the penetration were not determined, but four 
embedded setze were seen 1n an area of a few square 
millimetres The only comparable record appears 
to be that of Wood and Yasutake?, who found 
that mgested ‘hairs’ from the lepidoptercus larva 
Halesidota genitata penetrated the stomach and 
visceral organs of fingerling salmon by working their 
way mwards and thus causing extensive damage to 
the tissues The insect hairs, like the algal seta, have 
apically directed barbs and therefore both shafts 
must enter butt first for maximum penetration This 
direction of entry into lingcod gill tissue 1s shown in 
Fig 4 Sete which are entrapped on or embedded in 
the gills might cause death by capillary hemorrhage, 
by anoxia from the stimulation of heavy mucus 
secretion or by debilitation of the tissue allow: 
microbial invasion . 
It ıs not yet possible to say whether this penetration 
is only a laboratory oddity or whether ıt is also a 
significant natural phenomenon, but the subject 
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appears to warrant further investigation by marme 
biologists 
I am very grateful to Dr T. Parsons of the Pacific 
Oceanographic Group for his valuable advice and 
assistance 
Gorpon R BELL 


Fisheries Research Board of Canada, 
Biological Station, Nanaimo, BC 
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An Intra-Pericardial Hepatic Intrusion 
in the Common Dogfish 


Miss BARBARA STEVENS, of Brooklands Technical 
College, has been kimd enough to send me a dogfish 
(Scylorhwvus canicula) with an intra-pericardial 
hepatic intrusion Only the anterior end of the dog- 
fish 18 available, but the length from the tip of the 
snout to the anterior msertion of the pectoral fin 18 
9 cm, and the anterioi ends of the testes present a 
mature appearance Thus ıt may be inferred that the 
dogfish had practically reached full size with this 
abnormality when 16 was caught 

The septum transversum 1s perforated on the right 
side only, and the hepatic mtrusion 1s remarkable for 
its extent (Fig 1) On the right side the liver extends 
through the pericardial cavity for a distance of 
18 mm , almost reaching the anterior end of the conus 
arteriosus Laterally, the hver extends 23 mm, 
reaching across almost the entire width of the peri- 
cardial cavity at 1ts posterior end "The heart appears 
to be normal, except that the ventricle 1s displaced 
slightly forward and to the left 





Wig 1 Hepatic intrusion m the pericardial cavity of a dogfish 
A, Auricle, H, hepatic mtrusion, L, liver, S, septum trans- 
versum, V, ventricle 


The volume of the intra-pericardial mtrusion was 
estimated by making a ‘Plasticine’ replica and measur- 
ing the volume of this by displacement ‘This was 
found to be 27 ce Simuarly, the volume of the 
heart was found to be 22 ce Thus the hepatic 
intrusion occupied rather more of the pericardial 
cavity than the heart The volumes of the hearts of a 
small number of dogfish under class dissection were 
also estimated by making ‘Plasticine’ models, and then 
the volumes of the actual hearts were determmed by 
displacement after excision The method, as per- 
fermed by students, was found subject to an error 
of not more than 20 per cent The volumes of the 
pericardial cavities of the normal animals were also 
found by making ‘ Plasticine’ casts of the cavities after 


NATURE 


October 21, 1961 


excision of the hearts From these results ıt appears 
that the volumes of the heart and of the pericardial 
cavity of the abnormal animal are within the range 
to be expected, and that often the heart occupies only 
about half the volume of the pericardial cavity 

In the development of cramates, the pericardial 
cavity 1s first delineated from the perivisceral coelum 
by the mesocardia At this stage the pericardial 
ecelom ıs still in contact with the perivisceral ecelom 
by the dorsal and ventral parietal recesses of His 
Afterwards the primary septum transversum 1s 
formed by proliferation of connective tissue on the 
anterior face of the developing liver! It must be 
presumed that m this ammal the liver rudiment 
mitially developed asymmetrically in such a way 
that the aperture ventral to the right mesocardium 
was not occluded by connective tissue on the anterior 
face of the liver rudiment Thus the abnormality 
represents a patent right ventral parietal recess of 
His Goodrich? has shown that ın Scylsorhinus canicula 
the dorsal apertures remain as a forked pericardio- 
peritoneal canal The anterior end of this canal was 
clearly visible m the abnormal anunal, although the 
forked posterior ends could not be traced 
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Shoaling Behaviour in a Mysid 


Mysidrum columbae (Zimmer) ıs common ın shallow 
water n Kingston Harbour, Jamaica It 1s found 
durmg the day in shoals close to the mangroves, 
usually but not exclusively m the shade of the t1ees 
The shoals can be seen swimming horizontally a few 
centimetres below the surface of the water m a 
manner similar to shoals of small fish, for which indeed 
they were at first mistaken The behaviour of 
Mysidvum proves to be a combmation of fixed 
responses to external stimuli and social responses by 
which the shoals are built up and mamtamed 

A number of Mysedvum placed in a large vessel of 
sea-water will form a shoal in a few mmutes and 
swim around with their bodies oriented parallel with 
each other at a constant distance apart Small 
shoals tend to Join larger ones and Mysidrum separated 
from the main shoal by a sheet of glass attempt to 
swim through the glass to join the shoal provided the 
latter 1s close enough for them to seo ıt The critical 
distance for shoaling by visual orientation 1s about 
4 cm at 150 ft-candles Ulummation Mysidrium 
placed ın a circular dish 18cm ın diameter illuminated 
from above swim in one duection around it, keeping 
station with each other so that all those along a 
given radius tend to complete a circuit m the same 
time, those near the circumference swimming several 
times faster than those near the centre The speed of 
swimming 18 photokmetically controlled, bemg pro- 
portional to the logarithm of the light intensity over a 
range of at least two logarithmic units of 1Jlumination 
At very high intensities swimming tend, to be mhi- 
bited and the mysids sink to the bottom, while m 
very dim light the shoal breaks up Removal of 
both eyes abolishes both the photokinetic response 
and the ability to swim in a shoal Some astonishingly 
high swimming speeds have been recorded in these 
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experiments up to 15 4 em /sec , which 1s equivalent 
to about twenty times the animal’s length in a 
second 

Light-adapted Mysidvum are positively phototactic 
and swim towards a source of light Dark-adapted 
ones, however, always swim to the bottom of the 
tank when illuminated irrespective of the position of 
the hght After removal of the pair of statocysts 
situated in the uropods they always swim away from 
a light source, to the surface when illuminated from 
below and to the bottom when illuminated from 
above 

The behaviour of Mysidzum columbiae 18 remark- 
able in several respects Unhke most mysids it 1s a 
‘bright-light’ animal living close to the water surface 
under the noonday tropical sun, while in its shoaling 
behaviour ıt shows a precision and co-ordination of 
locomotion comparable with that seen in fish In 
some respects, however, the social responses of 
Mysidvum are not so well developed as in shoaling 
species of fish Two or more fish will form a shoal 
instantly but small numbers of mysids will not It 
seems that critical density or number of animals is 
required before they will form shoals, which then 
build up rather slowly, taking from 30 sec to 5 mm 
to become well developed Also a proportion estim- 
ated at about 5 per cent do not jom the shoals, but 
swim freely m other directions or remain motionless 
on the bottom Mysidium 18 more suitable than fish 
in some ways for an experimental study of shoaling, 
since 1t shows no apparent capacity to modify its 
behaviour as a result of experience 

D M. Steven 
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Evidence for a Sexual Phase in the Life-Cycle 
of an Amoba 


THE amceba have generally been thought to be 
devoid of a sexual phase ın their life-history!, though 
one earlier report?, and a recent one’, indicate a cycle 
involving fusion of flagellated gametes This com- 
munication concerns evidence for sexuality m a 
diphasic amceba 

A. flagellate ascribable to the genus Heteramaba 
and very near H globosa Skuja‘ 1s a widespread, 
though by no means common, inhabitant of brackish 
supra-littoral rock pools This organism, referred to 
here as Heterochromonas clara nom prov, differs 
from H globosa 1n being larger (30u diam ) and 1n not 
having contractile vacuoles, but, like H globosa, 15 has 
no stigma It was abundant in August 1960 in the 
polluted pools at the base of the cliff below the large 
gannetry on Ailsa Craig, where it was feeding 
voraciously on green, flagellates Two dozen bacteria- 
free clones were isolated from this source using a 
strain of Brachvomonas submarina for food One clone 
was set aside for nutritional work and the remainder 
were maintamed in composite culture for reference 
The amoebze first appeared in the latter culture They 
were unexpected since Hete: ochomonas 18 not recorded 
as being the stage in the life-cycle of an amceba, more- 
over, an isolate of H clara from a simular habitat in 
Finland had been kept for ten years without sign of 
amoebee 

Several of the amcebe were isolated and washed 
singly and used to start cultures Without exception 
every one of these cultures quickly gave rise to 
flagellates Twenty flagellated cells were similarly 
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isolated from one of the amoeba isolates (145), the 
ensuing clones being designated 145/a-t ^ Amobme 
appeared in several of these within a few days, but 
others have given rise to no amcebe after four months 
of maintenance The latter, six in number, were then 
crossed, with each other, that 1s, mixed m subculture 
two at a time in all combmations, for ıt seemed that 
the flagellate/amceba transformation might, in con- 
trast to other diphasic ameoebs, be under genetic 
rather than environmental control So indeed it 
proved, for with certam combmations amcebex 
appeared withm 24 hr. of the operation, while 
with others, and m the six parent clones, the 
populations remained uniformly flagellate (Table 1) 
Furthermore, the pattern of amcba-formation 18 
consistent with the existence of two mating types 
among the clones, all of which, 1t will be recalled, are 
descended from the same amceba cell This result 18 
taken as mdirect, though conclusive proof of a sexual 
phase 1n the life-cycle of this organism 


Table 1 PATTERN OF AX(EBA-FORMATION IN BI-CLONAL CULTURES 
Clone 145d 145% 145r 145f 1452 145% 
145g — — — A A A 
145% — — — A A A 
145r — — — A A A 
145f A A A — — — 

1452 A A — — — 
1452 A A A — — — 


A, Formation of amob:o within 24 hr 


The amæœbæ are at first mmute (7 x 30u) and 
typically lmaz-like but later reach a size of 40 x 70u; 
they have been observed to multiply by bmary 
fission Cysts (up to 25 x 30u, smooth-walled) 
are found only in amoeba cultures, they germinate 
to produce smgle amcebe Possible isogametic 
fusions between minute flagellates can be observed 
in mixed cultures, but this 1s open to an alterna- 
tive interpretation since H clara 1s phagotrophic and 
able to devour cells of 1ts own size or larger and 18 
not above resorting to cannibalism 

The followmg hypothetical conclusions may be 
drawn, from these preliminary observations (1) the 
amœbæ are diploid, (2) flagellated cells may be 
diploid or haploid, (3) only diploid cells can encyst, 
(4) haploid cells are of two mating types; (5) multi- 
plication can occur both m the diploid and haploid 
states and can continue mdefinitely m the latter 

Multipheation of flagellated cells of diphasic 
amcebee is not unknown, 1t has been reported, for 
example, for Tetramitus rostratus®, together with the 
suggestion of a sexual phase It 1s not yet established 
that amoebe of H clara can multiply for an indefinite 
period without reversion, to flagellates, nevertheless, 
considerable fluidity appears to exist in the balance 
between, haploid and diploid phases of the hfe-cycle, 
the cycle being primitive on that count as compared 
with other sexual Sarcodina 

A cytological investigation of H clara is being 
undertaken as an aid to a proper diagnosis of the 
organism and to a more detailed description of the 
life-history 

M R Droop 

Marine Station, 

Mallport, 
Scotland 
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Influence of Larval Environment on 
Adult Size and Fecundity in the Moth 
Panaxia dominula L. 


THE scarlet tiger moth, Panaazia dominula, 18 to-day 
found only m southern parts of the British Isles 
Since 1b was at one time a little more widespread! the 
present distribution may be due to the action of 
environmental limiting factors rather than to the lack 
of opportunity to colonize more northern parts of 
the country Evidence is presented here which 
supports this assumption 

The wing-span of moths caught m several English 
colonies was measured from the tip of the right wing 
to the centre of the thorax on pimned specimens 
There ıs considerable variation ın size between 
different colonies, insects from Devon being signifi- 
cantly larger than those from Berkshire (Table la) 
(For the difference between Axmouth and Cothill- 
males, 2 = 1037, P<0Q001, females, ¢ = 1089, 
P «0 001). When larvæ were collected late in develop- 
ment and reared to maturity under sumilar conditions 
it was not manifested (Table 1b) For the males, 
t = 023, P>O 80, for females, = 211, P = 0 05- 
0025 It seems likely, therefore, that the differences 
in size between wild-caught insects are determmed 
primarily by environmental dissmmularities between 
the colonies rather than by the genetic constitution 
of the individuals 1n them 

The number of eggs produced by bred females was 
eounted and their wing-span measured When pro- 
ductivity 1s plotted against wing-span rt 18 seen that 
there 18 & significant positive correlation between 
them in a sample of 22 from Cothill (r = 0 604, 
P<001), and in a sample of 6 from Kingsdown, 
Kent (r = 0852, P«005) The correlation 1s just 
below the 5 per cent level for 28 specimens from 
Axmouth (r = 0347 With 28 pomts the 5 per cent 
value 18 0 374) The data are shown in the graph 
(Fig 1) It may be that in Nature environmental 
conditions do not affect the mean number of eggs to 
the same extent, but the range in size 1n the experi- 
mental régime was considerably less than that between 
naturally emerging insects from the Devon and Berk- 
shire colonies, so that the results strongly suggest that 
size differences m them are accompanied by a corre- 
sponding variation in egg production Similar data 
from other insect species are discussed by Klomp? 
In this example the smallest individuals come from 
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e. Wing-5pan of female parent (mm ) 
Fig 1 Regression of number of eggs on wine-span of female 
parent O, Cothill, ©, Axmouth, 4, Kingsdown In this 
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Table 1 g, SIZE IN MM (TO NEAREST HALF MM ) FROM TIP OP WIN 
TO CENTRE OF THORAX IN INSECTS CAUGHT WILD 


Mean and standard 


No. deviation Range 
Cothill (Berks) dd 27 23 30 +115 21 0-26 
Cothill 99 25 22 78 + 098 21 0-24 
Sheepstead Hurst (Berks) 15 24 10 + 115 22 5-2b 
Bradfield (Berke) 4 26 75 + 0 65 25 0-26 
Newbury (Berks) 4 25 88 + 1 32 24 0-27 
Burgate (Hants) 8 25 81 +112 23 5-28 
Axmouth (Devon) dd 68 2596 + 107 23 58-28 
Axmouth 99 49 2554 + 104 23 0-97 


Table 1 b, MEASUREMENTS (TO THE NEAREST HALF MM ) ON ADULT 
BRED FEOM FOURTH INSTAR LARYÆ 


Mean and standard 


No deviation Range 
Cothill dd 16 24 81 + 1 48 21 5-26: 
Cothill 22 22 23 82 + 1 66 22 0-97 | 
Axmouth 3¢ 20 24 70 + 1 42 22 5-971 
Axmouth 99 81 24 71 + 1 28 21 6-27 i 
colonies near the edge of the present range They 


probably lay fewer eggs than those from south-wesi 
England, so that reduced productivity may be one 
of the limiting factors 

This work was carried out at the University o: 
Oxford during the tenure of a grant from the Nature 


Conservancy L M. Coox 


Department of Zoology, 
University of Leicester 
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Localization of Esterase in the Cuticle 
of the Nematode Ascaris lumbricoides 


THE cuticle of nematodes, because of its obvious 
skeletal functions and its importance as a barrier to 
nematocides, has recently been the subject of much 
research Bird and Deutsch! and Bird? have greatly 
mcreased our knowledge of the structure of the cuticle 
of Ascaris lumbricordes and various other workers 
have added to our knowledge of the chemical compo- 
sition of the eutiele?-5 Although Fairbairn® states 
“it would seem wise to rogard the mtegument as a 
fully integrated living tissue, rather than as an inert 
horny sheath” there has been no evidence to show 
that the cuticle of nematodes 1s metabolically active 

Frozen sections (50u) of Ascarzs lumbricowdes (from 
pigs), fixed in 10 per cent neutral formol salme at 
4° C for 24 hr , were tested for non-specrfic esterase 
activity by two methods as described by Pearse? (1), 
the naphthol AS acetate —fast red TR salt and (2), 
the 5-bromo-indoxyl acetate methods 

A positive result was obtained, with both methods, 
in the homogeneous, or matrix, layer of the cuticle 
but not m any of the other layers The colour was 
most intense at the anterior and posterior ends of the 
nematode In transverse sections there 18 a narrow 
gap 1n the deposit of stam 1n the homogeneous layer 
at the lateral lines 

There was complete mhibition of colour formation 
after incubation with 10-2 M silver nitrate, 90-100 
per cent hibition after 10-4 M #600 (diethyl p-mtro- 
phenyl phosphate); 50 per cent mhibstion after 
10-* M cupric sulphate and 90-100 per cent inhibition 
after boiling for 15 mm , but 10-4 M eserine appeared 
to have no mhibitory effect 

Lipids are known to be present in the cuticle of 
Ascaris and certain other nematodes*:**. Contrary to 
the findings of Bird™, a weakly positive result for 
lipid was obtained with oil red O 1n the homogeneous 
layer of the cuticle Thus the distribution of non- 
specific esterase comeides with the distribution of 
hpid m the homogeneous layer of the cuticle of 
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4scarws These findings provide strong evidence in 
favour of the view expressed by Fairbairn® and by 
Bird’ that the cuticle of Ascaris lumbricoides 18 a 
metabolically active structure The presence of at 
least one enzyme in the cuticle would indicate that 
more are present and it 1s possible that these enzymes 
are concerned with the laying down of more cuticle 
as the nematode increases 1n size after the final moult. 

Esterase, inhibited by 10-5 M E600, has also been 
localized ın the cesophagea! glands, ın the intestine, 1n 
the rectal glands, ın the ccelomocytes, 1n the nervous 
system mecluding the mnervation processes of the 
body wall muscles, m the gonads, and as ‘caps’ of 
enzyme on fat globules in the hypodermis, m the 
dorsal, ventral and lateral lines, and im the muscles 
The cells of the intestine have been found to be 
merocrme in that they discharge esterase through the 
striated border without undergomg any marked 
changes The presence of esterase m the mnervation 
processes of the body wall muscles, but not m the non- 
contractile part of the muscle other than on fat 
globules, would suggest that this esterase 1s a cholimes- 
terase or an esterase serving a sumuar function in 
nerve transmission 

D L LEE 
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Effect of Chlorinated Hydrocarbon 
Insecticides on Insect Choline Acetylase, 
Condensing Enzyme and Acetylkinase 

Tae role of acetylcholine ın the transmission of 
nerve impulses 1s by no means as well established m 
insects’? as it 18 in mammals, but the presence m 
insect nervous tissue of large quantities of acetyl- 
choline’ and of enzymes capable of its rapid syn- 
thesis? and hydrolysis? ıs clearly established 

It has also been shown that chlormated hydro- 
carbon insecticides have an effect on nerve conduction 
in 1nsects*:? and on theu acetylcholine-levels® 

That these insecticides kıll msects as a direct or 
indirect consequence of their effect on nerve conduc- 
tion has not been clearly demonstrated but it stall 
remains the most likely explanation of their mode of 
action 

The work reported here was carried out m an 
attempt to determine what effect these insecticides 
have on the synthesis of acetylcholine by insects, 
being part of a re-investigation of the effects of chlorin- 
ated hydrocarbon insecticides on the synthesis, 
hydrolysis and action of acetylehobne ın insects 

Dieldrin-suseeptible house-flies Musca domestica L 
were reared at 25° C on a larval diet of 120 gm. 
powdered whole milk, 120 gm powdered dried yeast 
and 24 gm agar powder made up to 1,200 ml with 
water The adults were fed on glucose and on a 5 per 
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cent aqueous glucose solution Tissue homogenates 
were prepared using a small Warmg blender 300 
adult M domestica, 5-10 days old, were homogenized 
at 0° C ın 10 ml 0 25 M sucrose for 5min Alterna- 
tively, the fhes were decapitated, after anæsthesia by 
coolmg, and the heads only were homogenized (300 
heads/10 ml 025 M sucrose solution) as above In 
both cases the resultant homogenates were filtered at 
the pump through muslin to remove the larger pieces 
of cuticle, and made up to 10 ml 

To determine the normal rate of synthesis of acetyl- 
cholme using either sodium acetate or sodium citrate 
as acetyl donor, reaction mixtures were prepared as 
follows and meubated 1n a water-bath at 30°C 20 
m] homogenate, 02 ml coenzyme A (1 mgm /ml 
Light and Co, Ltd ), 0 2m] 66 x 10 M adenosine 
triphosphate, 02 ml 01 M r-eysteme, 04 ml 
16 x 10-3 M eserme sulphate, or preferably, 0 4 ml 
0 01 M vetraethylpyrophosphate (TEPP) (both cholin- 
esterase inhibitors), 04 ml 04 M choline chloride, 
0 4 ml 0 IM phosphate buffer pH 7 0, 0 2 ml sodium 
fluoride (10 mgm /ml phosphatase inhibitor) 

To test the effect of msecticide, sufficient was dis- 
Solved in 0 2 ml acetone to give a final concentration 
in the reaction mixture of 10-3 M. Control experiments 
were carried out using 02 ml acetone added to the 
reaction mixture 0 4-ml aliquots were removed at 
intervals and ther acetylcholine content measured 
using Hestrin’s method? 

The actavity of the fly preparations, with and 
without acetone!" and irrespective of whether acetate 
or citrate was the actual donor, was 0 7 ugm acetyl- 
choline synthesized/head/hr and 13 pgm acetyl- 
choline whole fly/hr The activity when expressed per 
gram of fresh tissue was 567 ugm acetyleholme/gm / 
hr for fly heads and 120 pgm acetylcholine/gm jhr 
for whole flies On the addition of the chlormated 
hydrocarbon insecticides pp'/DDT (dichlor diphenyl 
trichlorethane), dieldrin, heptachlor and lindane im 
0 2ml acetone and at a final concentration of 10-3 M 
the activity of the preparations remained, unaltered 

Smallman‘, ın his demonstration of acetylcholine 
synthesis m the blowfly L sercata, found that the 
rate of acetylcholine synthesis from acetate by acetyl- 
kinase was considerably greater than that from 
citrate by the condensing enzyme working in reverse 
He also demonstrated that choline acetylase 18 much 
more active than either condensing enzyme or acetyl- 
kinase and that these latter enzymes appeared to 
control the rate of synthesis of acetylcholine 

Our results on M domestica, in which preparations 
of similar activity were used, show that as m L 
sericata both pathways for the synthesis of acetyl- 
coenzyme A are present, but that in M domestica the 
rate of synthesis from acetate or citrate was the same 
This mndicates that either chohne acetylase is less 
active than the other two enzymes and thus acts in & 
raie-controlung capacity, or that m the house-fly as 
in the guinea pig both pathways are equally available 

Lewis et al® have shown that in cockroaches 
poisoned, and prostrated by pp'DDT and ın cock- 
roaches physically stimulated to prostration there 
18 @ rise in their acetylcholine-levels He postulates 
that this 1s due to the release of acetylcholine from a 
bound form at abnormal sites m the nervous system 
since his results also showed that cholmesterase was 
not inhibited by the above treatments Our finding 
that the rate of synthesis of acetylcholine in M. 
domestica 18 not affected by the chlorinated hydro- 
carbon insecticides pp'DDT, dieldrin, heptachlor and 
lindane supports Lewis’s suggestion, since 16 excludes 
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the possibility that the mcreased, acetylcholine-levels 
could be due to an increased rate of production of 
acetylcholine due to chemical or physical stimulation 
We wish to thank the Colonial Office Pesticides 
Committee for financial support and Dr © T Lewis 
for helpful discussion, and advice 
JENNIFER ROTHSCHILD 
G F HOWDEN 
Imperial College Field Station, 
Ashurst Lodge, Silwood Park, 
Sunninghill, Ascot, Berks 
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Substances controlling the Rate of Beating 
of the Heart of Periplaneta 


A PAPER now in the press! shows that the heart 
accelerating factor from the corpus cardiacum of the 
cockroach Periplaneta americana described by 
Cameron? acts by stimulating the pericardial cells 
to produce a second substance It is this pericardial 
cell factor which 1s responsible for the direct stimula- 
tion of the heart ‘This communication describes the 
properties of the two substances 

The factor from the corpus cardiacum appears to be 
a peptide or protein Heating extracts (prepared by 
grinding corpora cardiaca in insect Rimger or in 
distilled water) on a boiling water-bath for 5 min 
results in a slight increase in activity as measured 
on the isolated cockroach heart More prolonged 
heating has no further effect on the activity The 
activity of extracts 1s unaffected by evaporation to 
dryness at room temperature and resuspension in 
distilled water The dried residue can be extracted 
with n-butanol, acetone or diethyl ether without loss 
of activity The active factor appears to be soluble in 
80 per cent ethanol, but treatment of the dried residue 
with absolute ethanol destroys the activity Incuba- 
tion of extracts with trypsin at pH 8 or pepsin at pH. 
3 results 1n complete mactivation within 60 min at 
37° C 

However, Cameron??? has suggested that the active 
substance from the corpus cardiacum 1s an o-diphenol 
Since Cameron’s extraction technique involves the 
use of absolute ethanol as a solvent for the active 
prinezple, his material must be different from the 
material under study here Further confirmation of 
the non-identity of the two materials 1s obtamed 
from a consideration of the behaviour on paper 
chromatograms of distilled water extracts of corpora 
cardiaca and extracts prepared according to the 
method of Cameron Using n-butanol/acetic acid/ 
water (4 1 5) as a solvent, the activity from 
corpora cardiaca extracted in distilled water 1s 
associated with a nmhydrm-positive spot at Rr 0 23 
Similar chromatograms using Cameron’s technique 
have yielded highly variable results, 16 18 sufficient 
to say here that no activity was ever recovered from 
the area around Fr 0 23 Further, a number of spots, 
Some sensitive to ninhydrin, others to ferric ferri- 
cyanide, appeared at higher Rr values None of these 
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spots could be detected on chromatograms developed 
from distilled water extracts Using phenol as a 
solvent, 1t has not been possible to detect a spot on 
chromatograms developed from distilled water 
extracts which turns pink after treatment with 0 44 M 
potassium ferricyanide On the other hand, such 
spots appear on chromatograms in which Cameron s 
technique was used to extract the corpora cardiaca 
It 1s worth noting that Cameron preferred to extract 
the o-diphenol from whole larve of Tenebrio, as the 
extraction from the corpora cardiaca of Periplaneta 
was difficult and unreliable? 

The material from the pericardial cells appears to 
be an indolalkylamine The tsolated cockroach heart 
18 very sensitive to serotonin, the threshold for 
stimulation 18 below 10-? M Extracts of pericardial 
cells activated by the factor from the corpus eardia- 
cum have a slight and transient melanophorotropic 
effect on the melanocytes of the skin of the frog Rana 
temporaria, a property shared by the 1ndolalkylammes! 
The action of extracts of the corpus cardiacum on the 
isolated heart of Periplaneta can be potentiated by 
first exposing the heart to a concentration of 100 
ugm /ml of 1promazid, an inhibitor of the enzyme 
monoamine oxidase Further, 2-bromolysergic acid 
diethylamide, an antagonist of imdolalkylamines, 
markedly reduced the effect of extracts of corpus 
cardiacum when applied at a concentration of 10-5 M 
These results are taken as evidence that an mdolalkyl- 
amine 18 Involved ın the action of the corpus cardiacum 
on the heart 

If activated pericardial cells are extracted by a 
technique designed to separate amunes?, a pharmaco- 
logieally potent extract results which possesses a 
single ultra-violet absorption peak at 266 mu 
Similar extracts of mactive pericardial cells, on the 
other hand, are phaimacologically mert, and possess 
an absorption peak at 275 mu, with a shoulder at 
286 mu This probably represents an inactive pre- 
cursor of the active factor 

Extracts of active pericardial cells have been run 
on paper chromatograms using n-butanol/acetie 
acid/water (4 1 5) as a solvent The pharma- 
cological activity on such chromatograms 1s located 
in the vicmity of Rr 05 After treatment with mın- 
hydrin-acetic®, a spot exhibitmg blue-green fluores- 
cence in ultra-violet light appears at Rr 05 This 
spot 18 absent from chromatograms of extracts of 
inaetive pericaidial cells The test ıs diagnostic for 
derivatives of tryptamine It is worth noting that 
the active factor from the opaque accessory glands 
of male insects’? can be extracted by the same tech- 
nique and shows a strong absorption peak at 266 mu. 

Finally, active and inactive pericardial cells have 
been examined histologically Active cells are con- 
siderably larger and contain more secretion droplets 
A greater proportion of the active cells exhibit 
argentaffin granules, a characteristic feature of cells 
which produce mdolalkylamines 

I am indebted to Prof V B Wigglesworth for his 
continued interest and for the provision of facilities. 
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Chromosomes of the Orang-Utan 
(Pongo pygmaeus) 


APART from the data on the chromosome number 
of chimpanzees^? there are no other data available 
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concerning the number and the morphology of the 
chromosomes of other anthropoids While engaged on 
a programme of research on the phylogenetic relation- 
ships of primates, I had the opportunity of studying 
the chromosomes of two orang-utans (male and female, 
R 33and R 34) in the Zoological Gardens of Rome 

Since it 1s planned to publish at a later date 
moiphometric comparative data for most species of 
primates, in this communication only a description of 
the chromosomes 18 given 

The usual techniques fo1 the study of chromosomes 
in tissue cultures were followed? The chromosome 
counts are summarized in Table 1 
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Table 1 
2n = 46 47 48 49 
R 33 2 16 1 
R 34 — 3 21 c 


The diploid number of the chromosomes of Pongo 
pygmaeus can thus be considered 2n = 48, the same 
as that of the chimpanzee 

Fig 1 shows the ieconstiuction, 
in pairs of male and female chiomo- 
somes They are ananged in a 
preliminaiy oidei, a more satisfac- 
tory grouping will become possible 
when more data become available 

In Table 2 the autosomes are 
classified according to the position 
of the centiomeres 


Table 2 
Submetacentric 


3, 4, 5, 7, 
11, 12, 18, 16, 23 
Telocentric 
2, 6, 8, 9, 10, 14, 
15, 18, 19 
The X-chromosome ıs meta- 
centric, the Y-chromosome has a 
large achromatic zone 
% The orang-utan’s karyotype 
shows certam simuarities to the 
, human one Chromosomes 1, 4, 5, 
' 6 and 7 closely 1esemble chiomo- 
somes 1l, 4, 5, 6 and 7 of man, 
g ` , according to the nomenclature of 
' the Denver human chromosomes 
study group The three pans of 
telocentiic chiomosomes of man 
(13, 14, 15) correspond morpho- 
logically and dimensionally with 10, 
14 and 15 of the orang-utan ‘The 
pax 23, moreover, looks like 
chromosome 22 of man, having one 
of the two aims heterochromatic 
As regards the sex chromosomes, 
the X-chromosome of the orang- 
utan shows a strong resemblance 
to the human one, while the 
Y-chromosome differs by having a 
large achromatic portion 
A. more careful study by means of 
* metric analysis? will be required, 
: 7 however, before establishing such 
similarities 
My thanks are due to the director 
of the Rome Zoological Gardens, 
Prof E Bronzini, for enabling me 
to study these animals 
BRUNETTO CHIARELLI 
Istituto di Genetica, 
Universita di Pavia 
[See also p 225 of this issue ] 
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Nucleolar Succinic Dehydrogenase in 
Mouse Mammary Carcinoma Cells 


THE oxidative enzyme succinic dehydrogenase es 
principally localized! in the mitochondria and absent 
in the nuclei of all mammalhan cells However, the 
enzyme had been localized in the nuclei of bird 






Figs land 2 Arrows indicate the nucleoli of malignant cells in histological section and 
whole-cell suspension from mouse mammary carcinome, respectively (pyronin methyl 


green) Fig 3 
mahznant cells 1n suspension 


(All x e 400) 
erythrocytes which according to Brachet? may bo due 
to absence of mitochondria ın these cells 

Nucleolar sucemic dehydrogenase has been shown 
to be present, m normal rat hver cells? and also m the 
malignant cells* from epidermoid carcinoma of human 
cervix Now nucleolar localization of this enzyme has 
been confirmed in malignant cells of a different bio- 
logical material (mouse mammary carcinoma) 

A suspension of mtact whole cells 1n 0 1 M ice-cold 
phosphate buffer of pH 7 6 was prepared from spon- 
taneous solid mammary carcinoma arising in DBA 
mice, which removed the endogenous substrates for 
suceirnie dehydrogenase A portion of this suspension 
was smeared on glass slides for staining with pyronin 
methyl green and cellular sediment from the remain- 
ing portion was stemed for suceimme dehydrogenase’ 
A small piece of tissue from the tumour was fixed in 
earnoy, sectioned at 5u thickness and stamed by 
pyronin methyl green 

Photomicrographs show a close similarity as 
regards nucleolar shape, size and position of the 
pyronin methyl green preparations and formazan- 
staimed nucleolar bodies (Figs 1, 2 and 3) More than 
a thousand malignant cells were investigated on each 
slide 

Thanks are due to Dr S K Brahma, for active 
co-operation and to N Saha for the photomucro- 
graphy. 
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Chromosomal Lesion associated with 
Carcinogen-induced Tumours in Mice 


ePRIMARY tumours induced by polycyclic hydro- 
carbons have been examined by several investigators 
to evaluate the importance of karyotype modifieation 
m carcmogenesis!-= A significant number of such 
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tumours has been characterized by 
cells with aneuploid chromosome 
numbers In a study of 14 fibro- 
sarcomas mduced by methyl- 
cholanthrene nm a variety of £^ 
hybrids of mbred mouse strains, 
Hellstrom? reported that only 4 
tumours contained predominantly 
diploid cells The cells comprising 
the remaining ten tumours were 
either hyperdiploid, triploid, or 
hypertetraploid Marked varia- 
bility in chromosomal pattorn was 
observed from one tumour to 
another as well as withm any one 
tumour 

Studies in om laboratory are 
under way to determine whether 
the cytogenetic variability ob- 
served in carcmogen-:nduced 
tumours might be correlated with 
the inducing hydrocarbon, sex and strain differences 
in tumour incidence, or the latent period, antigenicity, 
or growth behaviour of individual tumours The 
results of these investigations will be reported in 
detail elsewhere 

Tumours were induced, m mice of & variety of 
strains, by subcutaneous myection of either 0 1 mgm 
20-methylcholanthrene or 3,4-9,10-dibenzpyrene dis- 
solved in sesame oil (Table 1) Primary tumours or 
tumours maintained m isologous passage by trocar 
pieces for various periods were examined Cells were 
prepared for chromosome studies either after brief 
an vitro culture or by direct examination of solid 
tumours For tissue culture, tumour fragments were 
trypsimzed and the recovered cells meubated in 
Eagle’s minimum essential medium contaming 10 
per cent foetal bovine serum Variability m time of 
attachment and initiation of cell division, usually 
24-48 hr , determined the interval in culture prior to 
examination Squash prepaiations of metaphase cells 
were obtained by standard colchicine and hypotonic 
citrate pretreatment, aceto-orcem fixation and stam- 
mg For direct exammation of solid tumours, mice 
were injected, 1 hr prior to death, with colchicine 
Tumour fragments were minced m hypotonic citrate 
solution and fixed and stained with aceto-orcem 
Short-term growth m tissue culture offered distinct 
advantages over the use of material derived directly 
from the mouse since larger numbers of dividing cells, 
as well as chromosomal preparations of superior 
morphological detail, were obtamed The cytogenetic 
variability manifested by these carecinogen-induced 
tumours is illustrated m Table 1 No distinction 
between tumours induced by methyleholanthrene or 
dibenzpyrene ıs apparent Sumnilar to Hellstrom’s 
findings, those tumours represented by a true diploid 
modal chromosome number were seen to be composed 
of some aneuploid cells 

The presence of chromatid breaks, occurring regu- 
larly 1n & certam proportion of the cells of 20-methyl- 
cholanthrene- and  3,4-9,10-dibenzpyrene-mmduced 
tumours, has been observed in preparations directly 
from solid tumours as well as from cultured material 
(Fig 1) Table 2 indicates the frequency of cells with 
such breakage for several tumours of each carcinogen 
group Only those cells selected as suitable for 
accurate chromosome counts were scored for breakage 
Characteristic breaks were noted in cultured material 
which was not subjected to colemcme Similar 
lesions have not been seen in other murine cells, 
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Table 1 DISTRIBUTION OF CHROMOSOME NUMBERS OF METAPHASE CELLS IN CARCINOGEN-INDUCED TUMOURS 


Tumour 
characterizu- 
tion 


Total 
no 


105-177 cells 


Chromosome numbers 
38 39 40 41 42 43 44 45 46 47 48 49-69 70 71 72 73 74 75 76 77 78 79 80 81 82 88 84 85 86 87 88 89-97 98 99 100 101 102 103 104 


Passage 
genera- 
tion 


Sex 


Host 
strain 


Tumour 
no 


50 Hyperdiploid 
15 Hypertetraploid 


31 Diploid 


162 
163, 168 


1 


e 


4*19 12 6 


y 
9 
o 


BALB[c 
BALB/c 
(Ix C8H)s, 


3 


ol 


c1 


M-II 


c1 


9 17 1 1 1 


Primary 


M-IV 


40 BHyperdiploid 
40 Hyperdiploid 


12 18 
2.1 318 9 


2 
2 


BALB][c 
BALB/c 
BALB/c 


a 


1 


2 


1 


M-XII 


24 Diploid-hyper- 
diploid 


136 


^l 


421 60 1 


Ce 


us 


g Primary 


M-XIV 


9uaIqjuv[ouo[At]9]4-05 


30 Duploid 
18 Hyperdiploid 


1 
3 


is 


[te] 


19 0 1 
1 


9 Primary 


BALBlc 


(C8H x BALB[c)r, d. Primary 
BALB/c 


D-II 


D-I 


hypotetraploid 


17 Hyperdiploid- 
1 109,125 49 Near-tetraploid 


119, 154, 
155 


1 57 


Primarv 


o 
B 


92, 95 


1 


2 


60, 61, 69 


d Prmaiy 


BAJLBjc 
(I x C8H): 1 


D-VI 
D-VIl 


20 Hypertetra- 
ploid 


157 


2 


d Primary 


19 Hypotetraploid 


177 


1 92, 99 


l1 4 1 1 1 1 1 


57 


e1 


(C3H x BALD|o)*, 9 Primary 


D-X. 


ouor&dzuequ]-oI'6-p'g 


T Numbers in italics represent actual chromosome number per cell 


* Figures refer to number of cells counted 
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Table 2 FREQUENCY OF CHROMATID BREAKAGE IN METAPHASE 
CELLS OF CARCINOGEN-INDUCED TUMOURS 


Tumour No ofcells No ofcells Frequenc 
No examined with breaks (per cent 


M-I 50 25 50 

M-II 15 9 60 

20-Methylchol- M-IV 31 0 — 
anthrene M-Y 40 6 15 
M-XII 40 4 10 

M-XIV 24 10 42 

D-I 30 6 20 

D-II 18 7 39 

3,4-9,10-Dıbenz- D-V 17 4 24 
pyrene D-VI 49 7 14 
D-VII 26 14 54 

D-X 19 8 37 


from normal or tumour tissues, cultured m our 
laboratory 

Although the chromosomal discontinuity appears to 
be ‘complete’ most frequently, a thin interconnecting 
thread ıs occasionally seen Rarely the break in the 
chromatid arm 18 only partial In more than half the 
total number of metaphase cells with this chromatid 
lesion, only one break per cell was found Higher 
numbers of breaks, up to 5 per cell, occurred with 
decreasmg frequency ‘The number of breaks m each 
cell 13 apparently not related to ploidy Breaks were 
present with a relatively high frequency in tumour 
M-I, which was origmally examined in its 6th trans- 
plant generation This tumour was again studied m 
its 11th passage generation and the breakago frequency 
was found to be similar 

At this time, we feel that no preferential breakage 
sites characterize these tumours We have noted that 
for any one tumour there 1s occasional evidence of 
breaks occurring at comparable sites on the chromo- 
somes of different cells Investigations are under way 
to clarify this pomt, elucidation, however, will be 
made difficult by the lack of individuality of the mouse 
chromosome, 1n addition to the well-known occurrence 
of cryptic structural changes 

Whether or not the portion of the chromatid arm 
distal to the break remains attached through the next 
cell-division cycle ıs not known Such & piocess 
could occur by means of & non-visualized chromosome 
matrix, or by a process of re-heahng That the 
chromatid fragment is at least sometimes lost was 
apparent A portion of a metaphase chromatid was 
occasionally missing or a chromatid fragment was 
sometimes found distant from a deleted chromosome 
At times the fragment was seen ‘paired’ to the sister 
chromatid on the side opposite the proximal portion 





y * e 


Fig 1 Metaphase cell from tumour M-I, contaming 43 chromo- 
somes Two chromatid DECRE are T in area outlined 
x 3, 
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of the broken chromatid The possible contribution 
of the observed chromatid breakage to structural 
changes within the chromosomal complement will 
require further analysis 
The work reported m this communication was 
supported m part by a grant from the American 
Cancer Society and in part by Contract S4-43—ph— 
2445 from the Cancer Chemotherapy National Service 
Center, National Cancer Institute, Public Health 
Service, Bethesda, Md 
JUNE Ler BIEDLER 
Lioyp J Ornp 
DONALD A CLARKE 


Division of Experimental Chemotherapy, 
Sloan-Kettering Institute for Cancer Research, 
Sloan-Kettermg Division, 

Graduate School of Medical Sciences, 
Cornell University Medical College, 
Rye, New York 
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3 Stich, H F, J Nat Cancer Inst , 25, 649 (1960) 


GENETICS 


Effect of Kinetin on the Fertility of 
some Strains of Neurospora crassa 


IN experiments with Neurospora crassa, some 
Strains when crossed are highly infertile and, therefore 
further genetic analysis 1s difficult This communica- 
tion reports the effects of an addition of kmetin 
(6-furfurylamino-purine)? on the fertilty of some 
strains of Neurospora crassa which are normally 
highly infertile 

The strains used were all derived from the Abbot 
and/or Lindegren wild-types? and had become ın- 
fertile as a result of either ultra-violet mradiation 
(designated A in Table 1) or of selection for ascospore 
size (Lee, B T O , unpublished results) (designated B 
in Table 1) 

Crosses were set up between various strains of the 
A and B series on a medium favourmg sexual reproduc- 
tion, with kinetin (0-10 p p m) added The fertihty 
was assessed after incubation for 15 days at 25? C 
Each treatment was replicated five times The 
fertihty was measured by counting the number of 
perithecia per slope and ascospore production 
assessed on an arbitrary scale 0-10, in which 0 1s 
equivalent to a complete lack of ascospore production 
and 10 corresponds to normal wild-type production of 


ascospores The results are given m Table 1 Its 
Table 1 PERITHECIAL AND ASCOSPORE PRODUCTION WITH ADDED 
KINETIN 
Cross Kinetin (ppm) 

90 9 10 20 40 100 

A13x 418  P* 64 122 128 154 1460 152 
A1 9 2 3 3 4 8 

A12x418 P 60 104 116 102 122 106 
A 2 4 4 4 4 3 

Al90x 414 P 12 96 154 252 206 212 
A 3 4 6 5 5 

A91x A16 P 26 80 79 104 92 88 
A l 4 4 4 4 

Bi7x B19 P 4 82 104 84 158 196 
A 0 2 2 2 4 4 

B2?1x Bis P 8 16 24 14 22 18 
A 1 1 1 1 1 1 

B1xB 3 T 20 34 106 66 74 86 
A 1 2 3 1 2 3 

BIRET P 5 76 94 106 118 126 
A 0 2 3 3 4 3 

$16x B8 P 8 76 108 92 106 122 
A 0 2 3 2 4 4 


* P = No of penrtheoa produced per slope (mean of 5 replicates) 
+ A = Estimated ascospore production per slope (mean of 5 
replicates) 
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evident that the perithecial production 1n eight of the 
nine crosses used 1s greatly mereased by the presence 
of kinetm Estimates of ascospore production follow 
a sunilar trend I6 is notable that kmetin had no 
effect on the cross B 21 x B 14 

It is thought that this effect of kmetm on the cross- 
ing behaviour of Neurospora crassa might assist in the 
study of many strains the infertility of which on 
crossing has hitherto prevented a genetic analysis 
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Haploidy in Jute (Corchorus olitorius L.) 


HaPLOIDY was first reported to occur m Datura 
stramomum by Blakeslee et al + Since then, haploids 
occurring spontaneously or induced under artificial 
conditions have been recorded in many flowering 
plants? As fer as we are aware, haploidy in Corchorus 
has not yet been reported Datta’ reported a case of 
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Fig 1 The haploid Corchorus ohtorvus (J.RO-632) plant (x 1/14) 
Fig 2 Seven somatic chromosomes m the root-tip cell (x 1,700) 
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polyembryony in Corchorus without, however, any 
cytological analysis of the twin seedlings 

From a selection of X-ray-irradiated progenies of 
70,000 r treatment of the X, generation of Cor- 
chorus olitorvus (JRO-632) ın 1960, seven variants 
were found from a culture of healthy, vigorously 
growing normal plants These plants with compara- 
tively slender stem and small leaves were very late- 
flowering and the pod was small and stumpy Among 
these variants, one plant was characterized by the 
presence of a very short and slender stem (Fig 1) 
(length 97 5 em , thickness 5 2 mm ) and bearmg a few 
flowers, from which only nine mature pods developed, 
measuring l-15 em in length and 4-5 mm in 
breadth Six of the pods were empty In the 
remaining three pods, one to three full seeds and two 
to three shrivelled seeds were obtained 

In most of the anthers, unsepaiated tetrads with 
collapsed walls were found The anthers of the 
flowers did not dehisce, pollen sacs were empty with 
collapsed walls, though two full grains, taking stein 
m 10dine, were found 1n a flower 

Of the seven full seeds, which are similar morpholo- 
gically to the seeds of normal plants, three were 
germinated, from these, chromosome investigations 
were carriud out In the orcem squash of root-tip 
meristem of all the three seeds, seven chromosomes 
were counted from the metaphase plates (Fig 2) 

The seeds having haploid number of chromosomes 
may have arisen by parthenogenesis of a cell from the 
female gamete! 
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VIROLOGY 


Transmission of Lapinized Rinderpest 
Virus by Contact between Rabbits 


RABBITS are readily infected with lapmized rinder- 
pest virus administered parenterally, but contact 
infections are alleged not to occur’? Protocols, 
however, have not been published yet 

Hight groups of twenty rabbits were randomly 
paired and each pair was closely confined in a cage 
measuring 45 x 45 x 45cm One rabbit of each pair 
was given 1,000 JD;, of lapmuzed rinderpest virus 
intravenously Rectal temperatures were recorded 
daily In the first trial insufficient attention was paid 
to the risk of transmission by clinical thermometers 
for we have found since that lapinized rimderpesi 
virus can be recovered from the feces of infected 
rabbits and that mtrarectal instillation of the virus 
readily infects In subsequent trials different thermo- 
meters were used to record the temperatures of 
moculated and uninoculated rabbits 

Close contact was maintamed until the moculated 
rabbit died Thereafter the uninoculated rabbits 
were observed for a further period of 10 days, after 
which they were killed and examined for signs of 
rinderpest In the final trial the period of observation 
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was extended to 30 days Unmoculated rabbits 
which developed a fever were killed and examimed. 
Tissues from those having suggestive lesions were 
collected, emulsified and inoculated into other 
rabbits 

All eighty inoculated 1abbits were infected and all 
died In the first trial one of the m-contact rabbits 
contracted rinderpest and we now believe that tians- 
mission occurred rectally via the thermometer In the 
subsequent trials two in-contact rabbits had sugges- 
tive lesions but virus was not recovered from their 
tissues and infection was not considered to have 
occurred 

Our findings have confirmed the eailter statements 
that contact transmission of lapinized iinderpest 
virus does not occur between sick and healthy rabbits 
Direct contact, nevertheless, 1s the primary mode of 
transmission of wild strams of rmderpest and all 
authenticated outbreaks in previously disease-free 
countries have been linked to the importation, of live 
animals from endemic areas’  Lapinized rmderpest 
virus has undergone many serial passages 1n rabbits 
and ın the process has become attenuated for cattle 
and, at the same time, highly vnulent foi rabbits 
It has also lost 1ts ability to transmit by contact In 
this respect it simulates the Kabete O stram of 
rinderpest virus which has been ‘needle-passaged’ m 
cattle for many years and which does not spread 
readily between sick and healthy cattle although 1t 1s 
highly virulent for cattle? Presumably the route of 
infection. with both strains has favoured the selection 
of mutants deficient in natural mvasrveness Both 
strains still, however, mduce gross changes in the 
alimentary tract‘ 

Recognition of the possibility of selecting mutants 
of virulent strams of virus which do not spread by 
contact should stimulate the search for a selection of 
similar mutants of attenuated strains mtended as live 
virus vaccines 

We wish to thank Mr H R Bmns, director of the 
East African Vetermary Research Organization, for 
his advice and encouragement and permission to 
publish this communication 

G R Scorr 
C S. RAMPTON 


East African Vetermary Research Organization, 
Muguga, PO Box 32, 
Kikuyu, Kenya 
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Photo-Reactivation of Tobacco Mosaic 
Virus in vivo 


ToBACCO mosaic virus, mactivated ın viro by 
ultra-violet irradiation, could not be photo-reactivated 
by exposing plants, moculated with the inactivated 
virus, to light! However, ribonucleic acid prepara- 
tions from tobacco mosaic virus could be photo- 
reactivated m this manner, followmg inactivation by 
ultra-violet light!’ Siegel et al4 investigated the 
effects of ultra-violet light on tobacco mosaic virus 
and tobacco mosaic virus nucleie acid, at differerw 
times after inoculation of Necoana glutinosa plants, 
on which local necrotic lesions are formed They 
interpreted their results to suggest that the nucleic 


290 


acid of tobacco mosaic virus 1s freed from its protein 
moiety during a lag period of approximately 2 5 hr 
following moculation and before the infective centre 
begins to crease m resistance to ultra-violet hght 
If this model 1s correct, and the nucleic acid of tobaeco 
mosaic virus separates from the protem, then 1: 
should be possible to photo-reactivate the nucleic 
acid durmg the period when the’separation, occurs. 

Bawden and Kleczkowski> reported experiments to 
test this hypothesis, but concluded that the photo- 
reactivation effects observed in their experiments 
could always be attributed to the effects of ultra- 
violet hght on the ‘capacity’ of N glutinosa leaves, 
capacity being defined as the ability of a leaf to 
support the multiplication of tobacco mosaic virus to 
the extent of forming local lesions The effect of 
ultra-violet light on capacity can be determined by 
irradiating leaves prior to inoculation, and in, expert- 
ments designed to study the direct inactivation of 
tobacco mosaic virus m, leaves, the dosage of ultra- 
violet light must be such that the capacity remains 
unimpaired 


Table 1 EFFECT OF ULTRA-VIOLET LIGHT ON THE CAPACITY OF 


LEAVES OF N glutinosa 
Dose (min) Experiment No 


1 2 3 

2 0 97 100 

3 1 00 0 90 

4 091 0 29 

5 0 75 9 79 

6 0 56 

o 0 49 
10 0 24 


Each figure represents the fraction of local necrotic leslons developed 
on detached haif-leaves of N glutinosa irradiated before inoculation 
with the U2 strain of tobacco mosaie virus as compared with un- 
uradiated half-leaves 


Tabie 1 shows the effect of ultra-violet light from 
a Philips TU V30 germicidal lamp (90 per cent trans- 
mission at 2537 A ) on the capacity of detached leaves 
of N glutinosa irradiated at 30 cm from the lamp and 
immediately moculated with the U2, or mild, stram 
of tobacco mosaic virus Clearly, capacity 18 affected 
by prolonged irradiation prior to moculation, and 1n 
subsequent experiments no period of mradiation 
longer than 90 sec was employed The U2 strain of 
tobacco mosaic virus was used as 16 1s 5 5 times more 
sensitive to ultra-violet hght than the U1, or common 
stram Suitable kiling fractions for infective centres 
of U1 tobacco mosaic virus could not be obtained 
without impairing capacity ON glutinosa plants were 
moculated by means of a pam? brush with an moculum 
contamung 10- mgm /ml of ultracentrifugally purified. 
U2 tobacco mosaic virus m 1/15 phosphate buffer, 
pH 7, containmg 4 per cent ‘Celte’ as abrasive In all 
experiments glasshouse grown plants were placed ma 
growth room 16-20 hr before moculation, at a tem- 
perature of 25° + 1° C, and continuous fluorescent 
hight of 800 ft -candles mtens:ty Inoculations were 
carried out under these conditions, while irradiation 
was done under the ultra-violet lamp im the same 
room Leaves were detached prior to irradiation, 
placed on cotton wool in shallow trays and mradiated 
Fo. each treatment 3 leaves from each of 8 plants 
were used, one half of each leaf was covered to serve 
as the unirradiated control Leaves were retained in 
the light, or dark, m the growth room for 24 hr 
following irradiation and then transferred to con- 
tmuous light of 800 ft -candles intensity and a tem- 
"perature of 25° + 5° C, for a further 2 days, until 
lesions were counted For each treatment the lesion 
totals from the irradiated halves of each leaf were 
compared with the totals from the unuradiated 
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Table 2 PHOTO-REACTIYATION OF TOBACCO MOSAIO VIRUS A 
DIFFERENT TIMES AFTER INOCULATION 
Exposure 
ft 


Time after tnoculation (hr ) 
25 35 375 40 425 60 


Light 024 025 042 047* 045 046 045 057* 081* 0 5€ 
Dark 023 024 040 041* 039 040 032 047* 059% 0 5( 
Figures represent the fraction of infective centres of U2 tobacc 
osal virus on NV glufinosa, surviving a dose of 90 sec ultra-viole: 
ight 
* Experiments carried out at a dose equivalent to 75 sec ultra 
violet light 


after 
inoculation 2 


halves, and since infective centres lead to the forma. 
tion of local lesions the fraction of infective centres 
surviving nradiation was calculated 

Table 2 shows the results from photo-reactivation 
experiments carried out at different times after 
inoculation In the period from 2 to 35 hr after 
moculation no photo-reactivation could be demonstra- 
ted tis clearly evident that from 3 75 to 5hr after 
inoculation photo-reactivation, as measured by the 
difference 1n the fraction of infective centres surviving 
radiation m leaves exposed to light, as compared 
with dark, has been demonstrated This period of 
photo-reactivation corresponds to the period of rapid 
change ın sensitivity to ultra-violet irradiation shown 
by Siegel and Wildman? to commence 25 hr after 
inoculation with the U2 strain of tobacco mosaic 
virus Siegel and Wi'dman retained planis at a 
lower temperature, 20? C , and a higher light intensity, 
1,000 ft -candles, than those used in the present 
experiments However, it 1s evident from the fraction 
of infective centres surviving when leaves are exposed 
to light followmg inoculation (Table 2) that conditions 
used in the experiments reported here resulted in a 
change in sensitivity commencing at appioximately 
25 hr after moculation, the same time at which 
Siege! and Wildman reported a change 

The demonstration of photo-reactivation supports 
the hypothesis that nucleic acid, free from the protem 
moiety, 18 present m, the infective centre for a period 
of tume followmg the inoculation of tobacco mosaic 
virus Siegel and Wildman‘ suggested that the 
separation of protem and nucleic acid occurs during 
the lag period of 25 hr before the infective centre 
begms to Increase in resistance However, in a 
later publication, Wildman® considered that the 
process of protem removal from the nucleic acid 
may occupy & period of up to 5 hr after inoculation, 
Since it has not been, possible to demonstrate photo- 
ieactivation of tobacco mosaic virus until 3 75 hr 
after inoculation 1b would appear that free nucleic 
acid 1s not present im the infective centre until this 
time period has elapsed Thus 1t seems more realistic 
to propose that the separation of the protem moiety 
and the nucleic acid of tobacco mosaic virus in an 
infective centre on a leaf of N glutinosa takes place 
following the lag period and when the infective 
centre 18 already undergoing an increase ın resistance 
to ultra-violet irradiation 

D J GOODCHILD 
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Research Organization, 
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FORTHCOMING EVENTS 


(Meetings marked wth an asterish * are open to the public) 


Monday, October 23 


UNIVERSITY OF LONDON (n the Physiology Theatre, University 
College, Gower Street, London, W C1) at5 pm —Prot J N David- 
son “The Biosvnthesis of Polynucleotides” * (Further lecture on 
October 30 ) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
WC 2), at 580 pm-—Discussion on “Is Automation Making Satis- 
factory Progress ?"-——opened by Prof A Tustin 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
at 580 pm—Dr F A E Pirani and Dr G F Elliott ‘Ballistic 
Missiles and Nuclear Weapons—Missile Ballistics” * (Second of 
seven lectures in War Studies Further lectures on October 30, Novem- 
ber 6, 13, 20 and 27 ) 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, 8 W 1), at 6 30 pm—Mr W 
eine “Chemical Structure and Electrical Properlaes of High 

olymers’’ 


Tuesday, October 24 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 6 80 pm— 
Mr R W Hockney and Dr T O Jeffries ‘The Use of Analogue 
Som putera in Predicting the Space-Time Behaviour of Nuclear 

eactors”’ 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (af the Institute of 
Marine Engineers, 76 Mark Lane, London, EC 8), at 530 pm — 
Dr J E Richards “High Temperature Gas-cooled Reactors” 


UNIVERSITY OF LONDON (at King's College, Strand, London, W C2), 
at 530 pm—Pére Roland de Vaux (Jerusalem, Jordan) “Tell 
el-Far‘ah ~ Tirzah—Excavating a Biblical City" * 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W € 1), 
at 630 pm—Dr L Brent "Some Current Problems in Trans- 
plantation Immunity" * (‘Third of seventeen lectures on “The Sen- 
tifie Basis of Medicine" organized by the British Postgraduate Medical 
Federation ) 


UNIVERSITY OF LONDON (at the School of Onental and African 
Studies, London, W C 2), at 5 30 p m —Dr L Dumont (Paris) ''The 
Conception of Kingship in Ancient India, and Anthropologists’ View” * 
(Further lecture on October 25) 


Wednesday,’ October 25 


POLAROGRAPHIC Society (at the School of Pharmacy, 29/39 Bruns- 
wick Square, London W € 1), at 2 45 p m —Prof M von Stackelberg 
(Bonn University) “Some Special Problems mn the Polarography of 
Indium and Tellurium” 


IxsriyrTE oF NavIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8 W 7), at 4 pm —Annual General 
Meeting Dr G E R Deacon, FRS “Navigation and the Science 
of the Sea" (Duke of Edmburgh's Lecture) 


BONE AND ToorH Soctety (at the Institute of Orthopedics, 234 
IRE For ang Street, London, W 1), at 4 30 pm —Symposum on 
“Fluorides” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND CoM- 
MUNICATIONS SECTION (at Savoy Place, London, W C 2}, at 530 pm 
—Mr R J Halsey “Global Communication” (Chairman’s Address) 


BRITISH INSTITUTION OF RADIO ENGINEERS, COMPUTER GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, W C1), at 6 pm—Symposium on 
“Digital Differential Analysers”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, 
Westminster, London, S W 1), at 6 pm—Sir Kenneth Hague ““Co- 
ordination in Engineering Research and the Conservation of Scientific 
and Technical Manpower” (Presidential Address) 


SOCIETY OF ENVIRONMENTAL ENGINEERS (In the Mechanical Engin- 
eenng Department, Imperial College of Science and Technology, Lon- 
don, SW 7), at 6 pm—Mr A M P Broohes ‘Structures and 
Components at Elevated Temperatures" 


SOCIETY OF CHFMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, 8 W 1), at 615 pm —Meeting on 
“Foods Low m Salt” 


SOCIETY OF INSTRUMENT TECHNOLOGY, DATA PROCESSING SECTION 
(at Manson House, 26 Portland Place, London, W1), at 7 pm— 
Mr W H Baker and Mr P Huggins “Bechamsing Factory Shop 
Floor Form Filling”. 


BRITISH PSYCHOLOGICAL SOCIETY, MEDICAL SECTION (at the Roya 
Society of Medicine, 1 Wimpole Street, London, W 1), at 8 30 p m — 
n manam Miller. "Personal and Social Approaches to Adolescents’ 

roblems’”’ 


Thursday, October 26 


RovaL SOCIETY (at Burlmgton House, Piccadilly, London, W 1), 
at 1030 a m—Symposium on “Biochemistry and Nutrition” under 
the leadership of Prof R A Morton, F RS, to celebrate the Cen- 
tenary of the Birth of a former President of the Society, Sur Frederick 
Gowland Hopkins, O M , 1861-1947 
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UNIVERSITY OF LOoXxDON (m the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 115 pm —Dr A SG 
Curtis "The Capabilities of a Living Cell” * 


INSTITUTION OF ELECTRICAL ENGINFERS (joint meeting with the 
BRITISH SECTION of the SOCIETE DES INGENIEURS CIVILS DE FRANCE, 
at Savoy Place, London, W C 2), at 5 30 p m —Mr P M J Ailleret 
“A Comparison between Generation and Transmission Problems in 
Great Britain and France" 


UNIVERSITY OF Lonpon (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London W Cl), 
at 5 30 pm —Dr Henry Harms ‘The Transfer of Information from 
Nucleus to Cytoplasm'" * (Fourth of seventeen lectures on “The 
Scentifie Basis of Medicine" organized by the British Postgraduate 
Medical Federation ) 


Friday, October 27 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 4pm —Prof L S Pen- 
rose, FRS ‘“Mongolism” * 


ROYAL ASTRONOMICAL SOCIETY (1n association with the GEOLOGICAL 
Society, at the Geological Society, Burlington House, Piccadilly, 
London, W 1), at 5 p m —Geophysical Discussion on “Interpretation 
of Geophvsical Surveys" Chairman Dr Bullerwell Speakers 
will mclude Prof J M. Bruckshaw, Dr M H P Bott,Mr G Tait 
and Mr A N Thomas 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
@pm—Prof M A Elhson ‘Cosmic Rays from the Sun" 


Friday, October 27—Saturday, October 28 


INSTITUTE OF BIioroov (in the Lecture Hall of the Royal Geo- 
graphical Society, 1 Kensmgton Gore, London, 5 W 7), at 10 a.m 
D PRO on “The Better Use of the World's Fauna for 

00 »» 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

RESEARCH ASSISTANT (Anima! Behaviour) (graduate 1n psychology 
or zoology) IN THE DEPARTMENT OF PsycHoLoGy—tThe Registrar 
The University, Leicester (October 27) 

SCIENTIFIC OFFICER (with a good honours degree in chemistry 
or botany) IN THE WEEDS SECTION, to carry out research on the 
adsorption, mobility and persistence of herbicides 1n souls—The Secre- 
tary, National Vegetable Research Station, Wellesbourne, Warwick 
(October 28) 

ASSISTANT LECTURER (with a science qualhfication and preferably 
a medical qualification) IN PHystoLoay—tThe Secretary, St Mary's 
Hospital Medical School (University of London), Paddington, W 2 
(October 30) 

SENIOR LECTURER or LECTURER (with medical qualifications 
registrable m this country) IN VIROLOGY, and a SENIOR LECTURER 
or LECTURER (with medical qualifications registrable in this country) 
IN TMDIUNOLOGY—The Registrar, The University, Manchester 13 
(October 30) 

ANALYST (with at least a second-class degree 1n chemistry or bio- 
chemistry or considerable experience imn analytical chemistry) IN THE 
DEPARTMENT OF CHEMICAL PATHOLOGY—The Registrar, The Univer- 
sity, Leeds 2 (October 31) 

ASSISTANT LECTURER (with special qualifications in experimental 
physics, aeronomy or astronomy) IN APPLILD MATHEMATICS—The 
Secretary, Queen’s University, Belfast, N Ireland (October 31) 

LECTURER IN Brotoagy—The Prmeipal, Bede College, Durham 
(October 31) 

LECTURER (with a major iterest in elasticity or the theory of 
plasticity) IN MECHANICAL ENGINFERING—The Registrar, Manchester 
College of Science and Technology, Manchester 1 i 31) 

RESEARCH ASSISTANT (graduate 1n physics or electrical engineering) 
IN THE DEPARTMENT OF PHYSICS, to investigate microwave radiation 
from plasmas—The Registrar, University College of Wales, Aberyst- 
wyth (October 31) 

SENIOR LECTURER (with & good grounding in bioehemistry and 
clinice] medicine or clinical pathology, and preferably experience of 
a hospital biochemical laboratory) IN CHEMICAL PaTHOLOa@Y—The 
Registrar, The University, Leeds 2 (October 31) 

CHAIR OF GEOLOGY 1n the University of Malaya, Kuala Lumpur 
—The Secretary Association of Universities of the Bnitish Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Malaya and London, November 1) 

DEMONSTRATOR (graduate who intends to read for a higher degree) 
IN PHARMACOGKOSY—The Registrar, The University, Nottingham 
(November 1) 

ASSISTANT LECTURER IN Puysics—The Registrar, Manchester 
College of Scrence and Technology, Manchester 1 (November 4) 

ASSISTANT (with a degree m science and/or agriculture (preferably 
honours), and interest m grassland husbandry and an apíitude for 
investigational end research work) TO THE ADVISORY OFFICER IN 
GRASSLAND HUSBANDRY—The Secretary, West of Scotland Agrı- 
cultural College, Blythewood Square, Glasgow, C 2 (November 7) 

SENIOR LECTURER or LECTURER (qualified in apphed mathematics) 
IN MATHEMATIOS)—The Registrar, University College of North 
Staffordshire, Keele, Staffs (November 7) 

LECTURER or ASSISTANT LECTURER (with special interests in the 
geography of the Americas) IN GEgoGRAPHY—The Registrar, The Uni- 
versity, Southampion (November 11) e 

Voxres RESEARCH FELLOW (preferably with a special interest m 
fluids and elastic theory) IN THE DEPARTMENT OF MECHANICAL 
ENGINEERING—The Secretary and Registrar, The University, 
Southampton (November 11). 


292 


EXPERIMENTAL OFFIOER or SENIOR EXPERIMENTAL OFFICER (with 
ENC, a degree or similar qualification, and preferably experience 
with transistor circuits and pulse equipment) IN THE DEPARTMENT 
oF PHYSICS, to develop and construct special electronic devices re- 
quired for experimental work on a tandem accelerator—The Registrar, 
The University, Manchester 18 (November 13) 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (honours 
graduate with appropriate trainmg and research experience), to work 
as a member of a team undertaking research on hill sheep nutrition 
—The Secretary, Hill Farming Research Organization, 48 Palmerston 
Place, Edinburgh 12 (November 13) 

LECTURER (preferably with qualifications and/or experience in 
paleontology or stratigraphy) IN GEOLOGY at the Royal College, 
Nairobi— The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W C 1 (November 18) 

READER IN FLUID MECHANICS at Imperial College—The Academic 
Registrar University of London, Senate House, London, W C1 
(November 20) 

SENIOR RFSEARCH ASSISTANT TO THE IMMUNOPATHOLOGY AND 
FLUORESCENCE MICROSCOPY RESEARCH GROUP, to work in the 
University Department of Pathology on tmmunological and histo- 
be dO) methods—The Secretary, The University, Aberdeen (Novem- 

er 20 

SENIOR LECTURER IN PHYSIOLOGY at the University of Svdnev, 
Australia—The Secretary, Association of Untversities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (Australia and London, November 25) 

LECTURER IN ZOOLOGY at the University of Adelaide, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 3 W 1 
(Austraha, November 30) 

SENIOR LECTURERS/LECTURERS IN THE SCHOOL OF PHYSIOLOGY 
within the Faculty of Medicine, University of New South Wales, 
Australia—The Agent-General for New South Wales, 56-57 Strand, 
London, WC2, and The Appointments Section, The University of 
New South Wales, Box 1, Post Office, Kensington, New South Wales, 
Australia (November 30) 

ASSISTANT PROFESSOR (POULTRY GENETICS) (with a Ph D or equiv- 
alent in poultry genetics), to develop a research programme in 
poultry genetics and to carry some teaching responsibilitv—Head, 
Department of Animal Science, University of Alberta, Edmonton, 
Alberta, Canada (January 1) 

AGRICULTURAL CHEMIST (male, under 35, with a degree in agri- 
culture with chemistry as a major subject, or a science degree with 
postgraduate experience in soil or agricultural chemistry) IN THE 
DEPARTMENT OF LAND UTILIZATION, Swaziland, to develop an agrı- 
cultural chemistry section at Malkerns Research Station, organize 
routine analysis of soil and plant material, and to conduct an investiga- 
tion into fertility problems in soils, particularly leached types of 
tropical soils—The Director of Recruitment, Department of Technical 
Co-operation, Carlton House Terrace, London, S W 1, quoting 
RC 213/141/01/T 

ASSISTANT EXPERIMENTAL OFFICER (graduate, or holding HN C, 
or an equivalent qualification, or, if under 22, GCE “A” level, 
ONC, etc, or equivalent, and interested in both chemical analysis 
and working with animals) IN THE CHEMISTRY DEPARTMENT, to assist 
in studies of mineral metabolism in cattle—The Secretary, National 
Institute for Rescarch in Dairying (University of Reading), Shinfleld, 
Reading, quoting Ref 61/15 

ASSISTANT PROFESSOR IN PHARMACOLOGY—Prof M F Murnaghan, 
University of Ottawa, Ottawa, Ontario, Canada 

BiocHEMIST or CHEMIST (with a research degree and experience 
m the chemical industry involving research on new products and 
processes and their technical or commercial development, and prefer- 
ably experience in the virology and antibiotics fields), for work con- 
cerned with the development and commercial exploitation of in- 
ventions in the public imterest—-The Director of Admunistration, 
one Research Development Corporation, 1 Tilney Street, London, 


CHIEF LABORATORY TECHNICIAN—Head of the Department of 
Apphed Physics, Northampton College of Advanced Technology, 
St John Street, London, EC1 

FISHERIES OFFICER (with a university degree In science with ex- 
perience in up to date fishing methods, and the storage, marketing 
and distribution of fish) IN THE DEPARTMENT OF AGRICULTURE AND 
FISHERIES, Bermuda, fo undertake the development of all aspects of 
the fishing industry ın Bermuda—The Director of Recruitment, 
Department of Technical Co-operation, Carlton House Terrace, 
London, 8 W 1, quoting RC 289/13/01/T 

HEAD (with an honours degree in mathematics of a British univer- 
sity and at least three years experience of teaching) OF THE MATHE- 
MATICS DEPARTMENT—The Headmaster, Pocklington School, West 
Green, Pocklington, Yorks 

LECTURER (with some knowledge of logical design) IN COMPUTING 
—The Secretary, Northampton College of Advanced Technology, 
St John Street, London, EC 1 

PHYSICIST, Basic grade (with a first- or second-class honours degree), 
for routine and development work in hospital physics—The Secretarv, 
Lambeth Hospital, Brook Drive, London, S E 11 

POSTGRADUATE STUDENT (recent graduate with a good degree in 
physics or physical chemistry) IN THE DEPARTMENT OF PHYSICS, 
to research under the supervision of Dr J G Powles on some aspect 
of magnetic resonance—The Registrar, Queen Mary College (University 
of London), Mile End Road, London, E 1 

RESEARCH ASSISTANT (honours graduate) IN Puysios—Clerk to 
the Governors, Woolwich Polytechnic, London, 8 E 18 

RESEARCH ASSISTANT (with a good honours degree in physics) 
IN PHYSICS, for work in the fleld of vacuum physics—Head of the 
Department of Physics, The Polytechnic, Regent Street, London, W 1 

RESEARCH ASSISTANT (with graduate or equivalent qualifications 
ənd appropriate experience m electronic instrument design and con- 
struction), to take part m a space research project under Dr T R 
Kaiser The work will involve the development of instruments for 
D ea in rockets and satelhtes—'The Registrar, The University, 

efie 
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RESEAROH FELLOW IN PHYSICAL CHEMISTRY, for work with Prof 
R Symons on the study of unstable intermediates including 

spectrophotometric and electron spin resonance techniques—The 
Registrar The Universitv, Leicester 

RESEARCH SCHOLAR, and a RESEARCH FELLO" IN THX DEPART- 
MENT OF CHEMISTRY, for work on aluminium-nitrogen and aluminium- 
phosphorus poly mers—The Registrar, The University, Leicester 

SENIOR PHYSICIST (graduate in physics, preferably with honours, 
and normally with five vears experience of hospital physics or with 
radio-elements) IN THE RADIOTHERAPY DEPARTMENT—The Secretarv, 
Lambeth Hospital, Brook Drive, London, 8 E 11 

SENIOR RESEARCH FELLOWSHIP at the University of Melbourne, 
available in any one of the academic subjects taught there—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S W 1, or 
Dean of Graduate Studies, University of Melbourne, Parkville, N 2, 
Victoria, Australa 


REPORTS and other PUBLICATIONS 


(not ncluded in the monthly Books Supplement) 
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Great Britain and lreland 


Colonial Development and Welfare Act Return of Schemes made 
and of Loans approved under the Colonial Development and Welfare 
Act in the period from 1st April, 1960, to 31st March, 1961 Pp 58 
(House of Commons Paper No 240) (London HM Stationery 
Office, 1961) 3s 6d net [258 

Colonial Development Corporation, Annual Report and Statement 
of Accounts for the year ended 31st December 1960 Pp vwi+82 
(London HM Stationery Office, 1961) 5s net [258 

Vertebrate Locomotion Proceedings of a Symposium held at The 
Zoological Society of London, Regent’s Park, London, N W 1, on 9th 
November, 1960 Edited by J E Harris. (Symposia of The Zoological 
Society of London, No 5) Pp v+132+7 plates (London The 
Zoological Society of London, 1961) 32s 6d [258 

British Association for Commercial and Industrial Education 
Education and Traming in France Report of a Visit made by the 
BACIE West Midlands Group in May 1960 Pp v+51 (London 
rn Association for Commercial and Industrial Education, Tesa 

s 


Other Countries 


The Carlsberg Foundation’s Oceanographical Expedition Round the 
World 1928-30, and previous *"Dana' Expeditions “Dann” Report 
No 53, A Contribution to the Life History, Biology and Geographical 
Distribution of the Bonefish, Albula vulpes (Linnaeus) By Elizabeth 
C Alexander Pp 51 (Copenhagen Andr Fred Hast & Son, 1961 ) 
15 Danish hr [158 

United States Department of the Interior Geological Survey 
Water-Supply Paper 1475-D Geology and Occurrence of Ground 
Water at Jewel Cave National Monument, South Dakota By € F 
Dyer Pp in+139-157 15 cents Water-Supply Paper 1499-A 
Water Resources of the Providence Area, Rhode Island By H N 
Halberg, C E Knoxand F H Pauszek Pp iv+50+1 plate Water- 
Supplv Paper 1530-B Water Levels near a Well Discharging from an 
Unconfined Aquifer By Irwin Remson, S S McNeary and J R 
Randolph Pp 11+27-89 15 cents Water-Supply Paper 1530-C 
A Simple Method for Determining Specific Yield from Pumping Tests 
By L E Ramsahoyeand S M Lang Pp m-r41-410 15cents Water- 
Supply Paper 1539-F Aquifers in Melt-Water Channels along the 
Southwest Flank of the Des Moines Lobe, Lyon County, Minnesota 
By Robert Schneider and Harry G Rodis Pp m+11 15 cents 
(Washington, DC Government Printing Office, 1961 ) [258 

United. States Department of the Interior Geological Survey 
Water-Supply Paper 1539-I Evaluation of Bank Storage Along the 
Columbia River between Richland and China Bar, Washington By 
R C Neweomb and S G Brown Pp m+13 15cents Water-Supply 
Paper 1540-B Concentration Method for the Spectrochemical Deter- 
mination of Minor Elements in Water By Wilham D Silvey Pp 
11-11-22 Water-Supply Paper 1592-A Resistance Coefficients and 
Velocity Distribution, Smooth Rectangular Channel By H J Tracy 
and C M Lester Pp iv+18 (Washington, DC Government 
Printing Office, 1961 ) [258 

National Academy of Sciences—National Research Council Nuclear 
Science Series, Report No 30 A Cross-References Index of Radio- 
chemical Teaching Experiments Applicable to Chemistry Dy Gregory 
R Choppin Pp v+50 (Publeation 905 ) (Washington, DC Office 
of Technical Services, Department of Commerce, 1961 ) 1 dollar [258 

Annals of the New York Academy of Sciences Vol 92, Article 3 
Pavlovian Conference on Higher Nervous Activity By Nathan S 
Khne, Gregory Razran and 23 other authors Pp 813-1108 (New 
York Academy of Sciences, 1961 ) [258 

Smithsonian Contributions to Astrophysics, Vol 5,No 10 Sampling 
Dust from the Stratosphere By Paul W Hodge Pp 1+145-152 
(Washington, DC Government Printing Office, 1961) 20 centa [258 
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SCIENTIFIC MAN-POWER IN BRITAIN 


URING the letter part of 1960, the Statistics 
Commuttee of the Advisory Council on Scientific 
Policy made a fresh survey of the long-term demand 
for scientific man-power in Britam, supplementmg 
that previously made by the Counceil’s Committee on 
Scientific Manpower in preparation for its survey of 
scientific and engineering man-power in 1956 This 
survey 1s intended to relate the subsequent expansion 
of educational mstitutions to the Councils plans for 
training scientific and technological man-power during 
the next decade and to the demands for employment 
which might be expected to arise by about 1970 
This survey has now been published as an appendix 
to a memorandum by the Committee on Scientific 
Manpower* Although the Statistics Committee 
did not regard the nature of the evidence at its dis- 
posal, particularly in relation to future demands 
for employment, as sufficiently precise for detailed 
conclusions to be drawn, the report should none 
the less form a useful guide to the Council in determ- 
mng its general policy m tramime scientific man- 
power 
The Committee on Scientific Manpower points out 
that much might happen to invalhdate the estimates 
made by the Statistics Committee, and the assump- 
tions made will not necessarily be fulfilled It 15 
beheved, however, that the present shortage of 
scientific man-power will continue for a long time in 
the educational profession, and ın those disciplmes 
which involve a high degree of mathematical skill 
While the Statistics Committee has calculated the 
balance of supply and demand from :ts own assess- 
ment of the soundest of the alternatives before it, the 
report provides the material for a range of differing 
assumptions to be applied should further evidence 
become available 
In its terms of reference, the Statistics Committee 
was asked to assume that the university population 
would be raised to 170,000 by 1971, and that the 
projected inereases in the output of qualified man- 
power for colleges of advanced technology and simular 
institutions would also be achieved Its estimates of 
supply accordmgly assume that suitable school. 
leavers will wish to enter such institutions m sufficient 
numbers to fill ali scientific and technological places, 
that the present pattern of university output will 
continue (includmg lengths of courses and proportions 
of overseas students), that technological education 
will develop on hnes at present foreseen (including 
present standards of professional qualification), and 
that the present pattern of migration, and loss by 
death, retirement, marriage, etc , will contmue The 
Committee on Scientific Manpower beheves that mn 
so far as these assumptions are closely hnked with 


* The Long-Term Demand for Scentsfie Manpower Pp 1x+26 
(Cmnd 1400) (London HM Stationery Office, 1001 ) 1s 9d net 


the physical humits of expansion, the report gives a 
substantially accurate picture of the numbers hkely 
to quahfy during the next decade, though changes m 
the pattern of output from the universities and in the 
lengths of courses are to be expected It 1s assumed 
that the Commuttee’s estimate m 1ts earlier report of 
a total ‘qualified’ population of 72,200 scientists and 
100,800 engmeers in 1959 was reasonably compre- 
hensive 

On these assumptions the qualified man-power 
available is expected to rise to 77,400 scientists and 
100,800 technologists at the beginning of the 1960-64 
period. 107,700 scientists and 147,300 technologists 
at the begmning of 1965-69, 149,300 scientists and 
196,600 technologists at the begining of 1970-74, 
and 206,000 scientists and 257,500 technologists m 
1975. The numbers qualifying in each year are 
estimated as rismg from 6,490 in science and 9,055 
in technology ın 1959—60, of whom 8,345 will be from 
universities and 7,200 from technical colleges, etc , to 
8,660 1n science and 11,620 m technology m 1964-65, 
11,810 in science and 14,770 m technology in 1969—70, 
and 14,200 in science and 16,470 in technology in 
1975—76, when 17,370 will come from the universities 
and 13,300 from technical colleges, ete These figures 
are believed to provide a sound basis from whch to 
consider possible demand, and stress 1s laid on the 
relatively low figure for wastage, due ın part to the 
comparatively low average age of scientists and 
technologists 1n employment 

The assessment of demand has been accepted as 
essentially more hazardous than the calculation of 
supply, and in this review & more detailed assessment 
of each sector of employment has been used than m 
1956 and of the main industrial groups separately 
Moreover, the Statistics Committee has avoided 
restrictive assumptions and endeavoured to avoid 
significantly under-estimating the demand for em- 
ployment or drawing too fine & balance between supply 
and demand An exclusively vocational approach 
has also been avoided, and account taken of the 
tendency, which may well accelerate, for scientists 
and technologists progressively to invade fields of 
employment outside their disciplines, such as manage- 
ment, public services and elsewhere 

The estimates of demand depend on assumptions 
as to the programmes of research in the Civil Depart- 
ments (particularly the research councils) and the 
expenditure on defence, the use of qualified man- 
power m each group 1n private industry, the ratio of 
scientists to technologists, and the proportion of the 
working population m 1970 in each industry, the 
requirements for teaching staff mpho in fillmg alf 
planned and projected places m further education 
and in schools, and the form of the curve of demand 
between 1959 and 1970 As regards industrial employ- 
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ment, the most important assumption, made on the 
basis of inquiries, 18 that the speed of absorption of 
qualified man-power in technologically advanced 
industries tends to decline when a density 1s reached 
at which the technologies concerned are fully manned 
Thereafter, the rate of absorption tends to be governed 
by the size of the industry and by replacement, until 
far-reaching but unknown technological changes 
create an entirely new industrial situation, but m a 
large industry there is reason for believing that 
technological ‘break-throughs’ as such do not norm- 
ally mvolve taking on significant additional resources 
of man-power The most advanced firms in certam 
leading industries ın both the United Kingdom and 
the United States already appear to be exhibiting 
these tendencies, and the Commuttea assumes 
therefore that, for one economic reason or an- 
other, the density of employment of scientific man- 
power within these industries will rise to the 
level already characterizing the best firms m that 
group 

On these assumptions, and subject to tho reserva- 
tions indicated, the Statistics Committee concludes 
that the overall supply and demand for qualified 
man-power will not be much out of balance at the 
end of 1965 If anything, a slight shortage of tech- 
nologists will be balanced by a slight surplus of 
scientists, and any possible divergence of supply and 
demand falls m the second five years of the 1960-70 
decade The survey suggests that the number of 
qualified persons per thousand im the workmg popula- 
tion can be expected to rise from 7 to 13 during the 
next ten years, and m many engineermg industries 
as well as m the chemical industry, this doubling in a 
decade will be exceeded over the whole of tho m- 
dustry 

In presenting the report, the Committee on 
Scientific Manpower describes this doubling, with 
some justification, as in itself a potential techno- 
logical revolution, and the report endorses the 
assumption that by 1970 there will be substantial 
improvements ın pupil—teacher ratios and ın the pro- 
portion of graduate teachers 1n the schools in Britain, 
notwithstanding big imereases in the numbers 
of pupils m the higher forms and a doubling of the 
number of postgraduate students in the universities 
Overall, the Committee's assumptions imply almost 
the same rate of growth of scientific employment 
during the next decade as has occurred m the years 
1956-59, and the methods by which the estimates 
have been built up should command much readier 
acceptance of the conclusions, particularly in the 
present circumstances, than would have followed a 
simple projection of an existmg trend Indeed, ıt 
might be argued that this continued growth m 
scientific employment 1s an essential factor 2f Britam 
18 to hold her place ın the world’s markets, independ- 
ently of whether or not she enters the European 
Common Market, and not to decline, with all that that 
*mphes for her economic future and the standard 
of living of her citizens. 

The conclusion that by 1965 the supply and 
demand of scientific man-power should be ın balance 
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and that, thereafter, a surplus may exist contrasts 
almost startlingly with the crippling shortages of 
scientific man-power that have been experienced 
smee the Second World War and with the findings 
of previous reports on this subject As the Man- 
power Committee pomts out, however, something 
can now be seen of the fruits of the efforts which 
have led to such a striking inerease in our annual 
output of qualified scientific man-power smee the 
War from 10,000 in 1955 to 16,500 ın 1961 and a 
prospective 20,000 by 1965 and 30,000 ın 1973 It 
is true that the balance 1s a statistical one, and 
that supply and demand in individual disciplines, 
of which mathematics may be instanced as the most 
important example, cannot be so easily equated 
Nevertheless, the Statistics Committee found no 
adequate basis for making separate estimates of the 
supply or demand for particular kimnds of scientist 
or technologist, and the Manpower Committee 
recognizes that there may well be import- 
ant differences im the factors which govern the 
prospects of employment between the specialized 
technologist and the engineer with a general train- 
ing, and between technologists as a group and 
scientists, and that these problems romam to be 
examined 

In the view of the Committee on Scientific Man- 
power, the possibility of a surplus of scientists over 
immediate demands for employment should be wel- 
comed It should make possible a rational—as 
opposed to an emergency—use of the scientific 
disciplmes, and 1t should mean that at long last 
Britan would have a supply of quahfied man-power 
with a scientific trang for management, admmis- 
tration and the professions generally in addition to 
those who up to the present have been drawn mevit- 
ably into vocational employment The Committee 
does not doubt that scientific education will adapt 
itself to this new prospect, and that, just as only & 
proportion of those trained in the classics and history 
have expected to find employment in their own fields 
of study, an mcreasing proportion of those trained 
m. specialized scientific diseiphnes will obtam em- 
ployment outside them 

The Committee considers that both science and 
the nation will benefit from this adjustment and it 
believes that the universities are already thmking 
along these lmes If the Commuttee's confidence 18 to 
prove well founded here, 16 1s eertainly essential that 
the universities should not only think constructively 
but also be ready to act vigorously before the ex- 
pected surplus arises Modifications m the traming 
of chemists and. physicists such as have already been 
suggested from within the universities or by pro- 
fessional institutions could go far to correct the 
narrowness and rigidity of trammg which hmit the 
employability of a scientist or technologist tramed 
m 8 particular discipline; and too much care cannot 
be taken to ensure that neither the scientist nor the 
technologist i8 too narrowly tramed Colleges of 
technology, as well as the universities, may well F ave 
to resist very firmly pressure to give trainmg m 
techniques which should properly be acquired in 
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industrial or professional practice, and in this con- 
text the growing stress being laid on a broad general 
education 18 to be welcomed. 

The report, therefore, should administer a whole- 
some check to the tendency to excessive or premature 
specialization; but if waste of highly skilled man- 
power 18 to be avoided, there are other matters that 
require attention The Manpower Committee 18 fully 
aware of the danger of complacency, and that the 
balaneimg of supply and demand ıs & relative, not an 
absolute, situation The size of the reserves of ability 
on which Britam can draw, the problem of quality 
and the appropriate claims of disciplines ın arts as 
well as science have to be considered, moreover, 
the calculations in the report do not cover medical, 
dental, agricultural or vetermary qualifications, the 
specialized technologies or the social sciences All 
these must be considered in any national review, and 
will involve questions of transfer which may not be 
easy to forecast Fully as mmportant, however, are 
major questions concerning the relations, both in 
mdustry and in research, of qualified man-power and 
the technicians and other skilled man-power on which 
efficient use of professional man-power depends 

A report from the University Grants Committee, 
issued almost simultaneously with the report of the 
Committee on Scientific Manpower, directs attention 
to the low ratios of technicians to research workers 
in the universities, which 1s regarded as below that 
necessary to ensure that the time of research workers 
18 used most economically The Committee on 
Scientific Manpower hopes to examine this last issue 
more closely ın the near future, but ıt 1s obvious that 
these questions of the conditions of service will not 
become any the less important if the nation ex- 
periences a surplus in place of a shortage of scientific 
man-power Further, while the adaptability of the 
scientist and technologist becomes more important, 
whether ın fact he or she 18 used 1n a wider range of 
occupations depends equally on the willingness of the 
employer to experrment The scarcity of scientists 
and technologists 1n administrative appointments, for 
example, 18 not solely due to their reluctance to take 
up such posts It 1s just as much, and possibly more, 
due to the unwillingness of departments or firms to 
give such appointments to the scientist or techno- 
logist, to the persistent belief that a person trained 
in a scientific discipline ıs inherently unfit for such 
responsibilities, though on this point ıt should be 
noted that the estimated demand of 12,400 scientists 
in the central Government by 1970 depends on the 
assumption that they will be mcreasingly employed 
outside the scientific field No 1mprovement m the 
general trammg of the scientist or technologist, or in 
the provision of opportunities for training for man- 
agement, will avail while this prejudice persists 

The clear warning this report gives of a prob- 
able surplus of scientists and technologists within the 
next decade should stimulate fresh endeavours to 
deal with this and numerous other factors which 
hinder the wise, widespread and efficient use of 
science and, technology in the ordering of British 
national affairs. 
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VISION, WITH AND WITHOUT 
TEARS 


The Eye and Its Function 
By Dr R A Weale Pp vu+209 
Hatton Press, Ltd, 1960) 55s net 


Anatomy and Histology of the Eye and Orbit in 
Domestic Animals 

By Prof Jack H. Prince, Prof Charles D Diesem, 

Prof Irma Eglitis and Gordon L Ruskel]l Pp 

xi+307. (Springfield, Ill, Charles C Thomas; 

Oxford: Blackwell Scientific Publications, 1960 ) 
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The Structure of the Eye 

Proceedings of the Symposium held April 11-13 
during the Seventh International Congress of Anat- 
omists, New York Edited by George K Smelser 
Pp xv+570 (New York: Academic Press, Inc ; 
London: Academic Press, Inc (London), Lid, 
1961) 107s 6d 


HREE additions have recently been made to 

the already long list of books on the eye, and these 
all to & remarkable degree accentuate the structural 
aspects, but from very different points of view. 

The first, The Eye and tts Function, 1s addressed to 
*those who use the eye and wish to read about its 
function”? Simce all who are not blind use the eye 
for various purposes, the book 1s apparently mtended 
for all those who wish to read about the eye This 
category may obviously include all classes, from the 
film star mterested in the practical use of the ocular 
muscles and the lacrimal glands, to the medical 
student, the research physiologist, the experimental 
psychologist, and even the greatest expert in 
ophthalmology Naturally enough, the book reflects 
this lack of decision as to who are its potential 
readers and 1s & curious mixture of the commonplace, 
the significant and the abstruse For the completely 
unmnitiated there is probably too much technical 
information and knowledge required for the text to be 
easily comprehensible For the expert ın any one 
branch of the subject, the treatment ıs often inade- 
quate and sacrifices of accuracy have sometimes 
been made ın the interests of brevity or of an appar- 
ent, though possibly deceptive, srmplicity. There 15, 
however, a wealth of general mformation about the 
eye and its function to be gleaned from perusal of 
the conients Both general biologists and medical 
students should find the book helpful and stimulating 
In places, the English could be improved (for example, 
the legend for Fig. 93) and references to orgimal 
sources are sometimes madequate 

The second book, Anatomy and Histology of the 
Eye and Orbit ın Domestic Animals, 18 clearly addressed 
to the veterinary profession, though the first five 
chapters, which give a good general picture of the 
eye and ics associated structures, are based largely on 
human studies The emphasis of the book 1s essenti- 
ally on structure rather than on function, and special 
attention ıs paid to information on those features 
which are peculiar to the particular species investi- 
gated The gross anatomy ıs, m general, better 
treated than the histology and cytology MRetinal 
structure. for example, 1s somewhat superficially 
treated. 

The third, The Structure of the Eye, 18 a book for 
the specialists ın cytology and vision It incor- 
porates the proceedings of a symposium held in New 
York ın April 1960, and, unlike many books published 
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after similar symposia, 18 very informative and has 
both depth and breadth Structure here mceludes 
mostly the molecular, cytological and histological, 
gross anatomy bemg scarcely mentioned The book 
18 an amazing compendium of the mam new advances 
made m a very fertile field of research durmg the past 
decade or so It includes excellent chapters on the 
microstructure, properties and functions of the 
photoreceptors, on the pigment epithelium, on the 
development, formation and properties of the lens, 
the vitreous body, the cilary bodies and on the 
cornea It 1s a book which 1s full of recently acquired 
information on all these topics and is thus of the 
greatest umportance to all those who study the 
physiology of the eye and its visual functions, what- 
ever their particular mterest may be Moreover, for 
cytologists m general, the problems of cellular struc- 
ture and function which are discussed in this book 
must have an appeal far beyond the visual orbit 
Indeed the structural basis for much general physi- 
ology ıs analysed within the pages of this book ‘The 
symposium was clearly very well organized and the 
fruit of ıt ıs well blended into a very digestible 
compóte The book ıs very well produced and 
illustrated, ıt forms a valuable contribution to the 
hterature on vision E. N WILMER 


LIGHT AND LIFE 


A Symposium on Light and Life 

Edited by Wiliam D McElroy and Bentley Glass 
(Sponsored by the McCollum-Pratt Institute of the 
Johns Hopkins University with support from the 
National Science Foundation) Pp xu+924 (Balti- 
more, Md The Johns Hopkins Press , London 
Oxford University Press, 1961 ) 120s net 


HIS volume is the most recent addition to a 
series of symposia which have received, acclaim 
for the authoritative character of the contributions 
and the breadth of the treatment which successive 
topics have recerved The debt which biochemists 
and biologists owe them 1s evinced by the frequency 
with which they are quoted in the research literature, 
for they have provided both an accurate and com- 
prehensive historical record of major fields of active 
research and a stimulus to further work and thought 
A. reviewer is compelled to appraise this recent 
addition to the series by the standards which ıts 
predecessors have set 
Against such a record, this volume appears some- 
what disappointing Difficulty 18 encountered at the 
outset in that the subject appears to have no natural 
unity Three groups of biological phenomena are 
discussed the emission of light ın biolummescence, 
the utilization of light ın photosynthesis, and the 
photosensitization of certain processes, meluding 
phototropism, photoperiodism and vision Some 
correlation between these diverse activities might be 
expected in the physicochemical character of their 
primary reactions and the molecular changes asso- 
ciated with hight absorption or emission, but at this 
stage the gap between our knowledge of the bio- 
logical and chemical features 1s so wide that the two 
groups become almost autonomous, and individual 
papers even within sections can appear little related 
o any other Our ignorance 1s too great, our 
knowledge cannot provide the cement to hold them 
pe eae and imagination has yet to come to our 
al 
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The arrangement of the contributions 1s rational 
enough The response of molecules to photo-excitation 
18 discussed first, with treatment of the excited states 
of simple molecules, the nature and importance of 
the biologically interesting n—>7x* transition, and the 
triplet state The general conclusions are then applied 
to the specific properties of biologically important 
molecules, including protems, and pyridine and 
flavin nucleotide enzymes ‘This section, however, 
deals with the application of spectral data to struc- 
tural and kmetic problems, rather than the bio- 
chemical consequences of the excitation of these 
molecules 

Chemical and biological aspects are wedded most 
effectively ın the section on bioluminescence Here, 
the chemistry of lummescence in the porphyrin- 
catalysed decomposition of peroxides and of the lumi- 
nol reaction i8 described and discussed before pro- 
ceeding to the various bioluminescence phenomena, 
rangmg from the firefly and Cypridina to fungi, 
the dinoflagellates and the sea anemone The compre- 
hensive paper on firefly lummescence by McElroy 
and Seliger is particularly valuable 

Extended discussions on photosynthesis have now 
become so frequent that contributors must experi- 
ence difficulty in sensing positive achievement 
year by year , the same arguments can, be rehearsed 
too often before the same public Certainly, much 
that appears here has already been published Three 
long articles—on the spectral character of chloroplast 
pigments, the immediate consequences of chlorophyll 
excitation, and the biochemistry of generation of 
adenosine tiiphosphate in chloroplasts and bacterial 
chromatophores—domunate this section, which gains 
interest from the papers discussing electron spin 
resonance studies, and the hkelhood and consequences 
of more than one primary photochemical reaction 
sensitized by different pigments Some of the other 
contributions are rather slender and appear to deal 
with reactions too remote from the primary action 
of light to justify inclusion in a symposium under this 
title 

The final section deals with photosensitized 
phenomena m biology, m which both the initial 
activation, and the amplification necessary to achieve 
the response, have to be considered Phototropic 
curvatures and photoperiodic responses have still 
not progressed far beyond the descriptive stage, 
and critical experiments which contribute to an 
appreciation of their mechanisms have yet to be 
carried out The contributions by Rushton and by 
Wald on the molecular character of the excitation 
process in vision and its consequences set a pattern 
for the t1eatment , two interesting but inconclusive 
papers on colour vision 1n imsects and goldfish con- 
clude the symposium 

The discussions afte: lectures, with their mixture 
of mformation, wit, boorishness and irrelevancy, 
have been included, though 1t 18 regrettable that the 
comments on some papers have been recorded before 
their delivery (or publication) The whole symposium 
18 summarized «n extenso by Bentley Glass, usually 
accurately and informatively, so that those not 
minded to read each paper can obtain the gist with 
less effort 

Even though the organization and content of the 
papers in this volume may be subject to some crit- 
10180m, any who read this volume thoroughly cannot 
fail to be impressed by the range and variety of the 
information and to be stimulated to integrate ıt each 
after his own taste V S8 BUTT 
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SELECTED STUDIES IN CHEMICAL 
KINETICS 


Selected Studies in Chemical Kinetics 

By Prof Farrmgton Daniels (Thirty-fifth Annual 
Priestley Lectures ) Pp vi+123 (University Park, 
Penn. Phi Lamda Upsilon and the Department of 
Chemistry, Pennsylvania State University, 1961) 
2 75 dollars 


HEN considermg a new plant for the chemical 

process industries the three important questions 
that must be answered are how big, how much and 
when In approaching the problem of how big, 
knowledge of the rates of reaction or kinetics and the 
conditions of equilibrium are two vital tools of design 
Prof Daniels, in the 35th Priestley Lectures, sets out 
to give us an Indication of the progress made and the 
general techniques available in handling the problem 
of kinetics 

The general arrangement of these lectures ıs to 
give mutially an outline of the principles of kmetics 
and the relation of this subject to other sciences This 
is followed up with a number of illustrations of work 
in this field primarily conducted by Prof Daniels 
and his associates — I6 18 by these examples that Prof 
Daniels succeeds ın indicating the methods of attack 
that are possible and at the same time makes 1t clear 
how difficult this subject really 1s Kuinetics, as under- 
stood here, deals primarily with the time and mechan- 
ism of a chemical reaction It includes such subjects 
as catalysis, photochemistry and spectroscopy It ıs 
important to realize that when two or more com- 
pounds react they give rise to several different 
products but the one with the largest yield is that 
produced by the fastest reaction It 18 becoming both 
a science and an art to adjust the temperature, 
concentration, catalyst and solvent so as to favour 
the desired reaction to the maximum extent For 
industrial purposes all reactions must be made to 
proceed fast enough to be economically feasible, and 
this is often a vital problem At the same time, 
although kmeties 1s essential ın industrial design it 
also offers an intellectual challenge, as, 1n the words of 
Prof Daniels, ‘‘We have to make the molecules do 
our bidding" 

The first main illustrations cover the work on the 
decomposition of nitrogen pentoxide Here ıb 1s 
interesting to read how the mechanism in this reaction 
has proved a considerable puzzle and the sorting out 
of this complex reaction has provided many oppor- 
tunities for developing new techniques 1n experimental 
work The second illustration refers to the oxidation 
of nitric oxide, again a reaction of enormous chemical 
importance where the slowness of the reaction has 
presented problems in engmeering design This is 
a particularly mteresting reaction as ıt 1s not only 
termolecular, which ıs relatively rare, but also has 
a negative temperature coefficient 

Other reactions discussed in some detail are the 
decomposition of nitric oxide and the Wisconsin 
process foi fixation of atmospheiic nitrogen The 
account of the work is interesting both ın terms of 
physical chemistry and chemical engineering, where 
the apphcation of sudden chilling of the gases 
by pebble beds ıs relatively new and remarkably 
effective 

In the final lecture, Prof Daniels refers to the 
kinetics of reactions in solution and 1n a solvent He 
offers some useful mformation on some of the latest 
techniques used in studying these reactions, and his 
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chapters on photo-kinetics and photo-chemustry are 
very interesting reading 

This set of lectures ıs welcome as it provides an 
extremely valuable account of the importance of 
kinetics in tackling industrial problems where design 
of reactors has proved more difficult than the design 
of much of the equipment used for physical separation 
The lectures are of value to chemists and to chemical 
engineers J M Courson 


MATHEMATICAL THEORY OF 
NUTRITIONAL RELATIONSHIPS OF 
FISHES 


Experimental Ecology of the Feeding of Fishes 
By Prof V S Ivlev Translated from the Russian 
by Douglas Scott Pp vin+302 (New Haven, 
Conn, and London Yale University Press, 1961.) 
7 50 dollars, 605 


HIS book, by a leadmg Soviet experimental 
ecologist, constitutes an important contribution 

to the nutritional ecology of fishes Many factors 
govern the rate of feeding of a fish, and also its choice 
of particular foods m selective feeding They include 
the total density of food, its aggregation, the partial 
densities of its separate components, the protection 
afforded to the prey by refuges or by mobility, the 
amount of contact with other fishes, the formation of 
habits of grazing on particular foods These factors 
influence the fish simultaneously, so that the analysis 
of any one of them under natural conditions 18 practi- 
cally impossible In a long series of carefully con- 
trolled laboratory experiments, Prof Ivlev has been 
able to isolate the factors one by one, and to investi- 
gate the influence exerted by each acting alone 
Then, by means of a graded series of recombinations 
of the factors, he builds up a system of formal 
equations which represent not only the quantitative 
changes in the diet of the fish but the qualitative 
ones as well, very closely 

Ivlev’s approach 1s essentially biophysical He 
has modified the classical approach of Lotka and 
Volterra to the question of the effects of the concen- 
tration of the food on the rate of feeding, by mtroduc- 
ing a factor which mhibits unrestricted increase in 
the rate of feeding at higher food concentiations 
This leads him to apply the monomolecular or mverse 
exponential equation This equation satisfies the 
expermnental data very closely 

A large part of the book is concerned with the 
expression of selective feeding Here Ivlev adopts a 
new type of coefficient of selectivity, which works 
well m @ variety of situations It can also be applied 
to data suitably collected under natural conditions 

Ivlev 1s the first to have published such an experi- 
mental analysis of these problems, I believe that the 
publication of the work in English will stimulate 
many new investigations into outstanding problems 
in this field It may be noted in passing that all the 
experimental anumals used were freshwater fishes, 
as regards marine animals, the field ıs wide open 

Considermg the importance of the book, the 
standard of translation is regrettably poor The 
Yale edition contains the most shocking mustransla- 
tions, there are misleading blunders on every pagg 
while the text has scarcely been rendered into good 
English. The author's style ıs lacomic and 36 18 
difficult sometimes to find apt ways of rendering 1t, 
this 18 no excuse for writing the first thing that comes 
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tomind Editing plays no small part in producing & 
work of this nature, manifestly, this translation has 
not been edited at any stage For the garbled result, 
the blame rests equally on Mr Scott and the Yale 
University Press It certamly does no credit to 
either 

In view of these latter considerations 1t might 
be thought that the stipulated price ıs mnordimately 
high L BIRKETT 


PROGRESS IN CANCER RESEARCH 


Cancer Progress, [960 

Edited by Ronald W Raven Pp xv4+242+4+16 
(London Butterworth and Co (Publishers), Ltd, 
1960) 60s. 


NE of the problems of the organization of 
research, particularly ın the cancer field, ıs to 

steer between the Scylla of lack of co-ordmation 
and the Charybdis of too much When the ship sails 
too near the latter, senior workers find themselves 
spending almost all their time attending committees 
and meetings and writing review articles, while junior 
workers, who are in any event forced to specialize 
too early, rarely find the time to read review articles 
outside their own subject Regrettably, ıt 1s with 
mereasmg frequency that we see the same data 
presented m more than one paper, and worse still, the 
same fields of investigation reviewed more than once 
by the same individual 

Against this background the editor, Mr R W 
Raven, and his advisers, are most certainly to be 
congratulated both on thew choice of well-defined 
subjects and on thew selection of authors The 
brevity of most of the contributions, and the fact 
that many of them are presented as sequels to chapters 
in the parent book, Cancer, gives this volume an 
entirely different form and function from Advances 
ın Cancer Research or the Year Book of Cancer 

As one would expect, the standard of contributions 
varies considerably Articles on tumour viruses 
(R J C Harris), bone marrow replacement (H E M 
Kay and P C Koller), circulating cancer cells 
(J W Stewart), carcinomatous neuropathies (D $ 
Russell), carcinoid tumours (P J D Snow), indus- 
trial causes of cancer of lung, nose and paranasal 
sinuses (P L Bidstrup), the effects of radiation on the 
normal lung (T J Deeley) and the effect of oxygen 
in radiotherapy (I Churchill-Davidson) are among 
the many interesting and useful contributions 

Russian authors (N I Lazarev and L F Larionov) 
contributed three of the five chapters in the section 
on chemotherapy In one of these ıt ıs cogently, 
though somewhat naively, argued that both the 
carcinogenic and the anti-tumour effects of hormones 
rest on their physiological activities The last chapter 
m this section (D A G Galton) corrects any 1mpres- 
sion given by the previous four, that chemotherapy 
almost holds the key to the cure of cancer 

In an interesting article on cancer in the South 
African Bantu, A. G Oettlé describes the enormous 
difficulties 1n obtaining a clear picture of the incidence 
of cancer m a primitive society This ıs a timely 
warning to those who criticize civilized practice 
eon the grounds that cancer ıs infrequent among 
communities livmg a more ‘netural’ hfe With 
regard to treating a member of such a community, 
he writes, “His fears and prejudices, his misunder- 
standings and his phobias have all to be considered 
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in the therapy of the whole man”. 
true treatment of Jess-primitive men 
Among the least pleasing features of the book are 
the fairly small size of the type and the narrow 
width of the margins it ıs hoped that this form of 
economy will be dispensed with in future volumes 
FJ C Ros 
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MEDICINE AND INSECT PARASITES 


Medical Entomology 

By Dr Wilham B. Herms and Dr Maurice T James 
Fifth Edition Pp x14-616 (New York and London 
The Macmillan Co, New York, 1961) 87s 6d 


HE fourth edition, by the senior author only, was 
published ın 1950 This fifth edition 18 the work 

of Prof M T James, who has clearly, with much care 
and endeavour and with considerable success, pro- 
duced a book several pages shorter than 1ts predeces- 
sor yet combining a good deal of ıts original format 
and mateiial with new matter This meludes both 
new text, which brings the book more up to date m 
many aspects of the subject, and new illustrations, 
which enhance the pictorial presentation, of 1ts topics 
As noted m the preface, vetermary entomology has 
been pruned considerably and the sub-title of the 
fourth edition, ımplymg this aspect, has been dropped 
Nevertheless, sufficient remains to serve the medical 
man who might well, m rural communities, have to 
think broadly, especially of mites and ticks, cestrids 
and biting flies 

Tn general, trends m control are well revised regard- 
ing contact insecticides and repellents Malaria 1s 
discussed, with leading references, m terms of control 
and. world eradication—for which the book observes a 
cautious optimism The mathematical approach to 
the epidemiology of malaria, as analysed by Mac- 
donald, ıs indicated usefully and briefly Due 
elaboration 18 given to more recent discoveries on 
arthropod-borne virus diseases transmitted by mos- 
quitoes and by ticks — Revision of the housefly and 
its alles 1s commendable and, although the section 
on tsetse 18 barely altered, the reader 1s led to the 
newer important general works on this subject 
Nomenclature has usually been brought mto line 
with recent authoritative works ‘There are, of course, 
points of criticism Garnham ıs spelt Garman, 
there ıs no mdication of the use of dieldrin for 
triatomid bugs; the section on loiasis makes no 
mention of the important ecological studies of this 
disease in the past decade, nor 1s the association of 
Swunulvum larve with crabs noted, there could be 
more about Mansonia mosquitoes 

Of the several keys, some new, those referrmg only 
to American fauna (for example, mosquitoes, Cul- 
coides) must have hmuted interest, but others (for 
example, on fleas, ticks and mites) will have wider 
utilty It ıs difficult to see how, ın a general work. 
such selection can be avoided 

Many sections are simply reprinted, but much new 
information ıs meluded ın the re-arrangement of 
chapters and withm chapters, the new format provid- 
ing much clearer printing of sectional headings The 
reader ıs assisted to main discussions of particular 
topics by bold-face page references m the index 

This 18 a worthy successor to the four previous 
editions and should prove an informative and useful 
general work for the student, and teacher, of medical 
entomology D S BERTRAM 
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ADVANCES IN THE GENERATION AND USE OF VERY HIGH, 
CONTINUOUS MAGNETIC FIELDS 


By Dr HENRY H KOLM 


National Magnet Laboratory*, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


MAGNETIC field exerts four effects which make 
it useful as a research environment ıt produces 

a torque on a magnetic dipole, 16 exerts a force on a 
moving charge, & space-varying field exerts a force 
on a magnetic dipole, and finally a magnetic field 
varying with time exerts a force on a stationary 
charge 

When a magnetic field ıs apphed to the microscopic 
dipoles m various solids, such as paramagnetic salts 
for example, the dipoles do not simply become aligned 
with the field, for two reasons ordering is opposed by 
thermal motion which tends to preserve random 
orientation, m the second place, these magnetic 
dipoles also possess angular momentum and therefore 
tend to behave like gyroscopes, mstead of aligning 
themselves with the direction of field, they precess 
around it at their precession frequency The align- 
ment of dipoles agaist thermal agitation produces 
reversible heating, a mechanism which ıs utilized in 
achieving the lowest possible temperatures The 
precession frequency of gyroscopic dipoles 1s observ- 
able as absorption in the microwave or imfra-red 
frequency-range, and provides valuable mformation 
concerning electronic band structure, cerystallne 
magnetic fields, etc 

The second effect, the force exerted on moving 
charges, forms the basis of all particle accelerators 
in which a magnetic field 1s used to confine the acceler- 
ated particles within circular orbits This confining 
force 18 loss-less, since a magnetic force always acts 
perpendicularly to the direction of motion Magnetic 
fields can therefore also be used to confine very hot 
plasma, or 1omzed gases, by preventing the energetic 
particles from ever giving up their energy to the 
material walls of a physical container They are also 
a valuable tool m producing a measurable curvature 
in the trajectory of high-energy particles. Space- 
varying fields, or fields with a high gradient, are used 
to measure magnetic susceptibilities, and also to 
analyse beams in experiments with atomic beams 

Finally, the force produced on a stationary charge 
by a field varying with time simply represents the 
law of electromagnetic mduction, which forms the 
basis of electric motors and generators, as well as 
radio propagation The effect ıs also used experi- 
mentally for accelerating particles m circular acceler- 
ators and for heatmg plasmas m fusion reactors. 
Thus we see that a magnetic field 1s required for pro- 
ducing the lowest as well as the highest attamable 
temperatures Both these applications require 
magnetic fields of reasonably large volume, while solid- 
state research requires primarily fields of high 
intensity but modest volume 

Laboratory magnetic fields are conventionally 
produced by iron electromagnets which consist of an 
iron frame, one or two legs of which are surrounded 
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by coils The field duced in the iron is approxim- 
ately 1,000 times as mtense as the field which would 
be produced by the same coils 1n the absence of iron, 
and ıt ıs made accessible for experimentation by 
introducing a gap or break in the iron frame ‘This 
method fails if a long or prolate field volume 1s 
required, because an excessively long gap m the iron 
core elimmates the effect of the iron, the method also 
fails if the required field mtensity 1s higher than 
the value at which iron becomes saturated mag- 
netically In both these cases it ıs then necessary 
to generate the field without the use of iron, or with 
only meidental assistance from won The elimination 
of iron requires approximately 1,000 times as much 
current, which makes the generation of very high 
continuous fields a difficult and costly undertaking 
Although thermodynamically ıt should require no 
expenditure of power to mamtaim a magnetic field, 
it 18 an ironical fact that this ıs the only process we 
perform with zero efficiency It is necessary to 
remove all the power supplied to a magnetic coil in 
the form of heat Recent progress in the development 
of superconductors capable of withstanding sub- 
stantial currents and magnetic fields suggests that 
we may actually be on the verge of elimmatmg this 
thermodynamic incongruity 

It 1s much simpler to produce high fields for very 
short periods of time by using stored energy and 
relying on thermal inertia to keep the coils from 
meltng Work with pulsed fields was pioneered at 
the University of Cambridge in 1927 by Kapitza!, who 
achieved. 500 kilogauss for periods of mulliseconds 
by using energy stored in batteries and in rotating 
generators More recently, the technique has been 
advanced into the megagauss range by the use of 
capacitor energy-storage and improved. coil design?»? 
and by harnessing explosive energy*'? 

The earhest effort at generating very high continu- 
ous fields was undertaken at the Massachusetts 
Institute of Technology in 1936 by Bitter® It was 
stimulated by the need for more resolution ın optical 
measurements of the Zeeman effect during the pıoneer- 
mg days of spectroscopy, and by the need for achiev- 
mg lower temperatures by adiabatic demagnetization 
The magnets developed by Bitter are helices formed. 
by stacking copper disks with a radial cut, inter- 
leaved with sheets of insulation Neighbouring copper 
disks overlap at their radial cuts so as to establish 
pressure contact when the entire stack 1s compressed 
The copper 1s cooled by direct contact with water, 
which flows through some six hundred small holes 
passing through the entire stack 1n the axial direction. 
Bitter succeeded in generating 100 kilogauss m a 
helix of this sort having a 1-in bore and an outside 
diameter of 16 m, by supplying ib with 17 MW, 
(10,000 amp at 170 V.) of power and 800 gallons 
per mun. of cooling water Similar mstallations and 
magnets-have been built since m several laboratories 
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throughout the world, but for more than twenty years 
no effort was made to advance beyond the 100- 
kilogauss level This 1s due largely to the fact that 
interest in obtamung higher contmuous fields was 
relatrvely mild and de-centralized among so many 
widely separated scientists that no concerted effort 
of the required magnitude was made 

The situation changed quite suddenly during recent 
years with the advent of several vital expermments 
which use magnetic fields as a tool for investigating 
the nature of charge carriers and their energy-band 
structure in solids. The most prominent among these 
18 the observation of ‘cyclotron resonance’, a pheno- 
menon based on the circumstance that all particles 
(or holes) havmg the same charge-to-mass ratio will 
orbit around the flux lines of an apphed, contmuous 
magnetic field at the same frequency, regardless of 
thew mdividual energy faster particles will sunply 
describe larger orbits than slower ones This coherent 
behaviour of statistically distributed but identical 
particles manifests itself ın resonance absorption at a 
frequency varying with the applied magnetic field 
and situated in the short microwave region when the 
magnetic field ıs 1n the range 20-30 kilogauss These 
experimenis’ could only be performed in crystals of 
great perfection (onginally germanium and silicon) 
m which the mean free path of charge carriers 1s 
large compared with the cyclotron orbits, because 
otherwise scattermg by collision occurs so frequently 
as to mask the resonance In order to observe 
eyclotron resonance ın matenals of less perfection, 
it was clearly necessary to inerease the frequency 
from the shortest usable microwave to at least the 
longest usable infra-red Unfortunately, this made 
1b necessary to increase the magnetic field from the 
30 kilogauss range, readily available m iron electro- 
magnets, to beyond the 100-kilogauss range The 

„first attempt to do so was made by the Lincoln 
Laboratory group m 1955 (refs 8 and 9), using a 
pulsed magnet capable of up to  750-kilogauss 
pulses of 120 psec duration, m a hole 3/16 m. in 
diameter It was energized by an underdamped 
(that 1s, oscillatory) capacitor discharge so as to 
minimize resistance losses and permit the use of 
coils made of alloys having greater strength but also 
higher resistance than copper Problems mvolved 
in the rapid detection of changes 1n infra-red trans- 
mission or reflexion presented some difficulties and 
hmited the accuracy of measurements, but valuable 
exploratory results were obtamed for InSb, InAs 
and Bı Quite :neidentally, certam oscillatory 
effects were also observed which were eventually 
resolved and studied 1n continuous fields. 

This early experience emphasized both the mpor- 
tance of working m higher fields and the inadequacy 
of pulsed fields, particularly m the farther infra-red 
region, where the decline 1n both source intensity and 
detector sensitivity requires long measurements 
It appeared imperative for a number of other good 
reasons as well that a new attempt be made to 
advance the art of generating very high continuous 
fields beyond the point at which 1b had remained for 
such a long tame 

It was mn this spirit that, with several other members 
of the Lincoln Laboratory Solid State Division at 
the Massachusetts Institute of Technology, notably 
Benjamin Lax, Donald Stevenson and D Bruce 
Nontgomery, I jomed forces with Francis Bitter for a 
renewed, attack on the old problem Three efforts 
were launched at about the same time first, the 
problem of designing high-performance solenoids was 
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re-exammed m the hght of all available information ; 
secondly, a proposal was made and presented to a 
number of Government agencies and leading scientists 
suggesting that a new laboratory be built for the 
purpose of making generally available for research 
the highest continuous magnetic fields which can be 
generated at the present state of the art, thirdly, 
communication was established among scientists 
concerned, with the generation and use of such fields 
I propose to report briefly the progress made along 
these three lines during the first three years 

The problem of designmg solenoid magnets 1s 
best characterized, in terms of a relation discussed 
extensively by Bitter, namely 


H = G(W/re)t!2 


where H 1s the field at the centre ın gauss, W the 
power dissipated m watts, à the ‘space factor’ or 
fraction of solenoid volume occupied by conductor (as 
compared with insulator and cooling channels), 01s the 
resistivity at operating temperature, r the inner radius 
mcm, and @ is & geometry factor (the ‘Fabry 
factor’) which characterizes the current distribution; 
this factor 1s 0 179 for a uniformly wound solenoid of 
optimum dimensions and about 0-209 for a hehx 
such as the Bitter magnets, m which the current 
distribution 1s highest near the centre and falls off 
mversely with the radius When generating fields 
up to about 200 kilogauss, 1b 1s possible to maximize 
G by selecting the best realizable current distribution 
but beyond this pomt ıb 18 necessary to depart from 
the optimum distribution 1n order to prevent mechant- 
cal failure of the wmdings near the centre The 
space factor and resistivity must be considered 
together, smce they are both governed by cooling, 
the former by the amount of cooling area required 
and the latter by operating temperature. Operation 
at cryogenic temperatures might appear attractive 
at first sight, but unfortunately as the temperature 
138 lowered the required cooling area mereases much 
more rapidly than the resistivity decreases, so that 
magnets become progressively mofficient Only if 
fields of very large volume are required or 1f operation 
18 to be brief and infrequent do the economic factors 
favour cryogenic cooling Water offers considerable 
advantages even under conservative transfer-rates, 
say, 200 W /em?, if local boiling im sub-cooled 
water 1s permitted, ib has been found possible to 
transfer as much as 5,000 W jcm ?, a rate which 
exceeds the rate of heat transfer at the surface of the 
Sun After verifymg expermentally that transfer- 
rates of this order of magnitude are mdeed feasible, 
and that they can be maintamed with stability in 
very small channels (about a quarter millimetre thick), 
we undertook our first concrete task, that of building 
@ magnet which would produce a higher field than 
the old Bitter magnets with the same amount of 
power It was intended not only as a research tool 
for immediate use but also primarily as a means for 
exploring new solenoid structures and new levels of 
performance 

Smee the helical structure used in the Bitter mag- 
nets does not lend itself to reduction of size without 
loss of heat transfer area, we selected a tape-wound 
spiral structure with funnelled ends for optimized 
current distribution Successive windings are separ- 
ated by ribs which are aligned along radu like spokes 
of a wheel so as to transmit the radial outward forces 
to a strong confining envelope Cooling is achieved 
by axial flow through the channels between these 
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Fig 1 Prinerple of the Kolm solenoid 


ribs, and the ribs themselves consist largely of con- 
ductor with a minimum of insulation so as to reduce 
the loss of conductor volume and reduce the heat 
generation in uncooled portions of the tape This 
structure provides such an enormous heat-transfor 
area that a helix of 4-m calibre, 3-m outside diameter 
and 2-an average length 1s capable in principle of 
dissipating the entire available power of 1:7 MW 
In practice, ıt proved impossible to maintain adequate 
flow, and the first two solenoids failed at somewhat 
less than half the power. On the basis of this experi- 
ence, it was then decided to build a@ solenoid of twice 
the size (Fig 1) Smoeimpedance match to the same 
generators must be mamtaimed, tape thickness 
remains invariant under the scaling This increases 
the number of necessary slots and ribs to such an 
extent as to make manual fabrication impractical. 
The third. solenoid was therefore constructed by the 
High Voltage Engmeering Corporation on a semi- 
automatic jig buit especially for the purpose. After 
two unsuccessful attempts and several modifications 
in materials, technique and design, a solenoid was 
completed and installed m its housmg (Fig 2) It 
generated 126 kilogauss at a power consumption of 
1:88 MW. The test occurred in mid-summer, when 
operation 1s hmited by the high temperature of 
the primary coohng water from the Charles 
River, in winter ıt will probably be possible to 
increase the power sufficiently to generate more than 
130 kilogauss 

The second phase of the programme, construction 
of a new laboratory, has also been making satisfactory 
progress The original proposal was favourably 
received, and by the time funds were provided through 
the Air Force Office of Scientific Research, initial 
studies had been completed and the major decisions 
had been made It wil comprise essentially a power 
plant of four motor-generator sets capable of supplymg 
8 MW of de power contmuously, 12 MW for a 
15-min period, and up to 32 MW for a 2-sec period 
by the use of energy stored m flywheels There will 
be ten cells or laboratories m which this power can 
be used, with space for expansion, and about 105 
sq ft of area for supporting shops and laboratories 
The generators wil be separately controllable, so 
that four magnets can be operated simultaneously 
at 2 MW. each ‘The laboratory 1s expected to do for 
magnetic field research what laboratories like Brook- 
haven, for example, have done for nuclear physics 
It wil provide contmuous fields up to about 250 
kilogauss for visiting and resident scientists working 
m a number of different fields and also serve as a 
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centre for advanemg the art of magnet design. 
Construction of the laboratory 1s under the super- 
vision of Prof F Bitter, and Dr B. Lax will be its 
director. A broadly representative committee of 
promment scientists 1s to guide all major policy 
decisions 

The third effort was first aimed at collecting and 

filing the sort of information on magnet design and 
performance data which are rarely if ever considered 
worth pubhshmg It began with a co-operative 
undertaking by a group of mterested persons known 
as the “Magnet Society", and contmues in the form 
of a punched card information file kept up by the 
staff of the new magnet laboratory It 1s hoped that 
such mformation will ultimately be circulated ın the 
form of periodical technical reports on magnet design 
and related subjects 

While working on the plans for the new laboratory, 
our group felt an imcreasmg urge to discuss the 
project with a number of other scientists who might 
have occasion to use ıt Simce a new division of 
science, that of high magnetic-field research, was 
about to be born, ıt seemed logical to start things 
off with an international conference on the subject. 
The Aur Force again generously agreed to provide 
sponsorship, and the date was set for November 1—4, 
1961 Origmally ıt was felt that this might comede 
with the openimg of the new laboratory, but as things 
turned out 1t will more nearly commemorate the 
ground-breaking. Papers to be presented at the 
conference will deal with the generation of high 
magnetic fields, as well as their use ın plasma (ionized 
gas) physics, nuclear physics, solid-state physics and 
biology. Biological effects of magnetic fields have 
only recently attracted much attention, and the 
conference will provide the first opportunity for 
workers 1n this field to meet. 

One cannot help but recall a similar conference in 
the field of low-temperature physics held 1n the Massa- 
chusetts Institute m 1949 It was originally intended 
to celebrate a great contribution to the field, namely, 
the invention of Prof Co.ums’s helium liquefier, but has 
since become a biennial event of great value We 
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Fig 2 Core of the new solenoid which generates 126 kilogauss at 

a power consumption of 188 MW Cahbre of the barrel is 1 1n , 

outside diameter of the tape winding 13 61n 300 gallons per min 

of cooling water are pumped through the small channels which 
are aligned like the spokes of a wheel 
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sincerely hope that the high-magnetic field conference 
1s destined to comparable success Like most divi- 
sions of science based on experimental difficulty, both 
cryogenics and magnetogenics are probably doomed to 
ultimate absorption mto the more legitimate disci- 
phnes As m the case of cryogenics, however, high- 
magnetic field research will first experience a golden 
age of contributing a great many stimulating problems 


1Kapitza, P , Proc Roy Soc , A,115, 658 (1927) 
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TRAINING OF INDUSTRIAL FOOD 


HE “Traming of Industrial Food Scientists and 
Technologists m the United Kingdom” was dıs- 
cussed on September 5 by Section B (Chemistry) of 
the British Association for the Advancement of 
Science, meeting at Norwich 
Britain’s war-time food problems drew sharp 
attention to the practical importance of the applica- 
tion of scientific knowledge to the processing and 
distribution of food. Likewise difficulties in obtaming 
technologists skilled m this field of work became 
apparent, and to meet this need the then Ministry of 
Food set up a working party in 1948 to study means 
of traming A direct result of these endeavours was 
the establishment of the National College of Food 
Technology m London and the introduction of courses 
in food science at the Royal College of Science and 
Technology ım Glasgow Although these centres have 
flourished, 1t has recently become clear that their 
joint efforts are insufficient to meet the rismg demand 
This discussion at the British Association was there- 
fore particularly appropriate in timing and content 
Sir Herbert Broadley (U N International Children's 
Emergency Fund) dealt with international aspects of 
the problem m his opening paper His theme, which 
was to be emphasized by subsequent speakers, was 
the opportunity open to the United Kmgdom to 
assist the under-developed countries m a realistic way 
by placmg our technological and scientific resources 
at their disposal In the field of food science and 
technology, great needs exist, and while much has 
already been done, the shortage of suitable experts 
remains as & limiting factor which cannot be resolved 
on a short-term basis Not only are experts needed 
in the field to tackle the most urgent problems, but 
traming facilities are also required in the United 
Kingdom for overseas students Only very limited 
numbers of overseas nationals have been able to 
obtain such tramung partly because of lack of places 
and partly because of the limited research bemg 
undertaken in Britain on food problems of special 
importance to the under-developed countries One of 
the major malnutrition problems is associated with 
shortages of protein foodstuffs, and increasingly the 
international agencies are forced to seek help in this 
field from the United States There 1s therefore a 
great opportunity for the universities and especially 
for the new universities of Britain to make a contribu- 
tion in this field 
Dr J S Mounfield (prineipal of the National 
College of Food Technology) analysed the difference 
fa function of the food scientist and the food tech- 
nologist and emphasized the importance of integra- 
tion with industry in the training of the technologist 
While it 1s true that the food technologist requires a 
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SCIENTISTS AND TECHNOLOGISTS 


rather less mtensive knowledge than the food 
scientist of any single basic diserpline such as chem- 
istry, physics or biology, he must nevertheless be 
given some tramung ın engineermg and management 
to help him to solve the problems of large-scale 
processing 

Dr Mounfield quoted a survey carried out about 
two years ago which suggested that the United 
Kingdom’s needs for trained food scientists and 
technologists were between 150 and 250 per annum 
Compared, with these numbers, the present output 18 
very small In these circumstances, 16 18 difficult to 
see how we can make more than a token contribution 
to the trainmg of students from under-developed 
countries Furthermore, ıb ıs clear from applications 
received at the National College that inadequate 
basic scientific training in some countries denies 
students the opportunity to profit from facilities 
which can be offered here He proposed that special 
qualfymg courses be organized m the United Kmg- 
dom to enable such students to reach the required 
entrance standards The admissions problem was 
complex, and to crease the effectiveness of existing 
facilities for study he recommended the formation. of 
8 committee to foster co-operative effort between the 
research associations, the food industry and the 
education authorities 

Prof J Hawthorn (professor of food science, 
Royal College of Science and Technology, Glasgow) 
began by considermg the educational prinoiples 
governing the traming of food scientists as opposed 
to food technologists and emphasized, the importance 
of the basic disciplines of physics, chemistry, bio- 
chemistry and microbiology in the development of 
the student’s thought He reported the first stage of 
a survey being carried out by his own department on 
opportunities for graduates m food science, and 
estimated the apparent annual demand of the United 
Kingdom at between 150 and 250 per annum, thus 
agreeing with Dr Mounfield’s estimate, which had 
been obtained independently This apparent demand, 
however, 18 almost certainly less than the real need 
and even the apparent demand 1s far in excess of the 
numbers of graduates actually produced He then 
pointed out that the Universities of Nottingham and 
Readmg have now followed the example of Glasgow 
and would. introduce degree studies ın this subject as 


from 1961 The University of Leeds would follow 
in 1962 
Dr J W Corran (chief chemist of J and J 


Colman, Ltd ) then opened the discussion by making 
a formal proposal to the meeting that 1t should 
recommend to the Council of the British Association 
that an ad hoc committee be formed to consider 
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existing schemes for traming food scientists and 
technologists, to suggest means of extending the 
available facilities, to consider whether the food 
research associations could contribute to such 
tramung schemes and to brig any recommendations 
to the notice of the appropriate overseas departments 
of the Government He also suggested that the 
membership of such a committee should include both 
scientists associated with food science and also 
persons with experience of conditions overseas and 
in under-developed countries After discussion, the 
proposal was adopted 

Perhaps the main impression left in the minds of 
those attending was the growing sense of urgency in 
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this field ‘of work, and the feelmg that the United 
Kingdom could and should do more to assist the 
under-developed countries ın their drive to raise the 
nutritional standards of their peoples While it was 
comparatively easy to discuss traming needs and 
facilities, real progress would depend on the work of 
the professional teachers who would be concerned 
with those essential but tiresome details of entrance 
qualifications, standards and course structures The 
root of the difficulties lay not merely in the avail- 
ability of money to be spent ın developing such 
facilities but also in the differences 1n educational stan- 
dards between the under-developed countries and 
the United Kingdom J HAWTHORN 


INTERACTION OF WEST FORD NEEDLES WITH 
EARTH’S MAGNETOSPHERE 


By PRor S F SINGER 
Department of Physics, University of Maryland 


E MORROW}, of the Lincoln Laboratory of 
. the Massachusetts Institute of Technology, has 
suggested the use of a new method for mtercontmental 
communication It ıs based on the use of belts of 
orbiting dipoles which act as a scattermg medium for 
microwaves ‘This technique could have significant 
advantages over other satellite communication 
techniques However, 16 has been pomted out by 
others, particularly observational astronomers, that 
this operational project labelled West Ford would have 
some undesirable side-effects on optical astronomy? 
and on radio astronomy? This article 18 not concerned 
with these effects nor with communications and 
related topics‘ Instead I shall examine in some detail 
certain aspects of the interaction of the West Ford 
medium with the exosphere, in particular the mter- 
action of the electric charge, which the needles are 
certain to carry, with the ionized portion of the 
exosphere I wish to point out the possibility of 
making unique observations which can help establish 
the important parameters of this interaction There- 
fore, so far as possible, this article will grve numerical 
predictions of orbit changes In addition, a useful 
modification of the experiment 1s suggested 


Forces acting on Small Particles in Near Space 


The unique properties of the orbiting dipoles arise 
from the fact that they are so small They have, in 
fact, close to the largest area-to-mass ratio (50 cm ?/ 
gm ) of any artificial satellite, and approach an area- 
to-mass ratio of small (~ 100p) mterplanetary dust 
particles Hence we can apply to the West Ford 
medium an analysis used for mterplanetary dust m 
the vicimty of Harth® [See also p 321 of this issue | 

The motion of a particle ıs determimed by the forces 
which act on ıt Withm the region of Earth's 
exosphere (taken to extend out to about 10 Earth 
radi) the gravitational force of Earth predominates 
and will be orders of magnitude greater than other 
forces, even for small particles However, there are 
three other forces which need to be taken into account, 
particularly for orbiting particles (1) radiation 
pressure, (2) the Lorentz force produced by Earth’s 
magnetic field, (3) Coulomb force produced by the 
interaction with the ionized exospheric gas 


(1) The radiation pressure force is chiefly due to 
solar radiation and, to a smaller extent, to the 
radiation scattered from and emitted by Earth The 
dynamic effects of the radiation pressure force have 
been investigated by Jones and Shapiro? The effects 
predicted for the West Ford medium are given in a 
paper by Morrow and MacLellan‘ and would indicate 
that the medium disperses at a certain rate, also that 
the change in eccentricity produced by a resonant 
phenomenon would be particularly strong for polar 
orbits at altitudes of 3,700 km 

(2) The Lorentz force acts perpendicular to the 
velocity vector of the particle It will be most pro- 
nounced in the polar regions where the magnetic field 
18 strong and always perpendicular to the velocity 
vector of the particle Only one general statement 
may be made about the effects of the Lorentz force: 
it cannot change the total energy of the particle In 
other words, the semi-major axis of the orbit will 
remam constant, but the other parameters of the 
orbit may vary 

(3) The Coulomb (electrostatic) drag force has been 
shown to be one of the most mnportant forces for 
particles moving ın interplanetary space? This 
electrostatic drag force acts generally between any 
charged body moving through a plasma and has there- 
fore been also considered for the case of Earth satel- 
htes by various authors who, however, arrive at 
varying conclusions®-13 My view agrees most closely 
with that of Lehnert?, who first showed that the 
Coulomb drag would not be particularly effective for 
Earth satellites of nommal dimensions 

The importance of the Coulomb force then hmges on 
two points (a) the small size of the body, (b) the 
question of its charge In general we may say that if 
the body were very much smaller than the Debye 
screening distance, then the question of the Coulomb 
drag should be investigated 1n detail The dynamics 
of the charging situation was investigated by me, and 
I also discussed the competition between photoelectric 
emission and accretion of charge by ambipolar diffu., 
sion from the surrounding plasma It was concluded 
that ın interplanetary space dust particles would most 
hkely be positively charged’? Whipple’ has pointed 
out explicitly that the charge becomes less positive 
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as one approaches Earth, and becomes negative m the 
lonosphere - 

Since the Coulomb drag produces a dissipation effect 
akin to friction, it will decrease the semi-major axis of 
the orbit contmuously and eventually cause the par- 
ticle to enter the dense atmosphere of Earth I am 
therefore particularly mterested in investigating the 
effect of Coulomb drag on the particle’s life-time 


Analysis of the Coulomb Drag Force 


For the purposes of discussion I shall adopt a 
treatment mtroduced by Chandrasekhar and Spitzer 
m which the orbiting particle will be referred to as the 
‘test particle’ and the 10ns and electrons of the exo- 
sphere as the ‘field particles’ The drag deceleration 1s 
given by!5 


ag — 





= A» (2) (1 mg 1 

D VT. + a (æ) (1) 
where the subscript 1 always refers to the field 
particles, 


xz = (15) > w/C, 
where C, = (347/m,)'/*, and 18 the root mean square 


velocity, and w 1s the test particle velocity (~ 5 km / 
sec ) 


— E(t) — æ 9° (z) 
G(x) = 323 
c 
pla) = 253 | exp(—yt) dy 
0 
Ap = Bren, ZIZ (InA)/m? 


A = 3(2Z Z, e) (ET n)’ 


where » and Z denote particle concentration and 
charge, respectively, for the exosphere Z, = I 

With an exospheric temperature T, of 1,500°K, 
we obtain. C, = 6 1 km./seo for protons, C, = 260 
km /sec for electrons Under these conditions 
MA ~ 20, G(z) ~ 02 for the field protons and loss 
than 0-015 for field electrons Simcoe the particle 
mass m 2» M, equation (1) reduces to 


123 x 10-9? Z? n,/m (2) 


In the derivation of equation (2) some approxima- 
tions have been made, for example, the particle’s 
velocity w was assumed constant and appropriate 
to a circular orbit at an altitude of 9,500 km No 
greater refinement appears necessary m view of the 
gross approximations which must be made m the 
calculation of the charge Z 


aq = 


Calculation of Electric Charge 


The electric charge of the particle 1s grven by ıts 
electric capacity multiphed by the potential of its 
surface For a conducting sphere of radius a om: 


Z = 695 x 10° aV (3) 


where V 1s measured ın volts For a body of different 
shape the capacity must be calculated, ın the 
absence of detailed data we will adopt a system of 
two spheres each with ‘effective’ radius of 1 5 x 10-8 
cm ‘Thus for the West Ford needles, we take 


. Zw 2x 10V (4) 


The calculation of the potential V also presents 
special problems since ıt depends on the position of 
the particle, and therefore in turn on the charac- 
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teristics of the particle’s orbit It also depends on 
the work function W and photoelectric yield y of 
the particle material, its shape and its attitude 
towards the Sun As explamed earher, we calculate 
V in an analysis involving competition between the 
photoelectric effect and ambipolar diffusion? The 
ambient density above ~ 15 Ry (Earth radu) 1s 
given by Helliwell as 


ny ~ 10475 (5) 


where r ıs measured ın terms of Earth radu 

The photo-emission 1s determmed by the ultra- 
violet spectrum of the Sun, that is, by N, (the photon 
flux per em ?/see with energy hv > eV + W). I 
assumed the relation N, = fV-?, where f = 101? and 
¢ = 4 On the basis of Hmteregger’s measurements", 
a better set of values 1s 


N, = 2-2 x 101% P-4-844 [em ?860,]-1 (6) 
The equilibrium potential 18 given by ref 10 
Vi ~ + (yffna C2) (7) 


when the particle has a large positive potential and 
the 10n current can be neglected In Earth's shadow, 
where photo-emission is neghgible, the equilibrium 
potential is given by 


V = = (kTej2e) In, (ma PefinreTs) (8) 


In view of the uncertainties in y, W, attitude and 
orbit orientation, I have decided to make some 
drastic approximations and represent the potential 


by: 
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V = 7-5 (r — 2) (9) 


As can be seen, Y varies from —7 5 V. m the F-layer 
to 4-60 V at 10 Re Note that V = 0 at 2 RẸ, 
the ımplication will be discussed later 

It should perhaps be pomted out expletly that 
another powerful charging process exists, namely, 
the high flux of fast electrons in the outer radiation 
belt, it 1s, however, quite localized and confined 
mainty to the viemrty of the lmes of force which 
extend to 3-5 Eg in the plane of the magnetic equator. 
Its effect 1s to produce (or enhance) the negative 
charge (by accretion and secondary electron emission), 
this effect must be considered for orbits which inter- 
sect the outer radiation belt 

By combining equations (2), (4), (5) and (9) we 
obtain for the Coulomb drag deceleration 


~ 3x 10° (r—2) rm 
With the needle mass givent as 10-5 gm 


ag = 


ag ~ 3 x 10-5 (r— 2)? r- [em./sec 7] (10} 


This acceleration may be compared with the ac^elera- 
tions due to 


(1) Radiation pressure 


- 7 (os conser ( 50 cm n E 
SUN speed of hght gm. 


25 x 10-3 om /sec? (11) 


(u) Gravity 


ag = 980 r- (12) 


(u Magnetic 
With the cireular velocity w ~ 8 x 105 r3? em /sec , 
and with the magnetic field B ~ 05 7-3 gauss, we 
obtain. 


GM Ze w Bim 


10-5 (r — 2) r-*5 em./sec * 


| ll 


(13) 
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Effects of Coulomb Drag 


The changes m orbit and hfe-time of a satellite m 
the presence of a dissipative drag force Fp can be 
treated most sunply by energy considerations!’ 

The loss of energy per orbit in a circular orbit is 
AE = 2nrf'p and this will reflect 1tself ın a lowermg 
of the orbit by an amount Ar in a time T which 1s 
simply the orbital period 


T = 2r (GMg)37 r3! (14) 
Since the total (kmetıc + potential) energy is given 
by E = $ GMxrm/r, we obtain by differentiation 
Ar = (— AB) 2r*]GMm (15) 
We can therefore obtain an expression for the rate 
of shrinkage of a circular orbit as follows 


Ar/At = m Cri pis 


GMm 2xr? — 
Nt fp gilt = 1 T 
(GM? m D 

which 1s (1/x) times (the orbital period) times (drag 

deceleration) 

We ean also express (Ar/ At) as a function of r 
using equation (10) for Coulomb drag and using 
T = 5,080 r3/ for orbital period 


(Ar/At)g = ~ 5 x 10-? (r—2)? 7-34 [em /sec ] (17) 


This expression may now be compared with the 
neutral drag acceleration evaluated from 


i CpAep wim = 
$ Cp A(ngmg + nim) wm 


2nrp 


fD (6) 
m 


Fy[m = 
(18) 


where Cp 1s the drag coefficient, A the projected 
area and p the density measured in gm /em -3. 

Using w? = (79x105?/r, m= 10 gm, A= 
b x 103 cm?, Cp ~ 2; we obtain. 


Fyjm= 5 x 103 x 166 x 
10-*4 (ng + 16 n,) (625 x 10") 104/r 
= 52 x 10-9 (ng + 16 n,)/r [cm /sec ?] (18^) 


In the case of a particle belt, 1t 18 more relevant to 
calculate (Ar/ Ai) rather than the change m orbital 
period 


(Ar/At)w = l/r (5,080732) 5-2 x 10-11 (ng + 16n,)/r 
= 84 x 10-? (ng + 16n,)r!' [cm /see ] (19) 


It 1s of considerable interest to establish the 
relative importance of the two drag forces In order to 
do this we must adopt a model for the structure of the 
magnetosphere 

Observational information 1s limited. to rather low 
altitudes The distribution of mass density below 
800 km ıs known from analysis of satellite drag!? 
The mtegrated thickness of the neutral hydrogen 
cloud around Earth 1s known from analysis of the 
profile of solar hydrogen Lyman-« (ref 19) Electron 
densities up to 1,500 km are known from rocket 
measurements? The electron density to several 
Earth radii ıs inferred (with some uncertainty) from 
whistler observations?! ?? 

On the other hand, the relaizve distributions of the 
neutral constituents can be deduced from a theory of 
the exosphere** The neutral components describe 
ballistic orbits without collisions above the base of the 
exosphere (530 km ) and. the distribution of concen- 
tration with altitude 1s caleulable in a fairly straight- 
forward manner The ionized components (having 
much larger cross-section because of Coulomb inter- 
action) are distributed accordmg to the barometric 
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Table 1 CONCENTRATION OF MAJOR CONSTITUENTS IN THE TERRES- 
TRIAL EXOSPHERE (OM >) 


TTR O Ot H Ht 

1 100 12 x 10! 5 x 105 10 x 10? — 

1 200 27 x 104 2 5 x 104 6 6 x 10? 9 x 10? 
1 300 1747 x 10* 17 x 10? 4&4 x 10? 66 x 10? 
1 400 1 13 x 10? 31 x 10? 5 x 10? 
1 500 — 11 23 x 10? 37 x 10? 
175 «01 125 x 10* 21 x 10? 
2 00 8 x 10? 13 x 10? 
3 00 2 x 10? 35 x 10? 
4 00 82 15 x 10? 
5 00 43 85 

6 00 25 51 

7 00 16 33 

8 00 12 23 

9 00 91 17 
10 65 11 


formula?! In each case the slope (or scale height) 1s 
determined by the temperature at the base of the 
exosphere Using the data referred to above for 
normalization, 16 1s possible to construct a model of 
the exosphere?* This model ıs shown in Table 1 

Both neutral and Coulomb drag decelerations are 
shown m Table 2, as well as the resulting values of 
(Ar/At) It must be pomted out, however, that the 
Coulomb drag depends on many detailed factors 
(some of which were discussed earher), involving the 
particular properties of the particle, of the exosphere, 
and of the Sun, as well as the particulars of the orbit 

The zero value of Coulomb drag at 22g should not 
be taken literally, ıt merely indicates that somo- 
where ın this altitude-range there may be a mmimum 
As discussed elsewhere, small fluctuations of charge 
will produce a drag (since 1t depends on the square of 
Z and not on the sign), ın particular, the day—night 
effect sets a lower limit to the Coulomb drag® This 
minimum may give rise to a high concentration of 
interplanetary smoke (particles Z lu) near 2 Earth 
raduif they exist 


Discussion 


It would be of interest to calculate the life-times of 
the West Ford particles Since the details of the orbit 
have not been revealed, and, m particular. smce the 
altitude and orbit inclination are not known, 16 does 
not seem worth while to attempt any refined calcula- 
tions There are in any event uncertainties about the 
electric charge of the particle, about 1ts attitude with 
respect to magnetic field and with respect to the Sun, 
and also about the actual values of air density 

With initial orbit details available, the subsequent 
history of the West Ford particles can only be 
obtamed by numerical methods It ıs clear, by 
referring to Table 2, where the neutral drag may be 
neglected It ıs clear also, by referring to equations 
(10), (11), and (13), that probably none of the other 
forces can be neglected, except for very special orbits 
(It 1s interesting to note the importance of the radia- 
tion pressure in relation to the Coulomb drag "This 1s 
due to the geometric shape of the needles It should 
be noted that for a spherical interplanetary dust 
particle of the same mass, the radiation pressure 
acceleration is ~ 5 x 10-5 xa?/m and 1s, relatively, 


Table 2 DRAG DECELERATION AND ORBIT SHRINKAGE 
(dr| AO w a (Ar] Ae 
r!R (cm /sec ?) (cm /sec) (cm/sec?) (cm /sec) 
11 9x 10 17x10 18x 10- 35 x 10-2 
12 36 x 10-5 76x10 11x10 24 x 10- 
13 15 x 10° 36x 10° 609x105 17 x 107 
l4 37 x 107 1 x 10° 40x 10-8 11 x 10- 
15 21 x107 61x10¢ 22x10" 68x10" e 
175 98x 10- 37x10 36x107 14x10- 
20 55x 105 25x 10 (0) (0) 
30 95 x 10° 79x10™ 11 x10"° 96 x 102 
40 3x10? 309x105 19x10? 25 x 10-2 
50 14x10? 24x105 21 x 107° 40x 107 
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100-1,000 times smaller when compared with the 
Coulomb drag*:* ) 

In a numerical computation, particular attention 
must be paid to the day-night effect, not only on 
radiation pressure, but also on the particle charge. In 
fact, because of fluctuations in radiation belt intensity, 
solar flares, and similar factors, the charge will 
fluctuate unpredictably This effect will contribute 
to a spreading of the belt which 1s, m addition to the 
dispersion, calculated by the Lincoln Laboratory’. 

Nevertheless, the shrinkage of an mitially circular 
orbit produced by loss of energy due to drag 1s a gross 
effect which should be observable, and which gives 
some information on air density as well as about the 
importance of Coulomb drag 


A Proposed Experiment 


However, a much more refined experiment 1s 
possible which illummates the interaction of small 
particles with the magnetosphere. It 1s based on a 
separation of the perturbing forces 

Consider, for example, an initially circular orbit 
at ~ 3,200 km altitude (r = 15 Rg), nearly polar 
and perpendicular to the Earth-Sun hne In this 
special orbit the radiation pressure does not produce 
any appreciable perturbation (at least mitially), and 
the Lorentz force perturbation can be determined 
quite simply, although it 1s again negligibly small 
Since the velocity vector of the particle 1s more or less 
in the plane of the magnetic meridian, the chief 
perturbation will be orthogonal and cause a rotation 
of the orbital plane The sense of the rotation estab- 
lishes the sign of the electric charge on the particle 
Usmg the analysis leading up to equation (13) I 
estimate the rate of rotation of the orbital plane as 
about 10-3 rad /sec , and rather unobservable 

Next consider a modification of the photoelectric 
properties of the copper needles Specifically, one- 
third could be left with their present copper surface, 
one-third would be coated with a material of high 
work function W and low photoelectric yield y (for 
example, platinum), and the remainder with a 
material of opposite characteristics (possibly a 
cesium alloy) For our particular orbit, the copper 
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Royal Aircraft Establishment: Mr, R. J. Atkinson 


Mr RONALD JOHN ATKINSON has been promoted 
to deputy chief scientific officer and has taken up the 
post of head of the Structures Department at the 
Royal Aircraft Estublshment, Farnborough, in suc- 
cession to Dr Percy B Walker, who has been 
appointed special consultant to the director of the 
Estabhshment Mr Atkinson, an Australian, came 
to Great Britain im 1936 with a Rhodes Scholarship 
from the University of Queensland After studymg at 
Oxford under Sir Richard Southwell, he went to the 
Imperial College of Science and Technology for a 
year, and later was with Fairey Aviation, Ltd, at 
Stockport He joined the Royal Aircraft Establish- 
ment in May 1940, and was appointed head of the 
Fatigue Drvision of the Structures Department in 
f955 He ıs a bachelor of engmeering of the University 
of Queensland, holds the diploma of the Imperial 
College and is & Fellow of the Royal Aeronautical 
Society 
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particles would be negative, the platinum particles 
even more negative, while the csesium particles 
would have a nearly zero potential, or perhaps be 
even positive 

Because of Coulomb drag the three belts will 
shrink at different rates Using the analysis leading 
up to equation (17) I estimate a differential rate of 
shrinkage of orbit radius amounting to nearly 5 m. 
& day 

Thus the separation of this West Ford belt mto 
three layers might be resolvable with available radar 
methods, provided the dispersion of the particles at 
injection can. be held very small 

I am indebted to A E Lilley, W E Morrow, E J 
Opik, I I Shapiro, and E. H Walker for helpful 
discussions The investigation was supported by the 
Aur Force Office of Aero Space Research under grant 
AFOSR-61-57 
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d VIEWS 


Research and Development tn the Gas Industry 


Dr J A Gray, group leader of physical chemistry 
and chemical engineering at the Battelle Memorial 
Institute, Geneva, since 1958, has been appointed 
head of the new Basic Research Group which the 
Gas Council 1s establishing at 1ts London Research 
Station at Fulham Dr Gray 1s a graduate of King’s 
College, University of London, and prior to joming 
the staff of the Battelle Memorial Institute, was 
employed in the Alkali Division of Imperial Chemical 
Industries, Ltd In forming the Basic Research 
Group, the Gas Council's intention 18 to provide the 
industry with the means of developing entirely new 
ideas for the production and utilization of gas without 
being bound by short-term considerations, or the 
need to produce results to a definite programme 
Although, for administration purposes, 1t will form 
part of the Council's London Research Station, the 
Basic Reseaich Group will operate independently, 
and the head of the Group will be a member of the 
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Council's Research Committee, and will exercise full 
control over the Group's scientific work. 


Air Force Cambridge Research Laboratories 


MaJon changes were recently announced for the 
Air Force Cambridge Research Laboratories, Bedford, 
Massachusetts, by the commander, Brigadier-General 
B G Holzman The changes were armed at strength- 
ening the research programme and the management 
structure of the Laboratories, and preventing the 
tendency for overlap of work withm the Directorates 
The separate staffs of the two Directorates of the Air 
Force Cambridge Research Laboratories, the Elec- 
tronics Research Directorate and the Geophysics 
Research Directorate, plus a small headquarters 
staff, were combined to form a smgle headquarters 
staff that now serves both Directorates However, the 
various laboratories coming within these Directorates 
are not affected by the reorganization Heads of the 
four major staff elements are- Dr A M Gerlach, 
deputy for plans and programmes; Lt -Colonel Eugen 
Duff, deputy for admmustrative management, Mr 
V S. Dempsey, deputy for logistics; and Mr L E 
Woods, research information officer In addition, a 
new division was created to provide technical services 
to the Laboratories’ scientists under the direction of 
Mr V.S Dempsey Dr L M Hollingsworth con- 
tinues as director of electronics research Colonel 
Ernest A Pinson continues in the dual capacity of the 
Laboratories’ deputy commander and director of 
geophysics research, positions he has held for the 
past year However, Colonel Edward M Douthett, 
at present assigned to Headquarters, US Armed 
Forces, will assume duty as director of geophysics 
research ın mid-November. 


Revision of School Science Curricula 


Iw reply to & question from Viscount Samuel m 
the House of Lords on October 18 as to what action 
was bemg taken to mmplement the recommendation 
of the Advisory Council on Scientific Policy regarding 
the revision of school science curricula, the Minister 
for Science, Lord Hailsham, said that this has been 
earefully considered by himself and the Minister of 
Education In England and Wales the imtiative for 
framing curricula and syllabuses rests with the 
teaching profession and, after a very thorough review, 
the Association of Women Science Teachers and the 
Science Masters’ Association have recently proposed 
substantial revisions and modernization of existing 
syllabuses The Mmister of Education 1s encouraging 
these and simular efforts to revise the syllabuses, and 
the proposals of the Science Masters’ Association are 
being used by the General Certificate of Education 
examining bodies as the basis for the revision of their 
examination syllabuses which they are undertaking 
at the request of the Secondary School Examinations 
Council ‘This Council advises the Minister on the 
general direction of the General Certificate of Educa- 
tcn examimnetion, and schools, universities, local 
education authorities and other bodies concerned are 
represented on ıt Corresponding action has been 
taken independently in Scotland through the Scottish 
Education Department 


The CERN Laboratory, Geneva 


It was at the end of 1959 that the 25-GeV proton 
synchrotron came mto operation m the CERN 
laboratory at Geneva (European Organization for 
Nuclear Research, CERN Annual Report, 1960 
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Pp 113 Geneva CERN, 1961) During 1960 the 
beam mntensity was creased ten-fold to 10!! protons/ 
sec and the experimental hall was equipped for beam 
transport In the past quarter 504 operatmg hours 
were devoted to nuclear physics experiments These 
experiments opened up a new energy region in the 
study of the elementary particles. On the synchro- 
cyclotron the experrmental groups have continued to 
make distinguished contributions to meson physics 
Probably the most impressive of these was the 
measurement of g-2 for the muon to an accuracy of 
2 per cent The completion of the new muon channel 
must mean major progress in muon physics within 
the next few years To cope with the increasing 
amount of experimental data, particularly from 
bubble chambers, an IBM 709 computer was installed 
during the year 

The origmal programme defined ın the convention 
of 1953 ıs now virtually complete This 1s & brilliant 
achievement but, as the report makes clear, CERN 
has no mtention of resting on its laurels Work is 
Im progress to improve the facilities on both the 
accelerators and a major contribution to nuclear 
physics 18 guaranteed for many years to come Even 
so, the director-general, m his introduction, refers to 
longer-term plans for a new accelerator m 1970 All 
this 18 an mdication that the CERN laboratory 18 a. 
lively and interesting place, an outstanding example 
of international collaboration Confirmation of this 
can be found by reading the report, which gives a 
vivid and particularly well-illustrated account of the 
laboratory's achievements and activities in 1960. 


Political and Economic Planning 


Tse annual report of Political and Economic 
Planning for the year ended March 31, 1961, meludes 
a list of publications, 1960-61, and of PEP staff for 
the year, but deals essentially with the research pro- 
gramme Continued progress 1s reported with the 
study of Britan and the European Common Market 
and the preparation of a report on Atlantic Tariff 
and Trade has proved to be a major undertaking 
This study is assisted with a generous three-year 
grant from the Ford Foundation. Two new major 
projects launched during the year were concerned 
with trade unions m a changing society and with 
present-day trends in the development of community 
mental health services, the former being supported 
by a substantial grant from the Leverhulme Trust 
Fund, and the latter by a grant from the Nuffield 
Provincial Hospitals Trust An inquiry ıs also being 
launched into the effects on wives and dependants 
when the chief male earner ıs imprisoned An exam- 
ination of the work of professional and learned 
societies, with special reference to any difficulties 
imposed. by modern industrial conditions, 18 also beng 
carried out, and provisional help has been promised by 
the Department of Scientific and Industrial Research 


Scientific Research in Australia 


THE Research Review of the Commonwealth of 
Austraha Scientific and Industrial Research Organ- 
ization for the year ending June 30, 1960, 1s the 
complement of the shortened form in which the 
Organization’s twelfth annual report was presented, 
with which it 18 intended to be read (Pp 1v+418 
Melbourne Commonwealth Scientific and Industria] 
Research Organization, 1961) It presents the 
scientific details of the research programme in much 
the same way as the earlier annual reports, each of its 
48 chapters bemg devoted broadly to one division or 


308 


section of the Organization Lists of professional 
staff, published scientific papers and financial details 
are excluded and are given in the annual report. 


Research Grants in Science and Medicine in Canada 


THE report on Unwersity Support, 1960-61 (Pp. 
128 NRC No 6390 Ottawa National Research 
Council and Medical Research Council, 1961 50 
cents), issued by the National Research Council and 
the Medical Research Council of Canada, records 
support totalling 8,169,564 dollars from the National 
Research Council and 2,304,467 dollars from the 
Medical Research Council Of the former figure, 
7,169,402 dollars represent direct support by way of 
scholarships ın science and engmeermg (738,467), 
fellowships m science and engineering (396,758) and 
grants m aid of research through the Assisted 
Researches Committee (4,267,195), Prairie Regional 
Committee (232,458), Atomic Energy Control Board 
(650,000) or General Research grants (492,000), and 
1,000,162 dollars indirect support, including 285,589 
dollars for publication costs of research Journals and 
227,334 dollars for the administration of the pro- 
gramme The latter includes 189,326 dollars for 
fellowships, 204,191 dollars for associateships and 
1,899,809 dollars for grants ın aid of research The 
totals represent moereases of 1 11 million dollars over 
1959-60 and 7 million dollars over 1956-57. Besides 
listing the membership of the Councils and their 
officers and committees, the report lists the recipients 
of fellowships, bursaries and scholarships for the period 
1960-61 and the subjects of research grants. 


The Wildfowl Trust 


THe Wildfowl Trust has again prepared an annual 
report which 1s a model of presentation (The Twelfth 
Annual Report of the Wildfowl Trust, 1959-1960 By 
Hugh Boyd and Peter Scott Pp 185+ 24 plates 
Slimbridge: The Wildfowl] Trust, 1961. 17s 6d net) 
Practical administrative matters are described clearly 
and briefly, scientific topics are many and varied, 
and there are the usual high-quality photographs and 
line drawings which make the reading of the report 
an event to be anticipated rather than a duty to be 
overcome Unfortunately, the twelfth year of the hfe 
of the Trust has seen a drop in the number of visitors 
to Shmbridge and Peakirk, and ıt 18 to be hoped that 
the decline ıs only temporary. Probably the most 
mteresting and disturbing scientific article 18 one by 
J M and J G Harrison, who have collected evidence 
to show that radioactive contamination in birds 1s 
beginning to merease While risks to wildfowl are 
but a tiny facet of the bigger problem of radioactive 
contamination, wildfowl may be particularly sus- 
ceptible, especially those breeding m the far North, 
where the hazards from radioactive fall-out may be 
at their greatest The added risks from the disposal 
of radioactive industrial waste products may again 
render wildfowl and seabirds more susceptible than 
other groups of birds 


London and Guildhal! Museums 


TuE Government and the Corporation of London 
and the London County Council have agreed in 
principle to establish one Museum dealing with the 
history of London This will involve the amalgama- 
«ion of the present London and Guildhall Museums 
and the full approval of each of the governing bodies 
is assured The new Museum will be situated in the 
City of London, probably on a site close to the 
Roman Wall Although details have not yet been 


NATURE 


October 28, 1961 


agreed, ıb 18 probable that the governmg body will 
consist of representatives appomted by the Prime 
Minister, the City Corporation and the London 
County Council When the details have been agreed 
by the authorities, an Act of Parliament will be 
necessary to implement the scheme 
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Rocket Propulsion Thirty Years Ago 


THE science and technology of rockets have 
advanced from bemg the hobby of a few apparent 
cranks to become major consumers of taxpayers’ 
money, even in the universities the type of student 
who immediately after the War would have sought to 
accomplish research on the gas turbme, and later 
would have followed changing fashion and mterested 
himself ın nucleonics, now regards rockets as 
pointing the way to the stars In spite of the great 
achievements of the age, however, 1t 18 mteresting to 
look back at the pioneer work of another student at 
the Imperia! College of Science and Technology, 
London A paper, origmally read by Mr Paul 
Adorian m 1929, has been reprinted and the proceeds 
from the sale of these reprints ıs to be given to the 
Henry Tizard Memorial Fund. The paper contains 
little original matter, but ıt does give a picture of 
the approach to rocket propulsion more than thirty 
years ago, and a contemporary point of view of such 
developments as the Opel rocket cars, designs for 
jet aircraft curiously modern ın style, and a German 
rocket gun which its open-minded inventor claimed 
could "shoot London from Berlin, or 1f you prefer ıt, 
shoot Berlm from London". Copies of the reprints 
are available from Mr. P. Adorian, 21 Denmark 
Street, London, W C 2 (price 8s. or 1 25 dollars). 


The Cambridge Rheology Club 


A BECENT meeting of the Cambridge Rheology 
Club was held on September 11 m the form of an 
exhibition of rheological equipment Mr. C H 
Rose (Cambridge Instrument Co ) demonstrated the 
dye dilution curve recorder and described :ts uses mm 
the investigation of certam defects of the vascular 
system. Grant Instruments showed notably a 
low-temperature thermostatically controlled bath 
(Model RB6P) Miss M Nicholas (Spillers, Ltd ) 
demonstrated the cattle cube hardness tester, which 
may also be used for strength tests on paper and 
similar materials She dealt briefly with the statistical 
evaluation of the results Dr N. A de Bruyne 
(Techne, Ltd) discussed an extensive range of 
rheological instruments, including the gelation timer, 
capillary viscometer, various temperature control 
units and the automatic prmtmg viscometer, still in 
the experimental stage The next meeting of the 
Club will be held on November 27, at 7 45 p m , when 
Dr R MeKennel| (Ferranti Ltd) will speak on 
"Rotation Viscometers and their Appheation to Non- 
Newtonian Measurements", followed by a demon- 
stration of the Ferranti-Shirley viscometer Further 
information can be obtamed from Mr H G Muller, 
Spillers, Ltd , Technological Research Station, Station 
Road, Cambridge. 


Tables and Charts for Use in Gas Dynamic Studies 


THE Sandia Corporation has recently issued a very 
useful bibliography (SCR-299), by D. E Randall, 
listing references which provide tabulated or graphical 
data regarding the atmosphere, gas flows, flow through 
shock waves, and information on the thermodynamic 
and transport properties of gases Included m the 
list 18 & new Sandia monograph (SCR-288), by K. L 
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Goin, entitled “Mach Tables for Real Gas Equilibrrum 
Flow of Aw m Hypervelocity Test Facilhties with 
Total Temperatures to 10,000° K.” This report 
tabulates the aerodynamic flow parameters for 
isentropic expansions and flow through normal shocks 
in the pressure range 100—4,000 atmospheres. Both 
the bibliography and the monograph are available, 
price 075 and 20 dollars, respectively, from the 
Office of Techmecal Services, Department of Com- 
merce, Washmgton 25, DC 
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Gairdner Foundation Awards 


GAIRDNER FOUNDATION awards have been made to 
the following ın recognition of ther contributions to 
the study of arthritis and heart diseases Dr Alan 
C Burton, professor of biophysics, University of 
Western Ontario, for his work on blood circulation, 
Sir Russell Brock, cardiac surgeon at Guy’s Hospital 
and Brompton Hospital, London, for his work on 
heart surgery, Dr Jonas H Kellgren, professor of 
rheumatology and director of the Rheumatism 
Research Centre, University of Manchester, for his 
work on the meidence of rheumatoid arthritis, Dr 
Alexander B Gutman, director of the Department of 
Medicine, Mount Smai Hospital, New York City, for 
his work on the treatment of gout, Dr. U S von 
Euler, professor of physiology, Karolinska Institutet, 
Stockholm, for his work on noradrenaline and its 
effects on body functions 


The Royal Institution of Naval Architects: Awards 


Tug Council of the Royal Institution of Naval 
Architects has announced the followmg awards 
Denny Scholarship mne Marine Engineering (1961), to 
Mr David K Brown (17) of Kelvinside Academy, 
Glasgow (£350 per annum for four years at the 
University of Glasgow), Parsons Scholarship ^n 
Marme Engineering (1961), to Mr Alan B Turner 
(21), of Messrs Alfred Holt and Co, Ltd, Liverpool 
(£400 per annum for three years at the University of 
Durham, King’s College, Newcastle upon Tyne) 


The Meldo'a Meda! for 196] 


Tug Meldola Medal ıs the gift of the Society of 
Maccabeans and ıs normally awarded annually The 
next award will be made early ın 1962 to the chemist 
who, being & British subject and under thirty years 
of age at December 31, 1961, shows the most promise 
as mdicated by his or her published chemical work 
brought to the notice of the Council of the Royal 
Institute of Chemistry before December 31, 1961 
No restrictions are placed upon the kind of chemical 
work or the place in which it 1s conducted The 
merits of the work may be brought to the notice of 
the Council, either by persons who desire to recom- 
mend the candidate or by the candidate himself, by 
letter addressed to the President, Royal Institute of 
Chemistry, 30 Russell Square, London, WCl 


The Association of Clinical Biochemists 


Tr following officers were elected at the annual 
general meoting of the Association of Clinical Bio- 
chemists President, Dr A L Latner, Charman, 
Mr E Varley, Honorary Treasurer, Dr R Gadde; 
Honorary Secretary, Dr J H Wilkinson, West- 
minster Medical School, Horseferry Road, London, 
S.W 1 


Announcements 


Dr RareH P Hopson has been appomted chief 
of the Heat Division at the National Bureau of 


NATURE 


309 


Standards, US Department of Commerce He 
succeeds Dr Charles M Herzfeld, who was recently 
appointed associate director of the Bureau 


THERE will be open days at the Humber Laboratory 
at Hull of the Department of Scientific and Industrial 
Research on November 9 and 10 Exhibits will 
melude some of the work of the parent laboratory, 
the Torry Research Station at Aberdeen Both 
laboratories deal with the handling, processing and 
distribution of fish. 


Tue Welsh Soils Discussion Group will meet at the 
Department of Biochemustry and Soil Science, School 
of Agriculture, Bangor, on November 15. The subject 
for discussion ıs “Aspects of the Dynamic Organic 
Matter Cycle ın Soils”. Further mformation 13 avail- 
able from Mr J A “Taylor, University College, 
Alexandra Road, Aberystwyth 


Tre four hundred and tenth meetmg of the 
Biochemical Societv, for the presentation of ongmal 
communications, will be held m the Department of 
Biochemistry, Manchester College of Science and 
Technology, on November 11 Further mformation 
can be obtained from Dr W J. Whelan, Lister 
Institute of Preventive Medicine, Chelsea Bridge 
Roed, London, S W 1. 


Tre office of the Biochemical Society and the 
editorial office of The Biochemical Journal have now 
moved to 20 Park Crescent, Regent’s Park, London, 
W] All communications connected with The Po- 
chemical Journal should be sent to that address 


A SPECIALISTS! conference on culture collections 
will be held m Ottawa, Canada, durmg August 27-28, 
1962 Topics for discussion will inelude fundamental 
and technical aspects of the preservation of culture 
of micro-organisms and other cells Special emphasis 
will be placed on the mamtenance of morphological, 
physiological and genetical characteristics Attend- 
ance at the conference will be by mvitation only. 
Persons interested ın attending are invited to write 
to Dr S M Martın, Division of Applied Biology, 
National Research Council, Ottawa, Canada, before 
December 1, 1961 


Tre first Feldberg Foundation Lecture 1961 will 
be given by Prof. Herbert Hensel, director of the 
Physiological Institute of the University of Marburg, 
who will speak on “The Electro-physioclogy of 
'Thermoreceptors" on November 2 m the Physiology 
Theatre, University College, London, Gower Street, 
WCl1 The Foundation was recently instituted (see 
Nature, 191, 1143, 1961) to encourage German- 
English scientific exchange for experimental medical 
research Further information can be obtained from 
Dr M Godfiey, Medical Research Council, 20 Park 
Crescent, Regent’s Park, London, W 1 


Tre Czechoslovak Society of Arts and Sciences in 
America will hold 1ts first national scientific congress 
in the Hotel Statler, Washmgton, D € , during April 
90-22, 1962 There will be a two-day symposium on 
the contributions of the Czechoslovak science and 
arts to world culture The programme will include 
papers on science, medieme and technology, fine 
arts, literature and literary criticism, slavisties and 
linguistics, law and economics, history and political 
science, philosophy and sociology, and finally & 
special section will be devoted to Czechs and Slovale 
abroad Further mformation can be obtamed from 
Dr M Recheigl, jun, secretary, Programme Com- 
mittee, 1703 Mark Lane, Rockville, Md 
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DEVELOPMENTS IN ASTRONAUTICS 


HOUGHTS on the seminar on “Astronautics”, 

held in the University of Southampton during 
July 12-19, should be considered against the tech- 
nology of the changmg scene in air and space, an 
unsteady scene, 1ts movements affected by engineering 
and scientific inventions The trend is to curtail 
weapon programmes, and in place of production 
quantities there 1s more limited manufacture of pre- 
cision ‘hardware’, aircraft types are fewer and more 
highly specialized, benefiting from the development 
of rocket systems and instrumentation 

The five groups of twenty-three interrelated lectures 
provided a clear picture of the scientific and techno- 
logical aspects of the subjects, the result of pams- 
taking planning by those to whom science was an 
intellectual adventure. 

The semmar was organized by the NATO 
Advisory Group for Aeronautical Research and 
Development and the University of Southampton 
Prof E J Richards, head of the first Department of 
Aeronautics and Astronautics m Great Britain 
(University of Southampton), introduced Mr E T 
Jones, deputy director of AG A R D , who welcomed 
the delegates, mentioning the fitness of the venue, 
the first of its kind, due to the enterprise of the 
professorial staff, particularly Dr B L Clarkson 

Mr M. J Lighthill, director of the Royal Aircraft 
Establishment, gave the introductory lecture to about 
a hundred delegates from Europe and the United 
States Brilliantly he set the scene, mtroducimg the 
subjects to be discussed, dealing with aims and 
organization of pure, and applied, space science and 
technology Space included the stars, planets, and 
everything known and predicted by the astronomers, 
to whom we are indebted for information, and with 
whom it 1s most desirable to co-operate 

In pure science we are concerned with perturbations 
of orbits, macrometeorites in orbit, the fluctuatmg 
environment of plasma, solar activity, solar streams, 
and radiation effects, Van Allen belts, and plasma 
propulsion 

In apphed science we consider geodesy, navigation, 
transit satellites, observations, communications, geo- 
metric aspects of space, meteorology, information for 
synoptic meteorologists, the particular need for 
viewing clouds from above—thermal stability in 
satellites, solar cells, gyroscopes, and generally the 
application of discoveries useful for mankind For 
the future, Blue Streak and Black Knight would help 
in the further observation of the ionosphereand re-entry 
research as well as contributmg to the communication 
satellites plan, now bemg handled by the Royal Air- 
craft Establishment and the General Post Office, the 
Commonwealth and the European Space Launcher 
Organization, this scheme is promising and will 
engender greater integration, economical develop- 
ment, technical adventure and co-operation over a 
wide field, and would attract the best men The 
co-operative scheme needs intensive planning for 
arranging the work, and a body to co-ordinate effort 
from design to the operating conditions This includes 
using existing institutions, avoiding extravagances, 
and avoiding the separation of aerodynamics, astro- 
nautics and space technology 


Useful visits were made to the Royal Aircraft 
Establishment, the Radio Research Establishment, 
and the Royal Greenwich Observatory 

“Orbits in the Solar System" was the subject of 
a lecture by Dr J G Porter, Royal Greenwich 
Observatory, and he was followed by Mr. D G 
King-Hele, Guided Weapons Department, Royal 
Aircraft Establishment, with a paper on “Earth- 
Satellite Orbits" 

These papers dealt with orbits affected by per- 
turbations As an astronomer, Dr. Porter was con- 
cerned with all the members of the solar group and 
ther movements in continuously variable ellipses, 
and the method of defining the instantaneous orbit 
m which a body 1s travellmg at a given epoch Tho 
figures m the published ephemerides of the Sun and 
planets are based on rectangular co-ordinates 
measured in astronomical units to seven decimal 
places, they are published so that observers may 
make a comparison with theory Tables of planetary 
co-ordinates for the next twenty years are available, 
and for Mars for every four days up to 2,000 

Complementary to Dr J G Porter’s talk, Mr 
D G King-Hele dealt in more detail with four main 
perturbations affecting the orbit of a satellite, caused, 
by (1) the departure of the Earth’s gravitational 
field from spherical symmetry, (2) the influence of 
atmospheric drag, (3) the luni-solar gravitational 
attractions, and (4) solar radiation pressure Near 
satellites, having a perigee height of less than 1,000 
km , and apogee heights of less than 5,000 km, are 
affected particularly by 1 and 2 The third per- 
turbation results from the asymmetry between the 
northern and southern hemispheres If the apogee 
height of a satellite 1s greater than 20,000 km 
(Explorers 5 and 10) the gravitational attractions of 
the Sun and Moon are important m addition to those 
already mentioned, and if the perigee height exceeds 
1,000 km the force due to solar radiation pressure 18 
greater than atmospheric drag 

Prof T R F Nonweiler, Mechan professor of 
aeronautics and flud mechanics, University of 
Glasgow, spoke on ‘‘Re-entry Orbits”, discussing the 
two conditions in which re-entry will occur, ether as 
the final result of the gradual contraction of the orbit 
by air resistance, or by deliberate perturbations 
(through the action of retro-rockets) The speed at 
the first stage of re-entry, say Mach 30, 1s changmg 
to stage two at Mach 3 or 4, then to stage three at 
Mach 0 3-0 2, and finally the vertical drop While 
drag can be reduced, it 18 not possible to reduce the 
rate of heating, and this problem at hypersonic 
speeds has two satisfactory solutions, namely, 
ablation, and variable drag by flared skirt or para- 
chute When retro-rockets are used to control the 
vehicle, the point of firing ıs 1mportant so that the 
vehicle hits the target Whatever the shape of the 
vehicle the maximum deceleration is the same, but 
it occurs at a greater height if the design ıs blunt 
and ıs of high drag, thus in the lower part of the 
atmosphere a blunt satellite has a lower speed and 
endures less heating A more streamline and faster- 
fallmg vehicle suffers intense heating m the denser 
part of the atmosphere where maximum deceleration 
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occurs If the vehicle can be given some aerodynamic 
hft to modify the re-entry path, then the rate of 
heating and deceleration can be reduced 

Captam P V H Weems, US Naval Academy, 
rounded off the session on orbits by explaming his 
method of ‘Space Navigation" The basic concept 
is that the space observer’s optical line of sight to 
the Earth's centre 18 1n the observer’s vertical Range 
is restricted to cislunar navigation and the space- 
vehicle ıs assumed to have sufficient power to enable ıt 
to be directed and navigated The Earth is used: 
(1) for fixing the position of the space observer's 
geographical position by observing visually the 
position of the Earth’s centre relative to the stars, 
(2) for finding the distance from the Earth's surface 
stadiumetrically by using the Earth's diameter as a 
base, (3) for guiding a space-vehicle by so changing 
its velocity as to cause the apparent path of the 
Earth’s centre to follow a precomputed path The 
space navigator can fix the relative position of the 
satellite by usmg a two-way telescope, which would 
provide, simultaneously, fixes on the Earth's centre 
and the zenithal stars, and then tables will give the 
position The proposed Space Almanac has been 
started, by attempting to provide a space navigator 
for the Echo satellite with usable data, and ıt 1s 
intended for teachers and students one or two 
generations ahead. of the astronaut 

Prof E Vassy, of the University of Paris, in dis- 
cussing ‘‘Physical Properties of the Upper Atmo- 
Sphere", paid due tribute to the astronomers, and 
outlined the results from the Veronique research 
rocket, the programme being similar to that of the 
Skylark, there bemg close collaboration with the 
Royal Aircraft Estabhshment in the development of 
the mass spectrograph for 10n measurement 

Prof B Frae1js de Veubeke, University of Liège, 
discussed the ‘‘Optimization of Space Vehicles and 
Launchers relative to their Missions’’, and showed 
that minimization of fuel consumption, initial weight, 
initial thrust for a given payload and given per- 
formance requirements lead to widely different 
missile configurations, and then there 1s the extensive 
analysis necessary to determme the minimization of 
cost of mission per unit payload 

Prof L  Brogho, Department of Aeronautics, 
University of Rome, explained “A Method for Solving 
Non-lnear Thermal Problems in the Re-entry of 
Space Vehicles". 

In “Some Recent Advances in the Theory of 
Control”, Dr J K Lubbock, University of Cam- 
bridge, assessed the progress of control theory 
embracing non-linear systems, and dealt with the 
difficulties of analysis and optimization of feedback 
systems containmg non-lmear elements He reviewed 
the Fokker-Planck equation for the Markov pro- 
cesses, he believes that Pontryagms’ general theory 
18 the most significant theoretical advance m recent 
years 

Dr W W Lines, Guided Weapons Department, 
Royal Aircraft Establishment, outhned the ''Prob- 
lems of Guidance m Astronautics” and dealt with 
methods for the injection of Earth satellites into 
orbit, and the problem of orbital transfer 

Flight-Lieutenant J C Guignard, Institute of 
Aviation Medicine, discussed "Physiological Limita- 
tions of Man in Space" He said that from the 
physiological aspect, space begins at sea-level, and 
the basic problems extend to meet the conditions 
discussed ın the seminar are being studied in simula- 
tion laboratories The absence of normal diurnal and 
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seasonal cycles durmg flights of weeks or months 
demands new knowledge 

Dr E V. D Glazier, Royal Radar Establishment, 
diseussed the radio problems for interplanetary space 
probe missions where the range may be many millions 
of miles, but at present there are limitations on probe 
transmitter power and life, and on the extent of 
costly ground facilities Measurement of range 18 
achieved by the secondary radar principle, and good 
tracking in range and angle can be obtained out to 
ten million mules with a slight extension of present 
techniques For reciprocal and rapid transmis- 
sion during & Venus mission, more powerful trans- 
mitters and aerials of the Jodrell Bank type are 
essential 

In a paper on “Hypersonic Aerodynamies", Mr 
K M C Bray, University of Southampton, said that 
perfect fluid hypersonic effects, real gas effects and 
high-altitude effects are three classes of problem that 
may occur simultaneously, but they must be studied 
separately in order to provide information for the 
design of the blunt-nosed ballistic vehicle or the 
slimmer boost glider type The designer needs to 
know the heat-transfer rate at the stagnation point, 
perhaps m the presence of ablation, then data about 
drag and dynamic stability Due to the Faraday 
effect, under hypersonic conditions radio signals to a 
vehicle suffer serious interference 

Complementary to Mr K M C Bray's paper was 
*Laboratory Facilities and Techniques for Rarefied 
Gasdynamics Research’, by Mr R L Chuan, 
director, Engmeering Centre, University of Southern 
Cahfornia, who stressed the need for more advanced 
designs of experimental apparatus to analyse the 
problems raised by Mr Bray Four types of facilities 
of various degrees of complexity and cost are needed 
the wind tunnel, shock tubes, molecular beam, and 
the rotating arm The study of hypersonic phenomena 
requires conditions in air of Mach number greater 
than 10, a Reynolds number less than 100, and a 
static temperature of about 300° K Pressure, tem- 
perature, density, speed, gas composition are basic 
quantities to be measured, the pressure being of the 
order of 10-5 atm , and this Mr Chuan had achieved 
by designing a low-density hypersonic tunnel around 
a cryopump cooled by a helium refrigerator achieving 
20° K. 

Mr D J Johns, College of Aeronautics, reviewed 
the design of the thin cylindrical structures typical 
of the liquid-fuelled launching vehicles, covering all 
the ground handling and flight conditions until mpact 
on Jandmg They included pressurization, axial and 
lateral loads, thermal, dynamic and space environ- 
ment effects In general, the pressure-stabilized 
structure 18 lighter and simpler than the convention- 
ally stiffened type The inflatable structure has 
minimum structural density, maximum  volume/ 
weight ratio, and unmatched packageability for the 
launch phase Prof A J Murphy, principal of the 
College of Aeronautics, spoke about the nature of the 
environment in outer space, and its significance for 
“Materials for Astronautic Vehicles’’, and said that 
the requirements discussed by Mr D. J Johns could 
be met by the use of metals of higher melting point, 
especially beryllium, molybdenum, columbium and 
tungsten, and also non-metals such as carbon, 
ceramics, or metal-ceramie mixtures Refractory 
metals withstand 1,370? C at stressed conditions but 
need protection against oxidation Heat-dissipating 
ablation surfaces of organic material are satisfac- 
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Prof E J Richards (Southampton) discussed 
“Some Problems of Noises m Ballistic Missiles", 
briefly sketching the effect of noise-levels on struc- 
tures and instruments between 100 and 180 decibels, 
at 140-150 db structures begin to crack, and at 
170 db cracking is mmmediate To guard against 
trouble, there must be a detailed analysis of the 
environment of noise around a vehicle both during 
launching and at re-entry The source of most efflux 
noise of a rocket 1s about eighteen diameters down- 
stream, the unsteady conditions with fluctuating 
pressures arising from turbulent mixing of the gas in 
the jet, from the rough flow in the boundary layer, 
and from the movement of the missile 1n turbulent 
air, fluctuating shock waves buffet the missile Noise 
may be real and radiated acoustically or as hydro- 
dynamic pressure fluctuations exciting the structure 
and causing acoustical radiation maide 1t 

Mr G K C Pardoe, chief weapons research 
engineer, De Havilland Co., spoke on ‘‘Space Flight 
Projects based on Blue Streak" His practical out- 
look brought together the theoretical and design 
philosophies discussed ın other papers Blue Streak 
will have a fundamental part ın the proposed research 
work on probes, satellite communication and meteor- 
ology, and this activity means that the European 
Space Launcher Organization should get off to a 
good start Mr Pardoe reviewed the Eslo three-stage 
launcher based on Blue Streak, with a second stage 
of French design Various third stages have been 
proposed and could produce high or low thrust, 
depending on the kind of mission, Black Knight with 
Bristol Siddeley Gamma engme would give a versatile 
performance. Mr C R Turner, of the De Havilland 
Co , spoke on “Communication Satellites”, describing 
a world-wide coverage scheme based on Blue Streak 

Prof P C Parkes, Control Engmeermg Depart- 
ment, University of Southampton, speaking m 
Russian, welcomed Prof A M Bobrov, chief scientist, 
Astronomical Society, Academy of Sciences, USSR, 
who discussed the “Cosmological Neighbours of the 
Earth” from the astronomer’s point of view, referring 
to the Sun, and the atmosphere of the Moon, Venus 
and Mars Astrobiological laboratories are growing 
plants under s)mulated Martian conditions A third 
belt of radiation has been located beyond the Van 
Allen. belts 
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Dr R R. Jamison, assistant chief engmeer (ram- 
jets), Bristol Siddeley Engines, Ltd, im discussing 
“Advanced. Aur-breathig Engmes", said that the 
use of these engines for astronautical work was as 
propulsion units for space-vehicles during the boost 
phase of space missions Studies based on develop- 
ment work show that the ramjet has a better fuel 
specific impulse than a typical rocket engine and so 
should be a better first-stage booster, faster and 
lighter It must operate up to speeds which are a 
significant proportion. of orbital velocity, and research 
indicates that speeds much higher than the present 
operable Mach 6 can be achieved 

Mr. S L Bragg, chief scientist, Rolls Royce, Ltd, 
discussed “Operation and Control of Liquid Pro. 
pellant Rocket Engines", and explamed the difficult 
handling problems of starting, keeping the engine 
running, and stopping. The Blue Streak engme 1s 
the RZ-2, using liquid oxygen and kerosene Accurate 
control of the moment at which the engme 1s shut 
down is essential to enable the accelerating vehicle 
to follow the flight plan After the stopping signal, 
there will be a brief time while the engine runs down, 
and on a multi-stage rocket it 1s desirable that the 
thrust should cease before the stages separate to 
avoid the possibility of subsequent collisions 

Mr. P A E Stewart, rocket and satellite systems 
engineer, Hawker Siddeley Aviation, Ltd , m dealing 
with “Advanced Propulsion Systems for Space", 
reviewed the three main classes (a) high acceleration, 
covering free-radical rocket propulsion, open-cycle 
thermonuclear propulsion, and ionospherie recom- 
bination ramjets, (b) for medium acceleration there 
1s solar energy, and (c) for low acceleration the 
closed-cycle nuclear system and varistions of the 
electrodynamic types, electro-thermal or arc-jet, 
electrostatic or 10n engine, the magnetohydrodynamic 
type, and the photon system 

Group (c) attracted most interest, progressive 
laboratory work has been achieved ın electrical pro- 
pulsion and the arc-jet ıs well advanced Electric 
propulsion provides jet velocities 5-10 times those of 
nuclear engines, but as the thrusts are limited to 
pounds and fractions of a pound, they are promising 
only m space flight, but the problems are chemical 
and mechanical Then there 1s the question of space- 
flight test-beds. A CapMAN CLINTON 
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THE COLONIAL DEVELOPMENT CORPORATION 


Annual Report, 1960 


HE annual report and statement of accounts of 

the Colonial Development Corporation for the 
year ended December 31, 1960, the first to appear 
over Lord Howick’s signature, who, as chairman, 
succeeded Sir Nutcombe Hume on December I, 1960, 
follows the pattern of recent reports* Ninety-one 
continuing projects are reported as compared with 88 
in the previous year, includmg 10 new projects 
totalling £11,675,000 Seven projects have been 
removed from the list and total commitments 
aggregated £109,448,000 compared with £96,145,000 
uf 1959 Of this aggregate, £146 million was in the 


* Colonial Development Corporation Annual Report and Statement 
of Accounts for the year ended 91st December, 1960 Pp vi+82 
(London HMSO, 1961) 5s net 


Caribbean, £194 mullion (including £128 mullion 
for the Federation of Malaya) ın the Far East, £22 7 
million ın East Africa, £220 million in Central 
Africa, £160 million in the High Commission 
Territories, and £14 7 million (meluding £205,000 m 
Ghana and £8 9 million m the Federation of Nigeria) 
Functionally 52 5 per cent of the committed capital 
was for basic development, 38 3 per cent for primary 
production and processing, and 92 per cent for 
commerce and, industry 

The report 1s at pains to emphasize the nature of 
the Corporation's task and some of its achievements 
in Africa It 1s believed that the Corporation can 
make an important contribution to the economie life 
of the emerging peoples for several reasons Its 
regional organizations have now been established 
for nearly ten years and its employees are able to 
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ielate busmess needs to the conditions of the region 
They have come to know well some leading people m 
the political and. commercial life of their region, and 
are accustomed to working with them The Corpora- 
tion 1s able either to take a shareholding or make a loan 
according to whether the principal need of a country 
1s, at one time, for an equity type investment or, at 
another time, for a loan, and those in charge of the 
Corporation have become accustomed to working 
with many partners and have learned, for example, 
the importance of the pilot scheme stage ın develop- 
ment projects aul 

The achievements of the Corporation in Africa are 
illustrated by reference to the Mhlume Sugar Mill m 
Swaziland, built ın partnership with Sir J L Hulett 
and Sons, on a Corporation irrigation project, which 
will have produced by the end of 1961 more than 
40,000 tons of sugar, the new pulp mil at Usutu 
Forests in the same territory, with an annual output 
of 100,000 tons , the Lobatsi abattoir in the Bechu- 
analand Protectorate, the launching of the Kilombero 
Sugar Co, Ltd, m Tanganyika, with the Inter- 
national Finance Corporation, Dutch interests and 
the Standard Bank of South Africa, and the agree- 
ments concluded m Nyasaland to provide up to 
£1,300,000 for the Mudi River Water Board to 
relieve the water shortage in Blantyre and Limbe 
The value of the Corporation's activities has equally 
been clear ın countries which have become indepen- 
dent since the Corporation was established 

As regards future possibilities, the report stresses 
particularly that, while remaming fully commercial, 
the Corporation could and should. give the help which 
smallholders need ın loans ın processing and marketing 
their produce and m establishing a few larger farms 
fo. demonstration and for experiments with new 
agricultural methods, because development of small- 
holder farmmg can contribute powerfully to the 
stability of a countiy In small or sparsely mhabited 
territory the Corporation can often do much and 1s 
frequently replaceable, as ıs shown by the hydro- 
electric scheme m Dominica and m St Vmeent 
established by the Corporation, which provided the 
background for production of bananas, cocoa and 
copra Great importance 1s attached to the traming 
of men im the territories m which the Corporation 
operates to undertake posts of responsibility both ın 
local projects and the Corporation’s organization as 
a whole The Corporation believes that the best 
traming 1s that received on the job provided a real 
effort 1s made to explain and demonstrate by those 
appointed to supervise, but m view of the absence of 
minimum educational background in many territories 
the Corporation decided last year to offer, on a very 
limited basis, scholarships to promising students as 
a contribution towards solvmg the educational 
difficulty 

When the Corporation’s report was discussed in 
the House of Lords on June 27, the Earl of Perth 
emphasized that ın the main this was a matter which 
should be handled through the new Technical Aid 
Department, and that the Corporation should limit 
itself to givmg training and occasional scholarships 
to particular people who were to work on a particular 
project Generally, warm approval of the work of 
the Corporation was expressed in the debate criticism 
centring rather on the Government’s financial policy 
to the Corporation and the delay ın giving effect to 
the recommendations of the Sinclair Report The Earl 
of Perth, however, mentioned that the Government 
had followed closely the essential recommendations 
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regarding stock representing loans advanced for 
‘finance house’ business and for stock representing 
abandoned schemes and fructification interest, but 
laid down that repayment for this stock should 
depend on the Corporation, after 1ts various obliga- 
tions, having a profit of more than £250,000 The only 
variation was in respect of the recommendation foi 
‘B’ Stock, which involved a fluctuating subsidy and 
thus no Parliamentary control, and here the Govern- 
ment insisted that the agreed rate must be paid, but 
as these investments would be ready for equity 
investment the Government would continue with the 
fructification period for seven years The suggestion 
for a reserve or allowance for exploration was met by 
allowing the Corporation to use the first £250,000 of 
its true profits for whatever purpose ıt saw fit Lord 
Perth also said that rb was not expected that the 
Corporation, which was not at the moment ın need 
of funds, would require increasing funds indefinitely 

it might be expected from time to time to sell off 
successful ventures He thought the Corporation 
would still be able to play a limited part ın the newly 
mdependent countries but that 1t was right that 
the Corporation should concentrate on the remaining 
Colonial territories 


Research Schemes and Loans, [960 


The schemes made under the Colonial Development 
and Welfare Acts m the period April 1, 1960—March 
31, 1961, which are detailed in the latest returns *, 
bring the total commitments from April 1, 1946, 
under the Acts to £275,318,622, of which £20,798,424 
1s for research schemes The totals for the year in 
question are £35,291,739 for development and welfare 
and £2,186,869 for research schemes Of the latter, 
£1,085,365 1s for agriculture, £400.624 for medicine, 
£223,784 for tsetse research and trypanosomiasis, 
£150,786 for social science, £108,360 for fisheries, 
£56,401 for pesticides, £25,727 for locust control, and 
£6,803 for economic research 

Of the research schemes, £446,149 18 towards the 
cost of research organizations controlled by the East 
African Agriculture and Fisheries Research Council, 
but there are other considerable contributions to the 
cost of work sponsored by the Medical Research 
Council, the Agricultural Research Council or regional 
organizations, for example, £30,000 for the Medical 
Research Council’s laboratories at Fajara, Gambia, 
and £11,750 for entomological research there, 
£133,516 for contmuation of services, other than 
the Leprosy Research Centre controlled by the East 
African Council for Medical Research, 1960-63, 
£27,432 to the West African Council for Medical 
Research and its associated units, £27,103 to the 
West African Building Research Institute, £22,412 
to the West African Institute for Trypanosomiasis 
Research, 1960-61, £43,320 for the Regional Virus 
Research Laboratory, Trinidad, £148,000 for the 
Regional Research Centre, Faculty of Agriculture, 
University College of the West Indies, and £8,000 
to the Agricultural Research Council Unit of Experi- 
mental Agronomy and Weed Research Organization, 
1961-62 

Other major grants which may be noted are 
£42,827 for rmmunological work on trypanosomiasis 
and preparation of precipitin sera at the Lister 

* Colonial Development and Welfare Act Return of Schemes made 
and of Loans approved under the Colonial Development and Welfare 
Act in the period from 1st April, 1960, to 31st March, 1961 (House 


of svommons Paper 240) Pp 58 (London H MSO , 1961 ) 3s 6d 
ne 
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Institute of Preventive Medicme, £39,898 for tsetse 
fly breeding at the University of Bristol, £34,303 
for eontinuation of the preparation of the Flora of 
Tropical East Africa, £62,933 for contmuation and 
expansion of agricultural research and land-use 
planning ın Tanganyika, £62,645 for she Agricultural 
Research and Expermmental Station, Nyasaland, 
£56,550 for establishment of a Citrus Research Unit 
in the British Caribbean, £79,549 for continuation 
of the Institute of Social and Economic Research in 
the West Indies; £48,812 for the Tropical Mete- 
bohsm Research Unit in Jamaica, and £20,934 for 
soil surveys ın British Guiana 

Development and welfare schemes of scientific 
interest include various contributions to Royal 
College, Nairobi, and the University College of East 
Africa, Makerere, as well as to the University College 
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of the West Indies, and £450,000 for the construction 
of a College of Arts, Science and Technology, Malta, 
which recerved grants totalling more than £5 million 
durmg the year, £421,907 for intensifieation of 
African agriculture under the Swynnerton plan in 
Kenya, and a further £102,804 for the Vetermary 
Department, £518,300 for forestry development in 
Tanganyika, and £148,445 for continuation and 
expansion of agricultural research and land-use 
planning, £246,000 for development of broadcasting 
in Uganda, and £429,132 for soil conservation and 
land-use planning in Basutoland, 1960-64, £18,877 
was contributed for the activities of the Commission 
for Technical Co-operation in Africa South of the 
Sahara and the Scientific Council for Africa South of 
the Sahara, and there were numerous contributions 
for education at secondary and primary levels 
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THE NORFOLK BROADS 


OX August 1, the Mimster of Housing and Local 
Government announced in the House of Com- 
mons that he had accepted the advice of the National 
Parks Commission that the unique character and 
complex problems of the Norfolk Broads make them 
unsuitable for designation as a National Park It 
was therefore appropriate and timely that the 
British Association should discuss some of these 
problems durmg its Norwich meetirg Sections E 
(Geography) and K (Botany) held a joint symposium 
on September 1 at which the mam contributions 
were made by Dr Joyce Lambert of the Botany 
Department, University of Southampton, Mr C T 
Smith of the Geography Department of the Univer- 
sity of Cambridge and Mr Charles Green, an archzo- 
logical consultant to the Ministry of Works 

The factors which render the Broads unsuitable as 
a National Park stem largely from the rapid. changes 
which are taking place at the present time and which 
are all recent in effect, if not ın origin The silting 
up of the Broads, with the consequent overgrowth 
by vegetation had scarcely begun to reduce the area 
of open water when the Tithe Commission mapped 
the area in the mid-nineteenth century The de- 
generation of mowmg marsh into scrub and carr 
follows changes ın agricultural practice ın the past 
half-century These physiographical and ecological 
developments clearly have a profound signifieance 
in terms of the ever-mcreasing use of the Broads 
as a holiday area, a use which introduces its own 
problems, both ecological and economic While these 
changes have only recently forced themselves on the 
attention of students of the broadland scene, they 
are bound up with the basic problems concerning the 
age and origin of the Broads, which formed major 
themes m the Norwich discussion and which involve 
1ather longer periods of time 

Most nineteenth-century writers from Robbards 
and Taylor in the 1820's to Gregory 1n 1892, sought to 
interpret the Broads as residual natural lakes resulting 
from the siltimg up of a ‘great estuary’, the three 
arms of which occupied the valleys of the Rivers 
Waveney, Yare and Bure Many of these writers 
assumed that the ‘great estuary’ persisted well into 
fistorical times A few workers scught to invoke 
glacial agencies In 1952, J N Jennings published a 
monograph on The Origen of the Broads (No 2 in 
the Royal Geographical Society’s Research Series) 


This was the first weighty piece of original research 
to appear for almost half a century and represented 
the results of several years labours, mainly m. the 
valleys of the Bure and its tributary, the Ant 
Jennings suggested that the Broads can be explained 
mm terms of a geologically very recent marine trans- 
gression durmg which a thick wedge of estuarine 
clay was laid down over the early valley peats of the 
Norfolk river valleys He suggested that the Broads 
themselves were initiated as discontinuous lakes, 
lying in natural hollows in the peat, filled with water 
ponded back between the flanges of the clay and the 
upland valley margms (by-passed broads) or m 
tributary valleys the mouths of which were blocked by 
the clay (side-valley broads) Jennimgs examined the 
possibility, mooted on several occasions to explain 
particular broads, that all the Broads were man- 
made For a variety of reasons he came to the con- 
clusion that ‘‘a general theory based on peat cutting 
appears to be wholly unacceptable” 

Almost before his monograph was ın print, Jennings 
had modified his views m the hght of new work. 
Dr Lambert, with whom he had collaborated 
closely in work on the valleys of the Bure and the 
Ant, had obtamed convincing evidence that the 
Broads of the Yare valley are artificial She employed 
the same boring methods and the same pollen analysis 
technique, to determime the stratigraphy of the clays, 
peats and muds, as Jennings had used A recon- 
sideration of the evidence from the Bure and the 
Ant valleys suggested that deep extraction of peat in 
historical times was responsible for all the by-passed 
broads, though, for lack of evidence, the side-valley 
broads were not as yet included m the general 
theory This recognition of the fact that most, if 
not all, of the Broads are man-made did not, of course, 
detract from Jennings’s interpretation of the natural 
evolution of the river valleys ın which the Broads 
are located 

In 1960, Jennmgs and Lambert published a 
re-appraisal of the whole problem of the evolution 
ofthe Broads They found ıt difficult, in view of the 
stratigraphical evidence to conceive a substantial 
alternative” to the theory that all the Broads are 
deep peat diggings which have been afterwards 
flooded Breydon Water 1s excluded from this 
explanation since it 1s clearly not a broad in the 
accepted sense and 1s merely the surviving part of a 
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No 4800 
formerly more extensive 
estuary 

Evidence from the field of historical geography 
assembled by Mr C T Smuth and the results of 
archaeological work, interpreted by Mr Charles Green 
and Mr J N Hutehmson, supported the new 
hypothesis The combined evidence was published 
under the title The Makwng of the Broads (No 3 in 
the Royal Geographical Society’s Research Series) 

At the Norwich symposium, Dr Lambert reviewed 
the physiographical and botanical evidence on which 
their findings are based Bormg has revealed that 
the basins in which the Broads he have umformly 
steep sides and virtually level floors with resulting 
rectangular profiles Islands and peninsulas with 
similar vertical sides have exactly the same strati- 
graphy as the surrounding fenland They are inter- 
preted as balks left ın the extraction of peat to a 
depth of 10-12 ft In old surveys, including tithe 
and enclosure maps and m modern air photographs 
these islands and peninsulas can be correlated with 
boundaries between holdings 

Two of the more important difficulties m accepting 
human agencies to account for the existence of the 
Broads relate to the enormous amount of peat 
mvolved and the need to postulate changes m water- 
level, which would permit the excavation of peat to 
depths well below those of present-day workings, 
and eventually lead to the flooding of the pits 
Mr C T Smith described the search for evidence 
which would resolve these difficulties Nothing 
in the published records of broadland suggested an 
‘artificial’ origm The large-scale changes caused by 
the extraction of an estimated nine hundred million 
cubic feet of peat and the flooding of the workings 
appear to have made no impact on local tradition and 
folk-lore However, a careful and detailed study of 
documents and maps supplied strong circumstantial 
evidence in support of the deductions based on the 
stratigraphy References to turbary and the sale 
and consumption of turves show that large-scale 
peat digging was well under way by the twelfth 
century Much of the consumption must have gone 
unrecorded but examination of terriers, deeds, 
account rolls and registers, such as those of Norwich 
Cathedral Priory and St. Benet’s Abbey, give an 
indication of the scale of operations. The purchase of 
400,000 turves by Norwich Cathedral Priory m 1316 
is typical ‘These same records also show that by the 
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begmning of the fourteenth century the flooding of 
the turf pits had begun While extraction continued 
well into the fifteenth century i6 was increasingly 
difficult and expensive, and involved first the dredging 
of peat with simple scoops and then the makmg of 
turves Soon other fuels replaced turves in the 
records and references to turbaries were replaced by 
references to open water and fisheries. 

The archeological evidence put forward by Mr 
Charles Green showed that emergence from the 
Romano-British submergence reached a peak ın the 
thirteenth century. The excavations on the site of 
the power-station at South Denes, Great Yarmouth, 
indicate a relative fall in sea-level of the order of 
18 ft This means that deep extraction of peat from 
the Norfolk valley floors was possible in ‘dry’ pits 
Similar evidence revealed a reversal of the downward 
movement of sea-level, mitiated toward the end of 
the thirteenth century, which clearly accounts for 
the slow but inexorable flooding of the peat-diggings 
and the formation of what we now call the Norfolk 
Broads 

As a piece of scientific detection, the story unfolded 
to the Norwich symposium was a masterpiece It 
18, however, not only of historical or academic 
interest The state of dynamic change, which Dr 
Lambert showed to underlie all the present-day 
problems of the Broads, both scientific and practical, 
stems directly from these surprising beginnings The 
vegetation of broadland does not, as was formerly 
thought, result from the overgrowing of large con- 
tinuous sheets of open water There 1s a fundamental 
distinction between the vegetation which has grown 
up on the solid fen, much modified by a variety of 
human interference, and that which 1s encroaching 
on the basin of the Broads. The filling of the man- 
made lakes with freshwater mud, which has made 
this encroachment possible, only reached a critical 
stage about the begmning of the nmeteenth century 
It has, however, already resulted in a rapid reduction 
of the open water available to the holiday maker 
Dr Lambert is continuing her ecological work in 
the Broads, but the number of problems which still 
remaim to be tackled, some of which she touched on, 
is very large The need for more research was the 
theme of the discussion which followed the reading 
of papers Any new work which may be mstituted 
will owe much to Dr Lambert and Mr Jennings and 
their colleagues C KIDSON 


THE SOIL AS AN ENVIRONMENT FOR ANIMAL LIFE 


SYMPOSIUM on “The So1l as an Environment 
for Animal Life" was held on September 1 by 
Section D (Zoology) at the Norwich meetmg of the 
British Association for the Advancement of Science 
Sir John Russell pomted out that soil contains 
four groups of components a mmeral framework, 
organic matter, mineral matter from the bodies of 
organisms and soul solution. The relative proportions 
of organic and inorganic substances largely determine 
the suitability of the soil as a habitat arable souls, 
with the lowest organic content, contam fewest 
organisms, while grasslands are usually richer 
The organic matter is derived from plants, their 
remains bemg reduced by organisms m the soil to 
their original simple origins residues remainng 
form the humus. This 1s black, has colloidal proper- 


ties, and in the climate of Great Britain contains 
about ten times as much carbon as nitrogen If 
non-nitrogenous substances are added to the soil, 
atmospheric nitrogen is fixed, while 1f nitrogenous 
substances are added the humus splits off nitrogen 
as ammonia or nitrogen gas 

The mineral framework of the soil contains particles 
rangimg from 2 mm to 002 mm in equivalent 
diameter these are the sand and silt Clay particles 
less than 2u in equivalent diameter differ from the 
larger particles, they carry a negative electric charge, 
and ean attract positively charged 10ns such as calcium 
and hold them against leaching Clay 1s colloidal, 
with a great power of absorbing water 1t expands on 
wetting and shrmks on drying, producing large 
cracks m the soul 
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Calcium compounds, especially calcium carbonate, 
are as important as clay and organic matter in their 
biotic effects While calcrum carbonate is present 
the soi remains neutral, but as ıt dissolves in ram- 
water contaimung carbon dioxide and 1s leached out 
the soil becomes acid ‘The flora and fauna then 
become more iestricted, though some organisms, 
such as Plasmodiophora and the amcebe, do well 
At a certam stage earthworms disappear plant 
residues then remain on the surface and decompose 
there, forming ‘mor’ 

Organic and mineral soil components mingle to 
form crumbs, the optimum crumb size for plant 
growth ranging from 5 to 1 mm Good crumbs are 
stable even under rainfall, while bad ones break 
down in wet conditions, forming a slurry Mineral 
particles and crumbs have pore spaces between them, 
the total pore space being increased by crumb forma- 
tion 

For organisms to survive m the soil, five conditions 
are necessary livmg space, air, water, suitable 
temperature and freedom from mjurious factors ‘The 
pore spaces provide the livmg room, and are also the 
water reservoirs The chief cause of water loss 18 
suction by plant roots evaporation causes less than 
might be supposed The surface layer dries quickly 
and protects the soil beneath, and there 1s no evidence 
of capillary movement of water from wetter to diier 
parts except just above the water table 

Diffusion of air mto the pore spaces 1s very rapid, 
and the composition of air 6 m down on arable land 
differs little from that of the atmosphere, except 
that the amount of carbon dioxide 1s greater, reaching 
0 1 per cent on bare soil and 0 2 per cent under crops 
In grassland soil the carbon dioxide content 1s greater 
3 per cent has been recorded This high concentration 
does not appear to affect the soil population seriously 

Soil temperatures reflect those of the air, but 
fluctuations are heavily damped Variations are 
greater on arable land than on grassland 

Harmful factors are numerous and may be drastic 
These include acids, products of anaerobic decom- 
position such as hydrogen sulphide, the presence of 
parasites and predators, etc Soil bacteria act as 
scavengers, removing harmful substances very 
effectively 

The question of food for the soil fauna has been 
studied most fully by the foresters Leaves and twigs 
form litter on the soil surface in ıt a mixed popula- 
tion develops and makes the primary attack on the 
food material ıt contaims Then follows the secondary 
decomposition, m which organisms nurtured in the 
first stage are eaten by predators that either capture 
their prey or poison ıt and feed on 1ts decomposing 
body, also the excretions of primary decomposers 
are eaten by coprophagous animals The final 
residue 1s humus, this persists m the soil, but 1s 
slowly decomposed, mainly by bacteria, the final 
end-products beimg carbon dioxide, ammonia, water 
and a few mineral salts These will be startmg mater- 
lal for a new generation of plants 

Dr F Raw discussed ‘The Interdependence of the 
Soil and 1ts Fauna" The soil can be considered an 
environment created by animal activity from 
weathered mineral substrate and plant remains The 
material from which the soil developed, the climate 
and the vegetation influence the animal communities 
dévelopmg 1n the soil, and these 1n turn influence the 
sol profile Agricultural practices that affect the 
fauna may produce great changes m the biological 
and physical properties of the soul 
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The greatest diversity and abundance of soil animals 
are found m virgin habitats such as permanent 
grassland or woodland The arthropods in a perman- 
ent grass field ın Cambridgeshire meluded 17 orders 
or classes, including uncommon groups such as the 
Pauropoda and Protura Smaller arthropods were 
especially numerous About 70 per cent of the 
Arthropoda occurred in the top 6 in, though some 
groups were more numerous at lower levels In 
general, the smaller forms live deeper in the soil 

In arable soil the arthropod population is greatly 
reduced In the Barnfield mangold plots at Rotham- 
sted, the plots receiving mineral fertilizeis yielded 
about 15,000 dividuals per square yard, while in 
the dunged plots the number of individuals was 
almost twice as great, and the population was more 
diverse The same was true of the earthworms, 
though the dominant Lumbricus terrestris was less 
affected by dunging than other species 

Earthworms are the principal agents that bury 
plant remains, mix them with the soil and so acceler- 
ate decomposition and the release of plant nutrients 
In undisturbed habitats their activity can have a 
profound effect on the soil profile, and their presence 
or absence can result m the development of two 
fundamentally different soil types, ‘mull’ and ‘mor’ 
This was illustrated by measurmg the amount of 
leaf litter buried by worms 1n several apple orchards 
near Wisbech, by placing a known number of weighed 
leaves on the ground beneath wire cages at leaf-fall 
and recording the number and weight of leaves remain- 
mg m the spring In grass orchards the number and 
weight of leaves buried was closely correlated with 
the estimated fresh weight of Lumbricus ter estos 
Some orchards had about 20 cwt of L terrestris per 
acre, which buried 8-9 ewt dry weight of leaves— 
enough to bury all the leaf-fall Cultivation did not 
appear to affect the abundance of L terrestris greatly 
nor did regular applications of farmyard manure or 
compost 

In a grass orchard with a long history of heavy 
spraymg with copper fungicides L terrestres was not 
found, although ıt was abundant m surrounding 
unsprayed soil In this orchard no leaves were 
buried, they decomposed slowly on the surface, and 
a mat of partially decomposed leaves, about 2 m 
thick, had accumulated, so that the soil profile had 
typical ‘mor’ characteristics 

“The Soil Fauna and 1ts Contribution to Fertility” 
was the subject of Dr A Macfadyen’s paper The 
soil contains enormous numbers of individual 
animals, and their action appears to be three-fold 
The larger species tunnel through the soil and carry 
litter downwards and mineral matter upwards at 
the same time they aerate and drain the soil and, by 
crumb formation and m other ways, render 1t a good 
medium for the growth of higher plants and micro- 
organisms 

The second function performed by the soil animals 
18 & direct chemical one due to their feeding activities 
They assist in the breakdown of litter in the soil, 
though here they make a poor showing compared 
with the micro-organisms 

The third property of the soil fauna has only 
recently come under investigation It appears that 
quite apart from their own direct metabolic effects 
on litter breakdown, soil animals act as catalysts of the 
metabolism of the bacteria, fungi and other micro- 
organisms ‘This catalytic action appears to operate 
through the cropping of senescent colonies, the 
re-distribution of slow-moving food materials, the 
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local removal of antibiotic substances, the re-concen- 
tration of nutrients and the spreading of spores to 
places where they can flourish The biological 
properties of the microbes are such that high-energy 
food materials become maccesstble and energy 
becomes dammed up The animals are the ‘dam- 
busters’ that disperse the accumulations of energy 
and restore the flow—and with ıb the nutrients 
needed by the higher plants 

It 1s not known yet how important these catalytic 
actions are, nor which of them are the most significant 
Clearly, over the whole range of soil types, from forest 
and pasture to moorland and degraded arable land 
the details of the picture are gomg to vary enorm- 
ously, but the few experiments reported indicate 
that the animals’ ‘catalytic’ role greatly exceeds 
their metabolic role as decomposers 

Current experiments are aimed at building up a 
good knowledge of the metabolic rates of isolated 
organisms undei conditions as close to those in 
Nature as possible At the same time systems are 
bemg developed contammg micio-organisms and 
essential soil constituents of varying degrees of com- 
plexity but with predictable metabolic behaviour 
It ıs hoped to go on from there to introduce different 
kinds of animals mto the cultures and observe their 
effects on total metabolism, and to analyse the 
biochemical basis of these effects In this way 1t 1s 
planned to bridge the gap between field conditions 
and laboratoiy experiments 

Dr C L Duddington discussed ‘‘Predacious Fungi 
and Soil Eelworms" Predacious fungi are micro- 
fungi that attack small animals, mcludmg protozoa, 
1otifiers and eelworms They are abundant in most 
fertile sols We can distinguish two kmds of pre- 
dacious activity among the fung: that attack eel- 
worms Some capture eelworms alive, while others 
are internally parasitic, attackmg the host through 
the agency of sticky spores or by other means At 
least two species of Nematoctonus combme both 
methods Most of the work on predacious fungi 
attacking eelworms has been concentrated on the 
trap-forming species 

In the common Arthrobotrys olagospora and others 
the eelworm traps consist of systems of sticky net- 
works, formed from curled, anastomosmg branches 
of the myceluum Eelworms that happen to touch 
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the networks stick to them like flies on a fly-paper 
Other species, hke Dactylella csonopaga, have shout, 
sticky lateral branches, while in D ellepsospora and 
others small sticky knobs are attached to the 
mycelium by short stalks 

Some predacious fung: have mechanical traps 
In Dactylarra candida rings, composed of three 
curved cells, are attached to the mycelium by short 
stalks, eelworms accidentally pushmg their heads 
into the rings become wedged In some species, such 
as Dactylella doedycordes, the cells of the rmgs are 
sensitive to touch, if an eelworm passes its body 
into the ring the three cells swell suddenly inwards, 
holding the eelworm by constriction 

Whatever trappmg mechanism is used, the end 
result is that the eelworm is killed, and 1ts body 1s 
invaded by hyphz that consume 1ts contents 

A survey of 40 Buitish arable soils produced 82 
records of predacious fungi, belonging to 20 different 
species Arthrobotrys ol.gospora was the commonest 
both eelworm-trapping and internally parasitic 
species were represented There is direct evidence 
that predacious fungi prey on eelworms in the soil 
under natural conditions, for mycelium with traps 
and captives has been found on slides immersed 1n 
soil both in field plots and in the laboratory There 
is also convincing evidence that their predacious 
activity 1s enhanced by the presence of decomposable 
organic matter ın the soil There is reason to belicve 
that the organic matter affects the activity of the 
fung: directly and not, as has formerly been supposed, 
through its stimulating effect on the population of 
free-living eelworms m the soil 

The rmportance of predacious fungi 1n limiting the 
soll nematode population under natural conditions 
has yet to be fully mvestigated, but experiments 
on the use of predacious fungi for the biological 
control of plant pathogenic eelworms suggest that 
their effect ıs not negligible Soil treatment designed 
to enhance the activity of predacious fungi was 
successful in controlling pineapple root-knot eelworm 
in Hewau, and in Britam the number of larvae 
of cereal root eelworm mvadmg the roots of oat 
seedlings has been significantly reduced by soil 
mocwation with Dactylella thaumasia combined 
with the addition of organic matter to stimulate the 
fungus C L DUDDINGTON 


DOMESTIC FOOD CONSUMPTION AND EXPENDITURE, 1959 


HE survey for 1959 of the National Food Survey 
Committee * completes twenty years of continu- 
ous recording of domestic food consumption in Britain 
Two reports cover the years 1940-49 and since 1950 a 
report has been published each year These twenty 
years have seen a complete change fiom severe 
restriction in food supplies, followed by a period of 
gradual increase, to the point recently reached at 
which the housewife with money to spare looks for 
greater variety and shows a preference for what may 
be called ‘convenience foods’, processed and packed 
to save time and trouble 
A gap necessarily mtervenes between the year of 
survey and the publication of these annual reports 


* Ministry of Agriculture, Fisheries and Food Domestic Food 
Consumption and Expenditure 1959 Annual Report of the National 
pce Y Committee Pp vit142 (London HMSO 1901) 
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As a result, they often clarify and extend facts already 
known in & general way For example, the present 
report throws hght on the morease in expenditure 
on food known to be taking place during the period 
under review The average weekly expenditure 
a head mcreased from 28s 5d in 1958 to 29s 3d 
m 1959 This was partly due to an merease in the 
price of foods such as butter, meat, cheese and frui, 
but there was also a shift in demand from staple 
foods such as bread, flour, potatoes and fresh fish 
to fresh fruit, fresh green vegetables and a wide 
variety of processed foods Expenditure on processed 
foods prepared ready for the table, which include 
canned and frozen foods, cakes, pastries and biscuits? 
has risen from 4s 3d a head a week in 1955 to 
5s 5d ım 1959 Doubtless, as the range of such foods 
increases and advertismg becomes more clamorous, 
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the expenditure on them will continue to rise, though 
a certam lack of variety ın the taste of foods prepared 
by mass-cooking methods may eventually drive some 
housewives back to the kitchen stove In the section 
dealing with the effect of the housewife's age on the 
household diet, ıt 18 shown that young housewives 
devote up to 19-24 per cent of their total food 
expenditure to these ‘convenience’ foods, while 
older housewives devote considerably less The 
fact that ‘single-earner’ families with two children 
spend more on them than childless couples shows 
how useful they can be to the busy mother Their 
cost in terms of food 1s mcreased by packaging and 
advertising, but this 1s offset by saving in time and 
less wastage The expenditure on cooked and canned 
meats rose 5 per cent from the previous year, and on 
prepared fish the rise was 14 per cent The most 
striking change im food habits in Britain, apart from 
the growimg preference for processed foods, 18 the m- 
crease 1n consumption of poultry Total supphes of 
poultry and rabbits are 31 per cent higher than pre- 
war, although there has been a considerable decrease 
in supplies of rabbit 

Comparison of the nutritive value of the diets of 
the different social classes with the recommendations 
of the British Medical Association showed that 
intakes of all nutrients, except protein, considerably 
exceeded the figures of the British Medical Association 
Total protein mtakes were ‘borderline’ in the lower 
income groups and the national average 99 per cent 
of the recommendation of the Association As in- 
come rises, the calorie value of diets and their content 


NITROGEN IN 


N a series of articles, M Somers, of the Institute of 

Agriculture, University of Western Australia, 
describes the factors mfluencing the secretion of 
nitrogen m sheep saliva (Austral J Hap Bol and 
Med Scr, 39, Part 2, April 1961) 

Measurements were first made on the distribution 
of nitrogen in the mixed and parotid salivary secre- 
tion of sheep and on the amount of nitrogen secreted 
daily ın the parotid saliva The distribution of 
nitrogen in the mixed saliva followed the same 
pattern as that in the parotid secretions obtained 
when the glands were in a quiescent state The 
concentration of nitrogen in both fluids depended on 
the rate of secretion Although the concentration of 
total nitrogen in the mixed and parotid saliva in- 
creased durmg short-term stimulation, the pattern 
of nitrogen distribution was not affected During 
prolonged stimulation of the parotid glands, the 
nitrogen composition of the saliva changed 

Quantitatively, urea was the most important nitro- 
gen compound in both the mixed and parotid saliva, 
accounting for 60-70 per cent of total nitrogen The 
average volume of saliva secreted daily by one 
parotid gland was 2,380 + 438 ml and the average 
total nitrogen content was 295 5 + 577 mgm when 
the nitrogen intake was 14 8 gm /day 

Somers later examined the influence of nitrogen 
intake on blood urea nitrogen and on the total 
nitrogen and urea nitrogen m the parotid saliva of 
sheep Urea was added to the rumen of three merino 
sheep at the rates of 5, 10 and 20 gm daily to increase 
the overall nitrogen imtakes from 107 gm ın the 
basal ration to 130, 15 4 and 200 gm a day A 
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of all the nutrients also rises The diet of the most 
prosperous classes is ‘richer’ ın these respects than 
that of all other classes This perhaps suggests that 
wealthy people eat too much, but on the other hand 
it might be taken to imply that the recommended 
allowances are set too low Such questions could 
be clarified only by correlatimg national food con- 
sumption data with data on the health of different 
sections of the population—an extremely difficult task 

Study of the relation between food consumption 
and family composition and size gave a less favourable 
picture In households contammg four or more 
children the diets were inadequate ın certain respects 
Intake of calories was 94 per cent of the recommended 
level, and that of protein, ealerum and riboflavin 
82, 81 and 95 per cent respectively These deficiencies 
may not seem great, but ıt must be remembered 
that these familes contain a high proportion of grow- 
mg children whose health and development depend 
largely on proper feeding At the other end of the 
hfe-scale an unprovement is recorded In earher 
reports ıt was shown that the diets of old age pen- 
sioners were unsatisfactory , ib 1s good to note that 
their diets mcluded in this survey were adequate for 
all nutrients 

Interesting facts are given about geographical 
differences in food consumption These give rise to 
many fascinating speculations on feeding and cooking 
habits ın different parts of Britain, but ıt would be 
foolhardy to hazard guesses on the ments and 
efficiency of housewives according to locality 

Jovog DouGcHTy 
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SHEEP SALIVA 


marked increase in the total amount of nitrogen 
secreted in the parotid saliva was found to occur 
as the nitrogen intake of the sheep increased A 
simular high correlation was found between the level 
of nitrogen mtake and the amount of urea nitrogen 
secreted in the saliva daily 

Between the highest and the lowest levels of nitro- 
gen intake the magnitude of the imcreases were 
026 gm of total nitrogen and 018 gm. of urea 
nitrogen/gland/day The concentration of urea 
nitrogen m the blood increased with the level of 
nitrogen, intake of the sheep, but fluctuations m the 
level of blood urea could not be accounted for by 
nitrogen intake alone A significant correlation was 
found between the concentrations of urea nitrogen 
in the blood and 1n the saliva This offered a partial 
explanation, of the higher concentrations of salivary 
urea resulting from the increased nitrogen intakes 

Further investigations were made of the factors 
affecting the nitrogen fractions m the parotid saliva 
of sheep with special reference to the influence of 
production of ammonia in the rumen and fluctuations 
in level of blood urea Quantitative measurements 
were made on the volume of saliva secreted hourly 
by the parotid glands of Merino sheep over a period 
of 24 hr on three separate days At the same time 
fluctuations ın the concentration of urea and total 
nitrogen in the saliva were studied in relation to the 
production of ammonia in the rumen and changes in 
the level of blood urea which occurred throughout 
the day 

Levels of both rumen ammonia and blood urea 
followed a relatively simple cyclical pattern over 
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each 24-hr period However, two distinct phases 
were apparent in the salivary mirogen cycle 
The first, a short phase, followed the changes in 
stimulation associated with eating The second 
phase was prolonged and more complex It was 
influenced by changes m the level of blood urea, 
but additional factors also operated im the second 
phase 

Finally, Somers examined the influence of injected 
wea on the quantitative recovery of urea in the 
parotid saliva and the urmary excretions of sheep 
Differential responses occurred in the amount of 
urea nitrogen and total nitrogen secreted in the 
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parotid saliva, according to the nitrogen status of 
the sheep, when 1 4 gm of urea nitrogen was injected. 
into the blood daily Of this amount of nitrogen, 
0 I gm could be recovered ın the secretion from one 
parotid gland daily when the sheep were in positive 
nitrogen balance, and 0 3 gm when the sheep were in 
negative nitrogen balance ‘The urmary excretion 
accounted for 10 gm of the 1 4 gm of urea nitrogen 
injected daily when the sheep were m positive nitrogen, 
balance, but only 0 3 gm /day at the lower nitrogen 
status The implications of these findings have been 
considered m relation to a urea, conservation mechan- 
18m in sheep 


CEREBRAL INFARCTION 


N 1959, m England and Wales, cerebrovascular 
disease was the certified cause of 75,150 deaths 
(14 per cont of the total mortality), and, according 
to the Registrar General’s analysis, about half these 
were a direct result of infarction of the brain The 
morbidity associated with this disease 1s also formid- 
able, death may be preceded by months or even 
years of mental deterioration or paralysis 
For more than a century autopsies on cases of 
cerebral infarction have revealed frequently an un- 
expected absence of significant lesions in the local 
cerebral arteries, and attention has periodically been 
directed to the possible role of the carotid arteries m 
this condition In a study by Dr Peter Yates and 
Dr E F Hutchinson on behalf of the Medical Research 
Council, 100 cases of suspected cerebral ischemia 
were investigated in detail post mortem, and in 35 of 
these cerebral infarction was found* The whole 
course of the cerebrovascular tree from the aorta to 
the brain was examined, the vertebral as well as the 
carotid arteries being dissected, and the pathological 
findings were correlated with clinical records, Dr 


* Privy Council Medical Research Council Special Report Series, 
No 300 Cerebral Infarctuon—The Role of Stenosis of the Extracranial 
Cerebral Arternes By Peter O Yates and Edward C Hutchinson 
Ey pene plates (London HM Stationery Office, 1961 ) 
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Yates was mainly concerned with the pathological 
side of the work, and Dr Hutchinson with the 
clinical aspects 

Of the cases of cerebral infarction, little more than 
half showed occlusion or significant narrowing of the 
local arteries, but serious obstructions of the extra- 
cranial cerebral arteries was found m 90 per cent 
Such a high frequency of oxtracramal arterial 
obstruction m cases of cerebral mfarction suggests 
that surgery may have a wider application in the 
early stages of cerebrovascular disease than has been 
generally recognized 

The authors emphasize, however, that cerebral 
infarction rarely has a single cause, and that ıb 1s 
usually the result both of obstruction ın extracranial 
or intracranial cerebral arteries and of systemic 
disease The decisive part played by general systemic 
factors, especially those that result m a lowering of 
the blood pressure, ıs amply shown ın this report 
Even when cerebral arteries, whether extracranial or 
intracranial, are grossly narrowed, the blood eircula- 
tion 1n the brain may be maintained for long periods, 
provided that there 1s an adequate collateral supply, 
but if hypertension or anzmia occurs in addition, 
the precarious balance may be upset and cerebral 
infarction precipitated 


STANFORD-PACIFIC NAVAL LABORATORY CONJUGATE POINT 
EXPERIMENT 


By J. E LOKKEN, J. A SHAND and Sin C. S WRIGHT, K CB, O.B.E. 
Pacific Naval Laboratory, Esquimalt, British. Columbia 
AND 


L. H. MARTIN, N. M. BRICE and R. A. HELLIWELL 


Radioscience Laboratory, Stanford, California; 


CLOSE correlation has been discovered in the 
A times of occurrence of very low frequency and 
extra low frequency electromagnetic phenomena 
observed at high-latitude conjugate locations The 
observations were carried out jointly by the Pacific 
Naval Laboratory of the Defence Research Board of 
Canada and the Radioscience Laboratory of Stanford 
University durmg January 1961. For this experrment 
the Pacific Naval Laboratory extended the range of 
its 0003-3 eps investigations of geomagnetic 
mucropulsations to include the natural electromagnetic 


background up to about 30 cps Similarly, Stanford 
very low frequency mvestigations were broadened to 
cover from 15,000 eps down to about 5 cps 
Combined observations were made at Byrd Station, 
Antarctica (80? S, 120? W ), and at two near con- 
Jugate locations ın the viemnity of Hudson Bay in the 
Canadian Arctic The nearest, 200 miles south of the 
conjugate pomt on the Vestine model, was at Great 
Whale River, 55° 17’ N , 77° 46’ W , and the other at 
Fort Churchill, 58° 42’ N , 94° 03’ W , some 500 miles 
west of the conjugate pomt The geomagnetic co-ordin- 
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Fig 1 Six bursts of noise in the 5-6 ke ps frequency region appearing at Knob Lake 
(above), and at Byrd Station about 0 8 sec later (below) 
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(08,11,160r22eps) Smgle 
components were monitored at 
Ottawa and Victoria In addı- 
tion, signals in the 2-30 cps 
bands were iecerved on hori- 
zontal two-tuin loops of 3,000 ft 
eireumference The X, Y and 
Z outputs and the envelope of 
the 2-30 eps band were con- 
tinuously recorded. on Esterline- 
Angus charts, and magnetic 
tape records were made at pre- 
arranged intervals 
Analysis of synoptie very low 
frequeney records taken at Byrd 
Station and Knob Lake has 
shown that various strong bands 
of very low frequency emission 
activity in the 200-1,200 eps 
iange are often present at the 
same times ‘Table 1 shows the 
T correlation coefficients versus 
- frequency calculated from simul- 
taneous intensity measurements 
It was found that the emission 
bands showing a distinct lower 
frequency cut-off at Byrd Station 
= appeared more frequently at 
Knob Lake than those bands 
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Fig 2 Envelopes of the activity recerved on the 2-30 c ps (V) system at three auroral 
The record for Churchill is 1n inverted relation to the other two 


stations 


ates of these stations are 704? 8,337 5°E , 67 8? N , 
350° E, and 68 7° N , 322 8° E, respectively 
Stanford very low frequency equipment consisted 
essentially of a vertical smgle-turn loop antenna with 
an effective area of 80 square metres, coupled to a 
broad-band audio-frequency amplifier! The signals 
were recorded on magnetic tape Observations were 
made at synoptic intervals of 2 min each hour so 
that later comparison could be made with data from 
the various stations of the Whistlers-East and 
Whistlers-West networks Of particular mterest in 
this regard weie the observations made at Knob 
Lake, Canada, 675° N, 1° E geomagnetic, some 
400 miles south-east of the Vestine pomt conjugate 
to Byrd Station These records were kindly loaned by 
Dr M G Morgan Observations taken at pomts along 
the magnetic meridian passing through Byrd Station 
(very low frequency traverse) were also available 
Pacific Naval Laboratory equipment? at the con- 
jugate stations consisted of multi-turn mumetal 
stryp-cored detectors oriented to measure the geo- 
magnetic fluctuations between 0 003 and 3 cps mn 
the conventional X, Y and Z geographical axes At 
pre-arranged times the X, Y and Z detectors at these 
stations were sbarply tuned to one of four frequencies 





shown arrive at Knob Lake 
08 +01 sec prior to their 
appearance at Byrd Station 
Timmg at both Byid and Knob 
Lake was measured independently, utilizing the time 
pips from Station NBA so that the only significant 
limitation on the accuracy of the measurements 1s the 
lack of definition of the emissions themselves (Typical 
whistler time delays at 5 ke p s for one traverse of the 
path at these latitudes lie between 1 5 and 2 5 sec ) 

Signals recorded in the 2-30 cps range also show 
close conjugate correlation Fig 2 shows a com- 
parison of the envelopes taken at Byrd, Great Whale 
and Churchill It can be seen that the first two have 
a higher degree of correlation, not only of the bursts 
in amplitude, but also ın much of the detailed 
structure between the bursts 

Although only a few magnetic tapes of these extra 
low frequency signals have been analysed to de- 
termine the spectral composition, 1t seems that four 
distinct and independent bands of noise are often 
present ‘These bands are usually centred about 8, 
14 and 20 cps, and one, more variable than the 
others, centred between 25 and 30 cps The bands 
centred about 8 cps and 14 eps predominate 
(Fig 3) and are found at all three auroral stations 
The amplitude bursts in Fig 2 are associated with 
enhancements in the lower frequency bands, usually 
8 cps It seems probable that each band 1s made 


Table 1 SPEARMAN RANK CORRELATION COEFFICIENT VERSUS FREQUENCY FOR 48 CONSECUTIVE HOURLY SAMPLES OF VERY LOW FREQUENCY 
NOISE AT BYRD AND KNOB LAKE 


300 40 


0 500 
+048 +051 


+0 59 


Frequency inc p 8 


200 
Correlation coefficient +0 46 


700 1,000 2,000 3,000 4,500 7,000 10,000 
+048 +052 +014 +004 +026 +030 +017 
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The spectral distribution of signals received by the 2-30 c ps system at three auroral stations at nearly similai times 
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narrow band near 20 c ps at Great Whale River 1s of undetermined origin 


up of a multitude of discrete signals, sunilar to 
‘chorus’ 1n the very low frequency regions In the 
frequency-range below 30 cps world-wide lightning 
is a chief source of noise received on a vertical loop 
However, lightning does not appear to contribute 
substantially to signals recerved on the horizontal 
loop 

In the mucropulsation-range (002-3 cps), al- 
though activity at the auroral stations was sig- 
nificantly more complex, during undisturbed times 
all stations often showed a marked similarity 
Enhancements of activity accompamed by visible 
aurorz usually showed a closer relationship in time 
and characte: between Great Whale River and its 
near conjugate at Byrd Station than between any 
othe: par Aurore were, of course, not visible in 
the antarctic summer, but from the character of the 
mieropulsation records they were probably present 
Enhancements due to geomagnetic activity associated 
with sudden increase on ordinary magnetograms were 
received by the 2-30 eps equipment on several 
oceasions These were generally due to frequencies 
well below 2 c p s which were of large amplitude and 
usually comeident within 2 min at Byrd Station 
and Great Whale, while their occurrence and timing 
were often more independent at Churchill 

It seems that the similarity of records taken at 
Great Whale and Byrd results from their close con- 


jugate relationship This view 1s supported by the 
generally lower correlation of Churchill with Great 
Whale and Byrd Very low frequency observations 
taken in the Antarctic show little correlation of 
activity below 3 ke ps at stations 1,200 km apart 
(Byrd Station and South Pole Station), and results 
from the very low frequency traverse indicate that 
at these frequencies significant differences between 
simultaneous recordings appear at distances of 200 
km Although this suggests that much of the very 
low frequency emission activity observed ın the 
auroral regions may be initiated in the lower 1ono- 
sphere, ıt does not exclude the possibility that these 
emissions may be generated at a much greater height 
The small time difference between the occurrence of 
identical events at opposite ends of a field line sug- 
gests that these events may result from particles 
impinging on the Earth’s magnetic field not far from 
the equatorial plane 

This work was supported m pait by National 
Science Foundation grant 13532 and partly by the 
Defence Research Board of Canada under Project 
D45-95-11-39 
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INTERPLANETARY DUST NEAR THE EARTH 
By Pror. S F. SINGER 


Department of Physics, 


db problem of gravitational accretion of inter- 
planetary dust! by a planet has recently been 
the subject of renewed attention In particular, the 
possibility of observing dust impacts experimentally 
at various distances from the centre of the Earth by 
means of rockets, satellites and space probes has 


* Substance of a paper at the Spring Meeting of the American 
Geophysical Union, Washington, DC, April 1961 
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stimulated an mquiry into the concentration of dust 
around the Earth*5 Beard‘ has predicted that the 
dust concentration should increase as the inverse 3/2 
power of distance, that 1s, as 7-9/?, and by a factor of 
10? over the value 1n interplanetary space Whipple? 
has recently published a compilation of rocket and 
satellite data which exhibits a rapid increase of 
counting-rate as the Earth 1s approached, by about 
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105 He identifies this phenomenon with the existence 
of a permanent ‘dust belt’ around the Earth 

The purpose of the present article 1s to point 
out that a more complete theory does not lead 
to a continuous increase in dust concentration as 
Earth 1s approached, but rather to a maximum at 
about 2,000-3,000 km above sea-level, giving rise to 
a ‘dust shell’ The increase amounts to a few times 
the value of the concentration of dust in inter- 
planetary space, rather than a factor of 1,000 as 
given by Beard?” However, since detectors do not 
measure concentration, but mstead count particles 
having a certam momentum above a minimum value, 
the expected inerease in counting-rate as one ap- 
proaches the Earth 1s m fact larger, but still not in 
accord with Whipple’s compilation We are there- 
fore left with the conclusion (1) that other factors 
besides gravitational enhancement take a role m a 
proper theory, for example, particles m captured 
Oorbits?9, or (2) that the variations with time m the 
intensity of the dust particles are very strong so that 
this effect must be taken mto account m assembling 
a compilation 

First I will neglect all forces except gravitational 
forces, hence, the results given here apply to large 
dust particles, certainly for dust particles of the order 
of 100 microns (For smaller dust particles radiation 
pressure forces must be considered, as well as force 
arismg from the electric charge of the particle, 
notably the Lorentz force and Coulomb drag) It 1s 
assumed, that the geocentric velocities of these dust 
particles are isotropically distributed This means 
that at large distances from the Earth, where the 
gravitational potential due to 16 ıs negligible, the 
particles have randomly oriented velocities with 
respect to the Earth Furthermore, these velocities 
are small, of the order of a few km per sec This 
conclusion 18 arrived at by considermg the action of 
the Poynting-Robertson effect on the orbits of small 
dust particles®»® 

The following notation is used distances r are 
measured in terms of R, the radius of the planet, 
denoting y = R/r, velocities are measured 1n terms 
of ve = (2GM]|R)!?*, the escape velocity from the 
surface of the planet The energy ratio (G.Mm/ R) to 
(4 mu), where u 18 the (geocentric) velocity at infinity 
of the particle, will be denoted by E Thus 


E = 2GM/Rw? = vg*[u* 


From conservation of energy 1t follows that 


(1) 


4 mv? = } mu? GMmjr 


(2) 
Hence 
(3) 


At a level determined by 7, the speed of the par- 
ticle ıs defined by equation (3) The allowed directions 
are defined as follows at any point r (1) particles 
incident with zenith angle 0 between 0 and a certam 
value 9, become accreted by the planet and therefore 
contribute to the density only when moving towards 
the planet, (u) particles meident with 0 between Oe 
and 7/2 return again to mfinity and therefore con- 
tribute twice 

The angle 0, corresponds to the trajectory which 
grazes the surface of the planet Hence, by con- 
servation of angular momentum 


V? = uw? -Lvw*y 


rv sin 0, = Rug (4) 


where 
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Hence 
u? + vo? 

PF Oot = 
I now make the reasonable assumption that the 

geocentric velocities u of the particles are isotropically 

distributed, that 1s, they are at large distances from 

the Earth I also take a unique value of u, although 

my approach can be generalized in a straightforward 

manner to deal with a distribution of velocity values 
Since by Liouville's theorem the phase space density 

D remains constant, the density o at r will be given 


by 


sin? 0, = y? 


Il 


0c 2/2 
p(r) = e[ fv sın 0 d0 + 2fvsm do] 
0 0c 


(6) 


Olu? + vo? y)! (1 + cos ĝe) 
With the help of equation (5) 
plr) = C(w + va? y) 
u? + o * )'] 
2% -RSN ts 

[+a -uiy (7) 
The normalization constant 1s obtained by setting 
"iacit 


If all velocities are now expressed in terms of v, 
then 
oly) (wty xi „u +l d 
to "cuu petu y aep (8) 


The function 18 plotted in Fig 1 and shows some 
extremely interesting features. In the first place, ıt 
18 seen that the density m cislunar space, in particular 
close to the Earth, 1s always enhanced over the density 
in interplanetary space The enhancement 18 par- 
ticularly pronounced for small values of w The 
remarkable feature, however, 1s the fact that a pro- 
nounced peak exists always above the atmosphere 

When u exceeds 3-1/2 the density er very close 
to the Earth drops below the free-space density This 
can be seen more clearly by setting y = 1 m equation 
(8) Hence 


PR/ Po = [(u? + 1/AwT (9) 


Vf 
CONCENTRATION 


uy 


p> uU? r («cos 8.) 


IMPACT RATE (Station Obs) 


(42) (14 cos 8.) 
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Fig 1 Concentration of zodiacal dust as a function of distance 

from the centre of the Earth Also plotted is the impact-rate 

which would be observed by an instrument moving at very low 

speed with respect to the Earth (case 1) The graphs convey the 

spread to be expected with geocentric velocities of the zodiacal 
dust in interplanetary space of about 1-5 km per sec 
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which for small values of u reduces to (2u)-! and for 
large values of u to 1/2 

For small values of w also equation (8) can be 
replaced by 


e(y)e« = (Zu) y1 [3 + (1 — y)i*] = 
en y" [1--(1— yy?] — (0) 


We can investigate the remainder of the expression 
(10) It reduces to l at y = 1. If we replace y by 
1 — e, then the expression reduces to 1 + 1/2. There- 
fore, we seo that there 1s always a peak below y = 1, 
and, therefore at some altitude above sea-level This 
peak 1s produced by a ‘shadow effect’ of the planet 

The rate at which dust particles are accreted by 
the Earth can also be investigated, this rate 18 given 
by 


Poo (E) u (1 + vos ?fu?) (11) 


The expression 18 seen to have a minimum value 
when the geocentric velocity u equals the sea-level 
escape velocity v, (= 112 km/sec for the Earth) 
From the equation of contmuity we can also deduce 
the mean radial velocity near sea-level It ıs equal 
to equation (11) divided by pp Using equation (9) 
we obtain 


VUrad = 1/2 (u? + Va?) (12) 


Comparison with Observations 


We can use the results of the preceding section to 
calculate two quantities which can be checked by 
observations (1) the absolute value of the rate 
of accretion by the Earth, (2) the relative counting. 
rate of a meteor impaoet detector as a function of 
distance from the Earth (the absolute rate depends 
on the sensitivity of a particular detector) 

(1) Aceretzon A normalzation must be made to 
the density of interplanetary dust ın the vicinity of 
the Earth’s orbit Photometric investigations based 
on measurements of the zodiacal hght give values 
for p. which vary in the range of 2 x 10-23 to 
5 x 10-7 gm /em ? (refs 10 and 11) Usmg this range 
of values m eq (11), Table 1 1s obtained 


Table 1 ACORETION OF INTERPLANETARY DUST TO THE EARTH 
(in tons per day) 
Poo (gm /em *) ujo = 01 02 05 10 
2 x 10-35 2,450 


1,260 605 485 
381x105 15x10 12 x 105 

An estimate for the mmimum value of u/v, can 
be obtained by assuming the heliocentric orbits of 
the dust particles to be completely circular and 
inchned to the ecliptic at an angle of about 2°, a 
mean value for the nearer planets The Earth’s 
orbital velocity is 29 8 km /sec , giving a geocentric 
velocity of the dust particles of more than 1 km /sec 
Again, since the eccentricity of the Earth’s orbit 1s 
0:0176, the perihelion to aphehon velocity ratio 
turns out to be 1 + e/(1 — e), or about 3 per cent of 
the orbital velocity We can therefore take u = 1 
km /sec as a lower lmut for the geocentric velocity 
of interplanetary dust, with most of the dust com- 
ponent responsible for the zodiacal hght m the range 
1-5 km /sec (ujv ~ 0 1-0 5) 

It can then be seen from Table 1 that the lower 
limit of po of about 2 x 10-5 gm /em® gives an 
accretion-rate imn accord with the generally quoted 
value of about 1,000 tons per day 

(2) Rate of impact Before any comparison 1s made 
with observations, 16 must be realized. that it 1s never 
the concentration, given by equation (8), which is 
measured Generally, an acoustic detector counts the 


5 x 1079 01 x 10° 
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number of particles which impart a momentum 
greater than some mmimum value p,, 

But assuming (1) that detectors have simular values 
of pm, and (2) that the momentum of impact 18 pro- 
portional to particle momentum (at least over the 
range of velocities encountered here), we can cal- 
culate the expected counting-rate vs distance 
(Actually, the results are fairly msensitive to assump- 
tion (1), see ref 12) However, 1t 18 quite important 
to brmg m another factor, namely, the velocity of 
the vehicle on which the detector 1s mounted 

I have therefore considered three cases!? Case 1, 
stationary observer, that 1s, a rocket near peak 
altitude, Case 2, & space probe moving vertically 
outward with local escape velocity, Case 3, a satellite 
in eircular orbit 

The results for Case 1 are shown m Fig 1, using 
a dust particle cloud the particle-radiu of which 
follow the law f(a)da = a- 8 da It can be seen that 
a peak still exists for the rate of mmpact but at a 
lower altitude than for concentration However, the 
total variation of impact-rate is much greater 
between infinity and the vicmity of the planet ıt 
increases between a factor of 4 (for u/vm = 05) up 
to a factor 200 (for ujvæ = 01) 


Conclusions 


My results predict the existence of a modest dust 
shell around the Earth, instead of a variation with a 
factor of 10%-105 mereasmg uniformly without a 
maximum? 

Experimental evidence concerning 8 concentration 
of minterplanetary dust in the vicmity of the Earth is 
as yet very scanty The data come from different 
detectors, different types of vehicles, namely, rockets, 
satelhies, and space probes (corresponding to the 
three cases mentioned), and were obtained at different 
times!?? Discrepancies among individual measure- 
ments amount to orders of magnitude at times", 
indicating the possibility of real variations with time, 
due perhaps to a non-zodiacal dust component 

It appears to be premature, therefore, to draw any 
firm conclusions from the experimental data at 
present available about the existence of a dust shell 
of the type discussed here Nevertheless, & con- 
firmation of 1ts presence with a maximum as shown, 
for example by Fig 1, would be of great mportance 
in establishing the validity of the assumptions under- 
lying the theory of the present work 


Ithank M Dubin, E J Opik and C W McCracken 
for illummating discussions This work was supported 
by a grant of the National Aeronautics and Space 
Admunistration, NsG-58-60 


! de Jager, C , ın Colloq Intern d’ Astrophys , 174 (Liège, 1954) 
*Opik, E J, Irish Astron J , 4, 84 (1956) 


` Best, G T, in Space Research, 1023 (North Holland Pub Co, 
Amsterdam, 1960) 


“Beard, D B, Astrophys J , 129, 496 (1959) 

5 Hibbs, A R, J Geophys Res, 66, 371 (1961) 
‘Whipple, F L, Nature, 189, 127 (1961) 

7 Beard, D B , Nature, 191, 32 (1961) 


*Singer, S F, “Distribution of Dust in Cislunar Space", a chapter 
in Lunar Flight Symposium, Amer Astronaut Soc (Macmillan, 
New York, 1961) 


°” Wyatt, S P,and Whipple, F L, Astrophys J ,111, 184 (1950) 

w Alen, © W, Mon Not Roy Astro Soe ,106, 137 (1946) 

1 Van de Hulst, H C , Astrophys J ,105, 471 (1947) 

12? Singer, S F, J Geophys Res (ın the press) e 

? Dubin, M , in Space Research, 1042 (North Holland Pub Co, 
ti ait 1961) Lagow, H E, and Alexander, W M, bid, 


n Nazarova, T N , m Space Research, 1959 (North Holland Pub Co, 
Amsterdam, 1961) 


324 


NATURE 


VoL 192 


October 28, 1961 


NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY OF PROTEINS: 
THE HYDROGEN BONDING OF WATER IN BOVINE 
SERUM ALBUMIN SOLUTIONS 


By F A. BOVEY 


Central Research Laboratories, Minnesota Mining and Manufacturing Co, 
St Paul, Minn 


HE nature of the ‘water of hydration’ m aqueous 
quu solutions has been the subject of much 
investigation and discussion?~*, but there 1s little direct 
experimental evidence as to whether it exists in a 
‘frozen’ form, comparable with ordinary 1ce*, or in 
some less highly organized state It appeared that 
measurement of the nuclear magnetic resonance peak 
positions of water protons in concentrated protein 
solutions might furnish some information on this 
pomt In this communication results are presented 
for bovine serum albumin solutions at 25° and pH 6 8 

Arnold and Packard’ have observed that the 
chemical shift of the hydroxyl proton signal of 
ethanol 1s dependent on temperature, moving upfield 
by about 15 ppm (with respect to the methylene 
signal) over the temperature range — 117° to 78° This 
was believed to arise from the breaking of hydrogen 
bonds? Similar shifts have been observed on dilution 
of aleohols?-? and phenols!*1! with non-polar solvents 
and have been satisfactorily interpreted. as due to the 
dissociation of hydrogen-bonded polymers 

Cohen and Reid? observed that at 29° the peak 
position, for water dissolved ın carbon tetrachloride 
18 at a field 368 ppm highei (after bulk magnetic 
susceptibility correction) than for hqud water 
Schneider, Bernstein, and Pople! found that for water 
vapour the peak position 1s 458 ppm higher than 
for hquid water at 0°, susceptibility correction being 
made Very recently, Tiers and Kowalsky!? have 
found that the peak position for liquid water, 
measured with respect to the methyl group resonance 
of dissolved sodium 2,2-dimethyl-2-silapentane-5- 
sulphonate as internal reference (assigned a scalo 
value +’ = 10 000), moves to higher field with mcreas- 
ing temperature At 0°, t’ = 4983, at 25°, v = 
5219 The peak position reported by Cohen and 
Reid? for wate: ın carbon tetiachloride corresponds 
to 8 93 onthe t’ scale The vapour value of Schneider 
et al 1218 approximately 9 56 on the +’ scale, but to be 
useful this value requires a rather large negative 
correction, for ‘solvent shift’!*, which appears to take 
place for all substances on passing from the vapour 
to the liquid state, whether hydrogen-bonded or not 
Smce the magnitude of this correction for water is 
unknown, the value 8 93 +’, based on water 1n carbon 
tetrachloride, has been chosen as representing the 
best approximation to the resonance position of 
watei protons when all hydrogen bonds are broken 
Assuming, with Pauling’, that ın ice every proton 
18 involved in a hydrogen bond and that m liquid 
water at 0°, 15 per cent of these bonds are broken, 
I calculate that for completely hydrogen-bonded 
liquid water, 1f ıt were capable of existence, we would 
qbserve the proton resonance at 423 t We thus 
have a total difference of chemical shift of 4 70 p p m 
between hydrogen-bonded and non-hydrogen-bonded 
protons ın water, and since peak positions are repro- 
ducible within + 0005 ppm m the present work 


(see below), a change in hydrogen-bonding involving 
1 per cent of the water protons should be measurable, 
while changes involving only a few tenths of l per 
cent should be easily detectable 

A ‘Varian, Y-4300-2’ 4000-Me per see spec- 
trograph was used, together with a ‘Varian’ varı- 
lable-temperature probe, sample spinner, audio- 
oscillator, Hewlett-Packard '522-B' frequency counter 
and ‘Varian’ 1ecorde. Approximately 05 ml 
samples of protein solutions were used, using 5 mm 
(outside diameter) ‘Pyrex’ tubes Samples were mam- 
tained at 250 + 02°, maintenance of a constant 
temperature 1s particularly important when external 
referencing is used, as described later All tubes 
were evacuated and freed of air by successive freezing 
and thawing, they were then sealed under 05 
atmosphere of pre-purified nitrogen 

The bovine serum albumin used was purchased 
fiom Pentex, Inc (Kankakee, Ill ) and was designated 
‘Lot 9G—10', ıt was found to contain 3 5 per cent 
moisture Solutions were prepared in deionized 
water The pH of all solutions was found to be 
6 80 + 005, no buffers or salts were added 

For measurement of water peak positions, internal 
referencing was first attempted It was found that, 
measured with 1espect to sodium 2,2-dimethyl-2- 
siapentane-5-sulphonate (2 per cent)!*, the water 
peak of an 119 per cent bovine serum albumin 
solution shifted —0 102 ppm compared with pure 
water It was also noted that the reference peak, 
normally narrow and promiment, became increasingly 
broad at higher protem concentrations, being barely 
observable in the 119 per cent solution and unob- 
servable m the 23 9 per cent solution This appeared 
to indicate that the sulphonic acid anion was fairly 
strongly adsorbed by the protein and was experienc- 
ing the latter’s much longer correlation time!9 It 
therefore could not be 1egarded as sampling all regions 
of the solution indifferently, as a reliable internal 
reference should It was found that 1 per cent of 
2,2-dimethy!-2-silapropanol-1 (ref 13) showed much 
less but stil perceptible broadening of the methyl 
peak and gave also a smaller apparent shift, — 0 072, 
of the water peak m the 119 per cent solution 
Tert -butanol (2 per cent), which is much more 
soluble than the silapropanol, showed no broadening 
and an apparent shift of water peak of only — 0 0191n 
11 9 per cent protem solution To avoid any suspicion 
of spurious shifts, however, 1t seemed, best to rely 
chiefly on an external reference For this purpose, 
hexamethyldisiloxane (obtamed from the Dow-Corn- 
ing Corp ) was sealed into 1 mm (internal diameter) 
capillaries, which were then inserted into the 5 mm 
nuclear magnetic resonance sample tubes Peak 
positions were measured by the ‘frequency changing’ 
method already described by Tiers? At least six 
measurements were made on each system, values 
obtained on increasing and decreasing sweeps were 
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averaged to elimmate systematic error from this 
source Measurements were found to be reproducible 
withm +0005 ppm average deviation at most, 
usually the limits were narrower Only differences 
m peak positions between water and protein solutions 
were of interest, and therefore no correction for 
difference of bulk diamagnetic susceptibility between 
solvent and reference was necessary 

Solutions of methylamime hydrochloride, potassium 
acetate, and potassium butyrate were prepared from 
reagent or C P. materials and their pH values were 
adjusted to within + 001 unit using a ‘Radiometer’ 
pH meter The nuclear magnetic resonance tubes 
were sealed under purified nitrogen in the same 
manner as the protein solutions 

Water proton peak positions were measured at 
25 0° with respect to hexamethyldisiloxane as external 
1eference for pure water and for solutions contamung 
0 030, 0 060, 0 119 and 0 239 gm of bovme serum 
albumm per ce of solution (W,) There was an 
appreciable broadening of the signal at higher protem 
concentrations (up to approximately 5 eps half- 
height width at W, = 0239), but this did not 
impanu the measurements The observed differences 
in peak position are shown in the third column of 
Table 1, m which A$(8 water, protein sol — 9 water) 
is recorded Because the diamagnetic susceptibility 
of the protein solution, differs somewhat from that of 
water, a correction must be made when employing an 
external reference The volume susceptibility y; 
of the protem solution can be calculated from 
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xs = Wy + Wor 


where x, and x, are the gram susceptibilities of water 
and (dissolved) protem, respectively We have taken 
4188 — 0721 x 10-* (ref 18a) and have calculated 
Xs for bovine serum albumun from the Pascal con- 
stants and constitutive corrections, as listed by 
Pople, Bernstein and Schneider! In column, four 
of Table I the calculated values of y, are listed From 
these the value of the corrected shift of the water 
peak, Aðcorr m column 5 ıs calculated, using the 
relationship" 
27 
Alcor = A8ops + EN (x1 — Xs) 

It can be seen that, within experimental error, the 
differing magnetic susceptibility 18 entirely responsible 
for the apparent shift m the water peak of the protein 
solution 

In the most concentrated bovine serum albumin 
solution (W, = 0 239), ıt can be calculated that the 
carboxylate group concentration is approximately 
038 M, the ammonium and guanidinium group 
concentration, (not considered separately) approxim- 
ately 0 32 M, and the peptide group concentration 
approximately 22 M Direct measurement at 
pH 68 of effect of methylammonium ion (05 M), 
acetate and butyrate ion (1 M), and N-methylacet- 
amide (25 M), as models for these groups, showed 
that in the protem solutions they would not affect 
the position of the water peak within the experimental 
error of measurement 

It appears that even in very concentrated bovine 
serum albumin solutions there 1s no change in the 
hydrogen-bonding of the water molecules which 
involves more than 01-02 per cent of the water 
protons By ‘change’ ıs meant a disruption of the 
hydrogen bonds normally existing in water, or the 
formation of new additional hydrogen bonds (see 
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Table 1 OBSERVED AND CORRECTED RELATIVE PROTON PEAK 
POSITIONS FOR WATER IN (any ae n BOVINE SERUM ALBUMIN 


BSA conc, Water conc, 
gm /e c gm jee Adoba — Xs Xx 10° Adcorr 
solution (Fe) solution (T4) 

0 1 000 0 0 721(2 x1) — 
0 030 0 978 — 0 006 0 724 +0 002 
0 060 0 955 — 0 008 0 727 +0 006 
0 119 0 912 —0 031 0 733 — 0 004 
0 239 0 821 — 0 060 0 746 — 0 006 


below) whether with other water molecules or with 
the protein 

Let us first suppose (somewhat naively) that protein, 
molecules, on bemg introduced into water, have no 
effect on the structure of the water other than to 
interrupt ıt at the protem-—water interface Takmg 
the bovine serum albumm molecule as a cylinder 
145 A in length and about 30 A m mean diameter”, 
it can be estimated that about each there will be a 
monolayer contaimung at least 1,000 water molecules, 
corresponding to about 28 per cent ‘hydration’ 
Assume that each interfacial water molecule suffers the 
breakage of one hydrogen bond In a solution for 
which W, = 024 and W, = 082 (Table 1), ıb 38 
readily calculated, assuming a molecular weight of 
65,000 for the protein, that about 5 per cent of the 
total hydrogen bonds of the water would be broken 
This should produce a A8 of + 0 235, exceeding the 
experimental error by fifty-fold It seems, then, that 
the interruption, of the water structure must be com- 
pensated by the formation of other hydrogen bonds, 
either to the peptide linkages or other polar groups of 
the protem, or in some other way We have seen that 
the interaction of water molecules with carboxylate, 
amino, and peptide linkages in the concentration 
present ın such a protein solution has an, essentially 
negligible effect on the water 1esonance position, so 
that the replacement of water-water hydrogen bonds 
by bonds to these groups 1s not directly seen as 
such 

In addition to formmg hydrogen bonds with the 
protein, the interfacial water molecules may become 
re-arranged in such a way as to form bonds among 
themselves to the same degree as in water alone, 
despite the interrupting mterfaces It has been 
recognized for some time?! that when hydrocarbons 
are dissolved in watei the heat effect 1s often slightly 
negative but that there ıs a large decrease in entropy, 
indicating a clustering of water molecules about 
the intruding hydrocarbon but no breakage of hydro- 
gen bonds These observations have been recently 
reviewed and their significance for protem structure 
pointed out by Kauzmann‘ It is not unreasonable 
to suppose that a similar clustermg of water molecules 
occurs about the hydrophobic portions of dissolved 
protems (at least 40 per cent of the amino-acid 
residues of bovine serum albumin can be regarded as 
hydrophobic), the present results appear to be con- 
sistent with this supposition 

Kauzmann has pomted out‘ that the ‘icebergs’ 
presumed to form about hydrophobic areas of the 
protem should not be identified with the ‘frozen 
water’ which has been thought by several authors to 
exist around protems, and to which a very important 
part im protem structure and function has been 
assigned by Klotz? The hydrophobic icebergs have 1n 
fact a relatively low thermodynamic stability and 
would tend to lead to aggregation and insolubility 
The nature of this ‘ordered’ or ‘frozen’ water, whiéh 
presumably constitutes the major share of the water 
of hydration, is still in doubt The evidence presented 
here indicates that this ordered water cannot be 
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regarded as having a structure like that of ice (a 
conclusion, also indicated by other Imes of evidence) 

If we suppose that the water of hydration (taken as 
028 gm per gm protem) has an ice-like structure 
and that its protons exchange rapidly with the 
surrounding water, I expect that m the bovine 
serum albumin solution ın which W, = 0 24, a A8 of 
approximately — 0 067 would be observed, compared 
with pure water, which again 18 well outside my experi- 
mental precision It 1s possible, of course, that there 
1s a disruption of water hydrogen bonds near hydro- 
phobic areas of the protem, and that this 1s just 
compensated by more extensive bondmg in the 
‘ordered’ or ‘frozen’ portions of the hydrate water 
But 1t appears more logical at present to regard the 
present results as supporting Kauzmann’s conclusions 
concerning the nature of the water in the hydrophobic 
areas, and to regard the remainder of the hydrate 
water as having a degree of hydrogen bonding equal 
to that of pure water 
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PURIFICATION OF URINARY CONJUGATED CESTROGENS 
BY GEL FILTRATION 


By C.G BELING 


Department of Women’s Diseases, Karolinska Sjukhuset, Stockholm, 60 


GEL filtration method for de-salting and group- 
separation of water-soluble substances has 
recently been worked out by Porath and Flodm! 
This method 18 based on & column procedure simular 
to chromatography ın which the stationary phase ıs 
comprised of a new type of gel (‘Sephadex’, manu- 
factured bv Pharmacia, Ltd , Sweden) The present 
report suggests that this technique might be of use 
for the purification and group-separation of con- 
Jugated cestrogens in pregnancy urme It might 
also form the basis of a simple assay method for 
determination of cestrogens in pregnancy urine 
In the early experiments a solution of 5 pgm of 
sodium cestriol glucusiduronate (Sigma, Ltd, USA) 
and/or sodium estrone sulphate (Schermg, Ltd, 
Germany) ın 1 ml of 0 15 M acetate buffer (pH 7 0) 
was applied directly to a 1 x 50 em. ‘Sephadex’ 
(G25) column As soon as this solution was per- 
colated into the gel, elution was performed with 
distilled water One-ml. fractions of the effluent 
were collected and, after evaporation of the tubes. 
the amount of cestrogen present in each fraction was 
measured by a modified Kober reaction? In these 
experiments the two conjugated cestrogens were 
eluted m one distinct peak, which was invariably 
found m fractions 40-43 Other conjugated cestrogens, 
such as the sodium salts of 178-cestradiol-17-glucu- 
siduronate, 176-cestradiol-3-sulphate, 17p-cestradiol. 
l7-sulphate, cestriol-3-sulphate, 178-cestradiol-3- 
phosphate and 17B-cestrad1ol-17-phosphate, were also 
diluted in fractions 40-43 
In the next series of experrments the conjugated 
cestrogens listed above were added to male urme 
which was then percolated through the ‘Sephadex’ 


column Usually a concentration of 2-5 ugm.yof 
conjugated cestrogen per ml of urme was used 
1-20 ml of these urme samples were applied to the 
columns without previous purification As soon as 
the urme was completely percolated mto the bed 
material, elution was performed with distilled water 
and l-ml fractions of the effluent were collected 
Since the mam part of urinary pigments was eluted 
m fractions 22-36, ıt was not possible to apply a 
direct Kober reaction to these tubes Therefore 
the individual fractions were mcubated with an 
extract of the digestive tract of the snail (Hele 
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Fig 1 Elution curve obtained by gel filtration of 2 ml of male 

urine containing 10 gm of sodium estriol glucusiduronate 

‘Sephadex’ (G25) column 1x50 em , eluant distilled water, 
running time 4 hr 
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Fig. 2 Elution curve obtained by gel filtration of 1 ml of 
pregnancy urine , experimental conditions as in Fig 1 


pomata, purchased from L’Industrie Biologique 
Frangaise) and, followmg enzyme hydrolysis, each 
fraction was extracted with ether The ether was 
evaporated and the amount of cestrogen liberated 
was measured by the Kober reaction Under these 
experimental conditions all the conjugated cestrogens 
already mentioned added to male urme were eluted 
in one single zone (fractions 40—43) as shown in 
Fig 1 

Approximately 90 per cent of the conjugated 
cestrogens added to male urme could be recovered 
within this zone Also in those experiments where 
as much as 20 ml of the urine samples were applied 
to the columns, all the Kober-positive material was 
found to be concentrated to fractions 40—43 

On the other hand, when late-pregnancy urme was 
processed under the same conditions, two distinct 
peaks were found, one in fractions 33-36 and the 
other in fractions 40-43 (Fig 2). 

As judged from the elution curve, the second peak 
of pregnancy urine corresponds to the single peak 
(Fig 1) obtamed from male urme contaiing one or 
more of the reference compounds already named of 
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conjugated cestrogens It was also found that the 
addition of small amounts of cestriol glucusiduronate 
and cestriol sulphate to late pregnancy urme (5-10 
ugm per ml) resulted in a definite enlargement of 
the second peak of the elution eurve About 90 
per cent of the Kober-positive material present in 
the two peaks obtamed from pregnancy urme was 
characterized by the Brown method as cestriol The 
predominant conjugate of the second peak was found 
to be identical with cestriol-16 (17 ?)-glucusiduronate 
In prelmunary work on the conjugated cestrogen 
present m the first peak, one main compound was 
found This appears to be a form hitherto unknown 
of conjugated cestriol In paper-partition chromato- 
graphy or in countercurrent distribution work this 
compound was found to be more polar than cestnol 
glucusiduronate 

The gel-filtration technique seems to be most 
useful for group-separation and purification of con- 
Jugated cestrogens in pregnancy urine. Since the 
recovery from the columns is almost quantitative, 
the gel filtration seems to be suitable for the isolation 
of unknown conjugated oestrogens 

As judged from the high yield obtamed after 
enzyme hydrolysis of the purified fractions, the 
enzyme inhibitors usually present m urme specimens 
seem to be removed to a considerable extent by the 
column procedure This fact made ıt possible to 
develop a quantitative method for the estimation of 
cestrogen ın pregnancy urme ‘The method ıs based 
upon gel filtration and enzyme hydrolysis of the puri- 
fied fractions contaming the Kober-positive material 
An additional advantage of the proposed method 1s 
that after the elution with distilled water the gel 1s 
completely regenerated Furthermore, the columns 
can be used daily for several weeks without repack- 
mg Since one technician can easily carry out up 
to 100 determinations a week, this method seems to 
provide a suitable means for serial estimations of 
urinary cestrogen excretion in normal as well as in 
pathological forms of pregnancy 
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CHROMIUM-5| TAGGING OF THE a&-CHAIN OF HUMAN 
H/EMOGLOBIN 


By Pror. AMOZ | CHERNOFF 


Memorial Research Center, University of Tennessee, Knoxville 


HE separation of the «- and 8-chains of hæmo- 
globi by elution from ‘Amberlite CG@-50’, 
utilizing a urea gradient at pH 19, has become an 
almost routine procedure m the study of the tryptic 
peptide patterns of hemoglobm! Work by Pearson? 
and by Ebaugh? indicated that Na,9CrO, prefer- 
entially labels the 8-cham of human hemoglobin, and 
these observations suggested to me a method for 
determining the degree of cross contamination of 
one cham by the other when separated on ‘Amberlite’ 
columns Under the conditions of my experments, 
however, tagging of the hemoglobins by chromium-51 
was almost exclusively limited to the « chain of 
human hemoglobm A 
Hemoglobin solutions were prepared by standard 
techniques, followmg washing of the red cells with 


normal saline, by lysis with water and toluene One 
sample of hemoglobin was further purified by crystal- 
lization from ammonium sulphate solutions following 
Drabkin’s method! Globm preparation was carried 
out by the technique of Anson and Mirsky* — *Radio- 
chromate’ (Abbott) of high specific activity (0 547 
me chromium-5l/ml , 0 00118 mgm chromium/ml ) 
was utilized to tag the various hemoglobin or globin 
preparations by any one of several methods Globm 
(1 gm./100 ml ) was dissolved ın 11 7 per cent formic 
acid, pH 1 4, and approximately 80 uc of chromium- 
91 added Following mcubation for 90 min at 32°, 
the solution was dialysed against water at 4° until ro 
further chromium-51 was lost The preparation was 
found to have bound 13 ue chromrum-51/gm of globm 
or 071 x 10-* mole ehromnun/mole globin To 
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Fig 1 Separation of a- and f-chains of chromium-51 globin-.A 
on 'LRC-50' 
Interrupted urea gradient, pH 1 9 
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Fig 2 Separation of a- and £ chains of chromium-51 on 'L RC-60' 
Interrupted urea gradient, pH 1 9 


hemoglobin solutions (approximately 1 gm /10 ml) 
were added the required. amounts of dry reagents to 
constitute a standard acid—citrate—dextrose solution, 
while purified hemoglobin powders were dissolved 
dnectly mto acid-citrate-dextrose solution (approx- 
umately 1 gm /10 ml) In each instance, approx- 
imately 75 ye of chromium-51 were ineubated 
with the hemoglobin solution for 90 min at 32°, 
folowmg which the preparations were dialysed 
until free of unbound chromium-51 The uptake of 
chromium-51 was approximately 22 uc chromium-51l 
per gram of hemoglobin or 1 1 x 10-4mole chromium/ 
mole hemoglobin Followmg chromation of the 
hemoglobin, globin was prepared from the tagged 
material by acid—acetone cleavage 

Separation of the «- and Q-chams was carried out 
by my modification of the technique of Wilson and 
Smith! utilizing an interrupted gradient of urea to 
achieve wider separation of the two chains This 
technique, described in detail elsewheze®, uses 
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an initial wash of the column with 3 M urea, until the 
non-protem peak at 280 my has been removed 
(fraction X, Figs land 2) The progress of elution 1s 
automatically monitored at 280 my by a direct 
recording instrument An increase m the urea gradi- 
ent 1s instituted and maintained until the peak of the 
«-chaim has been eluted (approximately 5 2-5 3 M 
urea) at which time the urea concentration 1s held 
steady until no further protein can be washed from 
the column (« fraction, Figs 1 and 2) The gradient 
may then be resumed and continued, until the second 
major peak (8 fraction, Fig 2) ıs eluted before 
switchng to 8 molar urea (to remove the final 
pigmented material (fraction IV, Fig 2)) or elution 
with 8 molar urea may be instituted immediately 
(Fig 1) Sample counting was done in a well-type 
scintillation counter on 3-ml aliquots of suitably 
diluted material, and the results 1ecorded as c p m / 
ml of solution 

The results of two typical experiments are recorded 
m Figs l and 2 The former experiment involved 
globin prepared from a haemoglobin solution, the 
latter, globin prepared from material purified by 
ammonium sulphate fractionation Except for some 
non-protem bound chromium-51 which was eluted 
from the column 1n the first 300 ml , virtually all the 
chromium-51 appeared m the « peak Dialysis of 
this fraction resulted in no loss of chromium-51 
activity Tryptic peptide patterns of the material 
in the B + IV peak of Fig 1 showed. very slight con- 
tamination of the 6-fraction with a-cham peptides, 
while the «-chain digests were essentially free of any 
peptides specific for the B-chain No such contamina- 
tion of the 6-cham 1s suggested in the experiment 
described in Fig 2 ‘Total recovery of chromium-51 
in this experiment amounted to 96 5 per cent of the 
material applied to the column Calculations of the 
activities recovered in the various fractions from 
this run showed 175 per cent of the chromium-51 
in fraction X, 95 8 per cent in the «-fraction, 1 95 
pei cent in the @-fraction and 0 5 per cent in fraction 
IV (Table 1) Protein recovery and c p m /mgm of 
protei are also listed in Table 1 
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Table 1 
Protein Protein Chromium-51 
Fraction recovered * recovered recovered Activity/mgm 
mgm ) (per cent) (per eent) cpm mgm 
X 0 0 175 — 
a 290 48 4 95 8 4,290 
B 213 35 5 195 118 
IV 107 178 05 60 
Totals 610 1017 100 00 m 


* Protein determinations done by technique of Lowry et al (ref 7) 
Starting material, 600 mgm labelled globin A 


Although there seems to be little doubt that, under 
the conditions utilized in these experiments, chrom- 
i1um-51 ıs bound to the «-chain, the work of Pearson? 
and of Ebaugh? suggests preferential binding to the 
B-chain of human hemoglobm A Pearson showed 
twice the specific activity m hemoglobm H (8,) 
compared with hemoglobin A (æ) when the hæmo- 
globins were tagged with chromium-51 and separated 
av pH 70 on starch-block electrophoresis Also, 
recombination experments at pH 47 between 
chromium-51 tagged hemoglobin A and untagged 
hemoglobin C yielded no label in the recombined 
hemoglobin C fraction which, once again, suggested 
that the chromium-51 was in the B-chain — Ebaugh 
reports experiments utilizmg techniques similar to 
mine for separating the a- and f-chaims of hamo- 
globin A at pH 1 9 1n which the label was also found 
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m the fg-chain, although no peptide analyses were 
done to prove this association Except for differences 
in the method of labellmg chromium-51, and minor 
differences in chain separation, the procedures as 
carried out in our respective laboratories seem com- 
parable Whether minor differences in pH, in mole 
ratios of chromium to hemoglobin or m ineubation 
tune are of primary importance in determunmg the 
site of chromium-51 bmding remains to be seen It 
is also possible that conditions exist which permit 
preferential binding of chromium to either chain of 
hemoglobin Work ıs now in progress to test some 
of these hypotheses as well as to determine whether 
chromium-51 binds to a specific sıte, peptide or amino- 
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acid m the «-chain under the conditions of the exper!- 
ments reported here 

This mvestigation was supported by US Public 
Health Service grant No A2956 from the National 
Institutes of Health, Bethesda, Maryland 
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EFFECT OF PROGESTERONE ON PREGNANCY 


Method of Administration and Effect of 
Progesterone 


HE conclusion that progesterone 1s a key 

hormone in the maintenance of pregnancy in 
both women and laboratory animals has been 
challenged It was stressed that the concentration, 
of progesterone in the systemic blood in several 
species 18 at 1ts highest value at the onset of labour 
when myometrial activity and pharmacological 
reactivity greatly merease, and also that systemic 
progesterone therapy does not suppress uterine 
activity mn late pregnant women These observations 
aided the formulation of the theory of local effect of 
placental progesterone!-* 

It was proposed by this theory that placental 
progesterone affects the myometrium directly, that 1s, 
before bemg carried round by the systemic circula- 
tion Once in the blood-stream the biological potency 
of progesterone was assumed to be weakened by its 
‘binding’ to some plasma constituents, which in turn 
affected its ‘transport’ to target organs While the 
local effect of placental progesterone has been demon- 
strated 1n a variety of experiments by the functional 
asymmetry of the uterus, the mechanism by which 
this effect 18 enforced remained uncertain 

The experiments to be reported here bring the 
regulation of progesterone effect from the realm of 
speculation into that of experimentation, by showmg 
the relative ineffectiveness of intravenous progester- 
one administration, specifically when the hormone 
i8 given in a fat emulsion containing lipids 

New Zealand white rabbits m our colony with & 
litter size of more than five usually deliver spontane- 
ously on the thirty-second day of pregnancy How- 
ever, when induced on the morning of the thirty-first 
day, by 1 1u oxytocin (‘Pitocin’) mtramuscularly, 
they promptly deliver thew uterine contents> If 
induction 18 carried out on the morning of the thirtieth 
day, labour 1s delayed and prolonged in spite of 
repeated oxytocin treatment, and many placente 
are retamed® Thus oxytocin induction, 18 only pre- 
dictable ın the 31-day rabbit, and induced labour 
13 so characteristic that it has been used as a 
measure of oxytocic potency®”’. 

If 12-24 hr before mduction on the thirty-first 
day the animal 18 treated with 5 mgm progesterone 
im oil mtramuscularly, she does not deliver and 
remains uninducible so long as progesterone treat- 
ment (b mgm /day m oul, mtramuscularly) con- 


tinues^5 If progesterone treatment 1s given less 
than 12 hr before duction oxytocin 18 effective on 
the thirty-first day^5 This and other observations® 
suggest that the progesterone effect has a latency 
period of 12-24 hr It 1s of considerable significance 
to explain this long period of latency and shorten 1t 
1f possible 

We have been supplied with a progesterone prepara- 
tion. which has been dissolved in ‘Lipomul’, a mixture 
of fat, lecithm, a polymer, and water This mixture 
(without progesterone) has been used extensively 
and m large quantities 1n human therapy for its high 
calorie content 

We investigated in rabbits the possibility that 
intravenous ‘Lipomul’-progesterone can shorten the 
latency period of the progesterone effect when used 
in massive doses Thus 40 mgm progesterone in 
10 ml. ‘Lipomul’ was injected intravenously to 
pregnant rabbits on the thirty-first day of pregnancy 
3 and 6 hr. before mduction with oxytocm The 
animals promptly responded to oxytocm and delivered 
as characteristic of the normal 31-day pregnant rabbit. 
Thus these pilot experiments showed that the latency 
period 1s not reduced by massive doses of progesterone 
(~10 times the effective dose of progesterone, 1n 
oul. imtramuscularly) injected directly mto the 
systemic circulation 

These negative results prompted the question 
whether this type of progesterone treatment 18 
effective 12-24 hr later, for 5 mgm progesterone 
dissolved in oil and given intramuscularly 18 effective 
A group of animals received 40 mgm progesterone 1n 
10 ml ‘Lipomul’ mtravenously on the thirtieth day 
and induced 24 hr. later on the thirty-first day All 
animals but one delivered as normal untreated rabbits 
do The one which failed to deliver on the thirty-first 
day was successfully mduced on the morning of the 
thirty-second day m spite of the fact that the dose 
of progesterone was 40 mgm This failure ın pro- 
gesterone therapy was unexpected in a laboratory 
where pregnancy in rabbits 1s regularly maimtamed 
by 5mgm (or less) progesterone n oil mtramuscularly, 
not only in this type of experiment, but also in the 
ovariectomized and placental dislocated animal, or 
after term ın the intact animal We could only 
account for this failure in progesterone therapy by 
the route of administration or by the solvent used 
(‘Lipomul’) 

The difference between the effect of intramuscular 
and intravenous progesterone was determmed by 
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Table 1 
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Rabbit Litter Total 

No Size weight (gm.) 

A406 5 257 5 

R211 8 298 8 

M9 9 365 9 

A42 9 418 
* R243 10 420 10 
* R215 7 294 7 

Kill 8 430 8 

Al6 10 490 10 
AT 9 371 9 

C12 5 276 5 

I14 12 534 12 

R240 10 386 10 

A47 6 371 6 
Rl 9 400 

2 4 196 
WH2 4 157 
13 7 357 5 

WH20 5 332 

G2 8 386 

E10 9 307 

WH6 9 470 

R251 6 278 

F15 5 293 

K8 10 419 


Induced delivery on dav 
31 32 


Orb 


Ato 


Progesterone administration and 


32 33 solvent 


——  ÀÀ 





40 mgm in 'Lipomul' (1 v ) 


in oil (1 Vv ) 


in propylene glycol (i v ) 


in *Lipomul' (1 m ) 


r+ 4d 
e 


25 mgm ın propylene glycol (i v ) 
à | 100 mgm 1n 'Lipomul' (1 v ) 
7 5 mgm in propylene glycol (1m ) 
8 mgm m ‘Lipomul’ (1 m ) 
10 mgm 1n ‘Lipomul’ (1m ) 
10 40 mgm m 'Lipomu!' m ) 


“Ss 





All animals received progesterone treatment on day 30 (except *) and were induced twice a day, starting on the morning of the thirty-first 
a 
: * R243 and R215 received progesterone 3 and 6 hr , respectively, before induction on the thirty-first day 


intravenous treatment of a group of 30-day pregnant 
rabbits with 10 mgm progesterone dissolved in oil 
or in propylene glycol The effect of intramuscular 
treatment was already known’ ‘The injections 
were made through a 26-gauge needle which broke 
up the oil particles into small droplets All these 
animals delivered a normal litter 24 hr later when 
induced, by oxytocim on the thirty-first day Thus 
10 mgm progesterone when administered intraven- 
ously 18 ineffective, whereas 5 mgm intramuscularly 
18 effective 

Using another group of 30-day pregnant rabbits the 
intravenous dose of progesterone was imereased to 
25 mgm (25 mgm progesterone, dissolved in 0 5 ml 
oul, was suspended in 15 ml propylene glycol) 
These animals did not deliver on the morning or the 
night of the thirty-first day, but usually on the 
thirty-second day Thus 25 mgm progesterone 
given intravenously 1s effective although for only a 
short period Thus about five times more pro- 
gesterone 18 needed for the same effect when the 
treatment is intravenous than when ıb is intra- 
muscular 

If 25 mgm progesterone 18 effective when admuini- 
stered intravenously and 40 mgm ‘Lipomul’-pro- 
gesterone 18 not, then ‘Lipomul’ must oppose the 
progesterone effect If the dose of progesterone Is 
increased to 100 mgm the mtravenous “Lipomul’- 
progesterone becomes effective, in spite of the pro- 
portional merease of ‘Lipomul’ from 10 to 25ml Thus 
the effect of 'Lipomul, inhibiting the exogenous 
progesterone action, can be overcome by increasing 
the dose of progesterone 

When only 8-10 mgm  'Lipomul'-progesterone 
18 given intramuscularly ib ıs effective ın defending 
pregnancy in the 31-day rabbit agamst oxytocin 
mduction 

What 1s of interest in these preliminary experiments 
18 the fact that the progesterone effect ıs greatly 
dependent on the route of administration and the 
solvent used It is known that the sn vtro effect of 
progesterone 1s greatly diminished when the hormone 
18 administered in plasma? Tt 18 also demonstrated 


that the local appleation of progesterone into the 
uterine horn 1s very effective and results in a func- 
tionally asymmetrical uterus As a result of this 
asymmetry the animal is capable of delivermg the 
contents of the untreated horn while maintaining 
pregnancy in the treated horn!! Recent experiments 
showed that intramyometrial progesterone treatment 
is effective ın pregnant women, (Coutinho e£ al, and 
Bengtsson, L P, personal communications) 

Thus problems of progesterone therapy may be 
partly overcome by discovermg methods of admini- 
stration which permit the ready transport of systemic 
progesterone to target organs Such methods may 
be suggested by experiments on progesterone trans- 
port Studies on the supermmposed regulation of 
steroid effects are important, for we may easily 
overlook the biological significance of a steroid 
simply because 1ts concentration m the systemic blood 
does not fit in with our expectations 

This work was supported by the National Insti- 
tutes of Health (RG—7942), the Population Council, 
and the Muscular Dystrophy Associations of America, 
Ine 

We are grateful to the Upjohn Co for a gener- 
ous supply of ‘Lipomul’ and to Dr Harold Upjohn 
and Dr Tapani Luukkamen for many stimulating 
discussions 
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xci Cola Factor on the 
Activity of Progesterone 


bak been demonstrated that the effect of intra- 
jusly- administered progesterone is dependent 
the solvent used. Pregnancy was prolonged in 
rabbits by 25 mgm. progesterone in oil-propylene 
glycol suspension, whereas 40 mgm. progesterone in 
ipomul' was ineffective (previous communication). 
ossibility having been considered that certain 
nds in ‘Lipomul’ counteract the effect of 
TE progesterone in prolonging rabbit preg- 
it was of interest to determine if ‘Lipomul’ 
ld alter the physiological effect of endogenous 





land white rabbits, 21-26 days pregnant, 

ven 150-200. ml. ‘Lipomul’ intravenously 
à period of 8-12 hr. This treatment resulted 
mature labour. Rabbits pre-treated by 5 mgm. 

ogesterone, intramuscularly, could not be induced 
b y higher doses of ‘Lipomul’. 

- Inereasing the amount of ‘Lipomul’ or the speed of 
infusion resulted in delivery with dead litter, while 
further increase led to maternal death in convulsions. 

Further experiments have shown that the active part 
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of ‘Lipomul’ is the lecithin fraction. The other coins pt 
ponents of this emulsion? were not effective in produe- MOT 


ing premature labour. 


The leeithin in "Lipomul' is derived from soya bean a 
It is still obscure whether or not = 
pregnant mammals have phospholipids which could 


phosphatides. 


control the effect of progesterone. Work is in pro- 
gress to purify further the soya bean phosphatides 


and to isolate from the blood and placenta of pregnant ` : 


women a fraction with similar characteristics. ^ ^ 
This work was supported by grants from the 
National Institutes of Health (RG-7942), the Popula- 
tion Council, and the Sigfrid Jusélius Foundatior 
to which we wish to express our thanks. 
Our thanks are due to Dr. Harold L 
the Upjohn Co. for the generous supply of mu 
(an intravenous fat emulsion) and its compon nts. 
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A PERCHLORIC ACID-NAPHTHOQUINONE METHOD FOR THE 
HISTOCHEMICAL LOCALIZATION OF CHOLESTEROL n 


By Dr. C. W. M. ADAMS* 


National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Bethesda, Maryland 


HE histochemical demonstration of cholesterol 
|n by adaptations* of the Liebermann-Burchard 
os reaction has never been satisfactory owing to 
|. diffusion of the coloured product and to destruction 
_ of the tissue by the concentrated sulphuric acid used 
in the method. The bismuth trichloride method? for 
_ cholesterol appears to be somewhat capricious when 
used in histochemistry*. The method to be described, 
a perchloric acid-naphthoquinone reaction, is more 
sensitive and gives better localization of cholesterol 
than either of the older methods. 

Frozen sections from tissues fixed in calcium- 























| - reagent is 0-1 per cent 1 ,2-naphthoquinone-4- 
vy acid in a mixture of SP DO 


:01: 
tand heated on the bottom of an oven at 60—65? 
10. min. until the red colour which first appears 
dark blue. (Sections left floating in calcium- 
ol for some days react more briskly and intensely 
an those freshly cut.) A drop or two of 60 per cent 
rehlorie acid is placed on the section and a coverslip 
wered into position. The dark blue colour of 
esterol is stable in perchloric acid for a few hours 
en. gradually turns greyish black. The colour 
able in either water or glycerine-jelly. 
|. the specificity of the method, 5 mgm. 
f the following compounds were spot-tested 
ides with the perchloric acid—naphtho- 

gent. 


address: Department of Pathology, Guy’s Hospital 
hool, London, S. E.1 











Lipids: Red turning dark blue: choleabaral | 


(3-hydroxy, A*), cholesterol oleate, cholesterol palmi- . | 


tate, cholesterol stearate, cholesterol ehloroformate, . 
7-dehydrocholesterol (3-hydroxy, A*7). Red turning . 
pale biue: cholesterol acetate. Red: lanosterol - 
(3-hydroxy, A*) Black: «- and 8-carotene mixture 
(15 : 85), crystalline vitamin A. Brown: oleic acid, 

linoleic acid, stearic acid, triolein, tristearin, ovo- 
lecithin, brain cephalin, brain cerebroside. No - 
colour: cholestane. cholestanol (3-hydroxy), chole-. 


stanone (3-oxy), cholestenone (3-oxy, A‘), sphingo- | 


myelin. ; 

Amino-acids: Pale pink turning yellow: tryptophan. ei 
Pink turning brown: tryptophan-formaldehyde carbo- 
line. 


methionine, glycine. E 
Purines and Pyrimidines: No colour: adenin p 
guanine, xanthine, uracil, cytosine, thymine. 
Carbohydrates: Pink turning brown: piteoes 
galactose, mannose, lactose, suerose, inulin. © 
colour: inositol, glucosamine, galactosamine. ^ ^. 
Other ‘organic compounds: Dark blue: resorcino 
Yellow: phenol, catechol. Orange: indole. Brown to 
black tars: pyrrole, furfural. No colour: benzene i 
hydroquinone, pyridine, pyridoxine. | 
From these spot tests, it is concluded that 3: 


hydroxy- A‘ (or A®:”)-steroids and their esters are the | ^. 
only physiological substances which develop a dark . ~ 
blue colour with the perchloric acid-naphthoquinore ` 
reagent. Steroids without either the 3-hydroxyl or | . 
A5 groups are unreactive, but a second double bond 
in ring B (for example, A*) does not inhibit the 













No colour: tyrosine, phenylalanine, histidine, . . 
proline, hydroxyproline, arginine, cystine, ue dc 













332 
R R 
didi 
+ HCIO,— \ L/^ 
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Cholesterol 3-Sterolium perchlorate 
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ANZN | 
b | + HCIO, 
- Ni N o AN 
+ H,O 
"7 Z^ 
(c) 
Cholesta-3,5-diene 
Fig. 1. The action of perchloric acid on cholesterol 


reaction. The functional groups of the steroid nucleus 
demonstrated by this method are therefore essenti- 
ally the same as those detected by the Liebermann 
Burchard reaction‘. 

The chemical mechanism of the perchloric acid— 
naphthoquinone reaction is unknown but previous 
investigations’ have shown that perchloric acid has 
the specific effect, shared only with hexafluoro- 
phosphoric acid, of reacting with 3-hydroxy-A® 
steroids (Fig. la) to form insoluble 3-sterolium salts 
(Fig. 1b). The insolubility of these salts may explain 
the improved localization obtained with this method 
when compared with the Liebermann—Burchard 
reaction. By eliminating a molecule of water, excess 
perchloric acid produces cholesta-3,5-diene (Fig. lc) 
from the sterolium salt, as does sulphurie acid from 
cholesterol. Addition of acid to the 3,5-diene may 
be responsible for the transient red colour which is 
first formed, but the development of the dark blue 
colour appears to depend on a reaction between the 





Fig. 2, Rat brain. Myelinated tracts in corona radiata. (Per- 
chlorie acid-naphthoquinone (PAN, x e. 95) 
Fig. 3. t sciatic nerve. AC 0f myelin sheath but no 
reaction in axon, (PAN, x c, 465) 
4 adrenal cortex. Intracellular cholesterol in zona 


Fig. 4. Rat 

fasciculata ( F) but little staining of reticularis (R). (PAN, x e. 385) 

Fig. 5. Rat aorta. Nos of elastic lamella but slight 

reaction in interlamellar spaces, J, intima: Æ, internal elastic 
e. lamella; M, media. AN, x c. 136) 

Fig. 6. Aorta of 36-year-old man. Fa nt staining of the reduplicated 
internal elastic lamella (E) and elastic flbres in the adjacent 
intima (7). (PAN, x c. 285) 

i. 7. Aorta of 58-year-old man, Accumulation of cholesterol In 
intima (J) and around internal elastic lamella (E). (PAN ,x c. 95) 
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diene and naphthoquinone. The diene structure is 
essential, since no colour develops in tissue sections 
brominated between the perchloric acid and naphtho- 
quinone stages. Although naphthoquinones are 
dienophiles, Diels-Alder adduction of the diene to the 
quinone is not a plausible explanation for the reaction, 
for cholesta-3,5-diene does not undergo diene synthe- 
sis at the relatively low temperature used in the test’. 
A related method, using phenol and perchloric and 
molybdie acids, has been used to identify cholesterol 
on chromatograms’. A diene-quinone reaction may 
be the basis of both methods, for phenol is probably 
oxidized by these acids to a benzoquinone. 

The specificity of the perchloric acid-naphtho- 
quinone method for cholesterol was confirmed histo- 
chemically by the substantial reduction in colour 
after the tissue sections had been extracted in 
acetone at 4° for 18 hr. The success of extraction by 
acetone, in which cholesterol is highly soluble, indi- 
cates that the reaction in tissues is due to lipid. The 
slight residual staining after extraction may be due 
to the difficulty of removing all lipid from tissue 
sections’ or to the binding of lipid to protein. 

In rat tissues, & dark blue colour reaction is seen 
in the myelin sheaths of the central (Fig. 2) and peri- 
pheral (Fig. 3) nervous systems, in the zona fasci- 
culata (Fig. 4) and glomerulosa of the adrenal cortex. 
in the interstitial cells of the testis and in the lutein 
cells of the corpus luteum. Slight staining is seen in 
neuroglial fibres but axons are unstained, as are the 
unmyelinated axons of the leg nerve of the lobster. 

Elastic lamelle in the normal human and rat aorta 
are unstained, even though these lamelle contain 
lipid'*, including phospholipid". Only traces of 
cholesterol are present in the interlamellar spaces of 
the media of the human and rat aorta (Fig. 5), but a 
strong reaction is given by the lipid-laden macro- 
phages which are frequently found in the more super- 
ficial parts of the human arterial intima. The 
junctional zone between media and intima, the point 
where phospholipid first accumulates in the early 
lipoidal lesions of human atherosclerosis!*, contains 
relatively little cholesterol but the internal elastic 
lamella itself is sometimes faintly stained at this stage 
(Fig. 6). The lipid masses of the mature atherosclero- 
tic plaque contain abundant cholesterol (Fig. 7). 

A pale pink reaction is seen in the zymogen 
granules of the rat pancreas and submandibular 
gland and a weaker background colour of the same 
hue is seen in many tissues. It is concluded from 
the spot-tests that the pink colour in tissues is due to 
tryptophan and possibly carbohydrate, whereas the 
well-localized dark blue colour obtained with the 
perchloric acid-naphthoquinone method is a highly 
specific histochemical test for cholesterol and related 
steroids. 
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PROTEOLYSIS OF THYROGLOBULIN BY THYROID ENZYMES 
By Dr MARY T. McQUILLAN, J D MATHEWS and Pror V. M TRIKOJUS 


Russell Grimwade School of Biochemistry, University of Melbourne 


Ee CE the thyroid hormone is held by peptide 
bonds withm the molecule of its storage form, 
thyroglobulin, ıt 1s generally accepted that hydrolytic 
enzymes are concerned with its controlled release 
mto the blood stream The proteolytic activity of 
thyroid tissue has been shown to vary with the 
physiological status of the animal as, for example, 
that following the admimustration of thyrotrophin or 
of anti-thyroid drugs! Thus, the purifieation and 
the study of the properties of the enzyme (or enzymes) 
concerned could afford more exact information as to 
the release mechanism and perhaps help to clarify 
some types of thyroid disease 

It has been demonstrated that 10dinated tyrosines 
and thyronmes can be lberated by incubation of 
thyroid homogenates’, saline extracts of the gland? 
or by the action of a partially purified thyroid 
proteinase on thyroglobuhn* The enzyme prepara- 
tion used by the last-named workers contained 
peptidase activity Further purification studies’ led 
to the separation of a peptidase fraction (‘APATase’), 
which readily hydrolyses preferentially the pepsin 
substrate, acetyl-rL-phenylalanyl-r-tyrosime* (APAT), 
and a protemase of high specific activity The 
proteimase still retamed, however, some activity 
towards the peptide, r-eysteinyl-r-tyrosme, also a 
substrate for pepsin? This property has been shown 
to be due to the presence of another peptidase 
(‘cysteinyltyrosinase’) which can be separated from 
the protemase® The actions of protemase and 
APATase are not influenced by the usual enzyme 
activators, whereas cystemyltyrosmase is metal. 
dependent? 

The pH optimum of the protemase 1s 3 5 (hemo- 
globin substrate), while the two peptidases, APA Tase 
and cysteiyltyrosinase, show peaks of activity at 
pH. 40 and 53 respectively Like pituitary? and 
adrenal!’ acid protemases, the thyroid enzyme, when 
freed from the two peptidases already mentioned, 
appears to have no action agaimst simple peptide 
substrates 

We have carried out a series of experiments in 
which thyroid protemase and APATase have been 
incubated, under varying conditions, with prepara- 
tions of rat thyroglobulin labelled sn vwo with 
iodine-131 

Thyroglobulin substrates were prepared, as follows 
eight female rats, average weight about 200 gm , were 
each imyjected mtraperitoneally with 90-100 ue. 
carrier-free iodine-131 as iodide 48 hr later the 
animals were killed, the thyroid glands dissected out, 
pooled, blended. by hand 1n a glass homogenizer with 
ice-cold isotonic saline (0 6 ml), msoluble material 
removed by centrifugation and the supernatant 
brought to 42 per cent saturation with ammonium 
sulphate at 25°C The precipitate, after standing for 
2 hr , was separated, washed with 42 per cent ammon- 
1um sulphate, dissolved in water (0 6 ml ) and dialysed 
overnght A _ precipitate which separated was 
discarded and the supernatant adjusted to 0 015 M 


(rs buffer (pH. 72) and 0015 M ethylenediamine 
tetraacetic acid (EDTA), dialysed against the same 
concentrations of buffer and chelating agent (200 ml ) 
for 30 hr and then against distilled water for 17 hr 
The faintly opalescent salt-free solution was then 
heated m. a sealed tube at 80? C for 4 min to reduce 
the content of endogenous protemase, as 1t has been 
found that thyroglobulm tends to retain this enzyme 
during salt fractionation! Protem was then 
precipitated by adding four volumes of acetone below 
— 5°C, followed by a small drop of saturated sodium 
chloride The precipitate was dissolved m water 
(about 07 ml), dialysed overnight and held in the 
frozen state until required 

The enzyme samples were prepared from pig thyroid 
glands, substantially as described®, but were further 
processed, by two treatments with buffered EDTA 
(as for thyroglobulin substrate), to 1educe the activi- 
ties of traces of metal-dependent peptidases, followed 
by prolonged dialysis agamst distilled water The 
protemase had an activity of 1,200 units/mgm 
protem when incubated for 30 mm at 37? C and 
pH. 35 with bovine hemoglobm substrate, followed 
by spectrophotometric determmations at 280 mu 
(compare Anson!?) This corresponds to a purifica- 
tion factor of about 400, a twenty-fold 1mprovement 
on the preparation used in our previous work‘ 
The peptidase (APATase) contamed 8 units/mgm. 
protem, one unit bemg defined as that quantity of 
enzyme which hberates 1-0 uM tyrosme from APAT 
(5 uM per ml ) m 60mm at 37? C and pH 4:0 When 
incubated at a concentration of 1 mgm jml with 
APAT, the protemase released the merest trace of 
tyrosine, as determined chromatographically, whereas 
APATase, under identical conditions but at a con- 
centration of 01 mgm jml, hydrolysed about 25 
per cent of the substrate The sample of APATase 
was slightly contaminated by protemase (10 units/ 
mgm protem) 

Action of purified proteinase on thyroglobulin In 
our earlier investigations! with labelled thyroglobulin 
and partially purified protemase, both prepared from 
pig thyroid, appreciable hydrolysis was observed 
at pH 35 However, m the present work, ıt became 
clear from the results of prelummary experiments, 
using rat thyroglobulin, that substantially greater 
quantities of labelled components were hberated at 
higher pH, even though the protemase gave a smooth 
pH-activity curve with bovine hemoglobin substrate, 
bemg only one-fifth as active at pH 52 as at pH 
3°5 


In the followmg experment the nature of the 
labelled substances released at the higher »H was 
examined A half of a thyroglobulin solution pre- 
pared as above was mixed with an equal volume of 
01 M ammonium acetate buffer pH 52 Duplicate 
tubes containmg 01 ml thyroglobulin solution and 
0-05 ml protemase solution (equivalent to 60 units) 
were incubated for 2 and 16 hr , while water replaced 
the enzyme ın duplicate control tubes for each period 
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Fig 1 Distribution of 10dine-131 on paper chromatograms of 
thyroglobulin after 1neubation with thyroid proteinase at 37° C 
and pH 52 Chromatograms developed with 2-pentanol/propionic 
acid/water (20 3 15) (1) 16-hr control, (2) after 2 hr, and 


(3) after 16 hr with thyroid profemase Scannings made with 
instrument set at full-scale deflexion, 500 cpm, slt width, 
iin, scan speed, 3 1n /hr , time constant, 40 sec 
O = ongin, SF = solvent front, P,-P, = main areas of radio- 
activity 


A similar set, but buffered at pH 345 with 01 M 
ammonium acetate, was mcluded ‘The tubes were 
tightly stoppered and shaken durmg meubation at 
37°C  Followmg mcubation, 0 025 ml samples from 
each tube were spotted on to washed Whatman No 3 
paper and descending chromatograms developed 
with n-pentanol/propionie acid/water (PPW, 20 3° 
15 by vol) Marker spots contained mono- and dı- 
1odotyrosine and thyroxime (25, 25 and 50 pgm 
respectively) Duplicate paper sheets (series B) 
were prepared with further 0 025 ml samples from all 
tubes after these had been standing for 48 hr in the 
frozen state After cuttmg the sheets into strips the 
latter were scanned foi radioactivity usmg a Nuclear 
Chicago ‘Actigraph IT’ automatically recording instru- 
ment Rapid scans indicated marked increases in 
the radioactive componenis released at pH 5 2 com- 
pared with pH 345 Accordingly, further examuna- 
tion was restricted to the meubations at the higher 


Fig 1 illustrates the results of slow scanning of the 
strips corresponding to 2-hr and 16-hr tests and 
that of a 16-hr control Duplicates corresponded 
closely. Apart from the origin peak—presumably 
residual protem—five main areas of activity are 
discernible (P,—P;), each area increasing and becoming 
more clearly defined with the longer incubation period 
The control scans showed only background activity 
except at the origin 

Approximate values for percentage hydrolysis were 
derived from estimates of the areas of migrated 
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radioactivity and those at the origms The results 
of the calculations are given in Table 1, which lists 
the duplicate values for the relevant strips from each 
of the two series of chromatograms (A and B) run in 
PPW with 0025 ml samples On averaging each of 
the sets of four values, 16 appears that about three 
times as much radioactivity had been released after 
16 hr as after 2 hr (approxunately 27 and 10 per 
cent respectively) In view of the variations within 
the calculations, the exact agreement of three of 
the dupheate percentages must be regarded as for- 
tuitous 

In order to identify the peaks of radioactivity, the 
residual solutions (0 1 ml ) from the incubation tubes 
were precipitated by addition, with warming, of 
ethanol to 70 per cent concentration, 1n the presence 
of carrier mono- and di-10dotyrosine, thyroxine and a 
sample of purified pig thyroglobulm (05 mgm) 
prepared by the method of Derrien, Michel and 
Roche? After centrifuging, the residues were washed 
with 02 ml 70 per cent ethanol and the combined 
supernatants evaporated ın micro beakers m a desic- 
cator (phosphorus pentoxide) The residues were then 
spotted on to paper with ethanol/water/conc 
ammonium hydroxide (7 2 1), the beakers bemg 
monitored for completeness of application, and 
chromatograms developed with PPW. The radio- 
activity scans were simular to those of the 0 025 ml 
samples directly apphed The peaks corresponding 
to P, and P, (Fig 1), which had the same mean Rr 
values (0 37; 0 59) as marker spots of mono- and dı- 
1odotyrosine respectively, were further characterized 
by eluting the areas with the alkaline ethanol solvent 
and then developmg chromatograms of the eluate 
residues ın n-butanol / 2N acetic acid (1 1) Well- 
defined areas with peaks at Rr 0 43 and 0 54 accounted 
for nearly all the radioactivity on the individual 
strips This was checked by radioautography and 
by subsequent spraymg of the strips with ninhydrin 
to visualize the carrier iodo amino-acids, which 
demonstrated exact coincidence between radioactive 
and coloured zones Although eluted and re-run in 
butanol/acetic acid. the peaks P, and P, (asin Fig 1) 
could not be characterized although P, did have a 
component at the same Hr as mono-10dobtyrosme 
It 1s possible that they represented, ın part, small 
peptides The elongated peak (P,) of Rr 0 70-0 90 
suggested a double character on radioautography, 
the higher part corresponding to marker thyroxme 
On eluting and re-running in n-butanol/n-pentanol/ 
2 N ammonium hydroxide (BPA, 1 1 2), radio- 
active peaks were found at Rr values 0 00, 0 08, 0 14 
and 020, with a broad spread of radioactivity 
through Rr 0 32 corresponding to thyroxme Thus, 
P, appeared to consist of a muxture, but the 
evidence strongly suggested thyroxime as one of 
the components An unequivocal demonstration 
of the direct release of thyroxine by the proteimase 
preparation was obtamed im the following experi- 
ment 

An apparent synergistic action of proteinase and 
APATase on thyroglobulin In the preparation of the 
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Table 1. HYDROLYSIS OF THYROGLOBULIN BY THYROID PROTEINASE AT pH 5 2 


Incubation period—2 hr 
A B 


Tests 
Migrated (M) 7,500 * 7,060 10,800 
e Origin (0) 89,900 84,500 84,400 
O+ M 97,400 91,560 95,200 
MaspercentO+ M. 77 77 114 
Controls (origin) 92,400 93,900 99,100 


Incubation period—16 hr 
A B 


11,000 26,000 27,800 24,000 29,200 
85,800 69,800 74,100 68,700 72,900 
96,800 95,800 101,900 92,700 102,100 
114 27 2 27 3 59 86 
98,200 101,700 106,400 97,500 99,500 


* Figures are given as counts per min of iodime-131 (corrected for decay back to day of 1njection) 
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ooo Fig. 2, Distribution 
thyroglobulin after incubation 
5; APATase at 37° C. and pH 5-25. 

- -pentanollpropionie acid/water (20 :8:15) (1) Con (2) 

after 16 hr. with APATase; (3) after 16 hr. with proteinase ; 

(44) after 16 hr, with proteinase plus APATase. Scannings made 
o with instrument set at: full-scale deflexion, 1,900 ¢c.p.m.; slit 
oo width; $ in.; scan speed, 6 in./hr.; time constant, 20 sec. 
[o0 c origin; SF = solvent iunt gers 
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^.^ labelied thyroglobulin sample for this experiment the 
step involving dialysis against buffered EDTA was 
|. omitted as the chelating agent was present during 
incubation. The thyroglobulin solution was adjusted 
“to 0-015 M ammonium acetate, pH 5-25, and 0-015 M 
- EDTA, and 0-1 ml. added to each of eight ineubation 
tubes which were tightly stoppered and pre-incubated 
for 1 hr. at 37? C. Duplicate tubes then received 
0-05 ml. of solutions of (a) proteinase (60 units), 
(b) APATase (0:4 unit) and (c) proteinase (60 units) 
plus APATase (0-4 unit), the two control tubes having 
water only added. After 


ate 16 hr. incubation 0-025 ml. 
amples were applied to paper, 

























run in PPW and the 
ips scanned as in the previous experiment. The 
racings are shown in Fig. 2. Duplicates agreed 
losely. In the case of the proteinase alone there are 
again well-marked peaks (Ps, P,) corresponding to 
wmo- and di-iodotyrosine. Noteworthy is the 
irtual absence of peaks P, and P, (compare Fig. 1) 
nd the greater relative concentration of radioactivity 
n the higher Rr region of P; coincident with thyroxine 
narker. Most striking, however, is the considerable 
gmentation of radioactivity in the areas corre- 
ponding to mono-iodotyrosine and, particularly, di- 
odotyrosine, in the tracings of the samples where 
he two enzymes were associated. APATase alone 

ed very little radioactivity and this could have 
een due to a trace amount of proteinase in the 
Tase sample (equivalent to 0-5 proteinase unit 
he 0-15 ml. of incubated solution). The contribu- 

-of the three main areas, P, P, and P, to the 
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migrated radioactivity, in the case of the proteinase 
alone and proteinase plus peptidase, as derived . 
from the 0-025 ml. scans, are shown in Table 2. 


Table 2. CONTRIBUTIONS OF RADIOACTIVE AREAS, Ps, P, AND P, 

(FIG. 2), TO TOTAL MIGRATED RADIOACTIVITY FOLLOWING TREATMENT 

OF THYROGLOBULIN WITH (a) PROTEINASE ALONE AND (b) PROTEINASE 
PLUS APATaSE AT pH 5°25 


; Proteinase Proteinase + APATase 
Radioactive area (duplicates) (duplicates) 
Ps 4,900 * 5,200 7,400 - 
P, 7,900 7,900 15,100 . 
P, 6,700 8,600 - 7,900 
Total migrated 28,100 28,700 39,300 
Total migrated 8,600 9,000 8,900 


less Py, Pas Ps di 

* Figures are given as counts per min. of jodi -131 (corrected fi 
decay back to day of injection). HM aT cc 
= diHodotyrosine; P, = thyroxine- —.— 








P, = mono-iodotyrosine; Pa 
containing area. 


The high Rr radioactive areas (Ps) for both pro- a 


teinase and combined enzymes were unequivocally . 
as one of the . 


demonstrated to contain thyroxine 
components by further chromatographic examination _ 
of the residual solutions (0-1 ml.) from the relevant 
ineubation tubes. | V 
and elution of the areas coincident with marker . 
thyroxine, the duplicate eluates were combined, 
carrier thyroxine added and the eluate residues then ~~ 
rechromatographed with the solvent system BPA. 
The ‘thyroxine’ areas were eluted and the residues 
re-run in n-butanol / 2N acetic acid (1:1). The 
chromatograms were checked by radioautography — 
at each stage. Fig. 3 depicts the final tracings, which 
show in each case a well-defined thyroxine area at 
Rr 0-72 which coincided exactly with the carrier 
thyroxine—visualized by ninhydrin-—with a minor : 
peak of higher Rr which was not characterized. The > 
total radioactivity in the thyroxine areas was higher 
when the enzymes were associated but, in view of the T 
involved chromatographic and elution procedure, 
this difference may not be significant. | 
It may be concluded from the above results that . 
thyroid acid proteinase is able to degrade thyro- > 
globulin with the release of mono- and di-iodotyrosine — 
and thyroxine. However, it is also possible that — 
even the trace amount of APATase in 


the release of the iodo amino-acids from peptides — 





3. Demonstration of thyroxine (T4) on final paper chromato- 


Fig. 
grams of eluates of P, (see Fig, 2) Chromatograms developed 
with n-butanol / 2N acetic acid (1:1) (1) Conesponding t 
incubation with proteinase; (2) corresponding to incubation with 
proteinase plus APATase. Seannings made with instrument set 
at: full-scale deflexion, 500 c.p.m.; slit width, 4 in.; scan speed, 
3 in./hr.; time constant, 40 sec. 
O = origin; S# = solvent front; T, = thyroxine 

















Following development in PPW.. : s 


the purified — 
proteinase sample was the catalyst responsible for — 
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produced by the proteinase as intermediates. In 
any event, as the peptidase had almost negligible 
action on intact thyroglobulin, it seems clear from the 
results that the two enzymes can act synergistically 
in the hydrolysis of the protein. It is not possible at 
this stage to make a concise evaluation of the respec- 
tive contributions of the two enzymes, particularly 
as specific activities were not determined. In this 
connexion our earlier observation* may be recalled 
that the specific activities of enzymically released 
mono- and di-iodotyrosine were higher than those of 
the amino-acids isolated from the same sample of 
labelled thyroglobulin after complete chemical hydro- 
lysis. This implied, possibly, a ‘terminal turnover’ 
in the biosynthesis and degradation of. the iodo 
amino-acids, 

Our present investigations are designed to clarify 
further the nature of the primary actions of thyroid 
acid proteinase and peptidases. 

Mr. R. E. Loughlin was associated in preliminary 
experiments of this investigation. One of us (J. D. M.) 
has held the Thomas and Elizabeth Ross Scholarship 
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and we are also indebted to the National Health and 
Medical Research Council for a grant in aid of this 
work. 
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DEMONSTRATION OF INTERACTION PRODUCTS OF ADENINE 
AND ADENOSINE PHOSPHATES WITH FORMALDEHYDE 


By Dr. D. L. WOODHOUSE 


Cancer Research Laboratories, Department of Pathology, Medical School, Birmingham 15 


ECENTLY, Alderson! ascribed a special role to 

adenylie acid as the mediator of the mutagenic 
action of formaldehyde on Drosophila larve, the 
main postulated agent being an ‘adenylate dimer’ 
produced by the interaction of formaldehyde with 
the amino-group of this purine derivative in the food 
mixture. The evidence for such interaction products 
rests mainly on slight alterations in the ultra-violet 
absorption spectra? after incubation of purine bases, 
nucleotides, etc., with formaldehyde. In view of the 
scheme suggested by Alderson! for the utilization of 
the postulated metabolite in deoxyribonucleic acid 
synthesis and its role in mutagenic activity, further 
demonstration and, if possible, isolation of such 
reaction products seemed desirable : experiments 
have been made therefore to see whether they could 
be resolved from the reaction mixture by chromato- 
graphy or paper electrophoresis. 

In preliminary tests adenine, 2 mgm./ml., was 
incubated for 18 hr. at 38° C. in presence of 0-1 per 
cent formaldehyde. After confirming the effect on 
the maximum of the absorption curve, 20 ugm. 
samples (10 ul.) were chromatographed by the 
ascending method using various solvent systems. 
The positions of the areas containing purine were made 
visible by the usual method of photographing with 
ultra-violet light, Using isopropanol / 2N hydro- 
chlorie acid (65 : 35) evidence of several compounds 
was obtained, some with greater Rp values and some 
with less Rr values than adenine (Fig. 1). This is in 
accordance with the possibility of the formation of 
wionomethylol and dimethylol derivatives, and the 
‘dimer’ (A—CH,—A) containing the methylene 
bridge by conjugation of two adenine residues. Form- 
aldehyde may also react with the imino group at the 
9 position of the free purine ring. Adenosine, 


after reaction with formaldehyde, gave evidence of 
a component moving faster than the adenosine 
comparison spot in the isopropanol—hydrochloric acid 
solvent and in methanol / 90 per cent formic acid / 
water (160 : 30 : 10). 

When adenosine-3'-phosphate was examined after 
formaldehyde treatment, no separation of components 
was obtained. In all cases clean separation of the 
produets, some of which are relatively unstable, 
seemed to be disturbed by the long exposure to the 
solvents, as shown by trailing. 

Experiments were made therefore to see whether 
useful separation could be obtained by treatment 
with various ion-exchange materials including types 
of synthetie resins. When solutions of adenosine and 
formaldehyde-treated adenosine containing 41 ugm./ 
ml. were exposed for 2 hr. to ‘Amberlite TRC 50 
(H)’ resin, 0-5 gm.-8 mL, a much higher proportion 
of the unchanged adenosine was abstracted as shown 
by the absorption curves in Fig. 2, and by Table 1. 
Complete separation of the interaction products from 
the mixture was not achieved, however. 

By paper electrophoresis a clear demonstration of 
reaction products was obtained with formaldehyde- 





Fig. 1. 


Chromatography of adenine: (a), before; (b), after 
treatment with formaldehyde 
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Table 1. EFFECT OF ION-EXCHANGE RESIN ON ADENOSINE AND 
FORMALDEHYDE-TREATED ADENOSINE 
Optical density before resin Optical density after resin 
treatment * treatment 
my Adenosine Adenosine 
Adenosine treated with Adenosine treated with 
formaldehyde formaldehyde 
250 0:85 0-78 0:398 0-695 
252 — -— 0-445 0-80 
254 1-008 0-05 0-482 0-90 
256 =- --- 0'51 0:98 
258 1-125 1-18 0:53 1-075 
260 1:156 1-24 (545 1-15 
262 1:15 1:28 0:545 1-22 
264 1-131 1:31 0:535 1:26 
266 1:084 1:33 0:517 1:27 
268 1:019 1:31 0:483 1:27 
270 092 1:23 0:435 1:29 


* Diluted 1-200 for analysis. 


treated adenine (20 ugm.) or adenosine-3'-phosphate 
(60 ugm.); 2 m.amp. per 5 em. strip for 5 hr. in 0:2 M 
acetate—acetic acid buffer, pH 4. Adenine-formalde- 
hyde compounds with less mobility than the untreated 
marker were detected (Fig. 3) while adenosine.3'. 
phosphate showed a well-separated spot with greater 
mobility than the unchanged compound. Formalde- 
hyde-treated adenosine solutions did not give good 
separation. It would appear that the structures of 
the riboside and any reaction products are too similar 
to be influenced differentially by the 'transporting 
charge' but that the phosphate group confers pro- 
perties allowing the relatively small effect of the 
formaldehyde group to be utilized in the separation. 
Resolution was further improved when 0-1 M buffer 
(4 m.amp. per strip) was used for 3-4 hr. (Fig. 4). 
Similar separation of products from adenosine-5’- 
phosphate after exposure to formaldehyde is illus- 
trated in Fig. 5, which shows the unchanged ribotide, 
and one (possibly two) compounds with greater 
mobilities than the 5'-phosphate. 
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Fig. 2. Differential effect of resin on adenosine and formaldehyde- 

treated adenosine; ultra-violet absorption curves: 1, adenosine: 

4 mgm./ml. (diluted 1-200 for analyses); 2, adenosine after 

exposure to formaldehyde: 4 mgm./ml. (diluted 1-200 for 

analyses); 3, solution as in 1, after treatment with resin ‘7 RC 50 

(H)' (undiluted); 4, solution as in 2, after treatment with resin 
(undiluted) 
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Fig. 3 (top), Electrophoresis of adenine (a) before; (b), after 


treatment with formaldehyde. 0:1 M acetate buffer, pH 4-0, 
4 m.amp. per 5 em. strip, 3 hr. 

Fig. 4 (centre). Electrophoresis of ——— ue (a) 

before; (b), after treatment with formaldehyde, Conditions as 


for Fig. 3 
Fig. 5 (bottom). Electrophoresis of adenosine-5'-phosphate (a) 


before; (b), after treatment with formaldehyde, Conditions as for 
Fig. 3 


The resolution of the nucleotides allowed a compu- 
tation of the proportions of the components to be 
made. First, from the dried papers the areas denoted 
by the positions of the spots on the photographs were 
eut out, extracted with 4 ml. 0-1 N sulphuric acid 
and the content estimated by ultra-violet spectro- 
photometry. 

From the figures for adenosine 3'-phosphate electro- 
phoresis strips given in Table 2 it can be calculated 
that some 77 per cent of the nucleotide deposited on 
the paper was present as unchanged ribotide. Since 
it was evident from the absorption curves of the 


Table 2. OPTICAL DENSITY OF SOLUTIONS OF SEPARATED COMPONENTS 
OF FORMALDEHYDE-TREATED ADENOSINE-3’-PHOSPHATE 


Formaldehyde-treated 


Control Companion 
my adenosine adenosine Subsidiary- 
phosphate spot phosphate spot component spot 
252 0:497 0-398 0:115 
254 0:520 0-408 0:122 
256 0:558 (433 0-127 
258 0:543 0-418 0:125 
260 ("518 0-308 119 
262 0-484 0-372 0:114 


Extracted after drying paper at 110° C, with 4 ml. 0-1 N sulphuric 
acid, using extract of blank paper for comparison 


Table 3. OPTICAL DENSITY OF SOLUTIONS OF SEPARATED COMPONENTS 
OF FORMALDEHYDE-TREATED ADENOSINE-3'-PHOSPHATE 


Formaldehyde-treated 


mu Main spot Subsidiary spot 

254 0-288 0-128 

256 0-31 0:137 

258 0:313 0:143 e 
260 0-310 0:150 

282 0:30 0-153 

204 0-283 0-152 

266 0-26 0:144 


Extracted from undried paper with 4 ml. 0-1 N sulphuric acid. 
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he substance which had a greater mobility than the 
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GLUTAMYL PEPTIDASES IN RAT AND GUINEA PIG 
KIDNEY SLICES 


By GEORGE G. GLENNER and JOHN E. FOLK 
National Institutes of Health, Bethesda, Maryland 


Histochemical Demonstration of y-Glutamyl 
Transpeptidase-like Activity 


NTIL now, only the purely hydrolytie charaeter 
of the amidase group of enzymes has been 
demonstrated histochemically. Recent reports"? have 
cdeseribed methods for the colorimetric estimation in 
-perum and tissues of enzyme-catalysed cleavage of 
-y-L-glutamyl peptides possibly mediated by y- -glut- 
... amyl transpeptidase’. In order to localize this enzymic 
-aetivity to tissue sections at a histological level a 
potentially chromogenic substrate N-(y-L- -glutamyl)- 
8-naphthylamide was synthesized for use in a simul- 
taneous azo-coupling reaction. 
The synthesis of N-(a-benzyl-N*-carbobenzoxy ~y- 
L-glutamyl)$-naphthylamide was performed from 
GN ?-carbobenzoxy- 1-glutamyl &-benzyl ester? and 
— B-naphthylamine using the mixed anhydride tech. 
nique with isobutyl chlorocarbonate in dioxane. The 
product was crystallized from ethyl acetate-petroleum 
ether, and had a melting point of 142-44" C. 
N-(1-r1-glutamyl)8-naphthylamide was obtained by 
eatalytic hydrogenation in the presence of palladium 
blaek in 80 per cent acetic acid as solvent. The 
= product was crystallized from dilute acetic acid ; its 
melting point was 228? C. (Analysis found: C, 66:4 ; 
oH, 5:9; N, 10-2; earboxyl-N, 4:9 (ref. 5). Calc. for 
a C,H,0;N, : C, 66- ‘2; H, 5 ‘OD; N, 10- 91 carboxyl- N, 
vns ol). [a]? +. 2-0? (c, 1-2 in dimethylformamide made 
7 2 N with concentrated hydrochloric acid). 
Kinetics of the release of naphthylamine from 
N-(y-L- -glutamy])$-naphthylamide in a biochemical 


. >o system using previously reported methods were in- 









-vestigated with rat kidney homogenates. The sub- 
trate, which was dissolved in 0-1 N sodium hydroxide 
and then neutralized, was used at a concentration 
of 0-001 M in 0-1 M tris(hydroxyamino)methane 
|. puffer at pH 805 with 0-0164 mgm. wet weight 

 kidney/ml No spontaneous hydrolysis of the sub- 

: strate was noted. Pronounced activation by 0-003 M 

. glycylglycine was noted with inhibition by y-r- 
nir glutamyl-z-alanine but no inhibition by a-r-glutamyl- 
c5op.v8line. There was complete inhibition by disodium 

us .phenoltetrabromophthalein sulphonate (“Bromsulpha- 
ein’), It was of interest that release of naphthyl- 
amine from the naphthylamide substrate was enzy- 
wically catalysed many times faster than release of 
aniline from an analogous pi-anilide compound pre- 

viously reported}, 
3 listochemical work on the characteristics of 
: ap TR from N-{y-L- 















glutamyl)8-naphthylamide was performed predomin- ^ 
antiy on slide-mounted freshly frozen 10u sections 
of guinea pig kidney using an incubating solution 
consisting of 0-5 ml. of a 4 mgm./ml. (0:013 M) stock — — 
suspension of substrate in acetone, 0-5 ml. of a 20 . 
mgm./ml. (0-150 M) aqueous solution of glyeyl- 
glycine in 10 ml. of 0-1 M pH 7-2 tris buffer, 28 mlo — 
of water and 1 ml. of a solution containing 15 mgm. 


of the stable diazonium salt of o-aminoazotoluene 
(fast garnet GBC) at 37? C. for 20 min. A sub-optimal 
pH for transpeptidation® was used to facilitate simul- 
taneous azo-coupling of the naphthylamine enzymic- 
ally released. No effect on enzymic hydrolysis was 
noted after the addition to the incubating medium 
of 0-01 M L-glutamine, 0-01 M a-r-glutamyl-r- 
asparagine, 0-001 M magnesium chloride, 0-005 M 
p-chloromecuribenzoate, 0-001 M sodium iodoacetate, - 
0-01 M and 0.0005 M potassium cyanide, 0-01 M 
disodium ethylenediamine tetraacetic acid, 0-001 Af 
sodium pyruvate, 0-0001 M di-iso-propylphosphoro- 
fluoridate or 0-004 M sodium taurocholate. ‘Brom- 
sulphalein' (00001 M) completely inhibited enzymic 
activity as did 0-005 M oxidized glutathione. No 
evidence of enzyme activation was noted using 0-01 M 
phosphate buffer at pH 7.2. When acetone-fixed 
paraffin embedded or acetone-washed frozen sections 
were incubated in the presence of glycylglycine as 
the y-glutamyl acceptor, an estimated 50 per cent 
inerease of activity was noted over incubation in its 
absence. 

From the above histochemical and biochemical 
evidence it can be concluded that the enzyme which 
releases naphthylamine from N-(y-r-glutamyl)- 

B-naphthylamide cannot be identified with glut- | 
aminase I since there was no inhibition by either | 
p-chloromercuribenzoate or r-glutamine and phos- 


phate did not activate the system. Moreover, it is - 


unlikely that a sulphydryl-dependent enzyme, such | 
as glutaminase I, would be demonstrated by a simul- 
taneous azo-eoupling reaction since the sulphydryl 
group would either be oxidized by, or coupled to, | 
the diazonium reagent. Aminopeptidases described | 
histochemically do not appear to be implicated since | 
potassium cyanide failed to affect the reaction. In _ 
view of the above findings and the fact that enzymic - 
release of naphthylamine is inhibited by oxidized | 
glutathione and 'Bromsulphalein' and activated by 


glycylglycine!, it would appear that the enzyme ~~. 


demonstrated has many of the characteristics 


of y-glutamyl transpeptidase as defined biochem- . E 
ically!5, 














Fig. 1. Enzymic activity in ee of proximal convoluted 
u 


Fig.2. Enzymic activity in acinar cells v rg No activity 


evident in islet on the 


With freshly frozen tissues, acetone-washed or 
acetone-fixed and  freeze-substituted paraffin-em- 
bedded tissues, y-glutamyl transpeptidase-like act- 
ivity was localized in the guinea pig kidney to the 
brush border of the proximal tubules in the outer 
medulla and the medullary rays (Fig. 1), and in the 
pancreas in acinar cells with no reaction evident in 
islets (Fig. 2). Although transferase reactions have 
been demonstrated histochemically previously by 
localizing the synthesized product of the reaction, 
this report is the first published description of a histo- 
chemically demonstrated transferase reaction in which 
kinetics of the reaction could be investigated during 
incubation. 


Histochemical Characterization of a 
Unique «-Glutamyl Peptidase Activity 


The use of histochemical substrates as a means of 
localizing known enzymic activities to specific cells 
or groups of cells in tissue sections has been well 
established. Histochemical techniques have also 
been used to distinguish selectively previously un- 
described enzymic activity in single cells or groups 
of cells. The purpose of this communication is to 
report the identification and characterization of an 
enzyme(s) which catalyses the hydrolysis of N-(«-L- 
glutamyl)&-naphthylamide in the g-cells of the islets 
of Langerhans and the interlobular duet epithelium 
of the guinea pig pancreas. 

The intermediate, N-(y-benzyl-N°-carbobenzoxy- 
a-L-glutamyl)B-naphthylamide, was prepared from 
N-carbobenzoxy-r-glutamyl-y-benzyl ester and 
8-naphthylamine using the mixed anhydride tech- 
nique with isobutyl chlorocarbonate in dioxane. The 
product was crystallized from ethyl acetate, and had 
a melting point of 170°C. The substrate, N-(«-1- 
glutamyl)8-naphthylamide, was obtained by cata- 
lytie hydrogenation of the carbobenzoxybenzyl ester 
intermediate in absolute methanol. The substrate 
was crystallized from 90 per cent methanol-ether and 
had a melting point of 174-75? C. (Analysis found : 
C, 62-3; H, 6:2; N, 9.3; weight loss on drying at 
100°C. under vacuum, 5:8; amino-N, 4-9 (ref. 7); 
Calc. for C,,H,,0,N,.H,0 > C, 62-1 > H, 6-2 ; N, 9-7; 
weight loss, 6-2; amino-N, 4:8 [x] 5 + 42:5* (c, 1-0 
in dimethylformamide made 2 N with concentrated 
hydrochlorie acid). 
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Initial investigations using a simultaneous coupling 
technique revealed localization of enzymic activity 
in the guinea pig pancreas to the Q-cells of the islets 
of Langerhans (Fig. 3) and the epithelium of the 
interlobular ducts (Fig. 4). The pH optimum with 
tris(hydroxyamino)methane buffer was 6:2. Histo- 
chemical work was performed on slide-mounted fresh- 
frozen 10u sections of guinea pig pancreas employing 
an incubating solution containing 0:105 mgm. of sub- 
strate and 0:375 mgm. of the stable diazonium salt 
of o-aminoazotoluene (fast garnet salt GBC) per ml. 
of 0-2 M tris buffer, pH 6-2 for 30 min. at 27° C. 
Substrate was added as a stock solution (4:2 
mgm./ml.) in acetone in order to facilitate its dis- 
solution. 

Complete inhibition of enzymic activity was 
obtained with 0-01 M disodium ethylenediamine 
tetraacetic acid, 0-01 M citrate, 0-01 M phosphate 
or 0-001 M cadmium chloride, while marked activa- 
tion of hydrolysis was evident on the addition of 
0-001 M calcium chloride. The addition of 0-001 M 
potassium cyanide or 0-001 M cobaltous chloride 
resulted in a moderate activation. No significant 
effect on enzymic activity was evident with 0-001 M 
magnesium or manganous chloride nor with 0-001 M 
iodoacetate, 0-005 M p-chloromercuribenzoate, 0-001 
M zinc sulphate, 0.0001 M di-iso-propylphosphoro- 
fluoridate or 0-001 M nickel chloride. The peptide 
«-L-glutamyl-r-phenylalanine caused pronounced in- 
hibition of activity at 0-01 M concentration while no 
inhibition was observed with the same concentration 
of  r-isoglutamine,  r-asparagine,  L-leueinamide, 
benzoyl-pi-arginine amide, L-glutamine, L-glutamic 
acid or glycylglycine. 

From the above histochemical evidence it would 
appear that the enzyme(s) responsible for the hy- 
drolysis of N-(a-r-glutamyl)8-naphthylamide in the 
B-cells of the islets of Langerhans and the interlobular 
duct epithelium of the guinea pig pancreas is acti- 
vated by calcium, and inhibited by disodium ethylene- 
diamine tetraacetic acid; in other words, it is a metal- 
activated enzyme. The fact that activity is not 
inhibited by leucinamide and the lack of effect of 
magnesium on the hydrolysis-rate of the histo- 
chemical substrate would tend to exclude the signi- 
ficant participation of the enzyme leucine amino- 
peptidase* in a hydrolytie reaction in the above sites. 
No other histochemical peptidase substrates includ- 
ing an N-(y-r-glutamyl)8-naphthylamide (see pre- 
vious communication) have been reported to be 
hydrolysed by an enzyme(s) having the activity 
characteristics or localizations of that reported here. 

Many new potential peptidase substrates have been 
synthesized in attempts to characterize further this 
enzymic activity. Among these are the f-r-aspartyl, 





Fig. 3. Enzymie activity in A-cells of guinea pig pancreatic islet. 
Fig. 4. Enzymic activity in quam of interlobular pancreatic 
uct 
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a-L-aspartyl, x-r-asparaginyl and a-r-glutaminyl-B- 
naphthylamides. None of the foregoing compounds 
was hydrolysed enzymically in the duct epithelium 
or B-cells of the islets of Langerhans of the guinea 
pig pancreas. 

Attempts to purify the enzyme(s) responsible for 
the hydrolysis of N-(a-r-glutamyl)8-naphthylamide 
are in progress and a more detailed report of the 
kinetics and tissue localization of this activity will 
be the subject of a future communication. 
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ANTIBIOSIS AMONG LACTOBACILLI 
By H. C. DE KLERK and Pror. J. N. COETZEE 


Department of Microbiology, University of Pretoria 


N an investigation of lysogenicity in lactobacilli, 

199 strains of lactobacilli were examined. One 
hundred and eighty-nine of these strains were 
isolated from as many different sources of human 
saliva, and many have previously been used in 
attempts to isolate lytic phage'. They comprised 
140 homofermentative and 49 heterofermentative 
species. The remaining ten strains are type-cultures 
kindly supplied by Dr. M. Elizabeth Sharpe, of the 
National Institute for Research in Dairying, Reading, 
England. The composition of the tomato dextrose 
broth and agar used has been mentioned in ref. 1 
and all cultures were incubated at 37? C. in an 
atmosphere of carbon dioxide. Lysogenicity was 
investigated as follows: supernatants of 10-day-old 
broth cultures were sterilized by shaking with a 
1 per cent volume of chloroform. After all traces 
of ehloroform had been evaporated, drops of these 
supernatants were spotted on lawns of all remaining 
strains, Plates were then incubated overnight. The 
supernatants of twelve cultures produced clear areas 
of inhibition of growth. On occasions a few colonies 
composed of resistant variants of the indicator strain 
were present in the zone of clearing. Sub-cultures 
of pieces of agar cut from the clear areas never 
showed growth. The maximum dilution in which 
supernatants are active is 1:10. Afterwards these 
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| Total number of 
different susceptible 
strains 


| 
oo activity demonstrated on 49 strains of Lactobacillus casei, 95 
strains of L. casei var. rhamnosus, 13 strains of L. plantarum and 16 
strains of L. brevis. 
Figures in brackets indicate number of strains tested. 
A, L. acidophibus ; B, L. bulgaricus (Reading strain) ; S, L. salivarius ; 
H, L. helveticus (Reading strain) ; F, L. fermenti. 


Table 1 

Number of susceptible strains* 
cerne y 

ucing zones o " 
A B S H F 
—e 3i @) 43) M am 

Strain No. 35 A 2 1 1 1 1 
Strain No. 93 A 6 1 1 1 15 
Strain No, 124 A 0 0 1 0 1 
Strain No, 185 A 6 1 1 1 9 
Strain No A 15 1 1 1 20 
Strain No A 14 1 1 1 19 
Strain No. 496 A 11 1 1 1 17 
Strain No. 558 A 20 1 1 1 21 
Strain No, 571 A 3 1 0 1 3 
Strain No. 713 A 15 1 1 1 20 
Strain No. 838 A 15 1 1 1 20 
Strain No. 466 F 2 0 0 0 7 
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Fig. 1. Fermenti strain 466 washed and streaked on agar. 

Strain F 1 (Reading fermenti) and fermenti 206 cross-streaked. 

Plates incubated MGE cr e t. Strain F 1 inhibited 
y strain 


Inset : 0-2 ml. of a resuspended ammonium sulphate pene 

(pH 6-8) of supernatant 466 d ted in sealed hole in % 

After 8 hr. surface covered with sloppy agar containing strain F 1 

and incubated. Area of — growth due to diffusion of 
antibiotic 


twelve supernatants were tested against a further 
269 homofermentative and 86 heterofermentative 
salivary strains of lactobacilli. Three of the super- 
natants, Nos. 253 A, 713 A and 838 A, possess identical 
spectra of activity. The remainder show very little 
overlapping and a total of 127 strains of lactobacilli 
are killed by the twelve supernatants. Results are 
shown in Table 1. Cultures from which active super- 
natants are derived are also inhibitory as indicated 
in Fig. 1. 

The properties of active supernatants differ from 
those of phage suspensions in that no individual 
plaques are ever produced, activity is diffusable in 
agar (Fig. 1) and bactericidal titres are not affected 
by boiling for 15 min. The pH of the supernatants 
varies between 3-6 and 4-1, but activity is not affected 
by adjusting to pH 7 and/or conducting the tests on 
agar buffered to pH 7 with 1 per cent phosphates. 
In subsequent work the pH of supernatants was 
adjusted to 6:8. Microscopical observation of sensi- 
tive eultures treated with active supernatants demon- 
strated that the bactericidal action is not due to 
bacteriolysis and may correspond to the mode of 
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action of colicins Particular attention was paid to 
avoiding the pitfall of mistakmg this inhibition of 
catalase-negative organisms for the mere action of 
hydrogen peroxide which may have accumulated m 
the supernatants  Usmg the methods of Coulthard 
et al*, the hydrogen peroxide sensitivity of various 
strains was determined In no case 1s an inhibitory 
strain more resistant to hydrogen peroxide than its 
indicator lactobacilli and it 1s sometimes more sensı- 
tive Activity 1s not diminished by pre-incubating the 
supernatants with 0 1 per cent catalase (British Drug 
Houses) or using indicator strams seeded on agar 
supplemented with 10 per cent fresh rabbit serum 
Furthermore, it is possible to merease the titre of 
supernatants considerably by dialysis against 30 
per cent polyethylene glycol Activity 1s not extract- 
able with ether but is precipitated by saturated 
ammonium sulphate and also by ethanol The anti- 
biotics often attain maximal bactericidal titres ın the 
supernatants of overnight cultures Titres may 
decline on further incubation, and the detection of 
twelve antibiotic-producing cultures with the use of 
10-day-old supernatants must be regarded as a 
minimal finding The antibacterial spectrum of the 
twelve supernatants (concentrated by ammonium 
sulphate precipitation) was tested on other members 
of the family Lactobacteriaceae, various entero- 
bacteria and staphylococci A few strams of D 
pneumonae and many isolates of enterococci are 
susceptible to a number of these antibiotics Entero- 
bacteria and staphylococci: appear to be immune 
The action of these antibiotics thus appears restricted 
to certam members of the family Lactobacteriaceae 
m much the same way as colicine activity 18 confined 
to the family Enterobacteriaceae 
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Apart from the spectrum of activity, no other 
differences have been noted between antibiotics 
derived from the eleven homofermentative strams 
and the single heterofermentative species Reactions 
to these antibiotics may serve as a useful complement 
to phage-typimg schemes of lactobacilli? 

Vincent e? al? have considered the claims of 
workers who reported antibiotic effects produced by 
various homofermentative lactobacilli They con- 
elude that the hydrogen peroxide effect can only be 
excluded m the report of Grossowies et alt and in 
thew own particular case The antibiotic reported 
by Grossowies et al 1s produced by an unidentified 
homofermentative lactobacillus and 1s soluble ın ether 
It is active on a large series of organisms but no 
activity against lactobacilli is indicated The anti- 
biotic described by Vincent et al is produced by 
strains of L acedophilus It ıs only produced by aged 
agar cultures, 1s mactivated by ethanol and possesses 
a wide spectrum, includmg activity on certain L 
acidophilus strams 

The antibiotics described here differ ın many 
respects from the two just mentioned How their 
activity influences the ecology of natural populations 
of lactobacilli remains to be determined 

This work 1s submitted with the permission of 
Prof C L de Jager, honorary director of the Nutri- 
tion and Dental Health Research Group of the South 
African Council for Scientific and Industrial Research 
agit N , de Klerk, H C, and Sacks, T G, Nature, 187, 348 
* Coulthard, C E, Michaelis, R , Short, W F , Sykes, G , Skrimshire, 

G E H, Standfast, A F B, Birkinshaw, J H , and Raistrick, 
H, Biochem J, 39, 24 (1945) 
3 Vincent, J G, Veomett, R. L, and Riley, F, J Bact , 78, 477 (1959) 


* Grossowies, N , Kaplan, D , and Schneerson, S , Proc Fourth Intern 
Congr Miwrobwl , 137 (Bio de Janeiro, 1947) 


AGENTS WITH HIGH ACTIVITY AGAINST TYPE 2 POLIOVIRUS 


By Dk D G. O'SULLIVAN and Dk P W SADLER 
Middlesex Hospital Medical School, London, W.1 


SATIN-8-thiosemicarbazone (I , E, = E, = H) and 

some derivatives im which the termunal amuno- 
group remains unsubstituted (that is, I; Ra = H) 
have high selective activity agamst neurovaceinia!, 
alastrim?, rabbitpox (1n tissue culture)? and smallpox’, 
but show no inhibiting propensities towards ectro- 
mela*. When, however, both hydrogen atoms at 
the end of the side-chain have been replaced by alkyl 
groups (I, R, = alkyl), marked activity agamst ectro- 
melia 18 introduced, but the compounds now have 
no inhibiting action agamst vacemia5 — Followmg 
these observations on the effect of isatin derivatives 
on pox viruses contaming deoxyribonucleic acid 
(DNA), assays have been carried out using entero- 
viruses eontamung ribonucleic acid (RNA) Here 
again an interesting difference 1s observed Most 
compounds were mactive agaist type l poliovirus, 
but compounds possessing two substituents on the 


C=N NH CS N&R, N 
| I: ww 
^00 H 
N N Mp 
Ri H e 


terminal amıno-group (I, R, = alkyl) exhibited high 
activity against type 2 poliovirus 

Tamm and his co-workers? have recently studied 
and surveyed activities of promising compounds 
(benzimidazoles and benzotriazoles) towards polo- 
virus type 2 and have concluded that, although many 
compounds show purely mhibitory action, only 
2-(a-hydroxybenzyl)-benzimidazole (II; R, = Ph, 
R, = OH) and its 5-chloro derrvative are potentially 
useful, 1n view of their selective action on the virus 
As 2-hydroxymethylbenzimidazole (II, A, = H, 
R, = OH) and the 2-(«-hydroxyethyl)-compound 
(II; R, = Me, E, = OH) are both mactive, and as the 
2-benzyl derivative shows shght activity, the pre- 
sense of both the benzyl group and a suitably sited 
hydroxyl group are probably necessary for useful 
activity m this particular series 

As 1l-methyl-4’- 4’-dibutylisatin -B - thiosemicarb- 
azone (IIT) at 30 uM concentration and 2-(«-hydroxy- 
benzyl)-benzimidazole at 100 uM concentration have 
similar effects on poliovirus type 2 in tissue culture 
(Fig 1), the structures were examuned for comparable 
features The mfra-red spectrum? shows the pfe- 
sence of intramolecular hydrogen bonding in the 
isatin derivative (III), and mtramolecular hydrogen 
bonds are also possible ın the benzimidazole (IV) 
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Average of reciprocals of survival times (days!) 





1 2 8 
Logis (virus dilution) 
Fig 1 Poliovirus type 2 assays Variation of average reciprocals 
of survival times (in days) with logarıthms of virus dilutions 
(in presence of 50 per cent of maximum tolerated dose of different 


compounds) (1) Control line without antiviral compound 
(2) 2-(o-Hydroxyphenyl)-benzimidazole (10 uM) (3) 2-(p-Hy- 
droxybenzyl)benzimidazole (100 4M) (4) 1-Methyl-4’ $- 
dibutylisatin-8-thiosemicarbazone (30 4M) (5) 2-(o-Hydroxy- 
benzyl)-benzimidazole (50 uM) (6) 2-(a-Hydroxvbenzyl)-benz- 
mmidazole (100 4M) For clarity, experimental points have been 
included only for line 3 (squares), line 4 (dots), line 5 (crosses), 
and for the control line (circles) 


In the latter case, however, this bonding will be weak 
in view of the stram present in the small rig and 
m view of the strong tendency of benzimidazole 
derivatives to form mtermolecular hydrogen bonds? 

To shed further light on this, some related benzi- 
mudazoles were synthesized and tested. 2-(o-Hy- 
droxybenzyl)-benzimidazole (V), which possesses the 
benzyl substituent and a hydroxyl group im the 
neighbourhood of the nitrogen atom, should form a 
similar, but shghtly stronger, ntramolecular hydrogen 
bond to that m compound (IV) Tissue culture 
experiments, described later, show that the o-hydroxy 
compound (V) has a simular selective action against 
pohovirus type 2 to that exerted by the «-hydroxy 
compound (IV) (see Fig 1) 

The hydrogen-bonding hypothesis was further 
examined by assaying the p-hydroxybenzyl- and the 
o-hydroxyphenyl-benzimidazoles (VI) and (VII) re- 
spectively 

Lhe p-hydroxy compound (VI) 1s incapable of 
forming any intramolecular hydrogen bonds, but can 


N 
f CZL \N—CS NBu, 
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associate by intermolecular hydrogen bonds Bearing 
in mind the low activity of 2-benzylbenzimidazole 
itself, some activity might be expected in the 
p-hydroxy compound, but, if the existence of an 
mtramolecular hydrogen bond 1s of importance, 
then the activity should be low Fig 1 shows that 
the activity of this compound 1s considerably less 
than that of the -hydroxy compound (IV) 

If the benzyl substituent were important for high 
activity m this series, then its absence from the 
o-hydroxyphenyl compound (VII) would affect the 
potential activity This compound can, of course, 
form intramolecular hydrogen bonds of reasonable 
strength Fig 1 shows that the activity ıs less than 
that of the p-hydroxybenzyl compound (VI) This 
result indicates that replacement of the henzyl group 
by a phenyl group reduces activity, and, consequently, 
conjugation between the benzimidazole and benzene 
rings may be detrimental to the antiviral action 
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(VII) 


Eggers and Tamm”? have shown that the «-hydroxy 
compound (IV) acts by mhibiiing virus multiplica- 
tion Now the presence of utramolecular hydrogen 
bonding 1s a feature common to all antiviral agents 
of high activity m both the 1satm--thiosemiearbazone 
and the benzimidazole series Thus ıt 18 probable 
that an active compound either chelates with a trace 
metal or forms mtermolecular hydrogen bonds with 
some key molecule mvolved in the inclusion of 
nuclear DNA or permuclear RNA into moomplete 
virus particles Many simple benzimidazoles*® and 
benzotriazoles" of lower activity® cannot form mtra- 
molecular hydrogen bonds, hut have been shown by 
their infra-red spectra to form mtermolecular 
N—H N Imks Strong, but non-specific, bond- 
ing to protem 1s possible with these compounds 

2-(o-Hydroxybenzyl)-benzimidazole was prepared 
by heating under reflux o-phenylenediamine (1 mole) 
and o-hydroxyphenylacetic acid (1 mole) with 2 N 
hydrochloric acid (2 moles) for 20 hr The hydro- 
chloride, meltmg point 130°, erystalhzed on cooling 
After dissolving ın water and making alkaline, 
2-(o-hydroxybenzyl)-benzimidazole was obtained 
which, on crystallizmg from aqueous ethanol, had 
a melting pomt of 229? (found C, 747, H, 52, 
N, 121, CHNO requires C, 750, H, 54, N, 
12 5 per cent) 

2-(p-Hydroxybenzyl)-benzimidazole was prepared 
in & similar way using p-hydroxyphenylacetic acid 
After erystalizing from aqueous ethanol, it had a 
melting pomt of 270° (found C, 748, H, 52; 
N, 121 CHNO requires C, 750, H, 54, N, 
12 5 per cent) 
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2-(o-Hydroxyphenyl)-benzimidazole, melting point 
231?, was prepared by the method of Hubner?, and 
2-(a-hydroxybenzyl)-benzimidazole, melting pomt 
201°, as described by Bıstzyckı and Przeworski", 

Antiviral assays were determined in tissue culture 
experiments Monolayers of ERK 1 cells? were grown 
in a number of tubes using ELP medium? After 
three days, the media were replaced by otherwise 
identical media, but contaming half the maximum 
tolerated dose of the test compound Test com- 
pounds were absent from control tubes Different 
dilutions (ten-fold) of the virus were added to the 
tubes, which were then rolled continuously at 37° 
and examined twice daily for signs of cytopathic 
effects The end-pomt was taken when half the 
cells were affected Average of reciprocals of survival 
time was plotted agaist the logarithm of the virus 
dilution (Fig 1) Relative activities of compounds 
are given by displacement (to the left) of the hne 
from that for the standard" 

The results obtained indicate that both l-methyl- 
4’ 4'-dibutyhnsatm-B-thiosemiearbazone (IIT) and 
2-(o-hydroxybenzyl)-benzimidazole (V) have activi- 
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ties against pohovirus type 2 which compare favour- 
ably with those observed with other compounds and 
2-(o-hydroxybenzyl)-benzmuidazole shows consider- 
able promise as an agent agamst poliovirus type 2 

We thank Dr A P. Goffe, who landly supplied 
the viruses (type 1 strain Sc, 2 ab, type 2 stram 
P 712 Ch, 2 ab) used ın the assays, and Dr F W 
Sheffield for his generous advice. 
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RESPONSE OF CATFISH BARBELS TO TASTE STIMULI 
By HIDEKI TATEDA* 


Department of Biological Sciences, Florida State University, Tallahassee, Florida 


ASTE buds were first discovered and their 
function correctly interpreted by Weber? on 
carp, and 1t was not until 1867 that Schwalbe? and 
Loven? discovered independently similar taste organs 
on the tongues of mammals Such taste-buds are 
found over certain areas of the skin of some fish, 
and are mnervated by branches of the facial, glosso- 
pharyngeal and vagal nerves (Herrick*) In the cat- 
fish, these buds are abundant on the barbel, though 
they are also scattered over the whole body surface 
Using behavioural techniques, Herrick* and Parker? 
studied the effect of applying chemical stimuli to the 
barbel, and confirmed that these buds are chemosen- 
sory organs Later Hoagland® attempted to study 
chemoreception m the catfish electrophysiologically, 
but although he recorded activity from tactile fibres 
of the facial nerve mnervatmg the barbel, he could 
record no spikes from the chemosensory fibres 
However, he did detect an increase of neural activity 
through the audio-system This suggests that, with 
the more refined techniques now available, responses 
from these fibres might be recorded, and in the present 
work this was attempted 
The freshwater catfish (Amewrus melas) used 
weighed 200-300 gm The fish was first anzs- 
thetized by dipping into 003 per cent tricame 
methanesulphonate solution for a few minutes, then 
transferred into 0 015 per cent tricaine solution and 
its head stabilized by a holder In order to stimu- 
late the nasal barblet and record electrophysiologic- 
ally, the dorsal region of the head was exposed to 
ar (Fig 1) Only nasal barblets were used, since 
no response to chemical stimuli could be elicited from 
the maxillary barblet After removal of the skm 
near the basal region of the barblet, the branch of 
the facial nerve to the barblet was isolated from the 


* Present address Department of Biology, Faculty of Science, 
Kyushu University, Fukuoka, Japan 


surrounding tissue and severed centrally The nerve 
bundle was usually divided into small bundles, and 
one of them was placed on platinum electrodes to 
record the neural response Both nerve and elec- 
trodes were covered with muneral oi, and the elec- 
trodes connected with an ac pre-amplifier, followed 
by a cathode-ray oscilloscope and electronic sum- 
mator to quantify the neural response (Beidler’) 
The stimulating solution was allowed to flow slowly 
into a special chamber which surrounded the 
barblet The barblet was washed with water after 
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Fig 1 Preparation for recording neural activity from the facial 

nerve in response to chemical stimulation, B, a nasal barblet, 

F, a flow chamber through which stimulating solution flows, 

AN, a bianch of the facial nerve , E, a pair of platinum recording 
electrodes , H, animal holder 
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each stimulation The responses to adequate con- 
centrations of chemicals were reproducible for several 
hours, if the blood supply were intact 

Hoagland! assumed that spikes from the tactile 
fibres were larger than those from the chemosensory 
fibres However, the present 1iesults show that 
many spikes caused by rapid flow of solution are of 
the same order of magnitude as those recorded from 
chemosensory fibres (Fig 2), although some of them 
are larger Since the rapid flow of solution causes 
a short burst of activity of such tactile fibres, only 
a gentle flow of solution was used 
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Fig 2  Spikes from the facial nerve, which includes a few intact 

nerve fibres A, responses of tactile fibres to rapid flow of tap 

water, B, responses of chemosensory fibres to 1 AM sodium 

ehlonde The record shown in B was obtained after cutting 
the tactile fibres 1n the nerve used for record A 


Application of sodium chloride resulted m a train 
of spikes which continued throughout stimulation 
The summated responses to various concentrations 
of sodium chloride are shown m Fig 3, while in 


A B G D E F G 
1 MIN 
b n N i 
i 
wee M LUZ 
Fig 3  Summated iesponse to tap water (4) and to sodium 


chloride of 01 M (B), 0 2 M (C), 025 M (D, 04 M (E,05 M (P) 
and 10 M (G) 


Fig 4a, the responses are plotted against concen- 
trations of various salts sodium chloride, potassium 
chloride, lthrum chloride and ammonium chlonde 
The maximum height of the integrated response to 
each stimulus was used as & measure of the mag- 
nitude of response It is interesting to note that 
potassium chloride is more effective for catfish than 
1s sodium chloride, which agrees with results obtamed 
from carnivores, but 18 in contrast to those obtained 
from rodents (Beidler et al?) The mean value of 


response to 0 25 M sodium chloride 


th t $$ 
Nee response to 025 M potassium chloride 
is 036 Thresholds for these salts are about 01 M 


(Fig 4a) ‘This value 1s comparable with that of 0 1 M 
obtamed behaviourally by Stieck® for the munnow 
and that of about 01 M obtamed by Koketsu and 
Kimura?® for the frog, but ıs higher than that of 
0 002 M for the rat obtaimed by Beidler?  Divalent 
alkali salts of greater concentration than 0 5 M pro- 
duce an irreversible reduction of activity, but the 
maximum magnitude of their response 1s not as large 
as that to potassium chloride The effect of different 
anions was tested by using the sodium salts, sodium 
chloride, sodium bromide, sodium nitrate, sodium 
sulphate and sodium citrate The magnitude of 
response to equi-normal concentrations of these salts 
was alrnost identical except the response to sodium 
sulphate, which was smaller than that to the other 
salts (Fig 46) Application of hydrochloric acid 
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Fig 4 q, relationship between summated response and con- 
centration of chloride salts, b, relationship between summated 
response and concentration of sodium salts 


elicited a large initial burst of 1mpulses which declined 
rapidly unti, within 10-20 sec after application, 
almost no spike activity remaimed ‘The threshold 
for hydrochloric acid was about 00005-0001 M, 
which ıs much higher than that of 000001 M 
obtamed behaviouraly by Allison and Cole? for 
the kilhfish, but ıs comparable with that of 0 001 M 
or less for the rat’s tongue obtamed electrophysio- 
logically by me Hydrochloric acid, 0 01 M or higher 
in concentration, caused an irreversible reduction 
ofresponse Maximum response to 20m M quinine hy- 
drochloride- was reached in ten or more seconds after 
application of the stimulus, and spike activity con- 
tinued for a short time after washing the barblet 
with water, although no irreversible change ın recep- 
tor activity was observed 

I am grateful to Dr Lloyd M Beidler for his kind 
suggestions and criticisms 

This work was supported by a contract between the 
Office of Naval Research and Florida State University. 
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LETTERS TO THE EDITORS 


GEOPHYSICS 


Diurnal Variation of High-latitude 
Auroral Frequency on Magnetically Quiet 
and Disturbed Days 
Durine the winters of 1957-58 and 1958-59 an 
all-sky camera was operated by the Danish Meteoro- 
logical Institute at Nord m Greenland (geographical 
co-ordinates 816° N, 3434° E, geomagnetic 

co-ordinates 80 9° N , 134 5° E) 


0 3 6 9 12 15 18 21 24 





% 


Quiet 


100 


50 


100 


50 


~ 


Fig 1 


Followmg a proposal by Stoffregen! the sky was 
divided mto sectors north (N), between 80° and 60? 
northern zenith distance, zenith (Z), between 60? 
northern and 60? southern zenith distance, &nd south 
(S), between 60° and 80° southern zenith distance, 
north being defined here as the direction perpendicu- 
lar to the auroral isochasm? through the station, 
geographically this direction 1s approximately west- 
north-west 

Fig 1 shows the diurnal variation of auroral 
frequency m the three sectors on international quiet 
and disturbed days, respectively It ıs seen that 
zenithal aurorz are most frequent in the day hours of 
international quiet days, with two principal maxima 
at about 5 and 13-14 hr ur On international dis- 
turbed days these aurore are less frequent In S the 
quiet day variation similarly shows two distinct 


maxima, at about 6 and 11-12 hr v T, whereas the 
variation on disturbed days ıs of a different shape, 
with a smgle maximum at about 9 hr u T, that 1s, 
near magnetic noon 1n the Mayaud system? Smaller 
peaks at 9 hr may be seen 1n the diurnal variation on. 
disturbed days at Z as well as at N 

It 1s proposed that the observation should be mter- 
preted as follows 

At magnetic noon the auroral zone 1s situated not 
far to the south of the station When on magnetically 
disturbed days the auroral incidence near the zone 
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Diurnal variation auroral frequency, Nord, 1957-59 


increases, the zone broadens and zonal aurore are 
observed from the station near magnetic noon 

The aurore which are observed above the station 
on quiet days become less frequent on disturbed days, 
possibly due to some sort of modulation effect 
They may be said to belong to a special polar 
population (inner auroral zone), or what may be the 
same ın other words, to form a quiet-day appendix 
to the day-time part of the main auroral zone. 


KNUD LASSEN 
Geophysical Section, 


Danish Meteorological Institute, 
Esplanaden 15, 
Copenhagen : 
a Soe W, Medd Uppsala Ionosfarobservatonum, Rep No 5 
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ASTROPHYSICS 


Megashatter Cone Hypothesis of the Origin 
of Lunar Volcanoes 


I BELONG to the school that interprets the main 
observable lunar topographical features as the result 
of impacts with asteroids and comets To proponents 
of this belief, a stunning blow was delivered ın 1959 
when Kuiper! exhibited, during a space symposium 
in Washington, his beautiful pictures of small features 
that just could not be impact explosion craters The 
discovery of release of carbon dioxide gas also 
strengthened the picture of some mternal lunar 
feature through which gas could be released 

Now another possibility occurs that the lunar 
volcanoes are not volcanoes at all, but extremely large 
shatter cones (which will be referred to as megacones 
or megamegacones) produced by the shock-waves 
resulting from impact of an asteroid These would 
appear as stumps 1n the cential uplifts of very ancient 
eroded lunar craters, namely, lunar astroblemes 
Dietz? has found terrestrial shatter cones as large as 
6 ft long m the Kentland, Indiana, 'eryptovoleanie' 
structure He proposed the term ‘astrobleme’ for 
features of the Kentland type 

It ıs proposed that megacones of extremely large 
size exist and that these are composed of the smaller 
groups of shatter cones discussed in refs 3 and 4 
It 1s proposed that the roots of a central uplift m a 
crater formed by a large 1mpaet explosion produced 
by a niekel-iron asteroid consist of a megamegacone 
in turn composed of many concentrically arranged 
megacones all origmally pomting upwards and inward 
toward the centre of impact Most of these will have 
been almost instantly blown outward leaving a centre 
region filled with explosion breccia and/or devitrified. 
impact glass. If glass ıs present, ıt will undoubtedly 
contain small spherulites of nickel—iron vapour 

The rebound after impaet will lft up this root 
structure a considerable distance, however, 1t would 
always remain below the origmal lunar surface. 
Hydrodynamic forces resulting from the melting of 
the original ground-mass under extreme pressure and 
plastic flow of breccia dust produced would also tend. 
to force the cone structure upward and. outward 
This megamegacone structure would then consist of 
somewhat tilted megacones with vertically up-ended 
ground-mass and breccia filhng the voids between 
megacones during the original uplift 

After a couple of billion years one would expect 
that erosion of the uncompressed shattered matter 
around the stronger megacones would be removed as 
dust by methods as proposed by Gold5 for a few 
craters at least Shock of later impacts might also 
tend to unearth the buried compressed megacones by 
scattering the enclosing dust and exposing the 
voleano-shaped structure A crater-like centre might 
be present in the original megamegacone because of 
the upward and outward thrust of its megacone 
components and the shape charge type of ejection of 
matter from the final rest pomt of the asteroid Ifthe 
voleano-like lunar structures are megacones, then 
their geometry may be a clue to their mineralogical 
composition and to the general selenology of the 
Moon If the subsurface features of the Moon are 
largely strained, compressed, cone-hke buried struc- 
tures, then the shallow seismic effects of these regions 
may be predicted by a study of simular terrestrial 
features Sharp, shattered rocks would be expected 
to be present near megacones because of gradual 
flaking from the compressed, material resulting m the 
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well-known small shatter-cone shapes and dust The 
shattered nature of lunar astroblemes would probably 
promote faster dust formation by action of the 
extreme variations of temperature during lunar day 
and night than by the radiation damage mechanism 
proposed inref 5 

This work 18 supported by National Aeronautic and. 
Space Admunistration research grant NsG-57—60 

A J COHEN 
Mellon Institute, 

Pittsburgh 13, Pennsylvania 
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Sun-Earth Relations and Associated 
Periodicities 

PERIODICITIES of less than 27 days ın geophysical 
disturbance data have been investigated for many 
years, with conclusive results, due to mbherent 
difficulties m determming the statistical significance 
of the computations However, there 1s now an 
Increasing amount of evidence, arising from the 
examination of mdependent data samples, to support 
the existence of such periodicities Some of the recent 
evidence 18 summarized here 

Auto-correlation of the 3-hourly magnetic planetary 
index a», during short moderately disturbed mtervals 
m 1952, disclosed periods of from one to four days? 
Moreover, the times of occurrence of magnetic 
impulses seemed to be closely connected with the 
amplitude of these periodicities, and with changes 
from one periodicity to another 

Ward? computed the variance spectrum of the daily 
Ci, Ky, and A» indices for some portions of 1941-56, 
and found periods of 27/n days, with n = 1, 2, 3, 4, 5 
and 6 No interpretation of the overtones of the 
27-day period was given 

An examination has been made of the time separa- 
tion, AT, between 817 magnetic umpulses occurring 
during 1949-59 Intervals of up to 70 days were 
tabulated The declming portion of the sunspot cycle, 
1949-54, shows maxima m the number of occur- 
rences N(AT) at about the period of solar rotation 
Smnilar maxima do not occur m N( AT) durmg 1955— 
59 The same data were examined for higher frequen- 
cles, using & one-day running average During 1949— 
54, m addition to the solar rotation maxima, other 
maxima in N (AT) occur at multiples of about 34 days 
Similar maxima during 1955-59 occur at multiples of 
about 3 days (Fig 1) This periodicity m N( AT) was 
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during the International Geophysical Year 


particularly stiong durmg the International Geo- 
physical Year, and the mean period was 2% days 
(Fig. 2) The data were insufficient to investigate 
periods of less than one day. 

A separate investigation® was made of the time 
separation, Az, between the occurrence of solar flares 
and magnetic SSC impulses durmg the International 
Geophysical Year All flares sted, from 1- to 3+, were 
given equal weight in the analysis Intervals of up to 
14 days were tabulated to the nearest + day, from 
SSC to flare (— Az), as well as from flare to SSC 
(+ At) The N(+ At) curves show a l}-day 
periodicity which 1s not present im N(— Az), and 
which could conceivably arise from the transit time 
of a disturbance from Sun to Earth Removal 
of the 12-day component leaves a 3-day periodicity 
m N({+ At) of about the same amplitude as a 24- 
day periodicity in N(—At) It could not be determ- 
ined from this analysis whether the above difference 
between 24 and 3 days is significant A one-day 
periodicity in the International Geophysical Year 
flare hstangs* made 16 1mpossible to decide whether the 
N(A t) contain a non-spurious one-day component. 

The above periodicities in the time separation 
between geophysical disturbance data may be 
significant ın the mterpretation of statistical examina- 
tion of upper atmospheric disturbances It was 
previously suggested! that the 1—4-day periodicities in 
ap were consistent with repeated Sun—Earth transits of 
a hydromagnetic wave Although this 1s still a possi- 
bihty, ıt now seems probable that the observed 
periodicities are more directly related to the timing 
of solar disturbance events The solar flare to SSC 
time analysis indicates that such solar disturbance 
events may occur within } day of flare times, and this 
investigation 18 contimuing 

IRVINE PAGHIS 
Defence Research 
Telecommunications Establishment, 
Ottawa, Canada 
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Possible Solar Flare Effects in the F 
Region of the lonosphere 


I HAVE read with interest the recent communication 
by Knecht and Davies on this subject? which 
reports a series of large solar flares accompanied 
by marked effects in the F region of the 10nosphere 
A. particular feature ıs that the ionospheric effects 
and the flares are simultaneous only at isolated 
locations 

In this connexion, I should like to direct attention 
to & communication by Martyn, Munro, Higgs and 
Wiliams? In that communication a correlation 
appeared to be established perhaps even more clearly 
than m the communication by Knecht and Davies. 
I write, however, not to claim priority of discovery 
but to report subsequent developments which 
considerably modified the conclusions in that com- 
munication Contmuation of that work brought to 
light two very significant new facts It was found 
that the ionospheric disturbances occurred much 
more frequently than solar flares, and, even more 
important, that they almost always appeared at 
Canberra and Sydney with an appreciable time 
difference They were, 1n fact, travelling disturbances 
It becomes obvious, therefore, that there ıs a high 
probability, at any smgle pomt, of a disturbance 
occurring close to the time of a flare and an even 
higher one of a comcidence somewhere 

When the War began in 1939, much research work, 
mcludmg the above, ceased Moreover, publication of 
scientific results was also largely hibited until after 
the War, and, ionospheric literature and history tend 
to start from that epoch, after a gap of some seven 
years 

These results, therefore, though reported locally 
to the Radio Research Board, were never published 
When tonospheric work was resumed at this Labora- 
tory in 1947 attention soon became directed to 
ionospherie travelling disturbances*, and it was 
realized they were the same phenomena observed 
earler. 

The characteristics of such disturbances have now 
been very fully mvestigated here’, and them manı- 
festations are becoming more familiar in a variety 
of ionospheric investigations throughout the world, 
particularly as a result of work done during the 
International Geophysical Year Then effects on 
1onosonde records are similar to those shown in 
Fig 1 of Knecht and Davies’s communication 
and they can also cause changes m frequency of 
the signals received by an ionospheric path as m 
them Fig 2 

It would seem that since the 10nosphertie effects of a 
solar flare are due to ultra-violet radiation they should 
all be observed simultaneously over the sunlit surface 
of the Earth 

I would urge the authors, ın ther further work, to 
give very careful consideration to these aspects Fora 
correlation to have scientific value ıt must be signifi- 
cant both statistically and physically. 


G H Munro 


Radıo Research Board Laboratory, 
School of Electrical Engineermg, 
University of Sydney 
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Dr. Munro’s scepticism regarding our recent 
suggestion! that cortam large flares are associated 
with effects in the F region of the ionosphere 1s under- 
standable As he pomts out, a solar photon pheno- 
menon of this type would be expected to be evident 
over the entire sunlit hemisphere and not only at one 
or two isolated stations However, since the sub- 
mission of our original communication, our work has 
revealed several new facts which may help to account 
for this apparent non-uniformity 

First, from further exammation of vertical sound- 
ings data, 1t appears that F region flare effects some- 
times do occur simultaneously at a number of sunlit 
hemisphere stations The difficulty, of course, 1s to be 
able to determine with any degree of certainty 
whether or not an effect actually occurred m the 
presence of the normal variability of the F region and 
the flare-associated increase in D region absorption 
which usually 18 responsible for the loss of several 
crucial F region observations These factors, eoupled 
with the relative infrequency of large flares, are 
undoubtedly responsible for the fact that the F region 
flare effect phenomenon has been so infrequently 
recognized in the past 

The second new point concerns the height of the F2 
layer Just prior to the beginning of the flare We have 
found a strong tendency for the F region solar flare 
effect to occur only at those locations where the height 
of the F2 maximum electron density level (Ama, ) 
at the time of the flare 1s relatively low (less than 
about 315 km ) 

The flare of November 12, 1960, has been chosen to 
ilustrate these points Fifteen-minute values of F2 
layer penetration frequency (foF2) are shown for sıx 
sunlit sounding stations m Fig 1 The stations are 
arranged in order of increasing imax as determmed 
by the manual 10-pomt method The time at which 
the flare begins (1323 v T ) 18 shown by an arrow on the 
time-scale Considermg  pre-flare and  post-flare 
trends, 16 seems clear that a flare-associated increase m 
penetration frequency, which 1s related to maximum 
electron density, oceurred at at least four of the 
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Fig 1 Variations in F2 layer penetration frequency at six sunlit 
sounding stations during the large solar flare of November 12, 
Arrow marks flare beginning 
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stations (San Salvador, Reykjavik, Belvo and 
Talara) Flare-associated increases probably did not 
occur at Huancayo and Concepcion Note that the 
magnitude of the flare effect discontinuity seems to 
vary inversely with hmax This 1s what would be 
expected on the simple picture where the flare 
radiations have peak ionization-rates at a level 
significantly below the F2 layer, the rates falling off 
exponentially with mcreasing height above this level 

Because of the simultaneity of the increases over 
distances of 10,000 km or more, the possibilty that 
the effects shown in Fig 1 are due to travelling 10no- 
sphere disturbances 1s, it seems to us, extremely 
remote. Moreover, travelling disturbances can be 
rather conclusively eliminated as the cause of even 
some single station occurrences, like that shown in our 
earlier communication! for Adak, Alaska, durmg the 
flare of November 15, 1960, smce, durmg the 23- 
year period from July 1957 until December 1959, 
on only one day were occurrences of discontinuities in 
fo F2 of this magnitude (1 5 Me /s increase in 15 mmn ) 
observed durmg the corresponding period (1200- 
1800 rst) To have one of the largest F2 layer 
travelling disturbances that occur at Adak pass over 
the station at almost exactly the same time as the 
occurrence of a large and relatively rare type of solar 
flare would seem fortuitous mdeed Also, according 
to the earlier work by Munro and Heisler’, travelling 
disturbances always take the form of first a reduction 
in penetration frequency and then an mcrease whereas 
in the present phenomena the merease occurs first 
Lastly, on the 1onograms travelling disturbances are 
generally seen as additional cusps near the penetration 
frequency Cusps of this type have not been observed 
on the 10nograms following the solar flare events. 

Miss R E McDuffie has contributed substantially 
to the work discussed m this communication. 


R W KNECHT 
K Davies 
National Bureau of Standards, 
Boulder, Colorado 


1 Knecht, R , and Davies, K , Nature, 190, 797 (1961). 
* Munro, G H, and Hessler, L H, Austral J Phys , 9, 343 (1956) 
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Interstellar and Interplanetary 
Communication by Optical Masers 


In Nature of April 15, 1961, p 205, reference 1s 
made to seven stars of nearly the same luminosity 
and spectral characteristic as our Sun within 10 light 
years. Apparently this erroneous statement 1s derived 
from an earher general statement in Nature, 
September 19, 1959, p 844, except that 15 hght years 
was changed to 10 light years 

Even within 15 hght years, theie 1s only one star 
with 'fnearly the same lumunosity and spectral 
characteristic as our Sun", namely, the brighter 
component of the Alpha Centauri system, while 
possibly one other may be considered to qualify, 
namely Tau Ceti, with a luminosity of 36 per cent of 
E Sun and spectral type G4 (mstead of GO for the 

un) 
PETER VAN DE KAMP 

Sproul Observatory, 
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WHERE the stars hsted by Coccom and Morrison 
are referred to m our article, 10 hght years was 
erroneously written for 15 hght years as noted by 
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Dr van de Kamp Even this 1s not strictly correct, 
since one of the distances 1s as large as 16 5 hght years 
But these differences are not crucial for our purposes 

The question whether certam stars are of ‘nearly 
the same luminosity and spectral characteristic as 
our Sun" is a more interesting one A term such as 
‘nearly’ can have no absolute meanmg and must 
depend on a scale of measurement relevant to the 
discussion at hand For example, 1t would not seem 
out of order for an astronomer to refer to stars 
within 15 light years distance as ‘nearby’ But such 
description may be shocking to a pedestrian when he 
learns that their distance 1s many trillions of miles 
In the case of our discussion, nearness or similarity 
should properly be measured in terms of what might 
be approximately equivalent for the possible develop- 
ment of life on planets somewhat similar to those we 
know On such a scale, ranges of about two magni- 
tudes m lumimosity and with spectral types G and K, 
which cover the stars m question, seem fairly small 
But 1t 1s understandable that Dr van de Kamp, 
accustomed to contexts where a different scale of 
measurement may be appropriate, does not find our 
statement a natural one 

We hope that the actual hst of stars, to which 
reference 1s given, leaves readers 1n no serious doubt 
about the facts 


No 4800 


CHARLES H TOWNES 
ROBERT N SCEWARTZ 
Institute for Defense Analysis, 
1710 H Street, NW, 
Washmgton 6, D C 


PHYSICS 


Dependence of Thermo-stimulated Current 
Curves on Heating Rate 


THE use of thermo-stimulated current and thermo- 
lumineseent (‘glow’) curves, to determine the energy 
distribution and population of traps m insulators and 
semi-conductois, has recently been severely criticized? 
because of the interactions which are now known to 
occur between energy-levels in the forbidden gap 
Neveitheless, ıt has so far been assumed that the 
shape of such curves is only shghtly dependent on 
the heating-rate ın the specimen 

During observations of thermo-stimulated currents 
m a number of cadmium sulphide single crystals 
following irradiation at 90° K with cobalt-60 y-rays, 
we have noted ın one specimen @ current peak, the 
shape of which ıs critically dependent on the rate of 
temperature increase Asshownin Fig 1, the thermo- 
stimulated current curve generally exhibited two 
peaks corresponding to trapping-levels at 0 09 eV and 
018eV determined using tbe formula of Grosswemer? 
For rates of rise in temperature between approxi- 
mately 17? C per mm and 19? C per min a very 
marked increase occuiied ın the amplitude of the 
peak corresponding to the deeper trapping-level, the 
increase appearing as a secondary peak of high 
resolution No significant changes 1n the shapes of the 
two main peaks were observed when the secondary 
peak was present 

If Grosswemer’s formula? is applied to the secondary 
peak, the derived energy-level 1s 10 eV, which 1s 
below the steady-state Fermi-level calculated from 
the dark current at room temperature 

It seems clear that monomolecular and simple 
bimolecular models on which theories of ‘glow’ curves 
have been based in the past?-* do not account for the 
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Fig 1 Typical thermo-stimulated current curves for a cadmium 
sulphide single crystal exhibiting a secondary peak highly sensitive 
to heating-rate 
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present observation, but i6 1s reasonable to assume 
that the high peak ıs associated with a particular 
energy-level of traps, which 1s initially filled and may 
empty either directly mto the conduction band or 
indirectly through a second energy-level which 1s 
initially empty 

To account for the observation two possible models, 
shown in Figs 2 and 3, are suggested 

In the first model, Fig 2, electrons are assumed to 
be held ın traps of incieasmg depth E, to En Its 
also assumed that the escape frequency factor 
increases with depth of trap At low heating rates 
electrons are released directly into the conduction 
band from #, to Hn ın turn, giving a broad thermo- 
stimulated current peak At high heating rates 
electrons are released from En to E, ın turn, again 
giving a broad peak For particular values of trap 
depths and escape frequency factors, a high degree of 
simultaneous release may occur for a narrow range of 
intermediate heating rates resulting m a current peak 
of the type observed ° 

In the second model, Fig 3, electrons associated 
with the appearance of the anomalous peak aie 
assumed to be held in traps at the level #,, and may be 
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released either directly into the conduction band or 
indirectly through the second level E, with which Æ, 
is spatially associated The probabilities of direct or 
indirect release from Æ, to the conduction band 
depend on the heating rate and the escape frequency 
factors for the two levels 

If the temperature of the crystal 1s raised slowly, 
the peak corresponding to #, does not appear since 
the electrons are al) released indirectly through E, 

At some higher rate of rise of temperature the 
values of the escape frequency factors allow electrons 
from E, to be released directly mto the conduction 
band giving a peak of the type observed 

To account for the disappearance of the peak at 
higher heating rates, a hole trap, Eg, 1s introduced 
and E, 1s also assumed to act as a recombination 
centre 

The escape frequency factor for holes in Fy 1s such 
that, for heating rates below that corresponding to 
the appearance of the anomalous peak, the holes are 
released after the release of the electrons from E, At 
higher heating rates, the holes, which are now released 
first, recombine with electrons at E, so that the 
anomalous peak no longer occurs. 

The accurate evaluation of energy-levels from 
thermo-stimulated current and ‘glow’ curves depends 
on a satisfactory model being available Observa- 
tions such as the present, and those reported by 
Hoogenstraaten?! and by Halpern and Braner‘, 
indicate the hmitations of the method and the care 
which must be exercised m the mterpretation of 


results C Q Crayton 
J B WHITTAKER 
G A Briaes 
T G KELLY 

Wantage Research Laboratory, 
Atomic Energy Research Establishment, 
Wantage, Berks 

1 Hoogenstraaten, W , thesis, University of Amsterdam (1958) 

2 (irossweiner, L I, J App Phys , 24, 1306 (1953) 

3 PD T,and Wilkins, M H F, Proc Roy Soc, A, 184, 347 

4Halperm, A, and Braner, A A, Phys Rev , 117, 408 (1960) 


Electrical Conductivity of Calcium Oxide at 
High Electric Fields 


INTEREST n the study of the electrical properties of 
the alkaline earth oxides as an aid to understanding 
the physics of the oxide-coated cathode has led to an 
extension of work previously carried out on the 
electrical conductivity of calc1um oxide at low electric 
fields: In order to obtain activation energies for the 
conduction processes’, 1b 18 necessary to determine the 
conductance at zero apphed field as a function of 
temperature, but information of some value can be 
obtained from a study of the conductance of the 
cathode material at higher electric fields than those 
commonly employed Reports of mvestigations at 
high fields are much less numerous than those of 
conventional measurements, but the work of Danforth 
and Goldwater? and of Nakai, Inuishi and Tsung-Che* 
may be referred to Of interest 1s the recent investi- 
gation. by Adams and Jacob* on strontium oxide the 
behaviour of its high-field conductance appears to be 
dissimilar to that of barium oxide, the form of the 
graph of conductance versus applied voltage depend- 
1gg strongly on the temperature of the oxide The 
present work on calcium oxide may be of interest m a 
general comparison with results from the other 
alkaline earth oxides 
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Two types of expermmental tube have been used in 
the present work the calcium oxide samples were 
contained between nickel or between platinum 
cathode bases The construction and processing of 
the tubes have been described 1n & previous com- 
rounication! Conductivity currents were measured 
on & galvanometer for applied potentials of up to 
100 V dc,and characteristics of conductivity current 
versus applied potential were traced at various values 
of the sample temperature The conductance of the 
calcium oxide sample at an applied potential V was 
determined by taking the gradient of the characteris- 
tic at the relevant value of V 

Fig 1 shows a typical series of current-voltage 
characteristics for a nickel-based sample of cale1um 
oxide for the range of temperature T of 598—926? K , 
and Fig 2 shows the variation of the conductivity 
with the applied voltage for these curves Currents in 
the voltage- and temperature-ranges shown were 
stable, but at temperatures greater than about 1,000° 
K for this sample the application of potentials 
greater than 10 V was sufficient to cause gross 
instabilities due to breakdown Curves of similar 
form were obtained with platinum-based samples, 
although conductivity currents were smaller as the 
activation process was less effective For the sample 
giving the results ın Figs 1 and 2, the conductivity 
plot obtamed by plotting log c, (where o, 1s the zero- 
field conductivity) versus 1/T shows two approxim- 
ately lmear portions intersecting at about 700? K , 
above this temperature the Loosjes—Vink hypothesis? 
predicts that the current-voltage characteristics 
should be curved towards the applied potential axis, 
and below ıt they should be near Such a difference 
m the form of the characteristics 1s, 1n fact, observed 
The general form of the variation of conductivity with 
apphed potential m the high-temperature region 1s 
broadly the same as that found by Danforth and 
Goldwater? ın pulsed current measurements on barrum 
oxide, strontium oxide and the mixed oxide the 
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Fig 1 Conductivity current-voltage characteristics for a sample 
of calcium oxide 
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Fig 2 Conductivity as a June aon of applied voltage for calc1um 
oxide 
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conductivity decreases to a minimum and then 
increases with increasing field An interesting feature 
of the characteristics 1s the increase 1n conductivity at 
high fields, which 18 observed throughout the tem- 
perature range Curvature of the current-voltage 
characteristics ın this sense might be expected from a 
consideration of the Joule heating effect of the con- 
ductivity current, but an estimate of the orders of 
magnitude of the quantities involved shows that the 
curvature cannot be attributed solely to a heating 
effect In the range of temperatures above 700° K, 
where for this sample the conduction process 1s 
predominantly one of thermionic emission across the 
pores of the oxide, the inerease of conductivity 
current with applied voltage is too rapid to be com- 
pletely accounted for by the Schottky effect The 
fact that sumilar curves are obtamed for nickel- and 
platinum-based samples indicates that the form of the 
characteristics 1s & property of calcium oxide rather 
than of any interface compound which may be 
formed between calcium oxide and the nickel cathode 
base 

A detailed comparison between the results of 
different workers using the various 
oxides 1s not possible Among 
the difficulties involved 1s a satis- 
factory definition of the field 
across the porous specimen, and 
the possibility also exists of differ- 
ences m the porosities of samples 
used by different workers, which 
may cause considerable differ- 
ences in the shape of the charac- 
teristics’, The general conclusions 
reached as a result of the present 
work are that at low electric _ 
fields the shape of conductivity : > s 
current-voltage characteristics for 
calcium oxide agrees with the pre- 
dictions of the Loosjes—Vink hypo- 
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Fig i Infra-red spectrum of 1ead carbonate (‘Vaseline’ mulls) 
with the ‘Vaseline’ bands compensated for by a ‘Vaseline’ sample in the reference 
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thesis, at high fields an inerease ın conductivity 1s. 

observed, sumular to that previously observed in the 

other alkaline earth oxides and m the mixed oxide’, 

and the field- and temperature-dependent effects 

obtamed with strontium oxide? are not found with 

calcium oxide in the temperature-range investigated. 
C H B MEE 

Physical Laboratory, 
University of Southampton 
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A Difference Band of a Fundamental 
and a Lattice Mode in the Infra-red 
Spectra of Lead and Other Carbonates 


LEAD carbonate, PbCO,, crystallizes in the potas- 
sum nitrate structure, space group DIS, with four 


molecules per umt cel! From crystallographic 
considerations, 15 follows that the carbonate 10n 
occupies & site ın the lattice of which the symmetry 
18 Cs The degeneracies of v, and v, are removed by 
the perturbing crystalline field, and all the vibrational 
modes are active 1n the infra-red 

‘Vaseline’ mulls of lead carbonate were prepared 
and the spectra were recorded with a Perkin-Elmer 
model 21 spectrometer fitted with sodium chloride 
optics The frequencies and assignments are given in 
Table 1 and the infra-red spectrum ıs shown in Fig 1 


Table 1 FREQUENCIES AND ASSIGNMENTS OF THE INFRA-RED 


BANDS OF LEAD CARBONATE 


Frequency (cm -?) Relative intensity Assignment 

2,405 vw yi T % 
1,731 Ww ri + n 
1,437 vs i 
1,406 VS 1 
1,053 m vsp »i 

840 S sp Va 

EE m »,.lattice mode 

S 
678 5 P3 


In agreement with the prediction based on the 
crystal structure, the degeneracies of v, and v, have 
been removed and the infra-red inactive v, has 
become infra-red active 

A. small band occurs on the low-frequency wing of 
Ya of the spectra of the following salts 


Lithium carbonate (work 1n this Sodium nitrate (ref 2) 
Laboratory) lithium  ,, (workinthis Lab- 
Sodium 3 ys oratory) 
Potassium  ,, (ref 2) Potassium ,, Ys ji 
Lead E Calcium ,, - PE 
Calcium j5 (ref 2) Barium t a is 
Strontium ,, : $5 


FREQUENCY (cm-l) 
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vı 18 shown 1n detail 
beam of the spectrometer 
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The frequency difference between v, and the small 
band ıs always of the order 10-30 cm -* An explana- 
tion of this phenomenon can be given on the following 
lines The v, mode of planar XO,- 10ns can be deseribed 
by a motion m which the central X atom moves 
perpendicular to the plane of the oxygen atoms This 
corresponds to movements in two directions in the 
crystal if the crystal contains a two-fold axis, and in 
one direction if a three-fold axis is present ‘This 
directional movement 1s only present 1n the case of v; 
It 1s evident that this situation greatly facilitates the 
transfer of energy between the v, vibration and a 
translational lattice mode The result of this coupling 
is that a difference band appears of v, and a trans- 
lational lattice mode From these considerations ıt 
can be predicted that this difference band occurs mn 
the infra-red spectra of all crystals contaiming flat 


XO; 1ons C J H SCHUTTE 
K BUs 
Chemical Physics Group, 
National Physical and 
Chemical Research Laboratories, 
Council for Scientific and 
Industrial Research, 
Pretoria 
1 Landolt-Bornstem, Zahlenwerte und Funktionen 4 (Springer Verlag, 
F m. thesis, Amsterdam (1956) Shultin,A A ,Dokl Akad Nauk 
.S S R 125,767 (1959) assigns the band in NaNO; to a component 
of Davydov splitting of the »-mode This assignment 1s not in 


agreement with the temperature-dependence of the intensity 
which he finds 
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Products of the y-Radiolysis of Aqueous 
Cystine Solutions 


RECENTLY, Markakis and Tappel! determined the 
yields of cysteme, alanine, ammonia, hydrogen 
sulphide, sulphur and sulphate m hydrochloric acid 
solutions of eystine irradiated with y-radiation from 
spent fuel elements However, their results mdicate 
that especially at low doses (« 105 rads) not all the 
radiolytic products were identified The present 
communication describes the identification, of pro- 
ducts in cobalt-60 y-1rradiated unbuffered and 
acidified cystine solutions at relatively low doses 

All solutions were made using doubly-distilled 
water and r-cystine (Mann-assayed grade from Mann 


RA (RF RED TO ALANINE) VALUES OF RADIOLYTIC PRODUCTS 


FROM CYSTINE 
Ra* and (colour) t 


‘Table 1 


Compound Ra* and of spot from 
(colour) t irradiated solution 

Cystine disulphoxide 0 41 (g—b) 0 38 (g-b) 
Cystine 0 54 (g) 0 54 (g) 
Cysteic acid 0 65 (p) 0 65 (p) 
Cysteine sulphinie aeid 0 80 (p) 0 78 (p) 
Alanine 1 00 (p) 1 00 (p) 
Cysteine (uncoupled with NEM) 0 94 (g) 0 94 (pg) 
Cvsteme (coupled with NEM) 1 05 (r) 1 04 (r) 


* m EtOH/H,0/H,SO, (80 20 05) 
Tt, g=grey, b=brown, p=purple, r=rust 
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Research Laboratories, Inc [«]= —216° in M hydro- 
chloric acid) Oxygenation and deoxygenation of 
solutions were effected by bubbling oxygen and nitro- 
gen respectively through the solutions during irradia- 
tion All irradiations were carried out at ambient 
temperature with a dose-rate of about 670 rads/mm In 
order to inhibit cysteine oxidation 1 ml of 01 M 
N-ethyl-malezrmide (NEM) was added to each solution 
(50 ml ) after irradiation Cystine solutions (3 x 10-4 
M) were concentrated (25 fold) at 30-32° C prior to 
spotting on paper for descending chromatography or 
electrophoresis Rad1iolytie products were detected on 
deve.oped chromatograms and electrophoretograms 
using the polychromatic copper nitrate-nmbhydrin 
reagent? 

In most cases excellent separation of ninhydrin- 
positive products was obtained using ethanol/water/ 
sulphuric acid (80 20 05) for chromatography 
Although development with ethanol/wate: (80 20) 
and butanol/acetic acid/water (4 1 5) also yielded 
fair separation of products, the use of a strongly 
acidic solvent seemed desirable in light of the ease of 
hydrolysis of cystine disulphoxide The chromato- 
graphic data and spot colours (Table 1) suggest that 
cystine disulphoxide, cysteice acid, cysteme sulphinic 
acid, alanine and cysteine are radiolytic products 

Although the reaction between NEM and thiols 1s 
known? to proceed more slowly the lower the pH, the 
‘uncoupled cysteine’ spot was not observed in the 
chromatograms of acidified cystine solutions provided 
they were allowed to react with NEM for at least one 
day prior to spotting The presence of cysteic and 
cysteine sulphinic acids in unbuffered solutions was 
confirmed by paper electrophoresis at a number of 
pH values Some confirmation of the identification of 
cystine disulphoxide in certam. irradiated solutions 
follows from the observation that the ‘disulphoxide 
spot’ was absent m chromatograms of aliquots 
(containng no NEM) to which eysteme had been 
added prior to chromatography This 1s to be expec- 
ted since ıt has been, shown’ and confirmed in the 
present work that cysteine reacts with cystine disulph- 
oxide to form cystine and cysteine sulphinic acid 

No precise quantitative analysis of the products 
was attempted and the very approximate G-yields 
listed (Table 2) were deduced from visual comparison 
of the spots from irradiated solutions with those from 
appropriate amino-acid solutions 

In hydrochloric acid solutions estimation of the 
amounts of cysteic acid on chromatograms developed 
with the ethanol/sulphuric acid solvent was not 
possible owing to interference from a grey-blue spot 
with Ra of 07 However, fair separation of the 
cysteic acid/cysteme sulphinic acid fraction from 
other species present was effected with ethanol/water 
(80 20) When this solvent was used, the irradiated 
solutions were first dried to remove hydrochloric acid 
and redissolved m 10-* M acetic acid prior to spotting 
On paper 
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Table 2 PRODUCTS OF IRRADIATED 8 x 10-! M CYSTINE SOLUTIONS (DOSE OF 8 x 10* RADS) 


[Acid] Initial degree 
of oxygenation * 

Unbuffered O RSOSRt 

Unbuffered A 

Unbuffered D 

004 M HCl O RSOSRt 

004M HCl A 

004 M D 

0 02 M H4S0, O RSOSR (0 4), 
. 0 02 M H,SQ, A RSOSRt 

002 M H;SO, D 


* Q, Oxygenated, A, aerated, D, deoxygenated 
T RSO,SR, Cystine disulphoxide, RSO;H, cysteic acid, RSO 
t G-yield < 01 


Productsf and (approx G-yield) 


ASO;,H (11) RSO,Ht RSHt RH} 
RSO3H (12), RSO,H$ SH (09,  RH[Í 
SO; RSO.H (01, RSH (09, RH 
RSO:H (03) RSO,Ht SH (05), RH 
RSO,H (03)  RSO,HÍ ASH (06) RHt 
SOH} RSH (07)  RHi 
RSO;H (15), RSO,.HI RHt 
RSO.H (15), RS0,H1 RSH (04), RHt 
RSO;Ht RSO.Ht RSH (05) RHt 
aH, cysteine sulphinic acid, RSH, cysteme, RH, alaninc 
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Discussion of the results 18 simphfied by assuming 
that the following reactions occur 
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RSSR + OH — RSOH + RS 1) 
RSSR + H — RSH + RS (2) 
RS + RS an RSSR (3) 
B 
AS +X — RSOSRkR + Y (4) 
H + O; > 3 5) 
RSH + RSO,SR — RSO;H + RSSR (6) 
ASH + RSOH — RSSR+H,0 (7) 


The sulphenic acid formed in (1) 1s assumed to be 
oxidized by hydrogen peroxide (or HO,) through the 
sulphinic acid to cysteic acid Reactions (2) and (7) 
would explain the low vields of cysteic acid in deoxy- 
genated solutions In aerated solutions apparently 
oxygen, 1s depleted to such an extent (preliminary 
experiments indicate that in unbuffered aerated 
solutions 18 per cent of the initial oxygen content 
remains after 80,000 rads) that some hydrogen 
atoms are available for reaction (2) Reaction (6) 
helps to maintain high yields of cysteic acid 1n aerated 
solutions and, of course, ensures that high yields of 
cysteine and cystine disulphoxide are never detected 
m, the same irradiated solution The low yields of 
cystine disulphoxide and cysteic acid m hydrochloric 
acid, solutions 1s presumably in part due to chloride 
10n-inhibition of reaction (1) However, the mechan- 
ism of the inhibition must remain obscure until the 
grey-blue spot observed on chromatograms of 
irradiated hydrochloric acid solutions of cystine 1s 
identified The low yield of cystine disulphoxide in 
unbuffered solutions 18 not unexpected owmg to rapid 
hydrolysis of the disulphoxide in these solutions 
Although the accuracy of the yield-estimates 18 poor, 
the 1esults seem to indicate that yields may depend 
on the pH of the solutions It 1s possible that the 
observed increase 1n y1eld of cysteine and the decrease 
m yields of cysteie acid m unbuffered solutions 1s due 
to participation of the Oz 10n which could conceivably 
reduce cystine to cysteine 
Regarding the possible effect of dilute hydrogen 
peroxide on cystine, 16 has been found that chromato- 
grams of cystine (3 x 10-4 M)-hydrogen peroxide 
(2 x 10-4 M), which had been concentrated in the 
normal manner, exhibited only one faint spot with 
Ra characteristic of the disulphoxide 
We are indebted to Mr A Casselman and Dr R 

Greenhalgh for advice on electrophoresis and chroma- 
tography 

D W Grant 

S N Mason 

M A Linx 


Defence Research Chemical Laboratories, 
Defence Research Board, 
Ottawa 
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Inhibition of the Formation of 
3,4-Benzpyrene during Hydrocarbon 
Combustion 


Ir is well known that polycyclic hydrocarbons 
includmg the carcmogen 3,4-benzpyrene occur in 
association with the carbonaceous deposits or smokes 
resulting from the incomplete combustion of a wide 
variety of organic materials Thus 3,4-benzpyrene 
has been identified ın soots, carbon black, certain 
smoked foods, cigarette- and tobacco-smoke and in 
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the exhaust smoke of Diesel engmes The mode of 
formation of 3,4-benzpyrene has been reviewed by 
Badger et al!, who have suggested possible inter- 
mediates during the pyrolysis of organic compounds, 
and have pointed out that the observed products can 
be accounted for by secondary reactions mvolving 
initial or primary free radicals A recent examination 
of the products from the pyrolysis of petroleum hydro- 
carbons by electron spin resonance supports the view 
that free radicals participate, the phenalenyl radical? 
has been identified 

The subject of formation of carbon in flames has 
attracted attention in recent years, the mechanism 18 
still obscure but polycyclic hydrocarbons are often 
associated with the carbonaceous material formed 
The present work was undertaken to determine 
whether the formation of 3,4-benzpyrene can be 
inhibited during hydrocarbon combustion It 1s well 
established that nitric oxide exerts a remarkable 
inhibiting effect on the cham-decomposition of some 
hydrocarbons? A substance was sought which would 
give rise to nitric oxide as a product of pyrolysis It 1s 
known! that the carbon zone 1n a diffusion flame 18 a 
region where the hydrocarbon 1s decomposed therm- 
ally 1n the absence of oxygen (although OH radicals 
do reach this zone) and ıt seemed plausible that the 
production of nitric oxide within this zone might lead 
to inhibition of free-radical reactions leading to poly- 
cycle hydrocarbons Grey et al 5 have mvestigated 
the thermal decomposition of nitroalkanes and have 
found nitric oxide in the products (with formaldehyde 
and some nitrogen dioxide, etc ) 

In the present work, known amounts of nitroethane 
were introduced, into a stream of commercial propane 
(“Bottogas’) which was burned as a laminar diffusion 
flame m ar The air supply was reduced to give heavy 
soot formation in the absence of additive and the soot 
was collected, mainly on a brass target placed just 
above the flame, but also from the walls of the 
surrounding ‘Pyrex’ chimney A weighed amount of 
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soot was extracted with A R chloroform m a Soxhlet 
apparatus for about 3hr The solvent was removed by 
distillation in an atmosphere of nitrogen and the 
residue was extracted repeatedly with n-pentane The 
extract was filtered and the n-pentane removed in an 
atmosphere of nitrogen, the residue was weighed and 
reported as mgm  n-pentane-soluble material per 
100 gm of carbon input m the fuel + additive mixture 
(Fig 1) The 3,4-benzpyrene content of the n-pentane- 
soluble material was determmed by the method 
described by Sawicki et al € This depends on the fact 
that 3,4-benzpyrene in & concentrated solution of 
sulphuric acid exhibits a characteristic peak in its 
fluorescence spectrum at 545 my when irradiated by 
ultra-violet light of activating wave-length 520 mu 
This peak 1s unaffected by the presence of other 
polycyclic hydrocarbons The fluorescence spectrum 
was obtained by means of an Ammoo-Bowman 
spectrophotofluorometer In order to eliminate the 
effect of concentration quenching, the concentration of 
total polycyche aromatic hydrocarbons was kept 
constant in each determination at 50 ugm /ml 
Calibration was effected usmg a pure sample of 
3,4-benzpyrene It can be seen (Figs 1 and 2) that 
small additions of nitroethane lead to a marked reduc- 
tion in the formation of n-pentane-soluble material in 
the soot and ın the amount of 3,4-benzpyrene 

Nitro-compounds (including nitroethane) are known 
to raise the cetane number when added in small 
amounts to Diesel fuels? Although the present work 
has not been extended to engme studies we suggest 
that a reduction m emission of 3,4-benzpyrene from 
Diesel engines might be expected when nitroethane 
and similar additives are employed 

It has been found by a number of workers and 
recently confirmed by Pichler and Deschner® that 
no 3,4-benzpyrene is present ın soot-free Diesel 
exhaust gases but under conditions of low revolutions 
and high load ıt does occur im the exhaust smoke 
Adthough Diesel engines are probably relatively minor 
contributors to atmospheric pollution compared with 
industrial and domestic fuel-burning equipment?, any 
attempt to reduce the emission of 3,4-benzpyrene 1n 
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Diesel exhaust smoke, either by attention to engine 
design and maintenance or by chemical means, 
would be valuable 

We are indebted to the Coal Tar Research Associa- 
tion for the gift of a pure sample of 3,4-benzpyrene 
and to the Department of Surgery of the Medical 
School for permission to use the Ammco-Bowman 
spectrophotofluorometer 
R Lone 
S K Ray 


Chemical Engineering Department, 
University, 
Birmingham, 15. 
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A Novel Type of Antioxidant related 
to Polyporic Acid 


In the inhibition of the autoxidation of 1,4-dienes, 
for example, linoleic acid and its esters, 16 18 generally 
assumed that polyphenolic compounds act as cham 
breakers ın accordance with the mechanism 
RO, + AOH->ROOH + AO, where RO, ıs the 
chain propagating peroxy radical and AOH 1s the 
antioxidant The efficiency of the latter 1s determined 
not only by the rate of the inhibitory reaction but also 
by the stability of the intermediate AO radicali. 
Recently 1t was shown that certam polyhydroxy 
flavones? exhibit a remarkably high antioxidant 
efficiency In this work, which was carried out with 
the view of finding better antioxidants for fat-contam- 
ing foods, attention was concentrated on a group of 
compounds which were related to certam. terphenyl 
quinones occurring m some edible fungi They can be 
represented in terms of the following structure 


The compounds which were investigated include 
polyporic acid (E, E, R, Ry = H), atromentin 
(E, R, =H, R, R,= OH) and leucomelone 
(E, Ry Ry = OH, R; = H), which occur in certain 
fungi and lichens (A detailed discussion concerning 
the structure of leucomelone will be presented 
elsewhere ) 

In addition, a number of related compounds which 
do not occur naturally were synthesized They include 
trihydroxypolyporie acid (F4, Ra» Ra = OH, R, = H) 
and its tert -butyl derivative (R,, R, R, = OH: 
ft, = tert -butyl) 

The synthesis of leucomelone has been described by 
Akagi’, and n this investigation a similar method was 
used for the synthesis of the compounds mentioned 
above 
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In the preparation of the new trihydroxypolyporic 
acids the reaction of 2,5-dichlorobenzoquinone with 
the appropriate N-nitrosoacetamlide gave 2,5-di- 
chloro 3-phenyl 1,4-benzoquinone and 2,5-dichloro 
3-(4-t-butylphenyl) 1,4-benzoqumone, which were 
then treated with diazotized 3,4,5-trumethoxyanilime 
The dichloroterphenyl quinones thus prepared were 
hydrolysed to the corresponding dihydroxyqumones 
Demethylation of the dihydroxy terphenyl quinones 
with a mixture of hydrobromic acid and acetic acid 
gave the pentahydroxyquinones directly, reductive 
demethylation followed by oxidation was not 
attempted 

The antioxidant activity of the compounds was 
tested ın pure hnoleic acid and in pure methyl 
hnoleate at a temperature of 25° C Uptake of 
oxygen was followed with conventional Warburg 
apparatus and this was correlated with peroxide 
formation, which was determined by means of an 
10dometrie method‘ A special test was used for the 
determination of antioxidant efficiency m the presence 
of metal catalysts, using ferrous phthalocyanine in 
ethyl benzoate solutions as standard The results 
indicated that polyporic acid had no significant 
antioxidant activity, while atromentin and leuco- 
melone were comparable with conventional anti- 
oxidants, for example, propyl gallate, for the inhibi- 
tion of fat autoxidation The new antioxidants 
3,4,5-trihydroxypolyporie acid and 4’-teré -butyl 3,4,5- 
trihydroxypolyporic acid showed outstanding activity 
In hnoleic acid these compounds gave protection 
factors which were, respectively, about ten and 
twenty-five times that obtamed with propyl gallate 
It should be noted that the teré -butyl substituent 
substantially mcreases the solubility of the trihydro- 
xypolyporic acid 1n higher fatty acids and their esters 

Anti-leukemic activity of unsubstituted polyporic 
acid was reported recently?, 1t would be interesting to 
compare the polyhydroxypolyporie acids which show 
greater antioxidant activity 

The work was supported by the U S Department of 
Agriculture P.L 480 counterpart funds 
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lonic-Covalent Bonding in Crystals 


AN attempt! to resolve misunderstandings regarding 
1onic-covalent bonding ın solids has been criticized 
m a recent article by Mooser and Pearson? It 
should be pointed out, however, that their discussion 
of formal ionicity 1s limited to the simple and well- 
known case of atoms which each contribute one 
electron to a two-electron bond, and cannot be 
apphed as 1t stands to ‘dative bond’ systems (such 
as are found m the zinc blende structure and in many 
other types of crystal, as well as m co-ordmation 
complex molecules) In such systems formal 
covalency, defined as a state in which bondmg 
electrons are equally shared between bonded atoms, 
can only be achieved by a donor-acceptor relationship 
with associated charge separation 
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The main pomt ın my communication! was the 
importance of the neutral-bond state (defined as that 
with zero charge separation) as the logical zero for the 
scale of electronegativity (It should be noted that this 
is generally applicable, thus ıt holds for bonds in 
diatomic molecules, since for such molecules neutral- 
bonded and formally covalent states are identical ) 
This suggests that ‘ideal covalency’ (so termed for 
want of a better name) 1s associated, with zero charge 
separation rather than with equa] sharing of electrons 
If this 18 so, the difficulty pointed out by Mooser and 
Pearson regarding the zero of the scale of bond 
lonicity used in my communication? can readily be 
resolved It may well be that some revision of the 
accepted definition of the covalent bond on these lines 
is needed However, ın terms of the definitions used, 
the conclusions regarding charge separation presented 
m ref lare still valid In this connexion the conclud- 
ing statement by Mooser and Pearson that “any 
attempts such as have been made to determine 
effective charges from formal bond 1onieities are bound 
to fail" 18 certainly not a dogmatically required behef 
It 1s my opinion, on the contrary, that useful quah- 
tative information regarding charge separations in 
crystals can be obtained, although, for obvious 
reasons, some of which are referred to m my earlier 
communication, no quantitative estimates are as yet 


possible 
C H L GOODMAN 
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GOo0DMAN'S comments on our recent article! in no 
way aiect our views on the subject of 10n1c-covalent 
bonding as outlined there Since ıt ıs obvious, 
however, that Goodman ıs misinterpreting these 
views, we should like to stress once again the following 
points 

(1) The ‘effective bond ionicity’ 18 defined in terms 
of the actual charges associated with the constituents 
of a compound It 1s, therefore, a physical quantity 
which can, at least m principle, be measured 

(2) The ‘formal bond ionicity’ 1s a purely theoretical 
concept It 1s, in fact, an abbreviation with which to 
indicate to what extent various arbitramly chosen 
valence structures are mixed to describe the bonding 
m a molecule or a solid Contrary to Goodman’s 
remark, the formal bond ionicity is defined also for 
‘dative’ bonds 

(3) The covalent bond 1s defined as arising from the 
sharing of two electrons between two bonded atoms 
It does not specify the charges associated with these 
atoms and a covalent valence strueture cannot, 
therefore in general, be taken as the zero of the bond- 
ionietiby scale 

(4) All the definitions given by us! and repeated 
here are ın agreement with chemical tradition The 
intention of our article was merely to pomt out that 
two different meanings are currently attached to the 
term ‘bond 1onierty’ To distinguish between them, 
we introduced the names effective and formal bond 
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Lipase Activity in the Slow- and Fast- 
contracting Leg Muscles of the Cockroach 


THE recent work of Becht and Dresdon! and Smit? 
has brought to light certain histological and physio- 
logical features of the slow- and fast-contracting 
mesothoracic leg muscles of the cockroach, Periplaneta 
americana Smit? has shown that the slow-contracting 
muscle fibres contain more lipids and possess a 
stronger reducing capacity for methylene blue than 
the fast-contracting ones Histochemical mvestiga- 
tion of these two types of fibres? has shown that 
there is more lipase activity in the slow-contracting 
muscles Here we report the results of a quantitative 
investigation, of lipase activity in the slow- and fast- 
contracting leg muscles of the cockroach 

Only the metathoracic and mesothoracic leg muscles 
of the male and female cockroaches were used 
According to Becht and Dresdon! the muscles 136, 
137 and 135a and c (Carbonell’s numbering) are fast- 
contracting and 135b, d and e are slow-contracting 
The slow muscle in this ease ıs the tergo-tiochanteral 
muscle, which is an exceptionally large muscle passing 
down, the coxa to be attached to the trochanter The 
fast muscles which are the extensors, and act antagon- 
istically to the above muscle, arise from the coxal 
rim and are attached on the coxo-trochanteial jomt 
These two types of muscles were carefully dissected 
and removed, separately from the coxa of the leg into 
separate ice-cold watch-glasses and weighed Separate 
aqueous extracts of the above samples of muscles 
were prepared at 4? C The extract was centrifuged 
at 2,500 1 pm for 5 mm and the supernatant was 
used as the enzyme material 1n each case The method 
used for the assay was adopted from Martin and 
Peers? using a Warburg apparatus Tnbutyrin was 
used as substrate with a bicarbonate-carbon dioxide 
buffer system of pH. 7 4 at 37? C The reaction flask 
contained 15 ml 0 025 M bicarbonate solution and 
1ml enzyme solution ın the mam, chamber and 0 5 ml 
substiate (4 per cent v/v tributyrm in 0 0148 M 
bicarbonate solution emulsified by shaking with a 
drop of “Tween, 80’) m the side arm The flask and 
manometei were gassed for 3 mm with a mixture of 
95 per cent nitrogen and 5 per cent carbon dioxide 
After equilibrating the flask in the constant tempera- 
ture watei-bath of the apparatus for 10 mm the 
substiate was tipped and the initial readings were 
taken after 3 mm The subsequent readings were 
taken after a 30-min intervalfor lhr Lipase activity 
was calculated on the basis of the protem content of 
the enzyme solution used and is expressed as ul 
carbon dioxide / mgm protem / hr Protein was 
estimated by the micro-Kjeldahl steam-distillation 
method* 


LIPASE ACTIVITY IN THE SLOW- AND FAST-CONTRACTING 
LEG MUSCLES OF THE COCKROACH 


Lipase activity* 
(#1 CO,/mgm protein/hr ) 
Male Female 
81 43 
08 47 


Table 1 


Tissue 


129 31 
75 65 


* Average of 12 experiments 


Slow muscle 
Fast muscle 


From the iesults obtamed ıt 18 evident that the 
slow-contracting muscle has a higher lipase activity 
titan the fast-contracting muscle It ıs also seen that 
the activity of the enzyme in the same muscle 1s 
considerably lower 1n the case of the female than that 
in the male Again the difference between the con- 
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centrations of the enzyme in the two types of muscle 
18 more ın the male than in the female A histo- 
chemical study? of lpase and certam oxidative 
enzymes 1n these muscles also indicated a corre- 
spondingly sharp difference in the amount of these 
enzymes present imn these two types of muscles, the 
slow muscles having more of them The greater con- 
centration of the enzyme, lipase, m the slow- and fast- 
contracting muscles could be well correlated with the 
higher lipid content of these muscles, the slow muscle 
fibres being more pigmented and showmg considerably 
greater ability to stain for fat than the fast muscle 
fibres The higher concentration of lipase and the 
greater fat content of the slow muscle, which could 
indulge in sustained contractions for considerably 
longer periods than that of the fast one, 1s suggestive 
of more fat being split for utilization for energy m the 
former The higher lipase value in the muscles of the 
male could also be regarded as an index of the greater 
capacity for sustamed activity mvolving greater fat 
utilization in the male 

One of us (N M. G B ) 1s indebted to the Ministry 
of Education, Government of India, for the awaid of 
à senior research scholarship 

J C GEORGE 
N M Q BHAKTHAN 
Department of Zoology, 
MS University of Baroda, 
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Comparison of the Serum Protein 
Fractions of the Developing Chicken 
Embryo by the Technique of Starch-Gel 
Electrophoresis 


SEVERAL workers have investigated the serum 
protein composition of the developmg chicken embryo, 
by moving boundary! and paper electrophoresis‘: 
The ultracentrifugal analysis of the serum proteins 
of the early stage of embryonic development of 
chicken, as nvestigated by two groups of workers, are 
not mn agreement in regard to the complexity of the 
molecular structure in that stage’? Electrophoretic 
investigation does show, however, the multiplicity 
of the components ın the early stage, although no 
complete agreement exists ın regard to the number of 
the components and therr relationship to those found 
in newly hatched and adult birds* Thus Hradec and 
Lemez* reported that the serum proteins of chicken 
embryo undergo considerable qualitative tiansfor- 
mation throughout the development The technique 
of starch-gel electrophoresis suggested by Smuthies? 
enables one to detect in the serum pattern fractions 
that cannot be observed by other methods of electro- 
phoresis The pooled sera of five different age-groups 
of chicken embryo, incubated for 10, 13, 16, 19, and 
2] days were examined by the technique of starch-gel 
electrophoresis, 1un simultaneously on the same gel 
The electrophoresis was performed on a vertical tray® 
for 18 hr , using borate buffer of pH. 8 6 and a field. 
strength of 4 V /em Twelve fractions could be dis- 
tinguished on the pattern of the serum from the 
embryo aged 21 days as ıs shown m Fig 1 (two 
pre-albumuins are not shown), as was also indicated in 
ref 6 At least nme components (except the pre- 


No 4800 


T X 
B -r - " 
uis ~ a t t 


Mu 310 22e s a YY b 


ren nee mc 
| | ZZ a f 
as a ees RE A d 
ENT See DS A DSL 


—— 
m ! 
| BENMNE* J 


10D 13D 16D 19D 21D 


Fig 1 <A schematic representation of the starch-gel electro- 

phoretic pattern of serum of the developing chicken embryo 

The letters a to 7 refer to albumin and y-globulin The numbers 

10,13 16,19 and 21 indicate the days of incubation The striped 

bands represent the areas that could scarcely be distinguished 
on the original patterns 
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albumins) could be distinguished on the pattern from 
the 10-day old chicken embryo, of which at least 
seven components corresponded m. mobility to those 
found in the day-old chick The patterns from the 
sera of 13, 16, and 19 days of incubation also showed 
similaiity ın pattern to that of the day-old chick A 
component present in the sera of the 10-day and 
13-day old embryo and situated somewhere between 
components h and j of 21-day old embryo was not 
distinguishable ın the sera of the older embryos The 
results presented here indicate that apparently with 
the exception of y-globulins and some other fractions, 
as demonstrated in Fig 1, almost all other components 
present in the day-old chick are present in the serum 
of 10-day old embryo, as 1s revealed by the method of 
starch-gel electrophoresis, and that the transforma- 
tion occurring throughout this period of development 
18 apparently of a quantitative rather than qualitative 
nature 
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A Zinc-requiring Alkaline Phosphatase 
in the Ventral Lobe of the Rat Prostate 


Zixc has been shown to play an important part n 
the activity of phosphatases"? We have now found 
evidence for the existence of a zinc-dependent 
alkaline phosphatase in the ventral lobe of the rat 
prostate The hydrolysis of 0 002 M adenosine mono- 
phosphate m 0 065 M trw-(hydroxymethyl)-ammo 
methane buffer at pH. 9 4 by homogenates of the gland 
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Fig 1 Effect of zinc on the hydrolysis of adenosine monophosphate 
by prostatic homogenates from the rat ventrallobe Theeffect of 
the addition of zme to a homogenate dialysed for 3 hr against 
iris buffer at pH 7 0 at 0^ (e) and the addition of 10? M EDTA 
to the homogenate followed by dialysis for 8 hr (Q)  Phos- 
phatase activity was measured by the method of Fishe and 
Subbarow (ref 9) Incubation mixture contained 0 5 ml 0 25 M 
tris buffer at pH 94,01 ml 004 M adenosine monophosphate, 


09 ml water, 05 ml homogenate, 
for 15 min at 37° 


was progressively mhibited by increasing concentia- 
tions of zine (Fig 1) 

The addition of ethylenediamine tetraacetic acid 
(EDTA) at concentrations gieater than 10-3 M to 
homogenates inhibited the phosphatase activity by 
30-50 per cent When EDTA treatment was followed 
by dialysis against tres buffer at pH 7 4, the inhibition 
was practically 100 per cent 

The addition of zinc acetate restored the activity of 
the mhıbıted enzyme to about 80 per cent of its 
original value Sodium acetate had no effect After 
reactivation of the enzyme, increasing the concentra- 
tion of zinc caused normal mhibition (Fig 1) 

In contrast to zine 10ns, magnesium and ealerum 
ions reversed to & shght extent the inhibition caused 
by EDTA and dialysis Since the logarithms of the 
stability constants for EDTA complexes of zinc, 
calcium and magnesium are in the ratio 163 106 
8 7 (ref 8), the greater activity of zinc did not depend 
on the binding capacity of EDTA 

We wish to thank the British Empue Cancer 
Campaign for a grant to support the work 
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Demethylation of the Plant Œstrogen 
Biochanin A in the Rat 


GENISTEIN and biochamn A, 4'-methylgenistem, 
have been isolated from red clover and have been 
found to account for the cestrogenic activity of this 
plant! Though ther cestrogenic potency 1s very 
weak, the substances may nevertheless be of mpor- 
tance in animal physiology because they are mgested 
in considerable amounts by grazing animals 

Very little 1s known about the metabolic transform- 
ations of these compounds Buiochanin A was found 
to be demethylated to genistem by the mfluence of 
rumen micro-organisms’. The present investigation 
has been undertaken with the aim of studying the 
metabolism of biochamn A in rats The compound 
was synthesized by known methods? and labelled 
with tritium* 

Each of twenty rats was myjected intraperitoneally 
with 25 mgm of a fine suspension of biochanimn A m 
saline Urine and feces were collected separately 
An ether extract of the urme was prepared and 
fractionated on a ‘ChroMex’ preparative paper 
column (LKB, Stockholm) with butanol/2 N ammonia 
(1 1) as eluant Radioactive biochanin A (127 
mgm ) and genistem (3 5 mgm ) were isolated from the 
eluates Ther melting pomis and ultra-violet and 
infra-red absorption curves coimeided with corre- 
sponding values of authentic test samples Both these 
isoflavones were isolated in the same way from an 
ether extract of fæces 

The demethylation of biochanin A to genistem was 
demonstrated by incubation experiments with rat 
hver shees The experiments were performed as 
follows liver slices, 1-12 gm dry weight, were 
prepared by hand and incubated with 6 umoles of 
tritium-labelled biochanin A (specific activity 2 ue 
per umole) ın 20 ml pH 7 4 Krebs-Ringer phosphate 
buffer The mcubation was performed at 37° C for 
2hr To the volume of the incubation medium was 
added 4 tumes this volume of alcohol The mrxture 
was centrifugated The slices were homogemzed and 
extracted with 80 per cent alcohol. The solvent was 
evaporated in a partial vacuum under nitrogen 
The dry residues were dissolved in 5 per cent sodium 
bicarbonate solution and extracted with ether. The 
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erg 1 The distribution of radioactivity on paper chromatograms 

with biochanin A, incubated with liver slices (4) and intestine 

contents (B) The radioactivity of the eluates 1s expressed as 

percentages of the sum of recovered activity from the chromato- 

gram and indicated on the abscissa The positions of the test 
substances are indicated below the diagrams 
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sodium bicarbonate solution contained conjugates of 
the isoflavones The ether extracts were evaporated 
and subjected to paper chromatographic analysis on 
Whatman No 3 paper, using benzene/acetic acid} 
water (165 34 1) as the solvent system The 1s0- 
flavones were located by their absorption in ultra- 
violet ight The chromatograms were cut into strips, 
eluted with 80 per cent alcohol, and the eluates 
analysed for radioactivity m a liquid seintilation 
counter Ekeo N 612 at a temperature of —20? C 
(Fig 1.4) The radioactive eluates from the gemstem 
spots on the chromatograms were rechromatographed 
in different solvent systems? They were found to 
comeide with genistein ın all the systems Incubation 
experiments were also performed as above with 
intestine contents and labelled biochanm A No 
radioactivity except from the biochanin A spots 
could be found on these chromatograms (Fig. 1 B) 
Traces of the radioactivity remained at the starting 
point on the chromatograms both with material from 
incubation experiments and controls, probably due 
to insufficient elution 

These prehminary experiments show that a 
demethylation process occurs in the liver Several 
other aromatic.ethers have been found to be split in 
the liver It ıs known that methylation of the 
hydroxyl groups of many synthetic cestrogens retards 
or decreases their cestrogenic action® Tt 1s, therefore, 
generally believed that these molecules have to be 
demethylated before becoming active It ıs not 
known if the presence of free —OH. groups ıs also 
necessary for the action of the isoflavones However, 
genistein with three free —OH groups ıs the most 
active one of the four cestrogenic isoflavones’. 

Work on the demethylation of methyl ethers of 
other cestrogens and with different experimental 
animals 18 now ın progress 
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Enhancement of Steroidogenesis by Rat 
Adrenal Slices in vitro with Cstradiol-17- 


RECENT experiments have shown that the con- 
centration of corticosterone in adrenal vein blood of 
female rats ıs 24 times that m male rats! The 
possibility that this difference 18 due, at least 1n part, 
to the direct action of cestrogen on the adrenal cortex. 
18 the subject of the present study. 

Male or female rats of the Sherman stram, weigh- 
ing 120-150 gm, were maintained in a constant- 
temperature room for at least one week prior to use. 
Female rats were bilaterally oophorectomized at 
21-30 days of age and used about 6 weeks later 
Adrenal slices were prepared according to a modifica- 
tion’ of the technique of Saffran and Schally? The 
final meubation medium was modified by addition 
of USP adrenocorticotrophic hormone (5 mill- 
umits/100 mgm adrenal tissue) and cestradiol-17-8 
75 x 10-°M Ineach experment, comparable tissue 
pools were treated by addition of the appropriate 
diluent alone (salne and propylene glycol respect- 


ively). 
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Corticoid yields were determined by ultra- 
violet absorption and expressed as ugm./100 mgm. 
adrenal tissue. 

The effects of mstradiol addition are shown in 
Table 1. Significant increments in corticoid produc- 
tion were obtained on addition of wstradiol to male 
adrenal slices in the absence or presence of adreno- 
corticotrophic hormone. No effects were observed 
with female adrenal slices. However, increased 
corticoid yields, comparable with those obtained 
with male tissue, were found when adrenal tissue 
from oophorectomized female rats was employed. 


Table 1. EFFECTS OF (EsTRADIOL ON STEROIDOGENESIS in vitro 
Adrenal No. of ACTH Corticoid yields* («gm./100 mgm.) 
source observations  (m.U.) Control (Estradiol 

Male 4 0 9:2 + 0-0 16-4 + Lit 
| à 5 14:9 + 1-7 20-3 + L-8f 
Female 3 0 19:1 + 1:6 20:1 + 2-0 

4 5 24-8 t 14 25-0 + 1-0 
Oophor- 
ectomized 4 0 11:8 + 0-8 17:8 + 0-5 
female 4 5 15:5 + 0-9 19:8 + 091 


* Mean + standard error. 
t Signiflcant at the 1 per cent level. 


Administration of adrenocorticotrophic hormone 
or a standardized stress to adult female rats has 
been shown to result in significantly higher peri- 
pheral plasma corticosterone concentrations than 
those obtained in male animals!. Yates et al.* have 
demonstrated that the capacity of liver homo- 
genates from female rats to reduce the A ring of 
corticosterone is signifieantly greater than that of 
male animals. These authors have proposed that 
this more rapid metabolism of steroid is the principal 
mechanism responsible for greater adrenal secretory 
capacity in the female rat. The present findings 
indicate that cestrogen may also affect steroidogenesis 
directly and independently of its action on liver 
metabolism. A comparable degree of stimulation 
was found when «cstradiol was added to either male 
or oophorectomized adrenal tissue. The failure to 
demonstrate & stimulatory effect on adrenal slices 
from intact female animals suggests that such tissue 
has already been subjected to maximal cestrogenic 
stimulation. The significantly higher control corticoid- 
levels obtained with intact female adrenal tissue 
compared to tissue from the other sources are con- 
sistent with this hypothesis. 

Utilizing an essentially similar assay system, 
MeKerns* found that the addition of cstradiol-17- 
sodium sulphate in vitro to intact male or female 
adrenal tissue resulted in no change in corticoid pro- 
duction. The discrepancy between his findings and 
those of the present work perhaps may be explained 
by differences in either the form or the dose of 
cestrogen added. 

These results will be discussed in greater detail 
in a subsequent publication. This study was sup- 
ported by a research grant (A-3370) from the U.S. 
Public Health Service. 
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Female Rat Preputial Glands as a Source 
of 6-Glucuronidase 


THE preputial gland of the adult female rat has 
been shown by Beyler and Szego! to be an extremely 
rich source of 8-glucuronidase. However, it may not 
generally be realized that laboratories needing a 
steady supply of this enzyme and having access to a 
rat colony have a cheap and readily available source. 
Adult female rats which are being discarded can be 
used, and the two glands, each weighing approxi- 
mately 50 mgm., are easily dissected free from the 
surrounding tissue (Fig. 1). 





Fig. 1. 


Adult female rat dissected to show preputial glands. 
P, Preputial gland; V, vagina 


Homogenization and extraction are then carried out 
as described by Levvy, McAllan and Marsh?, though 
only one ammonium sulphate precipitation is 
necessary. An equal volume of saturated aqueous 
ammonium sulphate solution is added to the super- 
natant obtained, at the end of stage 2 (ref. 2). The 
ensuing precipitate, after separation from the aqueous 
phase, is then dissolved in a suitable quantity of 0-1.M 
sodium acetate buffer, pH 5-2, so that the resulting 
solution contains 0-5-1 x 10* Fishman units of 
8-glucuronidase per ml. The enzymic activity of 
the preparation is assayed by the method of Talalay, 
Fishman and Huggins*. The enzyme solution is 
stored in the deep freeze and deteriorates only slowly. 
It does not contain phenolsulphatase, as determined 
by the method of Roy*. 

The total working time involved in the preparation 
and assay of one batch is about 2 hr. 

Extracts of §-glucuronidase, pre in this 
manner from adult female rat preputial glands, have 
been used for more than four years in the enzymic 
hydrolysis of steroid glucuronides, notably those of 
pregnanediol and pregnanetriol. 

I am indebted to Mr. A. J. Bailey, of Chelsea 
Hospital for Women, for the photograph. 


MARGARET I. STERN 


Endocrine Laboratory Unit, 
Chelsea Hospital for Women, 
Dovehouse Street, S.W.3. 


* Beyler, A. L., and Szego, C. M., Endocrinol.. 54, 323 (1954), 

1 levy, 8. A., McAllan, A., and Marsh, C. A., Biochem. J., 69, Z 

* Talalay, P., Fishman, W. H., and Huggins, C., J. Biol. Chem., 166, 
757 (1940). 

‘Roy, A. B., Biochem J., 55, 653 (1953). 


















Chromatographic Purity 


0.5. WATER-SATURATED phenol is a well-known solvent 


> for the paper chromatographic separation of poly- 
phenols and was, for example, one of the solvents used 


=o by Roberts and Wood! for the two-dimensional paper 
. ehromatographie separation of tea-leaf polyphenols. 


.. This solvent was, however, later discarded in favour of 


: a water’, or preferably 2 per cent acetic acid’. 
‘The use of 75 per cent (w/v) aqueous phenol (or 
o. meeregsol saturated with water) has proved to be of 


.. mestimable value in determining the chromatographic 
purity of various flavonoid compounds isolated in this 
Jaboratory. A fraction isolated from rooibos tea 
(Aspalathus acuminatus) and suspected of consisting 
‘Solely of isoquercitrin was found bv chromatography 
: in phenol to consist of two major flavonoid com- 
< ponents even though the material was chromato- 


_ graphically homogeneous in n-butanol/acetie acid/ 


water (4:1:2-2 v/v), in water, in I5 per cent acetic 


acid, in ethyl acetate saturated with water, in propan- 


2-ol/water (1:3-5 v/v), and in chloroform/butan-2-ol/ 
water (2:4:4 v/v). Separation also took place in 60 
per cent acetic acid but was incomplete and not very 
convincing. The identity of the second component is 
still under investigation. 

In the isolation of quereetin-4'-monoglucoside from 
the inner scales of the onion (Allium eepa L.)4, difficulty 
was found in reproducing the melting point of the 
crystalline material obtained on suceessive recrystalli- 
zations from various solvents. The material was 
chromatographically homogeneous in all the more 
commonly employed solvent systems, only phenol and 
m-cresol resolving it completely inte two components. 
The material was therefore purified by chromato- 
graphy on Whatman 3M M paper sheets with 75 per 
cent (w/v) aqueous phenol as the developing solvent. 
The contaminant, which had a higher Rr in phenol 
than quercetin-4’-monogluicoside, erystallized from 
aqueous ethanol as fine yellow needles with melting 
point 259-261°. 

B. H. KogPPEN 
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Trypsin Inhibitor in Wholewheat Flour 


PRELIMINARY work on a trypsin inhibitor in whole- 
wheat flour was reported by Shyamala!. A crude 
concentrate containing the trypsin inhibitor was 
prepared by the 'ammonium sulphate! method of 
. Borchers et al.* modified by Lyman? as follows: 

(1) A homogenate of the wholewheat flour was 
prepared by mixing the flour with ten volumes of 
water in a blender. The pH was adiusted to 4-2 with 
acid and the mixture was allowed to stand overnight. 

(2) The ‘ammonium sulphate precipitate’ was 
obtained by adding ammonium sulphate, 30 per cent 
of the volume of the extract. The precipitate contain- 


o ing the inhibitor was re-preeipitated with ammonium 
sulphate. The material obtained was dialysed over. 
. hight and then lyophilized. Approximately 3 gm. 


8f material was obtained from 300 gm. of flour. 
The activity of trypsin was determined by the 


. method of Anson: using the modification of Orringer 


| et al.5. The degree of colour produced by the phenol 
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bone: reagent indicated tho relative proteolytic activity of : 
the trypsin. For testing the activity of the inhibitor, . 


it was added to the enzyme at several concentrations 
and the degree of proteolytic activity inhibited was — 
estimated. A logarithmie plot of this inhibition gave a 


straight line from which the point of 50 per cent | 


inhibition could be readily obtained. A 

Crude material (6-5 mgm.) prepared as described 
here was needed for 50 per cent inhibition of the 
activity of trypsin while 55y of a crude concentrate 
of soybean trypsin inhibitor prepared by the same 
method was needed for 50 per cent inhibition. The 
activity was lost when the preparation was heated 
in a boiling water bath for 20 min. 


TRYPSIN-CNHIBITING ACTIVITY OF THE INHIBITORS FROM 
WHOLEWHEAT FLOUR AND SOYBEAN 


Ammoninim sulphate precipitation Trichloroacetie acid 
Soybean Optical Wholewheat Optical Wholewheat Optical 


Table 1, 


inhibitor density inhibitor density inhibitor density at 
{y} at 7654 (mgm.) at 7654 (mgm.) 7654 
0 0-480 0 0-470 0 0-480 
13 0-412 1-0 0-440 1:0 0-395 
26 0:855 2-5 (0-375 2:0 0:320 
52 0:270 5-0 0:285 3-0 0-270 
78 0-180 10-0 0-170 5-0 0-172 
50 per cent inhibi- 50 per cent inhibition 50 per cent inhibition at 
tion at 55y. at 6-5 mem. 35 mum. 


The crude concentrate prepared as described was 
used as the starting material for the extraction of the 
inhibitor with trichloroacetic acid by the method of 
Kalser and Grossman‘. The inhibitor appeared in the . 
trichloroacetic acid filtrate while the precipitate had 
no inhibitor in detectable amounts. The trichloro- 
acetic acid filtrate was dialysed and lyophilized. 
3:5 mgm. of this material was needed for 50 per cent 
inhibition. The appearance of the inhibitor in the 
trichloroacetic acid filtrate indicates a possible 
similarity in its behaviour to the pancreatic juice 
trypsin inhibitor. Further attempts to purify the 
material are under wav. 

Recently, Learmonth and Wood’ reported the 
presence of a trypsin inhibitor in wheat flour using 
different assaying techniques. 
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Prevention of Freezing Damage to 
Living Cells by Pyridine N-Oxide 


PYRIDINE, like dimethyl sulphide, forms a high- 
boiling, water-soluble oxide, pyridine N-oxide (PNO). 
It was surmised that PNO might protect living cells 
against freezing damage in the same way as dimethyl 
sulphoxide! and some other aliphatie compounds?, 
The particular interest attached to PNO is that it 
would be the first aromatie compound to be used in 
this connexion. 
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Fig 1 Hemolysis of red cells suspended in a solution of pyridine N-oxide (PNO) and 


frozen for 15 min, 
temperature with 8 2 M PNO (right) 


Washed, human red blood cells were suspended ın 
buffered, saline containing different amounts of PNO 
and frozen for 15 mm at various temperatures 
between — 20° and — 80°C They were then thawed 
and spun down, and the amount of hemolysis 
estimated colorimetrically ın the supernatant Some 
of the results are shown in Fig 1, hemolysis bemg 
expressed as a percentage of that found m controls 
without PNO, at each temperature 

The sharp rise m hemolysis at — 40°, and. slower fall, 
recalls the behaviour of acetamide at — 51°, and 
is probably due to a rise ın solute concentration to a 
toxic level? The protective effect is known to depend 
on permeation of the cells by the solute, and possibly 
more important than the limited protection found 1s 
the fact that PNO is both penetrating and physically 
non-toxic up to high concentrations On mtra- 
peritoneal mjection ito mice, PNO had a delayed 
toxicity (LD,, 1 5 gm /kgm ) rather less than that of 
pyridine’, to which 1t 1s probably reduced wn vwo 
(could be smelt in the viscera) The high solubility 
of PNO in water 1s believed to be due to localization 
and enhancement of the three lone-pairs of electrons 
on the oxygen, by mesomerism with the aromatic 
rng It1s hoped to discuss the structure of such highly 
soluble compounds 1n a later communication 

I am indebted to Mr M J Ashwood-Smith for 
carrying out the toxicity experiments 
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Influence of Anaerobic Glycolysis on 
Release of Histamine in the Guinea Pig 
and Rat Anaphylactic Reaction in vitro 


AN increase of oxygen uptake has been observed 
during the anaphylactic reaction «n vitro’, and 1t has 
been shown that anaphylactic release of histamine 18 
inhibited by lack of oxygen?-* It has also been shown 
that the anaphylactic reaction is inhibited by 
uncouplers of the oxidative phosphorylation? It 
would be expected that the energy-rich compounds 
formed durmg the glycolytie cycle would be available 
for release of histamine, as are those generated. in 
aerobiosis The present investigation was undertaken 
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as a function of PNO concentration at — 40° (left), as a function of 
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ın order to see if the anaphylactic 
reaction depends on oxidative meta- 
bolism, or if 1t could also proceed 
in the presence of an anaerobic 
metabolism The experiments were 
carried out with both guimea pig 
and rat tissues, m order to verify 
any possible difference in their 
behaviour, since 1t has recently been 
suggested that anaphylactic re- 
action 1n rat tissues 1s not affected 
by lack of oxygen*'* 

Sensitized guinea pig and rat 
lung-slices were incubated m Ringer- 
phosphate or Ringer-bicarbonate 
medium with or without glucose, 1n. 
nitrogen or oxygen atmosphere, in 
Warburg flasks ın which release of 
histamine was determined, by the 
addition of antigen from the side 
arm Nitrogen was purified by passing 1t through 
melted phosphorus, and its purity verified in an 
Orsat apparatus‘ Rats were sensitized with horse 
serum treated by kaolin, according to the method in 
ref 8 The technique of histamine dosage and other 
experimental details were as described in ref 5 

It has already been shown that a pure nitrogen 
atmosphere completely mhibits anaphylactic release of 
histamme in guinea pig lung-slicest In the presence 
of glucose the sensitized gumea pig lung-slices, 
maintained in anaerobic conditions, showed, as would 
be expected a glycolytic activity, while histamine was 
releasedon tippmgtheantigen Addition to the glucose 
anaerobic medium of mono-10doacetate, well known 
as an inhibitor of the anaerobic glycolysis, completely 
mbhibited this release Table 1 shows the results 
obtained ın typical experiments 


Table 1 EFFECT OF GLUCOSE AND MONO-IODOACETATE ON METABOLISM 
AND ON ANTIGEN HISTAMINE RELEASE FROM SENSITIZED GUINEA 
Pid LUNG-SLICES UNDER ANAEROBIC CONDITIONS 


Metabolism 
Experimental conditions Oxygen Histamine 
Atmosphere Additions uptake Glycolysis release 
QO: QC0, (ugm /gm 
ww) 
Nitrogen + 5 per cent 
carbon dioxide — 0852-009 0001 
Nitrogen + 5 per cent 
carbon dioxide Glucose 569+034 32407 
Oxygen — 5 44+0 30 89703 
Oxygen Glucose 525+0 36 49+03 
Nitrogen + 5 per cent 
carbon dioxide Glucose 690+054 107206 
Oxygen — 5 90+0 40 41+01 
Oxygen Glucose 600+019 47+05 
Nitrogen Glucose 011+010 53405 
Nitrogen + 5 per cent 
carbon dioxide Glucose 798+045 175+04 
Nitrogen +5 percent Glucose + 
carbon dioxide monoiodo- 
acetate, 
1 mM 045+010 0001 
Nitrogen + 5 per cent 
carbon dioxide Glucose 7064027 113404 
Nitrogen +5 percent Glucose + 
carbon dioxide monoiodo- 
acetate, 
05mM 073009 04+03 


Medium was Ruinger-phosphate, or Ringer-bicarbonate when 
atmosphere contained carbon dioxide Glucose, 0 01 M Spontaneous 
release of histamine was calculated from these data Each figure 
1s the mean of results from three flasks + S E 


In sensitized rat lung-slices, anaerobiosis completely 
inhibited the histamine released by antigen and small 
quantities of oxygen were sufficient to remove this 
mhibition Addition of glucose to the medium also 
removed the anaerobiosis hibition (Table 2) 


362 


Table 2 EFFECT oF TOTAL AND PARTIAL ANAEROBIOSIS AND OF 
GLUCOSE IN ANAEROBIC CONDITIONS ON METABOLISM AND ON 
ANTIGEN HISTAMINE RELEASE FROM SENSITIZED RAT LUNG-SLICES 


Metabolism 
Experimental conditions Oxygen Hustamine 
Atmosphere Additions uptake Glyecolysis release 
QOs QCO, (ugm/gm 
ww) 
Oxygen — 7 2810535 29-03 
Nitrogen em 0 65: 0 05 00x00 
Oxygen — 6 34 € 0 11 28:038 
Nitrogen — Q 70€ 0 14 00400 
Oxygen — 7754012 14:40 15 
Nitrogen +2 per cent 
oxygen — 158rT007 10x01 
Oxygen — 8 1040 20 39402 
Nitrogen +4 per cent 
oxygen — 215+015 36403 
Oxygen — 7 30-014 3503 


Nitrogen +5 per cent 


carbon dioxide 652-014 35400 


Same experimental conditions as m Table 1 Each figure is the 
mean of results from two flasks + S E 


Giucose 


These experiments show that in both guinea pig 
and rat-sensitized lung-slices the anaphylactic hista- 
mine release 18 not specifically dependent on oxygen 
This reaction 18 able to proceed in complete anaero- 
biosis, 1f energy 1s available to the coll, such as that 
produced by a carbohydrate glycolytic metabolism 
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Effect of Monovalent Cations on the 
Blood Pressure of Intact and Hyper- 
tensive Rats 


We demonstrated m earher experments that ıt was 
possible to mhibit renal neurogenic hypertension m 
rats when potassium salts were mixed with their 
food!. It was likewise demonstrated that the degree 
of Grollman hypertension did not depend on the 
absolute quantity of sodium and potassium m the 
food but on the mutual proportions of the two elec- 
trolytes? Moeneely's experiments? gave similar results 
rats, made hypertensive by excessive doses of sodium 
chloride, could be kept alive and the rise of their blood 
pressure stopped by feeding them potassium salts 
The blood pressure of hypertensive patients can be 
lowered by a high potassium diett 

Excessive consumption of sodium chloride 15 known 
to promote hypertension m human bemgs and 
animals alke Many workers ascribe this to the higher 
hydration of the sodium ion which leads to a swellng 
of the arterial walls’ According to Pallman*, an atom 
of sodium binds 4 3, and an atom of potassrum only 0 9 
mol of water If the hypertensive effect of sodium 
and the anti-hypertensive effect of potassrum depend 
on hydration, 16 would be justified to expect that 
lithium, as the most hydrated monovalent cation, 
would produce higher blood pressure than sodium, and 
éhat rübidium and cesium, which are less hydrated, 
would produce a stronger depressing effect than 
potassium (An atom of hthrum binds 10, that of 
rubidium 05 and cesium 02 mol of water) 
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In order to test this hypothesis we mixed rubidium 
and essium salts (Rb,SO,, CsCl) to the diet of male 
rats of 150-180 gm body-weight which had been 
made hypertensive by Grollman’s method We 
also admmustered hthium salts (LiCl) to such animals 
since thoy refused the food which contamed hthrum 1b 
was given by means of intraperitoneal mjection ‘he 
daily doses of rubidium and egsrum were 15 mgm, 
those of hthium 4 mgm _ The basal diet contained 
26 mgm. of sodium and 61 mgm of potassium per day, 
while there was 120 mgm. of potassium m the ‘high- 
potassium diet’ Figs 1 and 2 illustrate changes in 
the blood pressure of intact and Grollman-hypertens- 
ive animals after admmustration of different mono- 
valent cations. We determined the blood pressure 
with our method? once a week It can be seen from 
Fig 1 that the blood pressure of the intact lithrum-fed 
animals already showed an merease during the second 
week, while the blood pressure measured in rats which 
had been kept on a high-potassium diet or received 
rubidium or cæsium did not differ from that of animals 
kept on a normal diet 

By keeping rats, operated by Grollman’s method, 
on a high-potassium diet or by admmistermg rubidium 
or cæsium to them, 16 was possible to arrest a further 
morease in their blood pressure (Fig. 2) Cæsum 
inhibited the development of hypertension almost 
completely after a small increase durmg the first 
weeks, blood pressure went back m the sixth week to 
the pre-operative (normal) level 

Our experments allow the conclusion that all 
monovalent cations are capablo of mfluencing the 
blood pressure of rats Effect on blood pressure 
depends on the hydration of the atoms Cations of 
igh hydrating power (hthium, sodium) promote 
hypertension This property of sodium ions has long 
been known  Lathrum has now been proved to be a 
substance which enables us to produce experimental 
hypertension ın an easy and rehable manner ‘This 
discovery seems to be of great significance in the field 
of experimental hypertension since 1b 18 now possible 
to study problems concerning the pathogenesis and 
treatment of hypertension promptly, without surgical 
intervention and without the admmustration of 
mimeralocorticoids (in other words, under compara- 
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Action of Li, K, Rb and Cs on the blood pressure of 
intact rats Norm , normal diet, Li, normal diet plus 4 mgm Ia, 


Fig 1 


K, normal diet plus 69 mem K, Hb, normal diet plus 15 mgm 
Rb, Cs, normal diet plus 15 mgm Cs 
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Fig 2 Action of Li, K, Rb and Cs on the blood pressure of 
Grollman-operated rats (key, see Fig 1) 


tively more physiological conditions) The prevention 
of hypertension by means of rubidium and exsium 
also supports (but does not definitely prove) our 
working hypothesis that the action of monovalent 
cations on blood pressure, as also the direction of the 
effect, depends on the degree of 10nie hydration 
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Ambient Temperature and Depot Fat lodine 
Number in Children 


Tue degree of unsaturation of depot fat, as 
measured by its 10dine number, has been shown to 
depend on species, temperature of the environment, 
diet and site within the body of the fat!  Durmng 
the course of investigations m Bantu children aged 
up to 4 yr m South Africa 16 was found that as the 
child got older, so the 10dine number of the depot 
fat (taken from the anterior abdomunal wall) 1ncreased 
and the difference between the means of the group 
under 1 yr old and those aged 1 yr was significant 
(P = 0 025 - 0:01) and between the means of 1 yr 
and 3 yr. the significance was 1 m 20 Comparison 
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with the 2-yr -old group did not show any significance 
owing to the small number ın the group (Fig 1) 
These findings, 16 1s suggested, are consistent with 
the view that the degree of unsaturation of the depot 
fat ın children ıs related to the temperature of the 
environment, as has been shown in animals? 
the factors mfluenemg depot fat 10dine number the 
site within the body and species variability need not 
be considered here The composition of the fat m 


the diet has been shown to alter the composition of 


adipose tissue, but relatively large quantities of fat 
have to be consumed m order to demonstrate this 
effect? These children have no excess of dietary fat, 
their highest fat mtake probably bemg while breast 
fed (fat m breast milk = 4 per cent) 

Furthermore, the fat consumed by the mother and 
which 1s to some extent reflected m the composition 
of her milk‘ is the same fat as would be consumed by 
the child when weaned 

The difference with age in the South African series 
could be explained by differences m temperature of 
the environment to which the child is exposed 
When this was done the atmospheric temper- 
ature varied from 5 to 18° C Dumng early hfe 
the child 1$ not exposed to this temperature for long 
periods of the day as 1t 18 carried wrapped m blankets 
on its mother’s back. As ıt gets older ıt spends longer 
intervals of time away from its close contact with the 
mother and thus the temperature to which the skm 
is exposed will have lower mean values The iodine 
number of the depot fat m adult Bantu m South 
Africa ıs 67 (ref 5) 

In a second series of children m West Africa where 
the atmospheric temperature was 28-33° O the 
10d1ne values showed no rise with age and were similar 
to those of the 0-1 yr age group in South Africa 
(Fig 1) The atmospherie temperature in West 
Africa was therefore close to that which would exist 
when the child is tied to 1ts mother’s back Gradual 
‘weaning’ from the mother’s back would not be 
associated with any marked fall m temperature 
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exposed to the skin, and therefore no striking change 
in the degree of unsaturation of depot fat, and could 
account for these older children having the same 
10dine number as the very young age group m South 
Africa 

It is therefore concluded that these results in 
children would be consistent with the hypothesis 
that the 1odme number of depot fat 1s determined, 
to some extent, by the ambient temperature 
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Seminal Degeneration induced in Merino 
Rams by the Administration of Stilbcestrol 
Dipropionate 


Tue statement that rams are unaffected by the 
ingestion. of cestrogenic pasture seems to be based 
on the failure to detect lowered fertility following 
mating", or metaplastic changes m the bulbo-urethral 
and prostatic glands of rams from properties where 
ewes exhibit the syndrome of ‘clover infertility’? 
Substantiation has been drawn from the protection 
conferred by the admmustration of androgens to 
castrates treated at the same time with stilbcestrol4 
No reports have been noticed of the results of semen 
examination of rams fed cestrogenic pastures or 
treated with synthetic cestrogens, although ıt has 
been shown that injections of 35 mgm /week of 
cestradiol benzoate may alter semen characters of 
bulls in 3 weeks, these returned to normal withm 
5 weeks of the cessation of treatment? 

In experiments conducted at the Jan Clunies Ross 
Laboratory, fifteen Merino 1ams, aged. approximately 
24 months, were divided at 1andom within live weight 
classes into three groups, mean live weights were 
45 kgm 

Semen samples were collected from each ram by 
electro-ejaculation® at weekly mtervals for 23 weeks 
beginning August 17, 1960 The samples were 
assessed for volume, sperm density and total sperm 
numbers, motility and for the percentages of morpho- 
logically normal and live sperm After a pre-treat- 
ment period of seven weeks, to allow each group to 
establish reasonably consistent base-lines, treatments 
were begun These consisted of intra-muscular in- 
jections of stilbcestrol dipropionate at daily dose- 
rates of 0025 mgm /sheep for group 1 and 0 25 
mgm /sheep for group 2 Peanut oil alone was 
injected into the control group 3 Treatments con- 
tinued between the eighth and fourteenth weeks 
inclusive of the experiment, and were then stopped 

Sperm motility was scored visually between 0 and 
10, and the percentages of live and of normal sperm 
were converted to a scale of 0-10 by taking each 
10 per cent as one pomt Because of the large 
variation that occurs m total sperm numbers in 
semen samples collected by electro - ejaculation 
(Mattner and Voglmayr, unpublished) this character 
was disregarded in the composite scores 

Mean total scores for each week for each group 
of rams are shown in Fig 1, which reveals a de- 
pression in semen quality as the result of the treat- 
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TREATMENT 


Composite score 





1 3 5 7 9 1] 13 15 17 19 21 23 
Weeks 
ments Group 2, which received 0 25 mgm stilb- 


cestiol, had not completely recovered within 9 weeks 
of treatment beimg stopped, but group 1, which 
received. 0 025 mgm stilboestrol, showed substantial 
recovery within 6 weeks of treatment ceasing The 
control group remained. unaffected 

Of the individual semen characters examined, 
motility was most adversely affected, and 1n group 2 
this fell to zero by the seventh week after stilboestrol 
myections began The mean percentage of live sperm 
in semen samples from this group fell from 85 per cent 
before treatment to 40 per cent by the seventh week 
of treatment, and to 20 per cent by the twentieth 
week, that 1s, 6 weeks after treatment ceased The 
mean total sperm numbers of both groups 1 and 2 
began to decline 5 and 7 weeks respectively after 
treatment commenced four weeks after these de- 
clmes became evident, mean total sperm numbers 
obtained from group 2 at each collection ranged 
between 100 x 1095 and 300 x 10° and from group 1 
between 500 x 10° and 1000 x 10° No upward 
trend occurred m group 2 until 9 weeks after treat- 
ment ceased , mean sperm numbers for group I rose 
to 2000 x 10° within 3 weeks and were maintained 
at this average until the ninth week after the 
administration of stilbcestrol stopped Mean total 
sperm numbers obtained from the control group 
during the whole of the experiment fluctuated 
between 4000 x 10° and 5000 x 109 

Rams grazing highly cestrogenic pastures in Aus- 
traha are unlikely to mgest the equivalent of 0 25 
mgm  Stilboeestrol/day  admunistered. to group 2 
Dose-rates of 0 03 mgm diethylstilbcestrol/sheep /day 
for 6 months adversely affected the breeding per- 
formance of ewes’ Preliminary observations (South- 
cott, Braden and Moule, unpublished) indicate that 
Merino ewes grazing red clover (Trzfoluum pratense) 
pastures at Armidale (New South Wales) may have 
an oestrogen intake equivalent to 0015 mgm stilb- 
cstrol dipropionate/day, but bio-assay of collected 
subterranean clover (Trmfohum subterraneum) fed 
to castrated gumea pigs has shown far higher cestro- 
genic equivalents It is clear that the dose-rate 
of cestradiol benzoate/kgm live weight required to 
produce seminal degeneration in bulls® could be 
as much as twenty times the dose of stilbestrol 
dipropionate/kgm live weight required to affect the 
semen of rams, thus it ıs unlikely that bulls could 
consume sufficient cestrogenic pasture to affect 
spermatogenesis The evidence avaiable indicates 
that cattle are unaffected by grazing pastures that 
severely affect sheep! 
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It should not necessarily be concluded that grazing 
pasture possessed of high cestrogen equivalencies will 
induce seminal degeneration in rams. So far the 
activity of pasture in terms of stilbcestrol dipropionate 
has been estimated by the use of castrated male sheep 
and spayed ewes allowed to graze the pasture under 
test. On assimilation by the entire male, the iso- 
flavones formononetin, genistein and biochanin A, 
and diadzein and the lactone coumestrol may not 
lead to the formation of substances likely to impair 
spermatogenesis. Furthermore, this experiment was 
conducted at a time of the year when the androgen 
output by the rams may have been low. 
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PHARMACOLOGY 


Repetitive After-discharge produced by 
Drugs in Nerves treated with 
Cetyltrimethylammonium Bromide 


À WELL-ESTABLISHED pharmacological property of 
tetraethylammonium ion (TEA) is the production of 
repetitive nerve action potentials in response to 
single stimuli', We have recently been examining the 
relationship between quaternary ammonium ion 
strueture and this type of activity. After several 
experiments, however, it became apparent that the 
effects of TEA and other ethonium ions were not 
reproducible except at very high concentrations of 
30 m.M or more. Accordingly, we resorted to testing 
these drugs on nerves treated with the cationic 
detergent, cetyltrimethylammonium bromide 
(CTMB). Certain methonium ions which normally 
have little or no effect on nerve produce conduction 
block after CTMB treatment?*?, The experiments 
described here reveal that CTMB also increases the 
capacity of ethonium ions to produce repetitive 
firing. 

All experiments were done on sciatic nerves isolated 
from cold-adapted winter and spring frogs (Rana 
pipiens). Except for brief stimulating and recording 
intervals in air, the nerves were bathed in a buffered 
frog Ringer solution (pH 7-2) at a temperature of 
16-18° C. Monophasic action potentials were recorded 
with differential amplification, displayed on an 
oscilloscope, and photographed. A square-wave 
stimulus of 0-1 m.sec. duration was applied every 
2 sec. Stimulus intensity was supramaximal for the 
rapidly conducting A fibre group. The nerve 
chamber contained a small centre well located 
between the platinum stimulating and recording 
electrodes. Drugs and CTMB were added to the 
Ringer solution in this centre well only. 'The so-called 
treated segment of the nerve was initially bathed in 
CTMB-Ringer for 60 min., then in CTMB-Ringer- 
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drug solution. 
l ugm./ml. 
The compounds used in these experiments were 
TEA chloride, phenyltriethylammonium iodide and 
3-OH phenyltriethylammonium iodide. With the 
appropriate concentration of each compound, two 
effects were consistently observed: (1) an increase in 
amplitude and time-course of the negative after- 
potential; (2) repetitive after-discharge. Summation 
of asynchronous and low-amplitude repetitive spikes 
of many individual axons prevents accurate measure- 
ment of the negative after-potential. Therefore, only 
the repetitive firing was used as an indicator of drug 
action, and this response was treated as a graded one. 
The frequency, number and amplitudes of repetitive 
spikes were concentration and time dependent. 


CTMB concentration was kept at 





Fig. 1. Repetitive after-discharge produced by s i gm./ml. phenyl- 


triethylammonium ion in presence of CT Left, control 

record taken after 30 min. in Ringer; middle, threshold response 

obtained after 5 min. in CTMB-Ringer-drug solution; right, 

maximal response obtained after 30 min. in CTMB-Ringer- 
solution. Time line, 1,000 cycles/sec. 


The approximate concentration of each ethonium 
ion required for a minimal response was determined 
on at least 4 normal and 4 CTMB-treated nerves. A 
typical response is illustrated in Fig. 1. For each ion, 
CTMB markedly lowered the approximate concen- 
tration required for threshold response (Table 1). 
The time between drug application and onset of 
effect was not altered by CTMB when using threshold 
concentrations; but when the threshold concentration 
as determined on a normal nerve was applied to a 
CTMB-treated nerve, the latent period was too short 
to measure. Our results might have been even more 
striking had we used a higher CTMB concentration. 
However, we wished to avoid the direct actions of 
CTMB on ion permeability which were recently 
observed in the giant axon of the squid'. 


Table 1. COMPARISON OF DRUG-INDUCED REPETITION IN NORMAL 


AND CTMB-TREATED NERVES 


Normal nerves CTMB-treated nerves 


Threshold Threshold 
Drug concen-  Timeto concen- Time to 

tration* onsett tratlon* onsett 

(mM) (min.) (mM) (min.) 
Tetraethylammonium 16-20 20 0-5-2 45 
Phenyltriethylammonium 20-30 30 3-5 30 

3-OH phenyltriethyl- 

ammonium 30-40 10 3-10 13 


* Range of approximate threshold concentrations on 4-7 nerves. 
t Average of results obtained on 4-7 nerves, 


Koketsu's experiments* indicated that TEA pro- 
longs the negative after-potential in frog motor nerve 
terminals. The concentrations used by Koketsu 
approximated those needed in the present work to 
produce repetitive firing of CTMB-treated axons. The 
unmyelinated axon terminals are more sensitive than 
the rest of the axon to TEA, probably because the 
latter possesses a permeability barrier which impedes 
the access of quaternary ammonium ions to their sites 
of action. It is this barrier which a cationic detergent 
like CTMB appears to remove. 
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Cholinergic Transmission Mechanisms 
for both Excitation and Inhibition in 
Molluscan Central Synapses 


WE have previously reported! that the application 
of acetylcholine by perfusion or local injection to 
different central neurones of the molluse Aplysia 
depilans, impaled with intracellular microelectrodes, 
always produced one of the two following reactions: 
(a) cells of one type, conventionally designated by us 
as H-neurones, are hyperpolarized and inhibited by 
the drug (Fig. 1, H1), and (b) cells of another type, 
or D-neurones, are depolarized and excited (Fig. 1, 
D1). 

Further microphysiological analysis revealed that 
H-neurones receive both excitatory and inhibitory 
inputs, but that D-cells receive only exeitatory input. 
A pharmacological investigation enabled us to demon- 
strate that acetylcholine fulfils almost all the require- 
ments necessary in order that it be accepted as the 
chemical transmitter of synaptic inhibition in 
H-neurones'*. 
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Fig. 1. (1) Effect of brief electrophoretical Injections of acetyl- 
choline (arrows) on the somatic membrane of a D-cell (left column) 
and an A-cell (right column) firing spontaneously, The drug de- 
polarizes the D-cell and accelerates its firing, while it hyperpolar- 
izes the H-cell and inhibits firing. 
(2) Same amount of acetylcholine as in (1) is injected on the 
D-cell (left) and the H-cell (right) but in the presence, in the 
bathing fluid, of 10-* gm./ml. of d-tubocurarine, which clearly 
inactivates both D- and H-cell membranes to the action of 
acetylcholine. 
(3) The same electrophoretical injection of acetylcholine on D- 
and H-cells, as in (1), but in the presence, in the bathing medium, 
of 10-* gm./ml. of hexamethonium bromide. This latter drug 
inactivates the D-cell membrane to the action of acetylcholine 
(left) but has no effect on the response of the H-cell membrane 
to acetylcholine 
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Fig. 2. Effects of d-tubocurarine in 107* 
(white dots, 2-4) on the evoked excitatory 
in a D-ceM (eft column) and on the inhibitory postsynaptic 


gm./ml. concentration 
tsynaptic potential 


potentials in an H-cell (right column). The synaptic potential 

in the D-cell is composed of two elementary excitatory synaptic 

potentials. In both cells the drug inactivates the postsynaptic 

membrane to natural excitatory and inhibitory transmitters 

respectively, as indicated by the gradual diminution (2-4) of 

the postsynaptic potentials. The removal of the curare restores 
the initial amplitude of the synaptic potentials (5) 


Recent experiments brought out the surprising 
result that acetylcholine may also very likely be 
considered as the chemical transmitter for synaptic 
excitation in D-neurones. These neurones are highly 
sensitive to the drug; threshold effects on the cell 
excitability were observed with concentrations of less 
than 10-!° gm./ml. in absence of any anticholines- 
terase. Applied either by perfusion or locally injected, 
acetylcholine produces a spectacular drop in the 
D-cell membrane impedance, as in the neuromuscular 
end-plate of vertebrates* and the Purkinje fibres of 
vertebrate heart*, where its transmitter action is well 
proved. Detectable increases of membrane conduct- 
ance were observed for concentrations of acetylcholine 
down to 10-* gm./ml. with a square pulse technique 
permitting the detection of impedance variations as 
small as 2-3 per cent. 

Electrophoretical injections of acetylcholine on the 
D-cell membrane, following the technique of del 
Castillo and Katz*, resemble the excitatory synaptic 
action (Fig. 1, D1). Like that of the excitatory 
synaptic potential, the equilibrium potential-level of 
this action is closer to the zero potential than the 
resting potential; if the membrane potential is 
artificially increased, the amplitude of both excitatory 
postsynaptic potential and depolarization produced 
by acetylcholine increases. The effects of electro- 
phoretical injections of acetylcholine on the D-cell 
membrane (as well on the H-cell membrane) are 
diminished or abolished in the presence of a solution 
10-* gm./ml. of d-tubocurarine (Fig. 1, D2 and H2) 
or atropine. This block may probably be attributed 
to the inactivating effects caused by these drugs on the 
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cell membrane cholmergic receptors It 1s highly 
significant that, m the presence of d-tubocurarme or 
atropine, the excitatory postsynaptic potentials m 
D-cells (and the mhibitory postsynaptic potentials in 
H-cells) also show rapid diminution of their amplitude 
or even disappear (Fig 2, D and H) This inactivatmg 
effect of curare and curare-like drugs on synapses 
constitutes an important argument in favour of the 
cholinergic nature of the synapses*:? 

The action of hexamethonium was very remarkable 
(Fig 1, D3 and H3) In the presence of this drug, the 
D-cell membrane 1s inactivated to the action of the 
injected acetylcholine, whereas the H-neurone mem- 
brane 1s not affected and shows a normal hyper- 
polarizing response to acetylcholine Likewise, 
hexamethonium greatly dimmushes the amplitude of 
the excitatory postsynaptic potentials ın the 
D-neurones, but has no effect on the inhibitory 
postsynaptic potentials in H-cells This behaviour 
illustrates once more the pharmacological specificities 
of the D- and H-cell membranes, seen also with 
several other drugs? 

The foregomg arguments seem to us to be a rather 
strong indication in favour of the cholinergic nature 
of the excitatory synaptic input in D-cells, especially 
if we remember that acetylcholine 1s normally present 
in Aplysia nervous system? and that a specific 
cholinesterase was demonstrated by both bio- 
chemical? and physiological? methods As m 
H-neurones, the extrasynaptic membrane of the cell 
body 1s highly sensitive to the natural transmitter 

Recalling that the synaptic excitatory input of 
H-neurones 18 not at all affected by drugs which block 
cholinergic transmission’, we presume that the excita- 
tory synaptic input is conveyed by an unknown 
transmitter other than acetylcholine 

Fig 3 illustrates the nature of the synaptic inputs 
on D- and H-cells. As the excitatory synaptic trans- 


Ne 4800 






inhibition 


À Cholinergic 
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Fig 3 Diagram illustrating the nature of synaptic contacts on 
ihe H- and D-cells The inhibitory input to the H-neurone and 
the excitatory one to the D-cell are cholinergic A probable 
contact of a single presynaptic neurone (either A or B) with both 
H- and D-cells 1s indicated by the dotted hnes The excitatory 
input on the H-cell ts conveyed by an unknown transmitter 
different from acetylcholine A possibility of contact between 
the presynaptic cell C and the postsynaptic D-neurone 13 marked 
with a dotted line, no evidence exists concerning the effect of 
the unknown transmitter on the D-neurone 
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mission imn D-cells and the mhibrtory one in H-cells 
appear to be cholinergic, the existence of mter- 
neurones capable of excitatory action through some 
of them synaptic endimgs and inhibitory actions 
through others at the same time 1s likely (dotted lines 
in Fig 3) This dual cholmergic mechanism empha- 
sizes the importance of the postsynaptic membrane 
for the character of the transmission, the same trans- 
mitter ın the same ganglion being able to produce 
opposite synaptic actions 

Conclusions from the above results may be summar- 
ized as follows (1) As was demonstrated elsewhere? ?, 
acetylcholine, by its effects on Aplysıa demlans 
neurones, enables one to distinguish two types of 
cells D-cells, depolarized and excited by the drug, 
and H-cells, hyperpolarized and inhibited The 
D-neurones only show excitatory synaptic mput, 
whereas H-neurones present both excitatory and 
inhibitory synaptic mput (2) In D-neurones, the 
synaptic excitatory mput may be considered as 
cholinergic (3) In H-neurones, inhibitory mput 1s also 
very likely cholinergic, but the excitatory mput m 
these cells appears to depend on another, unknown 
chemical transmitter Hence, the character of synap- 
tic transmission, excitatory m D-cells and inhibitory 
in H-cells, does not depend solely on the nature of the 
chemical transmitter—acetylcholinem both cases—but 
on physicochemical differences in the postsynaptic 
membrane that react in a specific way to the trans- 
mutter (4) Existence of interneurones which would 
simultaneously induce excitatory and mbhuibitory 
synaptic actions in different postsynaptic neurones 
1s a real possibility 

L Tauc 
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CHEMOTHERAPY 


A New Prophylactic Trypanocidal Drug, 
2,7-di-(m-amidinophenyldiazoamino)-10- 
ethyl-9-phenyl-phenanthridinium Chloride 
Dihydrochloride (M & B 4596) 


TEHE properties of the trypanocidal drugs obtamed 
from the coupling reaction of m-amidinobenzene- 
diazonium chloride and homidium chloride have been 
described by Wragg, Washbourn, Brown and Hull}, 
and Berg? Metamidium was the mixture of the 
red (I) and purple (II) isomers (45 and 55 per cent 
respectively), and 150metamidium was the pure red 
isomer (I) : 

In the study of the structure-activity relationships 
among this series of compounds, many similar 
coupling reactions have been investigated. In an 
attempt to prepare the 2,7-di-m-amidimophenyl- 
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diazoamino derivative (III) of homidium, the coupling 
reaction of 2 mol of m-amidinobenzenediazonium 
chloride and I mol of homidium chloride was 
examined Only (I) and (II) were present m the 
reaction, product and none of the desired b2s-com- 
pound (III) was obtamed The latter compound, 
however, was readily prepared by the coupling reac- 
tion of tetrazotized homidium chloride (1 mol) 
and m-ammobenzamidine monohydrochloride (2 
mol) It separated from the reaction mixture as a 
brown granular solid, which was washed with aqueous 
sodium chloride and dried at room temperature It 
usually contained approximately 10 per cent of 
sodium chloride and was submitted for biological 
examination without further purification as M & B 
4596 It decomposed at 245?, and was approximately 
1 5 per cent w/v soluble in water; the pH. of a 1 per 
cent w/v solution bemg 4 7 at 20° It could be stored 
in the solid state for at least two years without sig- 
nificant decomposition, but 16 began to lose nitrogen 
when heated above 70° Aqueous solutions lost 


Table 1 TOXICITY AND THERAPEUTIO ACTIVITY AGAINST A LAB- 


ORATORY STRAIN OF T congolense IN MICH 
Compound 2£D50 (mgm /kgm ) CD50 (mgm /kgm) by 


subcutaneous subcutaneous injection 
Homidium 75 0 03 
Metamidium 210 0 0075 
Isometamidi:um 260 0 002 
M & B 4596 > 1,000 06 
Table 2 PROPHYLACTIC ACTIVITY OF M & B 4596 AGAINST A 


LABORATORY STRAIN OF 7 congolense IN DIEECT COMPARISON WITH 
METAMIDIUM CHLORIDE 


Dose 
mgm / 
Com- kgm ) No of mice protected/No treated 
pound  subcut- Weeks after dosing 
aneously 2 3 4 6 9 12 16 20 24 
e Meta- 25 6/6 5/5 6/6 11/11 10/10 11/14 8/10 
midium 5 4/6 
chloride 1 6/6 19/19 9/14 
M & B 25 6/6 5/5 6/6 20/20 19/21 15/15 10/10 
4596 5 4/5 4 
1 5/6 11/19 9/16 
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nitrogen when warmed above 40? On heat- 
mg (III) with euprous chloride and 3 N 
hydrochloric acid for 7-10 min the theoreti- 
cal amount of nitrogen was evolved 

The therapeutic and prophylactic activity 
of the compound against a laboratory strain 
of Trypanosoma congolense was determined 
by the methods described by Wragg et al.}, 
and the results are summarized in Tables 1 
and 2 The compounds were all examined as 
their chloride hydrochlorides, and the doses 
are given as weight of total salt 

Although M & B 4596 was much less 

NH active therapeutically than metamidium, 16 

was no less active piophylactically The 

local reactions produced by the subcutane- 

ous myection of 10 per cent w/v aqueous 
suspensions of M & B 4596 mto calves compared 
favourably with those caused by metamidium chloride 
and metamidium suraminate 

The prophylactic activity of M & B 4596 against 
TT. congolense has been confirmed m cattle, and results 
of field-trials in Africa are very encouraging. The 
compound has also been presented for exammation 
as 1ts 12 per cent w/v water-soluble methane sulphon- 
ate (M & B 4596B), and its sparmgly water-soluble 
8-naphthalene sulphonate (M & B 45964) 

We thank Dr H. J Barber, Dr R Wien and 
Dr J. N Ashley for their interest, and Mr J M S. 
Lueas for the local tolerance studies 
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ANATOMY 


Staining Properties of Stressed Bone 


THE recent communication by Prof C J Dreyer! on 
this topic ıs of great interest m relation to the general 
matter of the staming reactions of (presumably) 
collagen fibres The change m staining reaction from 
green to reddish-brown with a corresponding change 
from optical isotropy to anisotropy, in unstressed and 
stressed, bone, respectively, accord well with what has 
been observed in this Department in work on 
developing collagenous tissues Using the Falg 
tecbnique?:3, ıt has been found that there are three 
stages in the development of this tissue which may be 
called the initial, the semi-mature and the mature 
These three stages are distmguishable with the 
greatest constancy by the readiness with which they 
accept acid fuchsin, that 1s, by what has been earlier 
termed their erythrophiha In the mutial stage, 
presumptive collagen fibres are weakly erythrophile, 
in the semi-mature stage they are moderately e1 ythro- 
phile, and in the mature stage they are strongly 
erythrophile The Falg technique, as well as others 
based on & simular chemical process, enables the 
consequent differences ın monochromatic coloration 
(amplitude) to be converted mto corresponding 
differences ın colour (wave-length) Weakly erythro- 
phile elements (of any kind) are coloured blue, the 
moderately erythrophile are coloured violet and the 
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strongly erythrophile are coloured a deep red. In 
these reactions the acid fuchsin, which is an ampho- 
teric and not an acid dye, behaves as an acid towards 
the basic elements of the tissues stained by it. Other 
acid dyes, for example, light green yellowish SF in 
the Falg technique, attach themselves to the acid 
fuchsin basic side-chains in a manner discussed in the 
papers cited. 

The Masson stain used by Dreyer is a very complex 
staining mixture, for it includes not only acid fuchsin 
and aniline blue (an acid triphenylmethane behaving 
like the other acid triphenylmethane, light green) 
but also hematoxylin. Recent work in this Depart- 
ment shows that haematoxylin will attach itself to 
free acid groups of the acid dye which has attached 
itself to acid fuchsin as mentioned above. Neverthe- 
less, in all cases mature collagen fibres retain the red 
colour. Accompanying the increased erythrophilia 
of developing collagenous tissues there is a corre- 

ing increasing birefringence, particularly well 
shown by the compound polarizer, the principles of 
which have already been stated in Nature*. 

It would appear then that Prof. Dreyer’s results 
are explainable as a demonstration of a special 
maturation of collagen fibres in those regions of 
stressed bone which he has studied. This is in accord 
with the general principle that collagen fibres are to 
tension fields as iron filings are to magnetic fields‘, a 
principle well established both by gross and micro- 
scopic anatomy on one hand and experiment on the 
other. 

M. A. MACCONAILL 

Department of Anatomy, 

University College, 
Cork. 
* Dreyer, C. J., Nature, 189, 594 (1961). 
? MacConaill, M. A., and Gurr, E., Irish J. Med. Sci., 182 (1960), 
* Gurr, E., and MacConaill, M. A., J. Roy. Miero. Soc., 79, 353 (1961). 
* MacConaill, M. A., Nature, 180, 603 (1957). 
* MacConaill, M. A., Proc, Roy. Irish Acad., 50, B, 7 (1944). 


PATHOLOGY 


Experimental Atheroma in Budgerigars 


SrwcE Anitschkow and Chalatow! in 1913 first 
induced lesions simulating human atherosclerosis in 
rabbits by feeding a diet rich in cholesterol, many 
workers have used rodents for this purpose despite 
the fact that spontaneous atheroma, apart from 
microscopic lesions, rarely develops in these mammals. 
Experimental atheroma has been produced by 
various dietetic alterations in other animals, including 
monkeys*?, pigs*, chickens*'* and geese’, but the 
parrot family (Psittacidae) have rarely been used 
although the more aged, captive birds in this order 
develop spontaneous atheromatous-like arterial lesions 
of an intensity usually seen only in man**. This 
communication describes cholesterol atheromatosis 
induced in budgerigars (Melopsittacus undulatus), 
which are the least expensive and most easily reared 
and housed of the psittacines. 

Twenty-eight adult female budgerigars, reputably 
aged between 2 and 5 years, were divided into four 
equal groups. Group 1, used as controls, were fed a 
diet of 60 per cent millet and canary seed and 40 per 
cent pin-head oatmeal. Group 2 received 60 per cent 
seed, 38 per cent oatmeal and 2 per cent cholesterol. 
Group 3 received 60 per cent seed, 23 per cent oat- 
meal, 2 per cent cholesterol and 15 per cent Danish 
lard. Group 4 were fed a diet of 60 per cent seed, 
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25 per cent oatmeal and 15 per cent Danish lard. 
Food, water and grit were available ad libitum. One 
bird in each group was killed at 30-day intervals over 
a period of six months. Three birds died during the 
experimental period. Tissues were examined by 
naked-eye and histologically, and in order to facilitate 
recognition of small lipid deposits in the gross aorta 
and brachio-cephalic arteries the opened vessels were 
treated with sudan IV. 

Birds in groups 2 and 3 showed slight, sudanophilic 
lipid stippling of the inner walls of the aorta and 
brachiocephalic arteries after receiving their respec- 
tive diets for two months. After three months, mul- 
tiple, creamy white or yellow, lipid-containing 
nodules and plaques had formed in the intima and 
inner media of the arteries (Fig. 1). These lesions 
were more marked and more extensive at the end of 
the present experimental period of six months. Sub- 
endothelial aceumulations of lipid narrowed several 
of the small coronary vessels (Fig. 2) and, in two 
instances, related small areas of myocardial infarction 
were seen. "Vascular thrombosis was not observed. 
Blood cholesterol-levels were raised in all birds of 
groups 2 and 3; concentrations being greater than 
300 mgm. per ml. as compared with cholesterol-levels 





vessel. umen narro 4 


Sub-endothelial lipid in small, intramural coro 
distorted wed. Weigert's elatio and 
vanjGieson's stain. (x 300 








arteries, of one bird in group 1. 

The livers of birds in groups 2 and 3 were enlarged, 
pale and fatty. Initially the lipid infiltration was 
diffuse and largely within the cytoplasm of parenchy- 
mal hepatic cells; later the lipids accumulated more 
focally and appeared to be mainly within the cyto- 
plasm of histiocytes. Lipid-laden histiocytes were 

geen also in the spleen, kidneys and ovaries. Birds in 
group 4 showed moderate fatty changes in the liver 
during the first three months of the experimental 
period. The liver and other viscera of birds in 
group 1 were normal. 

Although experimentation has been limited, it 

. would appear that diets containing added 2 per cent 
cholesterol or 2 per cent cholesterol and 15 per cent 
animal fat in the form of lard are highly atherogenic 
to young, adult female budgerigars, whereas a diet 
supplemented only by 15 per cent lard does not 
produce vascular lesions. Further work on naturally 

occurring and experimental atheroma in psittacines 

is being undertaken. While the pig is probably the 
most satisfactory animal for studies on atherosclero- 
sis, it is suggested that the budgerigar may be of 
value where space and money are restricted. 

One of us (R. F.) is indebted to Eli Lilly and Co., 
Ltd., for financial support. We thank Prof. J. W. S. 
Blacklock for advice; Mr. J. W. Miller, St. Bartholo- 
moew's Hospital, for technical assistance, and Mr. P. R. 
Crocker for photomicrography. 
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Orosomucoid in Schizophrenia 


OnosoMUCOID, a glycoprotein extremely rich in 
carbohydrate, is the principal constituent of the 

.. -. perchloric acid-soluble seromucoid fraction of human 
..—. serum}, In contrast to the seromucoid fraction which 
:.eontains several proteins and represents more than 
«one biological entity, orosomucoid is homogeneous 
and behaves as a single protein. With the production 
of specific chicken antiorosomucoid sera??, it has 
become possible to investigate the clinical significance 














.. Blyeoprotein-levels occur in a number of diseases 
. for example, in malignancy, tuberculosis, rheumatoi 
. arthritis, and multiple selerosis*. Eh ns in tt 
- chemically defined group of proteins also occur | 


88 fractures, epinephrine injection, and burns*. | 
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response to a wide range of non-specific stressors sue 


Serum-levels of orosomucoid have now been 
measured immunochemically*: in a large number of 
cancer patients and to a smaller extent in patients 
with other organic pathologies. Quite marked 
elevations of the protein have been observed, par- 
ticularly in advanced malignancy?, suggesting that `- 
processes destructive of tissue play a key part in | 
increasing its serum concentration. However, such |. 
processes may merely serve as non-specific stressors 
which then act through systemic mechanisms to. ; 
increase the serum concentration of orosomucoid. _ 
This communication concerns orosomucoid in schizo: D 
phrenia, & disease in which tissue pathologies have __ 
never been demonstrated. GU 

Comparisons were made between 41 non-psychotic 
control subjects (laboratory personnel) and 40 schizo- 
phrenic patients with respect to serum-levels of 
orosomueoid and albumin. These proteins were 
determined as in refs. 3 and 6, involving the precipitin __ 
reactions of specific chicken antisera. In previous 
work with cancer and tuberculosis sera, it was m 
observed that when the orosomucoid concentration 
was markedly elevated, the albumin concentration 
was depressed. Thus the ratio of orosomucoid to- 
albumin seemed to provide an even more sensitive 
indication of a pathological process than the oroso- 
mueoid-level alone. It was for this reason that both 
orosomucoid and albumin were measured in the 
controls and schizophrenics and that the oroso- 
mucoid : albumin ratio was computed for each 
subject. D 

Both the control and patient groups were off drugs |. 
and were free of physical disease so far as could be __ 
determined by physical examination, chest X-ray, Um 
routine complete blood count, and urinalysis. All. us 
the patients had been in hospital with schizophrenia — 
for more than 4 years. Two-thirds of the group were |. 
under careful dietary supervision in a metabolic ward __ 
at the Lafayette Clinie, while the remaining third um 
eame from Pontiac State Hospital. The data for eS 
these two patient groups were combined, since there __ 
were no significant differences between them in the _ 
variables under investigation. 207 BASES 











Table 1. COMPARISON OF ALBUMIN- AND OROSOMUCOID-LEVELS IN x 3 
SCHIZOPHRENIO AND CONTROL GROUPS petra 
rie oup Schizophrenie group (N = 40). 
Mean S.D. Mean S.D. Pc 
Albumin 48:3 8:4 45-7 45 2-00 < ("Ol 
Orosomucoid 0-842 0-185 1.008 — 0:196 8-81 « 0:001. 
Ratio of oroso» "s 
mucoid to 
albumin 0-0175  0:0041 00228 00055 434 < 0-00 


The mean albumin (Table 1) was significantly lowe 
for the schizophrenie group than for the contro 
subjects (P <0-01). In contrast, the mean oroso 
mucoid was significantly higher for the schizophreni 
subjects (P 0-001). The difference between thi 
two groups was also evident when the orosomucoid 
albumin ratios were compared: 0-0223 in the schizo 
phrenic group against 0-0175 in the control group. - 

These findings are of interest in two ways: (a) they- 
suggest that orosomucoid may be a reactor to a 
variety of non-specifio stressors not necessarily 
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associated with tissue destruction or proliferation, 
and (b) they indicate that other than purely psycholog- 
ical factors appear ın the chronic schizophrenic ul- 
ness and that either primary or secondary metabolic 
changes have occurred In this connexion the hypo- 
thesis that schizophrenic patients are in & chronically 
stressed state would seem to be supported 

This work was aided by a grant from the 
National Institute of Mental Health (grant No 
M Y -24'16) 
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RADIOBIOLOGY 


Activity of Deoxyribonuclease as related 
to Root-Growth 


IT has been repeatedly observed in the past few 
years that deoxyribonuclease (DNase) activity 18 
increased in normal growing animal tissues!-§. As 
postulated by Brody?, ıt 18 possible that the increase 
in acid DNase activity counterbalances the greatly 
enhanced activity of the deoxvribonucleic acid (DNA) 
synthesizing enzymes and indeed determines the 
normal character of the growth Cancerous tissues, 
on the contrary, have a lower DNase activity, at 
least when the activity 1s expressed per mgm DNA 
(ref 2), but not, apparently, when ıt 18 expressed per 
mgm mnirogen*. 

In plant roots, the mitotically active meristem can 
be easily separated from the upper regions where the 
mitotic activity 18 very much lower Pea seeds 
(Pisum satevum) were allowed to germinate on paper 
soaked with distilled water for 3 days at room 
tomperature Roots of approximately equal length 
were then selected and cut in two fragments the tip, 
15-3 mm long, and a longer fragment immediately 
above the tip The mitotic mdices determmed on 
sections of each fragment after Feulgen staining gave 
values of 35-45 a thousand 1n the tip and less than 
lan a thousand mn the upper fragment 

Fifty to hundred fragments of each kind of the same 
length are pooled and homogenized 1n cold distilled 
water in a Potter tube A sample of the homogenate 
is pipetted for total nitrogen determination by the 
Kjeldahl method The rest ıs used for measurements 
of DNase activity by viscosimetry at 37° C (ref 7) 
The activity of the acid enzyme 18 measured in acetate 
buffer 0 2 M pH 4 8 in the presence of sodium citrate 
(final concentration 0 017 M) and highly polymerized 
DNA. (final concentration 04 mgm /ml) prepared 
from calf thymus® For neutral DNase, phosphate 
buffer 0 2 M pH 7 6 with magnesium chloride (final 
concentration 004 M) ıs used 002 ml "Irion-X 
100’ 10 per cent 1s added just before introduction of the 
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Fig 1 Specific DNase activity in two different segments of 
the pea root A, Tip of root, B, upper fragment (see text), white 
bars, acid DNase, black bars, neutral DNase 
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mixture into the viscosimeter The activity ıs 
expressed by the initial rate of decrease of the 
specific viscosity extrapolated to 10 mm, or by the 
actual decrease m 10 mm when a straight-line 
relationship with time 18 obtamed For determimation 
of the DNA content, at least one hundred root seg- 
ments, cut exactly as for DNase assays, were 
homogenized in 70 per cent ethanol and processed 
according to the method in ref 9, a small modifica- 
tion was introduced and consisted m incubating the 
delipidated tissue in cold 2 N perchloric acid for 
18 hr in order to get a better extraction of the ribo- 
nucleic acid (RNA) A diphenylamine reaction 
(Burton!^) was performed on the hot perchloric 
extracts A sample of the alcoholic homogenate was 
pipetted for nitrogen determination the expression 
of DNase activity/mgm DNA rendered ıt indeed 
necessary to make a correction for any small differen- 
ces in nitrogen content which might occur between 
the segments selected for DNA determmations and 
those selected for enzynuc assays 

In Fig 1, the specific activity of DNases/mgm 
nitrogen 18 given for the tip of the root (part A) and 
for the upper fragment (part B) The length of the 
segment 1s indicated by the values of total nitrogen/ 
segment, ın pgm , on the abscisse It 1s clearly seen 
that the specific activity of acid DNase is much 
higher m the tip than 1n the other part of the root, the 
shorter the tip fragment, the higher the specific 
activity Neutral DNase is also higher in the tip, 
but the difference between the two fragments ıs less 
marked than for the acid enzyme 

In Table 1, the specific activity of acid DNase 
expressed per mgm mitrogen can be compared with 
the specific activity expressed per mgm DNA m 
four experiments 

The ratio of enzyme activities between the tip and 
the upper part of the root ranges from 1 to 258 
when the activity 1s expressed per mgm DNA and 
from 2 to 6 65 when 1t 18 expressed per mgm nitrogen 


Table 1 DNA AND NITROGEN CONTENT AND DNASE ACTIVITY IN 
WO DIFFERENT FRAGMENTS OF THE PEA ROOT 

ugm ugm Acid Acid Acid 

DNA/  mtrogen|  DNase/ DNase/ DNasejt ; 
segment segment segment mgm, mgm 

DNA nitrogen 
Tip 19 138 0 042 225 3 05 
Upper part 67 75 0 124 185 153 
Tip 28 198 0 045 156 227 
Upper part 62 115 0 098 15 6 0 84 
Tip 172 13 4 0 046 268 3 41 
Upper part 10 5 126 0 109 10 4 0 86 
Tip 1 32 9 0 036 27 3 3 66 
Upper part 4 60 103 0 058 126 0 55 
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Thus, as 1n many animal tissues, the acid DNase 
seems also hnked to the process of growth in pea 
roots Of course, many syntheses are gomg on at a 
high rate m the meristem, for example RNA, protem 
and DNA syntheses", but the metabolism with which 
the DNase 1s more probably connected 1s the DNA 
metabolism. It is known, however, from ref 12 that 
DNA synthesis goes on in the older cells above the 
meristem and that there 1s up to four times more 
DNA per cell during elongation, without mitosis, 
This fact has been confirmed on Viera faba roots’, 
i was observed by autoradiography that 3H-thymu- 
dine was incorporated into the nuclei up to 7 mm 
behind the meristem, with decreasmg mtensity 

Therefore, the decreased activity of acid DNase 
1n the upper part may be a mere reflexion of a lower 
rate of DNA synthesis, or may mdicate that DNase 
is also connected with the mitotic process and 
markedly decreases because the mutotic activity 
shows a dramatic drop above the meristematic part 
of the root. 

The help of Dr Demalsy for the Feulgen stammg 1s 
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Enterchepatic Circulation of Bilirubin 


Tur enterohepatic circulation of bile pgment has 
been the subject of protracted debate Recirculation 
of bilirubin, and its bacterial reduction products, the 
urobilnoids, has been postulated and dented!. The 
avauability of bihrubin labelled with carbon-14 m 
this Laboratory? has obviated many of the problems 
previously inherent m the study of bilirubin meta- 
bohsm The following 18 a prelunmary report of 
mvestigations of the enterohepatic circulation of 
bilirubin 

Radioactive erystalhne (unconjugated) bilirubin 
was prepared by methods deseribed previously? 
Radioactive conjugated bilirubm (m bile) was 
prepared by mfusmg erystalhne labelled bilirubm 
intravenously into rats with an external bue fistula 
Essentially all the myected label was excreted m 
bile as conjugated labelled bihrubm during the ensuing 
3-hr. period 

For work on intestmal absorption, crystallme 
labelled biirubin was dissolved in aqueous tauro- 
cholate, human albumin solution, or normal rat bile 
prior to administration, while conjugated labelled 
ebilirubim was administered in bile The labelled bile 
pigments were infused through a tzansoral duodenal 
feeding tube into each of 9 rats with an external bile 
fistula The rats were allowed to recover from 
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Administered C'* 


Appearing in Brie 
E a Uneconjugoted C*-biltrubin odmnisfered 
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1 
á À 
lOS; 
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i 
5L! 
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Hours After Intraduodenal Infusion of Labelled Pigment 


Fig 1 Appearance of radioactivity in bile following intraduodenal 
infusion of either conjugated bilirubin (V ——-V ) or unconjugated 
bilrubin (O -—- —- O) labelled with carbon-14 


anesthesia, and mamtaimed, thereafter, 1n restraming 
cages permitting complete separation and recovery 
of excreta’ After mfusimg the labelled pigments into 
the duodenum, collections of bile, urme, and fæces 
were made at regular intervals for determination of 
total radioactivity Bilirubin was crystallized? from 
selected pooled samples of bile and the specific 
activity determined At the termination of each 
experiment animals were autopsied to ascertain the 
absence of operative complications and the persistence 
of the bile duct catheter wn seu 

Table 1 RADIOACTIVITY RECOVERED AFTER INTRADUODENAI 


ADMINISTRATION OF CONJUGATED AND UNCONJUGATED BILIRUBIN 
LABELLED WITH CARBON-14 


Infused radioactivity recovered m excreta (per cent) 


Confugeted ™C-bilirubm Unconjugated ~*C-biirubin 
Bile 21 28 
Urine 2 trace 
Feces 40 32 
Total 63 60 


Data based on radioactivity recovered in two rats during the 
72-hr period following mtraduodenal administration of either 0 13 uc 
conjugated labelled bilirubin or 0 25 wo unconjugated bilirubin 1n a 
final volume of 2 m} at similar bilirubin concentrations 


Representative results are given m Fig 1 and 
Table 1 In all mstances, significant intestinal 
absorption and bihary excretion of the carbon-14 
label were evident After the mtraduodenal adminis- 
tration of both unconjugated labelled bilirubin and 
conjugated labelled bilirubin, much of the demon- 
strable absorbed radioactivity appeared in the bile as 
conjugated labelled bihrubm The mrtial phase of 
absorption was more rapid for unconjugated bilirubin 
than for conjugated bilirubm and the total absorption 
of the former appeared somewhat greater Little 
radioactivity was recovered in urme 

This work was supported in part by US Public 
Health Service grant 4—1833 
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Effect of Pupal Brain Surgery on the Rocking 
Response of Automeris 


THe rhythmic rocking responses of Hemuleucine 
moths may be released from insects which have been 
subjected to quite drastic surgical procedures', but 
they have never been observed in decapitated pre- 
parations? An attempt has now been made to 
investigate the role of the brain m mediating this 
response and in determining 1ts quantitative strength, 
using the techniques of pupal surgery deseribed by 
Williams? One hundred female pups of Automers 
cinerea were chilled at 6? C. for eight weeks immedi- 
ately following their reception from Argentina, and 
were then transferred daily (at 25? C) in batches of 
five ın order to break diapause On the fifth to 
eighth day after transfer, they were chilled at 4°C 
for 1 hr, anesthetized m carbon dioxide for 30 mm 
while packed round with melting 10e, and subjected 
to gross bram surgery through a window cut in the 
facial cuticle After surgery, the pups were sealed 
with the usual preeautions? and returned to 25° C. 
The yield in terms of histologically acceptable lesions 
was approximately 50 per cent The surgical pro- 
cedures, which were previously rehearsed on the large 
Indian Antherea mylitia, are summarized in Fig 1 
It may be noted that while procedure 1 results m 
blind moths the optic glomeruli II and III of which 
remain mtact, procedure 2 ablates the entire optic 
complex, while sparmg the medial lobes of the 
protocerebrum Procedure 5 permits the develop- 
ment of a recognizable subcesophageal unit in 1sola- 
tion ; while the resulting neuropil shows evidence of 
condensation, the normal features of its intrinsic 
organization may readily be recognized in favourably 
oriented sections, and moths so treated drffer char- 
acteristically in their behaviour from those from 
which the subcesophageal ganglion has been extir- 
pated. 

Some 12 hr before emergence was due, and just 
after the absorption of the moultmg fluid, each 
surviving moth was dissected from the pupal case, 
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Fig 1 Diagram showing the pupal brain, and the six surgical 
procedures 


and its setthng behaviour examined by the tech- 
niques which have been described in ref 2, some 
individuals were kept at 20°C and tested at intervals. 
The rocking response of A cenerea does not show 
the quantitative stabihty of that of A auraniraca’, 
&nd repeated testing at 5-mun intervals typically 
yields a range of scores lying between 10 and 45 
The brains of all moths were dissected out, fixed m 
Dubosq-Brasi solution, sectioned at 10u, and m- 
pregnated by a modification of the Holmes‘ technique, 
simuar to that of Larsen® but using 2,6-lutidine in 
place of pyridine 

The results are summarized in Table 1; the left- 
hand column records the effective surgical procedure 
as scored at histological exammation The highest 


Table 1 


Effective surgical procedures Score at dissection 


Adult scores 


—— ES | | SS M ——— ——— | ——————————————— 


No Left Medial Right from pupa 
1 1 1 (Spontaneous eclosion) 
2 1 1 6 33 38* 
8 1 1 16 22 26 30* 
4 1 1 12* 
5 1 2 (Spontaneous eclosion) 
6 1 2 18 22* 
7 2 2 41 42* 
8 2 2 12 12 14 14 14 
9 2 2 33* 32 
10 2 2 15 
li 2 : 2 (Spontaneous eclosion) 
12 2 2 33 34* 
13 2 2 32* 
14 3 30* 
15 3 15 37*32 
18 2 3 2 20 22 24 22 25 34 45* 
17 2 3 2 10 10 14 10 26* 
18 2 3 2 36* 12 10 12 10 
19 1010101213555 
(large par of medial lobes 
left ıntact) 
20-31 4 Rocking absent 
32-36 Rocking absent 
(Brain removed) 
37-41 Rocking absent 
(Brain left 27 su) 
42-48 6 Rocking absent 
(Brain left 12 suu) 
49 Dummy (Spontaneous eclosion) 
50 Dummy 10* 
61 Dummy 42* 


61+ 4hr 12 + 4 hr 24 hr —5 days 
24 22 28* — 
— — 28 23 
M — 22 28 
11 12 10 — — 
24* 6 — — 
27 24 16 27 32 — — 
— — 18 12 12 10 12 12 37* 
€ 9 81 32* — 
— 15 15 15 15 23 33* 18 6 15 — 
101925. = = 
16 38 989 (after oviposition) — 
Rocking absent | Rocking absent — 
Rocking absent | Rocking absent — 
Rocking absent | Rocking absent — 
Rocking absent | Rocking absent — 
18 24* = z5 
34 34 — — 
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scores for each moth are marked with an asterisk , 
they may be compared with the highest response 
strengths scored for each of seven females at first 
settling after spontaneous hatching (38 , 36 , 43 , 34, 
17; 42 , 45), and with the scores yielded by 66 males 
aged 8-24 hr when settling for the first time follow- 
ing a disturbance? (mean = 2339, c = 11 53) 
Despite the stmkmg abnormalities of behaviour 
characteristic of each lesion, the co-ordmation of 
the rocking response was unaffected except by pro- 
cedures 2 and 3 in combination, where the amplitude 
of the response was increased the only moth which 
gave & weak response after procedure 4 showed 
oscillations of shallow amplitude While this latter 
procedure necessarily ablates the medial proto- 
cerebral neurosecretory cells, and the corpora 
cardiaca and allata, procedures 5 and 6 eliminate the 
rocking response whether or not the bram and its 
associated organs are left a stu The role of the 
protocerebrum cannot, therefore, merely be that of 
providing endocrme primmg for the lower neural 
structures Furthermore, while eserme potentiates 
the rocking response of mtact moths, 16 1s unable to 
cause 1t8 re-appearance m decapitated animals‘, 

These results show that for A cinerea (1) proto- 
cerebral structures are necessary for the facilitation 
of the rocking response, which cannot be performed 
m ther absence, (u) withm the limits of these 
experiments the quantitative strength of the response 
18 independent of input from the optic complex, and 
(1) it ıs probably mdependent of transverse con- 
nexions at the protocerebral level 

I am grateful to Prof J B S Haldane and Dr 
Helen Spurway for sending pups of A myletta from 
Calcutta The work was supported by grants from 
the University of London Central Research Fund, 
and from the United States Department of Health, 
Education and Welfare (Project RG-7109) 
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Role of Cell Division in Gastrulation 
of the Viviparous Toothcarp Xiphophorus 
helleri 


RECENTLY ıt was stated that morphogenetic 
movements in gastrulation of the viviparous teleost 
Fundulus heterochius occur m a normal fashion m 
cases m which cytokinesis is prevented by treatment 
with the antimitotic alkaloid colchicine! To establish 
whether a more general significance should possibly 
be attached to this phenomenon a corresponding 
investigation was performed with a fish bearmg live 
young, namely the viviparous cyprinodont X»«pho- 
phorus hellert, the swordtail For this purpose preg- 
nant females in the first phase of gestation were 
Ujected intraperitoneally with 05 ml of 0001 M 
colchicine solution  Durimg gastrulation in stage 12 
(begmning gastrula), 13 (advanced gastrula), 14 
(further advanced gastrula) and 15 (closure of blasto- 
pore) both treated and control females were killed by 
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MITOTIO INDICES OF COLOHIOINE-TREATED AND CONTROL 
EMBRYOS OF Xphophorus heller) 


Stage 12 = beginning gastrula, 18 = advanced gastrula, 14 = further 
advanced gastrula, 15 = closure of blastopore 


Mitotic index (per cent) 
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Table 1 


Stage Colchicine treatment Control 
12 69 22 
13 153 24 
14 28 4 30 
15 35 6 37 


decapitation and the ovaries were fixed in Boum's 
fluid The blastoderms were sectioned at 5u and 
stained with Heidenhain’s iron hematoxylin The 
mitotic index, representing the ratio of cells m mitosis 
to the total number of cells, and expressed as per cent, 
was determined in each blastoderm on the basis of 
cell counts of the sections 

As in Fundulus', also in Xephophorus the colchicine 
treatment did not have any apparent effect on gastru- 
lation, which was similar to that m control blasto- 
derms and consequently morphologically normal 
The colchicine-treated blastoderms showed typical 
c-mitoses? On the strength of mitotic index determ- 
nations for control and colchicme-treated blasto- 
derms it could be established that in the treated 
blastoderms the number of c-mitoses inereased, 
indicating that mutosis was completely blocked 
(Table 1) Thus, in stage 15, 35 6 per cent of the cells 
are m mitosis, while the mitotic mdices of control 
blastoderms are relatively low during gastrulation 
Consequently, also m early morphogenesis of vivi- 
parous teleosts cell division can be dismissed as a 
causative factor and apparently provides only material 
for morphogenetic movements? ‘This result, corre- 
sponding very well with the findings of Kessel: 
obtamed with Fundulus and consequently of more 
general importance, 18 an argument for the view that 
gastrulation 1s a problem of mass movements and not 
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Oxidase Activity in the Saliva of a 
Plant-Bug 


IN an account! of the origms of the salivary 
materials of a lygeid, Oncopeltus fasciatus (Dall.), 
it was reported that an oxidase other than cytochrome 
oxidase occurs in the accessory gland of the salivary 
apparatus, but not m the principal gland. No direct 
evidence was put forward for the discharge of the 
oxidase durmg salivation, but ıt was stated that the 
stylet-sheath material shows non-enzymic oxidizing 
properties that are not apparent m the precursors of 
the sheath material ın the anterior and lateral lobes of 
the principal gland It was therefore suggested that 
an, oxidase from the accessory gland acts on the 
precursors as they are discharged However, other 
evidence put forward suggested that the secietion of 
the accessory gland is a normal constituent of the 
watery saliva, which can be discharged independently 
of the sheath material Evidence for the existence 
of an oxidase 1n the watery saliva of another lygezid, 
Aphanus sordidus Fabr (the peanut trash bug or 
groundnut bug), has now been obtamed, together 
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with further evidence for the oxidation of the sheath 
precursors as they are discharged 

The principal and accessory salivary glands of 
Aphanus were dissected into msect Ringe1’s solution 
and immediately transferred to Burstone’s oxidase 
reagent?, with or without inhibitors In the absence 
of inhibitors, the cells of the entire salivary apparatus 
coloured within half a minute, in the presence of 
0 003 M potassium cyanide, there was no reaction, and 
in the presence of 0 003 M sodium azide, the whole 
of the accessory gland and the principal salivary duct, 
but no other part of the salivary apparatus, were 
coloured In view of Burstone’s report? that cyto- 
chrome oxidase 1s inactivated if tissues are left in 
physiological saline for 30 min , 1t was interesting to 
observe that salivary glands which had been left m 
Ruinger’s solution overnight and were then transferred 
to the oxidase reagent showed the same reaction as 
fresh glands incubated in the reagent plus azide, 
that 1s, only the accessory gland and salivary duct 
were coloured When, the lobes of the principal gland 
were ruptured in the reagent, either with or without 
azide, the emerging contents did not become coloured 
and no coloured precipitate was formed 

Watery saliva was collected from the insects by 
forcibly extending the rostrum and eolleetig the 
liquid which exuded from the tip The salivation of 
bugs in these circumstances was erratic often 
no saliva could be collected, but sometimes a bug 
appeared to salivate so freely that the whole of the 
rostrum and head capsule became bathed in liquid 
To provide against the possibility that the latter 
phenomenon was due to bleeding caused by damage 
to the bug durmg handling, tests for oxidase activity 
were made both on the liquid assumed to be watery 
saliva and on blood withdrawn from the insect by 
puncturing an abdomunal mtersegmental membrane 
with a fine pipette 

When, the collected saliva was discharged into a 
drop of reagent on a white tile, a purple-blue preeirpi- 
tate formed, usually withm a few seconds, and a 
blackish-purple border began to form around the drop 
ofreagent within 5min In contrast, the reagent alone 
left only a pink residue when it evaporated The 
msect’s blood gave no reaction When the saliva was 
discharged into the reagent diluted with an equal 
volume of 0 005 M potassium cyanide, a slow, weak 
reaction occurred, and there was no reaction if the 
saliva was first mixed with 1t8 own volume of cyanide 
and then discharged into the reagent On the other 
hand, when the saliva was first mixed with 0 005 M 
sodium azide or with water, a rapid reaction, occurred. 

Sheath material was collected as the ‘collar’ left at 
the surface of feeding punctures on peanuts In the 
oxidase reagent, the sheath material developed no 
more than a faint pink colour, and there was thus no 
evidence for oxidase activity m the material itself. 
However, experiments with oxidation-reduction. indi- 
cators showed that the sheath material had a higher 
oxidation-reduction, potential than the contents of 
any of the lobes of the principal gland A satisfactory 
indicator was 0 01 per cent thionin blue in veronal- 
acetate buffer pH. 70 Before use, ıt was reduced by 
the dropwise addition, of 1 per cent sodium dithionite 
until the mdicator was almost colourless A salivary 
gland was dissected into a drop of insect Rimger’s 
solution made 0005 M with respect to potassium 
eyanide, and pieces of fresh sheath material were 
placed alongside All the lobes of the principal gland 
were punctured and the whole was enclosed under a 
coverslip 1n the reduced thionm The sheath material 
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and the walls of the gland immediately became 
coloured, whereas the contents of the gland, which 
were observed both as they emerged and after some 
had coagulated, remained colourless On the other 
hand, when the indicator had. first been re-oxidized 
by exposure to air, the contents of all the lobes stained 
to some extent, although the contents of only the 
anterior lobe approached the same intensity of staming 
as the sheath material 

These experiments showed that an oxidase other 
than cytochrome oxidase 1s present in the accessory 
salivary gland and in the salivary ducts of Aphanus, 
that a similar oxidase 1s present 1n the watery saliva, 
and that the stylet-sheath material has a higher 
oxidation-reduction potential than the contents of 
any lobe of the principal gland The results are 
consistent with the view that an oxidase acts on the 
sheath precursors as they are emitted, however, the 
presence of a similar enzyme in both the accessory 
gland and the salivary duct 1s a comphicating feature, 
since either or both parts of the glandular system 
could provide the oxidase in the watery saliva and 
an enzyme which oxidizes the sheath precursors 
Possibly both parts are functionally simular, and the 
accessory gland should be considered as purely a 
development of the salivary duct, as suggested by 
Baptist® 
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Pre-Harvest Prophylaxis for Infestation 
Control in Stored Food-Grains 


STORED food-grains suffer from considerable losses 
due to insect infestations in the tropical and sub- 
tropical regions of the world! During post-harvest 
storage, cross-infestation by insect pests and the 
multiplication of pests as a result of field-infestation 
occur im stored grains even within a storage period of a 
few months in warehouses?= Fumigation with 
noxious gases such as methyl bromide, carbon 
disulphide, carbon, tetrachloride, hydrocyanic acid, 
ethylene oxide and others, although of use in the 
control of most mfestations, 1s not easy for the pro- 
ducer or the warehouse-man to apply? Parkin! 
observed that application of such measures unfor- 
tunately lags behind the advance of knowledge 1n all 
but the most highly developed countries, and even in 
those 18 not always so widespread or up-to-date as 1b 
could be A new approach has therefore been made 
to replace the fumigation treatment with a relatively 
simpler prophylactic spray treatment of the gram 
under pre-harvest condition, using a chemical of low 
toxicity for mammals, for the control of pest infesta- 
tion, during post-harvest storage 

Canada and the United States have set a tolerance 
limit of 8 ppm for malathion in stored food 
products? The U K Mmistry of Agriculture, Fisheries 
and Food has permitted the admixture of malathion 
with raw unprocessed grains for their storage e 
Godavari Bai et al * observed that more than 50 per 
cent of malathion from wheat flour was lost m one 
month through A-twill bags. The average concentra- 
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tion of malathion was less than 2 ppm. after two 
months storage At this concentration, malathion 
could exert little prophylactic action on pests of 
stored grain. The possibilities of dismfesting gran 
under field conditions with malathion spray at its 
permissible dosage and affording longer protection 
from cross-infestation by stormg 1t in sacks ım- 
pregnated with insecticides, were therefore inves- 
tigated 

The panicles of sorghum crop (Sorghum vulgare) 
were sprayed with malathion (Premium grade, 
American Cyanamud Co) water-dispersible emulsion 
at various dosages on different plots The grain was 
harvested, threshed and stored m lindane-1mpregnated. 
B-twill sacklets — Grain samples were analysed for 
malathion by the method of Norris e£ al° Sorghum 
harvested from the control plot was stored 1n impreg- 
natedandunimpregnated sacklets and, for comparison, 
control gram was fumigated and stored m these bags 
Experimental grain sacklets were incubated m an 
infestation room having large populations of Sstophilus 
oryza (Lamn) and Tribolwum castaneum (Hbst ) for 
150 days 

The results of the experiment, shown in Table 1, 
demonstrated that this sumple treatment can replace 
the fumigation treatments for pest control ın stored 
grain. 


Table 1 EFFECT OF PRE-HARVEST SPRAYING OF MALATHION ON THE 
POST-HARVEST STORAGE OF Sorghum vulgare 


Malathion | Living adults (No/kgm) after 
concentra- | 150 days mcubation at 24-28? C 
Treatment tion in and rel hum 48-83 per cent 
ppm after| T castaneum S oryza 
3 days of |Impreg- Control|Impreg- Control 
spraying nated * nated* 
Pre-harvest 19 2 8 0 63 
malathion 1 8 0 21 
spray 72 0 2 0 8 
77 0 1 0 12 
142 0 0 0 0 
Control 00 3 29 49t 283 
Fumigatedt 00 0 32 0 308 
Post-harvest 
malathion 
spray 81 0 2 0 9 





* Impregnated bag at 75 mgm lindane/sq ft 
T As a result of field-infestation 
1 Gram fumigated with 32 mgm /litre methyl bromide for 48 hr 


In most cases stored food-grains are fumigated 
1, warehouses only when they show open signs of 
insect infestation, for untrained warehouse-men, In 
the tropics and in many other parts of the world, 
cannot detect meipient infestation On the other 
hand, field-spraying of crops with a pesticide 1s much 
more commonly adopted throughout the world 
The newer pesticidal substances having differential 
toxicities? to msect pests and mammals, such as 
malathion, present a unique means of mtroducing 
simple pest control treatments for stored food-grains. 
Spraying of malathion on the crop before harvest at a 
required level to obtain a concentration below the 
permissible limit in the threshed grain and storing m 
an insect-proofed structure or jute sacks can afford 
satisfactory protection from pest infestation in post- 
harvest storage Treatment of harvested grain with 
malathion, would require elaborate machinery for 
spraying the regulated grain-flow on a conveyor, but 
applications in the field on the crop would be easy. 
This new approach to pest control problems of stored 
food-grams probably offers a simpler solution for 
large-scale application where fumigation with toxic 
gases cannot be easily applied. Although malathion 
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18 rapidly dissipated from the treated grains, the 
possible residual toxicity to consumers, of traces of 
the chemical on food-grains, needs further assessment 
in the present context 

We thank Dr. V Subrahmanyan, director, and 
Dr A Sreenivasan, deputy director, of this Institute, 
for their mterest m the work 
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Perennial Nodules on Native Legumes in the 
British Isles 


IT ıs generally maintained that the normal lıfe 
span of legume nodules in temperate climates 18 
restricted to one season or growth cycle of the host 
plant Frost, drought! and insect damage’, or develop- 
mental changes in the host such as flowering and 
fruiting’, are recognized agencies leading to destruc- 
tion of nodules 

Nodules on certam tropical woody legumes and 
perennial species of Lupinus are classed as excep- 
tional ın developing annual or seasonal mcrements 
of bacterial tissue Various anatomical features are 
associated with the prolonged activity of such 
perennial nodules‘. 

In an earlier paper® a successful over-wmtering of 
nodules was described as a common event in winter 
annual, biennial and perennial legumes in Northern 
Ireland. Durmg four seasons of mvestigation (1952- 
56) involving 29 native species, a life-span of 10-20 
months was recorded for nodules surviving into a 
second season No evidence was obtamed of nodules 
persisting into a third season of plant growth. 

This communication reports the findmg, m Feb- 
ruary 1961, of what are considered to be truly per- 
ennial nodules on the roots of gorse (Ulex europaeus 
L ) and broom (Sarothamnus scoparzus Koch ) growing 
on drained peat bog near Randalstown, Co Antrim 
The nodules are multibranched structures measuring 
some 1-14 m in length and weighmg as much as 
l gm ‘They are borne on thin fibrous roots travers- 
ing the upper layers of partially decomposed peat. 
Many show apogeotropic growth forms similar to 
those to be observed in root nodules of Alnus and 
various cycads. 

The following findings support the view that the 
nodules are several years old and clearly equipped 
for at least another season of growth and nitrogen 
fixation : 

(1) 3-6 annual growth rings can be counted ın the 
parent roots of the larger nodules This suggests 
that the nodules are of a similar age, since nodule 
formation ın both gorse and broom occurs at infection 
sites underlymg the pihferous layers of very young 
roots 
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Fig 1 


Perennial nodules on native legumes in Britam 
row from broom, lower row from gorse 
a drained peat-bog, near Randalstown, Co Antrim, N Ireland (x+) 


Upper 
Material obtained from 


(2) A mature nodule may show many constrictions 
along its length (Fig 1) These constrictions appar- 
ently demarcate seasons of growth activity 

(3) Sectioning reveals several features remmuscent 
of those described for perennial nodules by other 
writers*" Outer layers of the nodule cortex develop 
heavy suberization in all mature parts of the nodule 
Vascular tissue persists in healthy condition in older 
portions of the nodule, although all other mner tissues 
decay and may even disappear with age Healthy 
meristems terminate each nodule lobe Behind these 
occurs a zone of bacterial tissue pigmented with 
hemoglobm Adjacent older tissues show an accumu- 
lation of green bile-type pigments The nodule cortex 
in these younger regions contams abundant starch, 
particularly ın lines of cells adjacent to the vascular 
tissue Paper chromatography of the soluble-nitrogen 
fraction reveals that aspartate, glutamate, and their 
respective amides, asparagine and glutamine, accum- 
ulate in quantity ın the nodule The latter amides 
and starch are the principal storage products m 
other parts of the over-wintermg plants 

It would be interesting to know whether perennial 
nodules are developed on native or introduced 
legumes ın other parts of the British Isles. Nodules 
on gorse and broom are clearly equipped anatomic- 
ally for perennation, yet this event may be achieved 
i| Nature only after a series of mild winters, and 
possibly only in soul conditions where decay of older 
parts of the nodule is arrested. 

J S PATE 
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Cultivation of Goitrogenous and Non- 
Goitrogenous Cabbage 


REissuLTS of earlier work on the goitrogenous proper- 
ties of plants!i-? supported the assumption that 
goitrogenous activity of vegetable foodstuffs, par- 
ticularly that of Brassica species, depends to a large 
extent on the content of sulphur compounds as 
goitrogenous substances Therefore, in an attempt to 
supply experimental evidence for the relationship 
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between cabbage goitrogenicity and the intake and 
rate of utilization of sulphates from nutrient environ- 
ment, cabbage (Brassica oleracea, var. capitata, 
subsp Amager) was cultivated in pure silica sand 
(810,), in vegetation pots, by means of nutrient 
solutions in which only the sulphate content was made 
to vary ‘The results of the first experiment m this 
series had confirmed the above assumption, namely, 
that goitrogenous activity of the cabbage moereased in 
relation to the sulphate content in the nutrient 
solutiont> However, efforts to grow cabbage without 
goitrogenous properties had failed In the second 
experiment I endeavoured to grow both the 
goltrogenous and the non-goltrogenous variants of 
cabbage side by side The same species of cabbage 
was again grown in vegetation pots with silica sand 
by means of nutrient solutions The composition of 
the solutions for variants I and II 1s given in Table I 

Table 1 COMPOSITION OF NUTRIENT SOLUTIONS 

Concentration of nutrient expressed 


Type of nutrient in mgm equivalents/] of nutrient solution 
salt ions Cabbage var I Cabbage var II 
Sulphate 1 25 
Nitrate 25 23 
Magnesium 8 8 
Calerum 15 15 
Phosphate 8 
Potassium 12 66 12 66 
Ammonium 0 2 
Chloride 8 0 
Sodium 1 10 


Iron and micro-elements added 1n equal amounts expressed ın mgm f1 
of nutrient solution for both the cabbage variants 


Iron 5 0 mgm (0025 gm of ferric citrate) 
Manganese 10 mgm tO 00406 gm MnSO, 4H,0) 

Copper 01mgm 0 0003928 gm CuSO, 5H4,0) 

Zmnc 01 mgm (00004397 gm ZnSO, 7H,0) 
Boron 0 5 mgm (0002858 gm H,BO;) 
Molybdenum 0 02 mgm (0 000037 gm (NH,),Mo,0,, 4H40) 


Beginning with the second half of the growth 
period, all sulphates were withdrawn from the 
nutrient solution for variant I by leaving out 1 mgm - 
equivalent of sulphate ion and sodium ion. The 
remaining nutrients, such as ron and microelements, 
continued to be supplied in equal amounts to the 
nutrient solutions for both the cabbage variants, as 
seen in Table 1 At the end of the period of growth 
the content of sulphur compounds was determined in 
both the variants. Total and inorganie sulphur, 
expressed in terms of sulphates, was determined 
gravimetrically, thiocyanates according to Aldridge’s 


method’, and SH-compounds  polarographically 
according to Zuman’ The results are summarized ın 
Table 2 


It was found that the content of total, morganic 
and organic sulphur is several times greater (P 
< 0 0005) ın cabbage variant IT than in variant I 
Thiocyanate content of variant II was likewise 
significantly higher (P x 002) The values for 
SH-compounds were significantly higher (P x 0 001) 
m the green leaves of variant II than in those of 
variant I, while no differences were noted in the 
cabbage heads In general, the content of sulphur 
compounds, with the exception of thiocyanate and 
SH-compounds, was markedly higher in the green 
leaves than ın the cabbage heads 

The goitrogenous activity of the cabbage variants 
was assayed on rats, where the relative thyroid 
weights, the thyroidal 10dine-131 uptake in 24 hr. 
and the level of protem-bound iodme-131 in serum 
were followed. and a histological evaluation of thyroid e 
preparations was made A strong goitrogenous 
activity was observed 1n rats fed with cabbage variant 
II, while variant I failed to show any activity when the 


Table 2 RESULTS OF SULPHUR COMPOUND DETERMINATIONS IN 
CABBAGE 


Variants of cabbage 
Type of test I Ii 
Cabbage 


(n = 10)* — 
Green | Cabbage 


leaves 


Green 
leaves 


Desiccated cabbage 
(per cent) 

Total sulphur in mgm 
per cent sulphate 

Inorganic sulphur in 
mgm per cent 
sulphate 

Orgauie sulphur in 
mgm per cent 
8ulphate 

Thiocyanate, according 
to Aldridge, in mgm 
per cent SCN’ 

SH-compounds ex- 
pressed In mgm per 
cent SH-giutathion 





"n, No of determinations m the expermment 
[| Average + SE 


results were compared with those from a control group 
of rats, which had received Larsen’s diet only The 
nutritional value of both the cabbage variants was the 
same, for I failed to notice any sigmificant differences 
in the sugar content, vitamm C, total nitrogen and 
calc1um values between the two cabbage variants 

The plant material as defined here, considered from 
ihe point of view of cultivation, and the possibility 
of cultivating gortrogenous and non-goitrogenous 
variants of cabbage side by side, offer new oppor- 
tunrties for experimental research in this field 

I am grateful to Mr 5 Kaloča, Mrs J Schi- 
lerová and Mrs K . Gschwendtova for their technical 
assistance, and to Mr P ‘Tkéé for translating the 
text into Enghsh 
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Biologically Active Materials in Coal 


Taart matenals extractable from coal with polar 
organic solvents inhibit the growth of certam bacteria 
and fungi has been known for some years! The 
name ‘vitricin’? has been applied to the group of 
biologically active substances found m coal! Mills 
recontly reported work on acetone and methanol 
extracts of coals of various ranks? He found that 
bactenologically active extracts contained acidic, 
basic, neutral, and phenolic components, attempts to 
separate active components by extraction of ethereal 
extracts with aqueous acids, alkalis or buffers met 
with little success Testing the crude extracts 
against Bacillus subtils m nutrient broth demonstra- 
ted bacteriostatic activity of the solute at & concen- 
tration of 30 pgm jml Millis did, however, by steam 
distillation, of an acetone extract of Tupton coal 
(high-volatile bitumimous), obtam an oi fraction 
which inhibited Gram-positive bacteria and certain 
moulds. 
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Research workers at the Federal Bureau of Mine 
prepared and imvestigated several methanol anc 
acetone extracts of various coals In agreement witl 
previous workers, the most active extracts were 
obtamed from high-volatile sub-bitummous or bitu. 
mmous coals Peat and legnites yielded lesser 
amounts, and anthracite practically no acetone- or 
methanol-extractable material Contrary to Mülls's 
observations, the most active material obtamed was 
the 5 per cent aqueous sodium hydroxide-soluble 
fraction from ether solutions of materials obtained by 
acetone extraction of coals high in volatile matter 
This material, recovered from the hydroxide solutions 
by precipitation with acid and centrifugation, was 
active m nutrient broth dilution tests agamst Bacillus 
subtilis at concentrations of 5-10 ugm /ml 

We recently obtamed a large sample of material 
for more detailed study by treating 200 Ib of a high- 
volatile sub-bitummous B coal (Rock Springs, 
Wyoming) with 150 gal. of acetone The work was 
carried out at room temperature on coal ground to 
pass a 200-mesh screen When the solvent was 
evaporated, a brownish-black, soft tarry material 
remamed Tms represented about 1 per cent of the 
original weight of coal Previous observations were 
confirmed with this extract 

A 400-gm sample of the extract was subjected to 
steam distillation and 14 ml (1i 6 gm ) o£ a volatile 
yellow o1! was obtained The oil was separated into its 
acidic, phenolic, basic, and neutral components and 
these were tested in nutrient broth against Baczllus 
subtils Only mmor activity was observed in the case 
of the acidic (partial mbibrtion at 100 ugm /ml ) and 
phenolic (partial inhibition at 40 ugm /ml ) fractions 

A 50-gm sample of the residue from the steam 
distillation was cooled to — 68? C, crushed, and 
agitated for 5 min in a Waring blender with 10 per 
cent (w/v) aqueous sodium hydroxide. The resulting 
suspension was mixed with a small amount of ‘Celite’ 
and then filtered The filtrate was acidified with 
6 N hydrochloric acid and extracted with ether 
contmuously for 16 hr This procedure yielded 6 4 
per cent of the origmal residue The hydroxide- 
soluble material mhibited B subtilis at a concentra- 
tion of 8 ugm /ml 1n nutrient broth 

To confirm that phenolic materials were responsible 
for the observed activity at 8 ugm /ml , the trimethyl- 
silyl ethers ((CH,),8910 E) of the phenohe hydroxyls 
were prepared A. small sample of the hydroxide- 
soluble matemal was refluxed with hexamethyl- 
disilazane for 8 hr After refluxing, residual hexa- 
methyldisilazane was removed by warming m a 
vacuum "The reacted material was active against 
Bacillus subtw at a concentration of 40 pgm /ml 
The reacted material then was refluxed for 6 hr in 
ethyl alcohol (70 per cent v/v) to hydrolyse the tri- 
methylalyl ethers, and then heated (54° C ) 2 vacuo 
to remove the alcohol, water, and hexamethyldis:l- 
oxane formed durmg the reaction The reconstituted 
material was active against B subs at 8 ugm jml 
of nutrient broth and confirmed complete recovery of 
the originally observed activity 

The original acetone extract and samples obtained 
at the various concentration stages were analysed by 
mass spectrometry and were also examined m the 
ultra-violet Mass spectrometer analysis of the total 
acetone extract showed peaks at mass units (im order 
of decreasmg intensity) at 342, 324, 374, 376, 340, 350, 
and 392 These masses indicate a range of compounds 
in the six-mng series Since ultra-violet spectra 
indicated a high percentage of three-rmg systems, the 
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six-ring compounds detected by mass spectrometry 
probably consist of diphenanthryl, or similar systems 
Control runs with acetone alone (no coal) demon- 
strated that polymerized solvent was not responsible 
for the mass peaks observed. 

The acetone extracts differed mamly from the 
parent coal m elemental composition m having a 
higher hydrogen content Analyses showed (per cent) 
Coal C, 7931, H, 541, N, 174, 8, 090, O, 12 65, 
ash, 1 96 
Extract C, 7887, H, 992, N, 023, 8, 021, O, 
10 92, ash, 0 02 

Acetone might be expected to extract more polar 
compounds from the coal matrix, enriching the 
oxygen content of the extract, but apparently this 
did not occur The oxygen content of the extract 
was 1092 per cent, that of the whole coal 12 65 
per cent Perhaps materials soluble m. acetone serve 
as solvents for other materials ın the coal which are 
not acetone-soluble On long contact with the coal, 
the extract then serves as a continuously changmg 
solvent, contrasted to a soxhlet-type extraction, 
with resultant extraction from the coal of materials of 
high mass and low oxygen content 

Calculation of the amounts of hydroxide-soluble 
materials present m the original coal mdicate a 
concentration of 150 ugm /gm of coal The material 
inhibits the test culture at 8 ugm /ml of broth It 1s 
possible that such materials play a part 1n the resis- 
tance of coal to biological oxidation, and the limita- 
tion of the coal flora? to non-susceptible forms 
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Relationship between Phage Type and 
Host Plant in Pseudomonas mors-prunorum 
Wormald 


Pseudomonas mors-prunorum causes bacterial canker 
of cultivated Prunus spp. in England and 1s widely 
distributed on the plum (P domestica) and on the 
cherry (P avum) Strains from plum and cherry 
show some degree of pathogenic adaptation to their 
original host!, but have not been distinguished by 
routine physiological or biochemical tests We now 
find that we can differentiate between them by phage 
typing 

The bacterial strams used in these experiments 
were collected over a period of 7 years from plum 
and cherry plantations within a restricted geographical 
area of about a half-mile square at East Malling 
Research Stationin Kent Bacteria were isolated from 
leaf surfaces, rain-water draumung down the trees, and 
lesions on branches or fohage. The typing phages, 
with the origmal propagating host species m, paren- 
thesis, were as follows Al, 42, 43, 47, 432 (P mors- 
prunorum) and S3 and $8 (P. syringae) These phages 
were selected from a group of 57 isolated from souls 
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by a method previously deserıbed? The phages were 
purified by repeated selection from single plaques, 
and stored as high-titre preparations of approximately 
10°10" particles/ml over chloroform at 4° C 
these conditions most of the preparations have 
remained stable for two years 

For phage-typing, 10’ viable cells of the bacterial 
isolate under test were poured into plates with 12 ml 
of a medium having the following composition: 0 3 
per cent Difco yeast extract, 05 per cent Oxoid 
bacteriological peptone, 2 0 per cent glycerol, I 0 per 
cent B.D H. Japanese agar When set, the plates 
were dried with the hds removed for 2 hr at 30° C 
and then spotted with 0 02 ml of the phage prepara- 
tion, at the routine test dilution, that 1s, the lowest 
dilution giving confluent lysis on the original propa- 
gating strain Jinally, the plates were dried for about 
another hour and incubated overnight at 25° C The 
results of tests on plum and cherry strains are sum- 
marized in Table 1 and compared with similar tests on 
Pseudomonas syringae isolates obtamed from diseased 
pear blossoms ın widely separated localities of south- 
east England during 1959-60 


Table 1 PHAGE-TYPING OF PLUM AND CHERRY STRAINS OF Pseudo- 
monas mors-prunorum AND Pseudomonas syringae FROM 


PEAR 





No. of bacterial isolates Typing phages 
of each phage-type Al A2 A8 A7 A432 S8 ŞB 
(A) P mors-prunorum 
(1) from cherry 
14 + + + + + -— -— 
15 | + + + + (+) — — 
2|(+) + (+) + + = =- 
Total 35 Li] + (+) + + + — — 
1| + (+) + (+) (+) - - 
1| + (+) (4) + (+) - - 
1l + + + + (+) — + 
(2) from plum 
6| + — $ — — — — 
1 T — 8 — = — + 
1|(*) - 6 =- = = = 
Total 12 l| + — 8 — — + — 
1 T — 8 - + - — 
1 + — 8 — = + + 
1/(+) - _ — — ~ — 
(B) P syringae 
0j|-— -- 8 -— - + + 
I1ļ- - s - - + (+) 
1j- - ¢ = = (+) (+) 
Total 22 - — — — —- — + + 
2| + -= 8 =. m E o o 
31) - s - — + + 
S = 8 = = ES + 





+, Confluent lysis, (--), innumerable plaques, 8, 1solated plaques, 
—, ho reaction 


Within each species or strain group there were 
different phage types The plum strains of P mors- 
prunorum differed from the cherry strams m failing to 
react with phages A2 and 47, and m giving no 
reaction or isolated plaques with 43 They were also 
less sensitive to 432 They resembled P syringae m 
typing pattern, except that, as a group, they were 
more sensitive to Al and less sensitive to the P 
syringae phages S3 and S8 One plum isolate gave a 
typing pattern identical with one of the P syringae 
isolates 

Phage sensitivity does not appear to be correlated 
with biochemical activities All the P mors- 
prunorum isolates tested, for example, were physio- 
logically homogeneous and quite distinct from P. 
syringae in respect of the characters shown m Table 2 

Over the period of 7 years during which the P. 
mors-prunorum strains have been collected there® 
have been no signs of any major change m the phage 
types associated with cherry or plum ın the field 
Some strains have been m culture for several years 
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Table 2 BIOCHEMICAL DIFFERENTIATION OF P mois-prunorum AND 
PEAR ISOLATES OF P syringae 








| JEsculin Growth m 
and Gelatin | Casein | Tyrosin- | nutrient 
Species arbutin | lque- | hydro- ase broth + 
hydro- | faction | lysis activity | 5 per cent 
lysis sucrose 
P -mors- | i 
prunorum 
(a) Cherry : 
strains , — — - } + white 
(b) Plum | | 
strains — -— — T white 
P syringae | + * + + | — yellow 
| 








* One isolate failed to hydrolyse zesculin and arbutin 


without passage through the host and appear, there- 
fore, to be relatively stable ın vuro The difference 
between the plum and cherry strains may merely 
reflect a different history of phage-mfeetion m the 
field The cherry strains, for example, may have 
failed to acquire resistance to A2 and A7 or related 
phages because these are absent on cherry or their 
activity 13 1n some way inhibited Alternatively, the 
phage types may be a result of selection by the host 
plants This would imply some form of association 
between phage sensitivity and specific virulence 
factors in P mors-prunorum 
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Serotonin in the Small Intestine of 
Conventional and Germ-free Chicks 


THE function of serotonin (5-hydroxytryptamme)in 
the tissues of the small mtestine 1s not understood 
even though 1t 1s found 1n relatively large quantities, 
particularly ın the enterochromaffin cells! The most 
frequently repeated interpretation ascribes control of 
intestinal motility and vascular permeability to 
serotonim*? Thus, if the tonus of the gut 18 depen- 
dent on serotonin-levels, germ-free animals, which 
possess poor tonus of the tract and distended cæca4, 
might be expected to have a lower serotonin content 
m the gut than conventional animals On the con- 
trary, however, this communication provides evidence 
that intestinal serotonin-levels are actually depressed 
by the presence of micro-organisms in the lumen of the 
gut 

White Leghorn chicks were raised ın a germ-free 
environment by methods similar to those previously 
described’ on a complete starch-casem diet? Fertile 
eggs were obtained from local hatcheries after 19 days 
of moeubation, immersed in 2 per cent mercuric 
chloride solution for 10 mm at 39? C and put 
into sterile ‘Plexiglas’ isolators where they hatched 
Control chicks were treated in the same manner but 
were reared in a non-sterile isolator After four weeks 
the chicks were decapitated, the small intestine was 
excised and washed in cold water All germ-free 
animals were examined’ for bacterial contammation 
when killed The various segments of the intestine 
were homogenized m 0 1 N hydrochloric acid in a Ten 
Broek apparatus at 5° C , and serotonin was assayed? 
on fresh specimens in a Turner photofluorometer 
(G K. Turner and Associates, Palo Alto, California) 
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Table 1 SEROTONIN IN THE SMALL INTESTINE OF GERM-FREE AN 
CONVENTIONAL (CONTAMINATED) WHITE LEGHORN CHICKS AT FOU 
WEEKS OF AGE 


Treatment No ofchichs Serotonin (ugm /gm fresh tissue 
Duodenum Ileum 
Germ-free 20 90+10* 110 +07 
Conventional 83+13 61+08 


20 
Significance of differences by Mer test 


i t 
Germ-free vs conventional 0 84 «04 88 « 
* Mean + standard deviation 


A significantly higher concentration of serotonir 
was found in the ileum of germ-free chicks than in 
control birds (Table 1) This 1s consistent with the 
observation? that rats and mice given peroral anti 
biotics produce significant inereases of serotonm in 
the small intestine However, no such difference was 
apparent in the duodenum (Table 1) There 1s insuffi- 
clent evidence to determine whether these results 
reflect differences between the microflora of the duo- 
denum and ileum or an influence of the intense 
microbial activity of the cæca1%1 due to the proximity 
of the ileum to the latter In any event, the presence 
of intestinal micro-organisms clearly affects serotonin 
in the 1leum of chicks 

Several reports suggest alternative explanations 
for the microbial inhibition of serotonin <A. few 
isolates of Aerobacter aerogenes and Alcaligenes 
faecalis appear to be capable of oxidizing serotonin ın 
vitro! although ıt 18 not known 1f this event occurs in 
the lumen of the intestine In addition, many species 
of lactobacilli which are present m large numbers in 
the chick!® require pyiidoxine or its derivatives", 
pyridoxal phosphate 1s required as a co-factor in the 
decarboxylation of 5-hydroxytryptophan to sero- 
tonin!? Thus bacterial removal of the coenzyme may 
inhibit serotonin synthesis A. simular effect might 
be achieved by the interaction of a bacterial product 
with the coenzyme such as has been reported for 
norepinephrine and 3,4-dihydroxyphenylalanine!* 

Further work 1s required to determine the reason 
for the difference in intestinal serotonin between 
germ-free and conventional chicks and the physio- 
logical significance of this observation 

This work was aided by research grants H-2999 
and 4—2660 fiom the US Public Health Service 
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A New Mutant of Dermovaccinia 
Virus 


Donrinc the course of serial one-day egg passages of 
« stram of the chorioallantoic membrane-adapted 
lermovaecimua virus (DIE straim)}. a new minute 
«pock mutant was observed This arose at the 
13th one-day egg passage, when tmy pocks mixed 
with larger pocks typical of dermovaccinia were seen, 
The former increased ın proportion durmg further 
one-day egg passages, and finally exeluded the 
«0igimal virus The mutant stram (DIs) was obtaimed 
in a pure form by two cycles of clone purification 
These were initiated by a smgle pock produced on one 
chonioallantoie membrane by the inoculation of 
Iimiting dilutions of the fifteenth one-day egg passage 
Some biological characteristics of this mutant were 
investigated and are described m this communica- 
tion 

(1) Serological specificity The stram Dis was 
neutralized specifically by antivaccinia rabbit serum, 
but no neutralization was observed by normal rabbit 
serum or by antiberpes simplex rabbit serum When 
inoeulated on to the chorioallantoie membrane of 
12-day eggs, 1t produced vaccinia~common, comple- 
ment-fixing antigen and hemagglutmm These 
were separable from infectious particles by differential 


Table 1 COMPLEMENT FIXATION TEST OF THE STRAIN DIs AND THE 
STRAIN NAKANO (PIGEON POR» AGAINST ANTI-PIGEON POX PIGEON 
ERUM 


Antigen 
Code 


Anti-pigeon pos pigeon serum | No serum 


128 256 


Dilution 


6 3 

125 
Nakano 25 
50 


100 
200 


63 
125 
25 


DIs 


o|looo|ofÓimeme 
et 

oj|ooo| oof ees 
ct 

o]looo| coos Aa 
ct 

2looo|ocooohH- 

cr 

ooco|ocoocotH 

ooo|oooooo 

ooo|oooooo 


No antigen 
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centrifugation. As the size of pock of the mutant 
resembles that produced by a stram of pigeon pox, 
comparative chessboard complement-fixation tests 
were carried out The results summarized in Table 1 
indicated no cross-reaction between the stram DJs 
and anti-pigeon pox-pigeon serum, though a slight 
cross was observed between the pigeon pox chorio- 
allantoic membrane antigen and antivaccmia rabbit 
serum ‘This could be eliminated by ether treatment 
of the antigen 

(2) Host range The strain DIs grows well in one-day 
eggs, on the chorioallantoic membrane of 12-day eggs, 
m the yolk sac of 7-day eggs and in the amniotic sac 
of ll-day eggs No significant growth was observed, 
however, when ıt was inoculated. mto the allantoic 
cavity of ll-day eggs When a large amount of the 
virus was moculated mtradermally into adult albino 
rabbits, 1t produced a shght reddening and flat swell- 
ing on the first few days, which then waned The 
reaction, was nearly the same as that observed with 
variola virus inoculated via the same route No lesion 
could be seen following inoculation on to the scarified 
skm of rabbits The mutant produced no swelling 
when moculated into the rabbit testicle, no keratitis 
when moculated on to the scarified cornea of rabbits 
New-born, weanling and adult mice showed no clmieal 
signs, when inoculated m4tracerebrally, intra&peri- 
toneally or subcutaneously Infection of the scarified 
plantar skin of weanling and adult mice from an 
ectromelia-free colony failed to give 11se to any local 
symptoms No clinical symptoms were observed in 
newly hatched chicks inoculated via the intracerebral, 
intraperitoneal or subcutaneous routes Roosters and 
culmea pigs produced specific antibody without any 
sign of clinical symptoms after several weekly 1injec- 
tions administered via the subcutaneous or the 
mtravenous route. 

(3) Physical properties The mutant showed the 
same resistance to ether as did the parent strain The 
infectivity of the mutant was as stable as that of the 
original strain at low temperatures (—70? C and 
4° C) Electron microscopy of the elementary bodies 
of the stram DIs, partially purified by fluorocarbon 
treatment, indicated that the shape and size of the 
elementary bodies were approximately the same as 


Table 2 COMPLEMENT FIXATION TEST OF THE STRAIN DIs AND THE STRAIN NAKANO (PIGEON POX) AGAINST ANTI-VACCINIA RABBIT SERUM 





Anti-vaccinia rabbit serum 


Normal rabbit serum | No serum 


a M a | e e S e | e —— — | —M9 


Antigen 

Code Dilution 8 16 32 

20 4 4 4 

40 4 4 4 

80 4 4 4 

DIs crude 160 4 4 3 
320 4 1 0 

640 tr 0 0 

1,280 0 0 0 

10 4 4 4 

20 4 4 4 

DIs ether-treated 40 4 4 2 
80 4 2 tr 

160 2 0 0 

320 0 0 0 

10 4 4 3 

20 4 4 3 

Nakano crude 40 4 3 0 
80 2 tr 0 

160 tr 0 0 

320 0 0 0 

25 2 tr 0 

Nakano ether-treated 5 tr 0 0 
10 tr 0 0 

20 0 0 0 

No antigen 0 0 0 





64 128 256 512 8 
4 4 2 0 2 0 
4 3 tr 0 0 0 
4 tr 0 0 0 0 
tr 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
4 3 0 0 0 0 
1 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
tr 0 4 0 
tr 0 3 0 
0 0 tr 0 
0 0 tr 0 
0 0 tr 0 
0 0 0 0 
0 0 tr 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
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those of the parent stram The mutant was as labile 
to heat as the parent stram, showmg a marked 
loss of infectivity after being heated at 55? C for 
30 mm 

(4) Cytopathogenicity ^n. tissue culture’ A moderate 
cytopathic effect was observed m primary monkey 
kidney monolayers culture infected with the mutant 
No cytopathic effect was observed when HeLa cells 
and FL cells were exposed to the mutant, while 
typical cytopathic effects accompanied by luxurious 
growth of virus were shown by the parent stram A 
cytotoxic effect was observable with L cells, when 
infected with a large amount of either the mutant or 
parent strains 

(5) Production of hemagglutwan: On the chorio- 
allantoic membrane of embryonated hen’s eggs, the 
strain DIs multiplies with concomitant production of 
hemagglutinm and complement-fixmg antigens 
However, the ratio of pock-forming umts to hem- 
agglutinin units appeared to be slightly lower (4 6 m 
logio units) than that observeG in the case of the 
parent stram (5 05) (ref 2) In HeLa cells m which 
no visible cytopathic effect could be obtained, a con- 
siderable amount of hemagglutimin was nevertheless 
produced ‘This was characterized by a low ratio of 
pock-formmg units to hemagglutmm umts (30 at 
the twenty-fourth hour of mfection, as compared 
with 4 46 with the parent strain?) 

These results indicate that the stram DIs, a 
minute pock-size mutant of dermovaccinia, 1s charac- 
terized by a reduced, or absent, virulence. 


Isamu TAGAYA 
TAKASHI KITAMURA 
Yumiko SANO 


Department of Virology and Rickettsiology, 
National Institute of Health, 
Tokyo 
1| Tagaya,I, Jap J Med Ser and Bil, 7, 39 (1954) 
t Oya, A, Jap J Med. Sc and Biol, 8, 399 (1955) 
* Tagaya, I , and Oda, M , Jap J Med Se and Bil ,11, 483 (1958) 
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Segregation-ratio Advantage of Abnormal 
Hemoglobins 


As a consequence of extensive investigations on 
abnormal hemoglobins in Jamaica!-*, in many m- 
stances where this was feasible family studies were 
undertaken ‘The impression was gained (as suggested 
in ref 3) that some unusual mheritance patterns 
energed and for this reason a statistical analysis of the 
available pedigrees was undertaken Only two of the 
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most significant deviations from the expecte 
Mendelian. ratios will be presented here 

Since only limited material was available fron 
investigations in Jamaica, a search through th 
hterature was undertaken In four publications 
relevant family studies were reported which hav 
been included in the analysis It should be pomte 
out that any deviation from expected ratios fron 
the Jamaican material was always present too in thy 
same direction m these family studies In the com 
bined materal approximately half the mdividuab 
are derived from my own investigations, the othe 
half from ref 5 

The results which will be discussed here come from 
families where one parent has the genotype AS andaa 
the other the genotype AC, these results are presenteów- 
in, Table 1 

The most unusual finding ıs the very uneven 
distribution of A and C genes in the offspring of 
famihes where the mother has the genotype AC— 
twenty-four C against seven A with a probability of 
0002 When the father has the genotype AC there 
18 no significant difference ın the number of the A and 
C genes in his children, with, however, a very strong 
preference for the daughters (as compared with the 
sons) to carry a C gene (P = 001 for sex distribu- 
tion) A further observation m accord with this 18 
that of the nime children whom I examined from 
mothers with the genotype SC, eight mherited the C 
gene and only one the S gene (P — 0 05) 

The finding that deviations from Mendelian expec- 
tation do occur 1s not new Apart from plants and 
Drosophila, this ıs known to happen in Scara, a 
mosquito*, m the mouse in relation with the T locus 
(tail formation)’, and has recently been described in 
two instances In man Stevenson and Jennings® 
explain the preponderance of affected sons of affected 
fathers ın the dommant condition of ectrodactyly by 
germinal selection Shaw et al ° describe the marked 
deficiency of the autosomal dommant condition of 
aniridia in the offspring of aniridic parents (100 
affected for 164 normal children) 

The findings reported here might therefore repre- 
sent the third instance of non-Mendelian segregation 
ratios found m man and could be explained on the 
basis of gametic selection or differential gametic 
survival 

It ıs suggested that the maternal or paternal 
gamete contammg an X chromosome and the chromo- 
some carrying the hemoglobin C gene has a consider- 
ably better chance to occur or to result in a viable 
foetus than the gamete contaming the X chromosome 
and the hemoglobin A gene The gamete carrying the 
Y chromosome would not have such a selective 
preference 
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Table 1 DISTRIBUTION OF GENOTYPES IN THE OFFSPRING OF ESET GES Wei Pi PARENT HAS THE GENOTYPE AC AND TAE OTHER THE 
ENOTYPE 





Father AC (10 families) 


Total A or C genes with 
exclusion of yndex case 





C genes from 
father 








Mother AC (8 famihes) 














Daughters Sons Genotype 
A genes from 
mother ) 1 AA 
7 5 2 

4 | 

| C genes from 
10 mother 
24 | 20 11 
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Another possible explanation could be post-zygotic 
3leetion, although nothing 1s known concerning 
xcessive abortions 1n the families reported here 

Tf one accepts for the time being these findings as 
pproximately correct and representative, arguments 
an be presented to explain the high frequencies of 
he C gene m a small area of Africa For this purpose 
will postulate that the S gene has a neutral value (1n 
new of the other family investigations which are not 
eported here, this 1s probably not true) and that 
herefore the effect of the C gene would be identical m 
40-AS and AC-AA matings Starting with 0 001 

per cent AC i a population, one can calculate, using 
*he distribution of A and C genes presented in 
Table 1, that approximately thirty-two generations 
{about 800 yr ) will be required to bring the frequency 
mto 10 percent This ıs a very short period of time and 
agrees well, therefore, with Neel’s suggestion that the 
C gene must be the effect of a recent mutation, since 
it has not yet had time to spread beyond the Gold 
Coast 

One might also expect that the number of AC 
heterozygotes 1s not evenly distributed among the 
sexes, the male to female ratio should be approxi- 
mately 2 3 Only little proof for such a statement 1s 
available. For work on incidence of abnormal hzemo- 
globins in Jamaica’, results from pregnant women 
were used, possibly leading to an unusually high figure 
Schneider!® finds among 505 Negro blood-donors 
fifteen males out of sixteen with the genotype AC, 
but her blood-donors are predommantly male Smith 
and Conley!! comment on the fact that of the four- 
teen cases of AC which they discovered, thirteen 
were females Garlick and Barnicot!?? find thirteen 
girls agaist six boys with the genotype AC in a 
group of 303 Nigerian schoolchildren with otherwise 
equal sex distribution 

The calculations which I have used here are based. 

on a very small body of material, and although the 
deviations from Mendelian ratios appear to be 
statistically significant, more extensive material will 
be required to confirm the views presented It seems 
possible, however, that besides balanced poly- 
morphism (as in the case of hemoglobin S (ref 13)) 
and a greater potential fertihty of unions in which 
one parent carries a single abnormal hemoglobin 
gene!4, still other forces may exist to explain the 
unusually high frequencies of abnormal hemoglobins 
in certain populations 
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SOIL SCIENCE 


Method of measuring Soil Hydraulic 
Conductivity in situ 


Sorn permeability or hydraulic conductivity is of 
great importance in the engineering design of founda- 
tions, dams, sub-surface drainage systems, irrigation 
systems, etc In spite of 1s umportance, soil hydraulic 
conductivity remains one of the most difficult of soil 
properties to assess Laboratory methods have 
limitations due to the size of the samples Considerable 
progress has been made in the development of 
methods for measuring soil hydraulic conductivity in 
the field when a water table 1s present However, 
water tables are not always present in areas requiring 
seasonal drainage 

In order to overcome some of these difficulties, a 
new field method of measuring the soil hydraulic 
conductivity 1s proposed In short, the method 
consists of measuring the rate of flow of water out of & 
cavity beneath a pipe The method bears some 
resemblance to the piezometer method described by 
Luthin and Kirkham! for the measurement of soil 
hydraulic conductivity beneath the water table 

When water infiltrates into soil from a cavity as 
shown in Fig 1, for some time after the process of 
infiltration, has started the wetting front forms a 
sphere around the cavity During this mitial phase, 
the driving force can be considered due to the pressure 
gradient that exists between the cavity and a locus 
of pomts behind the wetting front The force of 
gravity has negligible effect on the pattern of move- 
ment during this mitial pressure phase. The duration 
of the pressure phase depends on the pressure ın the 
cavity and the pressure behind the wetting front as 
well as the soil properties Measurements during this 
initial phase should offer a method of determining the 
hydraulic conductivity of various soil layers or soul 
horizons The following analysis 1s based on flow due 
to pressure forces alone 


METER 
«— INFLOW 






SURFACE 
M 


Pt ` hA 
^. UM—CAVITY FILLED 
WITH SAND 
Pg 


Fig. 1. Diagram of proposed method of measuring the soil 
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The assumptions which are made with regard to the 
flow régime are (1), The wettmg front ıs sharply 
defined and the water pressure 1s kuown at some point 
behind the wetting front, and (2) the soil moisture 
content behind the wetting front does not change 
appreciably with time and 1s close to saturation 

If Q 18 the volume flow per unit time out of the 
cavity, then as the wetting front moves radially 
outward: 


Q ='S4rrtdr/dt (1) 


where S 1s the change ın moisture content expressed 
as the volume of water change per unit volume of soil 
The 4rr? term represents the circumferential area of 
the wetting front and this 18 multiplied by dr to give 
the volume of soil An alternative expression for the 
flow can be obtained by a consideration of the pressure 
distribution around a spherical source. The equation 
for the flow per unit tıme 18 given by: 


Q = [E&n(pw — p.)l (Yrs — 1/re) (2) 


Setting these two equations equal and solving for the 
hydraulic conductivity b, we have, after mtroduemng 
the boundary conditions 


k = [1/(te— 4) I[(1/3)S (r: — 715) /t' (pw — Ye) — 
1/2[S(r;? — 71*)/(pw — pe) ] (3) 


where pe 18 the pressure head behind the wetting 
front, pw 18 the average pressure head in the cavity, 
fw 18 the equivalent radius of the cavity and t,— è; 18 
the time required for the wetting front to travel from 
T; tO T, 

i The above equation ıs used to calculate the 
hydraule conductıvıty followmg the procedure 
outlmed below Two measurements are needed the 
rate of flow from the cavıty and the tıme for the 
wetting front to move from r, to r, as shown ın Fig 1 
The change 1n moisture content, S, 18 calculated by 
S(r,— 11) = Q(t, — t1)/(4nr?), where r 1s taken as the 
average ofr, andr, The progress of the wetting front 
from 7, to r, 18 measured electrically. 

A laboratory experiment was performed to test 
the validity of the assumptions used ın the develop- 
ment of the theory The experiment was performed 
1n a sector tank filled with a Columbia fine sandy loam 
soil Pressure measurements were made with tensio- 
meters located at various points m. the tank The 
results of the tank measurement indicate that the 
assumptions are reasonable and the values of hydraulic 
conductivity obtamed ın the tank mdieate that the 
method can be used to get an approximate value of 
hydraulic conductivity in the field 

The method ıs at present being developed ın the 
feld and as additional information is obtamed a 
further report will be made 

J N Loursin 


Department of Irrigation, 
University of California, 
Davis, California 
1 Luthın, J N, and Kirkham, D, Sow Scrence, 68, 349 (1949) 


Nature of Sulphate Retention by 
Acid Soils 


CERTAIN soils contamung oxides which occur in 
tropical and subtropical regions are known to retain 
an appreciable amount of sulphate when equilibrated 
with dilute solutions of sulphate salts!4 In our 
earher work we found that the cation and anion are 
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held in about equivalent amounts, with an mcrease 1» 
1etention occurring as the pH was lowered or the sal 
concentration, was increased So far as we are awan 
no satisfactory explanation for all the phenomens 
observed has yet been given 

Recently we have found that the amount of sulphat 
which ıs held by an acid red soil increases with time 
of equilibration up to eight weeks (the longest period™™ 
studied) Sulphate was added as K,SO, and the 
amount retamed was measured m two ways In the 
first, the K,SO, was labelled with sulphur-35 and its 
disappearance from solution was recorded In the 
second, the cations ın solution were measured and 
their sum assumed to be equal to the sulphate m 
solution The first method has the disadvantage that 
isotopic exchange with native soil sulphate occurs 
and makes the results higher than the true values 
The second suffers from lack of precision Taken 
together, however, they show about the same trend 
in the retention of sulphate with tıme As can be seen 
from Table 1, the greatest mcereage in sulphate held 
occurred during the first 24 hr 
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Table 1 EFFECT OF TIME ON THE RETENTION OF SULPHATE FROM 


001 N K,SO, BY CEOIL SOIL 


Equilibration Sulphate retained (m equiv /100 gm ) 
time By sulphur-35 By cation sum 
1hr 150 0 42 

24 hr 2 20 174 
1 wk 2 40 2 04 
2 wk 3 24 192 
4 wk 3 60 2 02 
8 wk — 2 38 


It has been found? that the hydrolysis of exchange- 
able alummium and the formation of hydroxy- 
aluminium compounds proceeds at a greater rate in 
soil systems to which a salt has been added In acid 
red soils the sulphate can exchange with some of the 
hydroxyl 1ons on the hydroxy-alummium (or iron) 


polymers The overall reaction 18 described as 
follows 
480, + Alz(OH),, —Clay—— 
Al 


K 
AL(OH), ,(SO,), Clay + Al,(SO,), + H+ + OH- 
Al(OH), 


The replacement of hydroxyl groups from the 
hydroxy-aluminium groups results m the neutrahza- 
tion, of hydrogen ions from the hydrolysis of exchange- 
able aluminium Similar reactions also occur with 
salts of chloride and nitrate 

A reaction of this general form explains the increase 
m sulphate retention with mereasing concentration 
and decreasing pH since under both these conditions 
hydroxyl 1ons would be replaced more easily The 
merease m retention of sulphate with time 1s explamed 
by the hydrolysis of exchangeable aluminium to a 
dihydroxy-aluminium species? and the subsequent 
neutralization of the hydrogen 1ons thus formed by 
replaced hydroxyl ions This reaction provides sites 
on which both potassium and sulphate ions can be 
held 

Monica Liv 
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FORTHCOMING EVENTS 


(Meetings marked uth an asterisk * are open to the public) 


Monday, October 30 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
mdon, Ducane Road, London, W 12), al 4 pm —Dr R F Mahler 
tlycogen Storage Diseases" * 


UNIVERSITY OF LONDON (ın the Physiology Theatre, University 
lege, Gower Street, London, W C1), at 5 pm —Prof J N David- 
à “The Biosynthesis of Polynucleotides” * (Last of two lectures ) 


UNIVERSITY OF LONDON (at King's College, Strand, London, W C 2), 

530 pm—Dr F A E Piran and Dr G F Elott “Ballistic 
issiles and Nuclear Weapons—Missile Guidance and Control" * 
ana 2s i lectures in War Studies Further lectures on November 
INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND 
«GUID MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, 
W 1), at 6 pm —Diseussion Meeting on ‘‘The Extent to Which 
ata ean be Made Available for Engineering Design" 


SOCIETY FOR VISITING SCIENTISTS (at 5 Old Burlington Street, 
ondon, W 1), at 730 pm—Discussion Meeting on “Information 
heory" Chairman Dr A M Uttley Speakers Prof E C Cherry, 
rof D M Mackay and Dr H Kalmus 


Monday, October 30—Friday, November 3! 


INSTITUTE OF WELDING, ROYAL INSTITUTION OF NAVAL ÁROHI- 
ECTS, INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND, 
{ORTH-EAST COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS, 
nd the INSTITUTE OF MARINE ENGINEERS (at the Institute of Marine 
ingmeers, 76 Mark Lane, London, E C 3)—Symposium on “Welding 

a Shipbuilding” 


Tuesday, October, 31 


INSTITUTE OF PETROLEUM (at the Royal Institution, 21 Albemarle 
Street, London, W 1), at 4 p m —Sır Stephen Gibson, CBE “The 
«Birth. of a Science’’ (Sixth Cadman Memorial Lecture) 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 530 pm—Prof E GQ MHarnson “Functional Aspects of the 
Vascularization of Tissues’ * (Fifth of seventeen lectures on ‘“The 
Scientific Basis of Medicine" organized by the British Postgraduate 
Medical Federation ) 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP 
(at 1 Birdeage Walk, Westminster, London, S W 1), at 6 pm — 
Discussion on “The Varieties of Feed Pump Drives” 


Tuesday, October 31 —W'ednesday, November | 


PLASTICS INSTITUTE (at the Institution of Electrical Engineers, 
ed Place, London, W € 2)—Conference on ‘‘Engineering with 
stics'' 


Tuesday, October 3l —Friday, November 3 


SECOND EFFLUENT AND WATER TREATMENT EXHIBITION AND 
CoNYENTION (at the Seymour Hall, Seymour Place, London, W 1) 


Wednesday, November | 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London W1),at5pm —Dr D Flinn “On Folding during 3-Dimen- 
sional Progressive Deformation’, Dr P E Brown “The Tectonic 
and Metamorphic History of the Pre-Cambrian Rocks of the Mbeya 
Region, South-west Tanganyika” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W 1), at 5 30 pm —Mr D Scott and Mr D Jamieson ‘Molybdenum 
Disulphide as a Lubricant Additive in Rolling Contact—a Study of 
Compatibility with other Additives" 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
SW 7),at530pm—Dr f H Ludlam “Giant Hai" 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W C1), at 6 pm —Prof M R Gavin “The Teaching of 
the Theory of Transistors and other Semiconductor Devices” 


INSTITUTION OF ELECTRICAL ENGINEERS, and the ROYAL AERO- 
NAUTICAL SOCIETY, LONDON JOINT GROUP (at Savoy Place, London, 
Ae 2 at 6 pm—Mr H J H Sketch "''Generation of Power in 

atellites’”’ 


SOCIETY oF CHEMICAL INDUSTRY, INDUSTRIAL WATER AND EFFLU- 
ENTS GROUP (at the Royal Institution, Albemarle Street, London, 
W 1), at 645 pm —Dr B A Southgate “The Industrial Water 
and Effluents Group" (Inaugural Meeting) 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 


Burlington House, Piccadilly, London, W 1), at 7 pm-—Scientific 
Papers 


Thursday, November 2 


ROYAL SoorETY (at Burlington House, Piccadilly, London, W 1), 
at 1030 am—Discussion on ‘‘Mechanisms of Virus Infections” 
opened by Prof Wilson Smith, F RS 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1),at115pm—Dr J L Wathng 
“Probability” * 


CHEMICAL SOCIETY (at Queen Mary College (University of London), 
Mile End Road, London, E 1), af 2 p m —Symposium on “‘Electron- 
spin Resonanee”’. 
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UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 530 pm —Prof J J Pritchard “Bone Healing’ * (Sixth of 
seventeen lectures on ‘The Scientific Basis of Medicine" organized by 
the British Postgraduate Medical Federation ) 


UNIVERSITY COLLEGE, LONDON, and the FELDBERG FOUNDATION 
FOR GERMAN-ENGLISH SCIENTIFIC EXCHANGE FOR EXPERIMENTAL 
MEDICAL RESEAROH (in the Physiology Theatre, University College, 
Gower Street, London, W C1), at 5 30 pm —Prof Herbert Hensel 
(University of Marburg) ‘‘The Electrophysiology of Thermorecep- 
tors" * (Feldberg Foundation Lecture ) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
m C2), at 6 pm—Mr T Somerville ‘Acoustics and the Electrical 
ingineer’’ 


INSTITUTE OF REFRIGERATION (joint meeting with the REFRIGERA- 
TION SERVICEMEN’S ASSOCIATION, at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Borough Polytechnic, 
Borough Road, London, S E 1),at7 p m —Mr J E Kumler “Modern 
Designs in Thermostatic Control for Refrigeration, including Air- 
Conditioning, Automatic Defrosting and Heat Pump Applications” 


ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the BRUNEL 
COLLEGE OF TECHNOLOGY CHEMICAL SOCIETY, at the Brunel College 
of Technology, Woodlands Road, Acton, London, W 3), at 7 pm — 
Dr J Lewis ‘Modern Developments in Co-ordination Chemistry”. 


Friday, November 3 


MINERALOGICAL SOCIETY, CLAY MINERALS GROUP (at the Geo- 
logical Society, Burlington House, Piccadilly, London, W 1), at 11 a m. 
—Autumn meeting 


INSTITUTE OF PHYSICS AND PHYSICAL SOCIETY, COLOUR GROUP 
(joint meeting with the LONDON SECTION of the SOCIETY OF DYERS 
AND COLOURISTS, at Burlington House, Piccadilly, London, W 1), at 
8pm —Mr K MacLaren “A Daylight Ulummant” 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL ELECTRONICS 
DISCUSSION GROUP (at Savoy Place, London, WC 2), at 6 pm — 
Discussion on “Information Theory m Relation to Biology" opened 
by Prof D M Mackay 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square, London, S W 1), at 630 pm —Prof B Lythgoe 
“The Wittig Reaction and its Application m Organic Synthesis" 


ROYAL INSTITUTION (at 21 Albemarle Street, London W 1), at 
9pm—Dr S Brenner “The Handing on of Genetic Information 
m Living Matter" 


Saturday, November 4 


ASSOCIATION OF CLINICAL BIOCHEMISTS, SOUTHERN REGION (at 
Queen Mary's Hospital, Roehampton, London, S W 15), at 230 p m. 
—Symposium on “Special Applications of Electrophoresis" 


LONDON County COUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8 E 23), at 3 30 p m —Mr Frank W Lane 
“Kingdom of the Octopus" * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appoinfments on or 
before the dates mentioned 

ASSISTANT IN BIOCHEMISTRY 1n St Salvator’s College—The Secre- 
tary, The University, College Gate, St Andrews (November 4) 

LECTURER, Grade I (preferably with experience in the biochemistry 
of proteins or nucleic acids) IN BIOCHEMISTRY—The Registrar, The 
Universitv, Leicester (November 4) 

LECTURER (with a good degree m zoology, and preferably research 
experience) IN ZOOLOGY—The Bursar, College of Advanced Tech- 
nology, Gosta Green, Birmingham 4 (November 4) 

LECTURERS (honours graduates in engineering or m science), to 
teach the subject of applied thermodynamics to students of engineer- 
mg—The Secretary of University Court, The University, Glasgow 
(November 7) 

ASSISTANT LECTURER or LECTURFE (preferably with a special m- 
terest ın Africa) IN GEoGRAPHY— The Secretary, University College, 
Gower Street, London, W C 1 (November 10) 

ASSISTANT IN GENETICS—The Secretary of University Court, The 
University, Glasgow (November 10) 

LrCTURER (veterinary graduate with a special interest in the field 
of reproduction) IN THE DEPARTMENT OF ANIMAL HUSBANDRY at 
the Veterinary Field Station, Langford, near Bristol—The Registrar 
and Secretary, The University, Bristol (November 11) 

SUPERINTENDENT (with administrative experience, and preferably 
some scientific experience) OF THE UNIVERSITY BIOCHEMICAL LAB~ 
ORATORY—Prof F G Young, Department of Biochemistry, The 
University, Tennis Court Road, Cambridge (November 16) 

LECTURER IN THE ELECTRONIC COMPUTATION LABORATORY of the 
Applied Mathematics Department—The Registrar, The University,. 
Sheffield (November 18) 

LECTURER or ASSISTANT LECTURER (with a good honours degree or 
equivalent im engineering, physics or mathematics and some research 
experience) IN VIBRATION THEORY—The Secretary and Registrar, The 
University, Southampton (November 18) 

BOTANIST (with a degree, preferably majoring in botany, non- 
graduates with a knowledge of taxonomy and herbarium experience 
may be considered) IN THF BOTANIC GARDEN DEPARTMENT, Adelaide, 
South Australia, for general herbarium, duties, determination of plants, 
and the supervision of botanical assistants—The Agent-General and 
Trade Commussioner for South Australia, South Australia House, 
50 Strand, London, W C 2 (November 20) 

WYKEHAM PROFESSOR OF PHYSICS— The Registrar, University 
Registry, Oxford (November 23) 
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POSTDOCTORAL RESEARCH FELLOW IN ORGANIO CHEMISTRY at the 
University of Melbourne—The Registrar, University of Meibourne, 
Parkville, N 2, Victoria, Australia (November 25) 

LECTURER (with postgraduate qualifications and research interests 
in experimental or social psychology) IN PSYCHOLOGY at the Univer- 
sity of Auckland, New Zealand— The Seeretary, Association of Uni- 
versities of the British Commonwealth (Branch Office), Marlborough 
Houses Pall Mall, London, S W 1 (New Zealand and London, Novem- 

er 21 

CHAIR OF PATHOLOGY 1n the Medical School, University College of 
Rhodesia and Nyasaland, Salsbury—The Registrar, University of 
Birmingham Edgbaston, Bumingham 15 (November 30) 

CHAIR OF PHYSIOLOGY in the University of Khartoum—The Regis- 
trar, Universitv of Khartoum, cjo Inter-University Counen) for Higher 
Education Overseas, 29 Woburn Square, London, W € 1 (November 30) 

LrCTURER (with a degree in electrical engineering from a British 
university, or equivalent, preferably with first- or second-class 
honours, corporate member of the Institution of Electrical Engineers 
and preferably with experience in teaching at university level and/or 
of research work) IN ELECTRICAL ENGINEERING at the University 
of Hong Kong-—The Secretary, Association of Universities of the 
Bntish Commonwealth (Branch Office), Marlborough Honse, Pall 
Mall, London, $ W 1 (Hong Kong and London, November 30) 

PROFESSOR OF EXPERIMENTAL PHYSICS— The Registrar, The 
University, Nottingham (November 30) 

REGIUS CHAIR OF SURGERY in the University of Aherdeen—The 
Private Secretarv, St Andrews House Fidinburgh 1 (November 30) 

SENIOR LECTURER/LECEURER IN BOTANY, a SENIOR LECTURTR/ 
LEcTCRER (preferably with qualrfications m inorganic chemistry) 
IN CHEMISTRY, and a SENIOR LECTURER/LFCTURFR IN MATHEMATICS 
at the University of Khartoum—-The Registrar Universitv of 
Khartoum, c/o Inter-University Connell for Higher Education 
Overseas, 29 Woburn Square, London, W C 1 (Novemher 30) 

LEGOTURFR (preferably with experience in teaching, research and 
m the design and construction of hydraulic works and apparatus) IN 
CIVIL ENGINEERING (Hydraulics) at the University ot Melbourne, 
Aue it yo dut AT PA ME UA id Universities of the British 

ommonwea ranc ce), Marlborough House, Pal 
London, S um ere 1) - : ie 

URKLTT-FLETCHER CHAIR OF HISTORY AND ARCHAECLOGY— 
Secretary, The University, Aberdeen (December 9) : The 

RESEARCH ASSOCIATE (with a Ph D in chemistry or physics) IN 
SPEOTROSCOPY, for research in the field of chemical asnects of electron 
paramagnetic resonance &pectroscopv— Industria] Engmeering Services 
Research Council of Alberta, 87th Avenue and 114th Street, 
Edmonton, Alberta, Canada (December 15) 

SENIOR LECTURER (with an honours or higher degree in science 
or engineering, and teaching and/or research exnetience m the field 
of physical metallurgy) IN PHYSICAL METALLURGY at the University 
or Mas Part [see Assoer:tion of Universities 
0 e British Commonwea raneh Office), Marlborough 
Pall Mail, London, S W 1 (December 15) ; Mo 

VISITING PROFESSOR OF OCEANUGRAPHY at the University of Cape 
Town, South Africa—The Secretary  Assoctation of Universities of 
the British Commonwealth (Branch Office), Marlborough House Pall 
Mall, London, S W 1), and The Registrar, University of Cane Town 
Private Bag, Rondebosch, Cape Town, South Africa (Decemher 31) 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree in biology 
Gneluding zoology), FI MIT or equivalent qualifications, and pre- 
ferably some experience in histological techniques) IN THE PRYSIO- 
LOGY DEPARTMENT, to assisé with histological mvestigations related 
to the endocrine research programme of the Department—The Secre- 
tary, National Institute for Research in Dairying (University of 
Reading), Shinfleld Reading, quoting Ref 61/22 

ASSISTANT LECTURER (Grade B) (with a degree or equivalent 
qualifications, teaching experience, able to teach to higher uational 
certificate standard, and preferably some industrial expericnce) IN 
CHEMISTRY AND METALLURGY—The Clerk to the Governors, South- 
Hast Essex Technical College, Longbridge Road, Dagenham, Essex 

ASSISTANT PROFESSOR (with two or three years postdoctoral ex- 
perience in a field allied with virology, and prepared to narticipate 
in a research programme on the virology of tumours) ON CANCFR 
REsgARCH—Dr R Bather, Department of Cancer Research, Univer- 
sity of Saskatchewan, Saskatoon, Saskatchewan, Canada 

FISHERIES OFFICER (male, qualified biologist, with an honours 
degree ın natural science, preferably zoology, and experience in 
research work) in Tanganyika, to investigate the ecology of inland 
waters in relation to fish produetion— Director of Recermtment, 
Department of Technical Co-operation, Carlton House Terrace, 
London, $ W 1, quotmg BCD 63/8/012 

GRADUATE (with a degree 1n a biological science and an interest in 
cytogenetics) IN THE BIOPHYSICS SgcTION— The Administrator, Radio- 
pee Research Umt, Medical Research Council, Harwell, Didcot, 

erks 

LECTURER or SENIOR LECTURER IN CHEMISTRY in the Training 
Department—The Warden, University of London Goldsmiths’ College, 
New Cross, London, 5 E 14 

RESEARCH FELLOW IN ORGANIC CHEeMistry—Prof R © Cookson, 
Chemistry Department, The University, Southampton 

RESEARCH FELLOW or ASSISTANT (with a good honours degree in 
mathematics or engineering and preferably experience 1n programming 
for a digital computer) IN THE DEPARTMENT OF ÁERONAUTICS AND 
ASTRONAUTICS for work in the fleld of hyperaonie eas dynamics—The 
Secretary and Registrar, The University, Southampton 

SECRETARY (with administrative experience m a responsible capacity 
in university of equivalent posts) of the College and Clerk to the 
Governors—The Rector, Imperial College of Science and Technology, 
South Kensington, London, 5 W 

STATISTICIAN (graduate) AT THE RAPIODIOLOGICAL UNIT of the 
Medical Research Council, for work which includes a wide variety 
of physical and biological problems—The Administrator, Radiobio- 
=o Research Unit, Medical Research Council, Harwell, Didcot, 

erks 

TRCHNICIAN Or SENIOR TECHNICIAN (with general blochemucal 
laboratory experience and a knowledge of electronics), for duties 
involving assistance with research and occasional classwork and 
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maintenance of spectrophotometers, high speed centrifuges, ate - 
The Secretary, University College, Gover Street, London, WC} 
quoting “Biochem /1°’ 

TECHNICIAN (Scientific Assistant grade) (preferably with experienc 
of tissue culture methods), for work on respiratory diseases of animaP 
— The Administrative Secretary, School of Veterimary Medicine 
Madingley Road, Cambridge 
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REPORTS and other PUBLICATIONS» 


(not included n the monthly Books Supplement) 


Great Britain and Ireland 


Bulletins of Marine Ecology (formerly Hull Bullehns of Marine 
Ecology ) Edited by Sir Alister Hardy, Dr € E Lucasand E 8 Glover 
No 43, Vol 5 ‘The General Hydrography of the Clyde Sea Area, 
Scotland Parti  Desenption of the Area , Prift Bottle and Surface 
Salinity Data By Dr H Barnes and the late E F W Goodley 
Pp 112-150 11s No 44, and 45, Vol 5 The Multi-Depth Plankton 
Indicator By R S$ Glover A Modification of the Small Hardy 
Plankton Sampler for Simultaneous High Speed Plankton Hauls 
By David Miler Pp 151-172 68 6d (Edinburgh Scottish Marine 
Biological Association, 1961 ) (258 

University of Bristol The Annual Report of the Agricultural and 
Horticultural Research Station, (The National Fruit and Cider Insti- 
tute), Long Ashton, Bnatol, 1960 Pp 171+6 plates (Long Ashton, 
Bristol Agricultural and Horticultural Research Station, ond 
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Agricultural Research Station Soil Survey Research Board 
Soil Survey of Great Britain, Report No 13, 1900 Pp iv+57 (Lon- 
don HM Stationery Office, 1961) 5s net [258 

Empire Cotton Growing Corporation Progress Reports from BX- 
periment Stations, Season 1959-60 Tanganyika Territory—Coastal 
Provinces Pp 12 2s 6d Survey of Reports Pp 7 2s 6d (London 
Empire Cotton Growing Corporation, 1961 ) 1258 

Ministry of Agriculture, Fisheries and Food, At the Farmer’s 
Service a Handy Reference to Various Services available to Farmers 
i England and Wales Pp 81 (London Manastry of Agriculture, 
Fisheries and Food, 1961) ) [258 


Other Countries 


Minerva Dietologwa, Vol 1, Nr 1 (Giugno 1961) Pp 72 (Rivista 
Trimestrale di Chimica, Biochimica, Biologia e Chnica della Nutrizione 
e Tecnologia della Sostanze Alimentart ) Abbonamento annuo L 3,500, 
Tl Fasexolo L 1,000 (Tormo Minerva Dietologica, Corso Bramante 
83-85 1901) [2 

New Zealand Forest Service Forest Research Institute Research 
Notes, No 21 The Withdrawal Resistance of Nails in Rimu and 
Radiata Pine. By € R Hellawell Pp 19 (Wellington Governa 


E Walium”) of Southern Queensland 
plates (Melbourne Commonwealth Scientific and Industrial Research 
Organization, 1961 ) [258 
Instituto Antartico Argentino, Buenos Aires Contnbucion No 30 
Desarrollo de la Central Meteorologica Antartica durante el Ano 1957 
Por Joso A Alvarez Pp 28 Contmbucion No 46 Algunos Resultados 
de las Actividades Oceanograficas Argentinas en el Antartico Por 
Alberto O Casellas y Vincente J Zubillaga Pp 29 Contribucion 
No 50 Una Microcomunidad Antartica Por Zulma J Ageitos de 
Castellanos Pp 11 Pubhcation No 8 Estudio Geologico-Petro- 
grafico de Caleta Potter, Isla 25 de Mayo, Islas Shetland del Sud. Por 
Nestor Horacio Fourcade Pp 121 (Buenos Aires Institute Antartico 
Argentino, 1959, 1960 ) [258 
National Academy of Scences—National Research Council Nuclear 
Science Series—Radiochemical Techniques NAS-NS 3102 Separa- 
ions by Solvent Extrachon with Tn-n-oetvlphosphime Oxide By 
J C White and W J Ross Pp v+56 75 cents NAS-NS 3103 
Low-Level Radiochemical Separations. By T T Sugihara Pp 
v434 50 cents (Washington, DC Office of Technical Services, 
Department of Commerce, 1961 ) [258 
East Africa High Commission East African Marine Jfisheries 
Research Orgamzation—Annual Report, 1960 Pp 3844 plates 
(PO Box 668, Zanzibar East African Marine Fisheries Research 
Organization, 1961) 4s [25 
Ymted Nations Educational, Scientific and Cultural Organization 
And Zone Research No 17 A History of Land Use in Arid Regions 
Edited by L Dudley Stamp Pp 388 (Paris Unesco, London 
HM Stahonery Office 1961) 37 NF , 52s 6d, 10 50 dollars [258 
South Australia The Institute of Medical and Veterinary Science 
Tyenty-second Annual Report of the Council, July 1959-June 1960 
s js (Adelaide Institute of Medical and Vetermary Bee 
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No 4801 


A NATIONAL YOUTH 


Ra Ie the great strides being taken by 
science to-day, the fact that, according to Sir 
Bernard Lovell, of all the scientists who ever lived 
90 per cent are with us to-day, and, above all, univer- 
sal acknowledgment of the fact that all and sundry 
are now in some way or another responding to the 
impact of science on themselves and on society 
(whether conscious of ıt or not), one must admit that 
there is need for everybody to learn something 
about what ıs behind this great and rather sudden 
social upheaval 

Science yields power ıt renders physical power to 
industry and travel, further means of interpretation 
in the various arts, more facilities for enjoying one’s 
leisure, but ıt 18 to be hoped that ıt will never succeed 
m giving power to the few who might use ıb for 
controlhng the many Yet that 11sk seems very real 
to-day, due mainly to the widespread lack of under- 
standing of the true aims and objectives of science 
As Mr Dean Rusk recently said ‘ Power ıs not a 
matter of arms alone Strength comes from educa- 
tion, fertile acres, hummimg workshops and the 
satisfaction and pride of peoples”. Strength assuredly 
comes with education, and in this science must play 
a much greater part from the earliest years of a 
child’s life ‘This has also been emphasized recently 
by Lord Hailsham, the Minister for Science (see 
p 393 of this issue) 

For many years one referred to pure science and 
applied science, this eventually bemg altered to 
fundamental and applied science Gradually ıb has 
become recognized that there 1s no hard and fast line 
of demarcation between the two—that one mspires 
the other, and that fundamental science 1s not entirely 
basic to apphed science and vice versa To-day, one 
hears of science and technology, perhaps the day 
iS not far off when the mmplied distmetion between 
these two will disappear Acceptmg, perhaps with 
some reservation, Murray Schoonraad’s statement 
that ''to-day's science 1s to-morrow’s technology" 
(Nature, 191, 848, 1961), ıt would seem that there 1s 
no real distinction between science and technology, 
but that over a period of time one merges into the 
other and that the length of this period is quickly 
becomung shorter Science should eventually, there- 
fore, be recognized for what 1t really 1s, namely, the 
search for the truth (using 1ts own peculiar means), 
the exposition of the truth and its application 
wherever possible to man’s needs and, comforts 

The “balance of power’ periodically changes even 
within the ranks of the scientists themselves, such 
changes being inspired by popular appeal or curiosity 
or sudden recognition of profitable application For 
example, m the Victorian era, Darwm and his sup- 
porters stirred the world with the conception of the 
origin of species As these ideas appeared to strike 
at the very roots of the religious faiths and beliefs of 
millions of people at that time, one can easily imagine 
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how science (m this case, biology) was brought to 
the foreground m public debate, discussion and 
sometimes heated argument as exemplified by the 
Huxley—Wilberforce contretemps at Oxford and, much 
later the growth of so-called Fundamentalism ın the 
United States which, starting as a denommational 
inteiest, eventually became a national concern when, 
m 1925, a teacher m Dayton, Tennessee, was tried 
and convicted for teaching the principles of evolution 
mn & State school Thus, for a time, science made a 
spectacular appearance before a world-wide audience 

One can think of other scientific spectacles, those 
of to-day obviously bemg feats in space science But 
such spectacles can sometimes do more harm than 
good to science itself, for 16 would be undesirable to 
have a scientific éhte in any community, such as is 
now developing in the USSR _ Science is actually 
proceeding on a very broad front, and many of its 
facets, highly important though they are, can never 
be spectacular So it can be only à very small 
majority of people who recognize this general advance- 
ment, and, to-day, no one person can be expected to 
understand all of ıt. Even now 1t would be a very 
small percentage of those who have not read biology 
to a fairly advanced level m school who could give 
the names of the scientists who discovered peniculhn 
or insulm So clumsy ıs the way in which science 1s 
presented to the public that 1t 1s unlikely that 
Fleming’s name will ever become such a household 
word as that of Gagarm Macromolecular biology is 
now making great strides in the field of scientific 
endeavour, but ıt will be some time before the non- 
scientist will be able to understand and appreciate 
this 

This does not imply that all thmking people are not 
aware of the need for a much wider and deeper 
appreciation of science and its impact on human 
society The main problem 1s how to set about it 
It seems better to acknowledge the fact that among 
adults only those who wish to know somethmg about 
this “Age of Science’ will take the trouble to learn 
This mmority is fairly well catered for already In 
Britain, the British Association for the Advancement 
of Science, the Workers’ Educational Association, the 
oxtra-mural departments of the universities, many 
local authorities, the British Broadcasting Corpora- 
t:on and television authorities are dog excellent 
work to enlighten those who wish to learn 

This ıs by no means enough, for 1t 18 not only the 
mature grounds which need attention but also the 
newer, uncultivated yet potential fertile soil—men 
and women of to-morrow, who are recognizable as 
soon as they are able to speak 

Governments, local authorities, industry, etc , are 
bringing pressure to bear in an all-out attempt to 
increase, widen and improve the standards of science 
teaching In some cases, no doubt, the results are 
proving disappointing and mediocre, this bemg due 
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to many conditioning factors, the chief of which 1s 
the dearth of science teachers, unsuitability of some of 
these, lack of space and equipment, finance, and so 
forth, but above all the time-factor m school terms 
and hours 

Scrence teaching seems to have become too rigid, 
especially in its attitude towards the applications of 
science ‘This may be due to a schism m thnkmg 
of science as a cultural discipline in contradistimction 
to science as a practical need (The examination 
systems may be largely responsible for this ) Heuris- 
tic methods of teaching, as practised and advocated 
by H E Armstrong earlier in this century, served a 
useful purpose at the time in that they pointed the 
way to an effective means of teaching the scientific 
method of expermentation But such methods aim 
largely at traming potential scientists, and though 
they inspire some children who have no intention of 
becoming professional scientists they might well 
repel others They are, therefore, not entirely satis- 
factory 1f we are to capture the magmation of the 
majority of the very young in the appreciation of 
science The practical application of 4 to B may 
not be so interesting as the application of A to self, 
for what touches the heart of the layman ıs the 
effect scientific progross 1s having on himself—that 1s, 
the practical applications of science to man, his 
health, his Job, his creature comforts and, above all, 
hisfuture The laboratory 1s not the only room where 
Science can be taught rt 1s not necessary to dissect a 
rabbit in order to learn about the bones of the 
mammalian skeleton, neither is ib necessary to use 
earthworms with the ancillary apparatus to under- 
stand about respiration m animals Many observa- 
tions and experiments ean be carried out on the 
pupil’s own body, thus becoming more interestmg 
None of this need undermme the ultimate amm of 
treating science for what ib 18, namely, a cultural, 
and therefore not solely a technical, discrpline 

Where, therefore, are the other and earliest 
grounds for successful scientific seeding? When does 
a child reach the eritical point when he might become 
inspired with thimgs scientific? The first hes within 
the segis of the primary school (many of which have no 
laboratory), and the second, depends on how successful 
is the seeding in the fist It was with the view of 
considering how the muitial seeding could best be 
accomplished that the British Association for the 
Advancement of Science convened a conference, 
during September 29—30, jomtly with the Association 
of Teachers in Colleges and Departments of Educa- 
tion, on “The Approaches of Science in the Primary 
School” 

At this conference, Mr N Isaacs said that the 
“approaches” in this case are through a disciplined 
way of thinking, a way encouraged by a definite 
method of exploration of the physical, biological and 
psychological worlds ‘The natural learning processes 
of the child are akin to the development of scientific 
thinkmg—exploration, collecting and preemg together 
experiences, building up these nto a connected scheme 
of knowledge and foresight Such processes can be 
observed in the developmg child, and become most 
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marked when the child, im rts third or fourth year, has 
sufficiently mastered language to discover the way of 
question-forms The method of seeding should be 
one of accentuating and directing the natural learning 
process This would, 16 ıs hoped, be achieved by 
creating in the primary schools specific environments 
aimed at developing the individual’s interest by 
setting the scene, catching his mnate curiosity and 
spurring him on to observe and bring forward the 
right kmd of question and hence an attitude to 
exploration So, by the time he enters the secondary 
school, the child 1s competent to know his world 
capable of planmng and ready for things scientific 
Grven an interest in science he will need nothing but 
opportunity to develop it However, unless the child 
is deeply and naturally instilled with the human 
implications of his knowledge in the primary school, 
his approach to science teaching im the secondary 
school will not be satisfactory 

Much more can be done also outside school hours 
A great deal has already been done in the United 
States in this highly important field of extra-mural 
endeavour By 1940 some seven hundred ‘science 
clubs’ had been founded there The movement was 
somewhat retarded by the Second World War, but 
the project gamed momentum durmg the post-war 
years, and now there are about 25,000 science clubs of 
which approximately 500 are outside the United 
States Through what is termed "Talent Searches’ 
individual boys and girls showing special aptitude 
are encouraged, and it is now claimed that 95 per 
cent of those winning honours m the Science Talent 
Search proceed to the univeisities According to 
Science Service’s Growth of the Science Youth Program 
(October 10, 1959), honours were awarded to about 10 
per cent of the entries and about 50 per cent of these 
eventually gained doctorates Yet it is to be hoped 
that those who were not so selected are now pro- 
gressmg through life with a better understanding of 
science than they would otherwise have had If so 
then Science Service (Washington) 1s doing excellent 
work This Service also maugurated ‘Science Fairs’, 
fist on a local and regional basis By 1950 these had 
become so numerous that the National Science Fair 
was instituted In 1958 this Fair became international 
through the entry of finalists from Japan's National 
Fair 

This project could well be followed elsewhere, as 
indeed 16 1s in Britain, though two other methods of 
somewhat similar pattern might be considered First, 
a central organization might be set up to encourage 
and direct the attention of science teachers to possible 
extra-mural activities aumed at young children and 
teenagers ın most branches of science—astronomy, the 
physical sciences archeology, natural history, engin- 
eering, agriculture, horticulture and so forth Such 
an organization might invoke the aid and advice of 
national and local scientific societies Thus 16 should 
be possible to encourage school teachers to become 
more flexible m their teaching by organizing extra 
lectures and exhibitions, and above ail, by makmg 
available opportunities for practical work dumng 
term-time at specific centies 
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These activities nught, though not necessarily, be 
divided into age-groups, but should on no account be 
confined to those pupils who are aspiring to the science 
sixth form 

It can be taken for granted that, once established, 
such a scientific contre would be able to rely on much 
practical assistance from local mdustry, though 
that would depend considerably on the personality 
and tact of those running the centre In any event, 
the time seems ripe for academic and industrial 
research centres to open up their laboratories, work- 
shops and even factories more often than they do 
for organized visits by school children Museums 
play their part, but this 1s not enough Of course, 
a great deal is already being done, but much more 1s 
needed, for this will help to inspire interest among the 
many who may never become professional participants 
in future years, and ıt must be recognized. that these 
are the laymen of the future so far as science is 
concerned 

Certain sections of industry actually do arrange 
campaigns, and send their representatives to schools 
and universities, but their object 1s clearly to catch 
the future scientists, and m any event they, and 
others, might do still better by ‘sellmg’ themselves on 
their own premises rather than in the school lecture 
theatre 

A second method of approach takes into account 
the fact that ıb ıs asking a great deal of any school 
teacher to take on still further responsibility, especı- 
ally out of school hours, terms or grounds Yet 
much could be done, as ın the Boy Scouts and Gurl 
Guides movements, that 1s, not only outside school 
hours but also away from the daily school teacher 
with all due respect to him, a change of senior 
personnel might prove stimulating 

The British Association is domg much towards 
educatmg youth During the recent annual meeting 
at Norwich there were three young people's lectures, 
a schools exhibition, the President's tea party for 
student exhibitioners and the annual session devoted 
to “Science in the Sixth Form” organized by Section 
X This 1s good and pomts the way to further 
endeavour with still younger children in view 
Nevertheless ıt must be recognized that such events 
are confined to a few days each year, to the compara- 
tively small number of large towns and their catch- 
ment areas and to a fairly advanced age-group With 
its lecture services, young people’s programmes, 
international youth science conferences, area com- 
mittees, science fairs, ete , the British Association 
has made increasing and comprehensive contributions 
to the development of more widespread scientific 
education But 1t would be a greater step forward 
1f such a body as the British Association made a 
survey of the needs and potentialities of the whole 
country, for there 1s much to be found—the entire 
country 1s not lying fallow There are numerous local 
scientific societies, many of them, 16 1s true, confining 
themselves to natural history and archeology, but 
there they aie, and some have junio sections Then 
what always seems to be overlooked 1s the fact that 
theie are many individual enthusiasts and sometimes 
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small groups of enthusiasts who are interested in a 
very practical way in most branches of science It 
18 often stated that the days of the ‘amateur’ scientist 
are gone, but we believe this 1s far from the truth 
It was Will Hay who made very important contz1bu- 
tions to astronomy using his 6-ın Cooke refractor 
mounted in his home-made observatory, and by 
profession he was a stage and screen actor We 
believe there are many of his type, m various scientific 
disciplines, cultivating their interests to-day 

Most of these local societies, clubs, and individual 
enthusiasts appear to depend mainly on themselves 
Yet ıt ıs they who might be prepared to form the 
nuclei for sti] further local endeavour with the 
young as their mam objective They might well take 
into consideration the lines of approach suggested by 
Sir Eric Ashby imn his Biiish Association Granada 
Lecture m 1960 He proposed that an understanding 
of science could be rmparted by emphasizing the 
importance of technique in science, for the ordinary 
man 18 a claftsman and he appreciates craftsmanship. 
This might well be extended to the children and youth 
of to-day 

Such local individual and collective movements 
might be loosely unified under a sponsormg body such 
as the British Association, which is not only well 
equipped with the necessary contacts but also has the 
nucleus of the necessary staff Such a sponsoring 
body, set up on a national scale but using and 
inspiring local men and women, could offer to the 
boys and girls of Great Britain the encouragement in 
scientific activity and appreciation that the Nationa] 
Playmg Fields Association, with the invaluable 
patronage of the Duke of Edmburgh, 1s giving them 
m sport and 1ecreation 


ELECTRODYNAMICS AND 
MECHANICS 


Electrodynamics of Continuous Media 

By L D Landau and E M Lifshitz Translated 
from the Russan by J B Sykes and J S Bell 
(Course of Theoretical Physics, Vol 8 ) Pp x+417 
(London and New York Pergamon Press, 1960 ) 
848 net 


Mechanics 

By L D Landau and E M Lifshitz Translated 
from the Russian by J B. Sykes and J § Bell 
(Course of Theoretical Physics, Vol 1 ) Pp vu+165 
(London and New York: Pergamon Press, 1960 ) 
40s net 


T titles of the volumes in this series cover a 
vast range of topics and there seems to be little 
m physics on which the authors are not very well 
informed The volume on electiodynamuics conveys 8 
sense of mastery of the subject-matter on the part of 
the authors which 1s truly astonishmg I myself 
have read only one other volume of the series and 
cannot lay claim to any specialized knowledge of any 
of the topics dealt with These remaiks, therefore, 
cannot criticize any details of the physics discussed 
in this volume 

The broad Imes adopted by the authors become 
clear very quickly Maxwell’s equations are assumed 


390 


to hold on a microscopical scale and all macroscopical 
results are derived by a process of taking averages 
Forces and energy relations are obtained by a system- 
atic use of the concepts of thermodynamics—there 
18 no place here for the transport of current filaments 
from infinity and similar ‘elementary’ devices The 
ambiguities of sign sometimes associated with energy 
expressions are firmly resolved and all such quantities 
put mto their proper perspective as thermodynamical 
quantities But such matters are not the chief 
concern of this volume 

With the help of straightforward ideas of sym- 
metry, hnear dependence (and contour integration) 
the basic ideas of electromagnetism are developed to 
apply to a long list of topics These melude electro- 
striction, piezoelectricity, ferroelectrics, the Hal 
effect, contact potential, eleotroeapillarity, thermo- 
electricity, gyromagnetism, ferromagnetism, super- 
conductivity, eddy currents, the skin effect, magneto- 
hydrodynamics, dispersion, wave-guides, double 
refraction, ete This lst is by no means complete 
‘The standard of explanation is admurable, bemg 
sufficient to give a moderately formed reader a grasp 
of the prmerples concerned, both physical and 
theoretical, without elaborate detail. The approxima- 
tions which must be made to make a theoretical 
treatment feasible are explamed and the theory 
developed starting from the field equations 1n most 
cases. It 18 the physical insight which accompanies 
and guides this development that conveys the sense 
of mastery mentioned here 

To-day the division of the subject-matter of physics 
into heat, light, sound and properties of matter 18 
being superseded, this book will accelerate this 
change In fact, one of the impressive features of 
the book is the way in which diverse phenomena, 
listed above, are shown to be related through the 
dependence of e (permittivity), y (permeability), or 
6 (conductivity) on the frequency of the radiation 
Phenomena, which m elementary physics are ex- 
plained by a closed and mathematically elegant 
theory, here appear related as a result of expanding e, 
say, in terms of the frequency The general effect 18 to 
demonstrate the full power and generality of electro- 
dynamic theory m a way seldom achieved im a text- 
book 

The translators are to be congratulated on the 
effectiveness of ther translation, the language ıs 
direct and could well be original English text There 
are surprisingly few typographical errors, about a 
dozen were noticed, most of these bemg the omission 
of a letter or a symbol Throughout the volume 
there are references from time to time to modern 
work, mostly in Soviet journals, a large proportion 
bemg available in translation In short, Flectro- 
dynamics of Continuous Media 18 a book which can 
be thoroughly recommended to every physicist 

In the history of science 16 has always required a 
great intellectual effort to break free from estabhshed 
modes of thought and to esteblish a new outlook, 
exemplified in the change from the Ptolemaic to the 
Copernican view of the universe To-day we are in 
the midst of a smılar change with the advent of 
modern physics, and the volume on mechanics will 
contribute to the establishment of a new outlook 

Although the subject-matter 1s, of course, New- 
toman mechanics, the basic outlook 1s different from 
the traditional Newtonian outlook From the outset 
Hamulton’s Least Action Principle is taken as the 
fundamental law governing all motion, an mertial 
frame is one for which space and time are isotropic 
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and homogeneous, and the basic transformation 18 the 
Galilean transformation between two mertial frames 
Considerations of symmetry lead to the law of mertia, 
and the equivalence of two inertial frames leads to 
the introduction of a coefficient identified as the mass 
of a particle A system of particles which interact 
with one another but with no other body requires an 
addition, —U, to the sum of the Lagrangian functions 
of the particles to give the Lagrangian of the whole 
system This function U, depending on the co- 
ordinates only (non-dissipative systems only ?) is 
the potential energy There 1s no mdication of how 
to find the form of U in any given case The use of 
the equations of motion now mtroduces the concept 
of a force and we arrive at Newton’s Second Law of 
Motion Throughout this part one feels that without 
the famiharity gained from the traditional outlook 
and the associated intuitive appreciation of mass, 
force, ete , 15 would be difficult to appreciate the proper 
significance of many of the results In some of the 
succeeding chapters these intuitive ideas are still 
necessary to “feel what 1s gomg on’—the escape from 
traditional views 1s not complete 

On one point of the dynamics of a rigid body the 
treatment is not quite satisfactory On p 109 it 
18 said that the equation for the rate of change of 
angular momentum “May be regarded as Lagrange’s 
equation . . . for the ‘rotational co-ordinates’ ". 
Apart from the inverted commas 16 1s not pointed out 
that there are no such co-ordinates, that a component 
of angular velocity is not, m general, the rato of 
change of any one angle, as 1s shown afterwards in 
equation (351) This topic should, strictly, be 
treated as a non-holonomic constraint according to 
the methods of a subsequent section Nevertheless, 
this 1s a familiar point and the reader already knows 
the results It does not affect anythmg else in the 
book 

When the reader has adjusted himself to the new 
outlook then the rest of the book, the greater part, ıs 
a vindication of the effort of makmg this adjustment 
The scope and power of the methods used are made 
abundantly evident in fields of importance to phys- 
cists, little time 1s spent on artificial classical pro- 
blems ‘The theory of collisions between particles is 
developed m a form in which physicists need xt, this 
18 followed by chapters on small oscillations, the 
motion of a rigid body, and finally Hamulton's 
equations, Poisson brackets, Luiouville’s theorem, 
Hamulton-Jacobi equation, ete This last chapter 
lays the foundations for the transition to quantum 
mechanics 

In undergraduate courses on dynamics the treat- 
ment of small oscillations often leaves the umpression 
that the theory is self-contained without room for 
development Here ıt ıs clear that the famrhar theory 
is one stage in the approximations necessary for the 
discussion of such motions The development to 
anharmonic and non-lmear oscillations follows natur- 
ally This 1s typical of the way in which the reader ıs 
shown that classical mechamies is still capable of 
development The illustrative problems are very 
carefully chosen and the accompanying solutions are 
admirable for conciseness, the salhent points only 
being given 

It 18 à remarkable achievement to write a text on 
advanced analytical dynamics in the compass of 165 
pages and to produce such a stimulatmg account 
The translation 1s excellent and errors of typography 
are very few and far between 
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A STUDY OF DIABETES 


Diabetes in an English Community 

A Study of Its Increase and Natural History By 
Joan B Walker and David Kerridge Pp 46. 
(Leicester The University Press, 1961) 7s 6d 


A VALUABLE survey of the meidence and natural 
history of diabetes in a rural parish (Ibstock in 
Leicestershire) has been made by Dr Joan Walker 
of Leicester Royal Infirmary and David Kerridge 
of the University of Sheffield 

The inquiry was initiated ın 1955 by the British 
Diabetic Association in an attempt to arrive at a 
numerical evaluation of the problem of diabetes in 
Britain The figures available from the General 
Register Office vary from two to four diabetics per 
thousand of the population, but these figures refer 
to known diabotics It was well known from the 
United States and Canada that, 1n previous surveys, 
as many unknown diabetics were found as those 
already diagnosed 

Many of the methods used by other investigators 
depended on the study of clinics, schools, factories, 
prisons and other such institutions, which are special 
groups with age and sex selection, while detection 
drives, although not restricted to special age or 
occupation groups, depend on voluntary initiative 
and tend to have low response-rates, and therefore 
allow too much room for bias Throughout the 
year 1956, these ways of determming the meidence 
of diabetes imn Britam were discussed It was 
essential to find a method which would be practical, 
easily applied elsewhere, and be, at the same time, 
accurate. It was agreed that no census of known 
diabetics attending clinics could produce the mforma- 
tion required As ıt was most important for the 
purposes of the vestigation that follow up should 
be possible, 1t was finally decided to mvestigate a 
compact stable community 

Because the diabetic clinic at Leicester Royal 
Infirmary served the City and whole County of 
Leicestershire, and because some of the Leicestershire 
villages had exceptionally static populations, 1t was 
decided to investigate a village community with the 
view of its becoming part of any larger national 
or international survey which might be undertaken 
later 

The objectives of the inquiry were as follows: 
to establish the number of diabetics in a natural area 
where the population 1s static, to discover the 
undiagnosed cases of diabetes, to investigate the 
possible hereditary factors; to investigate the possible 
zetiological factors of physique, diet habits, stress. 
occupation, and parity m women, to follow up the 
cases of glycosuria discovered by the mvestigation, if 
possible, for as long as twenty years, and to watch 
for new cases developing in the area, to repeat the 
whole survey at a future date and to repeat ıb also 
in another area of England for comparison or contrast. 

Every person living in the village who was over 
the age of five years was asked to supply a specimen 
of urme and to answer a questionnaire Altogether 
2,071 males and 2,034 females were tested making 
an 81 per cent response of the population over the 
age of five years Details of thirty-three previously 
diagnosed cases were collected from general practi- 
tioners’ and clinic records So far as could be determ- 
med the 19 per cent of non-co-operators were not 
different in age or other environmental factors from 
the rest, and in calculatmg rates, 1b was assumed 
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that they were a random sample of the whole popula- 
10n 

The results show that there are about thirteen 
diabetics per thousand of the population, half of 
whom are asymptomatic The relationship of 
diabetes to various social factors was examined. 
Plans for a follow-up study of the population are also 
described in the booklet 


ANALYTICAL INSTRUMENTATION 


Physical Methods tn Chemical Analysis 

Vol.1 Edited by Walter G Berl Second Edition 
Pp xiv+686 (New York Academic Press Inc , 
London Academic Press Ine (London), Ltd , 1960 ) 
19 dollars 


Lae and refinements ın analytical instru- 
mentation must, of necessity, call for periodic 
reviews of those publications which form such an 
essential part of that ever-expanding physicochemical 
noosphere from which the modern scientist draws 
both inspnation and knowledge This present revision 
(Volume 1) of a well-known authoritativo treatise on 
instrumental methods im chemical analysis belongs 
to this category 

The more elementary student may find the 
advanced and detailed form of presentation somewhat 
bewildering, but as his knowledge increases and he 
joms the ranks of the experts, he will undoubtedly 
appreciate the lucidity with which the various 
specialist contributors have described those practical 
and theoretical problems which are concomitant with 
the complex field of contemporaneous instrumenta- 
tion This is, however, a book which has been written 
by experts for experts, and, at the academic stage, 16 
will undoubtedly be of the greatest assistance to 
honours graduates and research workers Most 
modern instrumental methods are described with 
much attention to practical laboratory detail Nearly 
a quarter of the 670-page work is devoted to X-ray 
diffraction techniques as applied to powdeis, metals 
and polymeric fibres Spectrophotometry, emission 
spectrogiaphy and infra-red spectroscopy are given 
comprehensive treatment in chapters of about 80 
pages each The diagrammatic illustrations are 
clear and well annotated and each chapter concludes 
with an extensive bibliographical reference section 

Later sections deal with Raman spectra, measure- 
ments of refractive index, mass spectrometry, and 
electron microscopy and diffraction The latter 
technique 1s particularly valuable for those crystallo- 
graphic investigations on surfaces where the affected 
layer 1s too thin to be detected by X-rays The 
section on electron microscopy gives some extremely 
mteresting reproductions of electron micrographs of 
films of various materials 

The applications and design of simple and tandem 
mass spectrometers are described m some detail. 
Reference 1s made to the usages of such instruments 
1n the analysis of chemical mixtures, the leak-testing 
of evacuated vessels, measurements of appearance 
potentials and related thermal quantities, reaction 
kinetic studies, etc. 

This new edition undoubtedly provides up-to-date 
information on progress in the development and, 
application of physical mstrumentation and will be 
eagerly acquired by all chemists havmg an interest 
1n the theory and practice of these specialized analyti- 
cal techniques D T Lewis 


392 


Materials for Nuclear Engineers 

Edited by Di A B McIntosh and T J Heal 
ix+373 (London, 
75s net 


RITTEN by specialists on, the United Kingdom 
Atomic Energy Authority staff, this handbook 

on nuclear materials should prove mvaluable as a 
reference volume not only to nuclear engmeers but 
also to many scientists and technicians working in the 
nuclear power field The materials covered are 
uranium, plutonium and thorium metal fuels, to- 
gether with their more useful ceramic compounds 
magnesium, beryllium and zirconium canning 
materials and giaphite as the most important solid 
moderator The occurrence, extraction, fabrication, 
physical and mechanical properties, compatibility 
in various reactor environments and behaviour 
under irradiation aie discussed for each material 
The data are presented in suitable tabular and dia- 
grammatice form and have been selected as the best 
available from published information to mid-1959 

It 18 regrettable that space could not be found to 
include stainless steel canning materials, ferritic 
steels which are of current interest for pressure 
vessels, and berylha, which ıs the most promising 
alternative solid moderator to graphite, particularly 
for high-temperature gas-cooled reactors ^ Equih- 
brium diagrams are given for sixteen plutonium alloy 
systems and 1t would be valuable to have diagrams 
also included for the technologically important alloys 
of uranium and thorium 

As this is a rapidly expanding field, new or 
revised data, especially on the irradiation behaviour 
of fuels, are continually forthcoming, and it 1s to be 
hoped that suitably revised editions will be produced 
ii good time In particular, the nuclear engineer 
will need to be kept up to date on the progress of 
ceramic and cermet fuels which are becoming of 
increased importance 


Pp 
Temple Press, Ltd, 1960) 


Neuro-Psychopharmacology 

Proceedings of the First International Congress of 
Neuro-Psychophaimacology, Rome, September 1958 
Edited by P B Bradley, P Demker and C. Radouco- 
Thomas Pp xv-727 (Amsterdam Elsevier 
Publshng Company , London D Van Nostrand 
Company, Ltd. 1959) 135s 


HOUGH neuiopsychopharmacology might be 
shortened as & word, the book deserves no shorten 
ing, for the contributions are uniformly of a high 
standard, and the book reflects credit on all associated 
with ıt Its encyclopedic 1ange and its great quantity 
of recorded facts make it an essential reference 
book to every worker in the subject The editorial 
work has been so well done that the great quantity 
of material 1s everywhere clear and orderly Two 
indexes are provided, and ıt 1s well printed and bound 
The discussions given are apparently second thoughts, 
for they are terse and meaningful, much better than 
the obscure muddle of the truly verbatim record 
Comment on such a wealth of topics is difficult, 
but I noticed one fact that seems remarkable The 
better understanding of higher mental functions, 
and their mechanistic basis, that has come m the past 
decade through cybernetics has shown the outstand- 
mg importance of ‘memory’, both short- and long-term, 
m every aspect of the higher cerebral functions 
Yet our knowledge of the physical basis of memory 
in the brain is to-day almost nothing Our knowledge 
of brain function 1s grossly out of balance of what 
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happens from one mulli-second to the next a great 
deal 1s known, but how a present event in the 
brain will influence its action in an hour’s time, 
or in a day, or a year, 1s almost totally unknown 
Yet it 18 the action that persists over a day or a year 
that 1s the really significant one for our everyday 
lfe This lack of balance in our present-day science 
1s shown ın the book , for of the 152 contributors, 
only one specifically considers the effects of a drug 
on memory But the same paper also shows that 
research in this direction is by no means for- 
biddingly difficult W Ross AsusvY 
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Life in the Sea 

Text by Prof Gosta Jagersten 
Lennart Nilsson Pp 184 
and Co, Ltd, 1961) 50s 


HIS 1s a book of photogiaphs, a few ın coloui 
but mainly black-and-white, of marie inveite- 
brates and a few fishes, taken by Lennart Nilsson 
The text, and doubtless much scientific guidance, 
is supplied by Prof Gosta Jagersten, of the Zoological 
Institute, Uppsala, and director of the University of 
Uppsala Biological Station, Klubban, Fiskebackskul, 
on the Gullmar Fjord, where most of the photographs, 
apart from afew at Trondhjem, were taken 
It ıs much the best book of its kind I have seen 
Apart from the high technical skill, especially of 
many of the photomicrographs, notably of protozoa, 
diatoms and a wide assortment of planktonic organ- 
isms, there is a remarkable quality of ‘aliveness’ 
about almost all the photographs, scarcely one 
18 a set piece Technical skill and artistic selection 
are blended with results which will come as a revela- 
tion of beauty as well as of biological mformation 
to professional zoologists no less than to amateurs 
and to school children Perhaps the most striking 
pictures are those showing young pipe fishes emerging 
from the egg pouch of the male parent, the series 
(some ın colour) showing conflict between an octopus 
(Eledone) and a lobster and another between two 
bristle worms, reared up with bared jaws Of greatest 
scientific interest are the pictures of Protodrilus 
with Prof Jagersten’s description of the habitat 
of wave-washed sand and the effect of this on meta- 
morphosis of the larve Altogether a book for every- 
one and fully worth rts price C M YowGE 


Photography bv 
(London G T Fouls 


Water Gardening 

By Frances Perry ‘Third, revised edition Pp 
xvi1+338+105 illustrations (London Country 
Life, Ltd , 1961) 30s net 


HE content of this book ranges far beyond the 

scope of the title, and the bulk of ıt consists of 
lists, somewhat arbitrarily defined, of plants which 
all supposedly have some relation to an aquatic 
environment But the author’s net has been cast 
much too widely, and the rather bewildering catalogue 
of species and forms could have been with advahtage 
reduced to a judicious selection of plants which are 
readily obtainable, known to be of some horticultural 
merit and likely to be amenable to cultivation 
Instead, 1t seems that the hterature, not always the 
most up-to-date or authoritative, has been combed 
and many of the plants hsted have httle, apart from 
botanical interest, to commend them in the aquatic 
garden or its surroundmgs The reader will find 
much of interest and profit in those chapters dealing 
with design, construction and planting of water 
gardens. G TAYLOR 
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SCIENCE AND GOVERNMENT IN A FREE SOCIETY’ 


By The Right Hon VISCOUNT HAILSHAM, P.C 


Lord President of the Council and Minister for Science 


ife is now à commonplace to say that ın some respects 
a nation ıs highly regarded in proportion as its 
science and technology command respect I do not, 
I think, have to piove this proposition But I would 
wish to begin by qualifying ıt 

Itis easy, of course, to demonstrate that the wealth 
of nations m peace, and then force and power of 
resistance imn war, have largely been a function of 
ther industrial and scientific strength This 1s 
why all nations, slave and free, developed and 
undeveloped, do their best to achieve a high level of 
scientific and technological mvestment within then 
own borders With most statesmen it 1s a simple 
question of the survival of their national societies, 
and the growth of their national wealth, that they 
should do so 

These considerations are obvious, what is not so 
Obvious, and may, therefore, be m more need of 
argument, is that, at least in 1ts higher reaches, 
science 1s not intrinsically a matter that should— 
or indeed can for long—be pursued solely for the sake 
of the wealth or the power that its pursuit may 
bring 

All genuine science has its origin in the questioning 
nature of the free human spirit, ın 1ts creative genius, 
in its power of insight It 1s not something which can 
be dictated to either by theologians or 1deologues— 
or, ın the long run, by rulers It may be that they 
can destroy ıt by repression, or even starve ıb for 
lack of material facihties But they cannot by their 
own act make ıb hve It ıs doubtful how long they 
can even cause it to grow by supplying the means of 
growth It ıs certain that they cannot, sumnply by 
supplying the means, dictate the nature or scope of the 
discoveries that can be made Far less, mdeed, 
because ıb 18 in the nature of scientific research to 
discover something which is intrinsically new If 
anyone were able to predict, or pre-empt, the answers 
to scientific problems, they would not be genuine 
scientific problems, for the essence of the matter 
would already be known ın advance The discoveries 
of a Newton, an Eumnstem, a Darwin, a Planck, or a 
Rutherford are genuinely not known m advance, and, 
when they are made, their practical applications are 
not immediately perceived even by the mventors 
This 1s something which hes deep at the root of the 
subject, and which statesmen and their people 
would do well to ponder more deeply than they do at 
present 

I say all this without for one mstant losing sight 
of the spectacular achievements of science under the 
patronage of government, and without doubting for 
an instant that these achievements will be multiphed 
m our time—nor that a great deal of my own time as 
Minister must be spent precisely in seeking to 
multiply them m my own country Nevertheless 
there 18 a sense in which I continue to regard these 
wonderful achievements as something of a paradox 
and I am tempted to speculate whether, in the end 
the influence of a so obviously materially motivated 


* Substance of an address to the Arbeitsgemeinschaft fur Forschung 
des Landes Nordrhein- Westfalen, Dusseldorf, on September 27 


interest by government m science will not obscure 
the very insights on which creative science is essenti- 
ally based In the USSR, and even perhaps in 
the United States, to look no nearer home, I see some 
signs that this may ultimately be so, if 16 does not 
prove to be the case it will be because the creative 
human genius in science as in the arts, may prove 
too strong for the material motivation of the Govern- 
ments which seek to direct 1ts course 

However this may be, I begin by msisting that pure 
science 1s intrinsically as much a branch of culture as 
history, philosophy or poetry, and that the relation- 
ship between Government and pure science 18 essen- 
tially the same as that between an enlightened 
Government and the aitist—that 1s, the relationship 
of an enlightened patron and not that of an employer 
My pomt 18 that at 1ts most vital and critical growing 
point, that of fundamental discovery, the Ruther- 
fords and the Darwins have to be treated with not 
less respect than the Shakespeares and the Miltons 
and the Goethes Hustorically, science 1s born of two 
highly respectable parents, the belief in the uniform- 
ity of Nature which was the natural child of mono- 
theism in religion, and the freedom of expression and 
thought which was the product of the Renaissance 
I would claim that if Government sought to mterfere 
with the scientist ın the absolute freedom of his 
explorations, and the mtegrity and independence of 
his speculation, 1t would ultimately destroy its real 
source of vigour, or alternatively frustrate 1ts purpose 
by undermining the scientist’s confidence and his 
will to co-operate 

But to this thesis there 1s a clear antithesis ‘The 
constant temptation on the part of Government to 
do this thing 1s matched by a constant need on the 
part of the scientist, especially m some ways the 
purest of the pure, to seek Government help on an 
evei-increasing scale In most fields the day of the 
gifted amateur in science ıs rapidly closmg Some 
of the research tools of the modern scientist are very 
expensive The education of the modern scientist 1s 
not only protracted and complicated, but almost as 
expensive as the tools he employs He 1s mcreasingly 
dependent on the patronage, in some form of Govern- 
ment 

But ın exercising 1ts patronage the Government 18 
not, and cannot be disinterested The immense 
advantages which enure to a State that makes use 
of the discoveries of science—and trams its citizens 
to make them—are such that all States make some 
sort of an attempt to do so, and compete eagerly with 
one another in the attempt Who will deny that, 
in the process, both the State and science have to 
some extent been corrupted’? Three-quarters of 
British Government money spent on science come 
directly from the defence budget The proportions 
in the United States and the USSR are probably 
greater, indeed, 1t 1s questionable whether the basic 
organization of scientific endeavour in the USSR 
makes any serious attempt to give civil science as 
such an independent life and existence at al In 
Britam the creation of a Minister for Science whose 
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terms of reference excluded defence was something 
of an act of faith, and has come 1n for some criticism 
Tt ıs probably fair to admit that a price had to be 
paid for this Nevertheless, I am still of the opinion 
that, ın the long run, the marriage between science 
and defence ıs corrupting, and will at best turn 
science from a liberating to a destructive force, and at 
worst ultimately dry up the wells of mventiveness 
in the scientist himself There ıs a point, indeed, 
at which technology itself will perhaps corrupt and 
destroy the scientific mventiveness on which it was 
based 

I therefore earnestly hope that at least a propor- 
tion of scientists in all countries will retain their 
freedom and integrity It may be that the mere 
necessity to train all scientists in the genuine tech- 
niques of free speculation and mvention will cause 
them to break their shackles Certainly I am glad 
myself that my own position of Minister for Science 
18 organized. in such a way that neither defence nor 
even the short-term requirements of technology 
have been allowed to claim complete mastery over 
scientific endeavour 

But I would thmk that the strongest guarantee of 
a correct balance les in a healthy relationship 
between Government and, universities—not simply as 
regards the faculties of natural science, but generally 
in relation to their whole cultural purpose There 
may be many means of making adequate government 
support available without infringing academic free- 
dom We are naturally proud in Britain of our own 
system, which allows government funds to be admunis- 
tered, ın effect, by the universities themselves. I am not 
myself saying that this is the only possible way of 
achieving the desired object But ıt remains, I 
think, at the basis of any healthy relationship of 
Government and science 

Indeed, whatever the temptation to mihtarize or 
commercialize science, there 18 a practical considera- 
tion which tends m the other direction No country 
in the world has ever successfully set up a Department 
of Science, ın the sense of a Ministry directly control- 
ling the pace, the scope and the methods of scientific 
research This 1s due to two considerations The 
first 1s that the strategic planning of science cannot 
be undertaken without full participation of the 
scientists themselves—and by these I mean, not just 
a staff of administrators with scientific degrees, but 
also men and women who actually carry on scientific 
work, whether 1n universities, government research 
stations, or industry ‘This 1s as true of the socialist 
U.S S.R as 1t 18 of the capitalist United States, and it 18 
not less true of Britain Until a short while ago, 
Russian science was run by the Academy, and though 
the recent change by which ıb 1s now subordinated to 
a co-ordinating committee is almost certainly a 
move towards tighter control by the State, 1t 18 not 
a means of takmg scientific decisions out of the hands 
of scientists, or reduemg science to a mere branch of 
government administration 

There ıs also a theoretical argument which tends 
in the same direction There ıs a sense m which 
there 18 no such thing as science, but only sciences 
Another way of stating this 1s to say that science 
18 Jn fact an all-embracing term, and that scientific 
researches mto particular fields are functions of those 
fields and not of a comprehensive entity called science 
From one point of view, medical research bears a 
much closer relation to the climate, population, 
health, diseases and economic activities of a nation 
than to their nuclear physics In terms of science, as 
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distinct from economic policy, ıt would be meaning- 
less for a Finance Mimustry official to try to block a 
grant for medical research on the ground that the 
money was needed for a synchrotron It 1s true that 
both projects must take their stand m the queue for 
the general investment programme But they are 
related to other items ın the programme more closely 
than to one another 

What 1s wanted, therefore, 1s not a single scientific 
general staff forming part of a smgle department of 
science, but a series of scientific general staffs or 
Research Councils directing scientific research in the 
general fields to be occupied, independent of day-to- 
day bread-and-butter work in those fields, but in 
close contact with them At the same time there 
must be, of course, some body to perform the more 
generalized function of supervision, looking for gaps 
or signs of imbalance, and fitting the parts mto the 
general economic, cultural and social pattern of the 
entire community ‘This is the pattern of British 
organization So, taking medical research again as an 
example, we have a Medical Research Council, 1nde- 
pendent alike of the Department of Scientific and 
Industrial Research and of the Ministry of Health 
but under a Mimister for Science, and of equivalent 
status to other Research Councils serving other 
scientific fields, commanding the respect and enjoying 
the co-operation of the scientists, but serving the 
publie interest through 1ts subordination to a Minister 
responsible for science, who, 1n turn, 1s advised by a 
general council on scientific policy 

The question arises, however, whether such an 
organization does not give rise to an ivory tower 
mentality on one hand, and lack of scientific-minded_- 
ness on the other Critics have undoubtedly claimed 
that this 1s so, and 1t 18 sometimes said that on one 
hand British dustry ıs too little conscious of the 
need for technological progress, and on the other hand, 
that the Research Councils are too strongly academic 
and too pre-occupied with fundamental research. 
I agree that the organization which J have been 
attempting to outlme 1s not m any way a substitute 
for adequate technical or qualified staff atthe executive 
and administrative level in industry or Government, 
indeed, I would go further, and say that 1t will only 
work at full efficiency on the assumption that such 
staff aro available and active at every level. and m 
close contact with the Research Councils This 
however, does not diminish the case for the Research 
Councils, which 1s based on the need for detachment 
and independent supervision, and not on the suppost- 
tion that they are substitutes for an appreciation of 
scientific and technical factors in those who are 
responsible for management in Government or 
industry 

This leads me to another generalization about the 
nature of my subject Science 1s, or at least ıt should 
be, all-pervasive, and will not achieve its best results 
until this ıs the case You can never make industry 
research-minded, whether privately or publicly 
owned, simply by providing research in government 
institutions or universities, and, 1f British experience 
is any guide, you will not even achieve it only by 
encouraging co-operative research by associations of 
individual firms—valuable though such associations 
be ‘There ıs no substitute, at any level, for science 
‘on the ground’—that 1s, wibhin the individual indus- 
trial or commercial firm, within the individual teach- 
ing institution, within the individual government 
departments and nationalized corporations, and even 
withm the home circle This may seem impossibly 
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ambitious But I consider 1t to be an obvious truth, 
whether you regard science as primarily a branch 
of culture or as something intrmsieally practical m 
application If the institution of a Mimstry of, or 
for, Science were to obscure the essential truth that 
science and the scientific approach must be all- 
pervasive at every level, and cannot be imposed from 
outside, ıt would be nothing less than a national 
disaster 

Thus the duty of organizing science in a free society, 
like all other important duties, begins with the indi- 
vidual and covers the entire society Government 18 
a financing, co-ordinatmg, participating, training, 
function Over a large field ıt 1s not, and cannot be, 
directory and executive There are functions in 
which the main part ought to be played by m- 
dustrialists, educationists, teachers and scientists 
themselves. 

I now wish to discuss the conditions in which this 
duty can be carried out, and I begin, as anyone must 
begin, with the child The clue to the correct 
organization of science 1s an adequate pattern of 
education I would go so far as to say that 1f we could 
get this right, we should, ın the long run, get every- 
thing right If we get ıt wrong, we shall get nothmg 
right, even in the short run 

By far the most important desideratum 1s the 
creation of a good general school education You 
cannot make scientists of the first class out of an 
uneducated populace. The qualities which go to 
make a first-class scientist show themselves com- 
paratively late in a child's career In most disciplines 
a sound knowledge of mathematics 1s a condition of 
entry into the profession, 1n most of the others, such 
as medicine, a wide general culture is almost mdis- 
pensable Moreover, from every wider point of view, 
any attempt—perhaps in order to obtam rapid 
results, perhaps for short-sighted financial reasons, or 
possibly even for less-creditable reasons of political 
or ideological obscurantism—to generate a race of 
scientists interested only in their own specialities, to 
the exclusion of general culture or even of other 
scientific disciplines, would, I hope, be bound to fail. 
If 16 were not to fail, and 1f 1t were taken to anywhere 
near 1ts logical conclusion, 1t would certamly be the 
most disastrous enterprise on which a developed 
human society could possibly embark Such a race, 
narrow, blinkered, unbalanced, humourless, frustrated 
and—over a large range of human experience— 
marticulate, would be one of the most evil that the 
human mmagmation could devise, probably a race of 
slaves designed to serve a race of still more uncultured 
masters, and, 1f not slaves, illiterate but technologic- 
ally proficient tyrants to destroy or enslave the society 
which brought them into bemg 

To this first proposition, however, I would add an 
immediate footnote In this sound general education 
of which I have spoken, science should form an integral 
part from the first From the time that a child can 
read, and count up to ten, an element of scientific 
knowledge and thought should be injected into the 
curriculum of what he learns, even if ıt 18 only the 
most generalized statements about the universe, 
the microcosm of the atom, the organization of life 
and evolution, and the nature of chemical compounds 
The reason why science 1s regarded by so many 
otherwise cultured people as a hidden mystery 1s 
because so little of 15 18 injected mto general reading 
and conversation before the age of ten [see also 
p 387 of this issue] We should not learn our culture 
—our history, our religion, our ethics, our physics. 
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our mathematics—in a group of watertight ver tically 
divided compartments, or m a series of horizontally 
divided instalments, but m a wide, integrated, 
smoothly flowing stream 

But behind the general educational pattern hes 
the need for a sound specialist and vocational trammg 
available from the age of fifteen onwards for those 
who need to know the essential manual skills or 
crafts, and from sixteen or seventeen onwards for 
those who seek technician status, or the higher 
technological or scientific degrees I am not qualified 
to lay down a detailed or technical prescription for 
this But I would say generally that there should 
be more than one road to the top, and that a society 
which does not make further education, of at least 
three years, universally available for those who 
possess the entrance qualification for 1t, on the basis 
that 1t will be availed of by at least 25 per cent of 
the appropriate age-groups in the population, 18 
seriously under-estimating 1ts requirement. If you 
put the figure at 40 per cent I would not seriously 
quarrel, but would say that this remams to be 
proved 

At the spearhead of the scientific movement 1s the 
army of research workers, the true frontiersmen of 
scientific advance, few in numbers, highly specialized 
m qualification, but on whose efforts depend the 
success or failure of all How will these work ? Who 
will direct their work ? How will ıt be financed and 
organized ? What is to be their relationship to 
Government ? These questions are really at the heart 
of the whole matter, everything else ıs, ın comparison, 
only on the fringe 

In the early days of science, these questions pre- 
sented no difficulty Science was mdependent of 
Government and even, to a large extent, of the formal 
courses of the university But this 1s no longer the 
case The men of whom I now speak take about 
thirty years to train—five m the nursery, ten m the 
school, three or four m the university as under- 
graduates, four or more learnmg research methods, 
and perhaps another five workmg under some kind of 
supervision — Their research apparatus—originally 
made of glass and brass in an attic or a garage or 
outhouse—may now cost millions of pounds, like the 
proton synchrontron at CERN, or the fast breeder 
reactor at Dounreay, and the supporting structure of 
constructional engineering, electronics, computers, 
served by technicians and craftsmen, employs whole 
industries and forms the basis of life m whole 
townships and communities Of those who start 
off on this road, many fall by the wayside On 
the genius of a small proportion out of the very 
few who survive the race depends the success or 
failure of all 

Here my first proposition 1s that, at the highest 
level, ıt 18 rumnous to separate research and teaching 
lt follows that the most advanced scientific work 
should be located m or near the universities, where 
this ıs posstble, or directed by university personnel 
The contrary course—the creation of separate govern- 
ment-sponsored institutes—is attractive and ıs 
sometimes rewarded with spectacular results More- 
over, considerations of national security may some- 
times dictate ıt But in the ond 16 can be a primrose 
path, as everyone from the US.SR westwards 
who has tried ıt knows You may gather together all 
the most promising intellects ın a subject, build them 
a town, equip them with all the most lavish facilities, 
and the thing will go off like a rocket—at first But 
after five years—after ten, after fifteen—what then ? 
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Unless active steps are taken to redress 16, there 18 & 
danger that intellects will be staler, new blood will 
not be forthcoming, the stimulus of youth will be 
absent From a proportion of those engaged, the 
research potential may have disappeared, even the 
scientific questions will have changed Instead of a 
research institute you would then have a monastery 
which had lost 1ts faith—isolated stereotyped, re- 
morselessly carrying on activities with a dimimuishing 
margin of useful results 

There have been, of course, remarkable examples 
of research institutes where the dangers I have 
mentioned have been avoided, 1t would seem, in- 
definitely In Great Britam I would cite the National 
Institute of Medical Research and the National 
Physical Laboratory, and in Germeny the Institutes 
of the Max Planck Society But if the dangers have 
been avoided, it 18 precisely because they have been 
recognized as dangers As a general proposition I 
adhere to the view that there must be the constant 
stimulus of teaching, or research will tend to die 
There must be the constant mterpenetration of the 
mature intellect with the adolescent, or ıb may 
petrify. There must be a constant outlet for research 
workers who are ready to pass into teaching or 
administration, or research may even degenerate 
mto a racket Therefore, where possible, locate 
your best research in university or teaching 
institutions If you cannot, you must do the next 
best thing and arrange for constant mnterchange of 
personnel, and regular exchange of ideas between 
them. 

This does not mean that there ıs no place for 
government research institutions, or mstitutions of 
research collectively organized by or for the benefit of 
private mdustry On the contrary, as will be seen, 
my thesis 18 that there 1s room for more and more of 
these My poms 18 only this: that however much 
these bodies proliferate, they should where possible 
locate their best research ın or near universities, and 
that where they cannot do so they should promote 
the closest possible Inks with teaching institutions 
of all sorts 

To begin, therefore, with the Gavernment Most 
governments—directly or indurectly—buud the roads, 
manage the telephones, dispose of the sewage, con- 
struct and maintain the harbours, many manage the 
railways, generate the electricity and gas All are 
concerned with standards of measurement, heat, 
light, health and air pollution Most are concerned 
with the nutrition and health of their citizens, and 
few can divorce themselves from the efficiency of 
agriculture All these activities throw up problems of 
research and development, many of which cannot 
conveniently be carried on in conjunction with 
teaching Some activities are mirinsically public 
in character. Others can efficiently be financed only 
by heavy drafts of public money It will be a long 
time before agricultural research 1s paid for entirely 
by farmers. Nor can the pharmaceutical industry, 
the medical profession, or private generosity, finance 
medical research on an adequate scale Even in the 
sphere of industrial research there are many general 
questions, like those connected with fatigue and 
creep in metals, which lend themselves to govern- 
ment research financed by Government, because they 
are not so closely connected with any particular 
private industry as to attract sufficient private 
finance 

Here I would describe in greater detail a British 
mstitution which we owe in part to the genius and 
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foresight of the first Lord Haldane, and which has 
on the whole won the confidence of the scientific 
world and created the means of providing government 
finance without sacrificmg either academic inde- 
pendence or scientific integrity This is the institu- 
tion of the Research Councils, of which there are at 
present four in Britain, the Department of Scientific 
and Industrial Research, the Medical Research 
Council, the Agricultural Research Council, and the 
Nature Conservancy. 

The thinking behind the creation of these 
Councils is to separate the activity of research from 
the executive business of government and economic 
activity—keepmg medical research separate from the 
Ministry of Health, for example—and to concentrate 
it under a number of Councils, composed mainly of 
working scientists and industrialists with real 
executive responsibility for the research programmes 
under then control, with separate budgets negotiated 
with the Finance Department, and invested with the 
responsibility, within their several spheres, for 
financing the training of research workers no less 
than carrying forward the business of research 
All operate stations or institutes of their own All 
finance research in the universities, and one, the 
Department of Scientific and Industrial Research, 
co-operates with particular industries m finanemg 
Joint programmes of research carried out by organiza- 
tions known as Research Associations, managed 
primarily by the industries concerned on a co-opera- 
tive basis, but attracting also government grants 
through the Research Council 

It would, of course, be a logical and attractive 
arrangement if one could go on to report that the 
fundamental or basic research in Britain were now 
carried out im teachmg institutions, and that the 
applied research was all done m government or 
industrially based research institutions. 

Experience, however, shows that, although this 
may m theory and in practice approximate to the 
ideal arrangement, no absolute division of function 
on these lines 1s either desirable or possible Apart 
from the obvious fact that any line drawn between 
basic and applied research 1s necessarily arbitrary 
and imprecise, experience shows that the human 
problems involved cannot be solved satisfactorily 
on these lines. However closely applied or related to 
concrete industrial difficulties the work of a research 
mstitution may be in intention, 1n practice 1t will not 
retain the services of high-grade scientific personnel 
if they are to be completely debarred from under- 
taking fundamental research 

At the other end of the scale, no matter how 
academic may be the work in a university, it is 
impossible to exclude applied or practical applications 
or development Contact with the intellectual 
frontier 18 & requisite for the mental health and 
happiness of one, contact with real hfe an unavoidable 
necessity for the other Thus no division 1s absolute, 
and nothing will substitute for the management of 
these hig sensitive, highly qualified human 
beings by suitably qualified and sympathetic scientific 
bodies assembled for the purpose A close association 
between basic and applied science, and a constant 
interchange of personal contacts between industrial 
and governmental research, and between both and the 
teaching institutions, are probably a better prescrip- 
tion than a more perfectly formalized pattern of 
organization. 

How far ıs it possible for national Governments 
and administrations to guide and fertilize science 
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without warpmg its character and distorting its 
scope ? I have already pointed out that the gifted 
amateur, and even the rich private or industrial 
patron, whether individual or corporate, cannot 
possibly cover the sweep of modern science and 
technology, or even the tramimg of the modern 
scientist , the needs have reached the national 
scale 

But the nation State also has its limitations, even 
financially, and more still in 1ts terms of reference 
It 18 surely no coincidence that, in one field after 
another, science not just on a national but also on 
an international scale 1s beginning to become an 
actuality. The International Geophysical Year ıs 
only one example—in which even East and West 
co-operated Europe has recently begun to plan to 
enter co-operatively into space research Britain 
and the United States are co-operatmg in the launch- 
ing of the first British satellite experiments Western 
European countries co-operate, under the auspices 
of the European Nuclear Energy Agency, in the 
Dragon High Temperature Reactor project at Win- 
frith Heath, and in the Halden project m Norway 
I have already spoken of the internationally owned 
proton synchrotron at CERN There are projects 
on foot for both European and Atlantic universities 
Much of the aid to under-developed countries will be 
both co-operative and technical What 1s the future 
and what are the prospects for enterprises of this 
kind, ? 

I would say that a very considerable scope exists 
for international scientific effort In the long run, 
I am quite certain that the really ambitious space 
research, 1f ıt ıs to continue indefinitely, will have to 
be financed in this way I cannot myself conceive 
that either medical or agricultural problems would 
fail to gain by mternational treatment Many of 
the longer-term projects in engineering, for example, 
in the realm of thermonuclear fusion or the direct 
generation of electrical energy from heat, may well 
come into the same category. 

At the same time I would emphasize that inter- 
national co-operation 1s no substitute for national 
excellence Our experience has been that co-opera- 
tion 18 only possible between nations which each have 
something comparable to offer to one another It 1s 
neither practicable nor desirable to create inter- 
national scientific organizations to make up for a 
basic want of scientific organization or effort in the 
individual member countries The new organizations, 
when they come into being, will be additions to and 
not substitutions for what ıs attempted nationally 
They wil be no excuse for the individual member 
States to neglect either national education or research 
on a national scale—although duplication of effort 
can be avoided, and a scale effect obtained by jointly 
undertaking projects which are in excess of the 
capital resources available to any one 

Hitherto 1t has been possible for the nation State to 
stimulate the growth of scientific effort ın a variety of 
different ways—by supporting scientists in the univer- 
sities or research institutions, and financing their 
machines and apparatus, and by developing machines 
capable of practical application in various directions 
where the State itself 1s the ultimate user of the 
machine 

But this has meant, ın societies both free and servile, 
predominantly the development of engines of war, 
even where these have ensumg or concurrent 
civilian application Where would the aeroplane, 
the radio, radar, jet propulsion, or, more recently, 
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space research have been but for the constant urge of 
governments to prevail in two world wars—or should 
I say ın three ? It 1s useless for governments to pro- 
test that their Gagarins and their Sheppards—or their 
Titovs—have also achieved technical success in 
realms of peaceful science and technology. Only 
those nations which have had reason to develop 
military rockets have actually reached for the stars, 
and a principal effect of their space flights has been 
to emphasize the prestige of their military tech- 
nologies 

Is there no means nowadays of governments 
developing or helping to develop new devices which 
are just as revolutionary but without the stimulus of 
war or the fear of 16 ? The steam engine in 1ts origin, 
and the internal combustion engine in its inception, 
were primarily civilian devices What must we do 
now to stimulate development m a purely civilian 
sense ? 

I must begm by emphasizing that, as between 
research and development, ıb 18 development which 
costs the money Of the two hundred and fifty 
million pounds spent on research and development 
by government departments m Britam, about fifty 
million goes on research and the rest, I estimate, on 
development, and of this, of course, a proportion 
that I would not care to guess at 1s spent on projects 
which never ultimately reach fruition 

Secondly, I pomt out that the role of the would- 
be financier of development 1s radically different 
according to whether the financier is, or 18 not, the 
ultimate user of the hardware to be produced One 
reason why so much successful development has been 
inspired by defence has not been the over-riding 
importance of the conception of war in the mentality 
of modern government, it has been the simple 
circumstance that the defence forces as the ultrmate 
users of the hardware have been able to formulate 
thew staff requirements, undertake their feasibility 
studies, and finally proceed to development contracts 
with the makers, without the disciplme of the neces- 
sity to make a commercial project, but with all the 
enthusiasm of a potential user whose life may depend 
on the excellence of the product 

It 1s not easy, in a free society, to reproduce all 
these conditions in civilian life—even where, as 18 
by no means usually the case, the Government 1s the 
ultimate consumer In civil aircraft, m railway 
engineering, m road construction, radio engineermg, 
electricity generation, perhaps in machine tools and 
computers, and above all in the peaceful uses of 
atomic energy, some of the conditions exist, and only 
in the latter case have the possibilities been at 
all adequately grasped—with results which have 
as yet not been fully seen Admittedly there are 
formidable diffieulties—the formulation of the re- 
quirement, the provision of government finance 
for & project which may ultimately enure at least m 
part to private profit, the placing of a contract 
selectively (which could give ground for scandal and 
abuse); but we shall not advance farther until we 
get our feet wet It may be that here, too, there 
is scope for the poolmg of resources intei- 
nationally 

Of one thing I am quite certain The preservation 
of a technological lead cannot long be maitaimed 
by means of commercial secrecy Commercial, like 
military, security always breaks down in the end, 
and what advantage exists in priority ıs obtained by 
industrial experience in production rather than by 
the maimtenance of technical secrets 
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A nation remains in the forefront technically, not 
by patenting its devices but by keepimg ahead in 
invention and development, and this 1s a complex 
achievement which hes only in part within the 
province or power of government to promote Let 
us remember that science is an achievement of 
the human spirit, and resolve that the European 
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peoples will foster ıt for its own sake rather than 
for the wealth and power that ıt will brng The 
respect for truth, the freedom of intellect, the 
moral discipline that ıt engenders, are worth more 
than these Get them for them own sake, and 
my conviction 1s that what remains will be added 
unto us 
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YSTEMATIC measurements of fall-out m Norway! 
showed that monthly average concentration of 
fallout materials in precipitation after high-yield 
test explosions reaches a peak value m about six 
months, and then decreases with a half-hfe of about 
one month Our systematic measurements of fall-out 
in precipitation im Hradec Králové, Czechoslovakia, 
during the past four to five years provided evidence 
that the activity of radioactive fission products from 
fall-out during November 1956-December 1959 
showed a trend similar to that in Norway? (Fig 1) 
The peak of the activity ın April 1959 has about the 
samo value, 3,960 uuc /1 precipitation The minimal 
value during November-December 1959 was about 


20 upe /l 


Detection of French Nuclear Tests of 1960 


In Fig 1 are shown the results of our measurements 
also during January 1960—March 1961 The increase 
m activity of rain-water m March 1960 after the first 
French nuclear test m the Sahara Desert on February 
13, 1960, was very pronounced but transitory Activity 
of fission products reached 1ts highest level m the col- 
lection of rain-water of March 1, namely, 25 9 mpe /1 
In the collections of March 4-12 the activity was 
about 5 muc/l The concentration of radioactive 
fission products from fall-out m, the air at ground- 
level in Hradec Králové during March 1960, studied 
by measurements made on, dust collected by a mem- 
brane filter assembly, showed no pronounced merease 
mactivity (The concentration was about pe / m *) 
Tt 18 teresting to note the measurements of Patterson, 
and Lockhart on the eightieth meridian network of 
ar-filter stations? The activity of fission products 
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Fig 1 Monthly average concentrations of materials from fall-out 
in precipitation 


reached its highest level at Miraflores, Panama, 1n the 
collection of February 26-29, and this station recerved 
the first indication of fission products im the 2-day 
collection of February 24-26 It 1s therefore probable 
that the radioactive cloud from the first French 
nuclear test reached our station m Hradec Králové 
at the begmning of its second revolution around the 
globe, 1ts velocity of propagation bemg about 100 
km /hr The attempt to explam the relatively high 
level of the activity of ram-water and the simul- 
taneously low level of the activity of surface air 
sampled on March 1 ım Hradec Králové ıs made m 
the last paragraph A sharp increase 1n the level of 
activity occurrmg some time durmg February 28- 
March 1, 1960, m Surrey, England, and evidence 
which suggests that this was due to the first nuclear 
weapon test in the Sahara, was described by W 
Anderson e£ al 4 

Fig 2 shows the decay of three representative 
samples plotted on a log activity versus log time- 
scale with February 13 as the origm Fig 2 1s similar 
to the figure published by Y Feige e£ al of the Israel 
Fall-out Monitormg Service®, where the main impact 
of the first French nuclear explosion was already on 
February 17 Our Fig 2 demonstrates that the 
exponent n m the formula of the decay A = kt 18 
12-14 The long-hved background becomes evident 
after the elapse of 120-160 days, according to the level 
of the activity of fresh samples We followed the 
decay during 400 days 

After the second French nuclear test, on April 1, 
1960, we picked up radioactive materials ın ram- 
water on Aprl 9 The mutial activity was relatively 
low, about 0 4 muc jl, and average long-hved baek- 
ground activity had to be subtracted after 30 
days 

Patterson and Lockhart? relate the second rise of 
the activity during early April to the February test, 
since debris from the French test of Apri! 1 would 
not be expected to arrive so soon, and debris from 
the much smaller second test could be hidden by 
residual activity from the first test If we relate at 
our sampling station the second rise during early 
April to the first French test, the exponent n m the 
formula A = kt-^ would be 3-4, which 1s unlikely 
The first ‘half-life’ of our sample collected on April 9 
was 9-10 days, which 1s probably due to the fresh 
activity 

In Rumania, Mageru et al observed the transitory 
increase m activity during February 23-25 and March 
16-20, 1960, ın the air-streaming from the Medi- 
terranean® 
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fig 2 The decay of three representative samples in the collection 
of March 1-8, 1960, after the first French nuclear test on February 


3, 


Autoradiograms of radioactive dust particles from 
the second French test were obtamed by V Havlovic 
m Pilsen, Czechoslovakia’ 

After the third French test on December 27, 1960, 
we did not observe any marked increase in activity 


Collection of Fall-out and Typical Decay 
Curves 


In addition, to the collection of ram-water samples, 
the fall-out was collected every second or third day 
by the pot method, which 1s efficient®. The collecting 
dishes, made of polyvinylehlonide, have high borders 
and a colleetmg area of 1 m? A thin layer of dis- 
tilled water 1s maintamed on the bottom. For control 
purposes the fall-out 1s also collected once a month 
After annealing at a temperature of about 600° C., 
the sample 1s again moistened and uniformly applied 
to an aluminium dish, 3 em ? ın area After drying, 
and three days after collection, the activity 18 meas- 
ured with a Geiger-counter for beta-rays The 
number of pulses 18 recorded with automatic equip- 
ment of our own construction on a paper tape? The 
samples are also changed automatically Strontium- 
90 + yttrram-90, obtamed from the Dosimetric 
Department of the Institute of Nuclear Research in 
Piague, was used as a standard 

Fig 3 shows the activity of fall-out ın the period 
when nuclear tests ceased durmg November l, 
1958-February 29, 1960, and also during March 1, 
1960—March 31, 1961 Activities are m me /km 2/ 
month, and plotted as logarithm of activity versus 
time. In Fig 3 are used activities collected monthly, 
that 1s, at the end of each month With this value 
we compared the total of daily activities for the 
month considermg the radioactive decay The 
maximum ın March 1960 1s not so pronounced as m 
Fig 1, because the fresh activity m March 1960 
decayed more quickly than relatively older activities 
at the beginning of 1959 In the first quarter of 1961 
the monthly average activity of fall-out was 0 4 


mo./km ?. 
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Fig 4 shows the decrease with time of activity of 
rain-water collected on May 4, 1959 (sample a), and 
on March 1, 1961 (sample 6) Approximate date of 
nuclear test was determined graphically. The values 
of : 

1-123? 4/4 and 1 .1%/A 


are plotted on the ordmate axis, thus producing 
curves a’, a” and b’. (The curve b” 18 not plotted ) 
In the period of the first 150 days they are straight 
Imes, which mtersect the time-axis m July, and 
October 1958 and in February 1960 For the first 
French test one may plot the values of 1 12 4/A to 
obtain the right date of the test For the sample 
collected on May 4, 1959, which was one of our last 
relatively strong active ram-water samples in the 
spring of 1959, it 1s impossible to determine by using 
the rather insensitive graphical method which date 
of the nuclear test 1s correct® But a control graphical 
determination makes some date m October 1958 
more probable It consists in the fact that for the 
relation A = kt-» there 1s a linear dependence between 
the time difference (qt) of the dates corresponding to 
the activities, the ratio of which was chosen constant, 
for example, A, . An,,= 2, and the time (T) 
corresponding to the first activity Relation A = 
kt may be written ın the form A = a (T — Ty, 
where T ıs the date of measurement, T, the date of 
the nuclear test, and then transformed in the hnear 
dependence t = c (T — T,), where the constant c 18 
dependent on the exponent n, c = »4/2 — 1 Thus, 
^ = l 2 appears more probable (curve a’) 

In fresh samples collected during March 1-14 two 
groups of beta-rays were roughly determined by 
absorption measurements with alummium foils 
07 MeV and 15 — 21 MeV In agreement with 
Akpmar”, 16 was shown that the energy of beta-rays 
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Fig 4 Tvpical curves of decrease in activity with time of two 

samples of rain-water collected on May 4, 1959 (a), and on 

March 1, 1960 (b) Approximate dates of nuclear tests were 

determined graphically from the initial part of the curves, where 
the background 1s neghgible 


400 


+ 


varies with the age of the sample, but due to relatively 
large masses of samples we were unable to use this 
method for rapidly determming the age Old samples 
collected ın spring 1959 and studied by absorption 
measurements showed the group of beta-rays about 
3 MeV 

The energy of the gamma-rays of samples in the 
collection, durmg spring and summer 1959 was roughly 
determined from absorption measurements with 
copper and lead plates, with a scintillation counter 
The result ıs 0 2 MeV and 08 MeV This 1s in rough 
agreement with gamma-scintillation spectra of the 
fall-outi!:, and with the main gamma-emitting 
nuclides to be expected m a 6-18 month-old mixture 
of fission, products"? 

The seasonal variation of tne first half-hfe!3 of 
our samples corresponds roughly to the calendar of 
nuclear test explosions, as was more exactly determ- 
ined by D H Peson et al 1 on the basis of the ratio 
of zirconium-95/czesium-137, which 18 a useful index 
of age or origin of the mixture of fission products 

Raduiostrontium determinations 1n the fall-out were 
made using well-established methods!* (Separation 
was carried out by the Chemical Institute of the 
Medical Faculty of the Charles University m Hradec 
Králové ) The average concentration of strontium-90 
found by us ın rain-water collected during the first 
two quarters of 1959 was about 10 upe /l, m the last 
quarter about 1 uuc /1 , and m the first quarter of 1960 
about the same This ıs m agreement with the 
measurements of W Anderson e£ al ??, who proved 
a marked reduction of the average quarterly con- 
centrations of strontrum-90 in rain-water collected 
during 1959 


Correlation with Meteorological Data 


The realty of the maximum of man-made radio- 
activity im raim-water measured on the territory of 
ČSSR at the begmning of March 1960 ıs confirmed 
by comparison, with the meteorological situation A 
picture of the upper air flow at the 500-mb level has 
shown that the contaminated air mass after the first 
Sahara test reached our country in 17 days During 
this time the trajectory of the air mass could be 
traced over northern Egypt, Iran, northern India, 
Vietnam, southern China, the Pacific, the southern 
parts of the United States (February 26), the Atlantic 
Ocean and northern France It ıs characterized by 
the very rapid progress, especially in the part above 
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the Atlantic Ocean, where the velocities ın the jet- 
stream surpassed 100 km /hr The trajectory explains 
the measured maxima of the radioactivivy in air 
samples in Israel on February 17, a sharp increase of 
the activity ın Surrey, England, on February 29 and 
on March 1 in Germany On an average, however, 
following the trajectory, we find the maxima of the 
air activity above the territory of Israel on February 
15 or 16 From this we arrive at the hypothesis that 
a radioactive cloud settled relatively slowly and that 
the air trajectory m the lower levela was probably 
not the same as m the 500-mb level 

The abnormally high level of artificial radioactivity 
of atmospheric precipitation on March 1 does not 
correspond in Hradec Králové to the maximum, 
which 1s not expressed so well in the histogram of 
alr activities We explam this fact by the process 
during which radioactive particles were bound in 
clouds and washed out below the clouds by the 
falling precipitation elements In this case a decisive 
part ıs played by the evaporation of rain-drops As 
the intensity of evaporation increases with decreasing 
dimension, of drops, we could expect, at 11 hr on 
March 1, when the cold front with smaller intensity 
of precipitation and smaller dimensions of rain-drops 
passed over our country, a higher radioactivity of 
rain-water, although the measured values of air 
activity was relatively low 

We are indebted to Prof F Běhounek, member of 
the Czechoslovak Academy of Sciences, for valuable 
advice and encouragement during this work. 
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RADIOACTIVE FALL-OUT AND THE TESTING OF NUCLEAR WEAPONS 


STATEMENT BY THE MEDICAL RESEARCH COUNCIL 


N December 1960 the Medical Research Council 

published 1ts second report ““The Hazards to Man of 
Nuclear and Allied, Radiations" (Cmnd 1225), which 
included an assessment of the levels of exposure to 
radiation which had resulted from test explosions 
up to that time ‘The resumption of nuclear weapon 
testing in the atmosphere by the USSR has, 
however, resulted ın the further release of radioactive 
fission products and, at the request of the Govern- 
ment, the Council has issued a statement (October 24) 
which attempts to put m perspective some of the 


more important considerations that result from the 
new situation A review of this subject would not 
have been posstble without help from many people, 
and the Council would lke to record m particular its 
indebtedness to the Agricultural Research Council 
and the United Kingdom Atomic Energy Authority, 
members of the staff of which heve provided valuable 
advice and assistance 

Mechanism of deposition of fall-out Work on the 
deposition of fall-out from weapons detonated during 
1958 and in previous years has shown that the rate at 
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which fission products pass from the stratosphere to 
the lower atmosphere and thence to the Earth's 
surface varies greatly according to the size of the 
explosion and the height, latitude and time of year 
at which 1$ occurs Deposition from large explosions 
has been found to be most rapid when debris 18 
1eleased mto the lower stratosphere in high latitudes 
during the autumn 

Types and sources of radration exposure from fall-out 
The significance of tests mvolving substantial and 
rapid fall-out ıs that, soon after the tests, considerable 
quantities of short-lived radioisotopes, which will 
not have been retamed ın the stratosphere sufficiently 
long to decay to neghgible levels of radioactivity, are 
likely to be deposited on the Earth's surface These 
short-lived components of fall-out contam both 
materials, such as zirconrum-95, which are not 
absorbed mto the body but contribute to the external 
1adiation received by the whole body, and materials 
which are absorbed into the body such as 10dine-131, 
which becomes concentrated m the thyroid gland 
If present in sufficient amounts, these short-lived 
materials may, m the short time durmg which they 
1etam their radioactivity, give doses comparable with 
those delivered over much longer periods by the 
longer-lived materials produced in the same explo- 
sions 

The chief longer-lived components of fall-out which 
require consideration are cssrum-137, carbon-14 
and strontium-90 Cesrum-137 and carbon-14 are 
of importance because they give rise to general 
radiation of the body, meludmg the gonads The 
dose-rate from carbon-14 1s very much lower than 
that from essrum-137 but, as ıt will continue for 
very long periods, the total dose over hundreds of 
generations may be similar Strontium-90, both 
because of 1ts long half-hfe and because it becomes 
concentrated m bone, causing prolonged irradiation 
of bone and bone marrow, 1s still regarded as the 
most important single indicator of the possible total 
hazard to the mdividual 

Assessment of the hazard from fall-out prior to the 
present tests. The Council’s second report on “The 
Hazards to Man of Nuclear and Alhed Radiations" 
(Cmnd 1225), which assessed the possible extent of 
the hazard caused by test explosions up to the end of 
1958, provides some background for considering 
the possible consequences of recent tests 

With regard to the genetic effect from all test 
explosions which had taken place up to the end of 
1958, the Council concluded that the mutations which 
might be caused were likely to be few in relation to 
those produced by natural radiation the latter are 
themselves believed to form one-tenth or less of the 
mutations newly arismg m any generation 

As to effects on individuals, among the most impor- 
tant components in fall-out are 1iodine-131 and 
strontium-90 From the amounts of iodine-131 
observed in human thyroid glands, the Council 
concluded that the average thyroid dose delivered 
by this radioisotope as a result of nuclear explosions 
which had taken place prior to 1ts 1960 report was 
unhkely to have exceeded. one-quarter of the radiation 
received from natural sources during any year 

Investigations of strontium-90 m human diet m the 
United Kingdom were commenced m 1955 and were 
considerably expanded in 1958 The contammation 
of milk receives particular attention because dairy 
produce contains most of the strontium-90 which 
the population ingests Samples of milk drawn from 
depots handling more than 40 per cent of total pro- 
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duction are examined Other foods are also sampled, 
so that the average strontium-90 content of diet 
throughout Great Britain ean be assessed 

Between 1958 and 1959, the ratio of strontium-90 
to ealerum in average diet in the United Kingdom 
increased by 50 per cent, but the recent Agricultural 
Research Council report (ARCRE 5) shows that in 
1960 ıt decreased to httle above the 1958-level 
This decrease was due to the reduced rate of fall-out 
consequent on the cessation of testing and reflected 
the fact that, when the radioactive fall-out was 
relatively high, the contammation of diet was due 
primarily to the direct entrapment of the recent 
deposit on growing vegetation Strontium-90, how- 
ever, also enters plants from the soil. This 1s a slower 
but continumg process so that, even 1f fall-out ceased, 
diet would continue to be contammated, though at 
a reduced level, for a considerable period 

The results of assays of human bone are now 
available for the five years 1956-60 In each year 
the highest concentration of strontium-90 was found 
in children about one year old In this age-group 
there was a progressive but slow rise each year until 
1958, a doubling of the 1958 value during 1959, but 
a fall ın 1960 which has continued ın 1961 The 
average value in these infants of 4 strontium units 
(that 15, 4 pue per gm of calcium) at the peak m 
1959 was about a sixteenth of the value (67 strontium 
units) regarded by the Council as the maximum 
permissible average value in the whole population 

Children born in the year 1955 have been exposed 
to strontrum-90 from their diet durmg them whole 
hife-trme Although im 1956 the average value m 
their bones was 1 strontium unit, the value m 1960 
was only fractionally greater (14 umts) Older 
children have formed only part of their bone structure 
from contamunated food, snd the bones of those born 
between 1945 and 1950 showed only 1 strontium unit 
m 1960 

Estwnatwn of additonal exposure due to recent 
atmospheric tests The recent tests by the USSR 
are reported to have included explosions both in the 
Inloton- and the megaton-range and to have occurred 
m Central Siberia and the Arctic As would have 
been expected from experience im 1958, the radio- 
activity reaching the ground in recent weeks as a 
result of the present series of explosions has come 
mainly from short-hved components which are 
deposited within a few weeks of the explosion The 
deposition of longer-ived components, such as 
strontium-90 and cxsium-137, 1s likely to be greatest 
next spring 

Since 10dine-131 ıs the maim short-lived isotope 
absorbed into the body, extensive measurements 
are being made of levels of 10dine-131 contamination 
following the present series of tests Early results 
of the survey, which ıs bemg carried out by the 
Agricultural Research Council, are given in the 
appendix 

It 1s estimated that the average radiation exposure 
to the thyroid from this isotope in the fall-out 
already measured m the United Kingdom from the 
present tests 1s likely to be less than the figure of 
one-quarter of the radiation received from natural 
sources during any year However, the value for 
infants in ther first year of hfe may now approximate 
to that received annually from exposure to natural 
sources 

Because 10dime-131 18 taken into the body pre- 
dominantly through milk, the Medical Research 
Council has had under review the maximum sustamed 
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level in milk which might be regarded as allowable. 
It has based its recommendations on similar criteria 
to those used 1n setting the dose-levels permissible in 
the general population from strontium-90 It has 
concluded that an acceptable dose would not be 
exceeded ın any age-group of the population unless 
an average concentration of i0dine-131 in milk of 
130 puc per litre was exceeded over a period of one 
year, or higher concentrations for correspondingly 
shorter times The level has been set to provide a 
margin of safety for the section of the population 
in the group in which the dose-rate would be highest, 
namely, infants up to the age of 1 year, considerably 
lower radiation doses would be recerved by older 
children and adults consummg the same milk 
Allowance has also been made for the likely variation 
mn the concentration of radioiodine in local milk 
supphes The dose referred to will not be reached 
unless present levels of iodine-131 continue for 
several months as a result of further weapon tests or 
are substantially creased A marked decrease may 
be expected within a few weeks of the cessation of 
tests 

As the highest fall-out rate of some of the longer- 
lived radioactive substances, such as strontium-90, 
may be expected m the late spring of 1962, 1t 1s not 
yet possible to predict the total additional radiation 
dose to which the population has been committed 
by the recent tests However, as the levels of radio- 
activity measured in air have been similar to those 
observed at an equivalent time after explosions in 
the autumn of 1958, there is at present no reason 
for beheving that tests from which fall-out has so 
far been detected, will mvolve an additional radiation 
exposure from external radiation or from strontium-90 
which differs greatly from what has been experienced 
hitherto It may be concluded that strontrum-90 
from tests so far carried out will not give rise to levels 
in bone approaching those which the Council laid 
down 1n 1ts report of December 1960 as the maximum 
permissible m the general population 

Consideration has also been given to the mhalation 
of radioactive materials, meluding plutonium It 
has been concluded that the extent of radiation 
exposure from such sources 1s unlikely to be com- 
parable m importance with that from the other sources 
mentioned : 

The Council is informed that ıt 1s not expected that 
underground tests, such as the United States has 
been carrying out, will contribute to world-wide 
contamination 

Possible consequences of the explosion of a fifty- 
megaton bomb It appears hkely that the explosion 
of a fifty-megaton bomb durmg the present series of 
tests would cause the total energy released from this 
series to correspond approximately with that of 
explosions occurrmg 1n the two years 1957—58 (accord- 
ing to the Ministry of Defence statement of May 5, 
1959) If the bomb ıs exploded ın the atmosphere, 
the resultimg fall-out will depend on the extent to 
which the energy 1s due to fusion rather than fission, 
and on the altitude and site of the explosion 

The explosion of such a bomb ın the atmosphere 1n 
northern latitudes durmg the autumn could be 
followed by considerable fall-out of shorter-hved 
radioisotopes Deposition of radioiodine due to 
the series might then be substantially greater than 
that from previous tests, and the contamination of 
milk in the subsequent weeks might cause the annual 
mean level to approach that already specified, 
namely, 130 uue per litre 
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Radioisotopes of medium half-lives, such as zır- 
conium-95, might be expected to raise the level of 
external radiation m the open for some months by an 
amount comparable with the dose-rate recerved from 
natural sources 

It is not yet possible to predict with any accuracy 
the total additional dose of radiation to which the 
population will be commutted by the current series of 
Russian tests, mcluding the explosion of a fifty- 
megaton bomb Concentrations of strontium-90 in 
bone in young children might rise m the course of one 
year to about twice the maximum level observed 
hitherto, but the level regarded as the maximum 
permissible one by the Medical Research Council 
would not be reached 

Arrangements for momtoring and assessing the 
fall-out situation Regular measurements of radio- 
activity in rain, drinkmg-water, food (including milk), 
air, soul, vegetation and human bone, are contmumg 
according to a country-wide programme under the 
supervision of the Medical Research Council and the 
Agricultural Research Council The results of 
measurement of radioactive fall-out are published at 
frequent intervals Premature attempts to interpret 
the significance of individual early measurements 
directly in terms of human hazard can be extremely 
misleading Variations in the measurements are to 
be expected, both from day to day and as between one 
place and another The significant factors are average 
levels over long periods of tıme 

The situation with regard to fall-out and the 
hazards from 1t is kept under close and continuous 
review, and the bodies responsible for so domg have 
undertaken immediately to mform the Government 
if there should be any major change in their assess- 
ments 


Appendix: Measurements of lodine-131 in Milk 


When 1t became apparent that the new series of 
nuclear explosions might lead to appreciable quant- 
ties of 10dine-131 ın milk, the Agricultural Research 
Council Radiobiological Laboratory commenced an 
examination of milk from eight depots or farms 
located im central and-southern England, Wales 
Scotland and Northern Ireland The samples are 
analysed frequently, usually daily The mean 
results so far obtained are shown in Table 1 

In the first few days of the week commencing 
October 15, 1961, the average level fell to below 100 
but those results which are now available for the 


Tabie 1 LEVELS OF IODINE-131 IN MILE PRODUCED AT EIGHT SITFS 
IN DIFFERENT PARTS OF THE UNITED KINGDOM 


Week commencing ype Iodime-181/htre 
September 16, 1961 85 


September 24, 1961 109 
October 1, 1961 138 
October 8, 1961 150 
Mean for four weeks 120 


LEVELS OF IODINE-131 IN MILK PRODUCED THROUGHOUT 
THE UNITED KINGDOM 


Mean of values for October 2 and 16, 1961 


Table 2 


Zone Huc Iodine-187/htre 
1 Norihern England 108 
2 North-West England 99 
3 East and East Midland 71 
4 West Midland 100 
b Wales 153 
6 South and South-East England 102 
7 Mid-Western England 86 
8 Far Western England 105 
9 Scotland 190 


10 Northern Ireland 165 
Country-wide mean weighted for 
production 113 
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latter part of that week mdicate a return to the levels 
observed ten days previously 

More detailed vestigations of the general level in 
muk throughout the country were made for October 
l and 15 On these dates representative samples 
were obtained from depots which together handle 
more' than 40 per cent of the total milk produced in 
each of ten zones mto which the whole country has 


No 4801 


NATURE 


403 


been divided The statistical organization of this 
elaborate scheme, which 1s also in operation for 
strontium-90, has been described in reports by the 
Laboratory The average results for the two sampling 
occasions are shown ın Table 2. 

The means shown in the two tables are in close 
agreement and the significance of the figures 1s 
discussed in the foregoing statement 


NEWS and VIEWS 


Electrical Engineering at Manchester : 
Prof. C Adamson 


Dr Corris ADAMSON has been appomted to a newly 
created (second) chair in electrical engineering in the 
Faculty of Technology m the University of Man- 
chester. Dr Adamson gained a B Sc (Eng ) degree at 
the University of London m 1947, followmg work at 
the Hull and Bradford Technical Colleges He 
qualified for the degree of M Sc (Eng ) in 1952 as a 
result of research work while working as assistant 
lecturer in the Bradford College and as research 
engineer at A  Reyrole and Co, Ltd He was 
appomted lecturer in electrical engmeerimg at Man- 
chester ın 1952, and senior lecturer ın 1959 He has 
been awarded the degree of DSc this year Dr 
Adamson has been responsible over the past few years 
for the development m the Manchester College of 
Science and Technology of an extensive Power Sys- 
tems Laboratory, for both undergraduate and post- 
graduate work, the latter forming a large sub-section 
of the postgraduate school in electrical engmeermg 
His various projects have received substantial mdus- 
trial support, much of ıt under contract He is a 
representative on the British Electrical and Alhed 
Industries Research Association, and has served on 
committees of the Conférence Internationale des 
Grands Réseaux Electriques He has recently served, 
by invitation, as visiting professor at the University 
of Roorkee, India, under the Colombo Plan, and has 
leetured at the Universities of Washington and 
Wisconsin 


Municipal Engineering at Manchester : 
Prof J R. D Francis 


Mr Jogw Rospert Dark FRANcIS has been 
appointed professor of municipal engineermg in the 
Faculty of Technology ın the University of Man- 
chester, m succession to Prof R J Cornish, who 
recently accepted a similar appomtment in the 
University of Delhi, India He will take up his post 
in January 1962 Mr Francis, who 1s forty-one years 
of age, gained honours ın engimeering at the Univer- 
sity of London m 1940, following work 1n the Brighton 
Technical College After service as lieutenant in the 
Royal Naval Volunteer Reserve he was appomted to 
a lectureship m the Department of Civil Engmeermg 
at the Imperial College of Science and Technology ın 
1946 He was appointed reader in fluid mechanics at 
that College m 1958 Mr Francis has been engaged 
in research in fluid mechanics and has been concerned 
m the hydraulic design and model testing of several 
cıvıl engineering works, including the Owen Falls Dam 
(Uganda), Tema Harbour (Ghana) and the Balders- 
head Dam (Durham) He held a fellowship at Woods 
Hole Oceanographic Research Institution, Massa- 
chusetts, durmg 1952-53, and has recently lectured 


at the Nigerian College of Technology, Zaria, and the 
Kumasi College, Ghana 


US National Bureau of Standards: Dr Y Beers 


Dr YARDLEY BzERS has been appointed chief of 
the Milhmeter-Wave Research Section, Radio Stan- 
dards Laboratory, Boulder Laboratories—National 
Bureau of Standards, U S Department of Commerce 
He jomed the staff of the Bureau in June 1960 as a 
consultant in atomic frequency and time-mterval 
standards. Dr Beers was a member of the staff of 
the Radiation Laboratory at the Massachusetts 
Institute of Technology durmg 1942-45, a con- 
sultant to the Brookhaven National Laboratories 
with the Atomic Energy Commission, 1947-59, and 
a teacher of physics in New York University for 
fifteen years, eventually achievmg the status of full 
professor In 1956, Dr Beers worked as a Fulbright 
scholar with the Commonwealth Scientific and Indus- 
trial Research Organization m Sydney, Australia. 
During his stay, he was also visiting professor at the 
University of Sydney His special fields of research 
interest are nuclear physics, microwave spectroscopy, 
and the electronics connected with these fields 


The Charles F. Kettering Laboratory, Yellow 

Springs, Ohio 

Dr Leo P Vernon has been appointed director 
of research of the Charles F Kettering Laboratory in 
Yellow Springs, Ohio He 1s well known for his work 
on photosynthesis and has recently returned to his 
former position as professor of chemistry in Brigham 
Young University after a year’s sabbatical leave, 
which he spent with Prof Hugo Theorell at the Nobel 
Institute, Stockholm, Sweden Mr Justin C Craw- 
ford has been appointed director of laboratory 
admmuistration in the Laboratory Mr Crawford will 
be responsible for all non-scientific activities and 
business admumustration A native of Chicago, he has 
served with the Standard Oil Co of Indiana since 
1948, where for the past five years he has been 
manager of engineering administration 


Tristan da Cunha 


THe island of Tristan da Cunha is the subject of 
8 special exhibition at the Geological Museum, South 
Kensmgton The geology is described with the aid 
of maps and diagrams, and characteristic voleanie 
rocks collected by the Shackleton—Rowett expedition 
during the voyage of the Quest in 1921-22 are also 
shown A series of photographs illustrates the rugged 
topography of the Island, which 1s related to its 
voleanie origm A display of projected colour trans- 
parencies 18 a special feature of the exhibit Charts 
of historical mterest, lent by the Admiralty, dating 
back to the 1827 Admiralty Survey by Cooling, are 
mounted on & separate screen Although Tristan da 
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Cunha 1s a volcanic cone with a crater lake at the 
sunomut, there has been no previous record of eruption 
durmg historical tumes The island does, however, 
be on the flanks of the Mid Atlantic Ridge, which 1s 
a belt of crustal weakness extendmg from Jan Mayen 
Island, through Iceland and the Azores, southwards 
towards the Antarctic The nature and extent of 
this submarine feature were mvestigated during the 
recent International Geophysical Year 


Award by the Fleming Memorial Fund 


Tas Trustees of the Flemmg Memorial Fundifor 
Medical Research have made their first grant This 18 
to the University of Oxford and amounts to £48,000 
for the Sir William Dunn School of Pathology at 
Oxford, headed by Sir Howard Florey The grant 1s 
in connexion with electron-microscopy work at the 
School, where the purification of penicillm was 
achieved and its clinical use made possible Recently, 
too, cephalosporin C, a penicilhn-lke antibiotic active 
against some important penicillin-resistant bacteria, 
was discovered at the Sir Wiliam Dunn School of 
Pathology 

The Fleming Memorial Fund for Medical Research 
was launched in March this year in memory of Sir 
Alexander Fleming, discoverer of penicillin, to assist 
basic medical research Its British and international 
appeal, with a target of £1 million, lasts until March 
1969 So far more than £370,000 hes been raised 


New Thinking in School Chemistry 


Tu Office for Scientific and Technical Personnel 
of the Organization for European Economic Co- 
operation arranged & seminar held at Greystones, 
Co Wicklow, durmg March 1960, to deal with the 
status and development of school chemistry teaching 
(see Nature, 186, 208, 1960), and the report has now 
been issued with the title “Now Thmking m School 
Chemistry" (Pp m+215 Paris Orgamzation for 
European Economic Co-operation—Office for Seienti- 
fic and Technical Personnel, 1961) The contribu- 
tions and discussions show that there 1s considerable 
difference of opinion on some topics Some favour a 
dogmatic theoretical treatment begmning with the 
atom and electron as familiar modern concepts 
and proceeding to the development of theories of 
structure and bonding, the teaching being largely 
centred on the periodic table What one speaker 
calls ‘stick-in-the-mud experiments’ will not take a 
promment place It 1s felt that distinction of s and p 
orbitals might be too difficult There ıs sharp dis- 
agreement among those favouring this approach as 
to the meaning of the theories, and teachers using this 
method will obviously need annual refresher courses 
An American speaker states that m some schools 
there the teachmg begins with organic chemistry 
Other speakers, ineluding two from the United 
States, explain schemes ın which models to ulustrate 
atomic inking and molecular structure are made by 
the pupils Some think that this will take too much 
time and will be costly Opimuons are divided on the 
value of films Another group of speakers favours 
an experimental approach and thinks that practical 
work ıs desirable Qualitative and quantitative 
analysis can illustrate general chemistry and meuleate 
habits of neatness and accuracy Some suggestions 
for new experiments, uncludmg the use of paper 
chromatography in quahtative analysis, are made 
Summaries of the discussions, three joint reports, 
and recommendations for future action close the 
proceedings 
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Radiation. Botany 


Tum first number of Radzation Botany, a new mter- 
national journal devoted to plant radiobiology and 
related subjects, was published ın September It is 
edited by A H Sparrow together with an editorial 
board drawn from seven countries (Radzatron Botany, 
Vol 1, No 1, September 1961 Pp 100 Annual 
subscription rates (A) for lbraries, government 
establishments, research laboratories, ete, 1408, 20 
dollars, (B) for mdividuals who place their order 
directly with the publisher and certify that the 
journal is for their personal use, 70s, 10 dollars 
London and New York Pergamon Press, 1961) 
This first issue of a hundred pages consists of eleven 
scientific contributions the subject-matter of which 
includes, factors affectmg responses of plants to 
radiation, root absorption of fission products derived 
from underground nuclear explosion, morphological 
responses to gamma-rays and the mfluence of radia- 
tion on chiasma frequency ‘These and other topics 
dealt with illustrate the main aim of the journal, 
which 18 to be concerned with the effects of 1omzmg 
radiations on plants It will, however, also be devoted 
to the more technical aspects of plant irradiation 
Each contribution 1s usefully prefaced by abstracts 
m Englsh, French and German, and papers are 
acceptable m any of these languages. 

The journal ıs attractively prmted in a style in 
keeping with the modern nature of the subject The 
choice of type, paper and general layout makes 
Radiation Botany a very readable journal Table 
layout 18 particularly good, and the line illustrations 
and plates are of a high standard Though all workers 
in the field of radiobiclogy will welcome this new 
outlet for their writings, one may hope that genetical 
and physiological journals will continue to receive 
contributions from those who have used radiations 
to elucidate problems primarily concerned with those 
Sciences 


Lanehead Field Centre 


THE increasing scientific mterest being shown in 
the ‘marginal land’ of the British Isles 1s reflected in 
the recent foundation of a new research centre m the 
Northern Pennines The Department of Geography 
of the University of Durham, under the guidance of 
Prof W B Fisher, has recently acquired a village 
school at Lanehead, near Cowshil, m Upper Wear- 
dale, and has speedily converted the building mto an 
active centre for field research. Situated near the 
watershed of the Rivers Tyne, Wear and Tees, the 
new centre dominates a virgin area for field and 
ecological mvestigations Research projects have 
already been started on the geomorphology, mucro- 
climate, soils and vegetation of the region, and pro- 
gress 18 being made in the analysis of the social life 
of the mhabitants of the Upper Pennine Dales In 
addition to giving field courses to the undergraduates 
of the University of Durham, the research workers 
(mainly postgraduate students) hope to add, m some 
way, to our knowledge of the social and environ- 
mental background for future development m high- 
land Britain Many aspects of the background still 
perplex the technologist and the economist, it 18 
hoped that Lanehead Field Centre will provide at 
least some of the answers 
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Rutgers Center of Alcohol Studies 


THE Center of Alcohol Studies, which was instituted 
at Yale University in 1921, ıs being transferred to 
Rutgers, The State University, and will be known as 
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the Rutgers Center of Alcohol Studies The transfer 
of the Center, internationally known for the study of 
alcohol in its social, biological, psychological and 
sociological aspects, ıs bemg made possible by a 
grant from the National Institute of Mental Health 
It 1s expected that the transfer of the Center, which 
at Yale has been identified with the Laboratory 
of Appled Biodynamics, will be completed by the 
spring of 1962 At Rutgers the new Center will be a 
umt withm the Graduate School of the University, 
the dean of which 1s Dr Marion A Johnson ‘The 
principal functions of the Center will include (1) 
Research into various problems involvmg the use of 
alcohol, physiological, psychological, sociological and 
economic (2) Teachıng of groups with a special 
interest ın problems of alcohol such as clergymen, 
public health officers, personnel workers, police, 
social workers, and nurses ‘This will be done in a 
summer programme, the Yale counterpart of which 
has been nationally famous for years (3) Documenta- 
tion of all forms of study dealmg with alcohol 
(4) Publication of literature dealing with the subject, 
including the Quarterly Journal of Studies on Alcohol 
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Courses in Nuclear Energy 


THe European Nuclear Energy Agency of the 
Organization for Econumic Co-operation and Develop- 
ment (recently the Organization for European 
Economic Co-operation) has published a new edition 
of its Catalogue of Courses on Nuclear Energy n 
OEEC Countries, 1961-1962 (Pp 167 Pans 
Organization for Economic Co-operation and Develop- 
ment, European Nuclear Energy Agency, 1961) 
The Catalogue 1s designed to help science and engin- 
eering students who wish to acquire a better know- 
ledge of nuclear subjects and to find out what traimmng 
facilities are available University authorities and 
others wishmg to compare the programmes of 
technical establishments in different countries will 
also find much relevant mformation The new 
Catalogue covers the 1961-62 academic year and gives 
details of tramimg courses m subjects relating to 
nuclear energy ım some 180 Western European 
universities, technical high-schools and research 
centres It contams a list of establishments where 
courses are given on subjects relating to nuclear 
energy, syllabuses of the main courses on nuclear 
physics, chemistry and engmeering, with details as to 
lectures, length of courses, terms of admission and 
diplomas obtamable, and information concerning 
the principal items of nuclear physics and engineermg 
equipment available for tramung ın each establish- 
ment Copies of the Catalogue can be obtained on 
application to the Organization for Economic Co- 
operation and Development, European Nuclear 
Energy Agency, 28 Boulevard Suchet, Paris 16 


Museum of Comparative Zoology, Harvard College 


IHE one hundred and first annual report of the 
Museum of Comparative Zoology at Harvard College 
for 1959-60 records the celebration of the centenary 
of the founding of the Museum by Louis Agassiz 
Sir Juhan Huxley gave a public lecture, and this was 
followed by a reception and a dinner The Museum 
18 an mtegral part of a major university and still 
maintams research and teaching. which were the main 
objectives of Agassiz’s life Although no major 
expeditions were sponsored during the year 1959-60, 
many trips were arranged by members of the staff 
for field and museum studies and for the collection of 
materials A long list of publications by the staff 1s 
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&n mdication of the great amount of research under- 
taken 


Cyrillic Transliteration 


Screntefic Information Notes for August-September 
(3, No 4, 1961) reports that progress toward agree- 
ment on the use of a compromise system for trans- 
hterating Russian (Cyiulic) characters into the Latin 
alphabet was achieved at a meeting of representatives 
of scientific and engineering societies, editors, pub- 
lishers, librarians and Government agencies on July 
14, 1961, in Washington, DC The meeting was 
convened by the American Association for the 
Advancement of Science at the request of the 
National Science Foundation to discuss the adoption 
of a single, uniform transliteration system for Russian 
to Enghsh The compromise system, tentatively 
designated as the “AAAS Transliteration System", 
combines features of the various systems now 1n use 
so that the transhteration of Cyrillic to Latin alpha- 
bets may be standardized An important considera- 
tion of the proposed transliteration system was that 
it could be typewritten with the minimum use of 
diacritical marks Systems considered in effecting 
the compromise were the systems of the Board of 
Geographic Names, the British Standards Institution, 
the Library of Congress-American Library Associa- 
tion and the International Standardization Organiza- 
tion The importance and volume of Soviet scientific 
and technical literature have resulted in extensive 
efforts to translate Russian material mto English 
The multiplicity of transliteration systems m use has 
resulted m increased burdens for members of scientific 
and technical communities, editors, publishers, 
librarians and Government agency personnel Much 
confusion existing in this field could be alleviated 
or avoided by a reduction of the number of varying 
transliteration systems now m use The tentative 
system has been forwarded to the Z-39 Subcommittee 
on ‘Transliteration of the American Standards 
Association It 1s expected that an ad hoc Z-39 sub- 
committee will be formed to deal with the problem 
of Russian transhterations. 


Learning Theory and the Therapy of Neurosis 


MONOGRAPH Supplement No 13 of the Britesh 
Journal of Psychology (Cambridge University Press, 
1961. Pp. 29 7s 6d net) 1s entitled “Learnmg 
Theory and the Therapy of Neurosis” The author 
of this clear and admirably concise monograph, Mr. 
Ralph Metzner, provides a useful review of the 
literature on avoidance trammg and expermental 
neurosis in animals, and examines its relevance to 
some aspects of human psycho-pathology He ıs 
particularly (perhaps excessively) concerned to 
analyse some recent methods of psychological treat- 
ment (so-called ‘conditionmg therapy’) and to 
mdicate their kinship with the anımal traming pro- 
cedures Although a comparative approach to 
behaviour and its disorders 1s to be welcomed, it 
might seem important to bear m mind the differences 
as well as the resemblances between animals and men. 
This the author signally fails to do As a result, his 
work will appear to many as a gross over-sumphfication 
of the problem of neurosis and as smgularly lackmg 
m awareness of clinical reality None the less, 1t has 
value as an unusually farr and thoughtful account of 
experimental work 1n its field and as a timely reminder 
that psychotherapy must eventually achieve a 
rational basis 
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The Textile Institute 


Tur followmg awards have been made by the 
Textile Institute The Instuute Medal, to Mr 
K W L Kenchmgton, senior development officer, 
Directorate of Stores and Clothing Development, 
War Department, Royal Aircraft Establishment, 
Farnborough, for his contributions to the Institute 
m the field of clothmg science and technology, 
Serwce Medal, to Mr P H S Bell, head of the 
Department of Textile Industries, Huddersfield 
College of Technology, and to Mr J Boyd, of Cour- 
taulds, Ltd , Compamonship, to Mr C. E Harrison, 
president of the Federation of British Industries, 
and to Mr F M Stevenson, chairman and managing 
director of Stevensons (Dyers), Ltd , and Associated 
Companies. 


Fulbright Travel Grants 


UNDER the provisions of the Fulbright programme, 
travel grants are available to crtizens of the Umted 
Kmgdom and dependent territories to go to the 
United States of America for academic or educational 
purposes, provided that they have adequate financial 
support m dollars for the period of them visit, and 
have been accepted by an American institution of 
higher learning for a minimum of nine months The 
grants cover the cost of direct travel between a 
candidate’s home and the American institution or 
university They are available durmg June 1-August 
15, 1962, for which applications must be received 
before March 16, 1962, and August 16, 1962—April 1, 
1963, for which applications must be received before 
June 1, 1962. Application forms and further nforma- 
tion can be obtamed from the United States Educa- 
tional Commission ın the United Kingdom, 71 South 
Audley Street, London, W 1 


University News . Birmingham 


"xx following appomtments have been announced 
Lectureships. R G. Bird (civil engineering), Dr. 
J. S Hough (semor lecturer m charge of the Sub- 
Department of Maltıng and Brewing in the Depart- 
ment of Biochemistry), A W Kwiatkowski (mech- 
anical engmeermg), G Martell (physics), Dr L 
Riddiford (senior lecturer in the Department of 
Physics), Dr K R Rushton (civil engmeermg), 
Dr. R B Shearn (chemical engmeermg), N B W 
Thompson (physical metallurgy) Research Fellow- 
ships. T Duthie (Wilmot Breeden Fellow in the 
Department of Mechanical Engmeermg), Dr H 
Kaliszer (mechanical engmeermg), B K Gazey 
(electrical engineering), R J Heitzmann (chemis- 
try), Dr A E Pedler and Dr C A Barson (senior 
Research Fellows in the Department of Chemustry), 
Dr. B Henderson (physical metallurgy), G R 
Orgam (industrial metallurgy), B Walker (mdus- 
trial metallurgy) Dr S Swierszczewski (nuclear 
physics), J HR Turcan (engmeermg production), 
C J H Wilhams (James Watt Research Fellow in 
the Department of Mechanical Engineermg) 


Leeds 


Mr G L Bibby and Dr A E. D Heylen have 
been appomted to lectureships m the Department of 
Electrical Engineering, and Dr M Holmes to a 
lectureship in the Department of Civil Engineermg 


Liverpool 


THE City of Liverpool College of Technology has 
been admitted to affihation with the University of 
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Liverpool for a period of three years from October 1, 
for the purpose of teachmg pharmaceutical chemistry 
for courses leading to the ordinary degree of B Se 
and to the degree of B Se with honours in pharmaco- 
logy During the period of this affihation the head 
and four members of the Department of Pharmacy 
of the College staff will be recognized. as teachers of 
the University 
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London 


THE title of professor of social statistics m. the 
University of London has been conferred on Mr C A. 
Moser 1n respect of his post at the London School of 
Economics and Political Science 


Manchester 


Pror P J Corranp, of the University College of 
Ibadan, has been appointed professor of bacterio- 
logy and director of the Department of Bacteriology 
in succession to Prof H B Mailand Prof Collard 
will take up his duties m April 1962 


College of Aeronautics, Cranfield 


Dr R L Apps, of Atomic Power Construction 
Ltd , has been appointed to the post of lecturer in the 
Department of Materials, Mr A G. Simms, lecturer 
at Leicester College of Technology, has been appointed 
to the post of lecturer in the Department of Produc- 
tion and Industrial Admmustration, Mr J W Man 
has been appomted Research Fellow m the Depart- 
ment of Matenals, Dr A Younger, of Richard 
Thomas and Baldwms, Ltd, has been appointed 
Research Fellow in the Department of Materials 


Announcements 


Pror J C Mrrcueson, professor of mining at the 
Royal School of Mines, Imperial College of Science 
and Technology, and a member of the Geological 
Survey Board since 1959, has been appointed chair- 
man of the Board m succession to Sir Walter Drum- 
mond 


Mr B N Hoauems, at present editor of Technology 
and special writer to The Times on technical and 
technological education, has been appomted a director 
of Messrs. Chapman and Hall, to succeed the late 
Mr Geoffrey Parr as chief editor for scientific and 
technical books 


A symposium on “Low Temperature Carbonization 
of Non-caking Coals and Briquetting of Coal Fimes”’ 
is being organized by the Regional Research Labor- 
atory, Hyderabad, India, durmg November 20-22 
Further information can be obtamed from the 
Director, Regional Research Laboratory, Uppal Road, 
Hyderabad 9, A P , India 


Tar Anatomical Society of Great Britam and 
Treland will hold 1ts annual genera] meetmg at St 
Mary’s Hospital Medical College, London, during 
November 23-24 The meeting will be devoted to 
papers on “Cytology of Nervous Tissue”. Further 
information can be obtamed from the secretary, 
Prof R J Harmson, Anatomy Department, London 
Hospital Medical College, Turner Street, London, E 1 


THe British Insecticide and Fungicide Conference 
will be held at Brighton durmg November 7-10, 
under the auspices of the Association of British 
Manufacturers of Agricultural Chemicals Further 
information can be obtained from Mr. W. A Williams, 
secretary, Association of British Manufacturers of 
Agricultural Chemicals, Cecil Chambers, 86 Strand, 
London, W.C.2 
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NEW SOURCES OF ENERGY 


HE United Nations Conference on “Now 
Sources of Energy" was convened for the 
exchange of experiences and new ideas on recent 
progress ın the applications of solar energy, wind 
power and geothermal energy, and held m Rome 
during August 21-31 The term ‘new’ ıs nob 
perhaps the best description of these sources of 
energy which have been used by humanity for many 
centuries, and 1s used to emphasize that their develop- 
ment has been largely ignored or regarded as unecono- 
mueal in the past but that they should now be included 
in any survey of power resources These three forms 
of energy are very different m their characteristics, 
a geothermal energy source is a gift for any nation 
fortunate enough to possess such a site, for although 
there are many problems involved in harnessmg this 
form of energy, 1t8 utilization follows well-established 
procedures Solar and wind energies are ubiquitous, 
though varying ın intensity in different localities 
and at different times, they are both ‘low intensity’ 
sources having a maximum energy flux of the order 
of 1 kW/m? The latter, however, 1s in the form of 
mechanical energy for which Nature has paid the 
toll of the Carnot cycle efficiency. while the former 
1s in the form of heat, and mankmd must pay the 
toll to convert this to mechanical or electrical energy 
Consequently, although the conversion of solar radia- 
tion to electrical power on a small scale would be 
advantageous, the major form of utilization should 
be as heat at low or high temperatures as required 
It 18 not possible to make detailed comment here 
on the technical proceedings at a conference attended 
by some 650 delegates from more than fifty countries 
and at which some 250 papers were presented, about 
half bemg on applications of solar energy All the 
papers were summarized by rapporteurs ın sections; 
these reports were discussed later and a final summary 
was given at the concluding session for each form of 
energy under consideration Two visits were arranged, 
during the conference. One was to a demonstration 
of & solar power plant, 2-5 kW capacity, designed 
by the National Physical Laboratory of Israel This 
uses air-inflated plastic mirrors and covers in the 
form of cylinders about 12 m long which are aligned 
east and west, and only need moving occasionally 
to allow for the seasonal change 1n the position of the 
Sun Steam ıs produced at a temperature of 150? C 
and the heat transferred ın a storage vessel to vaporize 
an organic working fluid which is expanded in an 
impulse turbine, condensed and returned to the heat 
exchanger ‘This design has been reduced to the 
simplest essentials and has an estimated cost of 
1,000 dollars per KW installed, and a power cost of 
5 cents per kW hr based on 6 per cent interest rate 
and 15 years hfe The other visit, of contrasting 
nature, was to the geothermal station of Larderello 
This power system, ın use before the Second World 
War, has now been extended to a capacity of 2 x 10? 
kW hr annually, usmg steam at an average pressure 
of 5 atmospheres absolute and a temperature of 
200° C The first impression 1s the unusual sight of 
gigantic cooling towers rismg from surrounding 
countryside, with a relatively low power-house and 
a maze of snake-like pipes conveying steam from the 
distributed bore-holes Use of geothermal steam 18 


complicated by the high gas and mineral content of 
the steam, so that most of the power stations operate 
by heat transfer to a pure water circuit from which 
the steam 1s passed to the turbines This simplifies 
the gas removal problem and provides for effective 
recovery of the mmerals, mainly boron compounds 
Conference papers were presented on the recent 
developments 1n the use of geothermal power 1n New 
Zealand. and Iceland, as well as prospective applica- 
tions in Japan, South America and other volcanic 
zones 

Wind-power units of small output are well estab- 
lished in agricultural regions The problems mvolved 
in larger units of 100-500 KW. which could generate 
electricity for a grid supply are still under investiga- 
tion, but the tendency would appear to be towards a 
direct-drive propeller unit geared up to the generator 
by mechanical or hydraulic transmission and with 
automatic voltage control 

The papers on solar energy applications covered 
many fields, such as water and house heating, crop 
drying, distillation, power production by thermal 
cycles, refrigeration, air conditioning and cooking 
The direct conversion of radiation to electricity by 
thermocouples, photo-voltaic cells and thermionic 
devices was also discussed, and recent developments 
in solar furnaces Details of these processes were 
described more fully m my report on the World 
Symposium on Applied Solar Energy, Arizona, 1955 
(Nature, 177, 110, 1956) Since that date there has 
been development m new designs and improved 
equipment, especially as regards economical con- 
struction, but no really new prmeiples have emerged 
The number of large-scale installations for water 
heating and distillation at present existmg remains 
very small, and there 1s still msufficient detailed 
information available to select the most satisfactory 
designs for various purposes. Most of the designs in 
the fields mentioned above have been developed 
independently, and are stil m the experimental 
stage Large-scale commercial developments seem 
hmited to water heaters ın Israel, and some large- 
area solar-stills in the United States One of the 
proposals given prominence at the conference was 
that a series of experimental stations should be 
established 1n various countries where the scaling 
up from the experimental models to the larger indus- 
trial installations could be developed and in this 
connexion mention should be made of the Brace 
Experimental Station at Barbados, West Indies, 
recently established by McGill University The 
extensive funds available for research on space travel 
and artificial satellite powermg will make possible 
the development of many schemes for the direct 
production of power from solar radiation which can 
be adapted for terrestrial use 

Perhaps ıt will be more profitable ın the space 
available to discuss the economic and. social 1mplica- 
tions of solar energy utilization Much of the discus- 
810n & the conference concerned the under-developed 
nations, which might be described more politely as 
non-industrial, and how these could be helped by the 
industrial nations One possible procedure suggested 
would be for the industrial countries to manufacture 
and sell equipment to the non-mdustrial countries, 
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but mdividuals could not afford to purchase such 
equipment without & national subsidy in the first 
instance The preferred alternative would be for 
the industrial countries to develop very sumple designs 
of equipment which could be made in the country 
where required. and thereby establish village indus- 
tries The first stage might well be along communal 
lines m villages, for baths, refrigeration and electricity 
generation, rather than attempting to accomplish 
these for individual dwellings The importance of 
simplicity was emphasized, since 1n solar apphances 
the capital cost per unit of energy collected 1s more 
significant than the thermal efficiency of conversion 
The sociological feature 1s the difficulty of mtroducing 
a new method of domg something already accom- 
phshed by other means, for example, to replace 
refuse-burning cookers by solar cookers, but where 
the appleation 18 completely new, as for electricity 
generation or refrigeration, there 1s not the resistance 
of tradition 

As regards industrial countries, solar energy can 
only be integrated with other energy sources, and 
water heating 1s the most feasible application The 
prospects of success are greatest in the Mediterranean 
countries, decreasing but not necessarily bemg non- 
existent in the more temperate countries Much 
consideration was given. to the assessment of potential 
resources in all the fields of energy considered 
These data are particularly lacking as regards solar 
radiation and a much closer network of recording 
stations 1s required to assess the availability on a 
micro-chmatic hasis 

The final conclusions would appear to be 

Geothermal power is analogous to hydro-power, 
and obviously should be developed m the few localities 
where such sources exist, provided that the power can 
be transmitted to centres of population Wind- 
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power is an established factor in agricultural areas 
but development is needed before large wind-power 
generators can be constructed Utilization of solar 
energy 1s the most difficult of all to establish Pro- 
tagonists must have faith in the possibilities, some of 
which are not yet proved Similar situations have, 
however, arisen in other technologies now fully 
established and justified, for example, space travel, 
where the initial difficulties have eventually been 
overcome as unforeseen developments occurred The 
urgent needs are international co-operation to estab- 
lish satisfactory designs of equipment and the training 
in Europe and the United States of personnel from 
the user nations who can return to promote investiga- 
tions in their own countries 

The general impression 18 that the development 1n 
sıx years 18 not as great as would have been expected 
It 18, however, eneouraging to find that there are 
many people of high academic abihty in various 
countries who have enough faith to devote their whole, 
or at least & considerable proportion, of their time to 
the attamment of a deeper knowledge of the under- 
lymg principles of all these sources of energy and in 
particular of solar energy devices, 1n order to raise 
the existing standard of hving m under-developed 
countries Co-ordimated planning during the next 
six years should promote a significant mcrease in 
applications 

Long-term predictions for the future are necessarily 
uncertain, but there 1s no doubt that energy demands 
will grow more rapidly than the world population, 
which 1s expected to double by the year 2000, and 
that all sources of energy should be actively mvesti- 
gated and integrated The conference and discussions 
arising will undoubtedly promote these objectives, 
and lead to more successful international co-operation 
in. future developments H HsYwOOD 
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MICROWAVE MEASUREMENT TECHNIQUES 


CONFERENCE on the general subject of 
microwave measurements was held at the 
Institution of Electrical Engmeers during September 
6-8 A large audience of scientists and engineers from 
many countries assembled to consider some fifty 
papers covermg all aspects of modern microwave 
measurement 
In his introductory lecture, Prof H E. M. Barlow, 
of University College, London, stated that microwave 
measurement techniques could be grouped broadly 
under the following headings measurements using 
field probes, measurements depending on resonance 
arrangements, attenuation and phase shift measure- 
ments, noise measurements and power measure- 
ments, and that the general hmuits of accuracy of 
microwave measurements at the present day were of 
the order of + 01 per cent for impedance measure- 
ments, + 1 per cent for power measurements, and 
about +001 db up to 3 db for attentuation 
measurements 
Subsequent sessions of the conference considered 
most of these groups in detail 
Prof Barlow also described two new devices 
utihzmg the Hall effect for microwave power measure- 
ment In the first, a thm indrum arsenide crystal 18 
rotated continuously ın a wave-guide The resulting 
Hall Mr in the crystal ıs thus modulated at the 


rotation frequency, unlike the parasitic thermoelectric 
and rectified E M F s occurring at the crystal contacts, 
from which 1t can therefore be separated by a filter 
The second device was demonstrated, and comprised 
an array of Hall crystals ın cascade which could be 
used to measure high-power densities in free space 
The multiplicity of crystals helps to cancel out the 
unbalanced rectifier effects occurring at the con- 
tacts 

A supporting paper by R E Larson of the Boulder 
Laboratories of the U S National Bureau of Standards 
outhned the calibration facilities offered by the 
Electronic Calibration Center of the Bureau. These 
are ultimately mtended to cover the measurement of 
power, mpedance, frequency, attenuation and noise 
over the full frequency-range 300—40,000 Mc /s 

An interesting paper by Prof C. Susskind and 
P O Vogelhut, under the title “Cavity-perturbation 
Measurements of the Effect of Microwave Radiation 
on Protems", described experiments concerned with 
the biological effects of microwave radiation on 
living animals  Irradiating power densities of the 
order of 01 W Jem? produce significant changes 
of body temperature m muce, and accordingly 
the ‘tolerance’ level for human bemgs is accepted 
as 001 W/cm? Apart from the heating effect, 
microwave irradiation causes other biological 
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changes—in particular, ib brings about a change in 
the hydration-rate of protems The measurement 
problem mvolved ıs one of determining the values of 
complex permittivities of the order of 60 + 30 7, 
within times of the order of milliseconds ‘These are 
found by measurements of the Q and resonant-fre- 
quency shift of a resonator through which the sample 
18 passed at a constant rate 

J E Pearsonand J A Jane of the Radio Research 
Station (Department of Scientific and Industrial 
Research) underlined the need for power density 
monitors to measure power densities of the order of 
1-20 mW /cm ? for health hazard purposes  Calibra- 
tion of such meters requires a source of microwave 
energy of known power density and the authors 
described such a source utilizing parallel plate trans- 
mission line for frequencies between 0 3 and 1 5 Ge /s 

Further papers presented on the first day dealt 
mainly with the measurement of mmpedance, admit- 
tance and reflexion coefficients, although papers 
dealing with noise measurement and problems of 
measurement associated with travelling wave tubes 
were also included ‘The former group of papers was 
largely concerned with the less-conventional types of 
measuring equipment reflectometers, rotary standing 
wave indicators and 3-probe lines, together with an 
equipment for instantaneous impedance measurement 
described by P. Hargrave and S8 J Robmson of 
Mullard Research Laboratories, which utilizes seven 
coaxial hybrid rings, capable of giving the polar 
components of an impedance directly to within 
+ 10 per cent 

On the second day the subject of power measure- 
ment was reviewed in an mtroductory paper by 
Prof A L Cullen of the University of Sheffield 
The present position could be broadly summarized 
by stating that most mstruments for the measurement 
of microwave power are accurate to within about 
+ 2 per cent, although considerable difficulties still 
exist 1n providing reliable apparatus for the measure- 
ment of small powers, particularly at the higher fre- 
quencies Among hitherto unutilized effects suggested 
by Prof Cullen which might find application 1n future 
power-measurmg devices were the use of electro- 
strictive and magnetostrictive materials to convert 
electromagnetic field energy mto mechanical move- 
ment and the use of the saturation-level of maser-type 
devices, which occurs with mcreased pump-power, as 
& reference standard A further simular scheme, 
using second-order saturation effects in ferrites, was 
put forward as bemg possible by Dr P J B 
Clarricoats of the Queen’s University of Belfast 
Prof Cullen also suggested that it should be possible 
to make a wattmeter depending on the detection of 
the change of electromagnetic angular momentum 
occurring when circularly polarized waves are incident 
at a conical surface 

“A Survey of Microwave Power Measurement 
Techniques employed at the National Bureau of 
Standards (US A )” was presented by G F Engen, 
who dealt m detail with problems of bolometric 
measurement errors and mount efficiency. 

J A Lane gave a “Comparison of Power Measuring 
Standards at Microwave Frequencies”, indicating that 
measurements of the efficiency of numerous bolometer 
mounts conducted m various countries, whether 
determined by mucrocalorimeters, film bolometers, 
impedance measurement or torque vane wattmeters, 
were all in good agreement at power-levels of the 
order of 1-2 mW ‘The latter three methods exhibited 
errors generally of the order of + 1-2 per cent, while 
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rather better accuracy was possible with the micro- 
calorimeter 

An interesting new instrument for the measurement 
of power was described by Dr E Aes of Budapest 
The power to be measured 1s absorbed m a film 
bolometer element termmating a waveguide and the 
consequent heating of the surrounding air causes air 
convection currents in an adjacent channel The 
convected air stream impinges on & vane, the resulting 
deflexion of which ıs dependent on the power dissi- 
pated in the film. 

Further papers by Prof Barlow and D Woods 
of the Ministry of Aviation described respectively a 
suggested method for the measurement of high- 
frequency power using a thm crystal of indium 
antimonide placed edge-on to the ineident wave (it 
can be shown that in the absence of reflexions from 
the crystal edges the Hall voltage 1s directly propor- 
tional to the transmitted power), and a coaxial 
milhvoltmeter/milrwattmeter which uses a silicon 
diode to measure voltage and power to withm 05 
per cent and 15 per cent, respectively, at all fre- 
quencies from dec to 1 Ge /s 

L. Lewm and G H. B Thompson of Standard 
Telecommunieation Laboratories, Ltd, mtroducing 
the afternoon session, read a paper emphasizing the 
difficulty of ‘‘Measurements in Microstrip’ The 
reasons for the present unsatisfactory state of affairs 
are first, the lack of a simple theory on the basis of 
which components can be designed and, secondly, no 
satisfactory insertion type detector yet exists. 

Two papers presented by R J Turner of the Post 
Office Research Station (one in collaboration with 
D L Lisney) covered equipment used for the measure- 
ment of group delay and insertion loss of wave-guide 
networks ın the 3 8-42 Mc/s band for use in the 
testing of components for microwave hnks used for 
multi-channel telephony and television transmission 
Other papers dealt with the measurement of wave- 
guide attentuation, measurement of dispersion 
of disk-loaded wave-guide and of propagation co- 
efficients m wave-guides with unknown but symmetn- 
cal mput and output couphng Among a group of 
papers devoted to attenuators, a paper on “‘Resistive 
Attenuators and their Calibration”, by D A J 
Walhker of Decca Radar, Ltd, dealt specifically 
with the use of metallized glass vanes and their 
mounts Such attenuators with micrometer adjust- 
ment can yield accuracies of 0 04 db /micrometer 
division at 40-db level in size 10 guide, with resetting 
accuracies up to an order of magnitude better than 
this An attenuator of thus type m size 16 guide has 
retained its cahbration withm + 003 db over a 
five-year period of laboratory use Practical eahbra- 
tion systems for S and X band attenuators and their 
general specifications were also described 

The final mornmg was devoted specrfically to 
millimetre wave techniques, the papers presented 
fallng into two distinct groups, namely, those con- 
cerned with H,, circular wave-guide transmission 
and those concerned with other topics The former 
group included a paper by R Hamer and R J 
Westcott of the Post Office Radio Research Laboratory 
on the measurement of attenuation in short lengths of 
circular guide The Q factor (—105) of a length of 
guide under test, when used as a resonator, was 
measured by comparing the resonator response curve 
when excited by a swept frequency oscillator with that 
of a standard reference resonator of lower Q The 
response curves of the two resonators are matched 
by adjustment of the display sweep frequency and 
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amplitude, the attenuation constant bemg deduced 
from the readings of the attenuators used to achieve 
this control. The ratio of measured to theoretical 
attenuation for plam copper guide and copper or 
aluminium helix guide was of the order of 1:4 at 
35 Ge /s for a 2-in diameter guide in all cases 

R F Skedd of the Standard Telephone Laboratories 
discussed the generation, and measurement of attenua- 
tion, of unwanted modes associated with long-haul 
wave-guides, while a paper by Dr. A E. Karbowiak, 
G Craven and V H Knight of the same establish- 
ment described an equipment for the automatic 
recording of wave-guide attenuation This apparatus 
was capable of recording the variation of attentuation 
with frequency over the whole of the 40-80 Ge /s 
band 1n & space of about 4 hr —an operation which, 
without the degree of automation used, would require 
some thousands of independent sets of measurements 
An additional paper by Dr. Karbowiak and Mr. Skedd 
was concerned with an instrument for the accurate 
determination of relative surface losses in the mulh- 
metric band 

Among the other papers, Dr J Brown and Dr. A P. 
Anderson of University College, London, dealt with 
the use of a single crystal as a harmonic generator 
and as a detector at a wave-length of 4 mm Such 
an arrangement with the addition of a simple ferrite 
modulator has been used to measure the impedance 
of wave-guide components at 4 mm, as well as to 
determine the permittivity of liquid. dielectrics 

W. L Bireh of the General Electric Co Hirst 
Research Centre described a milliwattmeter capable 
of detecting changes of power ~ 10 pW. for the 
70-80 Ge /s band m which the power to be measured 
18 absorbed m a carbon load, the temperature rise 
in which 1s detected by a thermopile with which ıb 
18 in thermal contact A further wattmeter for use 
at millmetric wave-lengths was demonstrated by 
Dr. H A French of AS W.E, Portsdown, and 
Prof. A L Cullen The instrument was of the oscil- 
lating torque vane type, was capable of measuring 
power as low as 100 uW , and, like its predecessors, 
was also capable of absolute calibration 

The construction of Fabry—Pérot mterferometers 
and thew use for the measurement of permittivity 
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of such substances as T10, was then considered m 
two papers by Dr W Culshaw and M V Anderson 
of General Telephone and Electronics Laboratories 
Ine, Califorma, and by Dr J. S Seeley and J C 
Wilhams of Queen Mary College (University of 
London) 

The final session was concerned with measurements 
on materials Prof Barlow described a method for 
the measurement of permittivity of high-loss dielec- 
tries in which the specimen under test was located 
In an evanescent guide coupled to a resonant cavity, 
thus avoiding the disturbance of the field which 
normally results when the specimen 1s located within 
the cavity. For dielectrics with small losses Prof. 
G B. Walker and S P. Luthra of the University of 
British Columbia used ‘ghost modes’ for the determ- 
mation of complex permittivity. A disk specimen 
of the dielectric 1s located ın a wave-guide and a 
resonant mode of the specimen—the ‘ghost mode— 
is excited, the latter bemg a mode m which the 
fields outside the specimen are strongly evanescent 
and thus contain little stored energy The hmuta- 
tions of the technique were discussed and a further 
paper by Prof Walker and Messrs J M. Free and 
M. E. B Moffat of the University of Oxford showed 
how these as well as normal cavity techniques could 
be used for the investigation of the properties of 
titanium dioxide and magnesium titanate ceramics 
at S, X, J and Q bands Dr Hamer and Mr 
Westcott described a method of measuring the 
complex permittivity of dielectric films while R B 
Nichols and A. E Brown of Elhott Bros spoke about 
an apparatus for grading dielectric cubes according 
to their exact permittivity The cubes, used for the 
fabrication of Luneberg lenses, possess permittivities 
lying between 1 and 2 which are determined by 
notmg the position at which resonance occurs, as & 
movable plunger sweeps the cube through a test 
cavity. Further papers by Dr. Clarricoats and by 
C P Aron of Morganite Research and Develop- 
ment, Ltd , described a srmple wave-guide method for 
the determmation of the permittivity of cylindrical 
dielectric rods and an apparatus for the measurement 
of the tensor susceptibility of ferrite materials 

G D Sms 
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PROGRESS IN MICROCHEMICAL METHODS AND TECHNIQUES 


HE 1961 International Symposium on Micro- 
chemical Techniques, organized by the Metro- 
poltan Microchemical Society of the United States 
under the sponsorship of the Commission on Micro- 
chemical Techniques, Section of Analytical Chemistry, 
International Union of Pure and Apphed Chemistry, 
was held during August 13-18, at Pennsylvania State 
University, University Park, Pennsylvania The 
excellent accommodation and facilities made possible 
an informa! atmosphere of fellowship and individual 
contacts The purpose of the symposium was to 
provide a forum for the interchange of mformation 
and ideas among technologists from all parts of the 
world concerning new methods and techniques or 
unique applications of microchemical or mucro- 
analytical mterest 
The symposium was inter-disciplinary both with 
respect to the interests of the almost five hundred 
technologists attending and the technical programme 


of ninety-five papers and lectures. The symposium 
was truly international 1n character with more than 
twenty countries represented. Travel of many 
speakers to the United States was supported by a 
generous rosearch grant from the National Institutes 
of Health, US Public Health Service. 

The technica] sessions and plenary lectures were 
supplemented by a three-day commercial exhibition 
of equipment, apparatus, specialities and literature, 
by sıx panel discussions, film sessions on the history 
of microchemistry and research advances, & practical 
demonstration session, a popular lecture, and by 
various social events 

The plenary lectures were of salent interest H. 
Lieb (Austria) delineated the history of mucro- 
chemical techniques and A A  Benedetti-Pichler 
(United States) the development of mierochemistry 
in the United States D. Van Slyke (United States) 
surveyed the evolution of micro-gasometric methods 
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of analysis, a field ın which he has long pioneered. 
E Sawicki (United States) considered the present 
status of micro methods for the sensitive and selective 
detection and determination of aldehydes and alde- 
hyde-yirelding substances, emphasizing his own suc- 
cessful studies R Belcher (England) exammed 
methods developed for the determination of elements 
and functional groups in organic compounds using 
sample weights of 30-50 ugm , an area in which he 
and his co-workers have made notable advances 
N D Cheronis (United States) discussed the chal- 
lenges encountered in the characterization of organic 
compounds at the microgram and especially the 
submicrogramrange It appears that many character- 
ization reactions are so slow at concentrations less 
than about 10-5 molar that operationally they may 
be considered as not occurring The technical papers 
covered the entire gamut of mucrochemical and 
mucroanalytical interests, and, ın almost all cases, 
piesented novel and previously unpublished research 
findings 

A special session on thermo-microscopic methods 
due to L Kofler was prefaced by a short talk by A 
Kofler (Austria), which reviewed the course of 
her husband's hot-stage expermments A. Lacourt 
and N Delande (Belgium) reported an extended 
investigation of the identification of some sixteen 
amino-acids by the hot-stage observation of eutectic 
temperatures with twenty-five different components, 
of which oxalic acid and dicyandiamide appear 
especially good Of the general papers on muero- 
scopy, that of L W. Gamble (United States) was 
especially noteworthy, 1t introduced. a new approach 
for the characterization of aliphatic hydrocarbons, 
namely, microscopic study of their crystalline urea 
and thiourea, adducts E Wiesenberger (Germany) 
described how the electron microscope could be used 
somewhat analogously to the lght microscope for 
the detection of substances via the observation of 
chemical reactions The reactions, largely precipita- 
tion of metal 1ons with suitable reagents or electrical 
or chemical reduction to metals, are conducted on 
the special carriers used m electron microscopy within 
a field of 0004 mm?. E. Waldmann (Switzerland) 
considered the systematic differentiation and identa- 
fication of crystaline deposits m body tissue by 
microscopic tests 

Inorganic microanalysis was represented by many 
significant papers. Those of H Flaschka and 
P O Sawyer (United States) and of A. Rmgbom 
(Finland) emphasized the value of photometric 
titrations for metal 10ns present ın small amounts or 
at extremely low concentrations usmg either ethylene- 
diaminetetraacetate or a chelating chromogenic 
agent as titrant Sawyer and Flaschka also described 
an elegant micro- and ultramicro-phototitrator using 
as the lght-sensing element a commercial semi- 
conducting photodiode responding m such a small 
angular range that titrations may be performed m 
open dayhght. J Zyka (Czechoslovakia) recom- 
mended lead tetraacetate as an oxidizmg titrant 
for the potentiometric titration of various metals 
and organic compounds ın acetic acid or ın an aqueous 
medium containmg mineral acid. R. Pribil and F. 
Vydra (Czechoslovakia) based a simple oxidimetric 
microtitration of cobalt on the finding that iron(III) 
oxidizes ehromium(IT) in the presence of 1,10-phen- 
anthrohne or 2,2’-bipyridyl, which also masks many 
interfering cations by complexation. L Erdey and 
G Svehla (Hungary) described the chronometric 
determmation of metal 10ns based on their catalysis 
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of suitable reactions m which the elapsed time 18 
recorded between mixing and the appearance of the 
Landolt effect, the peroxide-iodide reaction permits 
the determination of 01 ugm of molybdenum within 
99 per cent accuracy 

Quantitative elemental organic analysis, as a 
major subject for microchemical research, was con- 
sidered im many papers In the combustion analysis 
for carbon, hydrogen and sulphur, C Maresh and 
co-workers (United States) proposed a gas chromato- 
graphic finsh. H Malissa and E Pell (Austria) 
reported on their recent investigations on the com- 
plete automation of the mucro-determination of 
carbon, hydrogen and sulphur A M G Macdonald 
and Y Gawargious (England) gave the results of a 
comparative study of various high catalytic fillings 
in the combustion analysis for carbon and hydrogen, 
cobaltic oxide appeared to be the most satisfactory 
for general work J A Kuck and co-workers 
(United States) described an instrumented combustion 
method for carbon and hydrogen m which carbon 
dioxide is assessed by infra-red absorptiometry and 
hydrogen by thermal conductivity 

G Ingram (England) mtroduced a direct ignition 
in an oxygen-filled chamber at 850° C for the determ- 
ination of carbon, hydrogen, halogens and sulphur, 
the combustion products are swept mto appropriate 
absorbing reagents and determined. The method 
requires only 30 min or less per sample and 1s 
applicable to difficult materials, such as organic 
fluorine or phosphorus compounds W G. Guldner 
and A L. Beach (United States) based a rapid micro 
determination of oxygen on pyrolysis of the organic 
sample m a helium stream in an induction-heated 
graphite crucible and oxidation of the carbon mon- 
oxide, after trappmg of unsaturated compounds, to 
carbon dioxide, which is absorbed in barrum hydroxide 
solution and determined conductometrically J. L. 
Brownlee, jun (United States), presented an intrigu- 
ing approach to the determination of oxygen in 
organic compounds involving a_neutron-mduced 
reaction in an atomic reactor, namely ‘*Li(n,a)®H, 
16Q(t,n)18F; fluorine-18 1s separated and determined 
radiochemically 

Noteworthy papers in organic functional group 
analysis included that of J E. Zarembo and M. M. 
Watts (United States) on the determination of the 
earbodunude function, of E Sawicki and co-workers 
(Umted States) on a highly sensitive spectrophoto- 
metric determination of azuelene, and of W Merz 
(Germany) on the determination of active hydrogen 
using alkyl-substituted metal alummium hydrides 
C A Rush and J I Miller (United States) proposed 
barium isopropyl methylphosphonate as a rigorous 
reference standard for carbon, hydrogen, phosphorus, 
barum and alkoxyl S R Paht and P Ghosh 
(India) based a determination of acids, bases and salts 
at micromolar concentrations in benzene on the colour 
behaviour with rhodamine and certain other dyes 
previously extracted by benzene under specific 
conditions M. Bobtelsky (Israel) considered his 
recent research work with mucroheterometry in 
work on the reactions and nature of large organic 
molecules, including dye lakes and metal-protem 
complexes 

Physical measurements on the micro scale also 
received attention The use of a dynamic flow 
technique in place of the usual static drop method 
was recommended by C. L Ogg and co-workers 
(United States) for the thermistorized determination 
of molecular weight W Simon and co-workers 
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(Switzerland) described refined thermistor circuitry 
and instrumentation for the routine, precise determ- 
ination of molecular weight using a sample weight of 
only 25 mgm for a molecular weight of 500 P D. 
Garn and J E Kessler (United States) demonstrated 
that thermal analysis is feasible for sample weights 
less than 1 mgm by the use of appropriately designed 
sample holders 

In the session on nueleones, G F Morrison and 
J F Cosgrove (United States) described the applica- 
tion of neutron activation to the sensitive determ- 
ination of the copper activator m single crystals of 
electroluminescent zinc sulphide weighing less than 
500 ugm. B A Thompson (United States) considered 
how radiochemical techniques and especially neutron 
activation could be apphed to the determmation of 
the prmcipal components, trace impurities and 
thickness of metal films a few angstroms m thickness 
and one square centimetre in area, such films are 
encountered in the performance and design of 
electronic devices, including vacuum tubes M T 
Kelley (United States) reviewed. the present status 
of the analysis of highly radioactive reactor fuels and 
spent products using liquid samples of 5-700 ul, 
coulometry, spectrophotometry, flame photometry, 
emission spectroscopy, titrimetry and radiometry, 
and density measurements are feasible by remote 
controlled, automatic or ‘slave’ manipulated opera- 
tions A Holasek and co-workers (Austria) explained 
the difficulties and operational problems encountered 
in the synthesis of milligram amounts of fatty acids 
and esters labelled with carbon-14, and considered 
salent factors mvolved in the selection of suitable 
synthetic methods 

Chromatographic methods were the subject of 
many interesting papers E. G Wollsh (United 
States) considered critically the accelerating interest 
in alumina and silicic acid for thin-layer chromato- 
graphy m the separation and identification of organic 
compounds, including drugs. H K Mangold and 
co-workers (United States) exemplified how thin- 
layer chromatography acts as a valuable analytical 
and preparative tool m hpid chemistry L $8 
Ettre and W Averill (United States) demonstrated 
how new gas chromatographic instrumentation using 
capillary (Golay) columns and ultra-sensitive detectors 
permit the direct analysis of trace components m 
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samples of micro-size, and set forth criteria for the 
selection of methods and mstrumentation L Wiesner 
and W -J Schmidt-Kuster (Germany) described the 
gas-chromatographic performance of a new integrat- 
ing counter-detector using a flow-type proportional 
counter eontaming a source of 1onizing radiation and 
used with a suitable scaler T S Ma and M Gutter- 
son (United States) recommended gas chromato- 
graphy ın the determination of several organic func- 
tional groups S Patton (United States) considered 
the identification of food flavours using a diversity 
of techniques including gas, paper and column 
chromatography, and the study of the dinitrophenyl- 
hydrazones of volatile keto-compounds Paper 
chromatography was applied by B Bobranski and 
L Syper (Poland) to the identification of drugs 
contamung unsaturated radicals following reaction 
with mercuric acetate A K. Dey and E J Singh 
(India) explained the behaviour and application of 
various complexing agents in the separation of metal 
ions by the Weisz ring-oven technique 

The contemporary position of small-scale methods 
in the teaching of chemistry at the secondary school 
and collegiate levels was assessed 1n a special session 
with speakers from Northern Ireland (C L Wilson, 
N N Gilpm), England (J B Headridge, H Holness), 
and the United States (N D Cheronis, T S Ma and 
J. A Kuck). A Steyermark (United States) con- 
sidered the traming of chemists ın industry in quanti- 
tative organic analysis 

When the Proceedings of this symposium become 
available as a single volume (Interscience, early 
1962), the mterested technologist will be able to 
ascertain the position of microchemstry and micro- 
analysis for 1961 in the spectrum of scientific activity, 
and to comprehend the 1esearch trends that will 
yield the ‘to-morrow’ of these disciplines In brief, 
mierochemieal and mucroanalytical research faces 
contmuing challenges with ever smaller samples, 
ever more minute components, coupled with demands 
for adequate accuracy, precision and rapidity Im- 
proved instrumentation, automation and new tech- 
niques and reagents, coupled with re-assessment of 
present methods and approaches, will energize further 
advances 
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INSECT POLYMORPHISM 


SYMPOSIUM on polymorphism ın insects, 
A organized by the Royal Entomological Society 
of London, was held at the Imperial College of Science 
and Technology, London, during September 21-22 
The president, Prof G C Varley, was in the chair 
at the first meeting and expressed a hope that special 
attention would be directed to the agencies promoting 
and controlling this type of variation 
Prof O W Richards, in a general mtroduction, 
stated that polymorphism 1s very widespread among 
the msects and. occurs ın all the major orders The 
metamorphosis of insects, itself a mode of polymorph- 
ism, perhaps makes them especially prone to such 
variation There are two principal types of poly- 
morphism the genetic type, where two or more 
genotypes co-exist m a state of balance, and the 
induced type, m which some variable environmental 
factor such as population-density, food, day-length 


or temperature leads to the development of two or 
more kinds of individual 1n a species 

Dr E. B Ford, ın an account of the theory of 
genetic polymorphism, stated that the standard 
examples are only special eases of & more general 
phenomenon which is often overlooked when the 
characters involved are not easily visible ‘This 18 the 
tendency for selection to favour the heterozygote 
over both homozygotes when, after some change in 
the environment, a rare major gene begins to spread 
The favourable effects of the gene will tend to become 
dommant and the unfavourable ones recessive, 
and the heterozygote will have all the advantages and 
none of the disadvantages of the homozygotes. Where 
polymorphism results from the interaction of several 
genes, the whole complex 1s controlled by a supergene, 
the hnk between the units of which may be strength- 


-ened by a chromosome inversion The original effects 
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of the controlhng mechanism are always lable to 
evolutionary change by selection of the remainder of 
the gene-complex 

Dr P M Sheppard then reported on recent work on 
polymorphic mimetic swallowta:l butterflies Know- 
ledge of the way m which mimicry arises and 1s 
maintamed makes possible a number of predictions 
as to how the polymorphism should be controlled 
genetically These predictions can then be compared 
with the genetics of the polymorphic mimics so far 
as these have been unravelled The most stmking 
results have been obtamed in the African Papuo 
dardanus, m which several different forms of female, 
some mimetic and some not, correspond to a single 
type of male Recently, methods have been devised 
for breeding the butterfly artificially in England and 
8 genetic analysis combined with field data on popula- 
tion statistics show a good agreement with theoretical 
predictions 

Prof T Dobzhansky dealt with the dynamics of 
chromosomal polymorphism in Drosophila In the 
giant chromosomes of the larval salivary glands one 
can recognize individuals which as a result of imversions 
of parts of chromosomes have different gene arrange- 
ments Several chromosomal types may occur m 
one population and their proportion may be constant, 
vary seasonally, or over longer periods, or geographic- 
ally Such changes m proportion may directly 
demonstrate the action of natural selection and allow 
calculation of the selective advantages of the poly- 
morphs The mere order of the genes may itself be 
an element in the fitness of a polymorph, but perhaps 
more often an inversion by suppiessmg crossing-over 
preserves an arrangement which gives an advantage 
to heterozygotes Several of the field phenomena 
can be reproduced in cage populations. The propor- 
tions of the polymorphs are easily modified by 
changes in the environment or in the genetic back- 
ground Crosses with stocks from widely separated 
sources have an unpredictable effect on the propor- 
tions of the inversions because of the large number of 
alternative backgrounds provided, 

The next four contributions were concerned with 
familar examples of non-genetic polymorphism, 
namely, in Hymenoptera, 1n termites, in aphids and 
in locusts Prof C D Michener dealt with the first 
topic and showed that in only a few bees and 1n ants 
is the worker caste sharply different from the queen 
In most social bees and ın wasps the differences aro 
sight and overlapping, occurrmg mainly in behaviour 
and physiology, but in several ants the worker caste 
18 itself polymorphic. In the least differentiated castes 
of some halictine bees, the slight differences arise 
in the adult stage but the castes of all other Hymenop- 
tera, except perhaps Melwpona, seem to depend on 
differences ın nutrition, sometimes interacting with 
temperature At some pomt m development, how- 
ever, the caste becomes determmed In Phe:dole, 
the workers produced from a queen’s first batch of 
eggs are small, even if they were well fed, the type 
of worker is thus determined ın the egg, but perhaps 
here through the nutrition of the queen whieh laid 
them ‘The selective advantages of the castes of 
advanced insect societies 18 clear but their evolution 
18 anomalous, since the first step seems to be the 
reduction of fertility im some individuals However, 
it appears that economy of labour and better de- 
fence of the nest make even the most primitive 
social organization (one queen and one worker in 
some halctme bees) more viable than isolated 
queens. 
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Dr M Luscher gave an account of social control 
of polymorphism ın termites, one of the most astound- 
ing of all forms of social regulation ın animals 
Termites may have up to seven different castes in 
most of which each sex 1s equally represented The 
newly hatched insect 1s capable of developing into 
any of the castes by a series of moults Some forms 
may also have regressive moults leading back to an 
earher stage m the series Caste determination 
mainly acts by directing moults m the required 
direction, but the workers may also reduce a caste 
to its correct proportions by selective cannibalism 
The direction of moults 18 fluenced by active sub- 
stances or pheromones which are exchanged among 
members of the colony This 1s most clearly estab- 
hshed in the mhibition of the reproductive caste by 
members of the same caste already present Luscher 
has shown by fixing a queen im a screen so that her 
head 18 1n one colony and her abdomen in another, 
and then varnishing over parts of her body, that the 
active substance comes from the anus Complete 
mhibition, however, requires the presence of a male 
as well as a female reproductive, so that there seem 
to be two substances Another one 1s probably 
involved in the inhibition of the soldier caste There 
are also stimulating substances, more males, for 
example, bemg produced in a colony with a queen 
but no kmg than m one without either Termites 
are only responsive to such influences for part of the 
time intervening between each moult The substances 
probably act through an effect on the ductless glands 
ofthe imsect There may be as many as eight different 
pheromones, but none ıs as yet chemically determ- 
ined, 

Dr. A D Lees then described the clonal poly- 
morphism of aphids, especially in Megoura «wae 
Aphids may reproduce viviparously and partheno- 
genetically or be fertilized and lay eggs They may 
be winged or apterous and there 1s more than one 
kind of wmgless female The full development of 
some of the morphal characters may appear gradually 
during several successive generations Other morphs 
(for example, sexual-parthenogenetic) are strict 
alternatives Controlling mechanisms are almost all 
environmental, acting through the endocrme system 
Aphid reproduction is extremely piecocious so that 
an embryo will already have ovulated at 1ts deposition 
and ıb 18 thus necessary to determine which of the 
three generations is bemg affected Males can bo 
suppressed by suttable temperatures or in some 
species photoperiod but are othe: wise produced in a 
characteristic percentage ^ Egg-laying females are 
produced at photoperiods of less than 15 hr and 
temperatures of about 15? C Winged forms arise 
as a result of crowdmg and this 1s not an indirect 
effect acting through the host-plant There 1s also an 
‘interval-time1’ which does not allow sexual forms 
to be produced for some time (50-60 days at 15° C) 
By selecting the first and last members of each gen- 
eration to start separate lines, 1t can be shown that 
the interval is a matter of days and not of genera- 
tions 

Continuous polymorphism in locusts described by 
Dr. J. S Kennedy 1s different from most of the other 
examples m that the morphological differences are 
relatively slight and mtermediates are often commoner 
than the extremes Yet not only the morphology but 
also almost every aspect of behaviour and physiology 
are somehow affected Phase transformation 1s largely 
controled by population-density, which may act 
directly or on the previous generation. Genetic 
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make-up, temperature and other factors may also 
have some mmportance The solitary phase may be 
regarded as more Juvenile than the gregarious one, 
and recent experiments have shown that the prothor- 
acic gland which normally determines a juvenile 
morphology persists throughout life m the solitara 
although disappearing early m the adult gregaria 
Dr Kennedy suggested that solitaria is adapted to 
a ‘soft’ habitat where food 1s available without much 
movement Gregaria is suited to a ‘hard’ habitat 
which can be exploited only by the contmuous move- 
ment which 1s typical of the phase. The poly- 
morphism as a whole allows the species to ex- 
plot a much wider habitat than one phase could 
alone 

Dr J H Sang, speaking on the environmental 
control of mutant expression, dealt with a develop- 
mental problem In the course of growth & gene 
may produce'a graded response m an enzyme which 
nevertheless has a discontinuous effect on adult 
development Thus the gene ‘antennaless’ m 
Drosophila determines 0, 1 and 2 antennz but nearly 
always perfect structures This 18 because the action 
of the gene occurs during a very short but well- 
defined period, namely, between the seventieth and 
eightieth hours of larval growth. This 1s shown by 
transferrmg larve of various ages to a different culture 
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medium, for the effect of the gene can largely be 
nulhfied by suitable food. Such examples suggest 
how polymorphism might be determined by either 
a genetic or an environmental switch mechanism, 
m which influences at the right state of growth may 
produce large and discontinuous changes 1n the adult 

Prof V B Wigglesworth, m a tentative synthesis, 
drew analogies between the polymorphism of ceils in 
different parts of the body, the polymorphic aspect 
of msect metamorphosis and the phenomena which 
the other speakers had discussed He showed that 
there seemed to be a complete transition from 
variation ın which genetic determination was almost 
absolute to that m which external environmental 
factors decided between several alternatives 

The animated discussion which followed the invited 
contributions did not brmg forward many really 
new points but was chiefly concerned with the 
relative importance of genetic and non-genetie factors 
in particular examples Terminology was also 
discussed, and some speakers were unwilhng to speak 
of polymorphism unless the variations were clearly 
discontinuous The suggestion, however, was made 
that the best distmction was between situations in 
which there 18 selection for inereased variability as 
opposed to the more normal case where deviations 
are discouraged O W RICHARDS 
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MOLECULAR BIOLOGY AND POPULATION STRUCTURE 


SYMPOSIUM on “‘Moleculaı Biology and 
Population Structure’ was held at Norwich 
on the afternoon of September 4 at a joint session of 
Sections D (Zoology) and K (Botany) of the British 
Association for the Advancement of Science The 
aim of the symposium was not so much to present 
new discoveries as to demonstrate to the audience 
the interrelations of recent discoveries in these fields, 
and to discuss some of their implications 
The symposium was opened by Dr T. Alderson 
(British Empire Cancer Campaign), who described. 
what we know of the structure of deoxyribonucleic 
acid (DNA) and brought out some of the evidence 
that genetic differences as we observe them are the 
resultant effects of differences of DNA molecules 
Dr J A Pateman (University of Cambridge) followed 
with a discussion of the evidence that gene differences 
have their effects by influencing the structure of 
protein molecules, though ın discussing, at the end of 
his review, the recently discovered class of genes that 
appear to have the capacity of "turning on and off” 
whole metabolic sequences, he pointed out that there 
is evidence that these do not operate by producing 
protems These new regulator genes may well 
prove of major importance for our understanding of 
differentiation Prof H. Gruneberg (University 
College, London) then made the connexion between 
enzymes and more conventional characters by 
describing some beautiful examples, from his work 
with mice, which showed how the little 1nvisrble differ- 
ences in chemical structure may be magnified during 
embryological development mto the larger more 
obvious differences with which the study of genetics 
began 
At this pomt the symposium turned to what at 
first sight was another topic altogether, when Prof 
J. M Thoday (University of Cambridge) described 


how a variety of genes may be maintamed in a 
population if that population were exposed to a variety 
of demands Dr P M Sheppard (University of 
Liverpool) then went on to discuss some of the 
evidence, illustrated from his work on butterflies, 
that the variety of genetic types m a population are 
not only directly adapted to the variety of conditions 
which the members of the population can exploit 
to promote survival. but must also be adapted to one 
another The population 18 an integrated unit, and 
over the generations the genetic contents of different 
components of the population are judged not only 
by ther individual success but also by the degree 
to which they co-operate with one another when 
brought together in sexual reproduction The 
chromosomes of a population have not only to have 
genetic properties that are to be understood in terms 
of the needs of individuals but also other genetic 
properties only to be understood in terms of the 
population as a whole Among other things the 
chromosomes of different dividuals have to be co- 
adapted to one another 1f the population 1s to function 
successfully over the generations 

Dr C. A Clarke (Royal Infirmary, Liverpool) 
followed Dr Sheppard with a little of the evidence 
that all these principles apply to man just as much as 
to Drosoplala, or butterfhes 

Prof J M Thoday gave the final paper He 
pointed out that the two most striking discoveries of 
modern genetics had been brought together in this 
symposium 

The first discovery concerns the molecular nature 
of the genetic material It has, of course, long been 
supposed that genes are molecules of some sort or 
another, but the precise knowledge of their molecular 
nature we are now acquirmg is one of the most 
spectacular achievements of biology 
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The second discovery 18 of a different kind and was 
less expected. Both mathematical studies concerning 
the way genes might be supposed to behave m popula- 
tions, and the biochemical concept that genetic 
variation means variation of the enzyme content of 
individuals, led us to expect that a population should 
be rather uniform genetically, each individual having 
much the same genetic make-up as other individuals 
Further, this 18 the expectation we seem mstinetively 
to tend towards in our attitude to our own popula- 
tions, 1n our concept that the people we know and 
with whom we have a sense of belonging are essentially 
like ourselves 

It was this belief in the relative genetic uniformity 
of populations that gave such interest to the pioneer 
investigation of cases of obviously polymorphic 
populations which formed evident and strikmg 
exceptions to this expectation. Polymorphic popula- 
tions are populations ın which two alternative genes 
are both frequent, whereas simple theory would lead 
us to expect one to oust the other so that the popula- 
tion would tend to uniformity One case of poly- 
morphism, sickle-cell anemia in man, mentioned m 
a number of the papers, provides an example where 
population genetics and molecular biology tie up 
closely together 

Study of such polymorphisms not only led to their 
explanation but also helped us to make the discovery 
that cases of polymorphism such as Dr Sheppard 
discussed are far from being exceptional They are 
only the striking and obvious examples of what 18 a 
normal phenomenon For the expectation of genetic 
uniformity 18 not m the least borne out by fact ın 
any well-studied population The facts are quite 
contrary. Populations of sexually reproduced species 
consist of a wide variety of genetically different 
individuals and the genetic differences are m fact 
usually greater than the differences that we can see 
So great 1s this genetic variety that we may go so far 
as to say that no two individuals (apart from identical 
twins) are genetically alike This applies not only to 
fies and butterflies but also to man, in fact the 
evidence that it ıs true for man ıs probably more 
complete than it ıs for any other organism Each 
of us 1s genetically different from all the others. 
This genetic or biochemical indrviduahty 18 one of the 
major facts of hfe 

Along with the discovery of this genetic, or bio- 
chemical, individuality has come explanation of 16 at 
least ın general terms The basic explanations are two 

The first invokes the fact that we live, and all our 
ancestors have lived, ın an environment that changes 
slowly with time It changes as the climate changes, 
and ıt changes as other organisms change We, 
that 1s the species to which we belong, have therefore 
inherited from the ancestral populations from which 
we have descended the means to change as the 
environment changes, a means that permits change in 
directions the necessity of which could not be foreseen. 
Sexual reproduction which permits the generation 
of a variety of genetically different mdividuals, and 
death, which permits the ehmunation of those indi- 
viduals less-well adapted or no longer adapted to the 
environment, provide that means of change Sexual 
reproduction, however, only permits the generation 
of & variety of genetically new individuals, it does 
not ensure it unless there already is a variety of 
individuals. Hence, in the long term, natural selec- 
tion in & changing environment must result m the 
continued survival only of populations that contam 
and always contamed enough genetic variety to be 
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able to produce the new variants that new environ- 
ments require. 

The second explanation 18 one which has developed 
more recently It1s not an alternative to but supple- 
ments the first This explanation mvokes the fact 
that the environment m which a population lives 1s 
not uniform in space Different parts of the popula- 
tion meet different environments Hence we must 
expect that, m different parts of a population, genetic- 
ally different kinds will tend to be the fitter, so that 
variation of the environment in space must lead to 
the selection of genetical variety within the popula- 
tion The results of the laboratory work done to test 
this view lead to the conclusion that this 1s a most 
powerful factor, selection for variety 1s astonishingly 
successful 

We therefore begin to have an understanding of 
the function in hfe of this surprismg biochemical 
variety that has been found m natural populations 
It ıs the basis of the means of mamtainmg the 
population successfully m conditions that vary with 
space and change with time, and 16 1s the prerequisite 
of mnovation 

Prof Thoday went on to discuss at some length 
some of the implications of this knowledge as it 
applied to man, pomting out that, though we know 
little of the genetics of normal variation m man and 
need much research on it, we do know enough to 
be sure that within the range of what are called 
normal humans there 1s every sort of variety to be 
found Each of us 1s different in molecular constitu- 
ents that affect all classes of characteristics, whether 
physical or mental How much vitamin we need to 
remain. healthy, what our normal blood pressure 18, 
what our taste preferences may be, how sociable we 
are, how quick m the uptake, how hable to fall to 
temptation, most things will be affected by our 
mnate molecular constitution as well as by our 
upbringing 

This 1s not to deny the plastic adaptability of 
Homo sapiens. Plasticity of the individual 18 one 
of the strikmg properties of man, and environment 
m the general sense, which includes other people 
and upbringing in particular, can have great effects 
on the characteristics of human individuals Never- 
theless, we may be sure that the effect that a particular 
environment and upbringing will have on one man 
will differ from its effects on other men Ther genetic 
differences will ensure that this 1s so 

Now this 1s a consequence of our knowledge to 
which we shall find 1t difficult to adjust ourselves, but 
it has a bearing on almost every important human 
topic we discuss, because most important problems 
in some way or other involve the question of the 
Justice of inequality ın human society Contempor- 
arily, questions of equality in educational opportunity 
and the justice of giving the more promising, in 80 
far as we can assess them, better opportunities m 
grammar schools, provide an excellent example of a 
topic ın which the facts of genetic variety are seldom 
dispassionately considered But we must, some time, 
face the question of the relation between such topics 
and our knowledge that most, 1f not all, differences 
between people, and between classes of people, are m 
part genetic as well as being in the remamung part 
environmental m causation. Our sense of justice 
goes against accepting the fact that some people are 
biologically better endowed than others from the 
point of view of their capacity to profit from education 
and their capacity to return to society a profit on the 
cost of their education But 16 1s a fact nevertheless 
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hfe ıs not just m this sense It xs time that we 
realized that all men are of equal value just because 
all men are different Some are better for some 
purposes, some for others and their variety, which 18 
the basis of the richness of lfe, 1s at their mitiation 
there, a cardinal fact of hfe, arising from the umque- 
ness of the molecules that form thar basic genetic 
endowment Society should be organized to profit 
from that mdividuality, not suppress ıt, however 
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meonvenient ib may be to bureaucrats and mass- 
production marketers Further, if we could but 
accustom ourselves to the fact of human variety we 
might less often fall mto the errors to which the 
type concept leads in our attitude to the differences 
between classes and between races The hidden 
genetic variety within a group is much more striking 
than are the evident differences that distinguish 
groups within & species J M. THopay 
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BIOLOGY IN BRITAIN 


ROGRESS within any major branch of science 18 
inevitably uneven Thus, there has been in the 

post-War period very rapid scientific advance in 
certain aspects of biological science particularly 
amenable to study by modern chemistry and physics 
Unaware of the outstanding problems of biological 
science this has led some authors t» advance such 
judgments as “modern science has all but wiped 
out the borderline between hfe and non-life”? Such 
over-enthusiastic assessments in their extreme form 
amount, as Commoner? has pointed out, almost to a 
declaration that biology as a separate science 1s no 
longer needed Perhaps more dangerous is the 
reaction which now calls for a umfymg of biological 
science by amalgamating existing disaplines 1n a way 
which, 1n practice, effects their contraction or elimina- 
tion m favour ‘of new, fashionable but frequently 
very restricted ‘subjects’ Further, the call for such 
changes 1s often prefaced by the contention that 
established biology teachers are out of touch with 
modern biology. Dr Wyatt’s recent article? 1s tinged 
with this approach 

His statement “the classical biology of pre-War 
years has changed lıttlo” 1s placed 1n a context which 
clearly imples its decreasing relevance to the mam 
stream of biological thought rather than emphasizing 
that its slower development arises both from the 
resistance of many of its major problems to rapid 
solution and a lack of research resources His 
contention that the American biology graduate 1s 
better equipped to teach other subjects (a rather 
doubtful role), to read the journals and to do and to 
direct research 1s too sweeping, despite the excellence 
and breadth of the biological educatior offered 1n some 
American universities Huis contention that British 
students may learn more about modern biology from 
The New Screntrst, the Penguin Science Survey and 
television than they gain from the isolated subject 
studied at a university at best displays lack of 
knowledge of many existing degree courses and, of the 
separate and complementary role of uaportant media 
of general scientific education 

Dr Wyatt’s solutions for the dificult problems 
facmg many of us who are concerned with tramung 
biologists are too easy For example, he finds the 
course for the diploma of technology m applied 
biology far, I 1magine, beyond the hopes or intentions 
of its originators, to be more suited for academic 
biology and research than are the courses (and this 
presumably means any and all courses) offered at the 
universities 

It should be emphasized that there 1s ample evidence 
that, ın Britain and other countries, teachers of 
biology are at present deeply involved in a re-assess- 
ment of their teaching programmes For example, ın 
March of this year, at a meeting attended by almost 


all the professors of botany m British universities, 
very careful consideration was given to such problems 
as the sixth-form courses most appropriate for those 
intending to become biologists (emphasizing the need 
for basic traming m the physical sciences and m 
mathematics), the rapidly changing character of 
university courses and the need for improved facih- 
ties, particularly for teaching im biochemistry, 
physiology and genetics, the influence of present 
Government statements on the recruitment to biology 
of first-class students and the financmg of funda- 
mental biological research Further, new science 
buildings are bemg used to bring under one roof, 
and hence into close contact, groups of related 
departments, as exemplified by the new Biology 
Buildmg at Birmmgham and the Natural Sciences 
Building m my own University College — Biologists 
who, in their undergraduate courses and postgraduate 
work, have specialized in biochemistry, biophysics, 
microbiology and genetics are inereasmgly bemg 
appointed to existmg departments of botany and 
zoology 

Dr Wyatt rightly raises the question of the 
establishment of departments of biology as against 
continuing along a pathway of increasing fragmenta- 
tion This is in hne with the recent memorandum 
of a Royal Society Committee consisting of fifteen 
of its Fellows, representative of all the major fields 
of biology Insulated, mtrospective departments, 
if entrusted with the teachmg of any branch of 
biology, will inevitably tend to deny to their students 
the value of the collaborative activity which has so 
evidently been effective in makmg many recent 
advances in our science Nevertheless, there are 
dangers and difficulties m fully and quickly effecting 
the proposed re-organization One of the difficulties 
hampering effective biology teaching 1s only now being 
eased by the present rapid expansion of higher educa- 
tion. Only recently in many institutions has ib 
become possible to build up towards a teaching staff 
in biology whose trammg and research interests are 
sufficiently varied to give the desired range of related 
courses One of the dangers ıs revealed in Dr Wyatt’s 
approach when, specifically mentioning as staff 
members, an ecologist, a physiologist, a biochemist, 
a microbial geneticist, a plant pathologist and perhaps 
an embryologist, he contends that courses m zoology, 
botany, biochemistry and microbiology, as well as in 
chemistry, can be made available by a biology depart- 
ment The dangor here, m its extreme form, 1s that 
‘molecular biology’, mstead of being visualized as a 
major and active field of discovery, 1s put forward 
as already synonymous with the whole of biology 
This danger 13s, n fact, at present a matter of deep 
concern to many distmguished American biologists 
The Royal Society Commutteo, taking a broader view 
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of the scope of biology, clearly recognized the need 
for some 6-8 professorial appomtments together with 
a substantial number of non-professorial staff in 
order to establish a really effective unit for teachmg 
and research m the biological sciences 
H E STREET 
Department of Botany, 
University College of Swansea 


1 Asimov, I, The Intelhgent Man's Guide to Modern Science, 2, The 
Brological Semences (Basic Books, New York, 1900) 
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3 Wyatt, H Y , Nature, 191, 960 (1961) 


Ir biologists wish to avoid “molecular biology”, 
“m Its extreme form", then we must devise courses 
that wil attract potential physical scientists Can 
we be complacent when biochemists are becoming 
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SYMPOSIUM on food supply and population 

was an important feature at the meeting of the 
British Association for the Advancement of Science 
m 1960 in Cardiff Papers bearing on this theme 
were delivered by a number of leading authorities, 
followed by discussions (see Nature, 188, 9, 1960) 
The papers have now been published by the British 
Association im a booklet called Hunger Can «t be 
Averted ? edited by Sir John Russell and Dr Norman 
C Wright* The booklet, with a preface by Sir John, 
contains the following articles ‘‘The Current Food 
Supply Situation and Current Trends’, by Dr 
Norman C Wright, ‘Population Prospects and their 
Impheations”’, by Prof D V Glass, “Economic 
Conditions for Greater Output", by Prof W A 
Lewis, “Land Use and Food Production", by Prof 
L Dudley Stamp, ‘Industrial and Technological 
Needs", by Lord Fleck, “What Limits Food 
Production ?", by Prof H D Kay, “Some Con- 
clusions”, by Prof P M S Blackett There 1s an 
appendix, with seventeen figures, entitled “Vast 
Population Increases Intensify the Battle Against 
Hunger” 

The booklet presents the main facts about food 
supply and population lucidly and without emotional 
bias, a8 might be expected from the high status of 
the contributors What are these facts? If world 
population continues to mcrease at the present rate 
1t will double itself by A D. 2000, and nothing likely 
to happen withm the next few decades will reduce 
this rate of growth, due largely to ‘death control’, 
which will become steadily more effective In fact, 
the rate of increase will probably accelerate as the 
expectation of life rises ın the developing countries 
and the saving of child life—the field 1n which modern 
medicine and public health have achieved their most 
strikmg successes—produces & population structure 
particularly favourable to high fertility. 

At present large numbers of people in the world 
are under-fed and badly fed, so that existing food 
supphes are madequate To feed the much larger 
population of 1980-2000, much more food than 1s 
now bemg produced will be needed. The quantities 
required, at given levels of consumption, can be 
roughly estimated Potentially, they can be made 
available by distributing surpluses, brmgmg new land 


* Hunger Can It Be Averted * Edited by Sir E John Russell and 
Dr Norman C, Wright Pp v+80 (London British Association 
for the Advancement of Science, 1961) 5s 
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more divorced from biology and when more of the 
better students study neither botany nor zoology ? 
While I argued for experimental biology, at the same 
time I emphasized the greater need for studying live 
animals and plants not only ın field studies but also 
in the laboratory. It 18 not that our established 
biology Lecturers are out of touch, but that our 
organizat.on, syllabuses and exammations are. 
Because X beleve that biology 1s relevant, I wish to 
see more physical scientists study it 

The memoranda of the Royal Society and of the 
professore of botany are both in private circulation; 
other biologists would be glad to read them 


H V Wyatt 
Department of Bacteriology, 
University of Leeds 
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under cultivation and increasing yields For economie 


and political reasons the contribution of surpluses 1s 
unlikely to be important There are wide areas, at 
present unproductive, which can be brought under 
cultivation at great effort and cost, but the most 
promising possibilities lie ın inereasmg yields from 
land already under cultivation Sufficient technical 
knowledge already exists to mcrease yields enor- 
mously in most parts of the world, and this knowledge 
18 being extended year by year There ıs plenty of 
dramatic svidence showing what can be achieved, for 
example, by using more fertilizers It is a familiar 
fact that yields of rice ın Japan are 3—4 times greater 
than in India, a difference due to the large amounts 
of inorgaric fertilizers used m Japan, combined with 
improved, seed varieties, controlled irrigation and 
efficient cultural practices The crux of the matter 
18 whether solutions can be found to the economic, 
political, social, educational and administrative 
problems which prevent technical knowledge from 
being effestively applied As Prof Blackett puts 1t 

"to raise the low level of much of the indigenous 
agrieultur» and to bring under cultivation more of 
the abunijant cultivable land requires a massive 
educational and social advance combined, with heavy 
capital investment in communications, housing, 
schools, agricultural implements, fertilizers, wrigation 
and drainage and, as Prof Kay has ported out, 
barbed wire". The key hes m the ‘‘massive educa- 
tional and. social advance" 

Departments of agriculture m many countries are 
at presen; under-staffed and often ineffective, and 
great efforts are needed to establish extension services 
to bring modern techniques to cultivators Food 
crops for local consumption usually receive less 
attention from agricultural departments than cash 
crops ‘Technical assistance to developing countries 
in fields concerned with food production should be 
given on & much greater scale These and numerous 
other facts with an important bearing on the situation 
are discussed by the contributors. 

While tre booklet deals adequately with population 
trends and prospects, 16 does not go deeply into the 
basic issue of population control. It 18 primarily 
concerned with practical and inescapable problems 
of food stpply and population which mankind must 
face m the near future. On these ıb says nearly all 
that can be said and much that has been said before. 
The picture 18 indeed clear enough. In the preface, 
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Sir John Russell comments ‘the broad conclusion 
was that hunger need not be feared for at least the 
next forty years and this result could be achieved on 
present knowledge if only 1t were properly applied 

These optimistic conclusions from such an 
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authoritative group come as a great relief after the 
pessimistic gloom that has long surrounded the 
subject” The booklet may not produce this 1mpres- 
sion on all its readers, who should be many 

W R AYKROYD 
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PLANT PHENOLICS GROUP OF NORTH AMERICA 


HE recent mcrease of interest m the biology and 
chemistry of the phenohe constituents of plants 

becomes ummediately apparent on inspection of the 
lists of contents of many of the world’s biological 
and chemical publications However, workers m the 
various fields embraced by an interest in the plant 
phenolics are widely scattered throughout depart- 
ments of botany, biology, biochemistry, chemistry, 
microbiology, pharmacy, pharmacology and forestry, 
ın universities, research institutes, government 
agencies and in industry There is consequently 
almost no common meeting place for people with 
such interests, with the result that there is little 
discussion and exchange of mformation between 
workers of the different disciplines 

In 1956, the Plant Phenolics Group was founded in 
Great Britain as an mformal organization with the 
aims of promoting “‘the advancemont of the know- 
ledge of phenohe and related constituents of plants 
1n respect of their chemistry, function, biosynthesis, 
effect on plant and animal physiology and pathology, 
and the appheation of such knowledge ın agriculture 
and industry". Since ite founding the Plant Phenolics 
Group has been very successful m achieving these 
ams, holding two or three meetings a year ‘The 
proceedings of many of these meetings have been 
published 

At the ninth International Botanical Congress in 
Montreal in 1959, discussions with various biochemusts 
and physiologists mterested in plant phenolic sub- 
stances led to the idea that a sister organization be 
formed in North America The largest problem with 
formmg such a group on this continent, of course, 
results from its geographical size, which would 
prohibit such a group from meeting more frequently 
than once & year. 

An organizing committee, consisting of Dr. T. A 
Geissman (University of Califorma), Dr V. C 
Runeckles (Imperial Tobacco Co of Canada) and 


Dr G H N Towers (McGull University), distributed a 
letter to interested persons m 1960, the response to 
which was so enthusiastic as to encourage the com- 
mittee to make plans for an maugural meeting This 
was held at Colorado State University, Fort Collins, 
during August 31-September 1, and took the form 
of a symposium on the biochemistry of plant phenolic 
substances. The meeting was sponsored by the 
National Science Foundation under the direction of 
Mr. G Johnson of Colorado State University, and 
Dr Geissman ‘The papers presented were “Recent 
Studies on the Structures and Bitterness of the 
Flavonoid Glycosides of Citrus" (Dr R. M. Horowitz, 
US Department of Agriculture, Albany, California), 
“Biosynthesis of Plant Phenols” (Dr. S A. Brown, 
National Research Council, Saskatoon), “Naturally 
Occurring Biflavonyls" (Di. N. Kawano, University 
of Nagasaki Japan), “Metabolic Fate of Phenolic 
Substances m Animals’ (Dr A. N Booth, US 
Department of Agriculture, Albany), “Role of Plant 
Phenolics m Disease Resistance and Immunity" 
(Dr I Uritan, Nagoya University, Japan), “Melann 
and its Formation” (Dr. G. A Swan, University of 
Durham) and ‘‘Estrogenic-like Substances m Plants” 
(Dr E M Bickoff, US Department of Agriculture, 
Albany) It ıs hoped that the proceedings of the 
symposium will be published 
More than sixty delegates attended the symposrum, 
the last session of which was devoted to founding the 
Plant Phenolics Group of North America The 
officers elected were: president, Dr S H Wender 
(University of Oklahoma), vice-president, Dr L 
Jurd (US. Department of Agriculture, Albany), 
hon secretary-treasurer, Dr V C Runeckles 
It was agreed at the first meeting that membership 
of the Plant Phenolies Group of North America be open 
to all persons interested in the Group's arms, on applica- 
tion to the secretary, Dr. V. C. Runeckles, P O. Box 
6500, Montreal, Quebec. V. C RUNECKLES 


RESEARCH WITH TROPICAL PLANTS 


HE Tropical Products Institute of the Depart- 
ment of Sctentific and Industrial Research 1s 
continuing its work on the examination of plants 
from tropical territories, and a recent report outlines 
the scope of investigations carried out during 1960 * 
Any new sources of drugs could be of great 
economic benefit to the countries to which the plants 
are indigenous, and the Institute's activities follows 
representations from overseas governments for tech- 
nical assistance in this field Already 314 plants have 
been tested, including specimens from North Borneo 


* Department of Scientific and Industria] Research The Report of 
the Tropical Products Institute Committee with the Report of the Tropi- 
ot Products Institute Pp vii+40 (London HMSO,1961) 3s 
net. 


as well as samples from Kew Gardens A number of 
&lkaloid-contaming plants have been found and are 
being subjected to further tests The Director of the 
Institute reports the expansion of economic and long- 
term research work by the Institute to meet the 
needs of rapidly developing tropical countries This 
reflects a trend away from short-term inquines in 
order to help newly established laboratories overseas 
with their research and development problems Even 
more important is the demand for qualified man- 
power ın the territories themselves, and the Institute 
has helped by sending visiting scientists to 39 over- 
seas territories and by traming research workers 
from five different tropical countries More than 900 
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inquiries for advice and assistance were received from 


62 countries during the year. While only 10 per cent 
of these inquiries required laboratory investigation, 
they took up about three-quarters of the Institute's 
advisory effort. 

At the request of certain Malayan pineapple pro- 
ducers, the Institute is investigating the reason for 
differences between the flavour of Malayan pineapple 
juice and Hawaiian and South African juices. This 
may be due either to the effect of local canning 
process on the flavouring constituents or to varietal 
differences inherent in the plants. Many countries 
have a seasonal surplus of fruits and vegetables, and 
the advice of the Tropical Products Institute has 
been sought on methods of making better use of 
these supplies. Although small-scale canning of 
surplus fresh fruits and vegetables is not generally 
recommended as the quality and quantity are un- 
likely to be sufficient for effective processing, advice 
was given to Fiji and Nyasaland on how to set up à 
small-scale canning line; to Kenya on packing pine- 
apple slices in plastic cases; to Singapore on making 
cashew apple wine; and to Aden and Tanganyika on 
producing tomato paste or purée. 

In many parts of the tropics, surplus coconuts are 
made into copra by drying the kernel in the open air 
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or in special kilns. Most copra is made by the small 
peasant farmer and quality control is difficult. As 
moisture content is a critical factor in the keeping 
qualities of copra, the Institute is examining the 
effectiveness of a simple moisture meter, which was 
originally developed at the Pest Infestation Labor- 
atory for testing grain. A simple portable meter of 
this kind could easily be used by local farmers. 

For some years the United Kingdom has been 
looking to the Commonwealth for new sources of 
naval stores (turpentine and rosin). Three hundred 
gallons of pine oleo-resin from Mauritius were 
examined at the Institute to see whether it would 
yield good commercial quality turpentine and rosin. 
The samples compared favourably with American 
products, and it is hoped that Mauritius will be able 
to improve its economy by starting a small naval 
stores industry based on existing plantations. 

Work has also begun on an improved type of solar 
still and the first model is being tested in Malta. In 
addition, water-heating equipment using solar energy, 
developed at the Institute in London, is now being 
tested under field conditions in Malta. It comprises 
two fully instrumented flat-plate water heaters for 
research purposes as well as domestic flat-plate heaters 
for the roofs of private houses and blocks of flats. 


FORMATION OF AIR-WATER FROTHS 


By J. RENNIE and W. SMITH 


Warren Spring Laboratory, Department of Scientific and Industrial Research, 
Stevenage, Hertfordshire 


R the absorption of gases in liquids or for 
distillation on a large scale, effective contact 
between the two phases is obtained by dispersing gas 
or vapour at a high rate into a pool of liquid. Froths 
or foams are formed, giving a good rate of heat or 
mass transfer across the phase boundary. The 
generation of these froths is in no way dependent 
on surface activity: froths can be formed from pure 
components (Fig. 1), so that the surface tension is 
uniform in the pool. These froths are not stable: 
they collapse the instant the gas supply is removed. 
One very common and simple device used for the 
dispersion of gas is the sieve plate. This is a flat 
plate, drilled with evenly spaced holes, from 1/16 to 
3/8 in. in diameter, occupying 5-20 per cent of the total 
area of the plate. Liquid is generally run across the 
plate, being maintained in depths of 2-8 in. by weirs, 
anu the gas is dispersed upwards through tho holes. 
In studying the performance of sieve plates, we have 
concentrated on froths formed by dispersing air in 
water. The complicating effects of mass or heat 
transfer between the phases, and the resulting non- 
uniform distribution of physical properties in the 
pool, have thereby been avoided. Preliminary work 
has been mainly concerned with devising techniques 
for measuring accurately the surface area and density 
of the dispersions'. It has been found that two kinds 
of dispersion are obtained, depending on gas-rate; 
relatively low gas-rates produce a stable, immobile 
foam of large bubbles, and high gas-rates produce an 
actively moving froth. It is the froth which is of 
ical interest, owing to the higher distillation or 
absorption-rates obtained. 
Examination of single short-exposure photographs 
of froth produced over a range of conditions has 
shown that the important physical characteristics 


of the froths, such as density or surface area per unit 
volume, remain the same whether the plate used has 
one or many orifices; in particular, the size of bubbles 
or cells in the mass of the froth is almost uniform, and 
is independent of the diameter of the orifice. 

As may be seen in Fig. 1, before coalescence near 
the surface of the pool, the bubbles in the froth are 
all about the same size, and smaller than the bubbles 
formed at the orifices. Leibson et al.*, who investi- 





Fig. 1. Froth formed over a ropa sieve-plate in a 
shallow pool. Airin water 





Frame 4 





Frame 5 


Fig. 2. 


Frames at intervals 


Progressive break-up of bubbles. 
of 1/64 sec, 
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gated bubble formation at a single orifice, concluded 
that the small bubbles are produced by sudden 
shattering of the large bubbles initially formed, and 
this is indeed what appears to happen when the 
formation of the froth is followed by a slow-speed 
ciné camera or by eye. Helsby and Tuson’, in a study 
of bubble behaviour at low gas-rates, observed the 
onset of coalescence between pairs of bubbles near a 
single orifice. To examine the process in more detail, 
however, we have taken ciné-photographs of the 
break-up of bubbles formed by single- and multiple- 
orifice plates at 64 frames/sec. with synchronized 
lighting, supplemented by high-speed photographs at 
3,000 frames/sec. 

Fig. 2 illustrates the behaviour of bubbles before 
and during disintegration; the sequence of six photo- 
graphs was taken at intervals of 1/64 sec. These 
bubbles are formed at a single orifice of 1/8 in. 
diameter, in à deep pool of liquid. In frame | a 
bubble has been formed and became detached from the 
orifice. A second bubble is shown penetrating the 
first bubble, forming a neck of gas connecting it to the 
orifice, When the 'neck' is detached from the orifice, 
it may remain attached to the main bubble but 
separated by a film of liquid, or it may be an integral 
part of the main bubble. Sometimes no distinct neck 
is formed, but a second, smaller bubble follows the 
first in quick succession. In nearly all cases the neck 
or the second bubble overtakes the main bubble and, 
being usually of smaller diameter, penetrates it. 
Frames 2, 3 and 4 show the increasing agitation of 
the combined bubble as it begins to rise through the 
liquid. In some photographs filaments and films of 
liquid from the penetrating bubble can be seen within 
the penetrated bubble. Frames 5 and 6 show the 
cells of the combined bubble beginning to move apart 
and form separate bubbles. The further progress of 
the break-up can be seen by following the upper 
group of bubbles. On the rare occasions when a 
bubble is released without being penetrated by a neck 
or a second bubble, it remains whole until the bulk 
of the froth at a higher level is reached, 

With slight variations (for example, at very high 
gas-rates more than two bubbles may interpenetrate) 
this mechanism of disintegration operates under all 
conditions which give frothing in the air—water 
system ; the eventual size of bubble or cell of froth is 
almost constant. The effect of changing the inter- 
facial tension by using other gases and liquids, and 
the condition where the interfacial tension depends 
on the life of the bubble, as when mass transfer is 
taking place, are now being examined. 


! Calderbank, P. H., Evans, F., and Rennie, J., Proc. Intern, Symp. 
Distillation (Inst. Chem. Eng., London, 1960). 


* Leibson, I., Holcomb, E. G., Cacoso, A. G., and Jacmic, J. J.. J. 
Amer, Inst. Chem. Eng., 2, 206 (1956). 


? Helaby, F. W., and Tuson, K. R., Research, 8, 270 (1955). 
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EFFECT OF COPPER ON PRODUCTS OF ORCINOL OXIDATION 


By Dr. T. F. SLATER 
Department of Chemica! Pathology, University College Hospital Medical School, W.C.1 


HE addition of alkali (final normality approx. 
0-01) to a solution of orcinol containing small 
amounts of copper (approx. 10-* M) leads to the 
rapid production of a red-brown colour. Colours 
so formed in sodium hydroxide or in ammonium 
hydroxide are very similar providing the reaction 


time is short (about 1 hr.) If the alkaline orcinol 
reaction is allowed to proceed for a much longer 
time (say, several days) a marked difference between 
the spectra in sodium hydroxide and ammonium 
hydroxide becomes apparent due to the formation of 
the dye orcein in ammoniacal orcinol. Orcein is a 
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Fig 1 Absorption spectra obtained using a commercial sample 
of orcem a, m 0 1 N alkali, 5, 1n 0 1 N acid , c, and d, are the alkaline 
and acid difference spectra for the oxidation of orcinol in the 
presence and absence of copper ions calculated as follows two 
flasks containing ammoniacal orcinol were incubated for 4 days 
at room temperature, one flask, A, contained 1n addition 1 ml 
1 per cent sodium diethyldithiocarbamate and the other flask, 
B, contained 2 ugm copper ions After 4 days the absorption 
spectra of both solutions were determined and the alkahne 
difference spectra calculated by subtracting spectrum B from A 
Both solutions were then acidified to approx 1 N with HCl and the 
Spectra again measured The acid difference spectrum was 
calculated by subtracting spectrum B from A 


mixture of related products which can be separated 
by paper chromatography? A commercial sample of 
orcein obtained from British Drug Houses, Ltd , gave 
absorption maxima in acid and alkal at 510 and 
570 my respectively (Fig 1) 

An unexpected feature of these results was that 
copper tons mhibited the formation of orcein , this 
is illustrated in Fig 1 It can be seen that the acid 
and alkalne peaks formed m the virtual absence of 
copper ions are identical with the results found with 
a commercial sample of orcem It would thus appear 
that the complex reactions leading to the formation 
of the orcem dyes are inhibited by traces of copper 
present in the 1eaction mixture 

The reaction between oremol, alkal and small 
amount of copper with short times of incubation can 
be used as a quantitative method for determming low 
concentrations of copper Lambert? has published an 
assay method for copper based on the catalysis of resor- 
cmol oxidation, but confined himself to assays in pure 
solutions and did not investigate the appheabihty of 
the method to biological samples where trace metal 
analysis is often required The apphoabihty of the 
copper catalysis of phenol oxidation as a method for 
copper analysis in biological samples has therefore 
been vestigated Since this work was started before 
seemg the report of Lambert, ıt 13 concerned solely 
with the oxidation of oremol Some of the early 
work on this investigation was done using borate 
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and phosphate buffers but these were later replaced 
by the more satisfactory pyrophosphate buffer sug- 
gested by Lambert? 

The assay system used was to meubate 2 ml 
l per cent orcmol, 5 ml pyrophosphate buffer 
(01 M, pH 12), copper solution (0-10 ugm) and 
water to give a final mcubation volume of 25 ml at 
30°C for 10-30 min with shaking at 120 shakes/mm 
Lambert proposed stopping the reaction by acidi- 
fication, but this greatly decreases the extinction 
value and a more convenient procedure was found 
to be the addition of a strong copper chelator 
(versene) at the end of the meubation The addition 
of 1 ml 01 M versene pH. 74 to the reaction 
mixture slows the reaction to negligible proportions 
Colour development increases with pH as reported 
by Lambert for resorcinol oxidation Under these 
conditions the colour ineresses linearly with the 
meubation time and lnearly with the amount of 
copper added (respective limits studied, 1 hr and 
2 ugm copper) After correction for blank colour- 
formation ın the absence of added copper, a con- 
centration of 1 8 x 10-? M copper in the mcubation 
mixture gave an extinction at 460 my of 01 (path 
length, 1 em) after a 20 min incubation 

The effects of metal 1ons commonly occurring m 
biological extracts was mvestigated to see the extent 
of mterference in the copper-catalysed orcinol oxid- 
ation The following metal ions had no influence on 
the reaction when present 1n large final concentrations 
(at least 40-fold excess over copper) sodium, potas- 
sium, zne, calclum, magnesium, aluminium and 
ferrous 1ons Cobaltous and manganous ions stimu- 
lated the orcinol oxidation m a similar manner to 
copper ions, ferric 1ons and chromic ions inhibited 
the reaction Comparative effects of these metal 
ions are shown in Fig 2 The effects of several of 
the above metal 1ons on the oxidation of alkaline 
orcinol are different from their effects on resoremol 
oxidation?? Tt ıs apparent from the results in Fig 2 
that unless the biological extracts are abnormally 
rich in manganese or ferric ions compared with 
copper, the oreimnol colour will be largely the result 
of copper-induced oxidation and, as such, will reflect 
the copper content of the extracts In general, the 
manganese content of biological extracts 1s much 
less than the copper content‘, but ferric 1on hibition 
1s possible, particularly 1f appreciable blood 18 present 
As was to be expected, the eopper-oreinol reaction 


1+ 
+100 LCY 
+80 Mn?* 
it 
+60 Co 


NatK*Ca?*7n?* 


Percentage increase at 440 mg 





2 4 6 8 10 
Bgm metal ion added 


Fig 2 Effect of various metal ions on the alkaline oxidation 
of orcinol The ordinate expresses the percentage increase in 
colour (at 440 my) produced by the addition of metal 1ons coni- 
pared with the colour produced in the absence of added metal, 
the abscissa 19 the amount of metal 1on added in agm Other 
conditions as in the text The results are representative of 
various incubation times from 10 min to 3 hr but are suitable 
for comparisons, that 1s, weight for weight, copper 18 approx 
three times as effective as manganese and about six times as 
effective as cobait 
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was mhibited by traces of protem or amino-acids 
which bind the copper m an unreactive form 
Reducmg and oxidizmg reagents (for example, 
vitamm C and hydrogen peroxide) also mterfere 
Thus if copper estimations by either the copper- 
oremol or resoremol procedures are to be carried 
out on biological samples, the tissue must be ashed 
prior to copper estimation With certam high 
protem/high fat samples (milk, for example) the 
copper orcinol procedure becomes unsuited for the 
estimation of low contents of copper due to the high 
blank values consequent on ashing. It would appear 
from the fogegoing results and from previous work on 
resorcinol? ? that the catalytic action of copper on 
phenol oxidation can be used for estimating copper 
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in biological samples providing that the ashing pro- 
cedure does not require large amounts of digestion 
material. In other words, the use of the method 
would seem to he with samples relatively enriched 
in copper compared to protem /fat 

Much of this work was done durmg the tenure of 
& Beit Memorial fellowship held at University 
College, London I am grateful to Prof. C 
Rimmgion and Dr A L Greenbaum for helpful 
comments. 


* Engle, R L., and Dempsey, E W,J Histochem , 2, 9 (1954) 
* Lambert, R H, Anal Chem , 24, 869 (1952). 
*Shapiro, M Ya, Zhur Anal Khm., 4, 199 (1949). 


“Spector, W S, ın Handbook of Biological Data (W. B. Saunders 
Co, London, 1956) 


PARTICIPATION OF IMIDAZOLE IN INTRAMOLECULAR HYDROGEN 
BONDING 


By Pror, A. LUKTON 
Brooklyn College, Brooklyn, New York 


DH is generally believed that an understanding of 
proximity effects of neighbouring groups function- 
ing )n concerted action on an enzyme surface will 
lead to an explanation of the great disparity between 
the rates of catalysis of enzymes and of their model 
systems' Precise determination of the particular 
role of groups such as imidazole m enzyme catulysis 
thus requires that its mtramolecular structural rela- 
tionships be established. In this article, evidence for 
intramolecular hydrogen bonding involving the 
imidazole ring 18 presented 

The assignment of the imidazole mfra-red absorp- 
tion bands were made by Otting* and melude strong 
bands at 2,600-3,200 em ~ and at 3,475 em.3. He 
demonstrated that the strong NH 
(unbonded) absorption at 3,475 
em -! decreased in intensity but 
not in frequency with increasing 
concentration in chloroform solu- 
tion At the same time the 
hydrogen bonded NH bands in 
the region 2,600-3,200 em-! ın- 
creased in intensity, indicating an 
increase in intermolecular bydro- 
gen bondmg Recently, Anderson 
et al? established the relation- 
ship between the absorption m- 
tensity change and the length 
of the lmear imidazole oligomers 
as effected by the imidazole con- 
centration ın carbon tetrachloride 
solution. Such absorption changes 
should be useful ın determming 
the existence of imtramolecular 
hydrogen bonding m compounds 
which contain the mmnidazole ring 
In such a structure no umdazole 
absorption should occur in the 
2,600-3,200 cm-! region since 
imidazole participation in mtra- 
molecular hydrogen bonding would 
preclude the possibility of its 
participation ın imtermolecular 
bonding in dilute, non-hydrogen 
bonding solvents 
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Acetyl histamine (I) and methyl dihydrourocanate 
(II) were studied to examine this premise 
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1 ll 
—CH,CH,NH—C—OH, a 
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In (I) mtramolecular hydrogen bondmg could m- 
volve the hydrogen hnked to the ring pyirole 
nitrogen and the carbonyl oxygen of the amide 
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Fig 1 The infra-red absorption spectra of left, 1,4-methylhistamine 1n CHCl, (——-), 
imidazole in CHCl]; (---), right, acety Ihistamine in CHCl, (- - -), acetylhistamine in 
KBr (— — —), methyl VIBFUFODEdCHDAKS in CHCI, (——), methyl dihydrourocanate in 
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Fig 2 'Theinfra-red absorption spectra of left, methyl dihydro- 

urocanate in la ), methyl dihydrourocanate in KBr 

(---), nght, acetyihustamime n aa ( ), acetylhistamine 
r — — — 








Imkage ; or, the ring pyridine nitrogen and the mmino 
hydrogen of the amide group Hydrogen bonding 
in (IT) could result only m the bonding of the 
hydrogen of the pyrrole nitrogen and the carbonyl 
of the ester group 

The infra-red spectra of acetyl histamine, methyl 
dihydrourocanate, 1mxdazole and 1,4-methylhistamine 
(1-methyl-4-(8-amuno-ethyl)-umidazole) imn the region 
2,600-3,600 cm - and 1,600-1,800 cm ~ are given 
m Figs land 2 The 2,900-3,100 cm. region of 
the methyl dihydrourocanate and acetyl histamme 
spectra 1$ compheated by the co.neident absorption 
of CH, CH, and CH, The contribution of this 
absorption, however, was determined in the absence 
of unidazole NH (bonded) absorption by examining 
the spectrum of 1,4 methylhistamine, structure III, 
in chloroform solution 


—CH;,CH;NH,; 


H,C—N N 
NZ 
(IIT) 


As shown in Fig 1, there ıs a strong absorption 
band at 2,967 cm -!, (CH,), a weak band at 2,878 
cm -~ and a shoulder at 3,007 em + The two weak 
absorption bands at 3,373 and 3,310 cm.-3 are due 
to the NH vibration of the NH, group* 

Exammation of the methyl dihydrourocanate 
spectrum ın chloroform solution reveals a spectrum 
similar to that of 1,4 methylhistamme with a strong 
band at 2,957 em 3 and a weaker band at 2,878 
em- Furthermore, tt 1s unlike the umidazole spec- 
trum m chloroform solution since the strong mmidazole 
band at 3,048 em - 1s completely absent and leads 
to the postulate that intermolecular hydrogen bond- 
mg does not occur due to the existence of the intern- 
ally bonded structure (IV). 


—CH,—CH, 
AS 
N N— =| 
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CH, 


(IV) 


NATURE 


423 


The behaviour of the absorption band of the ester 
carbonyl stretching vibration in solution and m the 
solid state lends support for this structure Com- 
pounds such as N-methylacetamide m the solid state 
m which intermolecular hydrogen bonding occurs, 
absorb at a lower frequency (C=O bonded, 1,655 
cm ~) than m their dilute solutions (C=O unbonded, 
1,695 cm -1)5*, However, methyldihydrourocanate 
absorbs at 1,730 cm.-! in dilute and concentrated 
chloroform solutions and in the solid state, Fig 2. 
The expected frequency shift did not occur since the 
hydrogen bond in this compound, whether inter- or 
intra-molecular, involves the same atoms That inter- 
molecular hydrogen bonding occurs m the solid state 
between NH (imidazole) and C=O (ester) is imdi- 
cated ın 1ts spectrum in Fig 1 Here, broad absorp- 
tion bands exist at 3,390 and 3,216 em- This 1s 
characteristic of intermolecular bonded hydrogen m 
amides, although the amide bonds are at 3,300, 
3,275 and 3.070 em — (ref 6) 

The absorption spectrum of acetylhistamime in 
chloroform solution is also similar to that of 1,4 
methylhistamine It has & strong band at 2,986 
em 7, a weak band at 2,900 cm — and ıt lacks the 
bonded NH (unidazole) band at 3,048 cm- The 
absence of bonded NH (imidazole) absorption m this 
region indicates mtramolecular hydrogen bonding 
which could result from two possible structures (V) 
and (VI) 


—CH,—CH, —CH,—CH, 
M [ | N 
H—N N H—N N N—H P 
NZ PN 5 NO A T 
"vg. eH = 
(V) (VI) 


Strueture (V) ıs favoured because ıt consists of a 
six-membered hydrogen-bonded rmg which is con- 
siderably more stable than the eight-membered rng 
of structure (VI) Also, there is a frequency shift 
in the carbonyl absorption from 1,660 to 1,650 em 1 
in going from chloroform solution to the solid state 
(Fig 2) As would be expected, the shift 1s small 
compared with the shift observed m completely un- 
bonded and bonded amides 
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The smaller frequency shift 1s explamed on the 
basis of a change from mtra-molecular hydrogen 
bonding V to intermolecular hydrogen bonding in 
which the NH (amide) and C=O (amide) participate 
Absorption at 3,266, 3,083 and 3,035 cm ^ and 
characteristic of NH O=C absorption in amides 
are observed in solid acetyl histamine (Fig 1). An 
analogous structure to that proposed by Mizushima* 
for N-methylacetarude ıs suggested 

Several interesting consequences with respect 
to naturally occurrmg substances follow from 
these considerations. In so far as imidazole may 
participate ın protem hydrogen bonding, two 
configurations would be possible (besides those 
which may involve bonding with other amino-acid 
residues) 

Both structures contain seven-membered rings 
however, structure (VIII) would be favoured If 
such structures do exist ın protems, they might help 
provide an explanation for marked differences in 
reactivity of various histidine residues such as exist 
in ribonuclease® 

Intramolecular hydrogen bonding in the dipeptide 
carnosine (f-alanyl-histidine) may exert an effect m 
fachtatig the dissociation of the amide mmo 
hydrogen atom during the formation of the copper 
carnosine chelate!?U, also ıt may contribute to the 
base strength of the imidazole of carnosme (pK 
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(Im) = 6 83) which is a considerably stronger base 
than that m histidine (pK (Im) = 6 00)” 

I am indebted to Dr. R. W. Schayer, Merck 
Institute for Therapeutic Research, Rahway, New 
Jersey, for supplymg the 1,4 methylhistamine 

This investigation was supported by a research 
grant from the National Institute of Arthrrus and 
Metabolic Diseases, US Public Health Service 
grant No A-3066 

Reseaich on this project was conducted at Adelphi 
College, Garden City, N Y 
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PROPERTIES OF SOME COPPER COMPLEXES 


Five-Covalent Copper(Il) Complexes 
containing |!,10-Phenanthroline and 
2,2"-Bipyridyl 
"T prehmumnary communication reports the 

preparation and properties of an extensive series 
of five-covalent copper(II) complexes by the reaction 
of bis(1,10-phenanthrohne)eopper(II) and b:5(2,2'- 
bipyridyl)copper(II) perchlorates with various neutral 
and negatively charged hgands 
The addition of hahde ions (Cl-, Br- and I-) to 
nitrobenzene or nitromethane solutions of [Cu(phen);]- 
(CIO,), leads to the formation of variously coloured 
solutions (blue, green and brown respectively) 
contammg monohalogeno-bzs(1,10-phenanthrohne)- 
copper(II) 10ns due to the reaction 


[Cu(phen),]?* + X- — [Cu(phen).X ]* 


This 1 1 reaction has been confirmed both by con- 
ductometric titrations and spectrophotometric con- 
tinuous variation studies Also, by workmg m 
aqueous acetone solutions, a series of coloured crystal- 
line compounds of the type [Cu(phen),X]ClO, (where 
X=Cl-, Br, I-, SCN-, NO,-, HCOO-, CH,COO- 
and C,H,COO-) has been isolated. These compounds 
possess molecular conductivities m the ranges 
27-29 mho and 87-90 mho at 25° ın 10-? M nitro- 
benzene and nitromethane solutions respectively 
These values are comparable with those of other unt- 
univalent electrolytes in these solvents? and practic- 
ally half those of the diperchlorate [Cu(phen);](ClO,), 
(Table 1) The 6zs(2,2’-bipyridyl) compound 
[Cu(bipy);](CIO,), also reacts readily with halide 
10ns 1n the above two solvents and compounds of the 
type [Cu(bipy).X]ClO, (where X = Cl-, Br-, I- and 
SCN-) have also been isolated These compounds 
possess similar conductivities to their phenanthroline 
analogues (see Table 1) 


Table 1 MOLECULAR CONDUCTIVITIDS AND MAGNETIO MOMENTS OF 
VARIOUS 1,10-PHENANTHROLINE AND 2,2’-BIPYRIDYL COMPLEMFS OI 
BIVALENT COPPER 
Molecular conductances 
(mho) in 107? M 


Magnetic 
moment 


Compound solutions at 25? per Cu atom 
C,H4,N Og CH4NOg in BM 
gaon (CIOQ4 48 1 176 1 94 
Cu(phen);] (CIO); 191 
[Cu(phen), X] ClO, 27-29 87-91 1 83-1 96 
X = CL, Br-, I, SCN- 
NOs, 00-, CH,COO- 
and C,H; 7) 
[Cu(phen), X ]X 24-27 82-93 1 86-1 97 
(CL, Br, I-, SCN-, HCOO- 
and CH,COO- 
[Cu(phen),L] (CIO 4; 176-199 1 84-2 00 
L = NH, and C,H;N) 
[Cu(bipy)4] (ClO4)s 54 186 2 08 
[Cu(bipy)a] (CIO 4; 44 5 181 193 
[Cu(bipy),X] CIO, 28-31 89-91 1 89-1 97 
(X = Cl-, Br-, I^, and SCN-) 
[Cu(bipy,.X] X 1-30 79-85 1 81-1 96 
X = CL, Br, I~, and SCN-) 
[Cu(bipy)4NH;] (CIO s 199 192 
[Cu(bipy)Cl,] ~l 1 96 


Attempts to prepare a monocyano-derivative of 
the [Cu(phen).]*+ 10n lead to the isolation of the 
cyano-bndged complex 


[(phen),Cu — C = N — Cu(phen),](ClO,); H:O 


in which the cyanide group 1s linking two [Cu(phen); J?* 
10n8 

The bw-complexes Cu(phen),X, nH,O (X = Cl, 
n = 35, X = Br- and I7, n = 1, X = SCN-,n = 0, 
and X = HCOO- and CH,COO-, n = 6) and 
Cu(bipy)X, nHO (X = Ch, n = 6; X = Br, n = 
2; X = SON- or I-, » = 0) were also prepared and 
ther properties exammed These complexes are 
also uni-univalent electrolytes m nitromethane 
solution (Table 1) and contam the [Cu(chelaste),X]* 
10n In the more weakly polar solvent nitrobenzene 
they undergo some re-arrangement due to the 
reaction 


[Cu(ehelate),X]*t + X- 2 [Cu(chelate)X,] + chelate 
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This equilibrium, which 1s independent of concentra- 
tion, has been studied in detail by means of accurate 
conductivity measurements over a concentration 
range and will be reported later? Mono-complexes 
of the type [Cu(bipy)X,] (where X = Cl-, Br- and 
SCN-) were prepared and examined during the course 
of this work For example, the dichloro-complex 
[Cu(bipy)Cl; which 1s readily obtained by adding 
the ligand to excess copper(II) chloride ım ethanol, 1s 
virtually a non-electrolyte in nitromethane solution 
(Table 1) . 

The reaction of neutral ligands with [Cu(phen),]?* 
and [Cu(bipy).]?+ has also been studied and the stable 
mono-ammine complexes [Cu(chelate).(NH3;)](ClO,). 
were obtamed from aqueous ammonia solutions 
The bws(1,10-phenanthrohne) complex also forms the 
mono-pyridine complex ([Cu(phen),(py)](ClO,). as 
well as the aquo-derivative [Cu(phen).(H.O)](ClO,). 
These compounds function as di-univalent electrolytes 
in nitromethane solution (see Table 1) 

There is a number of possible structures for the 
five-covalent ions [Cu(chelate),X]* and [Cu(chelate).- 
L]|* (where X 1s a negative ion and L ıs & neutral 
hgand) They could, for example, possess the square- 
pyramidal arrangement I, or the trigonal bipyramidal 
one represented in II 


X(t) N 
" N rp X(L) 
(TET) » 
N N 
ae 
Q ' (I1) 


In this regard ıt is of considerable mterest that 
Barclay and Kennard (see followmg communication) 
have shown that the structure of 10do-bzs(2,2’-b1- 
pyridyl)eopper(IL) 10dide contams an approximately 
trigonal bipyramidal arrangement about the copper 
atom ın the [Cu(bipy).I]* 10n This type of arrange- 
ment confers the possibility of mirror-1mage isomerism 
on the copper atom and the unit cell contains both 
isomers The X-ray data reveal that the Cu — N 
and Cu — I distances correspond to normal covalent 
bond distances whereas the stereochemistry of 
bivalent copper 18 usually such that the copper atom 
1s surrounded by four atoms at normal covalent bond 
distances ın the plane with one or two more elongated 
bonds normal to the plane 

The magnetic moments of the 5-covalent complexes 
in the table all fall in the range 1 8-20 BM These 
values are simular to those of copper(II) complexes 
n general 

The magnetic moments of [Cu(phen),Br]CIO, and 
[Cu(phen),Br]Br have been reported previously as 
bemg essentially independent of temperature over 
the range 90—300? K (ref 3) 

C M Harris 
T N Lockyer 
HANNEKE WATERMAN 


The Trigonal-Bipyramidal Configuration 
of the lodo Bis(2-2"-Bipyridyl)Copper(11l) 
lon 

Tae compounds Cu(dipy),X, and Cu(phen)X, 
formed between 2,2’-bipyridme or o-phenanthroline 
and copper(II) salts have been shown to have co- 
ordination numbers of five ın non-aqueous solu- 
tions (see previous communication) The purpose of 
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this communication is to record preliminary results 
of an X-ray structure determination of one of them, 
b18(2,2’-bipyridyl)copper(II) 10dide 

The lustrous brown crystals are triehme (a = 
10 66 + 0-01,b = 1437 + 001,02 744 c 0014, 
æ = 93 + 1°, B = 101 + 12, y = 108 + 1°) There 
are two molecules of composition Cu(C,H4,N;),I, 
m the unit cell (dmeas = 199, dea = 198 gm 
cm -?) ‘The centro-symmetric space group, Py, was 
assumed, 

One-thousand-four-hundred independent mtensities 
were estimated visually from equi-inclination Weiss- 
enberg photographs taken with copper radiation 
The co-ordinates of the atoms were determined from 
three-dimensional Patterson and Fourier syntheses 
With a disagreement index (>| |Fops | — |Feate | |/ 
2; Fops |) of 0 18, the estimated standard deviations 
of the atomic positions were I, 0003, Cu, 0005, 
N, 003, C, 005 Å The structure is bemg refined 
further 1n. an attempt to locate the hght atoms more 
precisely However, ıb 1s quite clear that the copper 
atom has an unusual stereochemistry 

The compound contains a positively charged 1odo- 
bzs(bipyridy])copper(IL) 10n and a negatively charged 
1odide 10n. The copper atom is surrounded by fou 
nitrogen atoms (at a distance of 2 02 A ) and an 10dine 
atom (at 2 71 A ) at the corners of a distorted trigonal 
bipyramia The iodine atom and two nitrogen atoms 
(from different bipyridine molecules) are m the same 
plane as the copper atom ‘The other two mtrogen 
atoms le on a hne (passing through the copper atom) 
which makes an angle of about 9° with the normal to 
this plane. The arrangement 1s shown in III 





(IIT) 


All five azoms are at normal covalent bond distances 
from the copper atom The trigonal bipyramidal 
configuration for the copper atom differs in this 
respect from the usual stereochemistry of bivalent 
copper which involves four bonds of normal covalent 
lengths with a fifth, and sometimes a sixth, at a 
greater distance As the 10do-b2s(2,2’-bipyridyl)- 
copper(I) 10n possesses neither a plane nor a centre 
of symmetry, the two 1ons m the unit cell are related 
to one another as optical isomers 

Terpyridyleopper(II) chloride dihydrate 1s 1somor- 
phous with terpyridylzine chloride, which has a similar 
trigonal bipyramidal configuration about the metal 
atom* 

G A BARCLAY 
C H L KENNARD 
School of Chemustry, 
University of New South Wales, 
Broadway, 
New South Wales 

a C M ,and Nyholm, R 8,J Chem Soe , 4375 (1956) Harris, 


M, d, 682 (1959) Harris, O M, Nyholm, R S, and 
Philips D J, wd, 4379 (1900) 


2 Barker, N S, thesis, University of New South Wales (1960). 
3 Figgis, B N , and Harris, C M,J Chem Soc , 855 (1959) 
‘Corbridge, D E C,and Cox, E Q, J Chem Soc, 594 (1956) 
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THERMAL REACTION BETWEEN TWO LIGHT REACTIONS IN 
PHOTOSYNTHESIS 


By Pror C P WHITTINGHAM and P. M BISHOP 


Botany Department, Queen Mary College, London, E | 


LLEN and Franck! showed with the alga 
Scenedesmus that a single flash of less than 

1 msec in duration resulted m no detectable oxygen 
evolution from photosynthesis If two flashes were 
given, separated by a suitable dark interval, a measur- 
able yield was obtamed Alternatively an increased 
yield was obtained when a single flash was super- 
imposed on & continuous background of low intensity 
Whittmgham and Brown? confirmed and extended 
these observations with the alga Ankistrodesmus 
They interpreted their results in terms of two photo- 
chemical reactions, the first of which was thought to 
activate an essential catalyst of photosynthesis, the 
second being concerned in photosynthesis directly. 

More recent work has suggested the existence of 
two photochemical reactions m the photosynthetic 
process This has been postulated to explam the 
enhancement (or ‘Emerson’) effect on photosynthesis 
obtained with a number of alge excited with hght of 
two different wave-lengths®. Govind]ee et al * showed 
that the enhancement effect was also observed for 
the photoreduction of qumone by Chlorella (Hull 
reaction) Duysens et al 5 showed with Porphyisdeum 
that hght, absorbed by the phycobulins, preferentially 
resulted in the reduction of cytochrome f, whereas 
light at 680 my absorbed by chlorophyll pre- 
dommantly oxidized the cytochrome Losada et al § 
independently suggested, on the basis of work with 
isolated chloroplasts, that one pigment system was 
concerned in the liberation of oxygen from water 
and the transfer of an electron to an acceptor and a 
second pigment system was concerned with the 
acceptance of the electrons from this first acceptor 
They produced evidence to suggest that the second 
system was that m which photophosphorylation was 
concerned and deduced that cytochromes were prob- 
ably concerned here 

Our earlier observations with flash wlumination 
can also be interpreted in terms of a mechanism 
involving two light steps In this article are further 
results on the effects of flash illummation with isolated 
chloroplasts which further clarify the mechanism 
involved 

Ankistrodesmus was cultured ın the manner des- 
eribed in ref 2 Chloroplasts were isolated from 
Beta vulgaris (perpetual spinach, Thompson and 
Morgan, Ltd ) grown either ın the field or 1n a green- 
house without close eontrol of growth conditions 
The chloroplasts were isolated at 0? C by grinding in 
a medium contaimng 0 35 M sodium chloride, 0 17 M 
tris and 0 03 M MgCI,6H,O at pH 74, washed once 
in the grinding medium, and then re-suspended in 
the same medium diluted one in ten. The chloro- 
plasts were kept on ice throughout the period before 
measurement A reaction mixture contaming 10 
umoles Fe;(CN), 6 umoles MgCli,6H,O, 70 umoles 
sodium chloride and 40 ymoles trze at pH 7 4 was made 
up to 25 ml, and when required 2 umoles adenosme 
diphosphate and 40 moles morganic phosphate 
added. For the purposes of uncoupling phosphoryla- 


tion 10-? M ammonium chloiide was added In other 
experiments ferricyanide was replaced by 0 5 umole 
phenol-mdo 2,6-dichlorophenol Chloroplasts pre- 
pared in this way and kept at 0° C were found 
reasonably stable durjng the period required for the 
experiment Measurements could not begin for 
40 mun after preparation of the chloroplasts, since ıt 
was necessary to remove oxygen from the reaction 
mixture Two types of light flash were used a 
‘Mazda’ discharge tube F'A4 giving a flash of epprox- 
imately 0 2 msec duration (short flash) and a Philips 
photoflux bulb P60 approximately 30 msec (long 
flash) All other conditions of measurement were as 
described before except that the reaction vessel was 
maintained at 4° C 

Whittmgham and Brown found that the maximum 
yield from a pair of flashes was obtamed with 
Ankistrodesmus when the short flash preceded the 
long flash by a dark mterval of 07 sec at 25° C 
Some influence of the short flash on the yield from 
the long flash was detectable even with a dark 
separation of up to 15 sec Further work has shown 
that when the temperature was'reduced to 4° C the 
yield from the long flash alone was much decreased , 
but the absolute maximal yield for a long flash pre- 
ceded by a short flash was of the same order of 
magnitude as the maximum yield for the same two 
flashes at 20? C , except that the time between flashes 
for maximal yield was now 16 sec (Fig 1) A similar 
value was found for the time of separation of the 
two flashes for optimal production of oxygen from 
ferricyanide by chloroplasts isolated from spmach 
beet It 1s suggested that a dark thermal reaction, 
interposed between the two photochemical processes, 
is necessary for some conversion of the products of 
process 1 to become the reactants for process 2 
The duration of the short flash is so brief that 
during the flash none of the product of the first 
reaction has been converted by the second Witt 
et al? have shown that the absorption changes in 
Chlorella at — 150° C mdieate that only one photo- 
chemical process predommates at low temperature 
Experiments reported here indicate a significant effect 
of temperature even withim the physiological range 
The results in Fig 1, which compare the yield for two 
flashes as a function of their separation 1n time at 4° 
and 20° C , suggest that the thermal reaction proceeds 
more slowly but that its product has a greater half- 
life at the lower temperature This ıs consistent 
with the observations of Emerson e£ al £, who showed 
that at lower temperatures photosynthetic efficiency 
was increased at longer wave-lengths in the far red 
consistent with an increased life-time at low temper- 
ature of the product of a reaction characteristic of 
shorter wave-length absorption 

When phenol-mdo 2,6-dichlorophenol was used 
instead of ferricyanide, the optimal separation be- 
tween flashes was considerably shorter, being less than 
5 sec at 4° C This indicates that dichlorophenol 
indophenol can result ın production of oxygen without 
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Fig 1 Relationship between the combined yield of oxygen for 


a short and long flash as a function of the dark time separating 
the two flashes The yield 1s expressed as a percentage of the 
sum of the yields from the two flashes given simultaneously 
©, Ankisirodesmus cells in bicarbonate buffer at 20° C, 
W, Isolated beet chloroplasts with ferricyande at 4°C, 
A, Isolate chloroplasts with ferricyanide and ammonium 
chloride et 4°C (all right-hand ordinate), x, Ankistrodesmus 
cells in bicarbonate at 4° C (left-hand ordinate) 


proceeding through the same thermal reaction as 1s re- 
quired for ferricyanide reduction Addition of catalytic 
amounts of indophenol (0 01 umole) in the presence of 
ferricyanide (10 ymoles) changed the optimal time be- 
tween flashes from that characteristic of ferricyanide 
alone to that characteristic of dye alone ‘This is 
consistent with the results observed in continuous 
illumimnation?, which Losada e£ al mterpreted as indi- 
cating that reduction of dye could take place as a 
result of only one photochemieal reaction 

The difference in time of separation between flashes 
for optimal yield for ferricyanide and dye may be 
related to the fact that reduction of ferricyanide 1s 
accompanied by phosphorylation whereas that of dye 
is not Addition of adenosme diphosphate and in- 
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organic phosphate to a system containing ferri- 
cyanide did not result m any significant change in 
the time of flash separation for optimal yield, but in 
the presence of ammonium chloride, which has been 
shown to uncouple the reduction of ferricyanide from 
phosphorylation®, the separation in time was Signi- 
ficantly shortened It became of the same order of 
magnitude as that m the presence of indophenol alone 

The two types of flash used differ m spectral 
composition Further expermnents, using mono- 
chromatic hght flashes, have shown that with a long 
flash of 692 mu a maximal effect ıs obtamed with 
weak continuous illumination of 674 mp A full 
investigation of the whole action spectrum 18 now 1n 
progress 

These results are consistent with a mechanism of 
photosynthesis involving two hght reactions separated 
by a thermal dark process The thermal dark pro- 
cess 18 apparently accelerated when phosphorylation 
does not accompany transfer of electrons | Phosphoryl- 
ation may be concerned directly in the thermal stage 
as previously suggested or if ıt accompanies the second 
photochemical step the rate of transfer of electrons 
from process 1 to process 2 must be slower in the 
presence of phosphorylation than in its absence 

We are grateful to the Royal Society for a Govern- 
ment grant-in-aid of this investigation One of us 
(P M B) holds a postgraduate studentship of the 
University of London We are also grateful for a 
grant from the Central Research Fund of the Univer- 
sity of London 
1 Allen, F L, and Franck, J , Arch. Biophys Brochem , 58, 124 (1955) 
2 Whittingham, C P,and Brown, A H,J Ezp Bot, 9, 311 (1958) 
3 Myers, J, and French, C S, J Gen Physiol , 48, 723 (1960) 
! Govindjee, R , Thomas, J B, and Rabinowitch, E R , Sewnee, 132, 

421 (1960) 
s Duysens L M N, Amesz, J, and Kamf, B M, Nature, 190, 510 
* Losada, M , Whatley, F R , and Arnon, D I , Nature, 190, 606 (1961) 
? Witt, H T, Muller, A, and Rumberg, B, Nature, 191, 194 (1961) 
* Emerson, R , Chalmers, R, and Cederstrand, C, Proc US Nat 
Acad Sc (Wash), 48, 133 (1957) 


? Krogmann, D W, Jagendorf, A, and Avron, M. „Plant Physiol , 34, 
272 (1959) 


SULPHATE TRANSPORT AND METABOLISM BY 
DESULPHOVIBRIO DESULPHURICANS 


By Pror. C. FURUSAKA* 


McGill-Montreal General Hospital Research Institute 


ITTLEWOOD and Postgate! stated that the 
mmero-organism Desulphovibrio desulphuricans 18 
not freely permeable to anions such as sulphate and 
chloride They suggested that sulphate reduction 
occurs either outside the osmotic barrier or that the 
penetration of sulphate mto the organism 1s regulated 
in such a manner that at equilibrium the ratio of the 
internal concentration of sulphate 10ns to the external 
concentration 1s so low that the analytical procedure 
used in ther work could not detect penetration of 
the 10n even at high external sulphate concentrations 
Skarzynski and Ostrowsk?? claimed that Thiobacillus 
theoparus takes up only the outer sulphur atom of 
thiosulphate, leaving the mner sulphur atom of 
thiosulphate outside the cell as sulphate ion 
These two papers give an impression that the 
inorganic sulphur compounds are metabolized on the 


*Present address Institute for Agricultural Research, Tohoku 
University, Sendai, Japan 


surface of the cells, even though sulphate and th1io- 
sulphate are the mam energy-yielding substrate for 
these organisms 

It was of mterest to elucidate whether these 
organisms, which utilize morganic sulphur compounds, 
actually metabolize their substrates at the surface 
of the cell outside the osmotic barrier 

This communication 1s concerned with the problem 
of sulphate accumulation and metabolism in the cells 
of a strain of Desulphovibrio, which was isolated from 
a muck paddy field ın Japan this organism plays 
a very mnportant part in the reduction of sulphate 
to sulphide ın the soil 

The transport of sulphate into the cells was exam- 
med using a moderately thick suspension of cells 
(about 275 mgm. dry weight of cells was added to 
each reaction mixture, this corresponded to about 
01 ml of packed cells per 2 ml of reaction mixture), 
as ıt was found that tbe ordinary thick suspension 


428 


method? was not suitable for substances which are 
metabolized very quickly by the cell ‘The cells were 
incubated with radioactive sulphate m Warburg 
vessels at 37° C in a tris buffer of pH 7 2, using 
hydrogen in the gas phase After meubation, 
the contents of each vessel were rapidly cooled 
with ice and then centrifuged at 18,000g for 14 mm. 
imn a refrigerated centrifuge The supernatant was 
removed by decantation for the estimation of sul- 
phate and sulphide. The packed cells were rinsed 
three times with ice-cooled water very quickly to 
remove radioactive sulphate adhering to the wall of 
the centrifuge tube and to the surface of the packed 
cells 

For the estimation of sulphate in the supernatant, 
an aliquot of the supernatant was placed m a test- 
tube and to ıt was added one drop of N hydrochloric 
acid Then the test-tube was put ın a boiling water- 
bath for 2 min so as to eliminate hydrogen sulphide 
The solution was diluted ten times with distilled 
water, 0 5ml of the diluted solution was placed on an 
&lummium plate and dried by an mfra-red lamp 
The radioactivity on the plate was measured by a 
Geiger-Muller counter and expressed as the amount 
of sulphate m the reaction mixture 

For the estimation of sulphide ın the supernatant, 
l ml of the original supernatant was strongly acıdı- 
fied by hydrochloric acid m a distillation apparatus 
and the hydrogen sulphide evolved was driven into 
a zine acetate solution, eontained in a volumetric 
flask, by bubbling nitrogen gas through the appar- 
atus for 1 hr ‘The sulphide content of the zme 
acetate solution was estimated by St Lorant’s methyl- 
ene blue method* The radioactivity of sulphide- 
sulphur was estimated by measuring the radioactivity 
of methylene blue adsorbed on carbon powder 

The packed cells were extracted with 10 ml of 
9 per cent trichloroacetic acid solution at 0? C An 
ahquot of the extract was dried on a steam-bath so 
as to drive off the hydrogen sulphide and almost all 
the trichloroacetic acid, then the residual organic 
matter m 1t was oxidized completely by hydrogen 
peroxide The residues were dissolved m a known 
amount of water and applied to the estimation of 
sulphate ın the packed cells For this estimation an 
aliquot of the solution thus prepared was put on an 
aluminium plate and dried The radioactivity on 
the plate was measured and 1t was expressed as the 
amount of sulphate ın the packed cells 

For the estimation of sulphide 1n the packed cells, 
they were transferred into the distillation vessel using 
about 2 ml of water and the suspension strongly 
acidified by hydrochloric acid The hydrogen 
sulphide thus evolved was treated by the same pro- 
cedure as was the supernatant for the estimation of 
the radioactivity of the sulphide-sulphur 

In this article, the term ‘transport’ will be used 
for the description of inflow and outflow It should 
also be mentioned that the term ‘accumulation’ will 
be used to indicate the result of both transport and 
reduction 

A typical result of sulphate accumulation m the 
cells is shown ın Fig la The concentration of sul- 
phate m the packed cells was found to be higher than 
that of the medium at a certam period of the reaction 
At the peak of this accumulation, the sulphate con- 
centration m the packed cells was calculated to be 
145 per cent greater than that of the reaction medium 
at that time, or 28 per cent greater than the mitial 
sulphate concentration This indicates that there 1s 
a distinct accumulation of sulphate in the cells 
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Fig 1 Sulphate accumulation in the cels O--- O, Sulphate 
concentration m the cells (mæ mole/ml packed cells) x— x , Sulph- 
ate concentration 1n the reaction mixture (my mole/ml ieaction 


medium) 

(a) without selenate, (b) with 2f/16,500 selenate, (c) with 
M [1,100 or M [5,500 selenate 

Each vessel contained 10 ml of Mj20 éris-hydrochloric acid 
buffer (pH. 7 2), 01 ml of Af/1,000 phosphate buffer, 01 ml of 
magnesium chloride, 05 ml of cell suspension (corresponds to 
01079 ml packed cell volume), 03 ml of water, 01 ml of 
M/100 sodium sulphate-*S, and 01 ml of sodium selenate 
(AL/750, M [250 or M [50 corresponding to b, c or c, respectively) 
In the centre well 03 ml of potassium hydroxide-pyrogallol 
solution was placed Total volume was 2 2 ml Sodium sulphate 
and sodium selenate were placed in a side-arm and were added 

to the reaction mature at zero time 


The mean velocity of sulphate transport, which 
corresponds to the mean velocity of disappearance of 
sulphate from the medium, and that of accumulation 
of sulphate ın the cells, were calculated from the 
values obtained after 30 sec and 5 min in Fig la 
The mean velocity of sulphate transport was calcu- 
lated to be 1,022 my mole/ml packed cells/min , 
dividing the amount of sulphate which disappeared 
from the medium (470 — 244 = 226 my mole/ml 
reaction mixture) by tıme (4 5 min ) and the volume 
of packed cells (00491 ml), which corresponds to 
1 ml of the reaction mixture On the other hand, 
the mean velocity of sulphate accumulation was cal- 
culated to be 96 6 mu mole/ml packed cells/mm , 
dividing the amount of sulphate accumulated in the 
cells (435 mp. mole/ml packed cells) by the time 
(45 mm) These figures indicate that the sulphate 
transport ıs about eleven times more rapid than 
sulphate accumulation, that ıs, almost all the sulphate 
transported mto the cells 1s reduced quickly and only 
a small part of the sulphate ıs left ın the cells It 
must be borne in mind that the amount of sulphate 
accumulated in the cells ıs the result of two phen- 
omena transport and reduction 

It might be possible to show much more accumu- 
lation of sulphate m the cells 1f a way could be found 
to diminish the velocity of sulphate reduction without 
affecting the velocity of sulphate transport As a 
trial, the hydrogen gas phase of the reaction vessel 
was replaced by heltum The helium gas was passed 
through for 2 mm, with a consequent reduction of 
the partial pressure of the hydrogen gas Much 
greater accumulation of sulphate m the cells was 
observed with a hehum-hydrogen gas phase than 
in the pure hydrogen phase, even though both vel- 
ocities of sulphate reduction and transport were 
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dimimshed It was also observed that sulphate, 
once accumulated in the cell, passes into the medium 
rapidly after sulphate reduction has stopped due to 
the lack of a hydrogen donor 

More detailed experiments were conducted con- 
cerning the fate of the sulphide The concentration 
of sulphide in the cells was found to be always two 
to six times higher than that m the medium, even 
though 1t was much lower than that of sulphate 
The highest concentration observed m the packed 
cells was about 100 mu mole/ml packed cells 
Changes m the concentration of sulphide ın the cells 
follow that of sulphate 

Selenate 1s known as a competitive inhibitor of 
sulphate reduction® It ıs also known that selenate 
competes with sulphate by the formation of a very 
unstable transient compound with adenosme tr- 
phosphate in the presence of sulphurylase? ‘The 
effect of selenate hibition was examined at different 
concentrations When M/16,500 selenate solution 
was used, a higher accumulation of sulphate in the 
cells was observed than m the cells without selenate, 
even though the velocity of sulphate accumulation 
was lowered (Figs lb and la) The mhibition of 
sulphate transport and sulphate reduction calculated 
from the Figs la and 1b were 80 per cent and 85 
per cent respectively. These values indicate that 
sulphate transport and reduction were inhibited by 
selenate, and the difference between the rates of 
inhibition of both reactions by selenate was very 
sight When the concentration of selenate was high 
enough to stop the reduction almost completely (95 
per cent inhibition of sulphate reduction), no accumu- 
lation of sulphate ın the cells was observed (Fig 1c) 
From these results the following possibilities are 
suggested . either (a) sulphate uptake ıs associated 
with sulphate reduction, or (b) selenate mhibits trans- 
port of sulphate directly. 

To test whether sulphate transport 1s associated 
with sulphate reduction, experiments with oxygen 
were carried out Oxygen is & strong inhibitor of 
the metabolism of this organism When oxygen 1s 
used m the gas phase, the accumulation of sulphate 
m the cells and the reduction of sulphate are in- 
hibited completely Further confirmation 1s seen m 
the results of diffusion experiments carried out at 
0°C It was observed that 30 per cent of the packed- 
cell volume took up sulphate within the first 30 sec , 
but no marked moerease of sulphate m the cells was 
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observed in the following 30 mn This figure, 30 
per cent of the packed cell volume, corresponds to 
the mter-cellular volume of packed cells of De. 
sulphovbrio (273-336 per cent as described by 
Littlewood and Postgate' Even though there was 
observed a slight inerease in permeable volume in 
30 min, the final observed value of 36 8 per cent 1s 
Still far from the percentage of the water content of 
the packed cells (76 3 per cent w/v) Therefore, 
httle diffusion of sulphate mto the cells occurs at 
0° C and it 1s negligible compared with the velocity 
of sulphate reduction 

The suggestions of Littlewood and Postgate! already 
cited seem to be only partially true There was no 
evidence for the idea that sulphate reduction might 
occur outside the osmotic barrier of the cell The 
main differences between our experimental conditions 
and those of Littlewood and Postgate are the presence 
of a hydrogen donor necessary for the reduction of 
sulphate and the low concentration of sulphate used 
m the reaction mixture (M/2,200) When a higher 
concentration of sulphate (17/220) was used, 1t was 
very difficult to observe any distmet accumulation 
of sulphate in the cell, probably because the con- 
centration of sulphate m the medium was of the 
same order as the saturation concentration of the 
cells, the difference between the two bemg too small 
to be detected 

My results show that Desulphovibrio 1s not freely 
permeable to sulphate, this bemg indicated by the 
results obtamed using the following experimental 
procedures (a) mhibitàjon by selenate, (b) oxygen 
inhibition of sulphate reduction , and (c) diffusion at 
0°C Thus it must be concluded that (1) a signu- 
ficant accumulation of sulphate occurs in the cell, 
(2) sulphate must be metabolized inside the cell; 
and (3) the transport of sulphate 1s associated with 
the reduction of sulphate 

I thank Prof J H Quastel for his valuable advice 
and interest m this work, and also the US National 
Science Foundation for financial aid which made this 
work possible 
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ANTIGENICITY OF PENICILLIN AND ITS RELATION TO 
ALBUMIN BINDING 


By Dr TOSHIO TORII, and Dr. YOSHIHI KOHORIUCHI 
Hokkaido University Medical School, Sapporo 


NAPHYLACTOID reactions to penicillm are 

most commonly observed among severe 1mme- 
diate hypersensitivities to antibiotics! Reagın type 
of antibody was reported to cause these anaphyl- 
actoid reactions? . However, expermnental hyper- 
sensitivity to penicillin has not been established by 
actual demonstration 1n animals’ In this article we 
present a method to induce active and passive 
anaphylaxis to penicillin m guinea pigs and discuss 
the mechanism of antigenic binding of penicillin to 
albumin 


The method used to induce active anaphylaxis 
m guinea, pigs to penicillm was as follows Equal 
volumes of 100,000 v /ml of penicillm G and 10 
mgm /ml of recrystallized egg white albumin or horse 
serum albumm were mecubated at 37°C for 24 hr 
The precipitates obtained by imneubation were centri- 
fuged and dissolved in saline to the origmal volume 
and adjusted to pH 76-78 Foi the sensitization 
0 1 ml of this solution of penicillm—albumin complex 
was injected subcutaneously mto gumea pigs twice 
weekly for a total of 5-10 times After 3 weeks 
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Fig 1  Schultz-Dale's ileum contraction test ın guinea pig sensitized 

with penicilun-egg albumin complex (4) H, horse serum albumin , 

HP, peniilln-horse serum albumin complex, E, egg albumin, 
(B), PC, penicillin 


of incubation, as shown m Fig 14, the ileum of 
guinea pig sensitized with penicillin G—egg albumin 
complex showed a typical anaphylactic contraction 
as a result of contact with penicillir-horse albumin 
complex and egg albumin, but such contraction was 
not caused by horse albumin — Penicilhn-gumea pig 
serum albumin complex also can be used for the 
sensitization and the sn vtro challenge 

Plam penicillin G did not cause the anaphylactic 
contraction, or an atypical slow contraction was 
observed as shown in Fig IB However, after pre- 
incubation with penicillin G any contraction caused 
by penicillm G-albumin complex was mhibited By 
use of the mtravenous challenge method positive 
results were obtained only with penicilln-albumin 
complex and not with plam pemeiln From these 
results penicillin appears to be a simple haptene and 
needs to be bound with albumin m order to gain a 
complete antigenicity. 

Albumins to be combined in this method are not 
different according to thew origins, ın other words, 
they are exchangeable for sensitization and challenge. 


Passive Cutaneous Anaphylaxis in Guinea Pigs 


Passive cutaneous anaphylaxis (P C A ) in. guinea 
pigs by use of Ovary’s method? was applied to test 
antigenicity of penicillin and closely related substances 
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3 ml of penicilln-egg albumin 

complex, l ml of dehydrated lano- 

hn and 8 ml of hquid paraffin 

were mixed to make antigen for the 

sensitization of rabbit A total 

0 2 ml of the mixture was injected 

mito each foot pad and thereafter 

lml subeutaneously once a week 

for a total of 10 times One-tenth 

ml of arbitrary diluted rabbit anti- 

serum was injected intradermally 

into shaved abdominal area of 

guinea pigs After 5-6 hr, 1ml of 

1 penicillin-albumin complex (25 
E times dilution of the complex anti- 
gen above described) and 1 ml of 0 5 
per cent Evans's blue were mjected 
into jugular ven Within 30 mm 
blue dye infiltration was observed in the skm area 
where rabbit antiserum was previously injected All 
rabbit antisera of 8-10 weeks sensitization yielded 
high titre (1,000 times dilution) of PCA reaction 
Antigenic properties of penicillin were sunple haptene 
as observed in the ileum contraction test (Table 1) 


Table 1, PCA IN GUINEA PIGS WITH RABBIT ANTIBODY TO 
PENIOILLINC-EGG ALBUMIN OOMPLEX 


Antigens for Intravenous challenge Results 
Penicillin-guinea pig serum albumin comple. +++ 
Penmcillin-horse serum albumin complex +++ 
Penicillin-human serum albumin complex +++ 
Peniciliin incubated with human gamma globulin — 
Guinea pig serum albumin — 
Horse serum albumin — 
Human serum albumin — 
Penicillin G — 
Egg albumin +++ 


PCA titre of rabbit antibody was unchanged after 
heating at 56° C for 4 hr 

Crossed antigenicity to various penicillin derı- 
vatives and degradation products were tested by the 
PCA method. Penicillin O (allylmercaptomethyl- 
penicillin), penicillim V (phenoxymethyl-penicillin) 
and benzethicillin (dimethoxyphenyl-pemicillin) gave 
the same positive results as penicillin G Exception- 
ally, phenethieillim — (pnr-phenoxyethyl-penieillin) 
needed acidification to make combination with 
albumin m order to cause positive P C.A reaction 

Degradation products such as penicilloic acid, 
penicilic acid and penicidlenie acid incubated with 
albumin gave no PC A reaction against the antibody 
to penicillin G-albumm complex, while inhibition was 
observed to result from antiserum pre-incubated with 
these degradation products. 


Mechanism of Antigenic Binding of Penicillin to 
Albumin 


After incubation of penicilln G and albumin at 
37°C for 24 hr , the pH of the medium decreased from 
62 to 46-48 By making the medium alkalne the 
PCA titre was almost completely lost On the 
contrary, by acidification the binding process was 
accelerated The relation between decrease of pH 
and PCA titre is shown m Table 2 

An incubated mixture of penicillin G and serum did 
not induce PC A but after acidification and dialysis 
positive reaction was obtained Tissue homogenate 
such as liver, spleen, lung and skin gave no positive 
result, with the exception of the exudates, which 
usually have acid reaction From these observations 
16 18 obvious that penicillm may block alkaline 
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Table2 RELATION BETWEEN DECREASE OF pH AND TITRE OF PCA 


No 4801 


pH pH* Titre ofT 
Antigens before after PCA 
incubation imcubation 
Penicilin G + Albumin 62 44 1,000 
Penicillin G + Albumin 1,0001 
(acidified) — " 
Peniculin G + Albumin 72 58 1 
(alkalized) 
Phenoxyethylpenicillin + Albumin 62 56 0 
Phenoxyethylpenicilun + Albumin 46 46 1,000 
(acidified) 
Penicillin G + Normal serum 72 70 0 
Penicillin G + Normal serum 50 44 100 
(acidified) 
Penicillin G + Dialysed serum 64 50 1,000 
Penicillin G + Pleural exudate 62 52 100 


* 94 hr incubation at 37°C 
+ maximum dilution of antiserum 
130 mn incubation 


radicals of the albumin molecules from the antigenic 
binding, whereas acidification accelerates this reaction 
By means of pemeulin G labelled with sulphur-35 the 
number of molecules of penicillm bound to one 
molecule of the albumin complex antigen was estim- 
ated as 44 5 (mean of 4 expermments) In autoradio- 
graphs of paper electrophoresis with serum or exudate, 
penicillin was found to be bound to albumin and not 
globulm 


A Peculiar Protein found in the Serum of Atopic 
Patients 


The serum from patients with anaphylaetoid re- 
action or angioneurotic cedema had strong capacity 
for antigenic bmding without acidification This 
binding occurred withm 30 mm and was mdepend- 
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Table 3. CAPACITY OF ANTIGENIC BINDING OF SERUM FROM NORMAL 
SUBJECTS AND PATIENTS 


Duration of Terminal a ^d 


Antigens incubation pH P 

1 Normalserum + Penicillin G 24 hr 6 8-7 2 0 
(5 cases) 
No 1serum* + Penicillin G 24 hr 70 1,000 
» + Penicillin G 30 min 70 100 
a + Penicillin V 24 hr 70 1,000 
" + Phenoxyethyl- 24 hr 70 1,000 
penieillin 24 hr 70 1,000 
A + Penicilloic acid 24 hr 58 
Heated serum (56° C , 4 hr) 24 hr 70 1,000 
+ Penicillin G 

3 No 2serumt + Penicillin G 24 hr. 68 1,000 
4 No 3serumt + Penieillin G 24 hr 70 1,000 


* Patient No 1 with anaphylactoid reaction to penicillin, reagin to 
penicillin (+ + +) 

+ Patient No 2 with anaphylactoid reaction to sulpha drug, reagin 
to penicillin (—) 


i Patient No 3 with angioneurotic cedema, reagin to penicillin (—). 


ent of the presence of any reagm to penicillin 
(Table 3) 
From these results and observations we assumed 
the existence of a peculiar protem in such patients 
which has strong capacity of antigenic binding to 
some kind of haptene so that atopic patients acquire 
hypersensitivities very easily to many kinds of 
haptenes 
Physicochemical properties of this protem and 
implications respecting haptenes other than penicillin 
remain to be investigated 
1 Welch, H, Lewis, C N, Wemstem, H I, and Boeckman, B. B, 
Antibwhes Annual, 296, 1957-58 (Medical Encyclopedia, Ine, 
New York, 1958) 

2 Fisher, J P, and Cooke, R A, J Allergy, 28, 150 (1957) 

* D , Progress an, Allergy, 5, 459 (S Karger, Basel, New York, 


INHERITED CASEIN VARIANTS IN COW'S MILK 
By Da. R. ASCHAFFENBURG 


Chemistry Department, National Institute for Research in Dairying, 
Shinfield, Berkshire 


Pa electrophoresis has been used suecessfully 
to demonstrate the occurrence of genetically 
distinct types of B-lactoglobulin»* and a-lactalbumin® 
in eow’s milk With the aid of the same method, 
evidence has now been obtained for the existence of 
gene-controlled variants of the B- and y-components 
of the principal milk protein, casem 

Paper electrophoresis of casein In conventional 
buffer systems presents difficulties which stem from 
the anomalous behaviour of «-casem Zhdanova 
and Vlodavets! and Libbey and Ashworth’ have 
shown that this fault can be eliminated by adding 
urea to the buffer, but they did not obtain a clean 
separation of ß- from «-casein Such a separation 
has now been achieved by working with a buffer 
system made up of constituents with which casein 18 
associated under natural conditions, namely, citrate 
and phosphate Briefly, the technique consists of 
electrophoresis at 4° C 1n a buffer of pH 7 15, made 
up of 0913 gm citric acid monohydrate, 3 56 gm 
disodium hydrogen phosphate and 360 gm urea & 
htre Usmg the horizontal type of apparatus 
described by Kohn$, a constant 180 V is appbed for 
5 hr to two sheets of Whatman 3 MM paper (10x 
20 cm ), each carrying three or four samples deposited 
across the centre of the sheets Samples are prepared 
by isoelectric precipitation of the casein from 10 ml 
of skim milk, addition of 2 gm. urea to the centrifuged 


and washed casein, and dispersion with water to ® 
final volume of about 5 ml of a shghtly opaque 
solution 

As shown ın Fig 1, the procedure resolves the pro- 
tem into two «-casem bands, the slower-moving one 
probably representing the x-casem of Waugh and 
von Hippel’, a single 6-band, and two y-bands which 
move towards the cathode Contrary to the other 
components, the y-casems—very clearly shown m 
the chosen examples—vary markedly in strength 
from milk to milk, as will be discussed later Other- 
wise rather uniform results were obtamed mn com- 
paring the casein patterns from the milk of individual 
cows A departure from the norm emerged during 
the examination of a sertes of samples from one-egg 
twins of different breeds, kept at the Institute milk 
from each of a pair of cross-bred J ersey—Guernsey 
cattle (037/38) was found to contain two p-casein 
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Fig 1. Separation of casein by paper electrophoresis 0 = origin 
(photographed in transmitted hght) 
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components (B and C, Fig 2d), migrating more 
slowly than the usual single component (A, Fig 2b) 
The fact that the ‘anomaly’ occurred with both twins, 
suggested a genetical basis, and led to the collection 
of samples at the farm of origin with the surprising 
iesult that, of 21 cows examined, only 3 produced 
B-caseim A Three additional variants, A and C 
(Fig 2a), A and B (not shown), and B only (Fig 2c) 
were found among the remaining samples ‘The 
older animals at this farm were Guernseys, the younger 
ones Fl.erosses with Jersey sires The male hne 
was traced back to a small pedigree Jersey herd with 
ten cows in milk four of these produced Q-casem A, 
the others B or A and B combined 

Examination of the available famuy data showed 
the results to be ın accord with the concept of the 
existence of three alleles of & gene (locus symbol 
B-Cn), giving rise to six possible phenotypes of which 
all but one, C/C, have so far been observed Some 
relevant relationships for the twins 037/38 are given 
m Fig 3 They show that all three alleles are present 
in the Guernsey stock, and that the Jersey sire (IIT) 
as well as 1ts sire (II) and grand sire (I) transmit the 
B-allele which, as mentioned here, 1s prevalent at the 
Jersey farm 

Though still in its early stages, a survey of milk 
samples from cows of other Channel Island herds has 
already shown that the observations connected with 
the twins 037/38 are not to be regarded as rare 
anomahes In tests of samples from seven Guernsey 
herds, both the B- and C-alleles were found m one 
herd and the B-allele ın another; and ın one of three 
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Fig 3 Pedigree of one-egg twins (037/38), showmg 5 of the 6 
possible phenotypes of B-casem 
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Jersey herds the B-allele occurred quite frequently 
These herds are now under more detailed mvestigation, 
and further data on Jersey cows are bemg collected 
to ascertaim whether the C-allele, so far only found in 
Guernsey milk, occurs m that of Jersey cows as well 
Information 1s also required on the possible occurrence 
of the B-casem polymorphism in other breeds So 
far only Friesian cows have been examuned in 
sufficient number to suggest that the polymorphism 
might be restricted to Channel Island cattle This 
would be highly interesting, since Bangham?! has 
shown that hemoglobin polymorphism among British 
cattle breeds 1s confined to Channel Island (and South 
Devon) ammals It ıs true that durmg tests on milk 
from more than a hundred Friesian cows, a few 
instances were observed m which the B-allele was 
present, but these were so isolated that they might 
well be merely the consequence of cross-breeding with 
Channel Island cattle 

As mentioned earher, the two y-casem bands, 
obtamed from the milk of individual cows, were found 
to vary considerably in strength, as illustrated by 
Figs 1 and 2 (The photographic reproduction 
conceals the fact that weak bands were present m 
all the examples shown in Fig 2) In some samples, 
the bands appeared to be completely absent The 
statement that this variability has a genetical basis 
is founded largely on the observation that, in com- 
parisons of the strips prepared from the milk of 
eighteen pairs of one-egg twins, Y-casems of identical 
appearance and strength were obtamed within each 
single pair, while the variability between the pairs 
covered the whole range These findmgs suggest 
the existence of a metabolic polymorphism of the 
kind deseribed by Allson® as “that ın which one 
genotype has a particular substance in relatively 
large amounts while other genotypes have smaller 
amounts or lack ıt altogether" There has been no 
indication that this polymorphism differs from breed 
to breed. Interpretation of the results ıs far from 
easy, when the y-casem bands are very weak, and 
detailed study of this polymorphism has been post- 
poned pending the development of a more searching 
technique producing the weak y-casems m higher 
concentration Such a development seems necessary, 
as the simple expedient of applymg more than the 
usual amounts of total casein to the filter paper 
results in the formation of blurred, poorly resolved 
bands 

Casein ıs present in cow’s milk m the form of a 
colloidal complex It appears from the foregomg 
that several mdependent genes are mvolved m its 
elaboration by the mammary gland, and that the 
‘classical’ sub-division of the complex into a-, B- and 
Y-casems 1s justified and meaningful 

I am grateful to my colleagues of the Dairy 
Husbandry Department, Dr F H Dodd and W S 
Mitchell, and to N T Culling and his staff at the 
Reading Regional Milk Records Office, Milk Marketing 
Board, for the collection of milk samples and 1nforma- 
tion, and to Miss J E Cooper for skilful technical 
assistance 
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COMPARISON OF TRANSDUCTION VERSUS TRANSFORMATION OF 
LINKED MARKERS IN BACILLUS SUBTILIS 


By ERELA EPHRATI-ELIZUR and MAURICE S FOX 


The Rockefeller Institute, New York, 21 


ITH Bacillus subtus, 1t has been possible by 
transformation to demonstrate linkage between 
mutant sites (markers) responsible for tryptophan 
and histidine requirements!? and between markers 
responsible for tryptophan and tyrosme require- 
ments’ The degree of the linkage ıs determined by 
comparmg the frequency with which bacteria which 
have been transformed to independence of one 
required metabolite have been simultaneously trans- 
formed to independence of the other* Due to the 
low frequency of transformation in these experiments, 
cells are rarely transformed simultaneously for two 
unlinked markers As a result of the observation of 
phage-medated transfer of genetic material (trans- 
duction) m B subtis by Thorne’, ıb has become 
possible to compare the degree of hnkage between a 
piven pair of genetic markers mtroduced either by 
deoxyribonucleate mediated transformation or by 
bacteriophage-mediated transduction 
The lysogenic B subts W23 L-9, carrymg a 
transduemg phage, was kindly provided by Dr C B 
Thorne ‘Transducmg phage suspensions were pre- 
pared in broth after confluent lysis ın soft agar plates 
seeded with both the phage and the sensitive wild- 
type bacterial stram W23 (ref 6) Shakmg with 
chloroform followed by a low-speed centrifugation 
was sufficient to remove the bacteria from these 
suspensions The phage was partially purified by 
centrifugation at 13,000 rpm for 80 mm Sterile 
glycerol was added to the phage suspension to make 
10 per cent by volume and 1 ml samples were stored. 
in 8 freezer cabinet at —20? C The phage titre was 
determmed by plating on tryptone agar plates supple- 
mented with 05 per cent glucose and 01 per cent 
yeast extract, using the agar layer method The 
transduction procedure described by Thorne was 
modified im the following way Mutant bacterial 
cultures were grown in tryptone broth supplemented 
with 05 per cent sodium chloride and 05 per cent 
glucose, for 5 hr at 37° C , with aeration To 1 ml 
samples, sterile glycerol was added to make 10 per 
cent by volume, and the cultures were kept frozen 
at —20° C until use For transduction experiments, 
the cultures to be transduced were allowed to thaw 
in an ice bath and either diluted 1/10 into fresh 
medium and mcubated for 5 hr or centrifuged after 
being thawed, re-suspended in 1 ml of fresh broth and 
incubated with aeration for 60 mun — Following either 
of these treatments, 01 ml of a phage suspension 
was added and the cultures were meubated with 
aeration for 45 additional mmutes after which 
aliquots were spread on plates contamung minimal 
medium? Control platmgs of the phage suspensions 
showed no bacterial contammation, deoxyribonu- 
clease treatment of these suspensions had no effect on 
transduction yields In the transduction tubes, the 
bacterial densities varied from 2 to 5 x 10%/ml Phage 
densities were between 2 and 3 x 108ml All meuba- 
tions were at 37°C The procedure for transformation 
has been deseribed elsewhere? 





It can he seen 1n Tables 1 and 2 that the frequency 
with which the respective pairs of markers are 
transferred jointly 1s very nearly the same, when they 
are introduced either by transformation or trans- 
duction This ıs true for both hnkage groups that 
have been examined, tryptophan-histidie and 
tryptophan—tyrosme In Table 3 a comparison has 
been made between frequencies of transformation 
and transduction of tryptophan, and a number of 
markers located in another histidme region showing 
no evidence of linkage to tryptophan The four 
mutant histidme sites represented in the first four 
strams have been shown by transformation to be 


Table 1 LINEAGE BETWEEN HISTIDINE AND TRYPTOPHAN MARKERS 
AND BETWEEN TYROSINE AND TRYPTOPHAN MARKERS {BY TRANS- 
DUCTION AND TRANSFORMATION 


Method 1 


Colonies 
acquiring hist 


Total hist- (Per 
exam-trypt cent) 
ined found doubles 


326 238 736 
357 226 6347 
320 204 604-8 
387 241 62+7 


Recipient 


Colonies 
bacteria donor 


acquiring trypt 


Total hist- (Per 
exam- tryp* cent) 
ined found doubles 


297 220 74+5 
840 221 6545 
330 235 71+6 
395 248 637 


Strain No genotype 


168-SB25 | Phage (TV) 
hisStryp | DNA (W) 
168-31 Phage (W) 


his,-tryp | DNA (W) 


Colonies 
acquiring tyr* 


Total tyr*- (Per 
exam- tryp* cent) 
i ined found doubles 


168-SB29 | Phage (W)| 280 157 56-57 
tyr,-tryp| DNA (W) 335 182 54+7 
168-SB30 | Phage (W)|] 325 178 554 
tyr,-tryp| DNA (FV) 290 146 50:+5 


Colonies 
acquiring trypt 


Total tyrt- (Per 
exam- tryp* cent) 
med found doubles 


354 215 60+9 
320 179 566 
206 108 57-7 
287 150 5244 


The cultures treated with deoxyribonucleate (DNA) or phage were 
plated on minimal agar supplemented with either histidine (his) or 
tryptophan (tryp), in the case of the his-tryp mutants, and with 
tyrosine (tyr) or tryptophan tn the case of tyr-tryp mutants Colonies 
selected for independence of one metabolite were tested for mdepen- 
dence of the other by streaking on unsupplemented minimal agar 
plates W, wild-type bacterial strain W-23 


Table 2 LINKAGE BETWEEN HISTIDINE AND TRYPTOPHAN MARKERS 
AND BETWEEN TYROSINE AND TRYPTOPHAN MARKERS BY TRANS- 
DUCTION AND TRANSFORMATION 


Method 2 


Recipient 
bacteria donor 


168-SB25 | Phage (WW) 
DNA (W) 

168-31 Phage (W) 
his,-tryp| DNA (Y) 


his* trypt 
colonies colonies 


1,226 1,280 
1,246 

730 
1,208 


his*-tryp* (Per cent) 
colonies doubles 


1,120 782 
tyrt trypt 
colonies colonies 


499 506 
838 
1,237 
870 


tyr*-tryp+ (Per cent) 
colonies doubles 


168-SB29 | Phage (37) 
tyri-tryp| DNA (W) 
168-SB30 | Phage (W) 
tyr,-tryp| DNA (V) 


1,081 484 





The treated cultures were plated simultaneously on unsupplemented 
and singly supplemented minimal agar plates The colonies appearing 
on minimal represent the doubly transformed/transduced cells 

No of colonies independent of both required metabolites 100 
Average number of singly transformed/transduced colonies id 
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Table 3 TRANSDUCTION AND TRANSFORMATION OF UNLINKED 
TRYPTOPHAN, HISTIDINE- MUTANTS 
* Colonies *Colonies 
transduced to transformed to 
hist- his*- 


hist trypt tryp* Inst  tryp* trypt 


168-26 his,tryp 157 1,750 0 440 400 0 
168-30 _his,-tryp 37 536 0 107 85 0 
168-(N-3) his,,-tryp 5 75 0 1,020 850 0 
168-SB1 his,-tryp 28 130 O 1,020 1,100 0 
168-32 his,(?)-tryp 0 220 0 0 

* Number of transduced or transformed colonies on plates, bearing 
approx 107 treated bacteria 


closely linked to each other? The tryptophan 
mutation 1s identical with that of the four mutants in 
Tables 1 and 2. It can be seen that in transduction, 
the frequencies of the genetic transfer of the histi- 
dine!+8-!° region are less than 10 per cent of that of 
the tryptophan marker, whereas by transformation 
these markers are transferred at about the same 
frequency as 1s the tryptophan marker In one 
mutant strain, 168-32, requirmg tryptophan and 
histidine, neither mutational site has been precisely 
located This mutant can neither be transformed 
nor transduced to histidine independence 

The results presented show that the ratio of the 
frequency with which a pair of markers 1s introduced 
simultaneously to the frequency of introduction of a 
single marker is the same, within experimental error, 
whether these markers are introduced by transforma- 
tion or transduction A group of histidine markers, 


Recipient bactena 
Stram No genotype 
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shown to be unlinked to tryptophan by transforma- 
tion, 18 also found to be unlinked by transduction 
The frequencies of transfer of these latter histidme 
markers m comparison with tryptophan were always 
markedly lower in transduction than in transforma- 
tion experiments Differences m frequency of trans- 
duction of different markers have been described in 
S typhimurium” 

Thus 1t has been demonstrated that, for several 
linked pairs of markers, the process of genetic incor- 
poration as expressed in the degree of linkage, 1s 
remarkably similar whether the transfer 1s mediated 
by purified deoxyribonucleate or by transducing 
bacteriophage 

We wish to thank Dr R D Hotchkiss for the 
interest he has shown m this mvestigation 

The mvestigation was supported by a grant from 
the Association for the Aid of Crippled Children and 
grant No G/12894 from the National Science Founda- 
tion to Dr R D Hotchkiss 
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EXTRACELLULAR ESTERASE OF GROUP A STREPTOCOCCI 


Esterase in Extracellular Concentrates of 
Group A Streptococci and the Homologous 
Antibody 


CARBOXYLIC acid esterase sensitive to dı- 
isopropylfluoridophosphate (DFP) has been 
found in extracellular concentrates of group A 
streptococc1 The existence m various sera of antı- 
bodies against this esterase ıs described These 
antibodies precipitate the streptococcal esterase 
but do not block its activity, a situation identical 
to that found by Uriel! with the esterases of human 
serum and their corresponding horse antibodies 
The enzyme was demonstrated by the following 
method Electrophoresis of ten-fold to a thousand- 
fold concentrates of the extracellular products of 
group A streptococc: was made from holes or slots 
in agar gel for 75 min in 10 x 4 em slides by the 
Grabar and Williams technique? or for 45 min by 
the mucroscope-slide modification of Scheidegger? 
Following electrophoresis or 1mmunoelectrophoresis, 
the esterase activity was revealed by a technique 
described in ref 1 The principle of this method? 
involves the sphtting of the substrate Q-naphthyl 
acetate and coupling with the azo dye, diazo blue B, 
the esterase appearing as a red-blue area (Fig 1) 
So far, esterase activity has been demonstrated in 
extracellular concentrates of sıx strains of group A 
streptococci (Table 1) Tho concentrated uninoculated 
broths gave negative results 
The esterase activity does not appear to be due to 
the followmg known streptococcal products, strepto- 
lysms O and S, streptokmase, protemase, deoxy- 
ribonuclease, diphosphopyridine nucleotidase 
(DPNase), and erythrogenic toxms A and B Of 
these the most interesting 1s protemase, because it 1s 


known that some proteolytic enzymes lıke trypsin 
have esterase activity 

The electrophoretic mobility of the esterase was 
sunilar to that of streptolysin O (ref 4) However, 
the two activities can be differentiated as will be 
shown here The two products may share another 
property, as shown in Table 1 Concentrates of lot 
32369—26, which had been prepared by filtration of 
the culture through a Berkefeld filter, showed no 
esterase activity, a similar adsorption hed occurred 
with the streptolysin O of this lot® 

Investigations of the effects of inhibitors were 
carried out by the method ın ref 1 DFP at 10-5 M 
inhibited the esterase activity, while 10-4 M p-chloro- 
mercuribenzoate was without effect The opposite 
results were obtained with streptolysm O (ref. 4) 


Table 1 ESTERASE ACTIVITY OF VARIOUS STREPTOCOCOAL PREPARA- 
TIONS 


Supernatant 
(S) or filtrate Serological 
No Stranmand (F) and Esterase typeof Main feature 
lot No * degreeofcon- activity strain of stram 
centration 
la 32369-22  . S-1000 x + 18 Production of 
b 32369-26 #-1000 x -— erythrogenic 
toxin B 
2a Cook B-25 §-1000 x + Unknown Production of 
b Cook B-27 S§-1000 x + erythrogenic 
toxin B 
3 NYb5(E14)-2 S-1000 x + 12 Production of 
erythrogenic 
toxin A 
4a C203S-9t S — 3 DPNase + 
3 S-30 x T 
5a  Wilson-HTt S - 
b j S-30 x + 1 DPNase — 
8a  S-84-1 S (1) - 3 Production of 
b 2s S-10 x T high yield of 
c 5 S-30 x + streptolysin O 


* Methods of mass culture were used as in ref 5 
T Given by Dr A Bernheimer 
t Given by Dr R Wahl 


~ 
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Fig 1 a, Electrophoresis of extracellular concentrate Wilson-1 , 

b-e, mmunoelectrophoresis of extracellular concentrate Wilson-1, 

b, normal horse serum, c, normal human serum No 1, d, normal 

human serum No 2,1 m j f: normal human serum, No 2, 
,000 


In immunoelectrophoresis, the various sera placed 
in the trenches mcluded six normal adult sera, a 
10 per cent human y-globulim (Centre de Transfusion, 
Réanimation de l'Armée), one standard horse anti- 
streptolysn O serum (1,500 units/ml Institut 
Pasteur) and scarlet fever antitoxim (horse), Lederle 
lot 1570-473 (ref 5) All these sera gave arcs of 
enzymic activity as shown ın Fig 1, due to precipita- 
tion of antigen and antibody The arcs of precipitate 
before staming for esterase were not visible to the 
naked eye nor could they be observed after staming 
with azocarmme*® A rabbit antiserum contaimng 
1,500 units of antistreptolysm O and a rabbit anti- 
streptococcal serum (type 1, precipitating) made with 
killed bacteria gave negative results n immuno- 
electrophoresis 

That normal human serums can react with extra- 
cellular streptococcal antigens has been shown by 
Halbert e¢ al and confirmed by others (ref 7), and 
the present findings confirm another antigen-antibody 
system 

Dr Tom Webb and Efstratios Avrameas of this 
Service made useful suggestions m the course of the 
work Sera were given by Drs R Wahl or A 
Eyquem of the Institut Pasteur Some streptococcal 
fractions were given by Dr A Bernheimer of New 
York University and Dr S P Halbert of Columbia 
University 

AARON H Stock. 
Jost URIEL 
PIERRE GRABAR 


Electrophoretic Mobility and Detection of 
Hemolytic Activity of Streptolysins O and 
S in Agar-Gel 


WHILE investigatmg the extracellular esterase of 
group A streptococcel, it became necessary to have a 
direct method for the demonstration of the electro- 
phoretic mobility of streptolysms O and Ş A shght 
modification of the procedure of Uriel? for the direct 
detection of proteolytic enzymes after electrophoresis 
in agar-gel proved successful and 1s as follows The 
streptolysm preparations were placed m slots cut in 
agar on shdes The streptococcal concentrates con- 
taining streptolysin O were either a crude thousand- 
fold concentrate of supernatants of broth cultures 
grown m dialysate broth’ or a thirty-fold concentrate 
(as m ref 5) of an Institut Pasteur streptolysm from 
cultures of stram S 84 of Kalbak grown in infusion 
broth (given by Dr R Wahl, Institut Pasteur, 
Paris) Both streptolysm O preparations contained 
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sufficient lysin in the reduced form, so that addition 
of cysteine was not necessary for activity, which 
was fortunate, smce this reagent nullified the effect 
of one of the mhibitors (p-chloromercuribenzoate) 
used in the investigation That streptolysin O 
collected after 12-24 hr can exist in the reduced form 
without reduction was shown in the pioneering 
studies of Neil and Mallory? The nucleic acid induced 
streptolysin S was given by Dr A Bernheumner of 
New York University Electrophoresis m agar-gel 
was carried out for 45 min by the procedure in ref. 2 
m a modified microscope-slide method of Scheidegger 
(see ref 2) Followmg electrophoresis, the slides were 
immersed in phosphate-buffered saline pH 6 5 (ref 10) 
for 15 min to convert the gels to isotonicity. The 
surface of the slides was then dried hghtly with filter 
paper, and overlayed by means of a pipette with 
2 ml of a 2 per cent washed human red blood cell 
suspension in melted 1 5 per cent agar in phosphate- 
buffered saline at 45-50? C When the overlay had 
hardened, the slides were placed ın Petri dishes and 
meubated at 37? C In about 30 mm the hemolysis 
became visible, but the reaction was allowed to pro- 
ceed for a total of 60 mm As shown m Fig 2, 
streptolysin O migrated very slowly while strepto- 
lysin SS exhibited rapid mobility, easily differentiat- 
ing the two lysis 





+ + T 
> ES » ay we af 5m we , E 
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Fig 2 Electrophoresis of streptolysins O and SS R, reservoir, 

top, streptolysin S, bottom, streptolysin O The dark areas are 

the hemolysed zones There 18 an artefact at the reservoir of 
streptolysin S due to overlay of agar over the reservoir 


The mobility of streptolysn O observed by the 
direct method apparently differs from the mobihty 
described by Hanson and Holm™ with the use of the 
‘basin overlay’ and 1mmunoeleetrophoretic techniques 
and markedly differs with the mobility found by 
Halbert and Keatinge? with an immunoelectro- 
phoretic method By includmg m the overlay of 
red blood cells sufficient antistreptolysm O (horse, 
Institut Pasteur), it was demonstrated that strepto- 
lysin O activity could be inhibited. 

Some investigations of chemical inhibitors were 
carried out using the technique elaborated by 
Uriel! for the study of esterases in human serum 
Following the electrophoresis of streptolysm O or S, 
the shdes were immersed ın either 10-* M di-isopropyl- 
fluorophosphate (DFP) or 10- M p-chloromercur- 
benzoate in buffered saline, and overlays of red blood 
cells in agar were made, but contamimng 10-4 M con- 
centration of the mhibrtors It was found that 
streptolysm O was imhibited by p-chloromercur- 
benzoate in accordance with the findings by Smythe 
and Harris!” of the effect of mercury salts on this lysın, 
ib was not mbhibited by DFP The two inhibitors 
thereby differentiate streptolysm O from streptococcal 
esterase Streptolysm S was not inhibited by 
either g-chloromercuribenzoate or DFP To our 
knowledge these findmgs have not been reported 
before 

It 1s planned for the future to carry out electro- 
phoretic work on other bacterial hemolysins, espect- 
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ally tetanolysin, pneumolysm and the O toxm of 
Cl welchw, all of which were shown by Todd! 
to have an immunological relationship to streptolysin 
O 
This work was aided by a grant from the National 
Institutes of Health, Bethesda 
A H Srock* 
José URIEL 
Service de Chimie Microbienne, 
Institut Pasteur, 
Paris 


* Present address Department of Microbiology, School of Medicine, 
University of Pittsburgh 
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A CELL FOR RAPIDLY MEASURING RESTRICTION TO DIFFUSION 
OF MACROMOLECULES THROUGH AGAR GELS OF VARIOUS 
PORE SIZES 


By G K. ACKERS and R. L. STEERE 


Plant Virology Laboratory, Crops Research Division, US Department of Agriculture, Beltsville, Maryland 


ESTRICTED diffusion of small proteins through 
stretched dialysis tubing has been investigated 
by Craig et al} This and other work indicated that 
restricted diffusion may be an effective tool for (a) 
size estimation of macromolecules in undefined or 
impure systems, (b) fractionation of components imn 
such systems, and (c) tests of particle-size homo- 
geneity in purified preparations In view of these 
possibilities we thought 1t advisable to extend meas- 
urements into the range of pore sizes which would be 
effective 1n restricting diffusion of virus particles. 
Rapid and reproducible results are obtamed by 
using diffusion cells of the construction shown in 
Fig 1 The mner chamber ıs made of glass A thm 
piece of ‘Monofilament Saran’ screening (MS-904, 
51 mesh, 0 008 in. yarn diam, National Filter Media 
Corp ) 1s stretched across its bottom and cemented 
securely around the edge (The materials mentioned 
were purchased from the companies designated 
These sources are presented only for specific identifica- 
tion of the maternals used No discrimination 1s 
intended and no guarantee of reliability ımphed ) 
The mesh on the bottom of this mner chamber 1s 
then ummersed to & depth of approximately 1 mm 
ın & warm agar sol of accurately known concentration 
Sol ıs drawn swiftly by surface tension into the 
mterstices of the ‘Saran’ mesh The chamber 
is withdrawn from the agar and excess sol 1s gently 
scraped, from the bottom surface of the ‘Saran’ and 
from the outer rim of the chamber A thin film of 
agar (about 003 cm thick) 1s left m the mesh across 
the lower surface of the chamber This film 1s 
allowed to gel at room temperature and forms a con- 
tinuous, sturdily supported membrane The cell 
is assembled with a rubber sleeve, a flat cover, a 
screw clamp, and an outer chamber of the dimensions 
shown The inner chamber is filled with buffer 
solution and closed securely with the screw clamp 
The membrane assembly is placed in contact with 
buffer ın the outer chamber and allowed to ‘mature’ 
for 48 hr ın a cold constant-temperature chamber 
The buffer ın the inner chamber 1s then replaced by a 
buffered solution of the molecular species the diffusion 
of which 1s to be measured That in the outer chamber 


18 replaced by fresh buffer at successive timed inter- 
vals and concentrations of the diffusates are assayed 

Integration of Fick’s first law for the boundary 
conditions of this system leads to equation (1) (ref 2) 


DA Z ViVa (Ci — Cf 
p C Ne (Ore 0 (1) 


D 18 the diffusion coefficient land. A are the effective 
length and. total cross-sectional area of pores m the 
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Fig 1 Cell for restricted diffusion 
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Agar (per cent) (w/w) 
Fig. 2. Comparison of diffusional restriction for human hemo- 
| globin and southern bean mosaic virus particles. The restricted 
Ud ffusion ecefficients are plotted as pone of the extra- 
M poised diffusion coefficients against gel concentration. a, Human 
oglobin; b, southern bean mosaic virus; @. assay by ultra- 
violet absorbance; O, assay by infeetivity 
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.* membrane. V; and V, are the respective volumes of the 
^ inner and outer solutions the coneentrations of which 
are Cy and Ca; 4 and f refer to initial and final condi- 
|5 tons; t is the duration of the experiment. In practice 
| the quantity 4/1 is evaluated for each membrane by 
"^ s diffusion of a small molecular species the diffusion 
un coefficient of which is known. 
| Representative data (averages of 4 determinations) 
Bes dor restricted diffusion of purified southern bean 
_ s mosaie virus.(0-27 mgm./ml.) and. 1 per cent human 
hemoglobin (2 x cryst., 9019, Nutritional Bio- 
| ehemieals Corp., Cleveland, Ohio) both in 0-0667 M 
phosphate buffer (pH 6-7) through a series of “Ionagar 
No. 2’ (Oxoid) membranes of different gel concentra- 
tions are shown in Fig. 2. The agar was made up at 
ach concentration (w/w) in distilled water and 
itoclaved 15 min. at 15 Ib./in.* pressure. The 
cells were assembled and calibrated with 0-1 M sodium 
Joride (using Dow = 1:36 x 10-5 em.*/sec.) (ref. 3). 
Behaviour of all cells conformed closely to equation (1). 
his indicates that transport through the gel under 
the. experimental conditions is at least pre- 
dominantly diffusional. 
Diffusion was carried out in a constant-temperature 
amber at 8° + 0-5? C.. Suspensions were assayed 
y ultra-violet absorbance at 2600 A. (for southern 




















UTORADIOGRAPHY of tissue sections using 
elted emulsion may be earried out in two 
the sections may be stained first, coated with 
lose and emulsion and then processed, or 
ons may be stained after LN pro- 
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By Dr. A. C. KULANGARA 


Department of Embryology, Carnegie Institution of Washington, Baltimore 10, Maryland 
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bean mosaie virus) and 2800 A. (for hemoglobin). i 
The southern bean mosaic virus diffusates were 
assayed also by infectivity tests. Results of these 
measurements agree closely with the absorbance "AS 
values as shown in Fig. 2. Qus 

Values for restricted diffusion coefficients were — 
calculated by using equation (1) for the two species. 
of particles at each gel concentration. When these . . 
coefficients (corrected to water at 20? C.) were plotted 
against agar concentration and the curves extra- 
polated to zero gel concentration, the value 
were 1-23 x 10-* cm.?/sec. for southern be 
virus and 6:6 x 10-7 em.?/sec. for hemoglob 
values are in good agreement with the 
values of 1:39 x 10-7 em.*/sec. and i 

cm.*/sec. (ref. 4). Fig. 2 shows the eom 
diffusional restriction encountered. by parti PU 
these two types as the gel pore size is decreased with = in 
inereasing agar concentration. In this graph, ratios  ——— 
of Dg (the restricted diffusion coefficient) to D, (the 
extrapolated coefficient) for the two particle-species 
at each gel concentration are plotted against the gel 
concentrations. It is clearly seen that tho larger — 
southern bean mosaic virus particles (28-0 my diam.) — — 
were restricted to & much greater extent in their 
migration through the gel matrix than were the s 
smaller (6:16 mu diam.*) hemoglobin particles. — .— 

Results of this investigation suggest that restricted - 
diffusion by use of agar-gel membranes should be a | 
particularly useful tool for the study of viruses. 
For example, although the hemoglobin ‘molecule 
diffuses only 4-5 times as fast as the southern bean 
mosaic virus particle under free conditions with only . 
hydrodynamic restriction, it was found to diffuse 63 — 
times as fast through a 4 per cent agar-gel membrane. = 
With such separation between virus particles and . 
other macromolecular components of tissue extracts, 
it should be possible to effect a high degree of purifica- 
tion by using a limited number of countercurrent 
steps under properly selected restrictional conditions. ^ 

We wish to express our appreciation to James Mo 
Parsons for help in the initial stages of this work. 

A part of this work was carried out in the labora- 
tories of the Harding College Chemistry Department. . 
Searcy, Arkansas, under the support of à Brown 
Hazen grant obtained through Research Corporation, 

New York. 
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cessing. During an investigation of rabbit uterus. = 
(labelled with carbon-14) by the first method, it was ^. 
found that sections became de-stained in spite of = 
considerable overstaining, and black deposits, ranging = 
from a few silver grains to large aggregates, appeared = 
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Table 1 


Background 


Unstained sections covered with thin nitrocellulose coat 
Unstained sections embedded in a thick nitrocellulose coat 


Sections mono m hematoxylin and covered with thin 
nitrocellulose 


Sections stained in eosin and covered with thin nitro- 
cellulose coat 


All sections were of non-radioactive rabbit uterus. 





Mean No. of grains + stand. 
error in 1,380 4? 


Over tissue 
16:0 + 1:95 
77 +4076 


8:4 + 0:59 
6-0 + 0-32 


15:4 + 2-05 
none 


7424071 181 +11 63:4 + 571 1575 + 1:02 


7:1 + 0-61 10:8 + 0:76 222 + L8 several 


Grains were counted under oil immersion, in 1,380 x? ibn. at least 10 such areas being counted for a sample.  Aggregates were 


counted in 5,520 u° at a time, four such areas being 


on slides. Discrete grains, indistinguishable from 
those caused by ionizing events, occurred in greater 
density near the tes. 

The formation of aggregates has been reported by 
others!*, but discrete grains which may occur with 
or without tes do not seem to have received 
as much attention. Stains and other solutions have 
been shown to remove radioactivity from tissue? and 
silver grains from images*. Several substances have 
been shown to cause chemical fogging*, but a pro- 
tective film between tissue and emulsion is con- 
sidered to prevent such artefacts. The observations 
reported here indicate that stains may be involved 
in the formation of artefacts when a thin nitro- 
cellulose film is used and that artefacts as well as 
bleaching of stains may be prevented by embedding 
sections in a hydrophobie layer. 


Strain-induced artefacts. Slides with 8u thick sec- 
tions of non-radioactive rabbit uterus were de- 
paraffinized and covered with a thin or thick coat of 
nitrocellulose. Kodak NTB3 emulsion was applied 
over these unstained sections, the slides sealed in 
light-tight boxes and processed after 24 hr. in the 
refrigerator (Fig. 1 ; Table 1, slides 1 and 2). Slide 1 
showed several aggregates and the grain count over 
tissue was twice the background count (P < 0: *001), 
whereas slide 2 showed no aggregates and the grain 
count over tissue was not significantly different from 
background. Among slides with a thin nitrocellulose 
coat, appreciably fewer aggregates were found on 
those that were dried flat after dipping in nitro- 
So ag than on slides which were dried verti- 

y 

The thin coat was applied by two dips in 1 per cent 
nitrocellulose, the slide being dried for 15 min. after 
the first dip and overnight after the second. The 
film which resulted was about 0-3& thick and the 
emulsion formed a layer varying in thickness from 
3 to 10u. The thick coat was obtained by pipetting 
1:5 ml. of 2 per cent nitrocellulose on the slide and 
drying in a slow stream of air for about 18 hr. The 
sections became embedded in a 9u thick layer of 
nitrocellulose and the emulsion applied on its even 
surface formed a uniform layer about 3u in thick- 
ness. 

It has been suggested** that emulsion layers of 
uneven thickness may become reduced due to physical 
strains during drying or processing. Evidence con- 
firming this view was obtained here when clean slides, 
slides with coverslips cemented on them and slides 
with depressions (5, 8, 10 and 15 deep) ground 
on them were coated and processed as in the case 
of slide 1. tes and grains were found at the 
edges of coverslips and depressions. It may be 
mentioned here that such strain-induced artefacts 


unted 


for a 


occur with 5p or thicker sections; they are less 
common or absent with thinner sections. Tissue 
sections with few spaces or small ones (less than about 
30u across), such as liver and spleen sections, also do 
not produce many artefacts. 


Chemically induced. artefacts. In order to determ- 
ine whether stains could reduce the emulsion when 
they were separated from it by a thin nitrocellulose 
film, a drop each of Mayer's hemalum and 1 per cent 
eosin were dried on a slide, the slide was coated with 
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Fig.2. Grain clumps (arrows) over non-radioactive nuclei (slide 4. 
Table 1). ( x 1,000) 


nitrocellulose and emulsion and processed. The grain 
counts over hemalum, eosin and background were 
24+ 6:1, 12-3 + 0-86 and 7-2 + 0-75 respectively. 
Counts around the hemalum spot were 1:5-2 times 
background count, indicating some lateral diffusion 
of the reaction. When non-radioactive sections 
stained in hemalum were treated similarly, counts 
over tissue and background were 18-1 and 7-4 res- 
pectively (Table 1). The mean number of aggregates 
was 63-4 and the largest of them was 262y. Corre- 
sponding results with sections stained in eosin were 
10-8 and 7-1 grains over tissue and background, mean 
number of aggregates 22-2 and the largest of them 
measuring 210uy. All grain counts are significantly 
above background (P < 0-001, except slide 4, where 
P is 0-03). The difference between aggregate counts 
over unstained sections and those stained with eosin is 
also significant (P < 0-02). Aggregates on these slides 
were not confined to tissue spaces and edges as the 
strain-induced ones were. Slides on which sections 
were stained for 5, 10 and 15 min. in hemalum 
showed increasing grain count over tissue with longer 
staining time (5-9:13-3:14-9, P < 0-01). Similar 
sections counterstained with eosin for 10 min. also 
showed an increase (8-7 : 10-8: 15:3, P < 0-01). The 
increase of grain count with longer staining time was 
abolished by a thick coat of nitrocellulose. These 
experiments show that stains, either directly or from 
tissues, may reduce the emulsion in spite of a thin 
nitrocellulose film. 

Observations such as the effect of a thick nitro- 
cellulose coat in reducing artefacts, and association 
of aggregates and grains with bleached areas of 
stained sections, indicated that the photographic 
developer and fixer (Kodak D19 and ‘Acid Fixer’), 
diffused across the thin nitrocellulose film, reacted 
with the stains on sections and as a result stains were 
bleached and the emulsion reduced. Slides pro- 
cessed in a less alkaline D19 (made up with 3 gm. 
of sodium carbonate instead of 48 gm./l.) and 5 per 
cent sodium thiosulphate showed a grain count over 
tissue similar to background count and bleaching 
of stains was almost eliminated. Thus, these chem- 
ically induced artefacts seem to be the result of 
interaction between the stains and D19 and ‘Acid 
Fixer'. 
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One other observation of grains appears worth 
recording. Slides 3 and 4 (Table 1) showed several 
nuclei over which grains occurred in clumps (Fig. 2). 
The mean of grain counts over 20 nuclei on slide 3 
was 15:75. These artefacts are indistinguishable from 
autoradiograms of nuclei labelled with tritiated 
thymidine. 


Protective coating. Systematic work*-* on pro- 
tective films has tested a wide variety of substances. 
None of them seems to give complete protection and 
yet is satisfactory in other respects'*. More recently 
‘Plexiglas’ solution and acrylic membranes have been 
tried!':32, *Harleco Synthetic Resin’ (HSR), the rout- 
ine mounting medium for histological preparations in 
this laboratory, was found to be a satisfactory pro- 
tective coating. The sections may be coated after 
staining, dehydration and clearing in xylol in the 
following manner. Each slide is removed from xylol, 
the under surface and edges wiped dry and placed 
on a previously levelled metal platform. A volume 
of 2 per cent HSR in xylol that will produce a layer 
as thick as the sections is pipetted on the surface 
before the sections become dry. The linear relation 
between volume of 2 per cent HSR and final thick- 
ness of dry coat is obtained by prior calibration. 
When all slides are ready a ‘Plexiglas’ cover is placed 
over the platform and a stream of air drawn over the 
slides through an outlet on top of the cover using a 
squirrel cage blower. The slides are dried overnight 
and may then be coated with emulsion. The sections 
become embedded in the HSR layer, which presents 
& smooth and even surface to which emulsion will 
adhere. 

Sections stained with toluidine blue, phospho- 
tungstic hematoxylin and with two triple stains 
(Heidenhain’s azan and by the method of Himes and 
Moriber?) were fully protected by HSR. The resin 
does not seem to reduce the emulsion by itself ; after 
exposure of emulsion to the resin for 3 weeks, grain 
counts were not significantly different from back- 
ground. HSR has excellent optical qualities'* and 
is readily available (Hartman Leddon Co., Phila- 
delphia). Since sections are embedded in HSR by 
this method, they never become dry during the 
entire process. Solvents like xylol cannot be used in 
permanent mounting of these autoradiograms; but 
the slides may be mounted in 4 per cent polyvinyl 
alcohol directly after photographic processing, thereby 
eliminating the dehydration and clearing used as a 
rule. 

I am grateful to Dr. J. D. Ebert and Dr. B. G. 
Bóving for their advice. I wish to thank Mr. W. H. 
Dunean for his suggestions concerning histological 
procedures. 
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COSMOLOGY 


 Dirac's Cosmology and Mach’s Principle 
THe dimensionless gravitational coupling constant 


ME 
one. ~ Bx 10-99 (1) 








with mz the mass of some elementary particle, for 
definiteness taken as the proton, is such a small 
“number that its significance has long been questioned. 
C5. Thus Eddington! considered that all the dimensionless 
physical constants, including this one. could be 
evaluated as simple mathematical expressions. Dirac? 
_--gonsidered that such an odd number must be related 
| to other numbers of similar size, characterizing the 
Structure of the universe. However, most physicists 
“seem to believe that a dimensionless constant, such as 
- (1), is provided by Nature, cannot be calculated, and 

is not in any way related to other numbers. 

Dirae noted that most physical and. astrophysical 
dimensionless constants are of the order of magnitude 
of integral powers (positive and negative) of the 

:number 1045, where such numbers as mp/me ~ 1,800 
and hc/e* ~ 137 are said to be of the order of unity, 
the zero power of 104°. He considered unlikely the 
accidental correspondence of the apparently unre- 
lated, enormous numbers, and he suggested some 
unknown causal connexion. 

One of these large numbers is: 


Mpe 
h 


with T the Hubble age of the universe. For an evolu- 
tionary universe, 7’ varies with time. This suggested 
to Dirac that all the large numbers vary with time, 
."with numbers of the order of (105*)* varying as T". 
Dirac? constructed a cosmology based en this idea, and 
=i Jordan’ produced a proper relativistic theory of Dirac's 
'eosmology. 
The three principal large numbers are given by 
equations 1 and 2, and by the mass of the universe 
to its visible limits, expressed as: 


M | 
alic eq 80 nn 402 
: 10 (1019) (3) 


T ~ 10+ (2) 


.. According to Dirac’s hypothesis, these three numbers 
- should vary as the — 1, 1, and 2 power of the time 
=- respectively. 
It should be noted that it is necessary to assume 
more than a connexion between the three numbers 







"addition, one must assume that the apparent inter- 
 — connexion between the three numbers is independent 
>of time. This assumption could be supported by a 
statistical argument. If the present value of T' were 
to be considered, conceptually as a random choice 
from a wide range of possible values of T, the present 
‘choice’ would have had a small a priori probability. 
and an accidental correspondence of the type exhibited 
by the three numbers would have been unlikely. In 
ew of the inexactness of the interrelation between the 
ree numbers, a very wide range of pessible values of 
od a small a priori probability must be assumed 
'ac's hypothesis is to receive support from this 
































rgument. . =. E 





(1), (2), and (3) to justify Dirac’s hypothesis. In. 













It will be shown that, with the assumption of an 
evolutionary universe, T' is not permitted to take 
one of an enormous range of values, but is somewhat 
limited by the biologieal requirements to be met 
during the epoch of man. mE B 

The first of these requirements is that the universe, 
hence galaxy, shall have aged sufficiently for there to 
exist elements other than hydrogen. It is well known - 
that carbon is required to make physicists. 

It is known that the galaxy was formed initially 
from hydrogen only. Hence, the minimum time for 
the start of the epoch of man is set by the age of the 
shortest-lived stars, for elements, other than hydrogen, 
are formed in the interior. and distributed at the 
death, of the star. c 

An upper limit for the epoch of man is set by the 
requirement that he has a hospitable home in the — 
form of a planet circling a luminous star. This time |. 
is set by the maximum age of a star capable of 
producing energy by nuclear reactions. For stars less 
massive, gravitational contraction is halted by the 
onset of electron degeneracy pressure, before central 
temperatures rise high enough for the onset of nuclear... 
reactions. The mass of the longest-lived stars can be... 
computed assuming that electron degeneracy oceurs |. — 
at the nuclear reaction temperature. This gives for the. 
lower bound on M ;, the mass of the star: 

Ma n 10- mei) : (4) 
Mp 


Omp? 
where mp is again the proton mass. According to the 
above definition of order of magnitude, 10-? is to be 
regarded as equivalent to unity and this number is of 
the order of magnitude of (1019)3/2, 

The life-span of a star of this mass can be calculated, 
assuming that the emission and opacity are determ- | o. 
ined by free-free transitions (the bremsstrahlung  . 
radiation and absorption process). This lifetime is: 


" me ia a) y h l 
Tmax. ~ e hc hc mac? (5) 


after dropping numerical factors, where m is the 
electron mass. Dropping the ‘unity factors’, this 
becomes: 


Mpe? GMp 7) 
; T max. ~ ( x ) (6) 


in agreement with equations (1) and (2). In similar 
fashion, Tmin a8 determined by requirements for . 
stellar stability, is of the same order of magnitude. 
Thus, contrary to our original supposition, T is not a - 
‘random choice’ from a wide range of possible choices, | 
but is limited by the criteria for the existence of 
physicists. : 
Two problems remain. Why is the gravitational 











coupling constant so small? Why does the square 


root of the number given by equation (3) agree 
with the reciprocal of (1)? Both of these questions 
are answered by introducing Mach’s Principle. 
According to the interpretation of Mach’s Principle 
sometimes made*-*, the gravitational coupling con- 
stant is not fixed but is determined by the mass 
distribution of the universe in such a way that: 

GM : 
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Combining equations (7) and (6) gives the expression 
obtained by combining equations (1) and (8) 

The reason for the smallness of the gravitational 
coupling constant 1s the enormous amount of matter 
in the universe This may not be a very satisfactory 
answer, and 1t cannot be completely satisfactory until 
the problem of mass creation 1s understood 

The statistical support for Dnac’s cosmology 18 
found to be missing However, the existence of 
physicists now and the assumption of the validity of 
Mach’s Principle are sufficient to demand that the 
order-of-magnitude relations between the three 
numbers, given by equations (1), (2) and (3), be 
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DiIcKE discusses the three cosmological numbers 
(1) which determines the gravitational constant, 
(2) which determines the Hubble, age of the universe, 
and (3) the number of particles in the universe They 
are related in that (1) 1s roughly the reciprocal of (2) 
and (3) 1s roughly the square of (2) I assumed that 
these relations correspond to something fundamental 
in Nature With an evolutionary universe (2) varies 
with time, and then (1) and (3) would also have to 
vary with time 

Dicke considers that there 1s a fundamental relation 
between (1) and (3), followmg from Mach’s Principle, 
but that (2) 1s mdependent, so that (1) and (3) may 
be constant while (2) varies with time He then 
shows that (2) would have to have roughly its present 
value when habitable planets exist On this assump- 
tion habitable planets could exist only for a limited 
period of time With my assumption they could exist 
indefinitely 1n the future and life need never end 

There 18 no decisive argument for deciding between 
these assumptions I prefer the one that allows the 
possibility of endless hfe One may hope that some 
day the question will be decided by direct observation 
One would have to measure (1) to an accuracy of 
1 1n 10!? and then repeat the measurement after a few 
years and see whether the result has altered 

P A M Drrac 
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SPACE SCIENCE 


Direct Measurement of Interplanetary 
Dust Particles in the Vicinity of Earth 


ADDITIONAL knowledge about interplanetary dust 
particles has been obtained from the direct measure- 
ments made with rockets, satelhtes, and space 
probes The results obtained with the microphone 
type of dust particle sensor carried by the US 
satellites, Explorer I (1958 Alpha) and Vanguard III 
(1959 Eta), the US space probe, Pioneer I, and the 
Soviet vehicles, Sputnık III (1958 Delta 2), Space 
Rockets I and II, and the Interplanetary Station 
(1959 Theta), have already been reported In 
addition, a definitive set of data has recently been 
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obtamed with the US satellite, Explore VIII 
(1960 X1) A sexes of corrections has been com- 
pleted which allows our results from a series of 
seven successful high-altitude rockets instrumented 
at Oklahoma State University to be used 1n quantita- 
tive discussions of interplanetary dust particles We 
would like to present the preliminary results (melud- 
Ing a new and very interesting curve for tne mass 
distribution and spatial density) from an analysis of 
the available direct measurements of interplanetary 
dust partacles 

The best calibrations of the microphone system 
that are at present possible are performed with 
particles ranging from large glass beads elastically 
impacting at low speeds to small 1ron spheres melasti- 
cally impacting at speeds up to approximately 
10 km sec-1! Such calibrations indicate that the 
microphone system 1s sensitive to a quantity that 1s 
closely related to the momentum of an impacting dust 
particle An average velocity, relative to a satellite, 
of 30 km sec ~ has been assigned to the dust particles 
in order that the results may be used 1n a determma- 
tion of the mass distribution of the interplanetary 
dust particles 

The three datum points obtamed with Explorer 
VIII are plotted (together with those from Vanguard 
III, Explorer I and the series of rockets) as the distri- 
bution curve shown in Fig 1 The equation of a 
straight line that approximately fits the datum points 
18 

log 7 = — 17 0-1 70 log m 

where J 18 the influx-rate of dust particles and m 1s the 
particle mass holding approximately for m m the 
range 10-1? pm $mx 10-5gm The data from Van- 
guard. III, Explore: I and the rockets fit remarkably 
well on the curve defined by the data from Explore: 
VIII In fact, all other available direct measure- 
ments also can be made to look fairly reasonable when 
plotted asin Fig 1 1f proper allowances are made for 
the type of experiment, the confidence that can be 
placed in any particular measurement, the shielding 
effect of Earth, and the actual fluctuations im the 
spatial density that have been observed with 
Explore I, Vanguard III, and Explorer VIII 

The eurves obtained from an extrapolation of the 
tabulation by Watson! and from the extrapolated” 
tabulation by Whipple? of results from meteor obser- 
vations are shown as reference curves in Fig 1 Both 
the extrapolated curves follow the constant mass 
per unit visual magnitude relationship common to 
discussions of results from meteor observations and 
roughly serve as the limits of uncertainty encountered 
in placing such results on a mass distribution curve 
This uncertainty arises because of the uncertainty m 
relating particle mass to photographic, visual, or 
1adar magnitude, and the uncertainty in assigning a 
mass density of meteoroidal particles 

Enther of the extrapolated curves can be forced to 
pass through any one of the given direct measurements 
datum pomts by adjusting the mass to magnitude 
relationships and the mass density for meteoroidal 
particles The three datum pomts obtained with 
Explorer VIII define a slope for a limited portion of 
the distribution curve in addition to defining the 
influx-rates for dust particles in three different ranges 
of particle mass, showing that the curve determined 
by direct measurements departs significantly from 
the extrapolated curves 

Caution must be exercised in extrapolating the new 
distribution curve out of the range of particle mass 
for which direct measurements have actually been 
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Fig 1 Distribution curve for interplanetary dust particles in 
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obtained A considerable change ın the shape of 
the distribution curve is bound to occur between the 
direct-measurements range of particle size and the 
range of particle size where the radiation pressure 
control becomes dominant unless there 18 a most 
prolific source of very small dust particles some- 
where near or inside the orbit of Earth The new 
distribution curve can be jomed smoothly to the 
extrapolated curve labelled “Watson” at a size of 
particle smaller than the faintest radar meteors, but 
junction with the curve labelled ‘‘Whipple”’ 1s rather 
difficult 

An interesting consequence of the new distribution 
curve 18 that the daily influx-rate of interplanetary 
dust 1s approximately 10‘ tons a day on Earth, mean- 
mg that dust particles in the direct-measurements 
range of particle size dominate the accretion process 
The meaning of the new distribution curve with regard 
to theories of the zodiacal light and. observations of 
atmospheric aerosols bears further investigation 

The question whether the direct-measurements 
results show a dependence on altitude of the spatial 
density of dust particles has not been resolvable, on 
the basis of results obtamed with the microphone type 
of impact detector, prior to obtaming the results of 
Explorer VIII 'The reason for this difficulty was that 
the rocket measurements were of higher sensitivity 
and at lower altitudes while the rehable satellite 
measurements were generally of lower sensitivity and 
at higher altitudes The satellite measurement at high 
sensitivity and at a large geocentric distance made by 
Pioneer I extended over only a short sampling interval 
and may not be of much use in establishing a model 
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average distribution Any one of several mterpreta- 
tions could be given to the available direct measure- 
ments, dependmg on the choice of a model distribu- 
tion to which they were compared 

By assuming that the extrapolated curve labelled 
“Whipple” represented the true distribution, Whipple’ 
has deduced that the direct measurements have 
confirmed the existence of a geocentric “dust belt" 
If the empirical curve defined by the data from 
Explorer VIII 1s used as & basis for an analysis of 
other direct measurements 1esults, then no discernible 
dependence on altitude of the spatial density of dust 
particles exists The conjectural geocentric concen- 
tration of dust particles under discussion here should 
not be confused with concentrations of dust-particles 
possibly suspended in the atmosphere of Earth at 
and slightly above the temperature inversion layer 
at about 80 km altitude 

In conclusion, 16 should be emphasized that while 
the data at present available show no evidence for the 
existence of an appreciable geocentric concentration 
of dust particles, the data are really not of such a 
nature that they can be used ın conclusively setthng 
the question Ifsuch a concentration does exist, then 
it certainly has not been convincingly measured by 
rockets and satellites The direct measurements are 
quite useful in determining a new model of the 
average dust distribution, with the direst measure- 
ments results showing remarkable self-consistency 
when displayed asin Fig 1 
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ASTRONOMY 


Exact Determination of the Lunar Mass 
by means of Selenoid Satellites 


As 18 well known, the astronomical determination 
of the mass of the Moon has so far been accomplished 
by methods based on the observation of the terrestrial 
nutation of the motion of the centre of the Earth 
around the centre of mass of the Earth-Moon system, 
and from the perturbation of the asteroid Eros 

The numerical value 0 01230 times the terrestrial 
mass 1s known to four significant figures, with an 
accuracy of about 4 parts in a thousand It has been 
suggested)? that this accuracy can be improved by 
observation of the motion of what we have called a 
‘selenoid satellite’, that 1s, a satellite placed in the 
general viemity of one of the sextile lbration points 
of the Earth-Moon system ‘The reasons for believing 
that an improved accuracy would result by means of 
such a method are based on the fact that, ın the 
first place, a prolonged time of observation would, mn 
this case, be available, secondly, that the motion 
of such a body would be accurately predictable 

More specifically, the motion of a selenoid satellite 
could be qualitatively described}? as a superposition 
of what we might call free and forced oscillations 
The free oscillations would be those which the selenoid 
would perform if the Earth-Moon system were isolated 
m space If the relative orbits of the Earth and the 


November 4, 1961 


Moon were exactly circular, the period of these 
oscillations would be respectively of 28 54 and 91 35 
sidereal days. Owing to the effects of non-lmear 
terms and eccentricity of the Earth-Moon orbits, 
additional periodic terms having as period all possible 
lmear combinations of the above periods as well as of 
the period of the unperturbed Earth-Moon system 
wil make their appearance The forced oscillations 
will be due mainly to the action of the Sun, which will 
directly influence the orbiting satellites as well as the 
remaining components of the Earth—Moon system 
The most conspicuous of the above oscillations will 
presumably be the free ones as well as those having 
periods equal respectively to the sum and difference 
of one year and the above free periods 

The proposed method of determination of the lunar 
mass 18 based on establishing, by means of & periodo- 
gram analysis of the libratory motion executed by 
the selenoid satellite, its free periods The latter 
depend solely on the ratio of the masses of the Earth 
and the Moon which can thus be directly calculated 
The determination of such periods could be accom- 
plished with considerable accuracy on the basis of 
straightforward astronomical observation of the 
position of the selenoid satellite on the celestial 
sphere When the above method was origmally 
suggested, the use of artificial selenoid satellites (in 
the form of large inflated balloons) was contemplated 
Quite recently, however, K  Kordylewski, of the 
Cracow Observatory, has reported the discovery of 
two (cloud-hke) natural selenoid satellites orbiting 
in the vicmity of the trailing lbration centre of the 
lunar orbit? On the basis of the data communicated 
by Kordylewski, the amplitude of the bration of the 
two bodies can be estimated to be of the order of a 
few degrees, which appears adequate for a determma- 
tion of the periods as described above It 1s hoped 
that a sufficient number of sufficiently accurate data 
will be available ın the near future, thus permitting 
application of the proposed method It should be 
noted that a complete description of the motion of 
the selenoid satellites 1s redundant for the purpose 
discussed here, since the information required can 
be extracted from the knowledge of the dependence 
on time of any appropriate co-ordinate 
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PHYSICS 


Radioactivity in Rainfall during September 
1961 following the Russian Nuclear-Weapons 
Tests of September 1961 


TEE collection and analysis of ram water are a part 
of the environmental survey programme of this 
Laboratory Simple analysis of the total B-activity, 
consisting of evaporation and counting the residue, 
using anti-coincidence low-level techniques, has been 
carried out over the past two years and specific 
isotopic analysis has been performed when this was 
of particular interest, as at the present time 
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Fig 1 Total f-activity of rainwater and rainwater residue from 
June to September 31 


From the analyses for total g-actirvity 1t 18 evident 
that the residue from rain falhng after September 2, 
1961, that is, following the commencement of the 
Russian nuclear tests, had an activity which was of 
a distinctly higher order (up to 8,000 uuc /gm ) than 
that of previous months rainfall (about 160 uge / 
gm) The activity of the ramwater in this period 
was correspondingly greater (48 4 upe /1) compared 
with previous months (about 51 uue /l). 

The results of these and subsequent samples are 
presented in Table 1 The build-up of activity m the 
rain can be seen from a graphical interpretation of 
these results (Fig 1) 


Table 1 ToTALf-AcTIVITY OF RAINWATER AND RAINWATER RESIDUE 
Date of sample Date of sample  Rainwater* Rainwater residue * 


collection analysis (ue fl) (uge [gm ) 
1/8/61-31/8/61 12/ 9/61 51 157 
2/9/61— 4/9/61 5/ 9/61 3 4 188 
12/9/61-13/9/61 20/ 9/61 227 2,160 
13/9/61-14/9/61 18/ 9/61 48 4 8,050 
27/9/61-28/9/61 3/10/61 165 0 2,360 


* Activity at date of analysis 


In view of the complex nature of the uptake of 
sohd matter during and after cloud formation, both 
activities per litre of ramwater and per gram of 
residue have been given ‘The uncertainty ım both 
these figures 18 conservatively estimated at + 20 per 
cent, so that the mereases after September 12 are 
highly significant 

Specific Isotope Analysis To confirm that the 
excess activity was due to fission products, specific 

- isotopic analysis was carried out for 10dine-131 This 
isotope was chosen partly because of its biological 
Importance, but 1t was also convenient as a tracer 
because of its characteristic 0 36-MeV. y-ray The 
half-life of 8:05 days was sufficiently long to permit 
precise measurement but not long enough to permit 
1odine contamination from previous tests to cause 
confusion. 

Chemical separation of 1odine was made and the 
resulting samples were counted for g-activity usmg 
anti-comcidence methods The activity was attributed 


Table 2 JODINE-181 IN RAINWATER (ACTIVITY) 
Date of sample Date of sample Activity at date of analysis 


collection analysis uuc |l of 1odine-131 
13/9/61-14/9/61 14/9/61 98 
14/9/61—18/9/01 18/9/61 Sd De 
27/9/61 28/9/61 142 


* By y-ray spectra analysis 
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Fig 2 Gamma spectrum of 1odine-131 1n rainfall ©, Source, 


x, background 


to 1odine-131 ın view of the comparatively short 
half-lives of the other iodine fission products A 
confirmatory measurement on one of the samples was 
made by y-ray spectrometer analysis for 1odine-131 
Good agreement was obtamed, as can be seen m 
Table 2 The spectrum obtamed ıs shown ın Fig 2 

The confirmatory test of the y-ray spectrometer 
on the second sample yielded a result of 82 puc /l 
of 10dine-131 compared with 95 5 upe /1 by B-analysis 

Although these preliminary results indicate clearly 
the onset of the Russian testing programme, it 1s 
impossible at this stage to attempt a more detailed 
correlation with individual tests 

I would like to thank Mr R A Pope for measuring 
the y-ray spectra, and the staff of the Radiological 
Protection Unit for the preparation and analysis 
of samples I would hke to express my special 
thanks to Dr S E Hunt for his helpful advice 
and comments ‘Thanks are due also to Dr T E 
Alhbone, director of the Laboratory, for permussion 
to publish this communication 
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Nuclear Spin of Protoactinium-23! from 
Hyperfine Splitting ; 


TEE nuclear spn of protoactmium was first 
determined by Schuler and Gollnow m 19341 They 
examined the spectrum of protoactinium-231 in the 
region 4300-5600 A and obtamed the nuclear spin 


3 
I = 5 from hyperfine splitting 


More recently the nuclear spin of protoactinrum-233 
has been determined? from paramagnetic resonance, 
and the nuclear spin of tetravalent protoactinium-231 
from an investigation of paramagnetic resonance and 


Both authors obtam J = 2 


hyperfine structure? D 
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Hyperfine structure on protoactinium lines 


Fig 1  Protoactinium-231 spectrum with thorium comparison 


spectrum 1, Thorium comparison spectrum, 2, protoactinum 
spectrum, a, thorium, 5869 847 A , b, thorium, 5874 981A, c, 
thorum, 5878 922 A 


So far, however, the work of Schuler and Gollnow has 
not been confirmed 

The atomic emission spectrum of protoactinium-231 
was recently photographed in the region 4000-9000 
A using the 21-ft grating spectrograph at Harwell, 
and also recorded in the region 0 8-254 The hght 
source was an electrodeless discharge tube containing 
about 3 mgm of protoactmrum iodide and excited by 
microwaves The spectrum shows pronounced hyper- 
fine structure, the majority of limes being split into 


3 
This confirms the value J = 3 


four components 
obtaimed by previous workers 
E W T RICHARDS 
A RIDGELEY 
N J ATHERTON 
H S WISE 
United Kingdom Atomic Energy Authority, 
Harwell, Didcot, Berkshire 
1 Schuler and Gollnow, Natururss , 22, 511 (1934) 
2 Marrus, Nierenberg and Winocur, Nuclear Phys , 28, 1, 90 (1961) 
3 Axe, Stapleton and Jeffries, Nuclear Phys Abstr ,15, 3213 (1961) _ 


Rotational Analysis of “CuCl Bands 


ALTHOUGH many extensive band systems are known 
for the CuCl molecule’, our knowledge of their 
rotational structure has been meagre Apart from 
bemg heavy, natural cuprous chloride 1s a mixture of 
four isotopic species with not very different relative 
abundances Very high dispersion and resolution are 
therefore needed to resolve, even partially, the 
rotational structure of the bands 

With the availability of compounds contamung 
separated copper and chlorine isotopes, 16 has become 
possible to prepare copper chloride with any desired 
copper and chlorme isotopes Miulligram quantities 
of 55Cu35C1, have been thus prepared and the spectrum 
of *5Cu35Cl exerted in an electrodeless discharge tube 
by a 2 450 me /sec Raytheon microwave oscillator? 
All the known band systems of cuprous chloride weie 
obtained with high intensity The bands were photo- 
graphed mostly m the fifth order of the Argonne 
National Laboratory 30-ft concave grating spectro- 
graph (dispersion 03 A/mm) Bands for which 
rotational analysis has been done are given ın Table 1 
Spectroscopic data obtamed from the present work 
are given in Table 2 All values in this table, except 
those of re, are 1n em -! units 


Table 1 
System Bands analysed 
B - XH — 1X) (1,0), (0,0), (0,1) 
C - XC2Z— 12) 30), (0,0), (0,1) 
D- XCH — 12) (3,1), (2,0), (1,0), (0,0), (0,1), (0,2) 
E- XECE — 15) (4,1), (3,0), (2,0), (1,0), (0,0), (0,1) 
F- XH — 12) (3,0), (2,00, (1,0), (0,0, (0,1), (0,2) 
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Table 2 MOLECULAR CONSTANTS OF “Cu**Cl 


No 4801 
State T. Qe WeLe weye Bo 
F 25,285 30 384 94 165 — 0 1608 
E 23,074 33 403 08 149 —0 03 0 1663 
D 22,970 04 392 04 173 — 1877 
C — — — — 0 1691 
B — — — — 0 1085 
X 0 415 29 158 — 0°1764 


The rotational analysis mdicates that the upper 
states of the five systems are either !II, 1X, etc, as 
shown in Table 1 or states which ‘behave’ lke these 
The A-type doubhng m the F state ıs negligible, 
whereas that in the D and B states is large This 18 
apparently due to the circumstance that whereas 
there ıs no perturbing state near the F level, the 
levels D and. B have each a perturbing state nearby 

In a recent note, Lagerqvist et al ? have given the 
results of their rotational analysis of the (1,0), (0,0) 
and (0,1) bands of the B—X system and the (1,0) band 
of the C—X system of *?Cu*5C] recorded in absorption 
The rotational constants of 9?Cu3*Cl calculated from 
the present 9*Cu?5Cl data are in excellent agreement 
with those given by them 
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Electron Paramagnetic Resonance and 
Antiferromagnetism in LaCrO; 


THE presence of antiferromagnetic oideimg in 
LaCrO, has been veiified before by both neutron 
diffraction! and static magnetic susceptibility? tech- 
niques In the former case, a Néel temperature of 
approximately 320° K is reported, while the sus- 
ceptibility results indicate Tn « 295? K Above T^, 
LaCrO, 1s paramagnetic and hence amenable to 
investigation by standard electron paramagnetic 
resonance techniques We have carried out the 
experimental resonance investigations over the 
temperature-range 200-450° K. 

The powder was prepared by heating reagent 
grade CrO, and La,O; at 1,600° C for 2 hr Our 
X-ray diffraction results indicate a typical perovskite 
with small distortions from cubic symmetry Assum- 
ing a cubic structure, we find the lattice parameter 
to be 3 870 A in reasonable agreement with the value 
3 874 A published in ref 3 

The pertinent features of our results are summarized 
m the figures All data were obtained at 9 1 kMc /s 
using a Varian V-4500 electron paramagnetic 
1esonance spectrometer with d e magnetic field varied 
continuously from 0 to 10,000 gauss The resonances 
were singly peaked, with g values equal to 1 98, at all 
observable temperatures 

Ow results are consistent with previous resonance 
investigation of similar compounds* In the anti- 
ferromagnetic state anisotropy and exchange fields 


ae x 108 


Te Observed transitions 
(107? cm ) 


q x 10? Dex 10’ Designation Poso 
91 — 12 2148 F—X 25927011 
108 = 10 2112 E ——> X 23,068 25 
84 16 — 2 103 D-«——-X 22,958 83 
89 — 12 2 094 C«—-X 20,621 78 
93 07 12 2 098 B-«——X 20,476 07 
100 = 13 2 050 


effectively ‘dııve’ the iesonance from the region of 
observation? | Làüne-widths exhibit the behaviour 
predicted by the calculations ın ref 6. Waith anti- 
ferromagnetic ordering each Cr?* ion 18 indirectly 
coupled to the six nearest similar ions with spin 
orientation opposite to that of the central ion Since 
the spins ‘lock’ into this configuration, the time- 
averages of the dipolar fields at a particular spm site 
approach the instantaneous value Hence line- 
broadening results Extinction of resonance below the 
transition appears to rule out impurities as a major 
contributor to hne-width 

In the paramagnetic region, 1t 1s expected that peak 
intensities will be proportional to the magnetization, 
and, hence the susceptibility’ However, 16 has been, 
argued that peak mtensity should depend on both 
magnetic susceptibility and the existence of some 
residual short-range order close to, and above, Thn 
(ref 8) The transitions observed here are relatively 
abrupt when compared with similar results for other 
compounds? This ıs interpreted as indicating a 
mimimization of shoit-range order effects above and 
close to Tan Hence from the maximum ın relative 
mtensity we obtain Tr = 295° K Our numerical 
agreement with the susceptibility results 18, no doubt, 
fortuitous The two 1esults are, however, taken to be 
m approximate agreement In any event, the present 
results differ appieciably from that of the neutron 
diffiaction experiments In this respect ıt 18 perhaps 
significant to note that Jonker? prepaied his sample 
in a manner somewhat similar to ours, using the 
same compounds as starting materials On the other 
hand, Koehler: and Wollan! used as their starting 
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materials a lanthanum compound ın stoichiometric 

mixture with the transition metal 
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GEOLOGY 


Potassium-Argon Ages at Broken Hill, 
Australia 


WE have obtained three results which contribute 
something to an understanding of the more recent 
events in the Broken Hill district of New South Wales. 
Field evidence??? indicates that the main lead lodes lie 
conformably with gneisses of the Willyama Series, 
thought to have been formed from sediments of older 
Precambrian age These have been strongly folded, 
the metamorphism and foldmg having taken place 
before deposition of the younger Torrowangee Series, 
which 1s regarded? as equivalent to the Adelaide 
System of Upper Precambrian age At some subse- 
quent time, possibly ın the early Paleozoic, green- 
schist facies assemblages were developed (White, 
A.J R , personal communication) in the Torrowangee 
Series, suggesting that temperatures were reached 
adequate for the loss of a considerable proportion of 
any argon (if not all) accumulated up to that time‘. 
Although there 1s comparatively little evidence for 
this heating (Carruthers, D S , personal communica- 
tion) in the earlier Willyama rocks, tt 1s inconceivable 
that they can have been completely unaffected This 
inference 18 supported by our results. 

The Broken Hill samples analysed were 


GA 113 Upper granitic gneiss (Formation ao. 13), 


ew Broken Hill Consolidated, Age 504 my 
GA 114 Sillmanite biotite garnet gneiss (Forma- 
tion No 4), No 21 level, Zine Corpora- 

tion, Ltd Age 526 my 


These results are to be compared with the age 
determined on a transgressive-type granite (GA 212) 
from Encounter Bay, in the southern part of the 
Adelaide Geosyncline The date obtamed here, 457 
my, can be regarded as being related to the more 
recent events m the Adelaide Geosyncline, thus 
constituting a possible upper limit to the time of any 
movement of the Torrowangee at Broken Hill Thus 
the Cambrian ages obtained for the undoubtedly 
older gneisses suggest that the event affecting the 
Torrowangee happened between 500 and, say, 460m y. 
ago, with the implication that the effect on the older 
Willyama rocks may not have been sufficiently mtense 
to cause total loss of argon. There ıs inadequate 
evidence to relate these results with the two ‘model 
ages’ derived from lead isotope measurements by 
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Russell et al 5, of 1,600 m y for the conformable leads, 
and. “‘less than 1,000 m y " for the event causing the 
formation of the transgressive Thackaringa-type 
deposits Further measurements are in progress, and 
more complete details of these experiments are to be 
published elsewhere 
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METALLURGY 


Difference between High- and Low-Stress 
Fatigue 

RECENT papers by Porter and Levy! and. Benham 
and Ford? have suggested that the conventional S/N 
curve ıs composed of two separate curves, a dıs- 
continuity occurrmg at some particular stress-level. 
The former authors concluded from a large number 
of rotating bending tests on copper that the dis- 
continuity occurred at about + 21,500 lb /sq ım., for 
lower stresses fatigue cracks originating im slip bands; 
for higher stresses cracks developing from L-shaped 
nucle. Kemsley® also found that with copper speci- 
mens tested at + 15,000 Ib /sq in (giving fracture 
after long endurances) cracks formed in slip bands 
and were transcrystalline, while at + 25,000 Ib /sq m. 
(giving fracture with low endurances) slip bands were 
virtually absent from the specimen and cracks 
appeared to be intercrystallne Benham and Ford?, 
who tested mild steel in direct stress, found for large 
stress amplitudes that the specimen gauge-length 
extended permanently each cycle and a ‘necked-out’ 
fracture resulted They termed this phenomenon 
‘cyclic creep’ and such failures occurred while the 
stresses corresponded to the upper portion of the 
composite S/N diagram For stresses in the lower 
portion of the S/N diagram typical fatigue fractures 
occurred and they suggested that, if the fatigue 
mechanism could be suppressed as the cyclic stress 
decreased, the upper curve might flatten out to a 
‘cyclic creep limit’ 

Low-endurance fatigue tests have been carried out 
by many workers, the usual procedure being to apply 
strain cycles rather than stiess cycles of constant 
amplitude, the work of Coffin‘ ıs typical Coffin 
suggested the results of such tests could be represented 
by the equation. 


Nt Ep = C 


(where N = number of cycles to fadure, ep = cycle- 
plastic strain amplitude and C = material constant). 
The endurances over which this relationship applies 
vary with material Coffin found for copper ıt was 
about 10? cycles, for alumm1ium about 10° cycles 
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On the other hand, when the cyclic stresses are in 
the viemity of the fatigue limit, no relationship exists 
between the widtb of the hysteresis loop and hfe of 
specimen. For such tests, metallographic examina- 
tion of the specimen surface shows, m general, that 
slip bands form early m the test from which micro- 
cracks eventually develop Indeed, both Hempel’ and 
Wadsworth? have observed that, with mild steel, 
cracks may form m slip bands at stresses just below 
the fatigue limit Crack initiation may thus be 
considered as a consequence of surface roughening 
within broad slip bands?:5 

Holden® has proposed a mechanism of failure, 
distinct from that responsible for surface crack 
mitiation, occurrmg when the material is subjected 
to cycle strams such as those occurring in the 
material ahead of a growmg fatigue crack From 
examination, by means of an X-ray mucro-beam 
technique, of the fractured faces of a material through 
which a crack had grown and of plain specimens 
subjected to large cyclic-plastic strains, he found for 
mud steel and aluminium the structure consisted of 
well-defined sub-grams. The sub-grams became 
progressively more misorientated as the test proceeded 
and he suggested that cracks could form in the sub- 
grain boundaries 

Sub-grains have been observed metallographically 
on the surface of fatigue specimens by, for example, 
Forsyth!? and Jacquet", although, m their case, the 
sub-grain structure did not contribute to failure 
presumably because the cyclic stress was insufficient 
to musorientate the sub-grains through sufficiently 
large angles, and failure arose from surface roughenmg 
as mentioned above 

It could thus be argued that, when plain specimens 
are subjected to such nommail stresses that failure 
occurs in a small number of cycles, failure 1s due to 
the formation of sub-grams m the bulk of the specimen 
and cracks forming in the sub-grain boundaries In 
such cases the life of the specimen 18 related to the 
plastic stram amplitude, indeed, Holden suggested 
that the random movement of dislocations into arrays 
leads to a relationship of the type suggested by Coffin. 
As the nominal stress amplitude is reduced a stress- 
level will be reached at which either the sub-gram 
structure does not form or, 1f sub-grains do form, they 
are unable to misorientate through sufficiently large 
angles to cause cracking This stress-level may be 
considered as the ‘true plain fatigue limit although, 
of course, 1ts value 18 much higher than the conven- 
tional plam fatigue limit For a plain specimen to fail 
at lower stress-levels it 1s necessary for surface 
roughening phenomena to produce surface grooves or 
cracks. The sub-grain structure will then form at the 
groove root due to the local strain concentration and 
the crack may grow across the specrmen Whether 
or not cracks of macroscopic dimensions formed in 
notched specimens grow has been discussed by me??, 
It 1s not unreasonable to suppose that the behaviour 
of mucro-cracks m surface grooves wil be similar. 
Thus, at stresses below the ‘true fatigue lmit a 
specimen fails because surface roughening phenomena 
effectively turn the plam specimen into a notched 
one. Tho hfe and nominal cyclic-plastic strain are 
now no longer subject to the same relationship as that 
which applies when stresses are above the ‘true plam 
fatigue hmt? The cyclic stress below which the 
specimen will not break (the conventional plain 
fatigue limit) 18 that value of the cyclic stress which 1s 
just unable to produce surface grooves or cracks to a 
sufficient depth to enable them to grow 
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CRYSTALLOGRAPH Y 


Lattice Rotation at Slip Band Intersections 


INTERSECTION of a slp band by an active slip 
band of different slip direction resulta in the formation 
of a step 1n the first band. Shp band intersections in 
magnesium oxide crystals suggested that the distor- 
tion of the intersected band was not merely a shear 
due to lattice translation, this was supported by the 
observation that subsequent widening of the mter- 
sected band (as described by Gilman and Johnston!) 
added to ıt a margin that followed the step This 
indicated that there was a change of lattice orienta- 
tion at the intersection Imaging X-ray photographs 
of the Berg-Barroett?* type confirmed the change of 
lattice orientation Fig 1 shows a compressed 
magnesium oxide crystal, afterwards etched to reveal 
dislocations; the dislocation etch-pits make the bands 
appear dark. Fig 2 1s an X-ray image of the samo 
crystal; the shp bands appear dark because of the 
reduction of primary extinction The slp band mter- 





Fig 1 Etched surface of compressed magnesium oxide crystal, 
reflected light 
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Fig 2, X-ray back reflexion 1mage of same surface as 1n Fig 1, 
copper Ka radiation, reflexion from (210) plane 


- 


sections are white, and the reflexions from them can 
be found m more or less displaced positions, showmg 
that there 1s a macroscopic change of orientation of 
the lattice at the mtersections Such a change can 
arise 1n the way shown ın Fig 3 Since the intersection 
18 full of edge dislocations of both slip directions [110] 
and [110], and the shear stress 1s the same ın both slip 
systems, the shear strain ın the active slip band may 
be due to slip and kinking*> (= slip on the planes of 
the intersecting band) ın the area of intersection In 
Fig 3 all stram m the intersection 18 assumed to have 
been the result of kmking 

In Fig. 3, the parallelogram of the intersection 18 
bounded by edge dislocations arranged in the same 
sense of rotation, because the dislocations of th 
mtersectig band have arrived from outside, those 
of the intersected band (the kink dislocations) from 
mside the parallelogram Evidently, the lattice 
rotation due to conversion of slip into kmking at the 
imtersection has the direction shown by X-ray 
asterism of the microscopic type (asterism of the 
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Fig 3 Kinking at the intersection of slip bands 
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macroscopic type 1s due to bending of the slip 
lamelle*, ıt 1s a different phenomenon) Conversion 
of slip to kinking 1s possible whenever slip bands with 
different slip directions intersect, 11 may also occur 
between parallel shp bands in sodium chloride’, and 
1t seems to be the cause of microscopie asterism 
generally 

The array of dislocations formmg the low-angle 
boundary of the intersection 1s an obstacle to further 
shp and a possible cause of strain hardening in the 
post-easy-ghde regon Kink conversion, therefore, 
may perform the same task in the theory of strain 
hardening as Lomer-Cottrell dislocations, with the 
advantage of being a more general and observationally 
less elusive process Fig 3 indicates that ıt 1s a 
reversible process which may be connected with the 
Bauschinger effect and associated reversal pheno- 
mena Since the kink-conversion areas oppose slip in 
one direction more than in the opposite one, they may 
play a part in fatigue and extrusion phenomena? 
The stresses due to kmk-conversion may lead to 
crack formation in several ways, explammg the 
observations of Stokes, Johnston and Li® which 
could scarcely be attributed to crack nucleation by 
reactions between individual dislocations 

This work was sponsored by the Wright Aur 
Development Division through the Armour Research 
Foundation. 
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CHEMISTRY 


Requirements of an Ice Nucleus 


THE striking simuarity between the crystal lattices 
of silver 10dide and ice led Vonnegut! to the conclu- 
sion that the efficiency of a substance as an 1ce 
nucleator depended on the closeness of fit between the 
1ce lattice and, the lattice of the nucleating substance 
This view persisted for some years, but 15 has become 
increasingly apparent? that nucleation 18 not governed 
by lattice spacing only and that a good nucleator must 
also possess some other characteristic By taking 
into account the changes in entropy involved in grow- 
ing 1ce on a polar substrate, Fletcher? has predicted 
that the second necessary characteristic of a good 
nucleator 1s that exactly half the water molecules 
comprising the layer immediately adjacent to the 
nucleating surface should have a proton directed 
towards this surface As a first approximation this 
requires that a uni-univalent nucleator such as silver 
iodide should present a surface comprised of equal 
numbers of positive and negative ions, thus the 
surface should be at its isoelectric pomt, and any 
departure from this pomt due to the adsorption of 
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potential-determining tons would be expected to 
decrease the nucleating efficiency 

In what follows we present what we believe to be 
the first experrmental demonstration that 1ce nuclea- 
tion 1s indeed a function of the surface charge of the 
nucleating substrate 

The surface charge of silver 1odide particles ın con- 
tact with an aqueous solution 1s readily controlled by 
the concentration of silver 10ns and 10dide 10ns 1n the 
solution? Therefore the freezmg pomt of a small 
droplet of such a solution m contact with silver iodide 
particles reflects the effect of surface charge, providing 
that there 1s no interfermg electrolyte effect, and that 
each droplet contains a umform quantity of silver 
iodide To meet these requirements, monodisperse 
sols of constant particle size and concentration were 
prepared by diluting, with water, a saturated solution 
of silver 10dide m 0 2 M potassium iedide A uniform 
deposit of sol particles was centrifuged on to glass 
coverslips which had previously been rendered 
hydrophobic by treatment in chlorsilane vapour The 
particle-coated slips were washed thoroughly m water, 
sprayed with the required solution by means of a 
spinning disk atomizer, transferred to a microscope 
cold stage, cooled at a rate of 2 deg C per min, and 
the freezmg point of each droplet noted To avoid 
undue scatter the freezing pomt of only the droplets 
between 30u and 60u m diameter was recorded, the 
average number of particles per 50u droplet bemg 
200. In each experiment about 50 droplets were 
observed, and generally all the droplets froze within 
a range of 4 deg C 
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Fig 1 The variation of 7' with the composition of the droplets 


@, Silver nitrate solutions, A, potassium 1iodide solutions, 
W, distilled water 


Fig 1 shows how T, the temperature at which 
50 per cent of the droplets had frozen, varied with the 
composition of the droplets 

lt 18 apparent thet, as Fletcher’s theory would 
suggest, nucleation 1s most efficient in tbe vicimty 
of the isoelectric point (10-* M silver nitrate’) and 
that quite extreme supercooling 18 required when the 
surface 1s charged either positively or negatively 
That 10dide 10n should be the more effective m this 
regard ıs consistent with the known tendency of silver 
10dide to adsorb 10d1de 10ns im preference to silver ions 

These results are unaltered by the presence m all 
solutions of 10-? M potassium nitrate, therefore the 
variations m T are not due to changing 10n:e strength 

It ıs of considerable practical importance that the 
negative charge which silver iodide acquires m pure 
water 1s sufficient to hinder nucleation This suggests 
a new approach to the search for the best cloud- 
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seeding substance—namely, that the substance 
should be at the isoelectric point under the conditions 
prevailing within a super-cooled cloud droplet 
G R Epwarps 
L F Evans 
Division of Physical Chemistry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne 
1 Vonnegut, B., J App Phys, 18, 595 (1947) 
*Brvant, G W , Hallet, J, and Mason, B J, J Phys Chem Sohds, 
12, 189 (1959) 
? Fletcher, N H,J Chem Phys , 30, 1476 (1959) 
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Evaluation of Boundary Layer Thickness 
in Electrolytic Systems from Decay of 
Anode Concentration Polarization 


THE boundary layer produced m the vicinity of a 
dissolving anode m an electrolytic system is main- 
tained by a supply of ions from the electrode, which 
supply balances the migration away from the layer 
due to the combmed effects of electrical transport, 
diffusion and convexion On interruption of current, 
the excess concentration of the existing boundary 
layer 1s reduced by convexion and diffusion into 
the bulk of the electrolyte The convexion conditions 
may be very complex since a natural convexion mode 
occurs as a result of changes m solution density in the 
immediate vicinity of the electrode 

Two extreme limitmg conditions may be established 
for the decay of the excess concentration 1n the boun- 
dary layer on current mterruption First, it may be 
assumed that there 1s zero relative motion between the 
fluid of the layer and that of the bulk electiolyte This 
‘pure diffusion’ extreme is analogous to the levelling 
of a concentration excess from a zone within a solid to 
the remainder of the solid. Secondly, ıt may be 
assumed that ‘perfect stirrmg’ corresponds to tho 
decay of an excess concentration within a zone with 
no accompanying change in the spatial dimension of 
the zone, together with a continual maintenance of the 
bulk concentration at the outermost extremity of 
the zone In the ‘perfect stirring’ case, natural con- 
vexion 18 considered to contribute negligibly to the 
establishment of the thickness of the boundary layer, 
this layer bemg chiefly a function of externally 
imposed stirring conditions 

intermediate to the extreme conditions must he 
‘mixed’ control of collapse of the boundary layer by 
both starring and natural convexion in addition to the 
ever-present diffusion 

The concentration contour of the boundary layer 
may be approximated by a straight hine tangent to the 
slope of the actual contour at the electrode (« = 0), 
thus denoting an effective boundary layer thickness 
at the point of intersection, of this line with the bulk 
concentration 

For any given effective boundary layer thickness 8, 
the concentration (strictly, activity) at x = 0 18 
given, where zero time occurs at current interruption 
for ‘pure diffusion’ as 





G — O0, 1 2 -: 
Cec. = erf 327 T i 41m [e 144r -1| (1) 
and for ‘perfect stirring’ as 
C - C, 8 M I Lrt Tate 


n (3) 





OOs m peo Rn + 1? 
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where t = Dt/[8*, D = diffusion coefficient of 10onI¢e 
species, cm “sec -",/ = time after current mterruption, 
sec, 5 = effective boundary layer thickness (cm ), 
C, = mitia] concentration of ionic species (involved 
m ihe electrode reaction) at the electrode-electrolyte 
junetion (x = 0) , C = concentration of 1ome species 
at x = 0, t> 0, Cy, = bulk concentration of ionic 
species mm electrolyte 

Equations 1 and 2 are re-arranged forms of solutions 
to related problems in heat conduction! Equation 2 
may be rendered in an alternative form which 18 
useful for computation when rt 18 small, namely 











C — C, z 1 2 
= Laas (1e {ip e - 
C, — Co n= mie 
n" T 1 = g 
n+l » t1 
rE I- ertt] (3) 


For very small 4, equation (1) may be approximated 
88: 
o— Ub 


Similarly, equation 3 may be reduced in form for 
small + since all terms become zero for n > 0 The 
result 1s identical with equation 4 Thus. for small t, 
the time behaviour of concentration at x = 0 ıs 
essentially independent of conditions at the outermost 
part of the boundary leyer, that 1s, irrespective of the 
presence or absence of stirring 

Because of the equality of the solutions given by 
equations 1 and 2, 3 for small v, it is suggested 
that this result mav be utilized for the evaluation of 
boundary layer effective thickness in electrolytic sys- 
tems ‘This may be accomplished by analysis of the 
decay of concentration polarization upon current 
mterruption By the Nernst relation 

C—Csy | exp[ZFn/ RT] — 1 (5) 
Cy— Cy exp( Z Fn ET] —1 

where no = concentration polarization at time zero, 
4 = remamung polarization at ¢ > 0, F = Faraday 
constant. R = gas constant, T = °K, Z = number 
of electrons ın the electrode reaction The approxi- 
mation to equation 1 given in equation 4 18 valid 
provided 


q112 





gır 





erf mw l andet «0 
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Arbitrarily choosing erf 1/27!/? = 099 yields an 
upper limit of t = 0 075, whereas e'ar = 0 01 sets 
a lunit of <= 0054 Taking a Imit of + = 005 
together with D = 10-5 cm ?/see , 1t may readily be 
seen that for the very thm boundary layers encoun- 
tered in stirred systems {3 œ 10-3 em), the over- 
voltage measurmg device should be able to resolve 
time to better than 5 msec., suggesting an oscillo- 
scopic technique For thicknesses of about 05 mm, 
encountered in natural convexion systems, time 
resolution need only be better than about 10 sec, 
which 1s well within the range of chart recorders 

In the dimensionless time + = 0 65, the concen- 
tration (actrvity) fraction has dropped from unity to 
about 075 The fractional decay of polarization 
depends on the imitial value before current interrup- 
tion, according to equation § At 25°C and forz = 2, 
an initial polarization of 30 mY will have decayed to 
about 14 6 mV in the interval 0<+<005 From the 
relationship of equation. 5 with equations 1-4, 1t 18 elear 
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that for any hydrodynamic conditions, such as stirrmg 
or its absence, all anode concentration polarization 
data can be normalized according to equation 5 and 
fitted to a master curve (equation 4) provided the 
real time-scale (m see ) 18 multiphed by D/5? Since 
D i18 generally known, a graphical method may be 
used to cause a plot of the function of 7, 7, given 1n 
equation 6 versus time to be superimposed on a 
master plot the abscissa of which is rendered. ın 
dimensionless time +, such as that given by equation 
4 for 0««« 005 

From equation 4, ib may be seen that the time 
required to attain & given fractional decay varies as 
the square of the boundary layer thickness ò, indicat- 
ing that the proposed graphical method will permit a 
good resolution of the actual magnitude of è Equa- 
tions 1-4 may also prove useful as a means for separat- 
ing concentration polarization from other types of 
overvoltage 

Work 18 m progress to prepare analytical solutions 
similar to equations 1 and 2 for a concentration 
contour which 18 better than the lmear approximation 
for actual systems. Functional tables for equations 1 
and 2 over a wide range of + and tables of the general 
term of equation 5 are 1n preparation 

This work was supported by the US Office of 
Naval Research 
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Pyrolytic Carbon Formation from Carbon 
Suboxide 


ALMOST all the extensrve work done on the forma- 
tion of pyrolytic carbon films has consisted of the 
decomposition of a hydrocarbon on non-metallic 
substrates ike porcelain or artificial graphite Work 
18 In progress in our laboratory mvestigatmg the 
kmetics and mechanism of carbon film formation on 
glazed porcelain from carbon suboxide (C,0,)! In the 
course of this work, 1t was of interest to look briefly, 
mitially, at the effect of some different substrates on 
the qualitative rate of carbon formation and more 
particularly on the nature of the film formed 

Very pure C,0,, entramed in pre-purified helium, 
was pyrolysed at 713? C for about 3 hr over porcelain, 
electrolytic nickel and copper foils, and reagent grade 
platinum foils The concentration of C,0, at the 
pyrolysis temperature was about 6 x 10-9 mole/I 
Tenacious and hard carbon films were obtained, with 
the rate of film formation on nickel bemg roughly 
four times that on the other substrates 

The carbon films were separated from the metal 
substrates by acid treatment prior to studying thew 
structure by transmission electron diffraction and 


Table 1, SPACINGS OF (#42) LINFS OF FILM CARBON DEPOSITED FROM 
C,0, ON TO A NICKEL SUBSTRATE AT 713°C 


Intensity of 


(hkl) Graphite dy.A dfe, A experimental halos 
ooz ; a 3 370 EA medtum 
road ring with v 
101 2 036 2 091 strong intensity ` 
110 1232 1230 verv strong 
112 1150 1155 strong 
200 1 063 1 060 medium 
210 0 804 0 799 medium 
810 0 709 0 704 medium 
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a 


Figs. 1 a and b. 
from C,0, on to a substrate at 713* C.; 


transmission electron microscopy. 50-kV. electrons, 
having a beam width of 10u, were used. Fig. 1 (a) 
shows the diffraction pattern for the film carbon 
resulting from deposition over a copper substrate. 
Diffuse halos, corresponding to the (10) and (11) 
reflexions of a polycrystalline, turbostratic carbon*, 
are observed. The absence of a strong (002) reflexion 
when the incident electron beam is normal to the film 
surface is indicative of preferred orientation of the 
basal planes parallel to this surface. Diffraction 
patterns very similar to Fig. la were obtained from 
the film carbon deposited on a porcelain or platinum 
substrate. 

On the other hand, tho diffraction pattern (Fig. 15) 
of the film carbon deposited on the nickel substrate 
is characteristic of a material of substantial crystallite 
size, in which the crystallites have extensive three- 
dimensional ordering. Table 1 compares the d-spacings 
for the film carbon (dye) with comparable spacings 
calculated from the graphite lattice (dg). Similar 
diffraction patterns for carbon films deposited on 
porcelain, copper, or platinum are obtained only 
when the separated films are ultimately heated in 
excess of 2,000? C. 

Fig. 2 is an electron micrograph of the carbon film 
deposited on nickel. Variations in the thickness of 





Fig. 2. Transmission electron micrograph of film carbon deposited 


from C,0, on to a nickel substrate at 713°C, (x e, 4,700) 


NATURE 


b 


Transmission electron diffraction patterns of fllm carbon deposited 
a, copper substrate; b, nickel substrate 
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the films are evident. In addition, 
the presence of small, white 
circular spots is noted. It is 
suggested that these spots were 
formed by the removal by acid 
treatment of inclusions of nickel 
and/or nickel carbide which were 
originally present, but this has 
not been verified. From work on 
the interaction of evaporated car- 
bon films with a similar nickel 
substrate on subsequent heat 
treatment, it is known that sub- 
stantie! inter-diffusion of nickel 
and carbon occurs at 500° C. and 
above (Banerjee, B. C., and 
Walker, P. L., unpublished re- 
sults). 

These results clearly suggest 
that more attention might be paid 
to the effect of the substrate in work on the forma- 
tion of pyrolytic carbon films. In particular, sub- 
strates of nickel and iron are of interest. They 
are highly active catalysts for the decomposition 
of carbonaceous gases, apparently because of the 
incomplete filling of their 3d bands. In addition, they 
markedly increase the crystallinity of the carbon 
formed as a decomposition product. The effect of 
nickel is clearly evident from this work. The effect of 
iron, both on rate of formation and structure of 
carbon, has been previously shown for carbon 
monoxide decomposition?. 

We thank the Atomic Energy Commission, contract 
No. AT(30-1)-1710, for support of this work. 


B. C. BANERJEE 
T. J. Hirt 
P. L. WALKER, JUN. 
Fuel Technology Department, 
The Pennsylvania State University, 
University Park, Pennsylvania. 


! Hirt, T. J., and Palmer, H. B., Abstr. Fifth Biennial Conf. Carbon, 9 
(June 19-23, 1961). 


* Biscoe, J., and Warren, B. E., J. App. Phys., 18, 364 (1942). 


* Walker, jun., P. L., Rakszawski, J. F., and Imperial, G. R., J. Phyt. 
Chem., 63, 133, 140 (1959). 


BIOCHEMISTRY 


Changes in Adenine Nucleotides in the 
Muscles of Some Marine Invertebrates 


HirHERTO it has been generally accepted that most 
vertebrate muscles contain an enzyme specific for 
the deamination of 5 -adenylie acid (AMP) which is 
formed principally from adenosine triphosphate 
(ATP). On the other hand, in the case of inverte- 
brates the presence of such an enzyme has been 
questioned!. 

Recently we have studied the changes in adenine 
nucleotides in the muscles of some marine inverte- 
brates (prawn, squill, crab, squid, and some sea 
shells), and observed that those of prawn, squill, 
and crab contain certain amounts of 5'-inosinic acid 
(IMP) in addition to AMP, while in others AMP alone 
is accumulated. 

Chopped muscles of each animal were stored in a 
glass-covered dish at an ambient temperature of — 5° 
C. in order to minimize bacterial effects. Two gm. of 
muscle were ground by hand in a mortar in 20 ml. of 
cold, 4 per cent perchloric acid solution. The extract 
was filtered and 10 ml. of the filtrate were used for 










ae Time ` Inosine . 

Species Gays) and hypo- AMP 
. elapsed xanthine 

Carp o 0-01 0-01 
Cyprinus carpio L. 8 (hr.) 0-10 0-24 
Squill 0. 0-40 0-94 
. Squilla oratoria De Haan 6 2-12 3°66 
(o Prawn 0 0-00 0-04 
|^ .  Pandalus hypsinotus Brandt 28 6-14 1:31 
| ;€rab 0 0-00 0-29 
-o FErimaerus teenbeckii 85 1:14 3°47 
|. Squid Ommastrephes sloani 0 0-01 0:55 
00  pastfiens Steenstrup 20 (hr.) 1:35 4-70 
Surf-clam 0 0-00 0-56 
Spisula 3 0-31 2-96 
sachalinensis 0) 0-00 0-50 
Schrank 2 1-08 2-84 
Seallop 0 0-00 1:56 
~ Peclen yessoensis Jay. 1 2-00 1:52 
Arkshell 0 0-00 0941 
Anadara 10 0-19* 5774 
broughttons ü 0:00 2:23 
(Shrenk) 10 (»42* 7:28 
Abalone 0 0-00 0-20 
Haliotis discus hannai 45 0-00 3-04 


 ' "fable 1l. PURINE COMPOUNDS IN THE MUSCLES OF SOME MARINE INVERTEBRATES (uMOL./GM. OF MUSCLE) 


IMP ADP ATP Total Muscle 
$e» Bag Dorsal 

250 SR Abdominal 
161 $46 Abdominal | 
i : te 

T TM 
0-00 464 Foot 

ot Bid Adductor 
es $22  Adduetor 
zs E 

0-00 9-56 Adduetor 
0-00 42g Foot 





Inosine and hypoxanthine fraction is expressed as inosine. * Expressed as adenine. 


analysis. Nucleotides, nucleosides, and bases were 

separated and determined by the hydrochloric acid 
gradient elution system on ‘Amberlite [RA-400’ or by 
paper chromatography. The details of the system 
have been described previously?. In Table 1 the con- 
centrations of the compounds found to be present 
after various time-intervals are shown. 

From these results it can be seen that ATP 
decreased during storage, with rapid accumulation of 
IMP in the dorsal muscle of carp, while in the case of 
squill, prawn, and crab IMP was found in small 
quantity in living muscles and then gradually 
accumulated. Furthermore, in other muscle samples 
AMP alone was found in living or post-mortem muscles. 

The rates of disappearance of ATP and of ADP 
were very rapid for squid and were comparable with 
those for fish, but the other animals tended to require 
more time for the onset of post-mortem changes. 
Especially, the changes in the muscle of abalone were 
very slow. AMP accumulation continued for a long 
time. Adenosine, inosine that might be formed and 
the purine bases, adenine and hypoxanthine, that 
would be released in the hydrolysis or phosphorolysis 
of nucleosides could not be found in abalone musele 
even after 45 days. 

Further interesting aspects of the changes are the 
formation. of inosine and hypoxanthine from AMP of 
squid. surf-clam, and scallop. Inosine was princi- 
pally found in the muscles of surf-clam and of scallop 
while hypoxanthine was found in squid. 

The occurrence of these compounds might be con- 
sidered to prove the existence of the deamination of 
adenosine or adenine. The activity of adenosine 
deaminase has already been recognized in squid 
musele*. On the other hand, according to Florkin!, 
invertebrates are reported to contain adenase but no 
adenosine deaminase. If the existence of adenosine 
deaminase is ascertained in the muscles of surf-clam 
and of scallop, as in the case of squid, the new evidence 
will be accepted to support the idea of the deamina- 
tion mechanism of adenosine in the muscle of inverte- 
brates. This matter is under consideration. 

KEN-ICHI ARAI 
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Effect of Charcoal on the Behaviour - 
of Adenine Nucleotides in lon-Exchange 
Chromatography 


CHARCOAL has been used widely for selective 
adsorption of nucleotides from reaction mixtures and | 
tissue preparations. In experiments reported here 
three commercially available grades were all found to 
adsorb quantitatively and to elute reasonably satis- 
factorily the mono-, di- and tri-phosphates of- 
adenosine; these charcoals were ‘Norit’, two batches 
of purified, activated charcoal supplied by Hopkin 
and Williams, Ltd., and a gift sample of ‘Ultrasorb 
ZX’ from British Carbo Norit Union, Ltd. 

For each trial, between 5 and 10 mgm. of the sodium 
salis of the individual nucleotides were dissolved 
together, the solution diluted to about 250 ml. and 
brought to pH 2 with N hydrochloric acid. About 
4 gm. of charcoal were added, and the mixture 
stirred vigorously for 15 min. in an ice bath. Under. 
these conditions the nucleotides were quantitatively 
adsorbed, as indicated both by optical density of the 
filtrate at 260 my and by the orcinol test. The 
charcoal was then washed with water to neutrality 
and eluted, under suction on a filter funnel, with 
several lots of 0-5 per cent ammonia in 25 per cent 
ethyl alcohol. Using a total eluant volume of 250—300 
ml., 80-95 per cent recovery of the nucleotides was 
obtained. The ammoniacal eluate was subjected 
directly to ion-exchange chromatography, using the 
resin in the chloride form, a column of size 1-5 x 3-0 
cm, and the elution system of Cohn and Carter’. 
Elution was followed by absorption measurements at 
260 my of the individual fractions, by pentose estima- 
tions, and also (for ADP and ATP) by estimating the _ 
‘labile phosphate’ liberated by 15 min. hydrolysis at 
100° C. in 1-0 N hydrochloric acid. The summarized . 
results are as follows. | md 

Provided they had not previously been in contact. 
with charcoal, mixtures of the three adenosine phos- - 
phates behaved normally as regards the order and 
position of elution of their constituents; in other 
words, they behaved as described by Cohn and Carter 
(Fig. la). But after being adsorbed and eluted from 
any of the eharcoals tested, no nucleotide material 
was removed from the column by the AMP eluant. —_ 
The ADP eluant, on the other hand, removed quanti- . 
tatively both the AMP and the ADP, but as a single 
peak the elution position of which was somewhat — 


behind that normal for ADP (Fig. 1b). After suitable — 
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Fig 1, Effect of charcoal on the chromatographic behaviour of 

AMP, ADP and ATP. (2) Direct chromatography of authentic 

nucleotides, (b) chromatography of nucleotides after charcoal 

treatment  'Dowex'-l-chloride, X ~ 10, 2-400 mesh Column 

siz, 15 em x 30cm Eluants A, 0003.N HOl, B, 002 N 
Natl + 001 N HCl, 0,02 N NaCl + 001 N HCl 


dilution (to about twice the volume), and adjustment 
to pH 8-9, the mixed peak was applied to a second 
column and re-elutíed The two nucleotides then 
usually separated satisfactory (Fig 2), although with 
the charcoal “Ultrasorb ZX’ passage through a third 
column was needed to obtain full resolution, 1n this 
particular case the AMP eluant was used at double its 
usual strength, but ıb seems likely that normal 
strength eluanb would have achieved the same result 
After adsorption and release of a nucleotide mixture 
from "Ultrasorb ZX’, unsuccessful attempts were 
made to resolve ıb on a single resin column by using 
eluants of mcreased strength in the first step Double 
strength AMP eluant was wholly meffective, but ADP 
eluant at halfits usual strength removed a peak, this, 
however, did not consist of AMP alone, since 1t con- 
tained acid-labile phosphate 

AMP was eluted normally when apphed alone to a 
resin column ın the agmmonia-ethanol solvent without 
coming inito contact with charcoal, whereas, if 
applhed ın a quantity of the solvent which had 
previously been used to wash charcoal (the activated, 
purified sample), 16 was no longer eluted with the AMP 
eluant, but came off only m the position usual for 
ADP Prolonged prehmmary washing of charcoal 
with (a) 05 M ethylenediammetetraacetic acid 
(sodium salt), (b) 0 1 N hydrochloric acid, or (c) the 
ammonia—ebhanol eluant, did not elimmate its 
influence on the chromatographic behaviour of AMP 
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afterwards adsorbed on ıt On evaporation, ammonia— 
ethanol washings from charcoal left a slight, unidenti- 
fied solid residue 

These results pomt to a need for caution in the 
selection and use of charcoal for nucleotide adsorption, 
particularly if subsequent resin chromatography 18 
contemplated None of the samples proved satis- 
factory, but some were worse than others The obser- 
vations indicate very strongly the presence in charcoal 
of a substance which induces AMP to behave anomal- 
ously on chloride resin. Although the substance 2s 
soluble ın ammoniacal alcohol, even prolonged 
washing with many changes of the solvent, which 
contimued to extract the substance, did not render the 
charcoal innocuous Thus, the substance appears 
either to be present in relatively large amounts or to 
exert its effect m very small quantities Its mode of 
action, 1s obscure Should a loose association or 
complex with AMP be formed, ıt must be presumed 
that this 1s broken up on elution from the first resin 
column, since the AMP and ADP are then easily 
separable on a second column Nevertheless, the 
AMP still does not behave quite normally , although ıt 
now comes away from the column as a single clear 
peak with the AMP eluant, more elution than normal 
18 required toreleaseit Itseems probable that amuch 
smaller amount of the mterfering substance must be 
applied to the second column than to the first On the 
complexing hypothesis, 1f there were only sufficient of 
it to mvolve a part of the AMP present on this 
second column, 1t might be expected that the remain- 
ing free AMP would come off m 1ts normal position, but 
the complexed fraction again only with the stronger 
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Fig 2 Passage of a charcoal-treated nucleotide mixture through 

two successive resin columns (a) Chromatography on first column, 

(b) resolution of the mixed AMP-ADP peak on the second 
column Experimental details asin Fig 1 
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eluant, so that two peaks should result Actually 
there 1s only one peak, yet a delayed one Hence on 
the columns, the AMP always behaves like a single 
substance the elution point of which 1s delayed pro- 
gressively as the amount of the interfering substance 
increases No similar mterference after charcoal 
treatment was found when formate columns were 
used, even though considerably more charcoal was 
then necessary m the nucleotide isolation step 

Certain anomalies in the chromatographic behaviour 
of nucleotides resulting from their previous treatment 
have already been recorded Lund et al ? found that 
treatment of ATP with cation-exchange resins caused 
1t to behave aberrantly when it was chromatographed 
later on paper, occupying, with some solvents, the 
position usual for ADP Laws and Stickland* observed 
that if nucleotides are isolated from yeast by precip1- 
tation with barium acetate, the presence of large 
amounts of water-soluble barium salts causes AMP to 
behave abnormally durmg chromatography, on the 
anion-exchanger *Amberhte CG—400’ ıt 1s then eluted 
m @ solution intermediate in strength between those 
usual for AMP and ADP 

This work formed part of a Ph D thesis submitted 
to the University of London; it 1s & pleasure to 
acknowledge the guidance and helpful criticism of 
Dr. F J Richards 
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Changes in the Concentration of Ribo- 
nucleic Acid during Wound Tissue 
Regeneration 


THE metabolism of ribonucleic acid (RNA) in 
regenerating wound tissue may be expected to be of 
special rmportance since the synthesis of protein 1s 
one of the principal metabolic activities of this 
tissue)? The relative amount of RNA 1n this tissue 
at different stages of regeneration should give some 
insight into the protem metabolism A complicating 
factor 18 the fact that considerable amounts of two 
quite different types of protein are formed, the ıntra- 
cellular ‘metabolically-active’ protems, and collagen. 

The concentration of RNA in regeneratmg wound 
tissue was determined by analysis of tissue obtamed 
from adult female rats Because of the marked 
influence of dietary protein on the rate of regenera- 
ti0n?:(, these animals wore fed identical amounts 
(8 gm /day) of a protem-free diet for 3 days prior to 
wounding and for the balance of the experimental 
period In this way, the experimertal animals served 
as their own source of nitrogen fcr the synthesis of 
protein and nucleic acids The procedure for making 
standard wounds has been described previously?:. 
At mtervals after wounding, the regenerating tissue 
was collected and immediately homogenized by 
repeated grindmg in a mortar with sand and small 
amounts of cold water After determining the nitrogen 
m an aliquot of the homogenized tissue (micro- 
Kjeldahl), the remainder was fractionated to separate 
the RNA from the deoxyribonucleic acid (DNA) by 
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Fig 1 RNA content of regenerating wound tissue in umoles of 

phosphorus per mgm of tissue nitrogen af various times after 

wounding Hach point represents the data from the analysis 
of tissue from 5-6 animals 


the method of Schmidt and Thannhauser®:* The 
phosphate content of the RNA was measured? Less 
than 3 per cent of the total phosphate m this fraction 
was inorganic, this inorganic phosphate may have 
arisen from the hydrolysis of phospho-protems durmg 
the fractionation procedure? Since phospho-hpids, 
free nucleotides and inorganic and sugar phosphates 
had been removed by previous procedures, 1t was 
assumed that essentially all the phosphate in this 
fraction must come from RNA 

The level of RNA in the regenerating tissue at 
various intervals after wounding 1s shown in Fig 1 
The highest concentration appears to be reached in 
about 7-9 days after wounding, thereafter 1t decreases 
to a lower and relatively constant level In part, this 
decrease is due to the accretion of nitrogen m the 
wound tissue with time However, even when calcu- 
lated on the basis of tissue weight, there 18 still an 
appreciable decrease in the amount of RNA 

If the types of RNA molecules being synthesized 
by cells can be shown to change, 1t might be con- 
sidered to be indirect evidence that new or different 
proteins are being synthesized A change in the type 
of RNA, or the proportion of the various kinds of 
RNA produced by the cell, may be signalled by a 
change ın the proportion of purmes to pyrimidines of 
the RNA. fraction of the tissue In a further experi 
ment, 1t was possible to obtain a sufficient quantity of 
regenerating tissue to enable both the ribose and phos- 
phate content of the RNA fraction to be measured 
The amount of ribose in the RNA fraction was determ- 
ined by the oremol method? From the data on the 
analysis of ribose, which is a measure of the purme 
nucleotides only’, and that of the phosphate, 
which 18 proportional to the total nucleotide content 
of the nucleic acid, a ratio which approximates the 
proportion of pyrimidmes to purmes in the RNA may 
be calculated. (Table 1) During the early phases of 
regeneration, the RNA in the wound tissue contains 
about the same amounts of purme and pyrimidine 
nucleotides, on a molar basis, later the RNA fraction 


Table 1. PURINES AND PYRIMIDINES IN RNA OF REGENERATING 
WOUND TISSUE 
pmoles Ribose moles Phosphate 

Days after per mzm per mgm Ratio of purine 

wounding tissue nitrogen tissue nitrogen to pyrimidines * 
5 0 25 + 008 046+011 111 +012 
8 060 +011 116+012 105 + 007 
12 0 41 +009 101-011 070 + 007 
15 033 + 004 088 + 012 061 + 009 


* The standard error was calculated from the purine/pyrimidme 
ratios for individual tissue samples 
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appears to contam an appreciably lerger proportion 
of pyrimidine than purine nucleotides 

This change in proportion of nitrogen bases might 
be interpreted to mean that different types of RNA 
are being synthesized at different stages of regenera- 
tion, this, in turn, may presage a change 1n the nature 
of the protem synthesized in the regenerating tissue 
Large amounts of collagen begin to appear m the 
wound tissue only after the 8th day after wound- 
mgl.12 Smee the amino-acid composition of collagen 
(and presumably its intracellular precursors also) 18 
so radically different from that of the ‘metabolically- 
active’ proteins, 1t does not seem improbable that a 
type of RNA with radically different nucleotide com- 
position might be involved in the synthesis of the 
collagen precursors It must not be overlooked that 
even though much collagen may be formed, some of 
the ‘metabolically-active’ protems are also being 
formed at the same time Thus, if the change in the 
nucleotide composition 1s related to the synthesis of 
collagen precursor, 1t may be expected that the actual 
difference in the types of RNA involved ıs much 
greater than 1s indicated by the above results 

This mvestigation was supported by a research 
grant from the US Public Health Service. 
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Phosphorylserine as a Constituent of 
Phosphoproteins from Plasma of the 
Laying Hen 

ALTHOUGH ıb has been well established that the 
blood of the laying hen contains phosphorus com- 
pounds, the quantities of which are increased 
immediately preceding and durmg ovulation!.’, the 
nature of some of these substances has only recently 
been subject to chemical investigation Dilution of 
plasma from the laying hen results in the precipita- 
tion of a complex of lipid and a phosphoprotem, 
though by far the greater proportion of the total 
phosphoprotein present m the plasma remains 1n the 
supernatant?. Designation of these materials as 
phosphoprotems has rested entirely on the finding 
that morganic phosphate 18 liberated when they are 
mcubated with dilute alkali?, but the manner in which 
the phosphorus 1s bound has not been reported. 
Phosphoproteis in general and particularly that from 
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egg yolk, contam ther phosphorus as phosphoryl- 
serine*:5, and this has now been sought in acid hydro- 
lysates of both the phosphoprotem fractions of the 
plasma. 

Plasma from laymg hens was diluted with 9 vol. 
water? and the precipitated lpophosphoprotem col- 
lected by centrifugation. The supernatant was 
precipitated by trichloroacetic acid added to a final 
concentration of 10 per cent (w/v) and both this 
precipitate and that of the lipophosphoprotein was 
extracted with chloroform/methanol (2 1 v/v)’. The 
lipid-free residues were hydrolysed ın 2 N hydrochloric 
acid at 100? and the supernatants, contaiming 80-96 
per cent of the total phosphorus of the fractions, were 
dried over phosphorus pentoxide and potassium 
hydroxide The residues were fractionated on 
‘Dowex 50’ (x 12)? After elution of a fraction con- 
taming inorganic phosphate a second major phosphate 
fraction was eluted at a pomt corresponding to that 
at which phosphorylserme was eluted when run 
through the same column No other fractions were 
detected The presumptive phosphorylserine fraction 
contamed between 20 and 54 per cent of the organic 
phosphorus present m the hydrolysate added to the 
column and was further purified by high-voltage 
electrophoresis on paper at pH 15 (ref 8) Under 
these conditions 80-86 per cent of the phosphorus 
moved as a single component at a rate identical with 
phosphorylserme The remaining 14-20 per cent 
formed a single slower-moving component Both 
components reacted with nmhydrm When eluted 
and hydrolysed to yield the constituent amino-acids, 
two-dimensional paper chromatography showed that 
the component migrating at the same rate as phos- 
phoserine yielded only serme The molar ratios of 
phosphorus to serine ın two experiments were | 0 and 
13 The second minor fraction yielded mainly serine 
and glutamic acid with traces of alanine and possibly 
leucine. The total yield of phosphorylserme was 
38-39 per cent of the organic phosphorus of the 
phospholipoprotem residues and 17—20 per cent of that 
present in hydrolysates of the phosphoprotein derived 
from the supernatant A specimen of phosvitin 
subjected to the same procedure yielded phosphoryl- 
serine equivalent to 25 per cent of the organic phos- 
phate present in the hydrolysate No phosphoproteins 
were detected in plasma of the non-laying hen or the 
cockerel (cf ref 2). 

These experiments appear clearly to establish 
phosphorylserine as bemg the only major single 
phosphorylamino-acid detectable in partial hydro- 
lysates of phosphoproteins from plasma of the laying 
hen The overall recovery, when compared with that 
obtained with phosvitm, suggests that all the phospho- 
protem phosphorus may be bound ın this manner. 

I thank Dr M E Coates, National Institute of 
Research for Dairying, Shinfield, Nr Reading, for a 
generous supply of birds 


P J HEALD 


Twyford Laboratories Limited, 
Twyford Abbey Road, 
London, N.W.10 


1 Laskowski, M , Biochem. Z , 275, 298, 278, 345 (1935) 

* MoIndoe, W M, Biochem. J , 79, 153 (1959) 

*Plimmer, R H A, and Bayliss, W M , J. Physiol , 83, 439 (1900) 
* lipmann, F, and Levene, P. A, J Bol. Chem, 98, 109 (1932) 


d IY D K, and Olcott, H S, J Amer Chem Soc, 71, 3070 


* Folch, J, Ascoli, I, Lees, M, Meath, J A, and LeBaron, F. N., 
J Bol Chem , 193, 833 (1951) 


* Kennedy, E, and Smith, 8 W, J Biol Chem , 207, 153 (1954) 
8 Wilhams, J , and Sanger, F , Biochim Biophys Acta, 38, 294 (1959) 


456 


Distribution of Ribonucleic Acid in 
Subcellular Fractions of Various Regions 
of the Central Nervous System of the 
Rat 


THE distribution of ribonucleic acid (RNA) in the 
subcellular structures of whole brain was studied by 
Brody and Bain}, and by Aldridge and Johnson?, and 
in the rat brain cortex during development by Keup? 
We showed previously that appreciable differences 
exist ın the distribution of nucleotides and RNA 
and in the incorporation of phosphorus-32 in this 
RNA 1n various bram regions? we have now studied 
the RNA content of the subcellular fractions of each 
region of the central nervous system examined 
previously and the incorporation of phosphorus-32 
in the RNA fractions thus isolated 
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with cold ethanol and then, to extract the lipids, 
treated by the method of Bloor? RNA and deoxy- 
ribonucleic acid (DNA) were separated by the pro- 
cedure of Schmidt and Thannhauser? and the RNA 
fraction was purified by a technique described 
elsewhere* The specific activity of RNA phosphorus 
was determmed on solutions at infinite thickness m 
an end-window Geiger counter (mica window 18 
mgm /em?) The results of the experiments are 
shown 1n Tables 1 and 2 

Ihe ratio of RNA to protem was found to be lowest 
(029-0 57) in the myelin fraction, higher in the 
heavy mitochondria (0 54-108) and, on average, 
higher still ın the light mmtochondna (1 01-1 4), 
while for the nuclei the values varied from 0 98 to 
1:69. For the cytoplasmic fluid the values were of the 
same order, although rather lower in the cerebellum 


Table 1 DISTRIBUTION OF RIBONUCLEIC ACID IN SUBCELLULAR FRACTIONS OF VARIOUS REGIONS OF THE RAT CENTRAL NERVOUS SYSTEM 
Endoplasmic 
Nuclei Heavy Light reticulum Cytoplasmic Myelin fraction 
mitochondria mitochondria (microsomes) fluid 
Region Bgm P] Per- ugm P/ Per- pgm P/ Per- ugm P/ Per- ugm P/ Per- ugm P/ Per- 
mgm centage RNA ` mgm centage mgm centage mgm centage mgm centage mgm centage 
protein oftotal DNA protem oftotal protem of total protem of total protein of total protein of total 
RNA RNA N RNA RNA RNA 
Olfactory lobes 127 148 0 105 0 99 68 140 69 3 43 30 0 185 240 055 17 4 
Cerebral grey matter 1 23 90 0 166 0 54 03 126 3 55 33 9 1 44 240 0 35 158 
Cerebral white matter 1 05 103 0 124 0 55 97 100 73 2 85 295 1 00 218 0 34 210 
Hypothalamus 1 69 10 0 0178 0 56 121 101 101 227 32 6 1°06 20 0 057 150 
Cerebellum 1 20 32 4 0 081 1 08 53 1 06 5 2 3 49 310 0 65 106 0 49 15 4 
Medulla oblongata 0 98 93 0 154 101 161 121 10 9 2 45 810 0 68 14 9 0 29 172 


We have completed six experiments usmg twenty 
rat brains on each occasion The rats received mtra- 
peritoneal injections of phosphorus-32 (200 ue /100 gm 
body-weight) and were decapitated after one, three and 
five days The heads were immediately plunged into 
ice-cold 0 9 per cent sodium chloride and the brains 
were removed rapidly ın a manipulation cabmet at 
0° C Various parts of the brams were separated by 
dissection olfactory lobes, grey matter and white 
matter of the cerebrum, hypothalamus, cerebellum 
and medulla oblongata The subcellular fractions 
were isolated using 03 M sucrose by the classical 
method of Hogeboom, Schneider and Pallade®, as 
slightly modified by Aldridge and Johnson? ‘The 
purification of the nuclei did not seem sufficient and 
we therefore employed the followmg modifieation 
Centrifuging at 1,000g for 10 mm with a 03 M 
sucrose solution gave a precipitate mixed with 
capillaries and blood, these forming a lower layer in 
the centrifuge tubes The upper layer was separated, 
re-homogenized with 0 3 M sucrose and centrifuged at 
1,000g for 10 mm The precipitate obtamed was 
mixed with 20 volumes of 1-5 M sucrose and centri- 
fuged at 145,000g for 90 mm ın a ‘Spinco’ model L 
ultracentrifuge This treatment gave a precipitate 
consisting of nearly pure nuclei and a supernatant 
film eontammg myelinated structures shghtly con- 
taminated with ther cytoplasm and with axonal 
fragments These facts were demonstrated by elec- 
tron microscopy It was estimated that about 90 
per cent of the supernatant consisted of myelinated 
structures This was confirmed by the chemical 
analysis, which showed that the supernatant contained, 
on average, about 55 per cent of the total phosphatides 
for all the different parts, while the cytoplasmic fluid 
contained only about 2 per cent and the totality of 
mitochondria 24 per cent! 

The heavy and light mitochondrial fractions and the 
microsomes were separated by the method of Aldridge 
and Johnson? 

After extraction of the acid-soluble matter by 0 6 N 
perchloric acid, each subcellular fraction was treated 


and the medulla The highest values were, of course, 
found ın the microsomes’ For a given subcellular 
fraction clear and important differences existed 
between one part of the bram and another the 
highest values for the nuclei correspond to hypo- 
thalamus, followed by the olfactory lobes and the 
grey matter of the cerebrum, the lowest values were 
for the cerebral white matter and the medulla The 
RNA content of the microsomes was fairly constant 
at about 30 per cent of the total for each region while 
for the other fraction the RNA content varied 
appreciably from one region to another The ratio 
RNA/DNA, which also gives an indication of the 
purity of the nuclei, varied between 0 08 and 017 the 
highest values were for the hypothalamus and the 
cerebral grey matter 

The specific activity of the nuclear RNA at one and 
three days 1s clearly higher than that of the other 
fractions The same 1s true at 5 days except for the 
olfactory lobes and the hypothalamus A comparison 
of the results for the specific activity with respect to 


Table 2. SPECIFIO ACTIVITY IN COUNTS/MIN “GM OF RIBONUCLEIC 
ACID PHOSPHORUS IN SUBCELLULAR STRUCTURE OF VARIOUS REGIONS 
OF THE RAT CENTRAL NERVOUS SYSTEM 


Endo- 
plasmic 
Heavy Light Teti- Cyto- Myelin 
Region Hr  Nuole1 maito- mıto- culum plasmic fraction 


chondria chondria (miero- fluid 


80mes) 

Olfactory 24 37 24 10 20 33 36 
lobes 84 75 39 40 51 57 49 

120 52 — — 08 09 54 
Cerebral 24 34 9 16 9 13 24 
grey 84 43 29 25 23 30 24 
matter 120 57 32 30 40 41 27 
Cerebral 24 26 7 8 8 13 17 
white 84 46 26 21 27 32 29 
matter 120 49 30 28 37 39 35 
Hypo- 24 58 24 11 30 19 34 
thal- 84 64 36 38 44 47 47 
amus 120 51 51 42 51 88 29 
Cere- 24 39 9 9 14 16 — 
bellum 84 46 34 31 39 55 47 

2 57 — — 46 64 46 
Medulla 24 50 9 18 15 13 28 
oblong- 84 56 80 38 36 38 45 
ata 120 71 — — 53 39 40 
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time for the nuclear RNA shows that a maximum 
exists between the first and fifth day for the olfactory 
lobes and the hypothalamus, while for the other 
regions the specific activity at five days 1s either 
greater than or equal to that at three days For the 
hypothalamus and the olfactory lobes the specific 
activity versus time curve for the nuclei crosses those 
for the cytoplasmic fluid and the microsomes Thus, 
our results confirm previous data concerning the high 
RNA content and great metabolic activity of the 
olfactory lobes and the hypothalamus* 

The relatively high RNA content of the myelin 
fraction recalls former investigations concerning the 
cytoplasm attached to myelin sheaths and the RNA 
content of axons It should be mentioned that the 
relatively high specific activity of the RNA of the 
myelin fraction cannot be entirely accounted for by a 
contamination of nuclei, sinoe 90 per cent of the 
nuclei of the various regions, apart from the cere- 
bellum, contains, on average, only about 10 per cent 
of the total RNA. In addition, 24 hr after injection 
the myelin fraction has a specific activity superior to 
that of any other subcellular fraction apart from the 
nuclei. It ıs therefore difficult to attribute this 
activity to a contamination by mitochondria, micro- 
somes or cytoplasmic fluid 

Our nuclear fraction contamed 70 per cent of the 
total DNA 1n the cases of the cerebral white matter 
and medulla, 75, 86, 89 and 92 per cent respectively 
for the hypothalamus, cerebral grey matter, olfactory 
lobes and the cerebellum It should be noted that the 
ratio RNA/DNA for our nuclear fraction 1s generally 
lower than or at the most equal to that found by 
Chauveau’ for the liver and 1s, for three regions, near 
that found by Georgiev and Mantiewa” for the whole 
brain 
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Cystine Content in Hair of Childen 
as influenced by Vitamin A and Animal 
Protein in the Diet 


RECENTLY, Koyanagi and Odagiri* reported that 
the cystine content of skm of rats dosed with a small 
quantity of vitamm A ıs lower than that of rats given 
& liberal allowance of the vitamin In the presence of 
methionine, the cystine content mereased both with 
small and large doses of vitamm A We now wish to 
report on experiments conducted to determine 
whether the cystine content m the hair of children 
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Table 1 AMOUNT OF FOODS CONSUMED AND ESTIMATE OF PROTEIN 
AND VITAMINS PER PERSON PER DAY 
District 
Foods A C 
(gm ) (gm ) (gm ) 

Rice — 492 300 
Barley 150 9 60 

ea 100 21 100 
Japanese barnyard mullet 400 — — 
Potatoes 100 22 50 
Sugar -— 3 20 
Oils and fats — 6 8 
Soybean 54 4 5 
Miso (fermented soybean) 100 49 30 
Fish, raw 20 100 100 
Fish, salted — 10 10 
Tofu (soybean curd) — 34 80 
Meat — 4 30 
Eggs — 18 30 
Milk — 14 100 
Vegetable, green 50 43 100 
Vegetable, uncoloured 100 64 100 
Vegetable, salted 200 100 70 
Fruits — 9 150 





Calories 
Protein * (gm ) 
Vitamin A (IU) 3 " 
Riboflavin (mgm ) 0 71 06 
Thiamine (mgm ) 1 97 0 92 


* Digestibuity of protein of barnyard mullet 1s very low. 
+ Amount of animal origin indicated in parentheses 





,216 2,549 

6 (276) 604 (385) 
235 3,572 

1 40 
121 


2,846 2 
1190 (3881 74 
1,184 1 


could be changed by deficiencies of vitamin A ım the 
diet and other factors 

The survey was done on school children aged 8-9 yr , 
in, the following three districts, (A) Yamagata village, 
situated in the mountamous area where people 
having & small mcome eat Japanese barnyard mullet 
and very httle fish, (B) Teshiromor: village, situated 
in, the rice field district where people live on rice and 
eat a moderate amount of fish; school lunches are 
served, (C) Morioka city, where the diets are com- 
paratively well balanced, children have lunch served 
at school Food articles available for civilian con- 
sumption 1 three districts are shown in Table 1 

To determine the cystine content 1n the hair, 0 1 gm 
of hair from the back of the head was hydrolysed ın 
3 N hydrochloric acid at 120? C for4hr The cystine 
content m the hydrolysate was analysed by the phos- 
photungstic acid method? 

Effect of diet The results (Table 2) mdıcate that 
there are striking differences 1n cystine content in the 
hair from the three districts, for example, the figures 
from district A show only 81 per cent while those 
from districts B and C return 11 4 and 12 5 per cent, 
respectively. The figures thus correlate closely, 
with the consumption of animal protem 

Effect of vitamin A and milk Table 2 gives results 
in districts A and B obtained by analysing hair of 
children supplemented for half a year with shark liver 
oil (2,500 1v ). The cystine content 1s higher m the 
hair of children m the supplemented group The 
observations are m agreement with those on the skin 
of rats reported by Koyanagi etal In district B some 
children were allowed to drink milk liberally, that 1s, 
300—400 ce daily a child for half a year. The cystme 
content of their hair 1s remarkably higher than that of 
children without milk 


Table 2 CYSTINE CONTENT IN THE HAIR OF CHILDREN IN THREE 


DISTRIOTS 
Height Weight Cystine in the hair 
District Supplement (cm ) (kgm ) (per cent) 

A None 11634+67* 2194+22* 81+4015* (21)T 

Shark hveroil 1220452 220422 95+23 (11) 

None 1210431 241-17 114418 (13) 

B Shark hver oil 1247+45 245226 130-514 (12) 

Milk 1287+31 262405 3144-06 (9) 

C 1275-18 3267-12 125413 (22) 


* Standard deviation of the mean 
+ No of children indicated in parentheses 
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Effect of age. Hair of 26 mfants was collected in 
district C and analysed In this case, m spite of 
individual variation the higher values were found 
more often among the younger group and there was 
no apparent difference between sexes (9 months, 
121-151, 3 yr, 119-144, 4 yr, 106-130, 5 yr, 
10 5-13 0, 6 yr, 11 0-12 7, adults, 10-12 per cent ) 

Effect of disease Through the clinical exammation 
conducted on 75 infants in district A, 13 cases of 
active angular stomatitis, 25 cases of fatty liver and 
5 cases of severe malnutrition were found It 1s 
remarkable that the cystine content ın the hair of 
infants showing undernutrition showed strikingly 
lower values than in that of the healthy mfants ın 
district C (2yr,6 0-9 2,3yr,5 5-6 6;4yr,58-9 2, 
5 yr, 7 2 per cent ) 

In regard to amino-acid content of nails, Hess? 
reported that the molecular ratios of histidine to 
lysine to argmine for normal nails were 1-6 -13 
while for arthritic nails they were 1:54 135 The 
three basic amino-acids remained practically con- 
stant, while the cystine content decreasd 18 4 per 
cent So rb 1s fair to state that the cystine content in 
the har may be influenced by the condition of health, 
and by disease, as well as through the diet. Observa- 
tion on the cystine content of hair led to a postulation 
that the cystine content of hair mey be looked on as a 
sign of nutritional status for children, or as an 
indication of the presence of some disease 
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Amounts of Oxides of Nitrcgen and Carbon 
Monoxide in Cigarette Smoke, with and 
without Inhalation 


RECENTLY, Haagen-Smit! has referred to the rela- 
tively high content of oxides of mtrogen in smoke 
from cigarettes and cigars It was found that the 
content of oxides of nitrogen m cigarette smoke 
varies from 145 to 655 ppm. Furthermore, after 
mhalation of the smoke into the lungs, no oxides 
of nitrogen could be detected m the exhaled smoke 
In view of the very low maximum concentrations of 
oxides of nitrogen tolerated (Russian workers? claim 
01 mgm /m? as an average concentration during 
24 hr, and 03 mgm /m as a maximum concentra- 
tion at one time, for carbon monoxide these con- 
centrations are 2 and 6 mgm /m® respectively) ıt 
was thought. interesting to determime how much of 
these compounds may be taken up as a result of 
cigarette smoking 

Two types of experiments were carried out A 
smoking apparatus was developed in which normal 
smoking could be simulated It consists essentially 
of a spiral washer with xylene for the removal of 
tars, which may affect the reaction with the Griess- 
Tlosvay reagent, and of a sampling bottle, a gas 
meter and finally a magnetically operated valve 
The latter 1s connected, through a capillary, with the 
vacuum hne Smoke from a cigarette was drawn in 
27-ml. samples into the sampling bottle by opening 
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and closing (2 and 28 see respectively) the magnetic- 
ally operated valve The naturel smoking process 
was simulated to such a degree that 15 x 05 = 75 
min were required to smoke a cigarette to a residual 
length of about 10 mm  Durmg thi time about 
400 ml gas was delivered into the sampling bottle. 
In each sample the contents of nitrogen oxides 
and carbon monoxide were determmed by normal 
analytical methods In a few cases a distinction 
was made between nitric oxide and nitrogen dioxide 
From Table 1 ıt appears that under our smoking 
conditions approximately equal amounts of nitric 
oxide and nitrogen dioxide are present The total 
amount of nitrogen oxides 1s withm the range found 
by Haagen-Smit for different types of cigarettes. 
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Table 1 CONCENTRATIONS OF OXIDES OF NITROGEN AND CARBON 
MONOXIDE IN CIGARETTE SMOKE 


(King-size cigarette, relative humidity 45 per cent) 


Cigarette | NO+NO, 


NO, co CO; 
(ppm) 


(ppm.) | (per cent | (per cent 
by volume)} by volume) 


1 
2 
3 
4 
b 
6 
7 
8 
9 
0 
1 


m 





Inhalation experiments were carried out by three 
separate persons. In each experiment a cigarette 
was smoked m such a way that 500 ml smoke + 
additional air were inhaled durmg each inhalation 
After exhalation into a 10-litre sampling bottle, the 
lungs were flushed with four times the amount of 
air, which was also passed mto the sampling bottle. 
In addition, non-mhalation experiments were carried 
out by the same persons. The smoke of each pull 
was kept ın the mouth, and then passed into the 
sampling bottle where ıt was diluted with air (inhaled 
through the nose) to a total volume of 251 In 
both cases 13 x 25 = 3251 were passed through 
the bottle, after which the amounts of nitrogen 
oxides and carbon monoxide were determined 

The figures given m Table 2 show that, as & result 
of inhalation, both the nitrogen oxides and the carbon 
monoxide are absorbed to a large extent Conse- 
quently the amount of these compounds which may 
be taken up by the body can readily be estimated 
If 20 cigarettes a day are smoked, 3 0 mgm of oxides 
of nitrogen (calculated as nitrogen dioxide) and 200 
mgm of carbon monoxide may be absorbed These 
figures are considerably higher than the amounts, 


Table 2 CONCENTRATIONS OF OXIDES OF NITROGEN AND OF CARBON 
MONOXIDE IN CIGARETTE SMOKE, WITH AND WITHOUT INHALATION 


CO Oxides of nitrogen 
(per cent (NO + NO4) 
by volume) Absorbed (ppm ) 
Without With | per cent | Without With 
inhala- inhala- ird inhala- 
lon 


Absorbed 
per cent 





*The concentrations have been converted to those in the undiluted 
smoke The dilution factor was calculated from the content of 
carbon monoxide in the 10-1 sampling bottle and the average 
value of 21 per cent as determined from the experiments with 
the smoking apparatus 
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namely 12 x 01 = 1 2 mgm oxides of nitrogen and 
12 x 2 = 24 mgm. of carbon monoxide, regarded 
as the maximum which can be safely tolerated 

Whether the effect of incidental inhalation of rela- 
tively high concentrations of noxious compounds 1s 
greater than that from continuous inhalation of a 
much lower concentration 1s difficult to establish 
It should be remarked, however, that for an evalua- 
tion of the health effects of smokmg the possibility 
of synergism?, caused by the simultaneous presence 
of both nitrogen oxides and carbon monoxide, should 
also be taken into account 
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Sodium and Potassium Content in the 
Muscles of Hibernating Animals 


Ir has long been known that tissues exposed to low 
temperatures ¿n vitro lose potassium while on the 
other hand there are few published reports regarding 
sodium exchange during the same conditions? Ina 
previous report? we have demonstrated that the 
potassium/sodium ratio 1n the muscles of fishes caught 
im cold arctic waters 1s low when compared with 
fishes from boreal waters The very same variations 
with temperature were found to take place in 
specimens of the same species both ın Nature (Gadus) 
and in the laboratory (Cottus) 

As we were at the same time working with problems 
on the physiology of hibernation we were led to 
suspect that the extreme hypothermia normally 
occurring durmg hibernation in these animals might 
induce even more marked changes m electrolyte 
composition of the muscle cells 

The animals used were the common European 
hedgehog, Erinaceus europaeus L , and the bat, Myotis 
daubentonia L The muscle samples were dry-ashed 
at 550° C and the content of sodium and potassium 
estimated by flame-photometry 

In the case of the hibernating animals 1eferred to, 
we found a rather surprisingly high content of sodium 
in the muscles, compared with that reported in the 
literature on other mammals, and also confirmed by 
my own analysis on the rat, Fig 1 Furthermore, we 
found the sodium content to be fairly constant 
throughout the year, despite the extreme changes m 
body temperature taking place during this time 

Thus, when compared with other homoiothernuc 
vertebrates having about the same plasma compost- 
tion, the hibernators differ greatly Whether or not 
this has something to do with differences in the 
physiology of the muscle cells, the present results do 
not demonstrate It seems to us, however, that the 
hibernators, which behave much like poikilotherms in 
the winter, may somehow be prepared by & high 
sodium-level to stand the effect of low temperatures 
on the sodium content of the tissue 

It may be worth considering the same tendency 
found m arctic fishes, where a high sodium content 
was encountered at low temperatures It thus seems 
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Fig 1 Sodium content in the muscles of hibernating animals 


thedgehog, bat) and some other mammals (refs 5, 6) 


that the ability to stand low temperatures may in 
Some way or other be connected with the sodium 
metabolism of the cel]. 

Whereas the level of sodium is fairly constant 
throughout the year, we found distinct changes m the 
potassium content of the muscles Muscle samples 
have been taken from hedgehogs 1n the period from 
May to March, while the samples from bats are from 
November to April only As seen ın Fig 2, there 18 an 
Increase m the potassium content of the hedgehog 
muscles during the first months of hibernation 
(October-December) and from then on a distimet 
decrease In the months October-November the body 
temperature of the hedgehog varies greatly, changing 
from the normal level (35° C ) to environmental tem- 
peratures (5? —8? C in our anımal room) in less than 
24 hr In this ‘pre-hibernating’ period some animals 
take food, while others are in inanition, with no 
apparent effect on the sodium—potassium level. From 
about December the animals are ın deep hibernation. 
As regards the bats thew body temperatures change 
m about 10-30 mm, and their period of inanition 
begins about September and lasts until about May 

Contrary to the expectations we might have from 
our results obtamed on fish muscles, we thus see that 
the hedgehog muscles gain potassium 1n the first part 
of the hypothermic period It 1s rather difficult to 
explain this considermg the temperature effect alone 
However, we want to direct attention to certain 
observations made in this Laboratory* on changes m 
some blood constituents m the ‘pre-hibernating’ 
period In this period we found a marked hemolysis 
corresponding to one-third of the total erythrocyte 
volume A tentative explanation might therefore be 
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Fig 2 Potassium content in the muscles of hedgehog and bat 
at different times of the year [0], hedgehog, 7, bat 
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that part of the potassrum set free during this 
hemolysis 18 accumulated by the tissue cells Unfor- 
tunately we are at present unable to present enough 
data on the level of potasstum ın plasma Only 
small changes 1n this level are necessary, however, to 
mduce an increase in cellular potassrum, due to the 
effect of the Gibbs-Donnan equilibrium This explana- 
tion seems the more reasonable as we found the time 
of the year to be the 1mportant factor no differences 
in muscle potassium were observed between samples 
from anmmals with normal or hypothermic body 
temperature 

The effect of hemolysisin October-November seems 
to last until December This lag might be explamed 
on the assumption that the extrusion of salts through 
the kidney 1s extremely slow m animals m deep 
hibernation | With the progress of time (December- 
March) this slow process, however, leads to a reduction 
of cellular (and plasma) potassium 

Regarding our results for bats, these are in accord- 
ance with such considerations 
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Diuresis due to Stress in Cattle 


Iw the course of investigation of some aspects of 
renal function in adult dairy cattle, 1t was noted that 
there was a marked diuretic response to a painful 
stimulus The animals used were non-lactating, 
non-pregnant Ayrshire dairy cows accustomed to 
experimental procedures, and the stimulus was punc- 
ture of the brachial artery by the technique described 
by Fisher!, which, despite the use of local anesthetic, 
always caused some discomfort Arterial puncture 
was carried out during contmuous urme collection 
by an mdwelling urethral catheter for renal clearance 
measurements In association with the increased 
rate of flow after arterial puncture, urme became 
noticeably paler m colour, and there was a marked 
fall m urmary bicarbonate concentration Cysto- 
metric measurement of bladder pressure showed that 
there was no variation in intracystic pressure at the 
onset of diuresis, and, on the basis of these observa- 
tions, 1t was assumed that the increase ın the rate of 
urine collection was a true reflexion of increased rate 
of formation, rather than the expulsion of uncollected 
urine from the bladder 

The discomfort of arterial puncture, im some 
animals, caused an immediate diuresis of 200—300 
per cent of the previous mean rate of urme flow 
The onset and regression of this response were usually 
rapid One cow, with a mean rate of urme flow of 
9 6 ml /mm , showed a diuresis of 28 5 ml /mm in 
the 5mm following arterial puncture, the rate return- 
mg to 85 ml /mm in the next 5 mm pernod After 
repeated experiments on the same animals, this type 
of response was preceded by a diuresis associated 
with the prehmmary procedure of chppmg, swabbing, 
and anssthetizmg the site for puncture Fig 1 
illustrates the diuresis which occurs on carrying out 
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and anssthetizing the site on the urine flow of a normal cow 


arterial puneture, preceded by the response to pre- 
paration of the site. 

Rydin and Verney? demonstrated a marked mhi- 
bition of urme flow of hydrated dogs following 
emotional stress, with good evidence that this re- 
sponse was due to the release of antidiuretic hormone 
Andersson and. Persson?, however, reported that, in 
hydrated goats, painful or emotional stimuh did 
not result in any alteration m the raté of urme 
formation In man, Miles and De Wardener‘ de- 
scribed an emotional diuresis which occurred on 
bladder catheterization, or resulted from apprehen- 
sion of a surgical procedure They attributed the 
rise 1n salt excretion which accompanied this diuresis 
to three possible causes (1) a rise in glomerular 
filtration-rate, (2) the inhibition of a salt-retaming 
hormone , (3) a nervous mhibition of tubular function 
There are, therefore, marked species differences in 
1enal responses to painful or emotional stimuli 

The mean blood pressure of cows may rise markedly 
on experimental interference’, but whether the 
observations reported here are the result of alterations 
in renal hemodynamics or of mhibition of the anti- 
diuretic hormone 1s not known [It 1s, however, clear 
that experrments on cattle which depend on measure- 
ment of the rate of urme flow must be carried out 
with the mmimum amount of stress to the subject 

R S ANDERSON 
Department of Veterinary Physiology, 
University Veterinary School, 
Glasgow 
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Effects of Thymectomy on the Resistance 
of Rats to Drowning and Histamine 
Stress 


THE thymus has been proposed as a site of hormone 
production! | Bomskov e£ al? have reported that 
treatment of normal rats and gumea pigs with calf 
thymus extract distinctly diminished survival-time 
of animals exposed to chloroform—air mixtures 

The aim of the present work was to determme the 
degree of resistance conferred by thymectomy on 
albmo male Wistar rats Two procedures were used, 
one involving resistance to drowning stress and the 
second resistance to histamine stress 

Two hundred and forty male rats averaging 50 gm. 
were matched by weight and divided mto three 
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Table 1 EFFECT OF THYMECTOMY ON RESISTANCE TO HISTAMINE AND DROWNING STRESS 
12 ma 
Group n pP a ea LD;e mem [kgm Drowning time Percentage difference P value 
E o + gm + + (sec) + SE between two groups 
Group 4 60 528 199 8 7029 + 364 A B=+68 0 22 
reg ea rats +04 +24 A C= +82 0-13 
up 

Sham-thymectomy 60 525 195 4 658 4 + 208 

rata +05 +27 
Group C 
Normal control 60 52 5 200 1 649 4 + 3356 B C=-+14 0 76 

rats +04 +23 
2 Drowning stress 
Group A 19 49 2 187 6 5418 + 278 A B=4+51 051 
Thymectomy rats +07 +32 C= +84 0 34 
Group B 
Sham-thymectomy 19 401 196 8 5156 + 273 

rats +08 +41 
Group C 
Normal control 20 491 204 5 4997 + 317 B 02532 071 

rats +05 +34 


groups, A, B and C, representing respectively thymec- 
tomized rats, sham-operated animals and normal 
controls The thymectomies were completed under 
open-ether anesthesia accordimg to procedures de- 
scribed by Farris and Griffith? At the conclusion of a 
4-week period, 60 animals in each group were selected 
and equal aliquots tested for histamine resistance 
The histamine challenge occurred at four dose-levels, 
450, 600, 750 and 900 mgm /kgm of body-weight 
Finney’s method of probit analysis was used to 
calculate the LD50 values and dose-response lmes! 

The remaining animals were subjected to drowning 
stress by immersion ın water precooled and mam- 
tamed at 6° C Drownmg time was determined by 
recording the time-interval up to the final sub- 
mergence 

Table 1 presents the LD50 results Comparisons 
between groups A and B and between A and C LD50 
values indicated that thymectomy induced 6 8 per 
cent and 82 per cent respective increases in the 
tolerance of the thymectomized rats to histamine 
stress Although none of these increases was statisti- 
cally significant, the low P values especially between 
A and C approach significance (P = 0 13) 

Table 1 sımlarly presents the average time of 
drowning for the three groups of animals 1mmersed ın 
water maintained at 6? C Again comparisons between 
groups A and B and between A and C indicate 
respectively 5 1 per cent and 8 4 per cent increases 1n 
the resistance of the thymectomuized rats to drowning 
stress As indicated by the P values, however, none 
of these increases was statistically significant 

In evaluating the results, 1t becomes apparent that 
thymectomy induced similar percentage Increases 1n 
the resistance of the thymectomized rats to two 
distinctly diverse types of stress stimuli The results of 
this work are thus ın accord with previous mvestiga- 
tions»? Although the investigation does not offer 
conclusive evidence concerning a thymic endocrine 
function, the results provide support for such a 
hypothesis 
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Plasma Iron and Iron-binding Capacity 
in the Pregnant Rat and Rabbit 


In the latter half of human pregnancy a decrease m 
blood hemoglobm concentration usually occurs and 
this 18 associated with a decrease in plasma iron con- 
centration and an increase in plasma total won- 
bmding capacity!?, The mechanism producing these 
changes is not fully understood They may be due 
partly to iron deficiency?:*, one of the main causes of 
which is the rapidly mcreasing foetal utilzation of 
iron If so, the changes might be more pronounced m 
rats and rabbits, in which the combined. demands of 
the foetuses would be relatively greater 

Blood for the various determinations was taken 
from 7 rabbits weighing 1 8-25 kgm immediately 
before and 7, 14, 21 and 28 days after mating and on 
the first day after parturition Control values were 
obtained on blood from a comparable group of 8 non- 
pregnant animals In these rabbits no significant 
changes occurred in any of the values measui ed 
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Fig 1 Changes in blood hemoglobin concentration, plasma iron 

concentration (Plas Fe) and total iron-binding capacity (TIBC) 

durmg pregnancy and after parturtion in the rabbit Each poiat 

represents the mean of seven rabbits and the vertical limes 

represent + one standard deviation of the mean The time of 
parturition 18 shown by the arrow 
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Fig 2 Changes in blood hemoglobin coneentration, plasma iron 

concentration (Plas Fe) and total tron-binding capacity (T LBC) 

during pregnancy and after parturition in the rat Each point 

represents the mean of six rats and the vertical lines represent 

+ one standard deviation of the mean ‘The time of parturition 
18 shown by the arrow 
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Twenty-four rats aged 18-22 weeks and weighing 
190-220 gm were mated and the day of msemmation 
was determined by daily exammation of vaginal 
smears for spermatozoa The rats were killed m 
groups of 6 on day 13, 17 and 20 of pregnancy and 
on the first day after parturition A further compar- 
able group of 6 rats was not mated and determmations 
were made on these to provide non-pregnant control 
values The rats were anesthetized with ether and 
killed by exsanguination by cardiac puncture 

Blood hemoglobm concentration’, and plasma ron 
and total iron-binding capacity, were estimated by 
methods previously described 

Both rabbits (Fig 1) and rats (Fig 2) resembled 
human beings m showing a decrease m blood hemo- 
globin and plasma iron towards the end of pregnancy. 
Both rabbits and rats, however, showed a considerable 
Increase in plasma iron concentretion immediately 
after parturition, while in humans when such a rigo 
occurs 1t ıs small’ In contrast to rabbits and humans, 
rats showed a considerable decrease m plasma ron- 
binding capacity in the last few days of pregnancy 
and a marked rise immediately after parturition 

The increase m plasma iron concentration imme- 
diately after parturition may be accounted for by the 
fact that loss of mon to the foetus 18 suddenly inter- 
rupted Why plasma i:ron-binding capacity should 
fall durmg pregnancy in the rat and rise during 
pregnancy in man and the rabbit cannot be explamed 

increase 1n plasma volume occurs durmg pregnancy 

in the rat?, and this could presumably cause some 
dilution of the iron-binding protein, transferrm But 
a similar change in plasma volume also occurs in 
man’, where the iron-bmding capacity mcreases 
durmg pregnancy’? In the rat, then, 1t would seem 
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that the decrease of mon-bmding capacity could be 

better explamed by alterations in the rates of 

synthesis and/or destruction of transferrm or by 
passage of this protem through the placenta or 
foetal membranes 

This work was carried out durmg tenure of a 
fellowship of the National Health and Medical 

Research Council I am grateful to Miss E Rudeberg 

for technical assistance 
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Importance of Celi Division for Antibody 
Production in an in vitro System 


AN n vitro system for the study of antibody 
formation has been previously described!. In outline, 
cell suspensions are prepared from rabbit spleens 
removed two days after anamnestic strmulation with 
alum-precipitated human serum albumin The 
synthesis of antibody 2 vro 1s measured by the 
meorporation of leucine labelled with carbon-14 mto 
antibody protem This system has been used to 
determine whether cell division or cell differentiation 
plays a major part in providing the cell population 
which synthesizes antibody after anamnestic antı- 
genic stimulation 

The kinetics of antibody synthesis in earlier 
experiments and the partial mhibition of antibody 
formation by a thymidme antagonist, 5-bromodeoxy- 
uridine’, had suggested that 30-80 per cent of 
the antibody synthesized was made by cells which 
divided durmg the 48-hr. incubation period Auto- 
radiographic studies showed that 2-4 per cent 
of the meubated cells did indeed take up tritiated 
thymidme during ın vetro meubation (to be pub- 
hshed), but did not, however, establish that these 
thymidine-meorporating cells synthesized antibody 

The following experrment was designed to provide 
more definite proof. Tritiated thymidine of very 
high specific activity was added to the medium The 
dividing cells incorporated, and hence concentrated, 
the radioactive thymidine into ther deoxyribonucleic 
acid (DNA), which thus resulted m a very selective 
irradiation of the dividing cells Under these con- 
ditions non-dividing cells would be expected to 
receive only insignificant irradiation The addition of 
tritiated thymidine at 1 5 c /m mole at the beginning 
of the incubation period mhibited antibody formation 
to approximately the same degree as 5-bromodeoxy- 
uridime Higher specific activities (4 4 c /m mole) did 
not result m any appreciably greater inhibition 
Dilution of the specific activity of the tmtiated 
thymidme by the additional presence of unlabelled 
thymidine reduced or prevented the mhibition (see 
Fig 1) The mhibition was, therefore, a consequence 
of an intracellular location of the radioactive thym- 
dine and not simply an unspecific effect of radiation 
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Fig 1 The effect of tritiated thymidine on antibody synthesis 

The three eurves—O, 4 and [ ]—are the results obtained with 

three separate rabbits The corresponding symbols at the nght 

show the figures for antibody synthesis in the presence of 
50 ugm /ml of 5-bromodeoxyuridine for each rabbit 


from radioactiviby in the extracellular medium A 
further control was provided by experiments using 
tritiated water It was found that more than a 
hundred times as much activity had to be added as 
tritiated water to produce the same effect as with 
tritiated thymidine (see Table 1). 

That the effect was due to activity concentrated 
in a most favourable site 18 supported by a considera- 
tion of the calculated doses that the cells received on 
the basis of various suppositions as to the distribution 
of the activity (Table 1) By comparison, 200— 
500 rads of X-irradiation (given at the start of 
incubation) were required to reduce the antibody 
synthesis to 50 per cent (to be published) It ıs not 
possible to calculate a reliable estimate for the dose 
received by labelled cell nucle: (see footnote to 
Table 1) but the figures do provide some basis for 
comparison. 


Table 1 ANTIBODY SYNTHESIS COMPARISON OF EFFECT OF IRRADI- 
ATION FROM T'RITIATED WATER AND THYMIDINE 


"H water *H thymidine 

Activity in incuba- 

tion medium, 

me /ml 59 59 0 59 0 059 0 024 
Antibody syn- 

thesized in 48 hr 

as percentage of 

control 8 37 70 94 42 
Dose to cells in rads/ 

hr assuming uni- 

form distribution 

throughout 

medium 710 71 71 0 71 0 29 
Dose to nuclei, (a) Assuming synthesis of diploid 

rads/hr (see foot- content of DNA from thymi- 

note) dine at 1 1c /m mole c 170 - 


(b) Caleulated from observed 
mean grain count over nuclei 
after autoradiography c 50 


In the calculation for the dose-rates to nuclei it has been supposed 
that the volume of the nucleus was 500 42 and that all the energy was 
dissipated ın this volume In the calculation from grain counts 1b has 
been assumed that the overall efficiency of grain development 18 5 per 
cent No allowance has been made for the fact that the activity 
will not be present m the nucleus until the cell has divided For 
these and other reasons the figures arrived at can only be taken as a 
very rough guide to the actual levels of irradiation 


Autoradiographs of smears of the cells which had 
been incubated with thymidine of high specific 
activity showed very high levels of activity m the 
nuclei of 2-3 per cent of the cells Tho rest of the 
cells showed less than a fiftieth of this activity 

Autoradiographs of cells incubated wlth only tracer- 
levels (61 mc /m mole) of tritiated thymidine showed 
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proportionately the same grain count per cell. Thus 
the high speoifie activity did not appear to affect the 
uptake of thymidine into the deoxyribonucleic acid 
(DNA). 

There 1s, therefore, httle doubt that the inhibition 
of antibody formation was due to irradi&tion from 
tritiated thymidine incorporated into the DNA of 
those cells which were dividing 

These experiments do not show whether or not a 
cell can divide after ıt has started to make antibody 
In either case ıt seems Lkely that most, if not all, of 
the cells synthesizmg antibody have undergone cell 
division following anamnestic stimulation 

These results are thus 1n agreement with the recent 
findings of Urso and Makinodan? and Baney, Vazquez 
and Dixon‘, which were obtained by other techniques 

This work was supported, in part, by US Public 
Health Service grant £ 2911 

R W. Durrow 


Department of Chemical Pathology, 
Postgraduate Medical School, 
Ducane Road, London, W 12 
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PHARMACOLOGY 


Effect of Derivatives of L-Cysteine on 
Growth of Leuconostoc mesenteroides (8042) 


Iw the course of work on the chelating properties of 
certam amino-acid derivatives reaction products of 
cysteine with eight different aldehydes were prepared 
The compounds were probably derivatives of thiazo- 
lidine-4-carboxylic acid!-? They were prepared by 
previously described methods of synthesis or modifica- 
tions of such methods‘-* In Table 1 the compounds 
are named simply by adding the name of the aldehyde 
to cysteme 


EFFECT OF DERIVATIVES OF L-CYSTEINE ON GROWTH OF 
Leuconostoc mesenteroides (8042) 


ugm evsteine, 0 1 N sodium hydroxide titre (counts) 
equivalent per tube in a potentiometric titrator 


Table 1 


Cysteine hydrochloride 13 30 50 07 8b 05 
Cystine 14 34 55 78 99 112 
Cysteine-acetaldehyde 13 27 44 65 80 93 
RE propylaldehyde 12 32 51 73 88 94 
HE butyraldehyde 13 29 49 69 85 102 
»s isobutyraldehyde 16 26 44 66 82 105 
<a benzaldehyde 18 26 43 54 73 88 
Hd formaldehyde 11 19 33 47 64 76 
bi arabinose 12 19 33 43 59 65 
uS glucose 12 21 33 42 53 71 


By the courtesy of O R Brækkan, head of the 
Government Vitamin Laboratory, Bergen, Norway, 
I was given the opportunity to have the compounds 
tested as cysteme sources for Leuconostoc mesenter- 
ordes (8042) by the method described by G D. 
Shockman etal? This organism 1s widely used for the 
microbiological determination of both cysteme and 
methionine The results of one test are given m 
Table 1 

Tt 1s seen that the compounds fall into two distinct 
groups The reaction products of cysteme with 
acet-, propyl-, butyr- and isobutyr-aldehydes were 
equally well utilized as were cysteme hydrochloride 
and cystine, while the products formed with formalde- 
hyde, arabimose and glucose were less well utilzed 
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Cysteme-benzaldehyde was mtermediate between 
these groups The results were confirmed for cystine, 
cysteme hydrochloride, cysteme-formaldehyde, cys- 
teme-butyraldehyde and cysteme-glucose using the 
same method, and for all the substances listed in 
Table 1 by & turbidimetric technique In the latter 
test the concentrations used were doubled as com- 
pared with those used in Table I 

These results probably have some bearing on the 
problem of determming cysteme in the presence of 
glucose?-1?, and may partly explain why Shockman 
et al" get better results ın microbiological cysteine 
(cystine) determinations when they autoclave the 
glucose separately before addmg ıt to the sterile 
medium  . Cysteme-glucose ıs readily formed in 
aqueous solutions®!1_ The present results indicate 
that other aldehydes may probably also influence the 
determination of cysteme 


A B K. N3A^ 


Department of Pharmacology, 
University of Bergen, 
Norway 


tSchubert, M P,J Bol Chem , 111, 671 (1935) 
? Ratner, S, and Clarke, H T, J Amer Chem Soc, 59, 200 (1937) 
3 Schubert, M P, J Biol Chem , 180, 601 (1039) 
“Schubert, M P, J Brol Chem , 114, 341 (1936) 


* Debey, H ; , Mackenzie, J B, and Mackenzie, © G, J Nutr, 
66, 607 (1958) 


* Weitzel, G , Engelmann, J , and Fretzdoríf, A M,Z physiol Chem , 
915, 236 '(1959) 


7 ee heart: ay D, Kolb, J F , and Toenmes, G , Anal Chem , 26, 

?* Weler, L E, Luecke, R 
Bwl Med , "2, 3 (1951) 

? Riesen, W H, Spengler, H , Robblee R , Hankes, L V, 
and 'Elvehjem, CAS Pul ‘Chem "I, att 194 47) 

10 Camien, M N, and Dunn, MS,J Biol Chem , 183, 561 (1950) 

H Agren, G, Acta Physwl Scand , 1, 105 (1940) 


W, and Sell, H M, Proc Soc Exp 


Second-Generation Toxicity of Malathion 
in Rats 


IN & search for evidence of chronic toxicity of 
malathion, a breeding experiment was performed. with 
rats under contmuous exposure of all old and young 
animals to this insecticide Malathion 1s an organo- 
phosphorus compound and, 1s regarded as a relatively 
safe member of the anticholinesterases!? so that 1t 
is widely used not only in agriculture but also in 
home gardening 

The expermental animals were Wistar rats bred 
for many years in this laboratory The control rats 
received ground Purma Fox chow (Ralston Purina 
Company of Canada, Ltd , Woodstock, Ontario) The 
experimental animals were given the same food 
thoroughly mixed with malathion (technical grade, 
95 per cent) purchased from the Niagara Brand 
Spray Co, Burlington, Ontario In preparing the 
poisoned diet, 9 ml of malathion were dissolved m 
45 ml of corn oil and gradually added ın a mechanical 
mixer to 265 kgm of the chow, there was thus 
4,000 mgm of malathion/kgm of chow and the daily 
intake approximated 240 mgm of malathron/kgm of 
rat 

The experiment began with rats aged between 70 
and 100 days The colony consisted of 160 rats, 
equally divided between controls and expermental 
animals, there were thus 40 males and 40 females 
receiving malathion These rats have now been fed 
for 5 months They showed a normal rate of growth 
and at no time showed, any sign of mtoxication 

Ten weeks after the start of the experiment, 
eighteen females of the controls and eighteen females 
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Table 1 RESULTS OF á BREEDING EXPERIMENT IN RATS TREATED 
CONTINUOUSLY WITH MALATHION MIXED INTO THE FOOD 
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Control Treated y? P 

No offemales mated 18 18 
No of females conceived sae 
No of new-born 116 107 
Average littersize+ SE 105+047 38940608 ~ 007 
No of new-born alive 

after 7 dava 105 56 88 54 < 0001 
No of new-born alive at 

weaning (21 days) 75 34 22 78 < 0001 


of the treated group were selected at random for 
breeding and were isolated from the main colony, 
twelve males were also taken from each group The 
mating cages contained three females and one male, 
the male stayed in the cage for one week and was 
then replaced by another male that stayed for the 
same period of time The outcome of this experiment 
is Shown in tabular form (Table 1) Two of the 
treated rats had only four young each, a rather 
unusual number for the breed of this laboratory 
The average litter sizes and their standard errors 
tended to be different between the groups, but they 
were statistically not distinguishable 

With the purpose of conducting breeding experi- 
ments of the second generation, all treated animals 
that weighed less than 30 gm at the time of weanmg 
were discarded ‘This left 26 of 34 surviving animals 
which were then matched by 26 control animals of 
approximately equal weight The average weight of 
both groups was thus close to 44 gm Nuo weeks 
after birth, the average body-weights of the controls 
was 152 gm , those of the treated rats 136 gm This 
evidence for the retardation of growth 1n the treated 
group 1s significant at the 1 per cent level 

The general stete of health of the rat colony was 
good, since no deaths have occurred among the adult 
rats since the start of the experiment However, a 
number of the young rats m the breeding experment 
had ring-tail disease <A count at weanmg time 
showed that 18 of 75 (24 per cent) of the control rats 
but 16 of 34 (47 per cent) of the treated rats had this 
disease These percentages are different, the statis- 
tical significance being at the 5 per cent level 

This could mean that the drug has merely sensitized 
the animals to suceumb to infection or other noxious 
influences In any event, the results are not necessar- 
ily a direct consequence of cholmesterase mhibition 
(1) the pseudocholinesterase activity of the plasma of 
the chronically treated rats was tested and found to 
be slightly elevated, this agrees with the findmg 
that an accumulation of cholmesters induces cholin- 
esterese formation ın tissue culture’ (2) Malathion 
1s never chemically pure and the purest preparations 
tend to be the least dangerous in acute toxicity 
work? 

Two recent comprehensive reviews!? make no 
reference to breedmg experiments under exposure to 
organophosphorus compounds The only compar- 
able work reported m the literature seems to be that 
by Barnes and Denz$, who found a high rate of death 
in the third generation of rats constantly exposed to 
E 605 (parathion) The recent observation of a 
mutagenic effect of organophosphorus compounds 
in Drosophila melanogaster deserves notice*  Depres- 
sion of rate of growth by malathion has been seen m 
chicks’ There 1s also some evidence for the mhibition 
of growth by antagonists of acetylcholine atropine, 
proeame, and tetraethylammonium prevent the 
regeneration of the forelimb 1n newts*, and an effect 
of mcotine might be responsible for the decreased 
size of the babies of mothers who smoke® 
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Even with the present widespread use of insecti- 
cides, most human beings are exposed to not more 
than traces of these agents, while large doses were 
used in this work on rats, and even more so in the 
investigation on Drosophila quoted’ Nevertheless, 
it would appear that broad investigations of growmg 
cells and msecticides are to be encouraged 

This work was supported ın part by a grant 605—7— 
146 from the Ontario Department of Health 
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5-Hydroxy-3-indoleacetamidine: a New 
Type of Blocking Agent against 
5. Hydroxytryptamine 


Tug possible role of 5-hydroxytryptamine (5-HT) 
regarding its action on the mammalian nervous 
system has been discussed repeatedly However, 
pharmacological mvestigations were nob very success- 
ful m clarifymg this role The well-known approach 
of using ‘specific’ antagonists against the neural 
effects of 5-HT has been stranded on two grounds 
(a) the commonly known blocking agents of 5-HT 
are m fact only antagonists of 5-HT on smooth 
muscles, and (b) the actions of 5-HT on nervous 
receptors, except for a few peripheral sensory and 
ganglionic receptors, are not adequately explored 
Recent mvestigations! demonstrate that even those 
agents which were shown before to block certam 
hypothetical nervous receptors of the guinea pig 
ileum? are of fairly low potency and/or selectivity to 
the ganglionic stimulant action of 5-HT The tachy- 
phylaxis observed 1n the ganglionic action of 5-HT 
suggested the use of compounds structurally closely 
ielated to 5-HT as its possible antagonists One 
of these compounds, 5-hydroxy-3-mndoleacetamidine 
(5-HTA), which was first described as a 5-HT-hke 
stimulant agent’, showed the following unique 
characteristics 

(1) In accordance with the data of Woolley and 
Shaw? 5-HTA was found to have pressor action on 
the nembutalized dog It also stimulated the respira- 
tion markedly after intravenous injection of 10-20 
ugm /kgm Eighty ugm /kgm intravenously blocked 
the pressor, reflex-bradycardic and respiratory 
stimulant actions of 5-HT for a few mmutes 5-HT 
itself, up to 160 ugm /kgm , was unable to influence 
significantly the actions elicited by 20-40 ugm /kgm 
5-HTA 

(2) A stimulant action of 5-HTA was found on the 
pelvie nerve-bladder preparation of the dog, but 
this action only partly resembled that of 5-HT. 
Given in doses of 1-4 ugm /kgm  intra-arterially 
5-H TA evoked a twitch-like rapid contraction. 
5-HT m the same dose-range produced a twitch-hke 
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reaction at first, followed by a slow contractile second 
phase* The action of 5-HTA and the first phase of 
the 5-HT action were not mhibited by 0 2 mgm /kgm 
bromo-lysergic acid diethylamine Morphine, which 
18 known to block nervous receptors sensitive to 5-HT 
(refs 2, 4, 5), was found to be effective against 
5-HT and 5-HTA n doses of 1-2 mgm /kgm No 
blockage against 5-HT has been observed on the 
bladder with the small doses of 5-HTA (1-4 ugm / 
kgm ) used 

(3) On the isolated rat uterus 5-HTA up to 05 
ugm /ml d:d not show stimulatory action, whereas 
0 01 pgm /ml 5-HT stimulated the uterus 5-HTAm 
the concentration mentioned dimmished the action 
of 5-HT only slightly (dose-ratio 4) 

(4) Intra-arterial mjeetions of 5-20 ugm. 5-HT 
and 5-HTA produced contractions of the cat nictitat- 
ing membrane (‘Nembutal anzsthesia) With tem- 
porary occlusion of the external carotid artery, the 
threshold dose of 5-HT was lowered 2-3 times With 
this condition the stimulation of the membrane 1s 
mainly produced indirectly by stimulatmg the 
superior cervical ganglion* In contrast, the threshold 
dose for 5-H TA was rather mcreased by occlusion, 
mdieating that its stimulant action was chiefly a direct 
effect on the nictitatmg membrane 4-20 ugm 
5-HTA considerably diminished the ganglionic 
stimulation produced by 5-10 ugm 5-HT (occluded 
external carotid artery). The same doses of 5-HTA 
were less or not effective against the direct stimulatory 
action of 5-HT on the nictitating membrane (open 
external carotid artery) 

(5) On the mferior mesenteric ganglion prepara- 
tion of the cat® no change or slight increase of the 
spontaneous post-ganglionic action potentials has been 
observed by intra-arterial mjections of 1-20 ugm 
5-HTA The ganghome stimulant action of 2 5- 
10 ugm 5-HT, however, was reduced by 1 pgm and 
mhibited by 5-20 ugm 5-HTA given 30sec and 4 mum 
before 5-HT The stimulating action of 1,1-dimethyl. 
4-phenyl-piperazmrum iodide was unaltered by the 
same doses of 5-HTA 

5-HTA is the firs compound which shows con- 
siderable antagonism against the ganghonie actions 
of 5-HT Whereas ıt has stimulant properties on 
certain organs (urmary bladder, nictitating mem- 
brane) 15 usually lacks stimulant effects on the super- 
ior cervical and inferior mesenteric ganglia in the dose- 
range used So far as1ts relative potency 18 concerned, 
5-HTA 1s at least twenty times as potent as either 
LSD or bromo-LSD, cocaine and morphine against 
the ganghome stimulant action of 5-HT It is also 
more potent than bromo-LSD in preventing the 
reflex respiratory stimulant action of 5-HT The 
blocking action of 5-HTA to 5-HT on the rat uterus 
is weak, inferior to that of LSD, bromo-LSD, chlor- 
promazine and of many other ‘smooth muscle’ type 
5-HT antagonists The compound seems to have a 
high degree of selectivity to certain nervous receptors 
sensitive to 5-HT 
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HISTOCHEMISTRY 


Variation in Lyoglycogen in Starved and 
Normal Guinea Pigs 


Tr has been shown that the histochemical staming 
reaction for tissue glycogen depends on the amount 
of lyoglycogen present m the tissues! The present 
communication 18 à prelummary report of the nature of 
lyoglycogen Lyoglycogen was obtained from the liver 
of aix gumea pigs, two of which had been starved for 
72 hr and others that had had & normal diet 
Hydrolysis of the resultant samples of lyoglycogen 
was carried out by refluxing with N/1 sulphure acid 
at 100°C for 8hr The acid solution was neutralized 
with barum carbonate, filtered and concentrated n 
vacuo The solutions were applied to Whatman 
3 MM papers which were developed in n-propanol- 
ethylacetate—water for 15-18 hr Locating-reagents 
used were aniline-diphenylamine and silver nitrate 

Glycogen will yield glucose and small quantities 
of 1somaitose on hydrolysis, sometimes other oligo- 
saccharides are present due to acid reversion The 
presence of isomaltose in hydrolysates of glycogen 1s 
taken to indicate 1~6 hnkages in that molecule 

Fig 1 shows a typical chromatogram Samples of 
glycogen from the animals that were well fed yielded 
glucose and isomaltose m the hydrolysate Although 
no quantitative estimates of the amount of isomaltose 
present m the glycogen hydrolysazes from the well- 
fed animals were made, some indication of the amount 
of isomaltose present compared w:th the amount of 
glucose present may be given by the depth of stammg 
on the chromatogram The yield of 150maltose from 
these samples of glycogen seems to be far m excess 
of the expected quantity or of any that could be 
produced by acid reversion, consequently the num- 
ber of 1-6 linkages m the parent glycogen would be 
greatly mcreased and may be identifiable with that 
part of the glycogen molecule or separate poly- 
saccharide that Rosenfeld? described as having 33-47 
per cent of 1—6 hnkages 

The glycogen from the starved animals yielded only 
glucose The absence of isomaltose ın the hydrolys- 
ate obtained from the starved animals suggests a 
basic difference in the structure of the glycogen 
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Fig 1 M, marker, a, isomaltose, b, glucose, £1, glycogen 
hydrolysate from starved animal (lver glycogen 242 ugm /100 
mgm liver wet weight) 22, L4, glycogen hydrolysate from 
fully fed animals (£2, hver glycogen 1,130 agm , L4, lrver glycogen 
1,012 „gm /100 mgm hver wet weight Note absence of 
180maltose in L1 and excessive amounts of isomaltose in £2 and Lá 
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molecule in these conditions in that 1—6 lmkages are 
absent. 

From this prelummary work on glycogen that can 
be detected histochemically, ıb seems that the nutri- 
tional state of the animal has some influence on the 
structure of the glycogen molecule 

We thank Dr W J Wheelan for his valuable sug- 
gestions and his gift of the disaccharide 1somaltose 
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HAMATOLOGY 


Specific Antigens of Human Leucocytes 
and Thrombocytes 


ATTEMPTS have been made to classify the specific 
antigens of human white blood cells and platelets, by 
using Immune sera prepared in rabbits)", sera from 
pregnant multiparous women? or from patients 
recelving multiple transfusions* The different 
methods used by the various authors led often to 
inconsistent results 

In the present work immune sera from rabbits, 
monkeys and multiparous pregnant women have been 
used and compared using different serological 
methods 

Results obtained with rabbit anti-human leucocyte 
and thrombocyte sera showed the presence of common 
antigenic constituents of human erythrocytes, leuco- 
cytes and thrombocytes These species specific 
antibodies of low titre (1/20-1/80) could easily be 
removed. through appropriate absorptions Common 
antigenic properties of thrombocytes and leucocytes 
of various species could also be observed These 
antibodies, which were cell-specific for man, rabbit, 
mouse, sheep, guinea pig and rat, could be absorbed 
easily 

The titres obtained in rabbits agamst human 
leucocytes and thrombocytes were 1/640-1/1,280 
The anti-leucocyte sera prepared against the leuco- 
cytes of a single donor reacted with leucocyte samples 
from every other human. donor although with varying 
intensity, which may be due to differences m the 
agglutinability of the cells, with no correlation to their 
antigenic structure The absorption of the serum 
with cells of any donor abolished completely the 
titre against all other donors  Sunilar results were 
obtamed with thrombocytes 

The 1mmune rabbit sera reacted strongly using the 
direct agglutmation, agar-gel precipitation and 
tanned cell hemagglutination tests No correlation 
has been found between the mtenarty of agglutination 
of the leucocytes and the thrombocytes of the same 
donor 

The reactions obtained with the monkey anti- 
human leucocyte and anti-thrombocyte sera were 
sunilar to those obtained with the rabbit sera using 
the direct agglutination technique The monkey anti- 
sera gave weaker reactions with the agar precipitation 
and the tanned cell hemagglutination techniques 

The results obtamed with sera of multiparous 
pregnant women differed significantly from those 
obtamed with the animal anti-sera Only direct 
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agglutination could be used Agar-gel diffusion was 
negative and tanned-cell hamagglutmation weakly 
positive Sera of five hundred women durmg the 
second half of their pregnancy were examuned All 
women had been pregnant between five and fifteen 
times Fifty sera (10 per cent) were found to contain 
leuco-agglutinins m a titre of at least 1/10 Two sera 
were found to contam thrombo-agglutimns of a 
simuar titre These positive sera were examined each 
against leucocyte and thrombocyte samples obtamed 
from thirty-six different blood donors? Only com- 
patible blood donors were used, most of them bemg of 
group O 

Table 1 summarizes the results obtained with 
fourteen different leucocyte samples when examined 
against ten different human anti-leucocyte sera It 
can be seen that some of the sera as well as some 
of the cell samples show antigenic similarity This 
similarity was especially well pronounced when whole 
families were investigated 
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Table 1 AGGLUTINATION OF LEUCOOYTE SAMPLES BY TEN DIFFERENT 
HUMAN ANTI-LEUCOCYTE SERA 


Donors of Human anti-leucocyte serum No 
leucocytes I I II IV V VI VII VIII IX X 
1 +~ + = — = + + - + 
2 +=- + + — + 4+ + -— + 
3 + ~ + ~ — + + + — ~ 
4 +t = + - =- = + + - + 
5 + ~ + ~ = ~*~ + + ~ + 
6 +~ + = = + + + — - 
7 + -~ + + ~ — +4 - - + 
8 t+ + + + + + + + + - 
9 + ~ + + = = — — — T 
10 — + =- + + + = — - + 
11 + + + + + ct o + + + + 
12 +=- = + = 4 + + — + 
18 + +t - + = + + + + - 
14 + =~- =- ~ + + + + + - 


In Table 1 donors Nos 1, 2, 3, 4 and 5 are brothers 
No 61s the father and No 71s the mother Nos 13 
and 14 are also brothers of another family 

This communication describes part of the work for 
a PhD thesis carried out by Mrs Guilboa-Garber at 
the Hebrew Unrversity, Jerusalem, and was supported 
in part by a grant from the Leukemia Research 
Foundation, Chicago 
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PATHOLOGY 


Cultivation of Monolayer Cultures of 
Frog Renal Cells 


CONSIDERABLE evidence has been accumulated by 
Lucké!, Duryee?, Rose*, Tweedell*, and others for an 
agent which induces an organ-specific adenocar- 
emoma in the kidney of the leopard frog, Rana pupiens 
Lucké? has postulated that this agent 1s probably of a 
viral nature Although a percentage of the animals 
develop palpable renal tumours after a long and 
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variable period of time followmg injection of tumour 
material, 16 18 still desirable to devise other methods to 
propagate and possibly isolate the mfective agent 
At the same time, the large dimensions of the frog 
cells make them an ideal system with which to study 
the initiation of any subcellular modifications follow- 
mg meubation of cells with the tumour-3induemg 
agent 

A procedure has been developed to provide an 
adequate 4 vitro host system Adult frog kidneys, 
normally relatively sparse, slow-growmg tissues in 
culture’, are treated with trypsin by a method 
modified from that of Youngner® and Bodian?, both 
using mammahan cells The resulting cell suspension 
produces extensive cell sheets 

The animals, after bemg pithed, are perfused with 
calerum-free amphibian Rimger’s solution (sodium 
chloride, 0 66 gm , potasstum chloride, 0015 gm, 
dextrose, 0 02 gm , phenol red, 1 00 mgm , pen1exllin, 
about 500 units per ml , double glass-distilled water, 
100 mi. and sufficient 0 15 M sodium bicarbonate to 
make a final pH. of 7 6) through the still-beating hearts 
of the animals to rid the kidneys of a majority of the 
trapped red blood cells by the resulting dilution of the 
blood The organs are then dissected, minced, and 
washed twice in calcium-free amphibian Ringer’s 
solution at room temperature To ensure proper 
digestion of the kidneys, the organs are kept for 24 hr, 
or overnight, at 2°-4° C m a fresh 025 per cent 
trypsin, (Difeo 1 250) solution m calcium-free 
Ringer s solution (pH 7 8) after 1 br exposure to 
the trypsin solution at room temperature before 
cooling 

The treated tissue, followmg the refrigeration 
period, 1s returned to room temperature and placed in 
a fresh trypsin solution (about 30 ml per kidney) 
and is stirred magnetically for 2-3 hr. The cell 
suspension thus obtamed is centrifuged for 5 min 
at  1,000g, the supernatant trypsm medium 
discarded and replaced with calcium-free amphibian 
Ringer’s solution, 1 ml. for each kidney. The 
suspension usually contams approximately 10$ cells 
per ml per kidney Culture dishes are seeded with a 
final concentration of 500,000 cells per ml of culture 
medium The culture dishes then are sealed air-tight 
The composition of the culture medium ıs nutrient 
medium NCTC 109, diluted by adding 54 ml of 
double-distilled water with 100 ml of NCTC 109, 
10 ml, calf serum, 20 ml, chick embryo extract, 
20 ml, 5 per cent lactalbumm hydrolysate in 
amphibian Ringer’s solution, 10 ml, glutamme 
(100 mA), 02 ml, penicillm, about 500 unis per 
ml of medium 

Extensive cell sheets form within two to three days 
when the cultures are kept at 25°C The cultures then 
are washed and fed with the above culture medium 
without lactalbumin hydrolysate The monolayer 
sheets have been maintamed, by feeding every three 
or four days, m good condition for several months 
Attempts are now bemg made to derive a cell lme 
from these frog kidney cultures 

Successful eye mmplants have been obtained fiom 
the cultured cell sheets which previously had been 
incubated with & crude extract of frog renal tumour, 
with resultmg growth of the implant im the intra- 
ocular region This prelimmary evidence suggests that 
cellular transformations may have taken place, smce 
normal kidney tissue implanted in the eyes of frogs 
seldom, 1f ever, exhibits any growth 

This mvestigation was supported in part by a 
Public Health Service post-doctoral research fellow- 
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Acylase Activity of Ascites Tumour 
Cells on Dichloroacetyl Derivatives 
of Amino-acids 


WHILE investigatmg the specificity of acylase 
activity of so1l bacteria on acyl derivatives of amino- 
acids!~8, we noted that the acetone powder of Ehrlich 
ascites carcinoma cells was able to hydrolyse dichloro- 
acetyl-pL-aspartic acid but not (or only to a small 
extent) the dichloroacetyl derivatives of some amino- 
acids such as Dti-glutamic acid, Dr-serme. DL- 
methionine and pr-phenylalanine* 

We have now investigated the acylase activity 
of lyophibzed powder of ascites tumour cells such as 
Ehrlich ascites carcinoma, sarcoma 180, leukaemia 
SN 36, ascites hepatoma MH 134 and MH 129P m 
O3H mice, and AH 7974, AH 130, and Yoshida 
sarcoma 1n rats on dichloroacetyl derivatives of the 
following twelve amino-acids  Dr-aspartic and DL- 
glutamic acids, glycine, pi-alanme, DL-valme, DL- 
leucine, DL-phenylalanine, pr-tryptophan, DL-serme, 
DL-bhreonme, DiL-methionine, and s-N-benzoyl-pr- 
lysine 

Lyophilized powder of ascites tumour cells was 
prepared as follows mtraperitoneally transplanted 
ascites tumour cells were aspirated at the fifth day 
after transplantation, centrifuged at 1,000 rpm for 
10 mm washed three times with phosphate buffer 
solution, and then lyophilized It was confirmed that 
the cells contained almost 85-95 per cent tumour 
cells 

Five mgm of lyophilized powder of ascites tumour 
cells were added to 1 cc of neutrahzed 01 M sub- 
strate and 1 ec of tires buffer at pH 8 2, and the 
mixture was incubated at 37? C for 2 or 18 hr m the 
presence of toluene, and then titrated by Grassmann— 
Heyde’s method 

The results obtained in the experiments carried out, 
under comparable conditions, on the acylase activity 
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of lyophilized powder of eight ascites tumours are 
presented m Table 1 Ehrlich carcmoma, sarcoma 180 
and leukemia SH 36 were all able to hydrolyse dichloro- 
acetyl-pu-aspartic acid but not (or only to a small 
extent) the dichloroacetyl derrvatives of the other 
eleven amino-acids It 1s of interest that MH 134, 
MH 129P, AH 7974, AH 130, and Yoshida sarcoma 
differed from Ehrlich carcinoma, sarcoma 180, and 
leukemia SN 36 m failing to hydrolyse dichloroacetyl- 
DL-aspartic acid Ineidentally, MH 134, MH 129P, 
AH 7974 and AH 130 were hepatoma The low 
acylase activities of AH 7974 and AM 130 seem 
worth noting when considered together with the fact 
that the rat liver could hydiolyse dichloroacetyl- 
DL-aspartie acid? 

Thus, our experiment showed that there 1s a signifi- 
cant difference among ascites tumours in their capa- 
bihty of hydrolysmg dichloroacetyl derivatives of 
amino-acids, and that acylase activity may be avail- 
able as a tool for studying biochemical specificity of 
hving maternial'-? 

We thank Dr S Tatsuoka and Dr T Kazrwara, 
of Takeda Research Laboratories, for kindly supplymg 
lyophilized powder of ascites tumour cells 
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BIOLOGY 


Chloride Regulation in Triops 


LITTLE physiological work on the branchiopods has 
been reported because of their relative scarcity and the 
unpredictabihty of supplies of anmals Among the 
freshwater species Krogh! reports on some pre- 
lnmmary experiments with Branchipus and Triops 
(Apus), Panikkar? gives some figures for the blood 
concentration of Chirocephalus, and Fritzche*® gives 
a blood concentration for Daphnia 

An opportunity arose for me to use a few speci- 
mens of Triops cancriformts (Bose) bred ın laboratory 
conditions by Mr A R Longhurst The level of 


Table 1 ACYLASE ACTIVITY OF ASCITES TUMOUR CELLS TOWARD N-DIOHLOROACETYL AMINO-ACIDS 
Percentage of hydrolysed substrate for 2 and 18 hr at 37°C 

Ehriich Sarcoma Leukemia Yoshida 

carcinoma 0 SN 36 MH 134 MH 129P AH 7974 AH 130 sarcoma 
Substrate 2 18 2 18 2 18 2 18 2 18 2 18 2 18 2 18 
Dichloroacetyl-DL-aspartic acid 27 56 28 55 22 52 0 7 0 3 1 3 2 3 1 2 
Dichloroacetyl-DL-glutamic acid 0 l 0 0 0 1 1 0 0 0 0 2 2 2 0 0 
Dichloroacetylglycine 0 3 2 3 0 1 1 3 0 1 2 3 0 1 1 2 
Dichloroacetyl-DL-alanine 1 4 1 4 0 2 1 5 0 1 2 2 2 2 1 4 
Dichloroacetyl-DL-valie 0 2 0 3 0 0 0 2 1 3 1 2 1 2 1 1 
Dichloroacetyl-DL-leucme 0 2 0 3 1 2 1 4 0 3 2 2 1 0 0 2 
Dichloroacetyl-DL-phenylalanine 0 2 0 4 1 1 0 1 1 1 0 1 2 6 9 3 
Dichloroacetyl-DL-tryptophan 0 1 0 1 0 0 1 0 0 2 0 1 1 5 2 3 
Diehloroacetyl-DL-serine 0 2 1 2 0 1 0 2 0 1 2 3 1 3 0 2 
Diehloroacetyl-Di-threonine 2 2 0 2 0 1 0 0 0 0 0 1 2 2 0 1 
Diehloroacetyl-DL-methionine 0 8 1 2 0 3 0 4 0 0 2 1 1 2 1 2 

a-N-Dıchloroacetyl-e-N-benzoyl- 

DL-lysine 0 2 0 1 1 1 0 0 0 0 1 2 1 0 0 1 


The digests consist of 5 mgm of lyophilized sample, 1 c c of neutralized 0 1 M substrate, and 1 e c. of tres buffer at pH 8 2 at 37° C. 
Hydrelytic activity was measured by Grassmann-Heyde's alcoholic titration method. 
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blood concentration was measured and some simple 
experiments were made to determme the degree of 
osmoregulation which the animals could achieve 
Whole blood was withdrawn from the large dorsal 
smus with soda-glass cannule and the chloride con- 
centration of measured volumes determmed by a 
Conway muerodiffumon method* usmg Copenhagen 
sea-water as a standard. 

The estimate for blood chloride concentration for 
sıx fed animals kept ın filtered lake water (4 8 m moles 
chloride/kgm waiter) was 42-7 + 5 4m moles chloride/ 
kgm water (range, 34 8-48 4) If chloride represents 
about 80 per cent of the anion concentration, the 
figure for total concentration would be about 55 
mequiv /kgm water. It 1s clear from this estimate 
that Trops can maintam a blood concentration appre- 
ciably higher than the medium, and can be compared 
with some of the other entomostracan crustaceans 
in fresh water (Table 1) 


Table 1 








Blood conc Method of 
Animal m equn /1 estimation 
Branchipus (ref 1) 30 Vapour pressure 
Chirocephalus (ref 2) 77 Vapour pressure 
Daphnia (ref 3) 68 Freezing-point 
Triops 55 Chloride 


In Branchwus and Chwocephalus, the ability to 
maintam this concentration against the osmotic 
gradient was dependent on salt uptake from the food, 
since starved animals quickly lost control To test 
the effects of starvation on osmoregulation, some 
specimens of Trops were put into a large volume of 
distilled water (401) The anrmals were sampled at 
intervals and the distilled water changed twice daily 
for 6 days The blood chloride concentration remained 
high even after 6 days m distilled water, except for 
two moultmg animals (Fig 1) Within 4 days two 
other anrmals had moulted and died After 6 days, 
one of the two survivors was moulting and the other 
m a poor condition, although its blood concentration 
was still high 

A further experrment was made m which some 
specimens were put mto a sea-water dilution hyper- 
osmotic (68 meq /kgm water) to the blood It 1s 
clear that these animals have shown a very different 
reaction to this reversed osmotic gradient (Fig 1) 
After only 3 hr, the blood concentration rose to 
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Fig 1 Regulation of chloride in Trops cancriformis (Bosc) 
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equivalence with the medium, and remained at this 
level for 3 days without any mdication of a subse- 
quent control At the end of this time the animals 
began to lose tone 

It can be concluded that ın its normal environment, 
Triops mamtams its blood more concentrated than 
the medium by excluding the osmotic inflow of water, 
that 1s. 1t 18 relatively rmpermeable, and that its salt 
requirements are met by food mtake In a shghtly 
hyperosmotic medium, however, 16 1s unable to con- 
trol either the mflux of salt or the osmotic efflux of 
water 

Moulumng. and the associated breakdown of cuticle 
yumpermeability, seriously umpair the mechanism of 
osmotic control so that animals m this condition 
quickly succumbed to an osmotic stress 

It would be of interest to know more about the 
physiology of osmoregulation ın this species especi- 
ally m relation to the function of the renal organ 
This appears to be a large and complex structure, 
and perhaps one might predict that the animal has 
an efficient mechanism for salt resorption 


GWYNETH PARRY 
Ministry of Agriculture, Fisheries 
and Food, 
10 Whitehall Place, London, S W 1 
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Effect of Feeding Griseofulvin on Rate 
of Growth of Chicks 


GRISEOFULVIN, originally isolated from Penclvum 
griseofuluum by Oxford? et al m 1939, 1s produced 
commercially by the fermentation of three Penrcallrum 
species. griseofuluum Dierck X, Jjanczewskw and 
patalum. Brian? et al first described its antifungal 
properties in 1946, but another twelve years elapsed 
before Gentles* demonstrated its efficacy against 
Microsporum cans and Trichophyton mentagro- 
phytes when adnunistered orally to mfected guinea pigs 

This discovery greatly stimulated mterest in the 
clinical use of griseofulvin and many trials against @ 
variety of dermatophytes have since been carried, 
out 

Work on toxicity indicates that 
large doses injected intravenously in 
rats cause a transient depression of 
mitosis while intraperitoneal admin- 
istration severely damages the 
seminal epithelium5, but when taken 
orally, the toxicity of griseofulvin 1s 
low®? In view of the low oral 
toxicity and m the absence of any 
published reports on this aspect, ıb 
was decided to investigate the in- 
fluence of griseofulvin 1n the diet on 
the rate of growth of chicks 

Four groups, each of 26 day-old 
broiler vype cockerels, were used, 
two groups were fed commercial 
broiler crumbs, contaimung 5 mgm 
procaine penicilln/Ib, and the 
other two received the same basal 
diet supplemented with 5 mgm 
eriseofulvin/Ib On arrival the 
newly hatched chicks were distrib- 


Range of normal 


427254 


470 


uted among the groups according to weight so that the 
average initial weights were constant, 40 gm in this 
case. Rearmg was carried out m wire-floored tier 
brooders and the chicks were weighed weekly over a 
period of four weeks For the analysis of the results, 
regression coefficients of logarithm weight on time, 
based on the two weekly group means for each diet, 
were calculated and the significance of the difference 
between the regressions tested by means of a t-test 
in the usual way. 


Table 1 AVERAGE WEIGHTS OF CHICKS (GM) 


Regression 
Diets Beginning of week coefficients, 
2 3 4 diets on weeks 
Control + 
gnrseofulun 400 862 1757 3053 4677 0 2693 
Control 400 853 1698 2914 4479 0 2636 


Difference — 0 9 59 13 9 198 


0 0057 
t=2 33, P « 005 


From the results shown in Table 1 ıb 1s apparent 
that griseofulvin stimulated growth significantly 
throughout the period of the trial The amount of 
food consumed per lb of live weight was 1-98 lb. for 
the griseofulvin supplemented group and 1 95 Ib for 
the control group The difference between these 
figures 1s not significant 

The assistance of I C.I , Ltd , 1n providing facilities 
for this experiment 1s gratefully acknowledged. 
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Feeding of Bamboo Flowers to Laboratory 
Rats and Mice 


ACCORDING to a popular myth there is a baffling 
connexion between the flowering of bamboos and the 
appearance of rat hordes which spread around destroy- 
ing crops and eating chickens, puppies and even 
babies! The present inquiry 1s an attempt to explain 
the mysterious phenomenon of an abnormal increase 
in. field rats associated with the flowermg of bamboos 
as recently witnessed in North-east Frontier and 
Tripura areas The problem was approached from 
the point of view of evaluating the palatabulity, the 
cestrogenic activity and the reproduction stimulating 
values of bamboo flowers for rats 

Small quantities of ‘mool’ bamboo flowers and 
fruits and ‘pularwa’ bamboo flowers from the affected 
area were received in a semi-dried condition. On 
dry-matter basis the percentages of crude protein in 
these samples were 1139, 1434 and 1390 and of 
crude fibre 39-10, 19 42 and 31 71 respectively com- 
pared to the values of 12 81 crude protem and 3 58 
crude fibre m the stock diet of rats. The laboratory 
rats did not relish these substances per se , but their 
inclusion m the normal diet of groups of rats at 10 
and 20 per cent levels showed that the total dry matter 
mgestion may be slightly stimulated at the lower 
level of incorporation 
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An evaluation of the cestrogenic activity ın ‘mooh’ 
flowers was carried out according to Bickoff ei al? 
Groups of six immature mice each were fed the normal 
and experimental diets for & period of one week 
before they were killed for determmung the weights 
of the freshly excised uteri The results ın Table 1 
show that the cestrogenic activity in the 'moolr 
flowers was practically nil at the levels tested 
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Table 1 UTERINE WEIGHT RESPONSE OF IMMATURE MICE ON DIETS 
CONTAINING THE ÉXTRACT FROM BAMBOO FLOWERS 


Difference 
compared 
to control 


Addition to 
Group | 100 gm normal| Live weight 
N diet (gm ) 


Uterine 
weight 
(mgm ) 


3 01 + 042 — 


558 + 063| Highly 
significant 


533 + 061 
550 + 0 62 


Nil 
Stilbestrol, 

0 75 ugm 
Extract from 
8 gm of ar- 
dried bamboo 
flowers 
Extract from 
16 gm ofar- 
dried bamboo 
flowers 


533 + 061| 320 + 055 


5 67 + 076 | 330 + 0 42 





Direct evidence of the meorporation of bamboo 
flowers ın the stock diet of rats on their reproductive 
performance was obtamed with local bamboo 
(Bambusa arundinaceae) flowers Six male and twelve 
female adult white rats were distributed in three 
identical groups One group received the normal diet 
while the other two groups received diets in which 
shade-dried bamboo flowers were icorporated at 
2 and 15 per cent levels, respectively. The male and 
female rats of each group were kept separately during 
the first 15 days of experimental feeding They were 
then mated within the groups and continued on the 
scheduled diets until all the female rats brought forth 
htters The average data are recorded in Table 2. 


Table 2 OBSERVATIONS ON THE REPRODUCTIVE PERFORMANCE OF 
RATS ON BAMBOO FLOWER DIETS 


Level of 
bamboo 
flowers 1n 
normal diet 


Period from 
mating to 
littering 
(days) 


Weight per 
new-born 
Litter size rat 


(per cent) 





The differences between the control and experi- 
mental groups were statistically not significant in 
regard to the length of the period from date of mating 
to date of littering, litter size or the weight of the 
new-born rat. Evidently the mcorporation of bamboo 
flowers in the stock diet under the conditions of the 
test did not have any stimulatory effect on the 
reproductive activity in rats 

The bamboo flowers were not palatable to rats 
even in the fresh state The sugar content m the 
nectar of bamboo flowers 1s lower than in those of 
common honey plants like apple, dandelion and 
clovers? Bamboo sprouts promote growth of patho- 
genic bacteria which barely grow on the basal 
medium‘, and the bamboo seed is superior to both 
rice and wheat m overall nutritive value’. Breeding 
disturbances m sheep in Australia have been related 
to the presence of cestrogenic substances in subter- 
ranean clover®, but their high concentration m spring 
grasses in Great Britam has been without any repro- 
ductive disturbance in any species so far? The search 
for cestrogenic substances im bamboo flowers was 


November 4, 1961 


prompted by their well-established occurrence in 
plant materials and their value as growth promoters 
The possibility that, as growth promoters, cestrogenic 
substances from diverse sources may have unrecog- 
nized useful potentialities may not be discounted 

The lmited evidence presented here does not 
support the myth of increase m rat population as a 
direct result of the mgestion of bamboo flowers 

We are grateful to the Director, Indian Vetermary 
Research Institute, Izatnagar, for his interest in this 
work 
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Classification of Fossil Microplankton 


IT ıs becoming increasingly desirable that a definite 
decision be made as to whether the fossil organic- 
shelled mucroplankton  (dinoflagellates, hystricho- 
spheres, and genera of presumed mucroplankton 
vnceriae sedis) should be classed, for nomenclatural 
purposes, in the amimmal or m the plant kngdom 
The dinoflagellates, a group of unicellular organisms 
some of which contain chlorophyll, are clearly 
algae, while others contain no chlorophyll and are 
vague and predatory, and are at present alternatively 
regarded as the class Dinoflagellata or class Dino- 
phyceae The hystrichospheres, typically marme in 
occurrence and defined by their morphology, are 
regarded as an order wneceriae sedis, the order 
Hystrichosphaeridia, and have been treated by most 
authors as animals the majority are now known to 
be dinoflagellate cysts, while others, less capable of 
definite attribution, may be zygospores of desmuids, 
eggs of copepods or other planktonic organisms, or 
even plant spores 

Much confusion about nomenclature must inevit- 
ably result when these organisms are mdifferently 
classed m two kingdoms and may thus be dealt with 
under two different taxonomic codes The proposed 
third kmgdom, the Protista, to comprise all uni- 
cellular organisms, has not secured general recogni- 
tion ıt is highly unbkely that a third system of 
nomenclature will be set up A choice must thus 
be made as to which of the existing systems should 
be followed, and whichever ıs decided on must be 
applied consistently if further confusion is to be 
avoided 

We consider that these groups should be classified 
as plants The dinoflagellates surviving as fossils 
are relatively thick-shelled forms, often having an 
armour of distinct plates Investigations of living 
plankton show that such forms are relatively sessile 
and contain chlorophyll the vagile, predatory forms 
have very thin shells and are probably not capable 
of fossihzation. Evitt' has demonstrated that a 
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large majority of the hystrichospheres and alhed 
forms encertae sedis possess an opening in the shell 
(a pylome) through which escape can take place after 
encystment and are quite certamly the abandoned 
cysts of dinoflagellates, a conclusion suggested also 
m many genera by simuarities in overall morphology. 
For these forms, use of the Botanical Rules? would 
be greatly advantageous m that there 1s provision 
for the creation of form genera and species the 
confusion that might result from application of the 
rule of priority, should the identity of a motile 
dinoflagellate with an encysted form be proved, may 
thus be avoided No such provision exists m the 
Zoological Rules, the comparable vehicle of para- 
taxonomy? having been rejected by the International 
Committee in London, 1958 

Classification under the Botanical Rules conforms 
to a large degree with present practice Deflandre, 
m his work on the fossil dinoflagellates, has classed 
them as Dmophyceae the Russian authorities, such 
as Naumova, regarded all hystrichospheres as plants 
for taxonomic purposes The majority of workers 
m this field are palynologists for whom the procedure 
here proposed would be considerably more acceptable 

We therefore propose that the fossil microplankton 
be regarded as subject to the Rules of Botanical 
Nomenclature, as applied to fossil plants that, 
within the framework of this classification, fossil 
dinoflagellates ın the motile stage be regarded as 
genera and species fossil cysts of dmoflagellates as 
form genera and species and hystrichospheres and 
other genera znceriae sedis, for which a relation to 
the dinoflagellates has not been proved, as genera 
and species or form genera and species incertae sedis 

Until a full re-definition of the order Hystmcho- 
sphaeridia, on the basis of a more complete knowledge 
of their affinities, has been undertaken, we do not 
feel it desirable to alter the present grouping into 
familes of the hystrichospheres For the present, 
we consider that ıt would be adequate if these organ- 
isms were classed as plants and descriptions of them 
are formulated on this basis 
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Alteration of Permeability of Lactobacillus 
plantarum caused by Chlorpromazine 


THE mechanism for penetration of oxalacetate into 
Lactobacillus plantarum 17-5 1s mducible Unless 
L. plantarum 1s grown for a few hours m & medium 
which contains either oxalacetate, acetoacetate or 
&-ketoglutarate, there ıs poor penetration of oxal. 
acetate into cell suspensions of this organism after- 
wards prepared Oxalacetate decarboxylase (which 18 
also mducible) can be readily detected manometric- 
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ally 1n whole organism suspensions of L plantarum 
grown with any of the three compounds already 
mentioned, but can only be detected m disrupted 
(acetone-dried) organisms if the bacteria had been 
grown with L-malate, a compound which induces 
synthesis of oxalacetate decarboxylase but does not 
induce the mechanism for oxalacetate to penetrate 
the cell! An agent which increases cellular perme- 
ability, at least with respect to oxalacetate, may be 
detected by imerease of oxalacetate decarboxylase 
activity of undisrupted L plantarum which had been 
grown in & medium containing L-malate. 

For the experiments reported here, L plantarum 
was grown at 35? C ın a medium composed of yeast 
extract, glucose, and L-malate (1 0 gm /100 ml each) 
Chlorpromazine was added to the growth medium 
after the organisms began to mcrease exponentially. 
The amount of chlorpromazine added varied within 
the range of 05-50 mgm /100 ml final medium. 
Growth was allowed to continue for 3-6 hr after 
addition of chlorpromazine 

Samples of each culture were examined for gross 
morphological changes and for differences m density 
of final growth Cultures which had grown with less 
than 30 mgm _ chlorpromazme appeared like the 
untreated control There were fewer cells produced 
in cultures which contamed more than 30 mgm. 
chlorpromazine. 

Cultures grown either without or with 10 mgm. 
chlorpromazme were collected by centrifugation, wash- 
ed and assayed for both oxalacetate decarboxylase and 
malic decarboxylase (malic enzyme) using methods 
previously described!” Since malic decarboxylase 
is also inducible, but can be readily detected ım sus- 
pensions of undisrupted cells, changes ın the activity 
of this enzyme served as a control that chlorprom- 
azine inclusion im the growth medium did not 
quantitatively alter enzyme synthesis? 

Only cell suspensions of bacteria which had been 
grown with ehlorpromazine showed appreciable ın- 
crease in oxalacetate decarboxylase activity (Table 1) 
There was no effect on malic decarboxylase activity 
of cell suspensions or of either oxalacetate de- 
carboxylase or malic decarboxylase activity of 
acetone-dried cells 


Table 1 EFFECT OF CHLORPROMAZINE (CPZ) DURING GROWTH ON 
SUBSEQUENT ENZYME ACTIVITY OF L plantarum 

Source of Treatment Decarboxylase Per cent 

enzyme during growth measured activity 
Cell suspension None oxalacetate 10 
» " CPZ T 100 
2: $5 None malate 100 
N zi CPZ E 100 

Acetone-dried 

cells None oxalacetate 100 
‚3 3» CPZ ” 100 
$i is None malate 100 
CPZ M 100 


>» » 





It has already been shown that one site of 
activity of chlorpromazine in L plantarum mvolves 
diphosphophyridine nucleotide and 1s related to the 
ability of chlorpromazine to serve an electron donor? 
Quite possibly, the alteration ın membrane perme- 
ability caused by chlorpromazine in the experiments 
reported here also involves a site dependent on 
diphosphopyridine nucleotide In other recent experi- 
ments we have shown that chlorpromazine icreases 
membrane permeability of animal-type cells*, and 
plant-type cells (Nathan and Zahalsky, m prepara- 
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tion). A prelummary survey of phenothiazines mdı- 
cates that ability to alter membrane permeability is 
hnked to ease with which free radicals are formed 

Chlorpromazine promises to be a useful tool for 
making materials 1n the surrounding milieu accessible 
to the inside of cells without mjurmg the cell to the 
extent that ıt cannot grow and reproduce 

This work was supported by a grant from the 
Peninsula Health Fund 
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A Chamber for culturing and collecting 
the Nematode Panagrellus redivivus 


Panagrellus redwwus L , Goodey, 1945, 1s frequently 
the nematode chosen for laboratory work because 
of its size (maximum length of approxumately 15 
mm ) and the ease with which ıt can be cultivated! 
This free-hving worm has been employed for the 
evaluation of nematocides? and repellants?, ın meta- 
bolic studies*, and to induce morphogenesis in pre- 
daceous fungi5 

A constant supply of P redwwus was necessary 
for work in this laboratory on the activities of fungi 
that capture and kill nematodes To meet this 
requirement a chamber that served for both the 
culture and collection of P redwwus was designed 
and employed The apparatus (see Fig. 1) consisted 
of a funnel (15cm diameter, 60° angle) with a ground 
lip and attached standard-taper stopcock A saddle 
(A) constructed of glass rod was placed m the funnel 
as support for & heavy Petri dish bottom (B) and 
approximately 25 gm of oatmeal and 45 ml of water 





Fig 1 Chamber for the culture and collecting of P, redivwwus 
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Fig 2 Influence of temperature on the yield of P rediviwus 
O, 20°C , A, 28°C 


were added to the dish (2 x 9 em) The stopcock 
was closed and water was then added to the funnel 
until the hquid-level was 3-4 mm below the open 
end of the dish The moist oatmeal was inoculated 
with P. redwwus and the unit was closed using a 
ground-glass plate (C) as hd The dish was arranged 
in 8 manner such that ıt did not touch the wall of 
the funnel and was approximately 10 cm below the 
hd. 

P. redwwus multiphed rapidly and after 3-5 days 
at 28? C or 7-8 days at 20? C numerous adults and 
larvæ moved out of the oatmeal, over the edge of 
the dish and into the water contained m the funnel. 
Since the density of nematodes exceeds that of water, 
the worms were concentrated above the stopcock by 
sedimentation The dry weight of nematode tissue 
yielded by chambers incubated at 20° and 28? C. 
was determined at daily intervals from the time of 
first harvest The results, ilustrated in Fig 2, 
showed that 20° C. was the more suitable storage 
temperature Although development of P. redevwus 
was more rapid at 28? C , worm production at that 
temperature ceased after 4 days At 20? C nematodes 
were produced for 12 days and the total yield ex- 
ceeded 550 mgm. Since a dry weight of 10 mgm. 
was equivalent to approximately 30,000 individuals, 
more than 16 x 10% worms were collected in 12 days 
from each chamber mcubated at 20°C No attempt 
was made to collect or enumerate the many nema- 
todes that remained 1n the oatmeal, but on prolonged 
incubation their numbers were depleted by sporadic 
migrations from the dish mto the funnel 

The chamber as described 1s efficient and con- 
venient and serves simultaneously for the culture 
and collection of P. redzvzvus However, ıt can be 
sterilized or modified to meet specific requirements. 
The stem of the funnel can be refrigerated to maintain 
worms in a state of relative mactivity until collected 
Moreover, the stem can be elongated and filled with 
glass beads. Worms collected after entermg the funnel 
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and working their way down the bead column to the 
stopcock are relatively free of contaminating muicro- 
organisms. 

We thank J Postman and the New Brunswick 
Scientific Co (New Brunswick, New Jersey) for con- 
struction of the chambers This mvestigation was 
supported in part by National Science Foundation 
grants G5949 and G9749 
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Periodic Acid-Schiff Technique for the 
Demonstration of Extra- and Intra-cellular 
Stages of Gregarine and Coccidian 
Protozoa 


Duxine a histological mvestigation of gut structure 
in the rhynchoccelan Inneus ruber! ıt was noted that 
both extra- and intra-cellular stages of the gregarme 
Urospora nemertes, which mfected approximately 75 
per cent of the specimens exammed, stained intensely 
with the periodic acid—Schiff technique. The mtra- 
cellular stages, m particular, are difficult to demon- 
strate by routine stammg methods, but after periodic 
acid—Schiff treatment they are strikmgly promment 
and may be readily located m sections with the low- 
power objective 

In view of the potential value to the protozoologist 
of this use of the periodic acid-Sehiff technique its 
effectiveness with other gregarme species and the 
related group of parasitic protozoa, the Coceidia, was 
investigated In all cases every stage in the hfe- 
history gave a strong positive reaction and the four 
species of coccidians examined (Emera tenella, E 
maxima, E acervulena and E. necatrex, from the gut 
of the domestic fowl) were readily located even when 
only small numbers were present m the mfected 
tissue. Particularly strikmg results were obtained 
with the gametocyte stage (Fig 1) 

The choice of fixative does not appear to influence 
the reaction to periodic acid—Schiff to any significant 
extent and comparable results were obtained after 
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Fıg 1 Transverse section of fowl cæcum showing macro- and 
micro-gametocytes of Emera maxima Trichrome periodic 
acid-Schiff (x 650) 
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fixation ın Susa, 5 or 10 per cent neutral formalin 
or 90 per cent alcohol If details of host tissue are 
required, the periodic acid—Schiff may be followed 
by the celestin blue/hemalum and orange G method? 
to grve a full trichrome stam 

I wish to thank Dr. Horton-Smith, Houghton 
Poultry Research Station, Houghton, Huntmgdon- 
shire, for supplying material infected with the four 
species of Emera 
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Evaluation of the Activity of Some 
Diphenyl Compounds on Winter Eggs 
of the Fruit Tree Red Spider 


For several years some red spider ovicides have 
appeared on the market Most of these compounds are 
active chiefly on the summer eggs, and far less active 
on the winter eggs of the fruit tree red spider Meta- 
tetranychus ulm Koch. One of these compounds, 
2,4,5,4’-tetrachlorodiphenyl sulphone  (tetradifon), 
shows extremely high ovicidal and -arvieidal activity 
on Tetranychids, but 18 not active on the winter eggs 
of Metatet: anychus ulmi In the course of mvesti- 
gation of the past five years a large namber of diphenyl 
compounds has been tested on tetranychidst Some 
of them have been examined for activity on the 
winter eggs and compared with some other com- 
pounds The latter experiments are reported here 

Apple twigs bearing winter eggs of the fruit tree 
red spider were collected during winter and kept 
outdoors Before treatment the twigs were cut into 
pieces of about 4 m and then dipped mto miscible 
oil-water emulsions The treated pieces were put mto 
water-filled vials The whole was kept ın elimatieally 
conditioned racks under continuous illummation at 
20-22° C and 80-90 per cent relative humidity 

A. serious difficulty of these laboratory experiments 
is the high percentage of untreated eggs that do not 
hatch This percentage may vary between 30 and 80 
after one month of incubation Hatching 1s especially 
reduced if heavily infested twigs ere used, probably 
as a result of overpopulation Nevertheless, the 
differences between the varous substances seem 
justified by their consistency under various levels of 
hatchmg m the batches 

The reduction of hatching shown 1n the tables refers 
to the percentages calculated after Abbott’s formula 
Table 1 shows the results of trials with tetrachloro- 
diphenyl compounds as compared with the known 
acaricides CPBS and ‘Chlorbenside’ Tetrachloro- 
diphenyl sulphone 18 not active at all, whereas the 
sulphide homologue 1s highly active The latter 
appears to be the best of the compounds exammed 

Table 2 summarizes the results obtamed with the 
trichloro-diphenyl compounds and tetrachloro- 
diphenyl sulphide. 

In & previous paper? 15 was shown that V 18, V 110 
and V 101 were equally effective on eggs and larvee of 
Tetranychus urticae Koch on bean plants When 
dipping eggs of Tetranychus urticae Koch 1 emulsions 
of these compounds, however, V 18 shows the highest 
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Table 1 REDUCTION OF HATCHING OF WINTER EGGS oF Meta- 


tetranychus ulm: KOCH AFTER DIPPING OF EGG-BEARING APPLE 
TWIGS IN EMULSIONS MEAN PEROENTAGES OF THREE EXPERIMENTS 
IN 1957 AND 1958 





Compound Concentration | Percentage 
(ppm) reduction 
Cl ? 
A NN 500 
Ci Ó 125 
(F 18) 
J X i i 250 
14 
S B 
Cl 
(V 110) 
S 5 gy 
SO | BE 
Cl 
(Y 101) 
i 
E: 500 71 
j c4 Sa 250 61 
h 125 29 
(CPES) 
* 
5| 
PM 66 
| ad S-s on Sor gt pe 


(‘Chlorbenside’) 


* One experiment 


Table 2 REDUCTION OF HATCHING OF WINTER EGGS OF Meta- 
tetranychus ulmi KOCH AFTER DIPPING OF EGG-BEARING APPLE TWIGS 
IN EMULSIONS MEAN PERCENTAGES OF THREE EXPERIMENTS (1959) 


Compound Concentration | Percentage 
(ppm) reduction 
Cl ? 
1,000 
ac X i 4 y 80 0 
Cl Ó 100 0 
(V 17) 
Cl " 
1,000 92 
SO 0]! 1 
cl 100 
(V 114) 
Cl 
= 1,000 08 
ad S s< Š 300 61 
CI 100 0 
(V 113) 
800 100 
V 101 100 98 
30 97 
50/50 mixture 150/150 99 
V 18/V 101 50/50 92 
15/15 56 





ovicidal activity After hatching of the surviving 
eggs, the larve are killed by the deposit of all three 
compounds, so that the overall mortahty ıs the 
same Butif leaves bearmg eggs of Tetranychus at the 
under side are treated on the upper side only, the 
highest egg-kill is obtained by V 101, and the least 
lal] by V 18, whereas V 110 takes an intermediate 
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position This result 18 evidently a consequence of the 
different penetration properties of the compounds 

In this respect it is interesting that the highest 
activity on winter eggs of Metatetranychus 1s shown, by 
V 101, which also has the best leaf-penetration In 
laboratory trials V 101 appears also more active 
than CPBS, which has been 1n use for the control of 
winter eggs of the fruit tree red spider for some years 
The addition of V 18 does not seem to mfluence the 
action of V 101 

The same sequence of activity on the winter eggs 18 
seen with the trichloro-compounds V 17, V 114 and 
V 113 (Table 2) Also m thus ease the sulphide homo- 
logue 18 more active than the sulphone, presumably 
as a result of the better penetration through the egg 
shell The activity, however, is far less than with 
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A Technique for exposing Individual 
Flies on Insecticidal Deposits 


A NUMBER of methods have been described for 
testing residual insecticides agaist various insects, 
and for the bio-assay of insecticide deposits on treated 
surfaces In general these entail confining the insects 
for testing under a transparent contamer on the 
treated surface for a certain time of exposure, and 
measuring the mortality after holding ın clean cages 
for a further period Wiesmann? used halves of Petri 
dishes, while Hadaway and Barlow? used glass tubes, 
inverted funnels and ‘Perspex’ cylinders 

One of the difficulties common to these methods, 
particularly when testing flying msects, has been to 
ensure that the msect remams in contact with the 
treated surface for the whole of the time of exposure 
According to the type of apparatus, one 1s advised to 
blow down the cylinder, or to rotate the tube m order 
to induce the insect to settle on the insecticide deposit 

The method described below was evolved for the 
bioassay of treated leaf surfaces, using Stomoxys 
calowrans as the test msect It has the advantages 
that the fhes do not have to be anesthetized or 
handled, and are forced to walk on the treated surface 
throughout the period of exposure, wrespective of 
the duration of this period 

The apparatus used 1s shown in Fig 1 It consists 
of two squares of ‘Perspex’ (A and B) measuring 
2 x 2 x 3/16 m , each having a central circular hole 
1m ın diameter The two squares are held together 
by thin strips of ‘Perspex’ cemented along opposite 
edges, but leaving a space to allow a thin ‘Perspex’ 
shutter (C), 3 x 2.1n, to slde between the squares 
At one end of the shutter 18 a hole 1 in m diameter, 
so that m one position of the shutter the holes m the 
three pieces of ‘Perspex’ are concentric A 3 x I-m 
glass cylinder (D) 1s cemented into the hole m the 
‘Perspex’ square (A) 

A 3/16 m ‘Perspex’ disk (E) cemented to the end 
of a 4an glass rod (F) slides smoothly inside the 
cylmder, through & cork-guide (G) The glass rod 18 
fitted with an adjustable rubber rmg (H) which 
determmes the downward travel of the ‘Perspex’ 
disk 
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Fig 1 


To use the apparatus, individual flies in 3 x lan. 
tubes are used A 3 x lan tube contaming a single 
fly 1s fitted mto the hole m ‘Perspex’ square B 
The tube contammg, the fly 1s darkened by holding m 
the hand, and the shutter opened, to allow the fly to 
pass into the apparatus, and the shutter again closed. 
This operation 1s performed with the circular disk (E) 
in the fully raised position 

The apparatus 1s placed on the surface to be 
treated, the shutter opened to allow access to the 
treated surface, and the disk depressed to a pre-set 
position depending on the height of the test msect. 
Care must be taken to ensure that the fly ıs in & 
walking position on the treated surface In this final 
position 1t 18 umposstble for the fly to turn over or 
walk on the wall of the cylinder 

At the end of the period of exposure, the disk 18 
raised to allow the fly to move off the treated surface, 
and the shutter then closed The fly can now easily be 
transferred to a holding cage 

Other advantages of this method are (1) With 
practice, exposures can be performed very quickly, 
for example, with Stomoxys calcrtrans 1b 18 m the order 
of the exposure period plus 15 sec (2) The smooth 
undersurface of the ‘Perspex’ disk causes no damage 
to the dorsal surface of the insect (3) The apparatus 
can be dismantled and cleaned by rmsing and swab- 
bing with alcohol Acetone, benzene and similar 
solvents cannot be used as they cause crazing of the 
‘Perspex’, and loosening of the cemented joints This 
disadvantage would be overcome if the apparatus 
were made entirely of glass (4) The apparatus can be 
made easily and cheaply m any laboratory (During 
the preparation of this communication for publica- 
tion, ıt was learnt that a sumular apparatus had been 
described by Kernaghan of Northern Nigeria, at & 
recent meeting of the International Scientific Com- 
mittee for Trypanosomuiasis Research at Jos ) 
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Primary Embryonal Sex Ratio in Normal 
Pregnancies determined by the Nuclear 
Chromatin 


Many attempts have been made to establish a sex 
ratio for embryos of a younger gestational age 
Unfortunately, external genitals are an unreliable 
index for this purpose before the 5-cm stage Former 
mvestigations were based on histological examination 
of gonadal tissue! Recently, Tricom: e? al 2 determ- 
ined the ratio of male to female embryos by examin- 
ing the placental tissue obtained by curettage for the 
treatment of mcomplete abortions Their mvestiga- 
tion was based on the observations of Graham? and 
Glemister*, who noted the presence of the sex- 
chromatin in the trophoblastic cells before gonadal 
differentiation Park® was able to demonstrate that 
a morphological sex difference 1s present in the tropho- 
blastic cells of 10-12-day-old embryos 

The accepted secondary sex ratio of man the world 
over 1s 106 males to 100 females All data available 
now indicate that more males than females are lost 
during the early months of pregnancy Tricom et al 2 
examined 242 abortion specimens and found a ratio 
of 160 100 

The primary sex ratio, that 1s the ratio which 
prevails at the time of fertilization, 1s not yet known 
The mvestigators mentioned accept an ineidence of 
abortions of 10 per cent and by using a weighted mean 
they assume that the primary sex ratio may approxi- 
mate lll 100, male to female 

Since all investigations until now were cared out 
on placental tissue obtained from curette material of 
incomplete abortions, 16 seemed to us worth while to 
examine the distribution of sexes in normal early 
pregnancies 

Fresh placental tissue obtamed from 300 medical 
abortions in apparently normal early pregnancy was m- 
vestigated Identification of the sex-chromatinmass was 
carried out according to the usual histological method. 
One hundred cells from each specimen were examined 
at an approximate magnification of 1,000 (o11 xmmer- 
sion) The percentage of the sex-chromatin positive 
cells for female tissue ranged from 30 to 80, that for 
male from 1 to 8 Preliminary investigations estab- 
hshed the reliability of the procedure! 

165 of our specimens have been classified as male 
and 135 as female This result gives a ratio of 122 
100, male to female Though the material 1s too 
small a series to be conclusive, the results of our 
mvestigations indicate a greater mcidence of the 
male sex ın the primary ratio than that calculated by 
Trieoma et al ? 

Since theoretically there should be as many 
Y-bearing as X-bearing sperm, the ratio at the time of 
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conception should be 100 100 Why an egg should 
be fertilized more fiequently by a sperm with 
Y-chromosome would then have to be explained 
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A Rare Phenotype within the Gm 
System 


Iw 1956 Giubb! published the discovery of a sero- 
logically demonstrable y-globulin factor, which was 
found to be inherited as a Mendehan dominant Since 
then several related factors apparently belonging to a 
common hereditary system, the Gm system, have been 
demonstrated At present the system comprises the 
followmg factors: Gm(a) (ref 1), Gm(x) (ref 2), 
Gm(b) (refs 3,4) and Gm-like (ref 5) 

Disregarding Gm-hke, which has not been found in 
Caucasians, the followmg phenotypes have been 


reported Gm(a+ax+b6+), Gm(a+a2—6 +), 
Gm(a +g --b—) Gma+a—b—) and Gm 
(a — v —b-F) The phenotypes Gm(a — x + b +), 


Gm(a — x + b —) and Gm(a — y — b —) have not 
been encountered m spite of rather extensive mvesti- 
gations 

According to the study material factors Gm(a) and 
Gm(b) appear to be Mendelian dommants, being 
controlled by allelic genes G'm/(a) also behaves as a 
Mendehan dominant, but until now has only been 
demonstrated ın sera exhibiting the Gm(a) factor also 
In work mvolvmg Gm(a) and Gm(v) typmg in 
adults from a series of Danish paternity cases one 
example of the phenotype Gm(a — x +) was encoun- 
tered The serum sample belonged to a healthy 
woman, A P , and the result was checked by examin- 
mg a new blood sample at a later date The distribu- 
tion of Gm-phenotypes im the series is shown in 
Table 1 

In order to clarify the significance of the unusual 
phenotype an investigation of the kindred of A P 
was undertaken The result of the Gm typing is 
shown in the pedigree (Fig 1) 

It 1s seen that the quite common phenotypes 1n the 
P-generation give ıse to the rare phenotype 
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Table 1 

Phenotype No Percentage 
Gm(at+a2+) 201 242 
Gm(a -t s —) 272 32 7 
Gm(a-a2—) 358 43 0 
Gm(a — x -4- ) 1 01 

Total 832 100 0 


Gm(a — v + b E) 1n 3 out of 7 stbs in the F, genera- 
tion and m the serum of the single representative of 
the F, generation This may well be explamed by the 
assumption of a rare gene—or closely hnked gene 
combmation—bz, beside the frequent gene az, the 
genotype of the father of the proband being ax/bx: 

Our thanks are due to Dr M Harboe, Ruks- 
hospitalet, Oslo, who checked the results of our Gm 
typing 
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Glucose-6-Phosphate Dehydrogenase 
Activity in Papuans 

DURING a recent investigation into hemolytic and 
other anæmıas in Papuans the glucose-6-phosphate 
dehydrogenase (G-6-P D) activity of erythrocytes was 
estimated in 45 cases Blood was collected into 
heparin, and on several occasions into acid-citrate 
dextrose solution, and dispatched by air to Melbourne, 
aniving the same day ‘The G-6-P D activity was 
estimated in the Biochemistry Department of the 
Pete: MacCallum Clinic, Melbourne, by the method 
described by Hsia! By this method normal readings 
aie 150-210 units/100 ml The enzyme appears 
to be relatively stable for at least a week, provided 
the cells 1emain intact The highest values were 
obtained in cases of thalassemia major, acute 
hemolytic anemia of undetermmed cause, and 
congenital hemolytic anzemia of unknown cause 
There was no significant difference in the results 
obtained, whether ACD solution o1 heparm was 
used, as an anti-coagulant The twelve subjects used 
as controls all gave readings within the accepted 
range of normality 

Three examples of deficient activity were found 
The first was a Papuan adult male, who demed any 
possibility of racial admixture and appeared to be a 
typical Papuan from the Rigo district, a few miles 
from Port Moresby He was suffering fiom an attack 
of hemolytic anemia of undetermined cause when 
first seen on June 12, 1960 Electrophoresis of the 
hemoglobin showed no abnoimality and the alkaline- 
resistant hemoglobin test and the direct Coombs test 
were both negative No G-6-P D activity was found 
at this time This result was not due to inhibitors, 
because the addition of blood from a case of thalas- 
semia major (518 units/100 ml) gave the expected 
values About two months later 8 units/100 ml of 
enzyme activity were found and in a further six 
months the result was 11 units/100 ml Although the 
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patient was given 30 mgm of ‘Primaquine’ daily for 
10 days no evidence of hemolysis was obtained He 
stated that his brother had died one year previously 
from an attack of what seemed to be hemolytic 
anemia He denied that either of them had eaten 
beans or taken any drug apart from ‘Camoquin’ at 
any time 

The two othe: patients with low values of G-6-P D 
were children One was suffering from thalassemia 
major, for which his spleen had been removed Huis 
G-6-P D values on three occasions were 56, 46 and 
36 units/100 m] The other child was suffering from 
anemia apparently due to tuberculosis mfection and 
the G-6-P D value was found to be 66 units/100 ml 
It has not been possible to confirm this result 

It 1s probable that anemia which 1s determined by 
genetical factors 1s not nearly as common m New 
Guinea as 1s anemia due to parasitic and nutritional 
factors However, the finding of thalassemia? and 
deficiency in G-6-P D in the Teriitory suggests that 
further attention should be given to investigating 
genetical factors 

B P K Ryan 
Port Moresby General Hospital, 
Papua 
I C Parsons 
Peter MacCallum Clic, 
Melbourne 

1 Hsia, D V , Inboin Errors of Metabolwsm, 331 (Year Book Publishers, 


Chicago, 1959) 
?*Ryan, B P K, Med J of Austraha (in the press) 


VIROLOGY 


Cyclic Events in the Viral Cycle 


THe polo virus is able to develop only within 
given limits of temperature The simplest reason for 
this seems to be that low and high temperatures 
block viral development by altermg the metabolism 
of the host cell Yet mutants of the polio virus can 
be obtained which thrive at these low or high tem- 
peratures at which the original type is unable to 
multiply the sensitivity of viral development to 
temperature 18 thus controlled by the genetic con- 
stitution of the virus Moreover, 16 was discovered 
that one mutational event shifts the whole curve 
expressing the sensitivity of viral development to 
temperature towards the left or the right psychro- 
sensitivity decreases when thermosensitivity Increases 
and vice versa} 

The polio virus is able to develop normally if sub- 
mitted to supra-optumal temperatures durmg the 
first part of the cycle only or to mfra-optimal tem- 
peratures during the second part only Infra-optimal 
temperatures, which do not block the second part, 
interfere with the primary phase whereas supra- 
optimal temperatures, which do not block the first 
part, interfere with the secondary phase The polio 
virus 1s 1n fact, able to complete its development 
at high and iow temperatures both incompatible with 
viral multiplication, provided they alternate in the 
right sequence during one growth-cycle 

The effects of infra-optimal temperatures are 
increased by heavy water, the effects of supra-optimal 
temperatures decreased In the presence of heavy 
water the whole curve expressing the sensitivity of 
viral development to temperature 1s shifted heavy 
water decreases the apparent temperature? 

The fact that a smgle mutation modifies at the 
same tıme in opposite directions the psychro- and 
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the thermo-sensitivity and affects the events takmg 
place during the early phase as well as during the late 
one, leads to the hypothesis that both phases are 
controlled by one viral molecule Things happen 
as 1f this molecule would undergo reversible structural 
alterations, the equilibrium of the reaction bemg 
shifted by temperature changes 


Infra-optrmal temperatures 
heavy water 


A B 


Supra-optimal temperatures 





The state A would allow the campletion of the 
primary phase only, the state B the completion of the 
secondary phase only JInfra-optrmal temperatures, 
by shifting the probability of the mclecular structure 
towards B, prevent the completion of the early phase 
Supra-optimal temperatures, by skiftmg the prob- 
ability of the molecular state towards A, prevent 
the completion of the secondary phese The effect of 
deuteration shows that hydrogen bonds are involved 
in the reaction A= B 

The optimal temperature for viral development 
probably corresponds to the transition temperature 
of the reaction at which both states of the alleged 
viral molecule are equally represented Infra- and 
supra-optimal temperatures decrease or block viral 
development by shifting the equilibrium, thus favour- 
ing one of the states at the expense of the other 
The completion of the viral cycle would thus imply 
a reversible cyclic alteration of a metastable mole- 
cule 

During the life-cycle of a cell a certain number of 
molecules, or molecular complexes such as mitotic 
fibres, genes, chromosomes, undergo reversible altera- 
tions of structure On the other hand, vegetative 
functions, that 1s, the activity and the biosynthesis 
of enzymes, are regulated by feed-back mechanisms 
depending in the last analysis on structural molecular 
changes It 1s felt that reproductive and ‘cyclic’ 
functions must also be under the control of some feed- 
back regulating mechanisms Metastable molecules 
able to undergo reversible structural alterations 
could be responsible for these mezhanisms* 

This work was supported by & grant from the 
US National Foundation 
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Multiplication of Mouse-adapted Influenza 
Virus in Mouse Lungs after Infection 
with Very Low Doses 


We studied the dynamics of the mfection with 
influenza virus ın mice after intra-nasal admunistra- 
tion of extremely low doses White mice were infected 
with the mouse-adapted Hm, strain of the Al type 
influenza virus The virus, used in the form of 
infected allantoic fluid, showed LD,, titres of 
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1051 and 105 45 0 1 ml, respectively, as estimated by 

intra-nasal moculation of white mice, and a T'CID,, 
titre of 1048 and 1055? OI ml, respectively, as 
determined in suspended chlorio-allanto1e membrane 
tissue cultures'—herein designated as Horváth's TC 

Mice weighing 16-18 gm were moculated under light 
ether anesthesia mtra-nasally in individual experi- 
ments (altogether 6 expermnents m 3 independent 
series) with 005 ml of mfected allantoic fluid, con- 
tainng 10-2 17—10? 88 TCID; 01 ml, im other 
words, in each case with a lower dose than 1 mouse 
LD;, Starting with the first day after moculation, 
3 mice were killed daily and from their lungs 10 per 
cent suspensions in Horváth's! nutrient medium were 
prepared. 'The suspensions were clarified by centri- 
fugation at 2,500 rpm for 10 mm and serial 
10-fold dilutions of them moculated into Horváth's 
TC The cultures were incubated at 35° C for 72 hr 

and the reproduced virus detected by haemagglutin- 
ation test on plastic plates? The results are shown 
in Fig 1 It can be seen that the multiplication of 
the virus m the lungs depends on the dose of the virus 
administered and shows a cyclic character After 
administration, of the lowest dose (0 0038 TCID,, in 
005 ml), virus was first detected three days after 
infection. It ıs still present on the fourth day, but 
thereafter disappears and is not detectable up to 
day 12 After administration of a 10-times higher 
dose the virus appears in the lung also on day 3, 16 18 
not detectable for the next five days and appears 
repeatedly on day 9 or 10 after infection The higher 
the dose admunistered, the shorter the time intervals 


e» 


0 0038 


0 038 


0 022 


TCID;jml (neg log) 
to 


0 38 


Doses administered in T'CI D,,/0 05 ml 


Infectivity titre 
TN 
bo 
[lr] 


ko 


m» 


ran 


5 10 15 
Days after infection 


Fig 1 


November 4, 1961 


of the cyclic appearance and disappearance of virus 
in the lungs After mfection with 2 6 TOID,, and 
38 TCID,;, ım 005 ml, respectively, a complete 
disappearance of virus from lungs was not detected 
during the whole observation period, although even 
in these cases an appreciable variation m infectivity 
titres was seen. It 1s to be noted that the first disap- 
pearance of virus and/or a marked lowering of its 
titre occurred in all experiments 4-5 days after 
infection Virus-neutralizmg antibodies were not 
detected ın sera of mice for 10-14 days after infection 

We supposed that the disappearance or the marked 
drop m the infectivity titre of the virus ın mouse lungs 
was due to an interferon-like substance, formed as a 
consequence of the virus infection Therefore, 0 1 ml 
of undiluted suspensions, m which no virus could be 
detected, were inoculated into Horváth's TC and 
incubated at 35? C for 24 hr Thereafter the cultures 
were treated with a heterologous influenza virus 
(A ,.PE8) We found that after 72 hr mcubation the 
infectivity titre of the added virus was lowered—in 
comparison with controls—by 90 per cent Virus- 
containing lung suspensions were tested for the 
presence of an interferon-like substance The suspen- 
sions were kept at 4° C for sıx weeks Durimg storage 
the virus was inactivated, for no virus reproduction 
could be detected after inoculation of such suspensions 
mto Horváth's TC Then Horváth's TC was 
moculated with these suspensions and treated with 
homologous (#m,) and heterologous (PR8) virus, 
respectively, 1n the same way as mentioned above 
In these cases also 90-100 per cent decrease in 
infectivity titres—im, comparison with the controls— 
were observed Lung suspensions of non-mfected 
mice, to which Em, virus was added ın vitro and 
stored also for six weeks at 4? C , did not mhibit the 
reproduction of the added virus at all It must be 
noted that also in these control lung suspensions the 
virus was inactivated completely during storage We 
designate the substance formed ın mouse lungs on 
infection with influenza virus and inhibiting the 
multiplication of added virus as an ‘mterferon-lke 
substance’, although ıt 1s very probable that the 
interference phenomenon. observed m our experiments 
was caused by Isaacs’s* interferon, takmg into 
account the results published by Isaacs and 
Hateheock* 

The observed cycle reproduction of influenza 
virus m mouse lungs 18 ın agreement with Wagner’s® 
hypothesis concerning the interaction of virus and 
mterferon in permanently infected tissues We 
suggest that when non-lethal doses are used on mice, 
the interferon produced prevents the aggressive 
spread of infection by occupying most of the sus- 
ceptible cells in the vicinity of the primary focus of 
the infection The possibility of a similar interaction 
of virus and interferon should be assumed after 
infection of human bemgs with mfluenza virus 
Interferon could prevent, ın some cases, the manı- 
festation of the infection until specific antibodies are 
formed 
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Nitrogen-fixing Blue-Green Algz in 
Australian Rice Soils 


A. FEATURE of myxophycean alge 18 the capacity of 
certain members of the class to fix elemental nitrogen 
Blue-green algæ aie widely distributed m Nature 
They are inown to be particularly abundant in 
regions devoted to the cultivation of rice where the 
activities or nitrogen-fixing species probably make 
significant contributions to the maintenance of soil 
ferüility^? Australia offers excellent opportunities for 
research Previously, these have not been exploited 
even though 46,000 acres are sown to rice annually 
in the temperate Murrumbidgee Irrigation Area 
and extensive tracts of country are bemg de- 
veloped for rice production m tropical Northern 
Australa 

As a firs; step, I have undertaken a survey to 
determine the distribution of nitrogen-fixing blue- 
green alge in the rice areas of Australia and to 
build up a culture collection for use in laboratory 
work 

During a visit to Darwm m February 1960, a 
number of samples was collected from the developing 
commercial rice crop at Humpty Doo, from the 
experimental plots of the Commonwealth Scientific 
and Industrial Research Organization in the same 
area, and from the two Northern Territory Admunis- 
tration expermental rice stations at Beatrice Hill and 
Marraka1 Humpty Doo and Beatrice Hill are on the 
heavy alluvial clays of the Adelaide River and 
Marrakai ıs on the somewhat lighter soils of the ‘bull 
dust’ plans? 

The samples were collected in sterile bottles in 
various situations including supply ditches, at the 
water surface m the rice crops, from the rice plants 
and from the submerged soil surface Every effort was 
made to ensure that the material was representative 
of the areas surveyed. No more than five days 
elapsed. between collection of the samples and their 
return to the University of Sydney 

It 18 of inverest to note that, while blue-green alge 
apparently capable of nitrogen-fixation were isolated 
from almost every sample, their presence in the field 
was not always obvious Although typically gela- 
tinous colomes of Nostoc were found sometimes to be 
abundant in the rice fields, they were not common 
At present, no simple explanation can be offered for 
their uneven distribution In general, algal develop- 
ment was most marked where the movement of the 
irrigation water was reduced to a minimum and 1ts 
turbidity was low — Nitrogen-fixing species were not 
found m the experimental plots possibly because the 
level of soil mtrogen had been raised considerably by 
fertilizer applications 

Uni-algal cultures were obtamed by routme 
culture techniques using a range of media both in 
the liquid form and solidified with agar Those 
capable of continued growth on a nitrogen-deficient 
medium were retained The composition of this 
medium a Winogradsky nutrient solution modified 
by Acierto (personal communication) and known as 
No 5, 1s KH,PO,, 025 gm , MgSO, 7H,O, 0 125 
gm, NaCl, 0125 gm, FeSO,7H,O, 25 mgm, 
MnSO, 4H,O, 25 mgm , NaMoO, 2H,0, 0 25 mgm , 
CaCO, 55 zm ; double glass-distilled water, 11, 
pH 7 2-74 

The Northern Territory collection comprises some 
36 cultures, none of which has been identified fully 


£80 


Only two genera are represented, Nostoc and 
Anabaena, although one isolate may be a species of 
Cylindrospernmum Four isolates have been obtained 
n a bacteria-free state In December 1960, a survey 
was conducted ın the Murrumbidgee Irrigation 
Area of New South Wales The samples collected 
are being treated ın the same manner as those from 
the Northern Territory Already one culture, a 
species of Anabaena, has been obtained free of con- 
taminants 

Algae with probable nitrogen-fixing capacities were 
found to be a minor element of the algal flora under 
these conditions However, species of Anabaena 
were almost ubiquitous Nostoc was not widespread 
and representatives of other genera, reported to be 
nitrogen-fixing, were not found It should be noted 
that heavy dressings of ammonium sulphate are 
applied to the soils and that copper sulphate 1s mtro- 
duced commonly into the irrigation water in concen- 
trations up to 5 ppm This practice has been 
adopted, 1n fact, to control the growth of algal ‘scum’, 
largely Spirogyra, Lyngbya and Phormadvum, which 
interferes significantly with the early growth of the 
rice seedlings 

Gelatinous colonies, closely resembling those of a 
Nostoc found in the Northern Territory, were found 
only occasionally floating in supply ditches and in the 
rice fields Subsequent examination has shown these 
algse to be a species of Gloeotrichia It will be of 
mterest to determine whether this organism 1s 
capable of nitrogen fixation The Kimberley region of 
Western Australia, where rice 1s also being grown, has 
not yet been surveyed However, several soil samples 
from that area have been examined It1s not regarded 
as significant that nitrogen-fixing alge could not be 
found in this material Attempts are at present 
being made here to study some of the factors affecting 
the growth and fixation of nitrogen by several of the 
bacteria-free isolates ın the collection 

Financial support for this work 1s being provided 
by a research grant from the University of Sydney 
During the survey, assistance was given by the 
personnel and officers of both private and govern- 
ment bodies I am grateful to them 
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Control of the Army Worm on Grazing 
in Kenya 


INFESTATIONS of Laphygma exempta Wik (Lep - 
Noctuidae) on natural grazing present a problem in 
control because conventional tractor or aerial spraying 
18 uneconomical, and aerial drift spraying 1s 1mprac- 
tical on many farms due to their small area and 
inegular shape, and to the localization of cleared 
paddocks between strips of uncleared vegetation 
Such infestations have therefore been considered 
uncontrollable and have been left to complete their 
cycle with a consequent severe loss of grazing The 
development of the exhaust sprayer for the control of 
Schistocerca gregarva (Forsk)!? offered a cheap and 
speedy method of control and six tests with this 
appliance were performed by us on an outbreak m 
1959 

The sprayer was mounted on a four-wheel-drive 
vehicle fitted with a governor control which enabled 
1t to be driven at a speed of 5m ph, and to give an 
emission-rate of 3—4 gall of spray material a mile 
The spray nozzle was mounted 6 ft above the ground 
and the spray plume was emitted vertically upwards 
so that, with the vehicle travelling across wind, a 
drift of 100-150 yd was obtained in quite hght 
breezes A standard formulation contaimg 20 per 
cent dieldrin in heavy oil was used in the first test, 
but thereafter crude formulations of DDT 1n light oil 
mixed 1 1 with engine oil were used in order to 
reduce toxicity hazards to operators and to 
stock 

The results of the tests are summarized in Table 1 
together with data on air movement and vegetation. 
Assessments have been recorded visually because this 
was the only method used in tests 1 and 2, while 
in 4 & post spraying count was obviously unnecessary, 
and in 5 and 6 reductions of a fairly high order had 
occurred on the controls In test 3, a pre-spraying 
count gave an estimate of four larve/ft* while 
72 hr after spraying the estimated populations (based 
on sixty samples of one foot square from each plot m 
an area between 7 and 40 yd downwind of the spray 
track) were 


Treatment Larvee/ft ? 
Control 378 +058 
Single application 137 +02 
Double apphcation 087 + 020 


The post spraying counts were intentionally biased 
on the treated plots, samples bemg taken m the 
thickest grass cover where initially more larve 
would have congregated, but even ignorimg this bias, 
the reduction 1s very satisfactory 

The failure in test 4 may be attributed to a com- 
bination of factors The very slight air movement was 





Table 1 
Result after 72 hr 
No Insecticide Wind Vegetation 
(per cent) Sprayed area Control 
1 Dieldrin 20 Light Grass, occasional trees Heavy reduction Slight reduction 
2 DDT 12 5 coómph Good grass cover, no bushes Heavy reduction No ehange 
3 DDT 125 ec 5mph Good grass cover, no bushes Heavy reduction No change 
DDT 125x2* coómph Good grass cover, no bushes Very heavy reduction No change 
4 DDT 12 5 Negligible Very thick grass cover, 
numerous tall trees No change No change 
5 DDT 150 e 5mph Sparse grass, some bushes Very heavy reduction Rather heavy reduction 
6 DDT 150 Light Sparse grass, no bushes Heavy reduction with Heavy reduction, no 


numerous dead larvze dead larvee 





* Two runs in opposite directicns were made along the same track in order to double the rate of application 
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severely interrupted by the numerous trees so that 
dispersion of the spray was unsatisfactory Secondly, 
the heavy grass cover, m places 9 ın deep, caused 
dilution of the spray in terms of quantity per unit 
volume of vegetation 

In test 5, the results weie confused by a nuclear 
polyhedrosis which caused a pronounced reduction on 
the controls Although the decrease was greater on 
the treated area, the spray was obviously applied to a 
debilitated population and had only enhanced the 
action of the disease 

Test 6 was difficult to assess, as heavy reductions 
had occurred on both treated and untreated areas 
However, on the control, the reduction was due 
entirely to pupation and no dead larve could be 
found on the surface, on the treated area, although 
pupation may have had some effect, many dead 
larve were found on the surface The treatment may 
therefore be regarded as having caused a diminution 
in numbers 

The distribution of hve larve after treatment 
accorded well with the observed distribution of spray 
recorded by Courshee* In tests 2, 3 and 5, no deaths 
due to spraying occurred withm 5 yd of the spray 
track, mortality then increased to a peak at 30-50 yd 
where very few live larve could be found, and beyond 
this limit decreased more slowly to become negligible 
100-110 yd from the spray track 

Should further tests fulfil the promise of those 
conducted, we believe the exhaust sprayer will have 
great value m the control of L exempta and other 
‘army worms’ on grazing Its use ıs limited by the 
nature of the vegetation only in that the presence of 
too many trees interrupts air movement and too thick 
a grass cover causes excessive dilution Its value lies 
in 1ts low capital cost, low running costs, speed, and 
manoeuvrability 

We envisage two uses for the sprayer (1) 1t can 
be used to provide a barrier between infested and 
uninfested grazing along a wide front, (2) 1t can be 
used to elimmate infestations from paddocks by 
parallel spray runs at intervals of 75-100 yd In this 
latter case, usmg a cost of 20s /gall , a rate of applica- 
tion of 4 gall /mile, and a distance between runs of 
75 yd , the spray would cost 3s /acre plus the running 
costs of the vehicle 

We are grateful to the Director of the Desert Locust 
Survey, Nairobi, for the loan of the exhaust sprayer, 
and for the advice given by him and his staff on 
1ts use 


J A BULLOCK 
D C Bonp 


Entomology Section, 
Department of Agriculture, 
Kenya 
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SOIL SCIENCE 


Influence of Some Organic Salts 
on the Absorption of Potassium by 
Vermiculite 


A MARKED effect of the ammonium ion on release 
and fixation of potassium by vermiculite has been 
shown by many workers The presence of ammonium 
1ons 1n an extracting solution mhibits the removal of 
potassium which has been absorbed or fixed in verm- 
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iculite The fixation of potassium by vermiculite 18 
also 1educed if the solution contains ammonium ions 
The effect of the ammonium ion on potassium reac- 
tions 1s presumably due to the similarity of the two 
10n8 with respect to their size and chemical reactivity 
Both ions are known to have an optimum ionic 
diameter for fixation within the vermiculite lattice 
In the presence of ammonium ions the vermiculite 
lattice apparently is contracted so that potassium 
10ns can neither enter nor leave the inte: nal vermieu- 
hte surfaces 

The influence of other nitrogen compounds on 
potassium absorption by vermiculite was considered 
The term absorption’ 1s used here ın preference to 
‘adsorption’ smce most of the effects noted here 
are associated with the internal surfaces of the 
vermiculite mmeral The compounds used in this work 
were amines of various kinds which may be con- 
sidered ın a sense as analogues of the ammonium 10n 
in that one or more of the hydrogen atoms around the 
nitrogen are replaced with organic groups of various 
kinds The substitution of organic groups for the 
hydrogens of the ammonium ion of course results in 
great changes in the properties of the 10n 

Two types of investigations were made One was 
concerned with the effect of the organic salts on the 
rate of potassium absorption by vermiculite, the other 
with the effect of organic salts on the amount of 
absorption under conditions where equilibrium could 
be approached The vermiculite used in this work 
had a cation exchange capacity of 160 m equiv / 


100 gm 


10 
5 
9 4 
= 8 
3 
x 
~E f 
= 
= 2 
26 l 
o 
[1 
+ 
mM 5 
6 12 18 24 30 36 42 
Time (min ) 
Fig 1 Potassium activity in the presence of 0 25 gm of 150- 


250 diameter vermiculite as a function of time at 20°C 1, No 

other salt, 2, 1 mequiv of »-butylamime hydrochloride, 

8, 0 1or equiv 2,4-diaminophenol dihydrochloride, 4, 1 m equiv 

anime hydrochloride, 5, 1 omequiv 2,4-diammophenol 
dihydrochloride 


Fig l shows the effect of some organic salts on the 
activity of potassium in the presence of veimieulite as 
a function of time The activity measurements were 
made continuously with the 78137 V cationic electrode 
produced by Beckman Instruments, Inc , 1n combina- 
tion with a Beckman Zeromatic pH meter and a 
Sargent recorder The potasstum chloride solution 
was stirred contmuously with a magnetic stirrer 
After the recorder deflexion was static, the organic 
salt was added There was only a small effect of the 
organic salts on the potassium ion activity since the 
amount added was not enough to affect the activity 
coefficient of the potassium 10n a great deal Also the 
electrode was insensitive to the organic ions used 
although 1t was found to be sensitive to the presence 
ofammoniumions At zero time 0 125 gm of vermicu- 
lite was added A short lag time of about 1 min ıs 
apparent m Fig 1 before the potassium started 
disappearing from solution This lag time was noted 
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Table 1 001 SPACINGS OF VERMICULITE AFTER CONTACT WITH 
PoTASSIUM CHLORIDE IN THE PRESENCE OF VARIOUS SALTS 
M equiv 
of com- Vermi- Mequv Hr 001 3 6 
Compounds pound culte of KCl con- (A ) 
present (gm) present tact 
None — 0 25 05 2 ]121and 10 
2,4-Diammophenol 
dihydrochloride 10 0 25 05 2 145 
2,4-Diaminophenol 
dihydrochloride 01 0 25 05 2 143 and 126 
Aniline hydro- 
chloride 10 0 25 05 145 
n-Butylamine hydro- 
chloride 20 0 25 05 2 121 and 10 
n-Buty lamine 
hydrochloride 10 0 25 05 2 121 and 10 
n-Butylamine 
hydrochloride 01 0 25 05 2 121 and 10 
p-Phenylene diamine 
dihydrochloride 0 25 0 125 0 25 48 145-130 
Histidine hydro- 
ehloride 0 25 0 125 0 25 48 13 8-12 3 
Ammonium chloride 0 25 0 125 0 26 48 113 and 10 
Lysme hydro- 
chloride 0 25 0 125 0 25 48 113 and 10 


in all cases and 1s probably the time required for the 
complete wettmg of the mmeral The magnesium 10n 
was initially the saturating cation on the exchange 
complex of the vermiculite, the electrode bemg 
msensitive to this 10n 

The main observation to be made ıs that n-butyl- 
amine hydrochloride (curve 2) had httle effect on the 
rate of absorption of potassium as compared with the 
rate when no organic salt was present (curve 1) On 
the other hand, 2,4-diammophenol dihydrochlorde 
(curves 3 and 5) and amiline hydrochloride (curve 4) 
greatly affected potassium absorption The 2,4- 
diaminophenol dihydrochloride added at the 01 
m equiv -level (curve 3) reduced absorption of 
potassium vermiculite much more than did 10 
mequiv of n-butylamme hydrochloride (curve 2) 
The 001 spacmgs of vermiculite obtained by X-ray 
diffraction 2 hr after the absorption reactions 
began are given in Table 1 

Table 2 shows the amounts of potassrum absorbed 
from solution by sodium-saturated vermiculite in the 
presence of various organic salts, ammonium chloride, 
and 1n the instance when no foreign salts were present 
These analyses were made on the solution phase with a 
Coleman flame photometer after 48 hr were allowed 
for absorption Large differences are apparent in the 
effects of organic salts on potassium absorption 
Particularly noteworthy 1s the fact that the n-butyl- 
amine hydrochloride had no effect whatsoever on 
potassium absorption at either of the two concentra- 
tions Also, as noted in Table 1, the 001 spacing of the 
lattice has contracted in exactly the same manner as 
where only potassium chloride was present On the 
other hand, some of the amines. particularly those 
with a cyclic molecular structure, greatly inhibited the 


ABSORPTION OF POTASSIUM BY VERMIOULITE IN THE 
PRESENCE OF SOME SALTS* 


M equiv K absorbed/100 gm 


Table 2 


Salt/KCl ratio 

Salt 01 10 
n-Butylamine hydrochloride 120 120 
2,4-Diaminophenol dihydrochloride 108 36 
Aniline hydrochloride 106 32 
p-Phenylenediamine dihydrochloride 108 28 
Tetramethylammonium chloride 118 100 
Histidine monohydrochlioride 112 58 
Arginine monohydrochloride 108 96 
Lysine monohvdrochloride 120 88 


Ammonium chlonde 106 52 
None 120mequiv K*/100 gm ab- 
sorbed when no other salt was 
present 


* Absorption by 0125 gm vermiculite in 200 ml of 125 x 10-2 N 
KCl after 48 hr at 20°C Each figure 18 the average of analyses of 
duplicate samples with extremely low variation between duplicates 
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absorption of potassium. Apparently the number of, 
electrical charges per molecule was not too important 
since the aniline hydrochloride was about as effective 
as 2,4-diamunophenol dihydrochloride and para- 
phenylenediamme dihydrochloride ın — preventing 
potassium absorption Of the three amino-acid salts 
examined, histidine monohydrochloride was the most 
effective in inhibiting absorption Histidine possesses 
a rng structure while the other two amino-acids used 
are linear m form Histidime was almost as effective 
as the ammonium ion in preventing potassium 
absorption. 

Apparently the orgame molecules which affect 
potassium absorption do so 1n & manner different from 
that of the ammonium ion ‘Table 1 shows that the 
001 spacing of the vermiculite collapsed to spacings of 
11:3 and 10 A im the presence of ammonium chloride 
However, the lattice remained pretty well expanded 
in the presence of the organic molecules which effec- 
tively prevented absorption Those organic molecules 
which did not greatly affect potassium absorption 
allowed a greater amount of potassium to enter the 
internal surfaces This resulted m a greater degree of 
contraction of the lattice as shown by the smaller 
values of the 001 spacings The potassrum thus 
entrapped in the internal surfaces of the contracted 
lattice of the vermiculite was fixed and was not 
exchangeable under ordinary conditions of cation 
exchange 

Since the vermiculite lattice was fully expanded in 
the presence of those organic cations which most 
effectively prevented potassrum absorption, these 10ns 
undoubtedly prevent the entrance of potassium ions 
into the internal surfaces of the vermiculite structure 
This could be accomplished 1f the energy of adsorption 
of the organic 10n were so large that the potassium 
from the solution phase could not exchange with the 
organic cation at the edges of the mineral The 
potassium thus would not be able to move mto the 
mterlayer spaces Undoubtedly the mechanism of 
cation movement into the lattice is diffusion along 
cation exchange sites: In order for this to occur, the 
potassium must be able to exchange with other ions 
on the cation exchange complex If the cation 
exchange complex were ‘clogged’ with 10ns which 
potassium could not displace, the potassium would be 
unable to enter the mternal vermiculite surfaces 

In soils, a large number of different kinds of organic 
molecules appear as the result of the decomposition of 
organic matter Some of the organic molecules used 
m this work were more effective than the ammonium 
10n in preventing potassium absorption, while histi- 
dine, a possible product of decomposition of organic 
matter, was almost as effective as the ammonium ion. 
Organic molecules may play an important part ın the 
1elease and fixation of potass1um by vermiculitic clays 
in soils The complete lack of effect of the n-butyl- 
amine 10n on potassium absorption was anomalous 
since all the other compounds used ın these experi- 
ments had some effect This amine apparently did 
not compete with the potassrum for cation exchange 
sites 

The apparent interaction of organic compounds in 
potassium reactions with vermiculite may be of 
importance 1n soils contamung this mmeral Fixation. 
&nd possibly release of potassium, may be modified 
by the presence of certain organic compounds 

M M MORTLAND 
Michigan Agricultural Experiment Station, 
Kast Lansing, Michigan 


! Walker, G F , Nature, 184, 1392 (1959) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the publac) 


M onday, November 6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 4 pm —Dr M.A Floyer 
“Possible Factors in the Mechanism of Hypertension” * 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (m the Joint 
Staff Common Room, University College, Gower Street, London, 
WwW g D at 530 pm—Dr W H Thorpe “The Idea of Emergence 
in Biology" 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATION SECTION (at Savoy Place, London, W C 2), at 5 30 p m — 
Mr R G Medhurst “The General Problems of FM Multi-Channel 
Communications" 


UNIVERSITY OF LONDON (at King's College, Strand, London, W C 2), 
at 530 pm—Dr F A E Pran and Dr G F Elhott “Ballistic 
Missiles and Nuclear Weapons—Nuclear Physics” * (Fourth of seven 
eh a in War Studies Further lectures on November 13, 20 and 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
at 530 p m —Prof J Meixner (Aachen) “On the Theory of Linear 
Passive Systems" * (Further lectures on November 7 and 9) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SEOTION (at 14 Belgrave 
Square, London, SW 1), at 6380 pm.—Dr N Goodway ‘The 
UKABA andits Relations with Industry” 


SOCIETY OF INSTRUMENT TECHNOLOGY, CONTROL SECTION (at 
Manson House, 26 Portland Place, London, W1), at 7 pm—Mr 
P R Wyman “Semiconductor Diodes and Rectifiers ın Control 
Engineering’, Dr G D Bergman “The Transistor in Control 
Engineering". 


ROYAL INSTITUTE OF CHEMISTRY (Joint meeting with the WOOLWICH 
POLYTECHNIO SCIENTIFIC SOCIETY, at the Woolwich Polytechnic, 
Thomas Street, London, S E 18), at 7 30 pm —Prof € W Davies 
"lon Exchange Resims" 


Tuesday, November 7 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C1), at 115 pm —Prof G C 
Allen “The Impediments to Britain's Industrial Progress" * 


SULGRAVE MANOR BOARD (n the Joint Staff Common Room, 
University College, Gower Street, London, W C 1), at 5 pm —Mr 
Stephen Toulmin ‘‘Science and the National Mind", (Further lectures 
on November 9, 14 and 16) 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 530 pm—Dr H E Huxley “Structural Aspects of Muscular 
Contraction” * (Seventh of seventeen lectures on “The Scientific 
Basis of Medicine” organized by the British Postgraduate Medical 
Federation ) 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdeage Walk, Westminster, London, 8 W 1), at 6 p m 
— Discussion on “Refrigeration Lubrication” 


UNIVERSITY OF LONDON (m the Library of the Institute of Bankers, 
10 Lombard Street, London, EC), at 6 pm —Prof D T Jack 
“Industral Relations" * (Second of five lectures on ''Britain's 
Economic Future” organized by the Department of Extra-Mural 
Studies and the Institute of Bankers ) 


SCIENCE FORUM (at Friends House, Euston Road, London, N W 1), 
2 (d m —Prof L S8 Penrose, FRS “Genetics, Radiation and 
e Future”. 


Wednesday, November 8 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 2 p m —Dr C P Stewart 
** Acid-base Metabolism 1n Modern Terms'* * 


BRITISH INSTITUTION OF RADIO ENGINEERS, MEDICAL ELECTRONICS 
GROUP (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, W C1), at 6 pm —Mr E L 
Gregory and Mr E A Piper "Electronics in Chromatography” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S W 1, at 6 pm —Dr H E Merritt ‘‘Gear- 
Tooth Contact Phenomena’’ 


SOCIETY OF CHEMICAL INDUSTRY, Food GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 15 p m.—Dr H E € Powers “Crystal- 
lization of Sucrose” 


BRITISH INSTITUTE OF MANAGEMENT (at the Connaught Rooms, 
London, WC 2), at 6380 pm —Field-Marshal the Viscount Slim, 
KG “Leadership” (Seventh Elbourne Memorial Lecture) 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP 
(at “The Feathers”, Tudor Street, London, E C 4), at 630 pm — 
Discussion Meeting on '"Derivatography as a New Thermoanalytical 
Method" introduced by Prof L Erdey (Budapest University). 


WOMEN’S ENGINEERING SOCIETY (at “Hope House", 45 Great 
Peter Street, Westminster, London, S W 1), at 7 pm —Mr R Walles 
*"Windmille—Their Rise and Decline", 
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Wednesday, November 8—Thursday, November 9 


ZOOLOGICAL SOCIETY OF LONDON, and the ASSOCIATION FOR THE 
STUDY OF ANIMAL BEHAVIOUR (1n the Meeting Room of the Zoological 
Society of London, Regent’s Park, London, N W 1), at 1030 am 
daily—Eighth Symposium 


Wednesday, November 8 

“Evolutionary Aspects of Animal Communication”, 
Thursday, November 9 

“Imprinting and Early Learnmg" 


Wednesday, November 8—Friday, November 10 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2)—Conference on 
"Non-desiructive Testing in Electrical Engineering" 


Thursday, November 9 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C1), at 115 pm —Dr H Judith 
Milledge “Form and Colour in Nature” * 


Royat SOCIETY (at Burlington House, Piccadilly, London, W 1), 
at 430 pm—Mr M J Lighthil,F RS “Sound Generated Aero- 
dynamically” (the Bakenan Lecture) 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1) at 5 pm.—Dr Wm T Stearn ‘Some Puzzling 
Linnean Abbreviations", Mr P.R O Bally “The Retreat of Nature 
in Modern East Africa” 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W C 2), at 515 p m —Dr Harold Heywood 
"New Developments in the Use of Solar Energy” 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
at 530pm —Prof J Meixner ‘On the Theory of Lmear Passive 
Systems".* (Last of three Special University Lectures ) 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIO CONTROL 
GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6pm 
—Brains Trust on “Automatic Control" (Inaugural Meeting) 


xk 

OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W 1),at7pm—Dr R 8 Teeble “‘Applic- 
ations of Microwave Spectroscopy” 


RADAR AND ELECTRONICS ASSOCIATION (in the Lecture Hall of 
the Royal Society of Arts, John Adam Street, Adelphi, London, 
W C2), at 7 pm.—Dr W. F Hilton “Space Communications 
Part 2 Orbits and their Economics”. 


ROYAL INSTITUTE OF CHEMISTRY (at Croydon Technical College, 
Fairfield, Croydon, Surrey), at 7 30 p m.—Mr R B Collns “Modern 
Colour Photographic Processes''. 


Friday, November 10 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medieme, Keppel Street, Gower Street, London, W C1), 
at 530 pm —Prof F Fenner (Australian National University) 
ap aortas 2 Study of Evolutionary Changes in an Infectious 

1sease’”’ 


UNIVERSITY OF LONDON (at the Royal Holloway College, Engle- 
fleld Green, Surrey), at 815 pm —Mr Wilham Cooper “Science 
and Literature" 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9 p m —Prof W S Bulough ‘Modern Research on the Skin of 
Mice and Men" 


Saturday, November 11 


LONDON COUNTY COUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8 E 23), at 8 30 p m —Dr E J Lindgren 
*Reindeer Farming in Europe, Asia, and North America" * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LIBRARIAN (eraduate with some library experience)—- 
The Secretary and Registrar, The University, Highfield, Southampton 
(November 11) 

LECTURER Or ASSISTANT LECTURER IN PURR MATHEMATICS—The 
Registrar, The University, Sheffield (November 11) 

LECTURER or ASSISTANT LECTURER (preferably a specialist in the 
field of human geography with first-hand experience of a major overseas 
area outside Europe) IN GEOGRAPHY—The Registrar, The University, 
Leeds 2 (November 13) 

SCIENTIFIO OFFICER or SENIOR SCIENTIFIC OFFICER (honours 
graduate with appropriate traming and research experience), to work 
as a member of a team undertaking research on hill sheep nutrition — 
The Secretary, Hil Farming Research Organisation, 48 Palmerston 
Place, Edinburgh 12 (November 13) 

LECTURER in EXPERIMENTAL PHARMACOLOGY— The Secretary of 
University Court, The University, Glasgow (November 15) 

LECTURER IN PSYCHOLOGY at Rhodes University, Grahamstown, 
South Africa—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S'W 1 (South Africa and London, November 15) 

ASSISTANT LECTURER or LECTURER IN ANIMAL HUSBANDRY—The 
Sormien, The University, Liverpool, quoting Ref CV/T (Novem- 

er 
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LECTURER IN CYTOLOGY IN THE DEPARTMENTS OF BOTANY AND 
ZOOLOGY m the Faculty of Science—The Registrar, The University, 
Manchester 13 (November 18) 

LECTURER or ASSISTANT LECTURER IN STATISTIOS—The Registrar, 
The University, Sheffield (November 18) 

SOIENTIFIO ASSISTANT (with at least GCE at “0O” level in four 
subjects, cluding geography, with an interest in biology and a 
capacity for neatness and precision), for recording and mapping 
reported movements of locust swarms, copying-maps, and generally 
assisting in the geographical work of a small team—The Director, 
Pags s Research Centre, 1 Princes Gate, London, S.W 7 (Novem- 

er 

LECTURER (with an interest ın electronics or telecommunications) 
IN ELECTRICAL ENGINEERING at the University College of the West 
Indies—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W C 1 (November 29) 

CHAIR OF PHILOSOPHY IN THE SCHOOL OF GENERAL STUDIES, 
Australian National University—The Secretary, Association of Univer- 
sities of the British Commonwealth (Branch Office), Marlborough 
ears Pall Mall, London, 8 W 1 (Australia and London, Novem- 

er 

LEOTURERS IN THE DEPARTMENT OF PHYSIOS, University of the 
Witwatersrand, Johannesburg, South Africa— The Secretary, Associa- 
tion of Universities of the British Commonwealth (Branch Office), 
Marlborough House, Pali Mall, London, S W,1 (South Africa and 
London, November 30) 

PROFESSOR OF EXPERIMENTAL PHYSIOS— Ihe Registrar, The 
University, Nottingham (November 30) 

READER or SENIOR LECTURER IN ARCHAOLOGY at the University 
of Khartoum—The Registrar, University of Khartoum, c/o Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (November 80) 

LECTURER IN SEDIMENTARY PETROLOGY, to imtiate and direct 
research on sedimentation 1n Cardigan Bay and St George's Channel, 
as part of an investigation into the origin and geological history of 
this region—The Registrar, University College of Wales, Aberystwyth 
(December 15) 

LEOTURER or ASSISTANT LECTURER IN THE HISTORY OF SOIENCE 
at the University of Malaya, Singapore—The Secretary, Inter-Univer- 
sity Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (December 31) 

AGRICULTURAL OFFICERS (male, with a degree in agriculture or 
horticulture and at least two years postgraduate experience) IN THE 
DEPARTMENT OF AGRICULTURE, Tanganyika, for extension work among 
both African and non-Afmean farmers and experimental work on 
agricultural stations—The Director of Recruitment, Department of 
Technical Co-operation, Carlton House Terrace, London, S.W 1, 
quoting RC 213/145/01/C1 

ASSISTANT CHEMIST (male or female, with H NC ın chemistry or 
biochemistry or an equivalent qualification), for routme and develop- 
ment work—The Secretary, Wright-EFlemmg Institute of Microbiology, 
St Mary’s Hospital Medical School, London, W 2 

BIOCHEMIST (Basic grade) IN THE DEPARTMENT OF ENDOCRINOLOGY 
—The Hospital Secretary, New End Hospital, London, N W 3 

Cocoa OFFICER (male, under 45, with a degree in agriculture, 
preferably ın cocoa extension or development work) IN THE DEPART- 
MENT OF AGRICULTURE, British Solomon Islands Protectorate, to 
assist 1n cocoa development and extension of cocoa planting and pro- 
cessing—The Director of Recruitment, Department of Technical 
Co-operation, Carlton House Terrace, London, S W1, quoting 
RC 213/18/02/C1 

FISHERIES OFFICER (male, qualified biologist with an honours 
degree in a natural science, preferably zoology, and experience in 
research work) in Tanganyika, to investigate the ecology of inland 
waters 1n relation to fish production—The Director of Recruitment, 
Department of Technical Co-operation, Carlton House Terrace, 
London, S W 1, quoting BCD 63/8/012/C1 

HEAD (man or woman, honours graduate, preferably in physics) 
OF THE SCIENCE DEPARTMENT—The Headmistress, Sherborne School 
for Girls, Dorset 

RESEARCH ASSISTANT (British Empire Cancer Campaign) (bio- 
chemist, preferably holding a Ph D , with experience in enzymology), 
to work on the effects of steroids on tissue metabolism—The Depart- 
ment of Chemical Pathology, Royal Free Hospital, London, W C1 

RESEARCH OFFICERS (FISHERIES) (male, under 40, with an honours 
degree in natural sciences or equivalent qualification, together with 
at least one year’s postgraduate experience in appropriate research 
work) IN THE CO-OPERATIVE DEVELOPMENT AND FISHERIES DEPART- 
MENT, Hong Kong, for duty with & research team investigating the 
fisheries of the South China Sea, and to supervise the work of Assistant 
Research Officers~—The Director of Recruitment, Department of 
Technical Co-operation, Carlton House Terrace, London, S W 1, 
quoting RC 289/68/01/C1 

RESEAROH OFFICERS (with a first- or second-class honours degree 
in chemistry, biochemistry or chemical technology, or equivalent 
qualification, plus at least two years postgraduate experience) with 
the Federal Government of Nigeria, to carry out laboratory research 
and development work on Nigerian raw materials—The Recruitment 
Attaché, Nigeria High Commussion, 9 Northumberland Avenue, 
London, W € 2, quoting Ref E 14/1 

SENIOR LECTURER (man or woman) IN EDUOGATION—The Principal, 
Radbrook College, Shrewsbury 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Other Countries 


Department of Scientific and Industrial Research Road Research 
1960 ‘The Report of the Road Research Board with the Report of the 
Director of Road Research Pp 1v+138+8 plates (London HM 
Stationery Office, 1961) 7s net [258 
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Frank Mason and Co, Ltd Director's Report and Statement of 
Accounts for the year ended 31st March 1961 P 
Mason and Co , Ltd , 1961 ) Pio enaga as 
Gt en eee ee No 7 Chemical 
on in Civit Engineering Practice Pp xi 
Mechanics, Ltd , 1961 ) : i idR 268 
Privy Council Medical Research Council Special Report Series, 
No 300 Cerebral Infarction The Role of Stenosis of the Extra- 
cranial Cerebral Arteries By Peter O Yates and Edward C Hutchin- 
son Pp villt+ 95+20 plates. (London HM Stationery Office, 
1901) 14$ net, [258 
Department of Scientific and Industrial Research Geological 
Survey and Museum Geology and Ceramics a Brief Review of the 
Nature, Geological Occurrence, Processing, and Principal Industrial 
Applications of the Rocks and Minerals used in British Ceramic Manu- 
facture By Dr P J Adams Pp n+28 (London HM Stationery 
Office, 1961 ) 38 6d net [258 
The Edinburgh School of Agriculture , The Edinburgh and East of 
Scotland College of Agriculture Calendar for 1961-62 Pp 113 
(Edmburgh The Edinburgh School of Agriculture , The Edinburgh 
and East of Scotland College of Agriculture, 1961) 1s [258 
The North of Scotland College of Agriculture Calendar, 1961-62 
ioe.) ° (Aberdeen ‘The North of Scotland College of aati S. 
258 


Other Countries 


Indian Forest Bulletins (New Series) Entomolo No 171 (8 
A List of Insect Pests of Forest Plants m India and the renner 
Countries (arranged alphabetically according to the Plant Genera and 
Species, for the use of Forest Officers ) Part 9 List of Insect Pests 
of Plant Genera “S” (Sabia to Syzygium) By R N Mathur and 
Balwant Singh Pp 88 Rs 700nP,11s No 232 Insect Borers 
of Felled Timbers and Their Control Part3 The Dehra Dun Investi- 
gation of 1949-538 By Dr M L Roonwal, Dr. P N Shatterjee and 
R S Thapa Pp 11 Rs 1385nP, 3s Indian Forest Records (New 
Seres) Botany Vol 5, No 2 Lrvmg Indian Gymnosperms Part 1 
—(Cycadales, Ginkgoales and Coniferales) By M B Raizada and K C 
Sahni Pp. 1v+73-150+18 plates Rs 12 00nP, 19s Timber 
Mechanics Vol 1, No 11 Physical and Mechanical Properties of 
Woods Tested at F R I—Report X By G S Begliand D N Bhatia 
Pp 171-183 Rs 395nP,6s 6d (Delhi Manager of Publications, 
1960 and 1961 ) 258 

Anné Geophysique Internationale Participation Suisse a l'Expédi- 
tion Suéde/Finlande/Suisse—SFS, 1957-1959 Mesures des Parasites 
Atmosphériques, d’Electricité Atmosphérique et de Radioactivité de 
l'Air à Murchison Bay (Spitzberg), Payerne et Zurich Par Jean Lugeon, 
André Junod, Pierre Wasserfallen et Jean Rieker Pp 1+267 (Zurich 
Institut Suisse de Météorologie, 1960 ) 258 

Food and Agriculture Organization of the United Nations Animal 
Health Yearbook, 1960 Pp vim--311 (Rome Food and Agneulture 
Organization of the United Nations, London H M Stationery Office, 
1961) 15s , 3 dollars [258 

Publications de l'Institut National pour l'Etude Agronomique du 
Congo Série Technique No 63 Observations sur le Poids des 'Truieg 
de la Race Yorkshire Large White Par M Vandenbranden Pp 34 
(Bruxelles Institut National pour l'Etude Agronomique du Congo, 
1961) 25 francs 258 


94 
Bishop Museum, 1961) 225 
dollars [258 
Quarterly Journal of Crude Drug Research, Vol 1, No 1 (1961) 
Pp 40 Annual Subscription 24 75 guilders, 49s 6d , 690 dollars, 
2750DM,35 NF (Amsterdam Dr E F Steinmetz, 347 Keizers- 
gracht, 1961.) [258 
Institut Royal Metéorologique de Belgique Publications Séne B, 
No 82, Le Temps en 1960 Par R Sneyers Pp 50 (Bruxelles 
Institut Royal Météorologique de Belgique, 1961 ) [258 
United States Department of Agriculture The European Chafer 
How to Fight It, Pp 6 (Washington, DC Government Printing 
Office, 1961 ) [258 
Hypoxybiose und Mucopolysaccharid-Buldung un der Differen- 
zierung und Pathologie der Gewebe sowie uber den Zusammenhang 
zwischen Schilddrusenfunktion und Mucopolysacchariden Von Stefan 
Krompecher (Nova Acta Leopoldina, Nr 146, Bd 22) (Leipzig 
Johann Ambrosius Barth, 1960 ) (258 
Madjehs Ilmu Pengetahuan Indonesia. (Council for Sciences of 
Indonesia) Bulletin Nr 3 Indeks Madjalah Ilmiah 1960 (Indonesian 
Seientifle Periodical Index) Pp 89 (Djakarta  Madjels Ilmu 
Pengetahuan Indonesia, 1961 ) [258 
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CONTROL OF GOVERNMENT 


HE Council for Scientific and Industrial Research, 
since its constitution some four years ago, has 
been concerned with the most effective means of 
budgetary control of scientific research m Britain In 
rts 1958 report the Council pomted out that, while ıt 
was possible to estimate research needs fairly accur- 
ately two years ahead, this could only be done pro- 
visionally five years 1n advance, and, accordingly, the 
Councilsought as much flexibility as possible 1n allocat- 
ing the funds at 1ts disposal A year later the Council 
stated that the Treasury had agreed that, without 
prejudice to the rest of the five-year plan to which 
the Council seeks to work, the Council might enter 
mto commitments for research grants at a sub- 
stantially higher level than was possible with the 
sums provided in the plan and that this level should 
be reviewed year by year 
In the Council’s latest report, this policy was taken 
a stage further and the introduction was announced 
of an experimental scheme which should be more 
adaptable to rapid and unpredictable change Under 
it the Council proposes each year to try to forecast 
its needs for five years ın advance and to agree with 
the Treasury, subject to approval by Parliament, 
first the expenditure for the following year, secondly, 
reasonably firm estimates for the two succeeding 
years, and thirdly, less-definite estimates for the 
fourth and fifth years This means that each year 
the estimates will be raised and brought forward one 
year, so that expenditure of each year will be planned 
against a fairly clear indication of probable expendi- 
ture in the years mnmed3aately following and with 
some regard to longer-term plans Major departures 
from the estimates for the second and third years 
would only be made if there were important unfore- 
seen changes ın the scientific or financial situation 
This scheme seems to meet one comment made by 
the Select Committee on Estimates in its Fifth Report 
for the Session 1957-58, reviewing the work of the 
Department, when the Committee expressed the view 
that the tuming of the termination of a piece of 
research could be as important as the timing of its 
initiation, and welcomed, the Department’s practice 
of regular reviews, not tied to the approval of the 
annual programmes, working mdependently of the 
advisory boards of the establishments Strong support 
for this more flexible policy 1s now forthcoming from 
the Committee which, under the chairmanship of 
Lord Plowden, reported last June on the Control of 
Publc Expenditure* This support is perhaps the 
more significant, first because although the Plowden 
Committee was not appointed to deal specifically with 
scientific or technical expenditure, it quickly dıs- 
tinguished the difficulties which characterize the 
control of such expenditure to-day, and secondly, 
because the difficulties encountered by the Council for 


* Control of Public Expenditure Pp 33 (Cmnd 1432) (London 
HMSO, 1961) 1s 9d net 


NATURE 


485 


EXPENDITURE ON RESEARCH 


Scientific and Industrial Research arise not simply 
from the mounting cost of scientific work but also 
from the effect of interlocking decisions taken else- 
where, as ın educational policy, or in the fields of 
fuel, power, communications, space research, and the 
like 

Under the traditional system in Great Britain, as 
it developed m the nineteenth century and has con- 
tinued throughout the lifetime of successive Govern- 
ments to the present day, the tendency is for decisions 
on expenditure to be taken piecemeal It ıs increas- 
ingly apparent that, where science and technology 
are concerned especially, this system 1s wasteful and 
hable to cause frustration and waste of resources of 
finance and material as well as of man-power This 
is fully recognized by the Plowden Committee, and 
the core of 1ts proposals 18 the development and use 
by Government of long-term surveys of exponditure 
and resources. 

The report 18, m fact, a State paper of outstanding 
significance which deserves—and mdeed demands— 
close study by all who are concerned with the public 
finance of research and development and the most 
effective allocation of available resources It 1s a 
sequel to an earher report on Treasury Control 
of Expenditure from the Select Committee on 
Estimates ın 1958, and the Committee was appointed 
in the summer of 1959 Several confidential reports 
have already been submitted to the Chancellor of the 
Exchequer Mr Selwyn Lloyd, and his predecessor, 
and the present report is a consolidation of those 
suitable for publication and discusses more especially 
the principles and practice of the control of public 
expenditure It should stimulate exactly that con- 
structive thinking and foresight which are imperative 
in dealing with many of the proposals for research 
and development projects to-day. In the Judgment 
of the Commuttee, the crucial questions are not those 
of detail—the precise nature of the organization and 
chains of command within and between Departments, 
important though these are The real problems are 
the wider issues of the purpose which the Government 
organization ıs attempting, its attitudes, what it 
regards as important, and its approach to 1ts work 
on all matters involving public expenditure Such 
issues are not always clear-cut, nor do they lend 
themselves readily to specific recommendations, but 
the scientist or admunistrator who reads this report 
side by side, for example, with the concluding passages 
of Sir Charles Snow’s Sczence and Government, may 
find ıt a suggestive experience, for the whole report 
18 designed to indieate fruitful hnes of development 
in the future 

At the outset the Committee pays a handsome and 
deserved tribute to the work of the Civil Service 
which scientists should note. Changes, both ım scope 
and character, 1n the activities of Government durmg 
the past two decades have produced straims m 
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traditional stiuctures and practices, and Lord 
Plowden and his colleagues have been impressed, by 
the way the Civil Service has adapted itself to deal 
with these changes In particular, notable progress 
has been made m inter-departmental co-operation 
there 18 & growing realization that in place of smgle 
departments dealing with individual problems in 
comparative isolation, the public interest requires a 
team pursuing 1ts common objectives with a single 
purpose. This attitude of mind, and the readiness to 
initiate changes to mmprove control of expenditure, 
were manifested throughout the discussions between 
ihe Committee and the permanent secretaries and 
other officials of the major Departments Further- 
more, members of the Committee with experience of 
industry and commerce, and the specialist advisers 
who jomed them for the purpose, consider that the 
scale and quality of effort directed to the provision 
of management services m Whitehall compare 
favourably with standards outside Departments 
with nation-wide organizations appear to be con- 
ducted with real appreciation of the scope for 
application of management services 

The report deals, first, with the system of makmg 
decisions about Government expenditure, next, with 
the responsibilities of the Departments and of the 
Treasury in handling expenditure, and thirdly, with 
the question of Parliamentary control; while a final 
section contams some concluding observations on the 
future management of public expenditure The 
central problem 1s that of how to bring the growth 
of public expenditure under better control and contain 
1t within such limits as the Government may think 
desirable This 1s the matter to which the Plowden 
Committee devoted most attention, and 1t 1s 1mpor- 
tant that 1t should be clearly understood that its 
report 1s concerned with the control of expenditure 
within the limits laid down by policy, and not with 
the use of finance to concert policy In practice, the 
piecemeal decisions which the Plowden Committee 
criticizes can have the effect of confinmg or impeding 
policy, and the definite conclusion 1s reached that 
decisions mvolving substantial future expenditure 
should always be taken in the hght of surveys of 
public expenditure as a whole, over a period of years, 
and in relation to the prospective resources Ad- 
mittedly, judgments of the relative importance of one 
kind of expenditure or another may differ, but much 
of the criticism of Government expenditure in the 
scientific and technological field would lose its force 
if more care were taken to provide public opinion 
with the means for sound, mformed judgments 

The new situation ıs attributed to the social, 
pohtical and economic changes of the past two 
decades. Supply expenditure 1s now 22 per cent of 
the gross national product, compared with 12 per 
cent in 1930 and 6 per cent 1n 1910, while the public 
sector of the economy as a whole now employs about 
one-quarter of the total labour force and public 
expenditure of all kinds represents about 42 per cent 
of the gross national product Moreover, its in- 
creasing complexity, including the cost of advanced 
technological projects and scientific research, the 
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financing of commercial risks that the private sector 
cannot take, aid of many kinds to under-developed 
countries and social insurance schemes of unprece- 
dented scope, involve commitments several years 
ahead Further, the Budget 1s now seen as a 
sophisticated process in which the instruments of 
taxation and expenditure are used to influence the 
course of the economy, and the main weight of 
Parliamentary and public pressure 18 for innovations 
and improvements which cannot be effected without 
increases ın public expenditure 

To meet this situation, the Plowden Commuttee 
favours a reconstruction based on four elements. 
regular surveys of public expenditure as a whole, 
over a period of years ahead, and in relation to 
prospective resources, decisions involving substantial 
future expenditure bemg taken in the light of these 
surveys, the greatest practicable stability of decisions 
on public expenditure, so that long-term economy 
and, efficiency throughout the public sector have the 
best possible opportunity to develop, improvements 
in the tools for measurmg and handling public 
expenditure problems, mcludimng in particular major 
simplification of the form of estimates, modernization 
and clarification of the Exchequer accounts, and more 
widespread use of quantitative methods in dealing 
with these problems throughout the public service; 
and more effective machinery for takmg collective 
decisions and the bearing of collective responsibility 
by Ministers on matters of public expenditure 

One advantage of stability ın expenditure policy 
noted ın the report 1s regarded as the most important 
of all, although often overlooked. Such stability 
encourages sound planning by the Departments 
before the Government decision 1s sought. There 1s 
less danger of projects bemg rushed to decision to 
take advantage of a favourable event without being 
first subjected to adequate financial examination or 
measurement against other projects or means of 
securing the same purpose That, and failure to fit 
the project mto a rational expenditure pattern, can 
lead to great waste, and the major proposals in the 
first two parts of the report are intended to strengthen 
the organization agamst faulty decisions of all these 
types On that ground alone they deserve close study 
by the scientist, for 16 18 frequently in situations that 
arise out of scientific advance or technological change 
that the Government is required to act quickly and 
effectively and im the face of what appears to be 
great urgency, fanned by Parliamentary and public 
opinion Apart from mmproving the control of public 
expenditure, they could provide a real safeguard 
against such pressure leading to undue support in 
one sector of science or technology rather than 
another 

The Committee’s proposals are also designed to 
lead gradually to greater public interest in the 
priorities of expenditure, to stimulate academic 
thought about 1t, and to greater awareness of the 
implications and choices 1nvolved ın policies as they 
come forward. The Committee emphasizes, ın con- 
clusion, the importance of building up an informed 
public opinion on the whole subject Public opinion 
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has probably now come to accept that publie expendi- 
ture and private expenditure both have their place 
in the national life, and that what is required i8 a 
balance between them There are differences of 
opinion as to where that balance should be, nor is 
the balance easy to find, for insufficient 18 known as 
to the relation of public expenditure to the issues of 
erowth and solvency of the national economy Any 
Government, however, may find 1t difficult to mam- 
tain whatever balance 1t believes to be right in the 
face of the pressures, always powerful, to increase 
publie spending in the modern community, and the 
best system and most up-to-date techniques of control 
will only succeed if public opinion 18 actively stimu- 
lated and enabled to take a balanced view of the 
alternative uses of national resources that are put 
forward, and to bring to the consideration of problems 
of public expenditure and resources the same qualities 
of common sense and realism that the average house- 
hold shows all the tıme in handling 1ts own affairs 

As regards the tools of control of expenditure, 
proposals for a new lay-out for the Estimates have 
already been made by the Committee and these were 
published in a Treasury Memorandum included ın 
the Third Report from the Estimates Commuttee 
for the Session 1960-61* The Government has 
already accepted the Plowden Committee recom- 
mendation for these changes, and the present report 
meiely directs attention to one feature of the new 
lay-out, which ineludes for the first tıme for each 
Vote a statement showing how the total 1s divided 
between the categories used m the analysis in the 
National Income and Expenditure Blue Book The 
Treasury has also begun a review of the form of 
Exchequer accounts, but generally the Plowden 
Committee received the impression that insufficient 
study had been given both inside and outside White- 
hall to the effect of the size and composition of public 
expenditure on the growth and solvency of the 
national economy, nor have clear criteria been estab- 
lished to permit a rational choice to be made between 
different kinds of expenditure 

Developments envisaged in this 1eport will call for 
a wider application of mathematical techniques, 
statistics and accountancy to problems of public 
expenditure, and there may also be scope for the use 
of the techniques generally described as operational 
research Stress is laid on the advantage of seizing 
every opportunity for interchange of ideas and 
experience In management with people imn industry 
Further, since Parliament and public opmion no 
longer apply as systematic a restramt to public ex- 
penditure as they did in the past, the Plowden 
Committee suggests that some improvement 1s 
1equired in the arrangements to enable Ministers to 
discharge their collective responsibility for the review 
of public expenditure as a whole. Apait, however, 
from its stiess on the importance of efficient 
management, the report makes some comment on 
Parhamentary control, though ıt does not go deeply 
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into the relations between Parlament and the 
Executive ın the control of expenditure Here its 
main purpose 1s to show how Parliament’s influence 
and authority can best be brought to bear con- 
structively and in this respect i6 1s the complement 
of Basil Chubb’s book under the same title, just as 
the major part of the report 1s a natural counterpart 
of Prof S H Beer’s study, Treasury Control 

There is thus much 1n this report that needs careful 
study by those concerned with the organization of 
Britam’s research effort, whether in the purely 
scientific or the technological field The report sup- 
ports some of the proposals of the Select Committee 
on Estimates in its Sixth Report for the Session 
1957—58, but 16 would be interesting to see the report 
of Sir Claude Gibbs’s committee on managing and 
controlling research projects The emphasis on the 
interlocking of public expenditure, for example, 
should be particularly noted, while the affirmation 
that in terms of admunistration 16 1s unwise ever to 
attempt to make reductions or expansions in public 
expenditure by a process of equal percentage 
subtractions or additions all round will be warmly 
welcomed Departments cannot sensibly be treated 
equally, and steady or falling expenditures require 
Just as careful examination as those which may be 
rising 

In view of these pronouncements and the further 
emphasis on stability of expenditure, 16 is startling 
to find that the Council for Scientific and Industijal 
Research has suddenly, followmg the measures 
announced by the Chancellor of the Exchequer on 
July 25, suspended five major new grants that are 
imminent In the statement making this announce- 
ment, which concerns the grants for the nuclear 
reactors for Scottish universities, and for the Univer- 
sities of Liverpool and Manchester jointly, and the 
University of London, respectively, and for two radio 
telescopes for the Universities of Manchester and 
Cambridge, the Council expresses concern that, in 
view of the exceptional 1ate of expansion 1n numerous 
fields, the demands on 1ts funds for 1962-63 are likely 
to exceed the planned resources Until consideration 
of the detailed estimates for 1962-63 1s complete, the 
Department 18 unable to enter into new major com- 
mitmenis 

The manner 1n. which the announcement was made, 
however, suggests that an element of high politics 
has prevailed, all the more in that, as noted already, 
ihe Department has hitherto been almost unique 
among Government departments in usmg the system 
of estimates of expenditure for five consecutive years 
in advance On the face of 1t, the Council, whether 
yielding to higher pressure or not, 1s departing from 
its own practice and flouting the unequivocal recom- 
mendation of the Plowden Committee Much, of 
course, depends on how long the suspension proves 
to be The projects are all the outcome of discussions 
between the universities and the Department, and ıb 
wil not escape notice that meanwhile the radio- 
telescope for the Radar Research Establishment at 
Malvern 1s unaffected Long delay with the projects 
could warp development m two fields of science in 
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which Britain has established a leading position It 
18, in any event, difficult to reconcile the announce- 
ment with the need to consider long-term require- 
ments as well as the present situation which the 
Plowden Committee rightly stresses An early 
examination of the position by, and an authoritative 
statement from, the Minister for Science, who apart 
from this should be studying the Plowden Report 
with some care and urgency, seem imperative 

That ıs the more mmportant 1f the informed. public 
opimon on which the Plowden Committee rightly 
insists 18 to be built up, for full and accurate informa- 
tion 18 an essential basis for public confidence and 
sound judgment ‘The point is the more significant in 
that ın what ıs probably the weakest passage of the 
report, the Plowden Commuttee swings right against 
its concluding emphasis on informed pubhe opmion 
and appears to endorse a policy of withholding from 
publication the long-term surveys of expenditure, 
prospective development of mcome or economic 
resources Unless the maximum information 1s sup- 
plied, informed. discussion of the issues 18 1mpossible 
neither the perspective nor the basis for sound 
judgment 1s available, and Lord Hailsham might well 
reflect as regards the recent announcement by the 
Council for Scientific and Industrial Research, that 
1n the case of departures from accepted policy, frank- 
ness and full publicity are the more essential Secrecy 
is no basis either for confidence or sound judgment 


PARASITES OF MAN 


Introduction to Parasitology, with special reference 
to the Parasites of Man. 

By the late Prof Asa C Chandler and Prof Clark P 

Read Tenth edition Pp xu--822 (New York and 

London John Wiley and Sons, Inc , 1961) 788 


HE appearance of yet another edition of this 
well-known book will be welcomed by all parası- 
tologists, but their welcome will be greatly saddened 
by the knowledge that Asa Chandler, whose long hfe 
was devoted to the study of parasites and to the 
alleviation of the suffering caused by them to man 
and other animals, died while he was m the act of 
preparing this new edition Hus great achievements 
in research and the devoted service he gave to human 
and veterinary medicine, and also to biology in 
general, will always be remembered by workers in 
these fields all over the world, for Chandler laboured, 
and was well known, in many countries, and the long 
list of his publications proves not only the width 
of his biological interests but also the practical 
value of the detailed work he accomplished 
In 1918 he embodied his knowledge and experience 
in & book entitled Ammal Parasites and Human 
Drsease, the fourth edition of which was, in 1930, 
rewritten to provide a general introduction to parasi- 
tology , and the value of this second work was 
proved by the demand for further editions of it, its 
title being changed, ın 1940, to its present form Now, 
m this tenth edition, we are given the revision pre- 
pared by Prof Clark Read, who has succeeded 
Prof Chandler in the chair of biology at the Rice 
Institute, Houston, Texas Prof Clark has, he 
tells us in his preface, taken over full responsi- 
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bility for the chapters on the Protozoa and the 
helminths, that 1s to say, for 512 of the 796 pages of 
text, and he has rewritten the chapters on the arthro- 
pods with the aid of notes left by Prof Chandler 

The result ıs a volume which fully maintains the 
high standard of the earlier editions It deals prim- 
arily with the parasites of man, but references 
are also made to parasites of domesticated and other 
animals, especially to those which are important 
in one way or another to human hfe and affairs A 
notable change, which some readers will perhaps 
regret, 18 the deletion of the chapter on spirochetes, 
these organisms being now treated in & chapter on 
arthropod-borne organisms other than Protozoa, 
which also deals with the viruses, bacteria, Ricketts- 
vae and the group of organisms of uncertain system- 
atic position, such as Anaplasma, Eperythrozoon, 
Grahamella, Bartonella and Haemobartonella System- 
atics have never been emphasized in this book, 
though necessary classifications, not always those 
favoured by Enghsh workers, are given, together 
with keys for the identification of species The book 
has, ın fact, always been remarkable for 1ts exposition, 
in lively but not abstruse language, of the principles 
of parasitology, though it has always contained 
at the same time a great deal of detail cunnmgly 
woven into the text Prof Clark has maintained this 
combination of attractive style and detail and the 
text 18 now as up to date as any book, in these 
days of very rapid advances in knowledge, can hope 
to be. The references appended to each chapter 
and the list given of journals in which advances of 
knowledge are recorded, add, as the good index 
and the &bundant illustrations also do, to the value 
of the book Prof Clark 1s to be congratulated 
on his careful and competent completion of what 
must have been a difficult job G LAPAGE 


VoL 192 


TREES OF CONSEQUENCE 


The Eucalypts 

Botany, Cultivation, Chemistry, and  Utihzation 
By A R Penfold and J L Willis (World Crop 
Books) Pp xx+551+61 plates (London Leonard 
Hall (Books) Ltd; New York Interscience Pub- 
hshers, Inc, 1961) 80s net 


OMEONE reviewing a recent world conference in 
Brazil on eucalypt-growmg made the rather 
sombre observation that the Earth is becommg 
covered with eucalyptus trees The first specimen 
known to science was collected less than 200 years 
ago at Botany Bay on Captain Cook’s first voyage, 
and now plantations throughout the world are 
estimated to cover 3$ million acres The award of a 
volume in the series of World Crop Books 1s a mark of 
recognition of this success-story The genus owes 
its progress equally to its versatihty and its utility 
One species or another can be provided to suit a 
wide range of habitats, often growing with remarkable 
vigour and sometimes in places which other trees 
find discouraging 
The genus Eucalyptus is reckoned as having more 
than 500 recognizable species, of which many are of 
economic value In discussmg eucalypt as a crop- 
plant, 1t is essential that we be clear what species 
we are concerned with, and mevitably much of this 
book is taken up with botanical descriptions and 
means of distinguishing one species from another 
The first few chapters contain an account of the 
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genus, the characters of stem, flower and fruit. This 
leads up to sub-division of the genus and classification 
of the species, in which the system devised by 
Blakely 1s adopted. 

The central part of the book deals with the eucalypts 
as crop-plents, their cultivation, their mtroduction 
as a forest-crop in many countries, the diseases and 
pests to which they are subject In discussing its 
uses, the authors acclaim the genus as the most 
valuable source of hardwood in the world, good for 
structural work, for furniture, for sporting goods 
(Can those forceful Australian cricket-bats be made of 
eucalyptus?), for plywood and for fuel No less 
remarkable in the genus 1s the wide range of essential 
oils, on which the authors write with particular 
knowledge, and from which are derived such varied 
products as antiseptics, mhalants, perfumes, sheep- 
dips and stam removers 

In the last, and by far the longest, chapter an 
attempt 1s made briefly to describe each species, what 
it looks hke, where found, what conditions 1t needs, 
and what ıt 1s good for The book includes some 
maps to show where eucalypts grow, an extensive 
bibhography, & good subject index, and some plates 
of uneven merit The authors write clearly and 
competently, handling m orderly fashion a great mass 
of information This book will prove a valuable guide 
to all who have to do with the production or products 
of this great genus, the stature of which as a world 
crop seems certain to grow mightier yet 

I A RUSSELL 


COMPUTER DESIGN 


Computer Logic 

The Functional Design of Digital Computers By 
Dr Ivan Flores (Prentice-Hall Electrical Engmeer- 
ing Series) Pp xu+458 (London Prentice-Hall 
International, Inc , 1960) 45s 


Desgn Fundamentals of Analog Computer Com- 
ponents 

By Prof R M Howe Pp x+268 (Princeton, 

NJ D Van Nostrand Company, Ine , London 

D Van Nostrand Company, Ltd, 1961) 750 

dollars, 568 6d 


HE legend on the dust cover of the first of these 
be reads How computers are put together— 
how they work—how to use them" This deseribes 
the book better than the title It ıs not a text-book 
on computer design, but 1s addressed to the general 
scientific reader of whom a minimum 18 required in 
the way of engmeermg and mathematical back- 
ground Nevertheless, 1t contains a very solid treat- 
ment of logical design, the binary system, adders, 
multipliers, control units, mput and output devices, 
magnetic tape, and so on, all will be found described 
here, together with the usual ration of Boolean 
algebra and formal logic More attention 1s paid 
than ın simular books to the mechanical details of 
mput and output equipment 

Only a small part of the book 1s concerned with 
programming, but this part I found unsatisfactory 
lt seems a mistake, now that modifier registers are 
the order of the day, to introduce the reader first to 
the old-time procedure for modifying mstructions 
in the arithmetic unit The last chapter, on pro- 
gramming a particular scientific problem, 18 a veritable 
museum piece, and leads one to think that the author 
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must have been entirely msulated from the develop- 
ment of programming techniques It exhibits the 
most primitive form of machine language codmg 
possible, in which even the conversion of relative 
addresses in sub-routines to absolute addresses must 
be dcne by the programmer himself before his 
programme 18 punched In these days, even if a 
programmer does not use some form of automatic 
programming, he may expect to have the assistance of 
a more or less elaborate mput programme which 
provides, among other facilities, automatic relative 
addressmg The book would have been better without 
the last chapter 

The purpose of the second book 1s to give users of 
present-day analogue computers some idea of how 
these machines came to be designed as they were 
The author believes, quite rightly, that a complete 
understanding of the capabilities of an electronic 
analogue computer cannot be obtamed without a 
considerable knowledge of the component details 
and how they affect the computer solutions The 
book contains chapters on systems design, component 
accuracy, de amplifiers, multiphers, function gener- 
ators, recorders and miscellaneous equipment An 
important and valuable feature of the book 1s the 
large amount of detailed and comparative design 
information given about some of the better-known 
commercially available analogue computers The 
book 1s very well written, and those not themselves 
working in the analogue field may find ıb interesting 
as showing the remarkable way in which analogue 
computers have developed from the primitive devices 
that they were ten years ago to their modern form 

M V WILKES 


THE BACTERIAL CELL 


Synthesis and Organisation in the Bacterial Cell 
By E F Gale (Ciba Lectures in Microbial Bio- 
chemistry, 1959). Pp wu+110 (New York and 
London. John Wiley and Sons, Inc, 1959) 350 
dollars, 28s 


IN to The Times of August 14, the 
National Union of Students reported in a 
memorandum to the Committee on University 
Teaching Methods that they have received complaints 
of lectures m universities being ill-prepared, badly 
presented and giving only what 1s already available 
in books One wonders to what extent these criticisms 
apply to teachers of biochemistry Biochemical 
research 1s so prolific and occasionally so disturbing 
even to basic concepts that an unrevised text-book 
more than ten years old ıs scarcely more useful 
to & final honours student than last term's cell- 
free bacterial extract It is possible that there 
exist lecturers who fear that “to be intelligible 
is to be found out"! , but the same writer also 
affirmed that “‘the truth 1s never pure and rarely 
simple"? 

These three eminently mtelligible lectures by Dr 
Ernest F Gale are concerned with synthesis and 
organization in the bacterial cell, the truth about 
which grows increasingly complicated, but he selects, 
discusses and condenses into a small volume those 
findings from a vast accumulation of recent research 
publications which are of real significance The style 
18 lucid, the topics stimulating and the book beauti- 
fully presented thus, all readers will admire the 
electron micrograph of Plate I and the fluorescent 
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mieiograph of Plate ILI These lectures are a model 
of how to tackle one difficult task of a lecturer to 
final-year students, although no doubt such students 
made up only a very small proportion of his Ame1ican 
audience 

This task was to re-assess the findings of ten years 
ago in the light of those made ın the past two For 
example, Dr Gale shows that although many 
experiments concerned with amimo-acid inco1 poration 
into disrupted Staphylococe. contributed to our 
present knowledge of protem biosynthesis, some of 
the results were bewildering Now, they may be 
interpreted readily since knowledge of the chemical 
nature of the cell wall has advanced and 1t 18 realized 
that certain amino-acids may be incorporated into 
substances other than true protein The lecture 
reported in Chapter 1 deals with the structure of the 
bacterial cell, with an account of the cell wall and 
membrane, and Chapter 2 deals with amino-acid 
incorporation Chapter 3, on nucleic acid and piotein 
synthesis, 18 stimulatmg but the data are already in 
need, of a second reappraisal Since the lecture was 
delivered, the ribosomes in which bacteria are so 
rich and. which excited so much interest a few years 
ago seem no longer to hold their cential place in 
metabolism as templates for protem synthesis 
“Ribosomes are non-specialized structures which 
synthesize, at a given time, the protein dictated by 
the message they happen to contam”? As a conse- 
quence of the discovery of this type of RNA called 
messenger’, Dr Gale’s convenient nomenclature of 
rna and RNA, according to the size of the molecule, 
will need revision It is certain that present dis- 
coveries will lead to a tremendous spate of new 
publications, some of which will no doubt appear to 
be contradictory, and it 1s to be hoped that Dı 
Gale will be persuaded to survey the field of protein 
biosynthesis again in about a year’s time if only to 
lighten the burden of the harassed lecture: and his 
critical, if not angry, young audience 

The book contains few errors A glucosyl residue 
in Fig 2 lacks a hydroxymethyl group, while the apt 
quotation from Sir Thomas Browne omits whales 
from the hst of prodigious pieces of Nature given in 
the first authentic edition of Religio Medier (1643) 
and states that the civility of the httle citizens more 
nearly (‘more neatly’ ıs correct) (sets forth the 
wisdome of their Maker” S DAGLEY 


! Wilde, O O’F , Lady Wandermer s Fan Act 1 (1892) 
? Wilde, O O’F , The Importance of Being Earnest, Act 1 (1895) 
? Brenner, 8 , Jacob, F , and Meselson, M , Nature, 190, 576 (1961) 


POLYMER CHEMISTRY 


Preparative Methods of Polymer Chemistry 

By Wayne R Sorenson and Tod W Campbell 
Pp vm+337 (New York Interscience Publishers, 
Ine; London Interscience Publishers, Ltd, 1961 ) 
79s 


E b polymer chemist in search of a good method 
for the laboratory preparation of a particular 
polymer has in the past been obliged m many cases 
to carry out a tedious and time-consumung search 
through Chemical Abstracts, all too often with the 
frustrating result that the desired mformation ıs 
contained m an maccessible journal The appearance 
of a laboratory handbook which collects details of 
the great majority of polymer-formmg reactions 
and preparative data for a very wide range of poly- 
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mers will therefore be noted with interest and 
probably also relef by workers in all branches of 
this subject 

This cannot have been an easy book to write The 
field to be covered is very extensive indeed, it is 
expanding rapidly, and its sub-division into types of 
polymer or reaction 1s not always straightforward 
Experimental methods in the literature range from 
the most meticulous high-vacuum techniques with 
highly purified materials down to the crudest ‘cooking 
together’ m air of commercial-purrty reagents, so 
that the authors must have devoted a lot of thought 
to selecting the most suitable standards of procedure 
to adopt m a book of this type There exists also 
the difficult problem of the reliability of various 
published preparations—How 1s this to be judged ? 
It 1s therefore greatly to the authors’ credit that 
satisfactory solutions to all these problems have 
been. found 

After a short introductory chapter, some fifty 
pages are devoted to experimental techniques fo: 
the preparation fabrication and characterization 
of polymers The remainder of the book consists of 
detailed methods of preparation, divided into chapters 
headed ‘‘Polycondensation and Hydrogen Transfer 
Reactions", ‘“‘Addition Polymers from Unsaturated 
Monomers”, "Rang Opening Polymerization”, ‘“Non- 
classical Routes to Polymeis”’, and ‘ Synthetic 
Resins” Hach sub-section, contaimng a number of 
representative preparations, 1s preceded by a brief 
theoretical introduction outlning the principles and 
mechanisms involved, and giving numerous referencos 
to sources of more detailed theoretical treatment 
The experimental procedures, although mainly 
directed to polymer preparation, clude quite a few 
well-chosen examples of 1eactions on polymers 

The book has many features which deserve favour- 
ablecomment The importance of purity of materials 
1s stressed in Chapter 2 and agam on numerous 
occasions throughout the book The potential danger 
in many polymerizations 1s emphasized repeatedly, 
and where any particular preparation mvolves special 
hazard from the type of reaction or the poisonous 
nature of the materials, this 1s clearly stated ın bold 
type The book 1s very comprehensive, but on those 
occasions where topics are considered outside its 
scope, references to other sources of mformation aro 
given The hsts of references at the ends of tho 
chapters are most extensive, totalhng more than fivo 
hundred The methods mcluded are of a high enough 
standard (with few exceptions) to satisfy everyone 
but the most demanding research worker, who can 
easily modify the procedures to suit himself The 
details given ın the preparations are not the ove- 
abridged accounts which appear in some of our more 
space-conscious journals, but include numerous 
helpful comments The information is thoroughly 
up to date, few of the latest types of polymer-forming 
reaction are omitted, except (understandably) m 
the field of morganic polymers In addition to a very 
good general index, there are mdexes by initiator 
system, reaction system and functional groups I 
was impressed also by the clear type, attractive 
layout and good bindmg There are very few 
misprints 

This ıs a book which most polymer chemists would 
find useful It would also be helpful m connexion 
with undergraduate courses on practical methods of 
polymer chemistry It is an important addition to 
polymer literature which I recommend highly 

I C MoNziLL 
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Proceedings of the Natural 
Conference 

Kuala Lumpur, 1960 (Sponsored by the Rubber 
Research Institute of Malaya, with the support of the 
Government of the Federation of Malaya and the 
Rubber Producers’ Council of the Federation of 
Malaya) Pp x+986+x1x (Kuala Lumpur 

Rubber Research Institute of Malaya, 1961) 53s 8d 


ib volume constitutes a comprehensive review 
of present-day research relating to natural rubber 
Fiom the opening address the conference faced up to 
plogress in competitive synthetic rubbers and showed 
from the papers collected in this volume the mpres- 
sive and many-sided research activities designed to 
maintain and expand natural rubber production 

The longest section, 436 pages, deals with scientific 
study of Hevea brasilensis with the view of encourag- 
ing it to ever greater production of latex Several 
papers in each sub-section deal with nutrition of the 
tree, stimulation of latex yield on tapping, ground 
cover and weed control on the plantation, breeding 
and selection, pests and diseases A shorter section 
follows on the production of dry rubber with more 
stable properties and on modifying its properties 
at the latex stage or ın the manufacture1’s factory , 
& paper herem on factory processing of synthetic 
cis-polyisoprene indicates an absence now of an 
ostrich-like attitude towards such a synthetic com- 
petitor Chemistry and technology of latex occupy 
most of the remainder of the book 

The book 1s likely to be found by botanists and 
biochemusts to have interest ın the individual reports 
themselves, and as an object lesson ın the conceited 
effort on the one plant both from many diseirplines 
and from many countries Larger libraries collecting 
the literature of rubber will no doubt obtain it and 
many rubber technologists will find 16 interesting 
to browse through W E WATSON 
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Elements of Functional Analysıs 

By L A Liustermk and V J Sobolev Translated 
from the Russan by Anthony E Labarre, Jr, 
Herbert Izbıckı, and H Ward Crowley Pp 1x+ 227 
(New York Frederick Ungar Publishing Company, 
London Constable and Co, Ltd, 1961) 55s net 


N 1936, Liusternik wrote a report on fundamental 

concepts in functional analysis His summary of 
methods and results was expanded by Sobolev into 
a course of lectures, and the resulting account of the 
elements of functional analysis grew into the Russian 
edition of this book The date of the Russian edition 
1s not stated, most of ıt has the air of havmg been 
written fifteen or twenty years ago, and the general 
style and outlook is similar to that of Gelfand, 
Raikov and Shilov in their work on normed rings 
(about 1946) which at the time led many mathe- 
maticians to appreciate the power of the new methods 
There 1s an isolated reference to a paper published m 
1958 and a few others to publications of the late 
1940’s 

The first four chapters are devoted to spaces and 
operators ‘They are clear and concise, and as uscful 
an account as can be found anywhere of what every 
young functional analyst should know The leading 
ideas are necessary not only to the functional analyst 
but also for research ın almost any field Chapter 5 
mtioduces the reader to the methods of spectral 
theory by bounded self-adjomt operators, this 
will form a good background to the large amount 
of recent work The mention of non-linear analysis 
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in the title of Chapter 6 leads the reader to expect 
interesting and important developments, but the 
chapter ıs mainly concerned with rather heavy 
theorems on implicit functions and the calculus of 
variations J C Bunxi 


Theoretical and Experimental Physics 
By Dr H G Jerrard and Dr D B MeNelll 
xiv+624+6 plates (London 
Ltd, 1960) 758 net 


qq us book is primaiily a manual of laboratory 
work in physics, but has the advantage that 1t 
also contains a considerable amount of the relevant 
theory and &bout fourteen hundred useful references 
as well It should be of great value to university 
students who are studying physics to the pass-degree 
level and also, ın parts, to those taking an honouis 
course m physies 

Chapters 1 and 2 are essentially an introduction 
to the remainder of the book The former has three 
sections dealing with the representation of expert- 
mental results by means of graphs, experimental 
errors and units (including 1ationalized MK s units) 
Chapter 2 1s a very useful one and 1s devoted to a 
general description of some of the standard apparatus 
and equipment used in a modern physics laboratory, 
16 1s divided mto three parts, dealing with optical, 
electrical and more general apparatus 

The remaining chapters, 3—20, then describe experi- 
ments in mechanics, properties of matter, heat, 
acoustics, geometrical optics, physical optics, electri- 
city, electronics and magnetism ‘The presentation 
in these chapters is a very novelone The nght-hand 
pages contain a description of the experiments while 
the left-hand pages contam, 1n smaller type, material 
of a more advanced nature meant to amplify the 
work described on the right-hand pages The 
material on the left-hand pages may be omitted if tho 
reader so desires 

The appearance of the book ıs to be welcomed and 
1t should prove stimulating to both students and to 
those who teach them D H TREVENA 


Pp 
Chapman and Hall, 


Bibliography and Index of Geology and Allied 

Sciences for Wales and the Welsh Borders 
1897-1958 By D A Bassett Pp 376 (Cardiff 
National Museum of Wales, 1961) np 


HIS bibhography covers works on geology and 
allied sciences that either deal specifically with 
Wales and the Welsh Border country, or contam 
references to the geology of these regions The period 
covered 1s 1897-1958 Earlier works are listed in 
several published bibliographies the titles of which 
are given by the compiler 
The book 1s divided into a number of sections, the 
principal ones being a list of books, papers, etc, 
an author-mndex, and a subject-index There ıs also 
a useful section hsting unpublished higher degree 
theses on the geologv of Wales  'Phe first of these 
sections 1s further subdivided chronologically into 
sections for each year This does not make for ease 
of reference if, for example, one wishes to consult 
all the works of a single author, Again, the compila- 
tion of a subject-index 1s a task which must inevitably 
be affected by the personal equation This one ıs no 
exception, and ıt would be easy to fault ıt Asa whole 
this bibliography seems somewhat over-elaborate, 
but nevertheless as a work of 1eference ıt will un- 
doubtedly prove valuable to all workers in the field 
of Welsh geology V A Evrzs 
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A SURVEY OF NEW PENICILLINS 


By PRor ROBERT KNOX 
Guy's Hospital Medical School, London, SE.I 


INCE Fleming’s discovery of penicilhn in 1929: 
and its later development by Florey and Chain 
and their collaborators? many new antibiotics have 
been discovered, some of them active against organ- 
isms not affected by penicillin, others with a broader 
spectrum of antibacterial activity. But penicillin 
(benzyl penicillm or penicillin G) 1s still in many ways 
the best It is effective in minute doses against 
sensitive organisms, 1s often bactericidal, almost 
completely non-toxic, and does not show the rapid 
development of resistant mutants often seen with 
other antibiotics such as streptomycin However, 
penicillin G ıs rapidly excreted and comparatively 
ineffective by mouth, ıt 1s hable to give rise to hyper- 
sensitivity reactions, sometimes fatal, and the range 
of its activity 18 limited—for example, many Gram- 
negative organisms are insensitive to ıt Although 
most species of organisms do not become rapidly 
resistant to penicillin G either ın vitro or wn vwo, 
penicillinase-producing staphylococci all over the 
world have become an increasingly serious menace, 
especially 1n hospitals 
For many years 1t has been known that different 
types of penicillm were produced by Penzcilewm 
chrysogenum when cultural conditions were varied 
When appropriate precursors were added to the 
fermentation liquor, as in the production of benzyl 
penicillin, chemical and microbiological assays of 
the penicillin formed were in agreement, but when 
the precursor was omitted from the fermentation 
liquor a substance was formed which gave the 
chemical reactions of a penicillin but had much less 
antibacterial activity. Kato? suggested that this 
was the penicillm nucleus which Sakaguchi and 
Murao* had claimed could be obtamed by splitting 
benzyl penicillin with an amidase Sheehan‘ reported 
that he had synthesized the nucleus, 6-ammopenicil- 
lame acid, but the chemical synthesis was difficult 
and the yields were low In 1959, Batchelor, Doyle, 
Nayler and Rohnson?, at the Beecham Research 
Laboratories, isolated pure 6-aminopenicillanic acid 
from fermentation liquors to which no precursor 
had been added'-? This was a discovery of the 
first importance and has deservedly been recog- 
nized as a major step forward in chemotherapy, 
both for 1ts practical results and for 1ts theoretical 
interest | 6-Amunopenieilanie acid could now be 
obtained in high yield from fermentation liquors 
with no added precursor As a result of this work 
new penicillins are being produced at bewildering 
Speed Some of these represent important advances 
m chemotherapy, others are not quite in that class 
but may have real advantages m special conditions, 
while others are interesting more because of their 
theoretical possibilities or because they may serve as 
prototypes for better models in the future But 
there has been a good deal of overlapping and 
confusion and in some cases the differences are only 
marginal It ıs therefore worth while to survey the 
present situation and to consider what ın fact has 
been achieved, what reasons there are for expecting 
further achievements in the future and what hght 


these penicillins may throw on the mode of action of 
penicillm and the origins of penicillin resistance 


The New Penicillins 


It was early realized that there were many penicil- 
bns which showed differences in antibacterial 
activity, for example, penicillin X. (p-hydroxybenzyl) 
or K (n-heptyl penicillin) But ıt was soon accepted 
that the most active for general purposes was benzyl 
penicillin or penicillin G At that time when we 
referred to the ‘penicillin’ type of antibacterial 
spectrum we meant the spectrum of penicillin G 

From 1953 onwards penicillin V or phenoxymethyl 
penicilin came into use!?-5 It is acid-stable and 
effective by mouth It has much the same spectrum 
of antibiotic activity as penicillin G, but there are 
differences, some of which may be important 

The first ‘synthetic’ penicillm was phenoxyethyl 
penicillin or phenethecillin (‘Broxtl’, ‘Syneullin’)18-18 
Like penicillin V 1t 1s effective by mouth The 
relative merits of phenethecillm and penicillm V 
have been disputed. Phenethecillm gives higher 
blood levels than penicillin V, but agamst most 
sensitive species of organisms its ın viro activity 18 
less However, phenethecillin 1s more active ın 
vetro than. either G or V agamst some strains of pen1cil- 
linase-producing staphylococci!®-*4 

Shortly after this the discovery of methicillin 
(‘Celbenin’)*5-84 was announced Methicillin was the 
frst penicillin with considerable activity agamst large 
inocula of both penicillin G-sensitive and resistant 
staphylococci The value of this discovery can 
scarcely be exaggerated Methicillin has found an 
accepted place in the treatment of resistant staphylo- 
coccal mfections®® It has also great theoretical 
interest Besides bemg highly resistant to the action 
of staphylococcal penicillinase, ıt ıs a powerful 
inducer of the enzyme Staphylococci are thus 
stimulated to form the enzyme by an inducer which 
they cannot use as a substrate and therefore cannot 
destroy Methicillin, however, has its defects 
Although adequate blood levels can be obtained 1ts 
antibacterial activity against staphylococe: 18 of the 
order of 1-4 ugm/ml as compared with about 
0 02 ugm /ml for the activity of penicilin G against 
sensitive staphylococc: Methicillin 18 not effective 
by mouth and mjections are sometimes very painful, 
though this difficulty can be overcome’ 

Phenoxypropyl penicillm (PA 248, Pfizer, Ltd )** 
was reported to be slightly more active sn vtro than 
phenethecillin agaist penicillinase-producing staphy- 
lococc1. But ıt does not approach methicillin in 
activity against large mocula of these Against 
other coccal infections i6 seems to have about the 
same activity as other oral penicillins such as penicillin 
V or phenetheeilhn 

Recently, new ground has been broken by the 
announcement that 6[D(—)«-ammophenylacetamido] 
penicillanic acid or «-ammobenzyl penicillin (‘Pen- 
brrtin’)®?-*9 has been synthesized at the Beecham 
Research Laboratories and tested experimentally 
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Side-cham 6-amino penicillanie acid residue 


Fig 1 General formula of a penicillin (1) Site of action of 
penicillin amidase (splitting the amide linkage) (2) Site of action 
of penicillinase (giving rise to penicilloic acid) 


and clmically It shows considerable activity agaist 
many organisms against which penicillin Gis relatively 
ineffective, including many of the Gram-negative 
coliform organisms such as E colh itself, Proteus, 
Salmonella, Shigella and H nfluenzae It 1s thus 
the first broad-spectrum penicillm and ıs there- 
fore of great practical and theoretical importanoce!! 
Clinically ıt promises to be useful m the treatment 
of urmary infections and chronic bronchitis and in 
many gastro-intestinal infections, especially typhoid 
fever Its spectrum of activity 1s similar to that of 
the tetracyclines and chloramphenicol It has 
considerable activity agamst the cocci and other 
organisms naturally sensitive to penicillin G 

The penicillins so far discussed have all shown 
sufficient promise to justify their commercial produc- 
tion for clinical use Two other substances should 
be mentioned here because of their great theoretical 
interest and importance 6-Ammopenicillanic acid 
itself, the penicillin nucleus, is the starting pomt 
for the synthesis of many new penicillins, exther 
chemically or by means of amidases which occur m 
many species of micro-organisms Amuidases can 
also hydrolyse penicillms mto the free side-chain 
and 6-aminopenicillanic acid‘?:43 This type of action 
18 quite distinct from the openmg of the Q-lactam 
ring which occurs when 6-ammopenicillanic acid 1s 
acted on by penicillmase These two types of 
enzymic action are shown in Fig 1 

Cephalosporm C 44 has a nucleus, 7-amimocephalo- 
sporanic acid, which consists of a B-lactam ring, fused, 
not with a thiazolidine ring as in 6-ammopenicillanic 
acid, but with a 6-membered sul- 
phur-eontaming dihydrothiazme 
ring Cephalosporm C and related 
substances have some of the proper- 
ties of penicillins Cephalosporm C "D 
itself like methicillm 1s very stable Qu ahaa 
to staphylococcal penicillinase and E 
1s also a powerful inducer of the 
enzyme But tts antibacterial 
activity is very low Although re- 
cently considerably more active 
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induce penicillinase and finally antibacterial activity. 
To be of real clinical value, a penicillin must 1f possible 
be non-toxic, active m the presence of protem, 
capable of producing adequate levels in blood m 
therapeutic doses, and, if 1t 18 to be given by mouth, 
acid-stable The new commercially produced peni- 
eihns have all these properties—except methicillin, 
which 1s ineffective by mouth So far as 18 known, 
patients hypersensitive to one penicillin are hkely 
to be hypersensitive to another, but more clmical 
and experimental evidence ıs needed It ıs not even 
certa:xn how frequent hypersensitivity to the older 
penicillins really 1s Some reports have suggested 
that allergic reactions, many of them serious, are 
becoming more frequentí A recent survey*, 
however, shows that of 35,496 patients attendmg 
clinies for penicillin injections only 255 (7 2 per 1,000) 
showed reactions, and only 9 patients showed mod- 
erate or severe ‘anaphylactic’ reactions But the 
frequency of reactions increased up to 66 per 1,000 
1n patients recoiving large doses for several days 


Antibacterial Activity, Penicillinase Stability and 
Induction of Penicillinase in Different Penicillins 


The three functions of antibacterial activity, of 
stability to penicillmase and of capacity to induce 
penicilhnase can to some extent be segregated in 
different penicillins’? This segregation gives the 
facts on which some useful working hypotheses may 
be based It will be useful to start by comparing 
the antimicrobial activity of these different penicillins 
m terms of their stability to penicillmase (Table 1) 
With staphylococci sensitive to penicillin G 1t seemed 
at first as though the more easily a penicillin was split 
by ypenicillimase the greater was its antibacterial 
activity But the correlation no longer holds with 
a-aminobenzyl penicilli, which 18 much more easily 
hydrolysed by penicillinase than penicillm V or G, 
yetrather less effective against sensitive staphylococci 
With penicillinase-producing staphylococci, at first 
sighs it seems that the more iesistant 16 18 to penicil- 
linase the more effective will a penicillin be With 
large mocula this 18 true, but not with small Small, 
and sometimes even moderate, mocula of these are 
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Antibacterial Activity Hydrolysis by Induction of 


Name Gram+ Penase+ Gram staphylococcal staphylococcal 
cocci staph neg rods eniciilinase  penicillinase 
+++ - a) ++ + 


derivatives of cephalosporm C have C» ee, uv WF ne me M 
been obtamed the activity is still bis broxil, synclllin) 
less than that of penicillm G 
Some of the main characteristics ( »- O—CH—CO-Phenoxypropl ++- (8)  - e T 
of these penicillins are summarized da (Done 
in Table 1 f 
CH} 
Different ‘Functions’ of Penicillin eens 
CO 2 6 dimethoxy- + + — = ++ 
There are at least seven ‘functions’ phenyl ee ei) 
or activities of a penicillin to be OCH3 (BRL 1241) 
considered—toxicity, activity in the {> pe eee u E . S į 
presence of protein, acıd-stabılıty, | (BEL 1341) 
pioduction of hypersensitivity, ux MEN rm pe xeu G) (d) 
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more sensitive to phenethecillin o1 phenoxypropyl- 
penicillin than to either penicillm G or methicillin, 
despite the fact that both are slightly more stable 
than penicillm G and very much less stable than 
methicillin to staphylococcal penicillmase <A peni- 
cillm stable to one penicillinase ıs not necessarily 
stable to others Methicillm 18 only slowly attacked 
by staphylococcal penicillinase but 1s more vulnerable 
to B cereus penicillinase and probably to penicillinases 
from some strains of Proteus** (though 1t has not yet 
been proved whether destiuction of methicillin by 
Proteus 1s due to an amidase or a penicillmase) The 
only highly active ‘Gram-negative’ penicillin so fai 
available, «-aminobenzylpenicullin, is the most sus- 
ceptible of all to staphylococcal penicillinase*’ 

There 1s a closer correlation between the stability 
of a penicillin to penicillmase and its capacity to 
induce the enzyme ın that species (see Table 1) With 
6-aminopenicillanic acid itself both the rate of 
hydrolysis by staphylococcal and B cereus penicil- 
hnase and its ability to mduce enzyme formation 
seem to vary considerably with the conditions used 
For example, Stemman's?? figures do not agree with 
those of Batchelor et al, who found that the pH 
for maximal speed of hydrolysis was different for 
6-ammopenieilanie acid and penicillin G, and that 
at their respective pH optima both substrates were 
split at much the same rate As regards mducing 
ability, 16 1s necessary to distinguish between the 
concentration required for maximal or half-maximal 
induction and the total amount of enzyme finally 
formed But while the relative ‘efficiency’ of 6-amuino- 
penicillanic acid and penicillm G as mducers of 
penicillins is likely to depend greatly on the condi- 
tions used, for example, pH, evidence so far aval- 
able4?»4® suggests that neither 1s as good an inducer 
as methicillin 


Structural Basis for the Activity of Different 
Penicillins 


With several enzymes, notably succinic dehydro- 
genase5?-5? and cholinesterase®’, a good deal 1s known 
about the relation of molecular structure to specificity 
of action Similarly, the new penicillins are already 
begmning to give a clearer pietuie of the relation 
between the different aspects of penicillin activity 
Considering first the enzyme-substrate aspect, we 
may picture a penicillin molecule diagrammatically 
(Fig 2) as having a number of specific groups which 
become anchored, to complementary groups on the 
‘active patch’ of the enzyme penieilhnase If the 
fit between the penicillin and the enzyme 1s good 
enough then carbon atom (7) 18 pulled away from 
nitrogen atom (4) (Fig 1), the -lactam ring ıs 
opened, the penicillin ıs hydrolysed, and another 
penicillin molecule takes its place in apposition to 
the active patch of the enzyme, and so the process 
continues A penicillin resistant to penicillinase 1s 
one in which sufficiently close contact cannot be 
achieved for the sequence of reactions which result 
in the splitting of the B-lactam ring This might be 
because other gioups such as the two methoxy groups 
m methicillin cause steric hindrance, or, as in cephalo- 
sporin C, because the molecule 18 not quite of the 
right shape for the necessary contacts to be made 
with receptors on the enzyme suface all along its 
length For induction, however, there may not be the 
need for ‘multi-point’ contact but only for 'anchormg' 
at a small number of key-pomts (I im Fig 2) The 
immediate precursor of the penicillinase molecule or 
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indeed perhaps the molecule 1tself may be regarded 
as having active groups on its peptide backbone 
corresponding to complementary groups on the 
penicillm molecule One of these might be the C=O 
group at C (7), others may be at the ends of the 
penicillin molecule In the uninduced enzyme the 
apposition between these complementary pans of 
groups ıs inaccurate The actual process of induction 
may consist of ‘straining’ the molecule of penicillinase 
(or enzyme-forming site)54 so that now the corre- 
sponding groups on the enzyme and the penicillin 
ean be anchored. perhaps by hydrogen bonds*?, 
perhaps ın other ways An inducer which ıs stable to 
penicilinase then would be one which can strain the 
enzyme molecule so that 16 1s now capable of hydro- 
lysing any penicillin which has the necessary groups 
on 1ts molecule But the penicillinase-stable inducer 
itself will not be hydrolysed because 1t lacks these or 
because other gioups on its molecule prevent contact 
with the corresponding receptors on the enzyme 
molecule The enzyme once induced will maintain 
its activity so long as 16 1s presented. with a penicillin 
—either with one which it can hydrolyse or with one 
which continues to maimtain the enzyme in the 
mduced state Pollock®® studied the capacity of 
different penicillins and penicillin derivatives to 
induce the formation of penicillinase m B cereus 
and established some of the structural requirements 
for induction The value of such comparisons will 
be greatly increased as new penicillins become avail- 
able 

The interactions occurring at the specific site may 
be regarded then as involving two main steps In 
the first, the inducer exerts on the pre-enzyme, on 
the enzyme-forming system. or on the actual enzyme 
the same forces that the substrate exerts on the 
enzyme (or the enzyme on the substrate) Thus 
both a substrate and inducer are, as 1t were, ‘cond- 
tioned’ for the next stage—the splittimg of the 
B-lactam ring But with an inducer which ıs not a 
substrate the actual splitting does not occur for the 
reasons already suggested 

It ıs less easy to construct a convincing model of the 
antibacterial activity of different penicillins | Cooper? 
has suggested that the process of attachment of 
penicillin to the receptor site in the penicillin-sensitive 
cell ıs associated, with the opening of the B-lactam 
ring, ın other words with a penicillinase-like reaction 
It 18 not known whether the receptor with which the 
penicillin reacts 1s a precursor of the enzyme penicil- 
linase, or the enzyme itself. o1 a “penicillim-binding 
component’ or enzyme-forming system which reacts 
with the penicillin molecule in such a way that either 
the penicillin destroys the cell or the cell destroys 
the penicillin®®5* Whichever of these alternative 
theories we adopt ıt seems clear that similar if not 
identical receptors are involved in penicillinase induc- 
tion and activity and in the antibacterial action of 
penicillin I have already suggested that for 
efficient hydrolysis of a penicillin to occur by means 
of the enzyme penicillinase there must be ‘multi- 
point’ contact all along the molecule with the corre- 
sponding active centres on the enzyme surface 
Similar, though not identical, closeness of fit may be 
necessary for antibacterial action, and the type of 
antibacterial action may be determined by the 
closeness of fit at different sites Two of these seem 
to be especially important—the ‘amide’ carbon and 
the first carbon beyond 1t on the side-chain 

Fig 2 represents diagrammatically the ways in 
which these different properties of a penicillin may 
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be related and suggests the follow- 
ing hypothesis The capacity to 
induce 3s a property of all peni- 
cillins and it depends partly 
on the length of the molecule 
When induction occuis the surface 
of the enzyme or the enzyme- 
forming system 1s strained so that 
it 1s brought into intimate contact 
with the two ends of the molecule 
and with carbon (7) 1n the B-lactam 
ring The induced enzyme can 
be regarded as being under some 
sort of tension, and 16 1s only when 
1b 18 brought into intimate contact 
in this way with these key-pomts 
that the rest of the molecule is 
able to exert its hydrolytic effect 
Fig 2(la) shows the situation 
that may exist with benzyl peni- 
clhn when ıt ıs brought into 2 
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apposition with an active penicil- a ae SS S 
lnase For maxımal Gram-posı- = Kr eee ey X n 
tive activity the area marked in 4S V - 
the diagram must be brought into ÁN Ea ES DE z 
apposition with a cell ‘receptor’, E — EE SEEN 5 
which may be the same as & n j = - 
receptor on the enzyme surface, m G H 
for maxımal Gram-negatıve actıv- $A NEG) tty TEN 
ity the area marked Gram-nega- a 7 VES 
tive must be brought into apposi- e et 
tion with the corresponding eem site site 
‘Gram-negative’ area The pen: 
cillinase-stable methicillin can still Fig 2 


induce, but splittmg of the Q- 
lactam ring ıs impossible (Fig 2(2)) There 1s still room 
for some Gram-positive activity with penicillins of this 
kind but the Gram-negative activity must necessarily 
be lost, m other words, the very steric hindrance 
which makes a penicillm of this kind resistant to 
penicillmase will make ıt ineffective agamst the 
Gram-negative organisms which have a receptor 
surface which must be brought into close contact 
with one of the side-chaims attached to the carbon 
next to the aromatic rmg This activity 1s greater 
when one of the hydrogens ın penicillin G 1s replaced 
by NH, (Fig 2(15)), which brings about close contact 
with the ‘Gram-negative’ site 

At the cellular level, there have been many theories 
about the site of the action of pemicillm Many of 
the earlier observations can be explained in the hght 
of recent evidence that penicillin interferes with the 
incorporation of amino-acids into the cell-wall and 
thus with the synthesis of cell-wall mucopeptide®’ 
Rogers and Jeljaszew1ez5? have shown that the order 
of effectiveness of different penicillins 18 the same for 
both antibacterial activity and interference with cell- 
wall mucopeptide synthesis 


Resistance to Penicillin in Micro-organisms 


With penicillm G clinically significant resistance 18 
almost unknown except with the staphylococcus 
Other organisms such as hemolytic streptococci, 
pneumococci, menmgococci and others have remained 
fully sensitive to penicillin G In staphylococcal 
infections clinical failure ıs associated with the 
emergence of penicillinase-producing  strains5®»6° 
These, though capable of destroying large quantities 
of penicillin when once the enzyme has been induced, 
are inherently sensitive to ıt and may be destroyed 


by 1t 1f they cannot produce penicillmase quickly 
enough On the other hand, ın the laboratory 15 has 
proved easy to develop ‘inherent’ resistance of a non- 
penicillmase type in many different species of micro- 
organisms by serial sub-culture in gradually mereasing 
concentrations of penicillin It is uncertam whether 
& similar non-penicillinase type of resistance 1s likely 
to be of clinical significance 1n any infections except 
perhaps for the gonocoecus?! It is also uncertain 
exactly how the peniclhnase-produemg types of 
staphylocoeei which are clinically so important 
actually arose It ıs doubtful whether there is any 
proved case cf the emergence of penicillimase-produc- 
ing staphylococci of the same phage type from an 
originally sensitive strain durmg the treatment of 
an individual patient with penicullm Thus penicillin 
shows the apparently paradoxical features of slow 
development of resistance and rapid spread of ‘resis- 
tant’, that is penicillimase-producing, strains by 
‘eross-infection’ 

It will therefore be particularly interesting to see 
what happens with new penicillins With methicillin 
a survey was carried out by Jevons at the Pubhe 
Health Laboratory, Colmdale®? Of 4,430 strams from 
different regions only one showed increased resistance 
to methicillm So far ıt seems that methicillin- 
resistant mutants occur even more rarely than did 
penicillin G-resistant mutants in the early days of 
penicillin They have not so far been found to 
destroy methicillm In this respect they are rather 
more like the penicillin-resistant mutants produced 
by selection m the laboratory than naturally occurrmg 
penicillmase-producing strains Experiments we 
have carried out in our laboratory? have shown 
that staphylococci resistant to methicillin, whether 
naturally or by artificial selection in the laboratory, 
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also show ‘inherent’ resistance to all other penicillins 
sested But with a mutant naturally resistant to 
about 25 pgm /ml of methicillm which showed 
'inherent! resistance to penicillin G, further selection 
of mutants resistant to 1 000 pgm /ml of methierllin 
was not accompanied by any further increase in 
resistance to penicillin G More -nformation 18 needed 
about the clinical mnportance and virulence of such 
mutants? and about cross-resistance in different 
penicillins 

So far we have considered penicillin resistance 
almost entirely 1n staphylococci, but the new 'Gram- 
negative’ penieihn, «-amunobenzyl pemeillin, will 
raise some new problems  Rolnson and Stevens” 
have pointed out that there 1s evidence for a penicil- 
lmase type of resistance im some strains of E coh, 
Proteus vulgaris and A aerogenes It is clear now 
that each new penicillin as it 1s produced creates 
special problems of its own Accurate information 
can be obtamed only if careful records are collected 
in a number of different centres as a base-line foi 
comparisons 1n the future 


Conclusion 


The isolation of 6-aminopenicillanic acid has already 
led to the discovery of penicillins with new properties 
and has given & new impetus to antibiotic therapy. 
The search for new antibiotics has become something 
more than an empirical screening of many groups of 
organisms for some new kind of antibiotie activity 
Deliberate and rational modifications to the penicillin 
molecule by the addition of specific side-chains have 
produced penicillins with different types of spectrum, 
and although the type of spectrum could not have 
been foretold from knowledge of molecular structure, 
once certain types of activity had been found, further 
modifications of the molecule could be made leading 
to improved activity of the kind desired There still 
remain groups of organisms untouched by any of the 
new penicillins, for example, mycobacteria, pseudo- 
monads and viruses But the broad spectrum activity 
of a penicillin such as «-ammobenzyl penicillin raises 
some hopes that further modifications may produco 
other broad-spectrum penicillins, even perhaps some 
with antiviral activity. Quite apart from these 
practical results the isolation of 6-ammopenicillanic 
acid has opened up a fascmating field for research 
The specific activity of different penicillins has raised 
many new questions about the so-called penicillin 
type of antibacterial spectrum and about the nature 
of penicillin resistance, and at the same time 16 has 
helped to provide some of the answers, which may 
be of great value in relation not only to penicillin 
and other antibacterial drugs but also to the speci- 
ficity of enzymes and their biosynzhesis The diagram 
(Fig 2) represents an attempt to put into concrete 
form some of the conclusions which logically follow 
from the facts known at the present tame It must 
inevitably be inaccurate in part and may even be 
regarded as a caricature of the facts If ıt does 
nothmg more than arouse constructive criticism 1% 
will have served 1ts purpose 
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TRANSFER OF STRATOSPHERIC FISSION PRODUCTS 
INTO THE TROPOSPHERE 


By D H. PEIRSON 


Health Physics Division, Atomic Energy Research Establishment, Harwell 


OST programmes of fall-out measurement are 

designed primarily to provide a regular 
inventory of the radioactivity from nuclear test 
explosions with the purpose of computing the radio- 
logical dose to human populations In addition, the 
radioactive debris during its passage through the 
atmosphere serves as a valuable tracer of meteor- 
ological processes. 

The significant parameters in this meteorological 
tracer experiment fall into two classes Measurements 
are made of the concentration ın air or m rain-water 
of (a) the long-lived fission products, as an index of 
the rate of fall-out, and of (b) the ratio of short-lived 
to long-lived fission products to give the ‘age’ of the 
debris, that 1s, the ratio of mixing between debris 
from recent and earher test explosions The mixing 
ratio 18 derived from comparison of the measured 
fission product ratio with that caleulated for a fresh 
mixture The data for several of these tracers is 
assembled in Table 1, using the yields from fission 
by 14-MeV neutrons of uramum-238 published by 
Cunninghame! and by Ford and Gilmore? 


Table 1 FISSION PRODUCT DATA 
Fission product Value of ratio 


Fission product Half-life ratio at date of fission 
Cesium-137 30 years Sr?9?/Sr?o 185 
Strontium-90 28 years Zr®5{/Cg157 145 
Cerium-144 285 days Ce!t/Csr? e 28 
Zireonium-95 65 days 
Strontium-89 50 dass 


The present discussion 18 concerned with the mixing 
between fission products from the ‘polar’ strato- 
spheric injections at 75° N ın October 1958 and those 
from earher injections, m particular from ‘equatorial’ 
injections at 11° N about June 1958 Evidence 
relevant to the transfer of fission products from 
stratosphere to troposphere will be presented in three 
forms, describmg the variation of the fall-out para- 
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mesers with latitude, time and with altitude This 
evidenee 18 based on measurements made at Harwell, 
which are ın substantial agreement with the results 
of work reported elsewhere, notably m the United 
States by Lockhart et al 3:4 


Variation with Latitude 


The vanation with latitude of the strontium-90 
content of rain-water has been published by Crooks 
et al» for the period 1957-59 The mam features of 
the variation, averaged over this period, is the rise 
to maximum values in the northern hemisphere in 
sub-tropical latitudes and above 60° N The relative 
distribution varies with season as ın Fig 1, which 
shows the mean concentrations of strontium-90 during 
the months Janvary—June and July—December 
Although the equatorial mununum ıs mamtaimed 
th-oughout the year. the distribution above 30? N 
1s comparatively uniform during the second half of 
the year. 

A qualitative impression of the origin of the fission 
products durmg 1958-59 may be obtained from a 
study of the ratio strontium-89-strontium-90 ın the 
same rain-water samples? The variation of this 
1atio with latitude is shown in Fig. 2 for three- 
monthly periods from July 1958 to September 1959 
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From October 1958 the ratio 
strontium-89 — strontium-90, and 
hence the ratio of polar to equatorial 
debris, remained substantially inde- 
pendent of latitude in the northern 
hemisphere In the period July- 
September 1958, however, strato- 
spheric fall-out from injeetions of 
fission products near the equator 
increased the ratio strontium-89— 
strontium-90 at low latitudes in 
both hemispheres 

The content of strontium-89 in 
samples collected during this period 
is assigned to a stratospheric 
source because of the behaviour 
of the ratio® strontium-89-strontium-90 with time 
In the southern hemisphere, the ratio decreases 
from June 1958 according to radioactive decay 
The same observation can probably be applied 
to samples collected ın the northern hemisphere, 
although im this case the record is confused by 
the arrival of fresh radioactivity from the test 
explosions of October 1958 If the strontium-89 
were primarily tropospheric, ıb would disappear 
more rapidly, at a rate consistent with a tropospheric 
residence-time of 30 days? 


Relative zirconium-95/eo»sgium-137 


1957 
Fig 4 Ratio zirconlum-95/cesium-137 at 47,000 ft relative to 4,000 ft 


Variation with. Time 


A periodic variation m fission product concentra- 
tions has been demonstrated^? for samples taken 
from the troposphere and from rain-water m tem- 
perate latitudes of the northern hemisphere It was 
suggested by Stewart et al? that the observed 
periodicity 1s consistent with the meridional cır- 
culation in the stratosphere postulated by Brewer!? 
io explain the low water content of the temperate 
stratosphere Recently, Goldsmuth and Brown!! have 
suggested that this ciculation 18 confined to the lower 
stratosphere. | Martelli? attributed the seasonal 
Increase mainly to rapid fall-out from Russian 
stratospheric imjections at high latitudes in the 
100 
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Fig. 3 Concentration of cesium-137 and cerium-144 in air near 
ground-level at Chilton, Berkshire 
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immediately preceding autumn and winter However, 
the sprmg maxima m 1955, 1960 and 1n 1961 followed 
autumns without stratospheric mjection, and it can 
be shown that & peak remains 1n 1959 after the effect 
of stratospheric injections durmg the previous autumn 
has been subtracted’ Tt 1s therefore probable that 
the seasonal cycle has a meteorological origin. 

In considermg the variation with time of the 
isotope ratios, ıt has already been noted? that at 
~ 55° N the ratio zircontum-95-cesium-137, m the 
case of tropospheric samples, and the ratio stron- 
tium-89-strontrum-90 (ram-water samples) decreased 
according to radioactive decay, indicating uniform 
mixing of new and old debris, during the first sıx 
months of 1959. About June 1959 a discontinuity 
occurred in the isotope-ratio curves This effect is 
repeated in the record® of cerrum-144-ces1um-137, 
shown in Fig 3, which extends the observations m 
air near ground-level at Chilton (Berkshire) until 
mid-1961. Owing to uncertamty ın the fission yield 
data, there 1s not exact agreement in the proportions 
of polar and equatorial debris calculated from the 
various isotope ratios Nevertheless, usmg the 
cerrum-I44-ezsium-137 results, ıb ıs clear that 
whereas during January-June 1959 the proportion in 
these samples of long-lived debris produced by the 
Russian polar mjections of October 1958 was about 
70 per cent, for the period from mud-1959 until 
mid-1961 this proportion decreased to a value not 
greater than 20 per cent. This lower proportion was 
maintained through the subsequent sprmg peaks in 
1960 and 1961, although the mdividual fission product 
activity varied by a factor of about five between 
spring and autumn 


Variation with Altitude 


This evidence is less general than the previous 
forms, ın that the observations at tho upper altitudes 
are restricted to the vicinity of the United Kingdom 
In January and February 1959 the ratio of polar to 
equatorial debris (measured by zirconrum-95-esesium- 
137) 1n the lower stratosphere at 47,000 ft and 
~ 55° N was simular? to that observed later in the 
troposphere.  Durmg the remainder of the year 
(Fig 4), the ratio zircontum-95-cesium-137 was 
significantly higher in the troposphere than ın the 
lower stratosphere?, implymg a higher proportion of 
polar debris m the troposphere 


A Model of the Transfer Mechanism 


The observations summarized above provide, in 
combination, a set of conditions that must be satisfied 
by any model of the transfer between stratosphere 
and troposphere One possible model will be deseribed 
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A, equatorial tropopause II October-December 1958 
B, temperate-polar tropopause III, January-March 1959 
I, July-September 1958 IV, April-June 1959 


that attempts to explam the behaviour of the debris 
from the stratospheric mjections ın 1958 (‘Hardtack’) 
at 11° N about June and Russian at 75° N. during 
October Because the measurements of fission products 
are reduced to monthly average values, the model 
cannot account for short-term meteorological changes. 

The movement of the debris 1s illustrated in Fig 5, 
which is a schematic diagram of the atmosphere 
showing stratosphere and troposphere separated by 
nominal tropopauses, equatorial and temperate-polar. 
Stratospheric fission products from the equatorial 
myjection passed readily through the gap between 
equatorial and temperate tropopauses (Period I of 
Fig. 5) On the other hand, the polar debris appeared 
in the troposphere only after reasonably complete 
mixing with older debris the mode of entry during 
the autumn of 1958 (II) appears to be mainly through 
the same gap, but also possibly through the tem- 
perate-polar tropopause 

It 1s only durmg the early months of 1959 (ILI) 
that a significant route appeared at high latitudes ın 
the temperate-polar tropopause, m temporary com- 
petition with the gap between equatorial and tem- 
perate tropopauses Since the area of a band of 
latitude decreases with increasing latitude, 16 should 
be noted that the high concentrations occurring pole- 
wards of 60° N refer to only a small proportion of 
the total activity of the fission product The timmg 
of this phenomenon 18 m accordance with the Brewer- 
Dobson circulation, in which the lower stratosphere 
ig suppled in mid-winter by a subsidence of cold 
polar air. Despite the two possible paths of entry 
durmg this period, tropospheric samples were of such 
uniformity in the ratio of fission products (Fig 2) 
that the two streams must have arisen from a well- 
mixed source of equatorial and polar debris The 
mixing of debris must have occurred either in the 
lower stratosphere or ın the troposphere If mixmg 
occurred m the troposphere, under the influence of a 
tropospheric circulation system, then 1t 18 difficult to 
reconcile the uniform distribution of the ratio 
strontium-89-strontrum-90 with the non-uniform 
distribution of strontium-90 (Figs 1 and 2) It 1s 
necessary, therefore, to postulate that mixing took 
place m the lower stratosphere to account for 
uniformity of the ratio of fission products, and that 
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the distribution of individual fission products with 
latitude 18 probably controlled by the points of entry 
through the tropopauses, assisted by the tropospheric 
circulation system 

In spring and early summer 1959 (IV), the exchange 
through the temperate-polar tropopause diminished, 
leaving the gap between equatorial and temperate 
tropopauses as the dominant path of entry. By this 
tıme the source of polar debris was largely exhausted 
and the supply to the troposphere contaimed a higher 
proportion of equatorial fission products 

This new mixing ratio was maintained from mid- 
1959 through 1960 and into 1961 (Fig 3), apparently 
undisturbed by the Brewer-Dobson subsidence that 
would occur in the winters of these years This more 
recent evidence suggests that any residual polar 
debris (October 1958) was stored higher ın the strato- 
sphere with equatorial debris from “Hardtack’ (1958), 
and probably from earlier test explosions such as 
‘Redwing’ (1956) and even ‘Castle’ (1954) The polar 
debris appeared as a small fraction of the well-mixed 
tropospheric semples collected durmg 1960 and 1961 
This fraction, calculated from the ratio cerrum-144- 
exsium-137, 1s consistent with a date of origi lying 
between November 1957 and February 1958 A 
similar calculation made by Parker and Crookall!’ 
for samples collected during 1960 gave a mean date 
of origm m April-May 1958 The two sets of experi- 
mental ratios of fission products are ın good agree- 
ment. the difference m estimated date 1s due to the 
assumption of different fission yields for the two 
isotopes 

It was observed that during most of 1959 the pro- 
portion of polar debris sampled in the lower strato- 
sphere over the United Kingdom was lower than in 
the troposphere It ıs difficult to fit this evidence 
into the scheme proposed in Fig. b Since ıt may 
represent a local anomaly, it 18 sufficient at present 
to note that 12 the latitudes of the United Kingdom 
tho stratosphere and the troposphere maintained 
separate identities durmg this period This suggests 
that the two regions of the atmosphere are supplied 
from reservoirs of radioactive debris by separate 
routes and that there 1s httle local mixing between 
them Alternatively, the difference in isotope ratio 
could be explamed by a wash-out mechanism in the 
troposphere that favoured selective removal of older 
debris, or by selective filtering im the air-sampling 
apparatus From other evidence both these explana- 
tions are unlikely 


Conclusion 


The variations of certam fall-out parameters, 
namely, the concentration and ratio of fission pro- 
ducts, have been summarized 1n relation to latitude, 
time and altitude These phenomena are influenced 
by the mechanism of transfer of fission products 
from the stratosphere into the troposphere 

A speculatrve model of this mechanism has the 
main features that follow, based upon the behaviour 
of fission products injected into the stratosphere in 
the summer and autumn of 1958 

Debris from the polar injection was well mixed 
with other debris before entry to the troposphere 
The tropospheric cuculation system may contribute 
to the distribution pattern of the debris with latitude, 
although this appears to be controlled by the points 
of entry through the tropopauses 

Well-mixed. debris escaped in the early months of 
1959 through the temperate-polar tropopause at 
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latitudes greater than 60° N This escape was prob- 
ably associated with subsidence of stratospheric aur, 
according to Brewer and Dobson, and suggests a 
virtual disappearance of the troposphere at these 
latitudes 

Most of the polar debris appeared in the tropo- 
sphere during the first six months of 1959 A small 
residue from the polar myjection may have lodged 
above the lower stratosphere This residue would 
have been brought down, together with older debris, 
durmg subsequent winter subsidences, and appeared 
as a well-mixed fraction of the fission product con- 
centrations measured durmg 1960 and 1961 

The proportion of polar debris m the lower strato- 
sphere above the United Kingdom m 1959 was lower 
than m the troposphere This effect may be restricted 
in extent and have no great sigmficance in & global 
model 


NATURE 


November 1l, 1961 


1 Cunninghame, J G, J Inorg Nucl Chem, 5, 1 (1957) 

* Ford, G P,and Gilmore, J S, Los Alamos pet LA-1997, Office 
of Technical Service, Washington, DC (1956) 

3 Lockhart, L B, Baus, R A, Patterson, È L,and Saunders, A W., 
J Geophys Res , 65 (6), 1711 Sor 

i Lockhart, L B, Patterson, ER L, Saunders, A W, and Black, 
RW,J Geophys Res , 65 (12), ‘aay (1960) 

5 Crooks, R N, Osmond, R G, Fisher, E M R, Owers, M J, and 
Evett, T Ww " Atomic Energy Research Establishment, Harwell, 
AERE R-3349 (1960) 

‘Crooks, R N, et al, Atome Energy Research Establishment, 
Harwell, AERE R-3766 (to be published) 

? Stewart, N G , Crooks, R N , and Fisher, E M R, Atomic Energy 
Research Establishment, Harwell, AERE HPR 2017 (1956) 

8 Person, D H , Crooks, R N , and Fisher, E M R , Atomic Energy 
Research Establishment, Harwell, AERE R-3358 (1960) 

* Stewart, N G,Osmond,R G D,Crooks, R N ,and Eisher, E M R, 
Atomic Energy Research Establishment, Harwell, AERE HP} 
R2354 (1958) 

10 Brewer, A W, Quart J Roy Met Soc , 75, 351 (1949) 

11 Goldsmith, P , and Brown, F , Nature, 191, 1033 (1961) 

12 Martell, E A, Science, 129, 1197 (1959) 

13 Parker, R P ,and Crookall, J O , Nature, 190, 574 (1961) 


VoL 192 


ELECTRICAL POWER DEVELOPMENT 


HE annual meetmg in June of the British 
Electrical Power Convention was held, as has 

been customary m recent years, at Eastbourne, under 
the presidency of Sir John Pickles, chairman of the 
South of Scotland Electricity Board In his presiden- 
tial address he gave emphasis to the theme of the 
Convention—''Electriciby in the Prosperity and 
Welfare of the Nation" The address was in the form 
of a review and prospect of the electricity supply 
industry m Britain from A D. 1880 to 2000 

Sir John considered that there would be a doubling 
of consumption in the ten years to 1970 and that this 
rate of increase would be maintained, with a further 
doubling by 1980, or 1985 at the latest This implies 
an Increase in the country’s mstalled generating 
plant capacity, at present 32,000 MW , up to 100,000 
MW , the greater part of this probably being nuclear 
There would probably be 1000-MW smgle generating 
sets, and their operation, together with that of their 
borders, would be controlled by computers In trans- 
mission a 750-kV system seems not unlikely Suir 
John concluded by referrmg to the possibilities of 
direct conversion of heat to electricity without the 
intervention of a steam cycle, attention being focused 
on thermionic, thermo-elecirie and magnetohydro- 
dynamic generation The latter, comprising direct 
generation by the passage of hot gas through a 
magnetic field, 1s the most promismg Nuclear fission 
may well prove highly suitable as a heat source 

The second speaker, Sir Christopher Hinton, 
chairman of the Central Electricity Generating 
Board, described the British electneity distribution 
system from the inception of the 132-kV grid, which 
was intended for the transfer of energy between 
the large self-contained areas under conditions of 
difficulty or emergency Much expert opmion at 
that time held that ıt would be impossible to nter- 
connect the complete system without leading, under 
conditions of rapidly changing demand, to major 
power flows which could not safely be handled Not- 
withstanding this, the London control engineers 
interconnected all the separate areas by means of the 
grid "to see what would happen" The mtercon- 
nected system—the largest ın the world controlled 
from one centre—has worked ever since Various 
extensions and remforeimg interconnexions have been 
added, gxvmg additional security and flexibility 


Work carried out at the formation of the British 
Electricity Authority and the area, boards under the 
Electricity Act of 1947 showed a sound case for sitmg 
new generating plant near coalfields This implied 
the provision of a higher voltage transmission system 
superimposed on the existing grid A transmission 
voltage of 275 kV was selected, this being the next 
higher International’ Electrotechnical Commission 
standard It was considered that this voltage is 
not so high as to lead to possible msulation difficulties 
m the atmosphere of Great Britain Tower clearances, 
however, allow for up-rating m the future to 380 
kV —the next higher level—when insulation prob- 
lems have been solved So the 275-kV super grid 
system in Britain was formed, developmg mamly 
into rmg mams of double-circuit lines connecting 
large-capacity generating stations and substations 
with transformation, usually to 132 kV Transmission 
is by no means the junior partner of generation 
it 18 perhaps dominant, for without the present 
highly developed transmission system—plenned with 
foresight and wisdom by the old Central Electricity 
Board and those associated with 1t—the modern 
2000-MW generating station would be impractic- 
able 

Sir Christopher Hinton reported that the maximum 
demand on the system so far was 24,449 MW, on 
Decembe: 13, 1960, and he suggested that this might 
be trebled in fifteen to twenty years time The 
heaviest concentration. of power stations would be 
in the central coalfields, with others in North Wales, 
the Severn Estuary, the Bristol Channel, the central 
south coast, the Thames Estuary, south-east Kent 
and the East Anglian coasts He showed a map 
giving the distribution of power expected m the mid- 
1970's, when the maximum demand 1s hkely to be 
70,000 MW and the projected 400-kV supergrid 
fully operative Nuclear generation should by then 
account for 30 per cent of the total consumption, 
indigenous fuel and oil consumption bemg roughly 
doubled ‘The movement of coal long distances by 
rail should virtually have ceased by this time, and 
sea-borne supplies reduced to roughly half their 
present value As the load grows beyond 70,000 
MW in the years after 1975, ıt ıs possible that a 
700-kV. ‘large mesh’ network will be superimposed 
on the 400/132-kV system 
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Sir Christopher continued by explamıng the many 
factors not susceptible of control by the area boards 
which make accurate forecasting of future needs 
very difficult He referred to shifts of population, 
town planning legislation and Government decisions 
on residential and industrial development Fore- 
casting 1s simple on a national seale and difficult on a 
local scale 

About 40 per cent of the area of England and 
Wales 1s subject to restriction. of some sort or other on 
the ground of amenity , but opposition to the 
construction of transmission lmes and equipment 1s 
sometimes just as severe in industrial towns Yet 
a transmission system of the present type ıs vital to 
British industry and essential if the very large stations 
(small m number and of high efficiency) are to be 
built Although the publie would not tolerate the 
ever-increasing extension of the network to a stage 
rightly described as a ‘wirescape’, underground 
cables for all additions to the network are out of the 
question on ground of cost (A figure of about £100 
milhon a year would be involved, representing 6d. 
on the standard rate of income tax, or 20 per cent 
on the bulk tariff) The solution, perhaps a compro- 
raise, 18 to place underground the lower-cost distribu- 
tion systems and leave the very high-voltage trans- 
mission system in the form of hnes on towers The 
latter must be accepted as canals, railways and 
motorways are, but the design of the structures 
must be the most graceful that can be devised and 
their routing must be most carefully planned Sir 
William Holford set out 1n a paper to the Royal Society 
of Arts valuable rules relating to the siting of trans- 
mission lines Switching stations, too, are now bemg 
most carefully considered Sir Christopher Hinton 
concluded by emphasizing that the problem of visual 
amenity 18 one of the greatest facing the industry 

Mr. R R B Brown, chairman of the Southern 
Electricity Board, presented a paper entitled “Some 
Aspects of Efficiency and Economy in Distribution” 
He reported that the national investment m distribu- 
tion assets stands at more than £1,000 milion, 
and additional expenditure at the rate of about £100 
million annually ıs necessary to meet the expanding 
needs of the nation Mr Brown showed ways m 
which mvestment economies have been and will be 
achieved , and he dealt with tariff structures devised 
to encourage the full and efficient use of distribution 
systems An interesting point made in connexion 
with standardization was that less than a hundred 
thousand consumers out of some 16 millhhon now 
receive direct current supplies , consumers served by 
non-standard alternating current systems number 
about 1,500,000 

A paper by Dr A E Grauer, chairman and pres 
dent of the British Columbia, Electric Co , Ltd , was 
on “The Electrical Power Industry m Canada" 
Canada, with a population of only I8 mnullons, 
is one of the world's largest producers (and consumers) 
of electric power On a total output basis, she 18 
behind the United States and the US S R, but ona 
par with the United Kingdom Canada 1s second 
only to Norway on a per capita basis Much of 
Canada’s power 1s, of course, hydro-electric, and m 
Quebec power-rates are less than a third of the 
Canadiean-American average. In Ontario and Mam- 
toba they are about half the average in the United 
States Canada’s impressive power growth has been 
predominantly due to important power-consuming 
mdustries, smelting alummrum, refining copper, 
nickel and titanium and manufacturing morganic 
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chemicals "This growth has helped to open up new 
territory and expand Canada’s world trade 

It ıs mteresting that primary jurisdiction over 
natural resources, including water, was given to tho 
Provincial Governments rather than to the Federal 
Government, and this, together with the huge areas 
of most of the provinces, has resulted m electrical 
utilities each essentially operating withm one pro- 
vince There are no electrical utilities which are 
national in scope 

Much of Canada’s land mass (in area almost equal 
to China, which 1s 1tself second only to the USSR) 
1s vutually unmhabited, and population has tended 
to concentrate in a few areas strung mostly along the 
southern border and separated from each other by 
hundreds of miles Almost a third of the population 
lives m the southern tip of Ontario Nearly ten 
million Canadians occupy an area, less than that of 
the United Kingdom 

The manner m which the electric power mdustry 
is organized varies a great deal from one piovince 
to another In some provinces theie 1s practically 
no private ownership, m others practically no public 
ownership , in others there 1s a mixture of both 
The sizes of the utilities differ considerably, fiom 
Ontario Hydro, with a total capacity m excess of 
6,000 MW to quite small undertakings. Publicly 
owned utilities are usually run by a small commission 
reporting directiy to the Cabmet Investor-owned 
utilities operate under a, Publie Utilities Act adminis- 
tered by a Commission appointed by the Provincial 
Government Far rates are set by the Commission 

Canadians used, in 1959, 4,300 units of electrical 
energy per residential customer as compared with 
3,700 units m the Umted States and about 2,000 
units m the United Kingdom One possible reason 
is that about 80 per cent of Canadians hve in single 
or duplex dwellings Also, the straight block-rate, 
with no demand charge, 1s almost universal, except 
for house heating Off-peak tariffs are not used in 
Canada mdustry works mainly on a three-shift 
system It ıs mteresting that Dr Grauer’s Company 
estimates each eustomer's bull for a ten-month period, 
sends him a bill each month for a tenth of this amount, 
and then balances the books by a payment of the 
difference either way at the end of the period 

Regarding rate of growth of electrical consumption, 
a relatively low figure might be expected from an 
already high consumption Estimates point to an 
average figure of more than 6 per cent per annum 
and requue the construction of more than 50,000 MW 
of new capacity by 1980 It 1s expected that most 
of the money to finance this will continuo to be 
raised in Canada ‘This does not necessarily apply to 
the Peace River (British Columbia) and Hamulton 
Falls (Labrador) developments It would appear that 
here are opportunities for British mvestment in 
Canada, 

Canada's commercial water-power potential ıs 
considered by Dr Grauer to be 70,000-80,000 MW 
the present installed turbme capacity is about 
20,000 MW The largest undeveloped hydro resources 
are m Quebec and British Columbia, with Newfound- 
land and Manitoba followmg Canada and the 
United States have, of course, signed a treaty ro- 
specting the Columbia River and construction 1s 
expected to start in 1962, with output of electrical 
energy by 1966 

Dr Grauer made some mterestmg remarks con- 
cerning the development of thermal generation 
The latter 1s necessary m some main mdustrial 
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centres because of the existing full development of 
nearby water resources and because of the increasing 
costs of more remote hydro development Steam- 
electric generation near the load centres 1s tending 
to cost less, improvements in design offsetting infla- 
tion The margin of cost between hydro and thermal 
generation 1s thus narrowing steadily A large coal- 
burning base load plant on the waterfront of Toronto 
can deliver clectric power at a cost only about fifty 
per cent higher than can the new hydro-installations 
at Niagara and on the St Lawrence Seaway (About 
1920 thermal electric power cost three to five times 
as much as hydro-electric power in southern Ontario ) 
Provinces using thermal generation m the future 
will be Alberta, Saskatchewan (with cheap fossil 
fuels and natural gas), Ontario (with almost fully 
developed hydro-resources she 18 1mporümg eoal from 
the United States) and British Columbia (with cheap 
residual oil and natural gas) Gas turbine plants 
are bemg built in sizes from 2,000 to 25000 kW, 
but are unlikely to be used extensively because 
of their heavy fuel consumption compared with that 
of large steam turbmes 

Canada has several large research reactors mm 
operation, bemg particularly interested in heavy- 
water moderated systems fuelled by natural uranium 
(Heavy water has been produced in Canada and could 
be agam Uranium is found in abundance ) The 
large conventional resources stall available in Canada 
make 1t hkely that nuclear power will first be com- 
mercially developed elsewhere, with southern Ontario 
as an exception to that statement in view of its 
present need to import coal from the United States 

Dr. Grauer made some useful comments on long- 
distance transmission and the possibilities of a 
national power grid Most transmission m Canada 
is at 230 kV , with 360 kV being troduced m recent 
years Distances of transmission have not exceeded 
about 250 miles, but much longer distances are in 
prospect Ontario Hydro is planning 500 mules of 
460-kV hne The Peace River proposal envisages 
600 miles at 500-600 EV , and tests are under way, 
both m Canada and the United States Present 
thinking m the USSR ıs that distances less than 
600-800 miles are more efficiently met with alternating 
current, while for distances greater than this, direct 
current 1s more efficient Canada’s distances are 
similar to those im the USSR However, potential 
developments are so placed relative to population 
centres that few distances of greater than 600 miles 
are contemplated Three large potential hydro- 
situations in the far north are about a thousand 
miles from the chief market and their development 
wil presumably await the de transmission of the 
future Dr Grauer bebeves that a national power 
grid, for a number of reasons (not the least being 
that natural gas m large pipe-lines can be transported 
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for less than one-third the cost of transporting 
electrical energy over the highest voltage lines) 
18 more likely to evolve over a period of time from 
regional systems stronger and more highly developed 
than exist to-day 

The final paper of the conference, presented by 
Mr S F Steward, director of the British Electrical 
and Allied Manufacturers’ Association, was entitled 
“British Electrical Manufacture m the National 
Economy" The British Electrical and Allied Manu- 
facturers’ Association, the trade association of the 
electrical industry in Britain, 18 this year celebrating 
the fiftieth anniversary of 1ts foundation The mam 
aim in establishing the new trade association m 1911 
was ‘‘to foster some order and regulation ın the trading 
of 1ts constituent firms" It is mteresting to note 
that withm a year or two of the Association's founda- 
tion the annual report invited “the earnest atten- 
tion of members to industrial and scientific research 
as one of the bedrocks of commercial supremacy” 

Early attention was given to the legal conditions 
applicable to contracts for heavy plant, and, in asso- 
ciation with the Institution of Electrical Engineers, 
model general conditions were drawn up which, 
when published in 1914, became the first standard 
text of its kind in the world. Technical and commer- 
cial co-operation, publicity and export promotion 
were early recognized as main functions of & trade 
association Standards were issued as early as 1913 
for the use of member firms, priority being given to 
the standardization of electrical machinery 

Mr Steward reviewed in considerable detail the 
development of the electrical industry throughout 
five decades, emphasizmg the extent to which 
electrical manufacture has become a key industry 
About ten per cent of the total United Kingdom 
export of manufactured goods represents electrical 
equipment The total number of employees in the 
industry 1s nearly 800,000, 28 per cent of this number 
bemg engaged in the manufacture of electrical 
machinery and 38 per cent on electronics and tele- 
communications equipment Electrical manufacture 
is the largest industrial employer of scientists and 
technicians In 1959 the industry employed 13,380 
qualified scientists and engmeers 

The drawmg up of conditions of contract and 
contributions towards the establishment and mam- 
tenance of standards continue to be important 
activities of the Association Of increasing importance 
is the collection and dissemination of statistics 
and information, the study of trends and of overseas 
competition ‘‘A trade association must be a realistic 
partnership of competing concerns, not with the 
purpose of restricting competition but to secure the 
best use of an industry’s resources and to provide 
the basis for the full development of initiative and 
enterprise". A J ELLISON 
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Prof. M L Anderson 


Tax death of Prof M L Anderson, of the chair of 
forestry ın the University of Edinburgh, occurred on 
September 6 at Bristol, while he and Mrs Anderson 
were on a visit to ther married daughter 

Mark Louden Anderson was born on Apri 16, 
1895, at Kmnoff m Kincardineshire He had the 


misfortune to lose both parents when he was only 
eleven years old He entered the forestry course at 
the University of Edmburgh in 1912, but saw service 
throughout the First World War, first m the Argyll 
and Sutherland Highlanders and the Black Watch, 
and then in the Machine Gun Corps, winning the 
Military Cross m 1918 Returning to Edmburgh, he 
graduated B Se (Forestry) in 1919, and five years 
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later was awarded the D Sc degree for a thesis on 
tree form and volume studies 

Prof Anderson was appointed to the Forestry 
Commussion and as a research officer he had much to 
do with early experiments in planting on peat, 
provenance of species trials and the selection and 
measurement of sample plots His work was con- 
ducted with that depth of vision so necessary in 
practical research It was unfortunate that he had 
to give up this particular work when he did, but Eire 
gained his services and there he eventually became 
director of forestry This was followed by five years 
on the staff of the Department of Forestry, University 
of Oxford It was then his intention to take up a 
post offered by the Australian Forest Service, but 
instead he returned to the University of Edinburgh 
to be professor of forestry, a post which he occupied 
with distinction for ten years 

Prof Anderson was an enthusiastic forester who 
showed his keenness ın a variety of ways He enjoyed 
being ın the forest, and he regretted when ill-health 
prevented him from visiting agam the Continental 
forests, where he admured the practice of good sylvi- 
culture and sound management At any time he 
would discuss forestry matters and even provoke con- 
troversy for the fun of enjoying the outcome Asa 
teacher, Prof Anderson was never verbose His great 
knowledge was readily available to the keen forester, 
no matter what the latter’s rank was He believed 
that a good forester should have & proper basic 
knowledge and know how to observe. He had a 
wonderful gift for languages, most of which were 
self-taught, and he tried by his numerous translations 
from French, German, Danish, Norwegian, Swedish, 
Finnish and Russian books and papers to bring 
important works of Contmental foresters to the 
English-speaking world Knuchel’s Planning and 
Control on the Managed Forest, Kostler’s Silviculture, 
Larsen’s Tree Genetics, Petrini’s Forest Economics 
and 'Tamm's Northern Consferous Forest Soils are 
some of the larger translations Prof Anderson’s 
The Selection of Tree Species 18 a very valuable guide 
for the British forester and ıt 18 now ın its second 
edition Not long before he died, Prof Anderson 
completed the manuscript of his monumental work, 
A History of Scottesh Forestry—the product of some 
thirty years of painstaking research It ıs to be 
hoped that financial difficulties will be overcome to 
allow this encyclopedic work to be published 

Another aspect of Prof Anderson’s keenness to 
stimulate an interest in forestry and to try to raise 
its general standard was the zeal and time he gave 
to forestry societies He was an ardent member of 
the Royal Scottish Forestry Society and recently its 
honorary secretary and the creator of 1ts Silvicultural 
Group, a founder member of the Society of Foresters 
of Great Britam and also of the Forestry Society in 
Eme He was also a regular contributor to Nature 

But forestry did not occupy all Prof Anderson’s 
very full hfe He found great delight m transcribing 
old Scots records, and 1n this he took infinite care to 
obtain accurate results from folios which, at times, 
were rather difficult to decipher As a result of this 
work he was a regular contributor to the Dictionary 
of the Older Scottesh Tongue His Proverbs «n Scots 
were published in 1957, another example of pains- 
taking work on & manuscript datmg from the first 
quarter of the seventeenth century 

Prof Anderson will be remembered as a great 
forester, an ardent Scot, a man respected for his 
integrity, his capacity for hard work, his willmgness 
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to help others, his friendliness and his great determ- 
ination 
Prof Anderson leaves a wife, two sons and a 
daughter, to whom our sympathy 1s extended 
C J TAYLOR 


Dr. W. A. MacFarlane, C BE. 


THE sudden death on August 19 of Dr W A 
MacFarlane, managmg director of the National 
Industrial Fuel Efficiency Service and president of 
the Institute of Fuel, at the age of fifty-three, came 
as a severe shock to his many friends and 1s a grievous 
loss to fuel technology ın Great Britam 

Although Angus MacFarlane was by training, 
and m his early work, a ‘pure’ chemist, the major 
part of his varied hfe was concerned with the efficient 
use of fuel After a brilliant career at Oxford, where 
he was a student of Sir Harold Hartley at Ballol, 
he spent two years at the University of California 
as a Commonwealth Fund Fellow carrymg out 
research m physical chemistry for which he was 
awarded the degree of Ph D 

On his return to Britam ın 1934, after eight years 
in academic life, he jomed the staff of the Fuel 
Research Station of the Department of Scientific and 
Industrial Research and thus first came into contact 
with fuel technology During the four years at East 
Greenwich his mam contribution was the mitiation 
of the Department's work on the Fischer-Tropsch 
process, which was destined to become one of the 
major research programmes of the Fuel Research 
Board, and to continue for a total period of some 
twenty-five years In 1938 MacFarlane left the 
Fuel Research Station to become senior research 
chemist to the London, Midland and Scottish Railway 
Co at the mvitation of Sir Harold Hartley, then 
vice-president of the Company This move naturally 
led him mto wider fields, but he was soon to return. 
to fuel, for in 1941, after tho formation of the Ministry 
of Fuel and Power, he was appointed the first director 
of fuel efficiency In this position he made an impor- 
tant contribution to the War effort by ensurmg that 
every ton of coal was directed where it was most 
needed and used to the best advantage 

After seven, years at the Ministry, MacFarlane was 
appointed to the British Embassy at Washington as 
director of the United Kingdom Scientific Mission 
and attaché for scientific questions Durmg his sıx 
years 1n Washmgton he did a great deal to foster and 
cement Anglo-American friendship and co-operation 
in the scientific sphere and there must be very many 
who, like myself, remember with gratitude the effic1- 
ent help and warm hospitality he always extended 
to British scientists visitmg the United States 

In view of his earlier work at the Mimstry, the 
selection of MacFarlane as director of the National 
Industrial Fuel Efficiency Service on 1ts formation m 
1954 was an obvious one, and the undoubted success 
of this organization in conserving fuel and reducing 
costs to the fuel user offers testumony to his efficient 
management His services to the nation were recog- 
nized when, he was made a CBE in 1958, and his 
election to the presidency of the Institute of Fuel 
in 1960 1s evidence of the high esteem in which he 
was held by his fellow fuel technologists 

MacFarlane combined a sound scientific knowledge 
with an ability to appreciate clearly and rapidly the 
practical and economic aspects of a problem He 
had the gift of inspirmg loyalty and affection 1n those 
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working under him, and his intellectual gifts and, 
genial personality won for him a very wide circle 
of friends by whom he will be sadly missed 
He leaves a widow and four children 
C C HAIL 


Mr. H. V. Griffiths, M.B.E 


THE sudden death of H V Griffiths on June 28, 
at the age of fifty-nme, came as a shock to his many 
friends and colleagues 

As engineer-in-charge of the British Broadcasting 
Corporation’s Receiving and Measurmg Station at 
Tatsfield, he was widely known both ın Britain and 
overseas as an authority on radio reception, propa- 
gation and frequency measurement He represented 
the BBC on & number of technical committees 
concerned with these subjects, about which he has 
written from time to time in Nature and other 
journals 

Like many of his colleagues in the early days of 
radio, Griffiths started his career as a ship’s radio 
operator, but his interest was in the technical, rather 
than the operational, aspects of his work, and 1t was 
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lodine-131 in Milk tn Britain 


THE first results of an investigation of 10dine-131 
m milk, which has been in progress at the Agricultural 
Research Council Radiobiological Laboratory since 
weapons tests were resumed by the USSR, were 
released on October 24 simultaneously with a general 
statement by the Medical Research Council (see 
Nature, November 4, p 400) A further statement 
from the Agricultural Research Council (dated 
November 1) summarizes more recent measure- 
ments Milk from twenty depots in central and 
southern England, Wales, Scotland and Northern 
Ireland 1s now bemg collected daily and examined 
for levels of 10dine-131. This represents a consider- 
able expansion of the sampling which has been 
carried out during the past six weeks at eight sites 
in different regions (see Table 1) These measure- 
ments enable the general trend throughout the 
United Kingdom to be assessed 


Table 1 LEYELS OF IODINE-131 IN MILK PRODUCED AT EIGHT SITES 
IN DIFFERENT PARTS OF THD UNITED KINGDOM 


Week commencing puo Todine-131/litre 
September 16, 1961 85 


September 24, 1961 109 
October 1, 1961 138 
October 8, 1961 150 
October 15, 1961 114 
October 22, 1961 158 
Mean for «ix weeks (September 16- 

October 28) 126 


Information on regional differences of 10dine-131 
i now obtained each week by analysing samples 
collected from more than 200 depots which handle 
more than 40 per cent of the total milk produced 
throughout the United Kingdom ‘The samples are 
combined ın proportion to the quantity of milk 
handled by the depots from which they are obtained 
so that the average level throughout a zone can be 
ascertained ‘The present results are summarized in 
Table 2 
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not long before he entered the engmeermg field He 
jomed the B B C im 1924 as an assistant mamtenance 
engmeer and later became a member of a team of 
engmeers to work on the first short-wave broadcast 
transmitter used at Chelmsford by the BBC He 
also co-operated with Marconi engmeers in the study 
of diversity reception on short waves 

He was appointed engineer-m-charge at the Tats- 
field Receiving and Measurmg Station in 1933 and 
over the years he built up for Tatsfield a reputation 
for accuracy and reliability which has made the 
Station a world-wide name im radio His work was 
recognized when he was made M B E in 1958 

Among his many other interests was astronomy 
He was a Fellow of the Royal Astronomical Society 
and was keenly interested 1n man-made satellites and 
their future possibilities in the field of world-wide 
radio communication He took an active part in 
monitoring the transmissions from the first Sputnek 

H. V. Griffiths will be greatly missed by his many 
friends and colleagues, who will remember him not 
only for his expert knowledge, which he was always 
ready to pass on to others, but also for his sincerity 
and kindly patience and, above all, his enthusiasm for 
his work L W. TURNER 
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Table 2 LEVELS OF IODINX-131 IN MILK PRODUCED THROUGHOUT 
THE UNITED KINGDOM 


Mean results for samples collected on October 2, 16 and 23, 1961 
Zone puc Todine-131/litre 


1 Northern England 111 
9 North-West England 100 
3 Hast and East Midland 82 
4 West Midland 106 
5. Wales 174 
6 South and South-Fast England 99 
7 Mid-Western England 96 
8 Far Wesiern England 143 
9 Scotland 178 
10 Northern Ireland 161 
Countrv-wide mean weighted for 
production 121 


The country-wide mean of 126 upe per litre for 
the six weeks ending October 28, which 18 shown in 
Table 1, represents about one-eighth of the total 
quantity of 1odme-131 which would give rise to the 
annual average of 130 upc per litre specified by the 
Medical Research Council The results in Table 2 
show that, on a regional as well as a national basis, 
the iodine-131 which has hitherto entered mik 
represents but & small fraction of that which would 
give rise to the level specified by the Medical Research 
Council Further statements will be released at 
intervals until the levels of 1odine-131 m milk have 
decreased appreciably 


Theoretical Physics in the University of Sussex ; 
Prof R. J Blin-Stoyle 


Dr R J Brm-Srovzz has been appointed to the 
char of theoretical physics in the new Unrversity of 
Sussex He attended Alderman Newton’s Boys’ 
School in Leicester, and received a semor scholarship 
at Wadham College, Oxford, m 1943, but before 
takmg this up m 1946 was commissioned onto the 
Royal Signals and served as lecturer m the College of 
Radio Communications at Mhow, Central India He 
received a BA (1949), D Phil (1951) and, durmg 
1951-53, held a Pressed Steel Fellowship at Oxford. 
After a year as lecturer 1n mathematical physics in 
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the University of Birmingham ho took up his present 
post at Oxford as senior research officer in physics 
Since 1956 he has also been a Fellow and lecturer 
at Wadham College During 1959-60 he served as 
visiting professor of physics at the Massachusetts 
Institute of Technology and the University of 
California, 

Prof Bhn-Stoyle ıs widely recognized as one of the 
ablest young theoretical nuclear physicists He has 
made valuable contributions to the theory of nuclear 
structure, with special emphasis on nuclear moments 
and B-decay His main object m this work ıs to use 
the nuclear properties to learn about more funda- 
mental thmgs. such as the possible charge dependence 
or parity non-conservation of nuclear forces, and the 
nature of weak interactions He has also been con- 
cerned with the theory of quantum fields and reactions 
of polarized nuclei He is much appreciated as a 
tutor and lecturer as well as for his research work 
and, although his departure will be sadly felt in 
Oxford, he should have greater possibilities at Sussex 
for mnplementation of his progressive ideas on the 
teaching of physicists His appomtment promises 
mouch for the future development of physics at the 
new university. 


Engineering Group of the United Kingdom Atomic 
Energy Authority 
Mr.J B W. Cunningham 


Mr JAMES BERNARD WILLIAM CUNNINGHAM, who 
resigns as managing director of the Engineermg Group 
of the UK Atomic Energy Authority as from 
January 20, 1962, was born m Middlesbrough, Yorks , 
on December 9, 1911 During 1928-39 he served as 
an apprentice with Cochrane and Co, Ltd , Middles- 
brough, and Stanton Ironworks Co, Ltd, Middles- 
brough, rising to works manager. Durmg 1939-44 
he was assistant works manager at Dewrance and 
Co, Ltd, London, and during 1944-47 was works 
manager at Pegsons, Ltd., Coalville Mr Cunningham 
then jomed the Department of Atomic Energy of the 
Ministry of Supply at Risley, Lancs, as senior 
engineer (supply) In 1948 he became assistant chief 
engmeer (design) and then was promoted to deputy 
chief engmeer (design) ın 1950, and chief engineer 
(design) ın 1953 He continued. to hold this post on 
the formation of the UK Atomic Energy Authority 
a year later and in 1956 was appointed deputy 
director (reactors) and in 1957 deputy director (mndus- 
trial power) In the following year he became director 
of industiial power, and ın 1959, on the division of 
the Industrial Group, Mr Cunningham became deputy 
man&ging director (technical) of the Production 
Group He was appomted to his present post in 
Apri this year. 


Mr H V. Disney, C.B E. 


Mr HanRorp VERNON DISNEY, who ıs to succeed 
Mr J B W. Cunnmgham as managing director of 
the Engineermg Group of the UK Atomic Energy 
Authority, was born m Ruddington, Notts, on 
July 2, 1907 He was educated at Ilkeston and at 
University College, Nottingham After appren- 
tieeship with G R Turner, Langley Mil Notts, 
Mr. Disney went as a designer to International 
Combustion, Derby, in 1931 He jomed Imperial 
Chemical Industries (Alkah), Ltd, Northwich, in 
1935 as a design engineer on chemical plant 
projects In 1940 he was seconded by Imperial 
Chemical Industries for special duties on the con- 
struction of Ministry of Supply propellent and filling 
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factories, and m 1944 became deputy director (filling 
factories supply) Mr Disney was a member of the 
original team which started the Department of 
Atomic Energy at Risley in February 1946 and was 
appomted chief engineer, services and supply, m 
1947. In 1950 he became chief design engineer for 
the diffusion plant at Capenhurst, and m 1957 was 
promoted to deputy dnector (defence plants) at the 
UK Atomic Energy Authority He was appomted 
director of engineermg of the Industrial Group m 
May 1958, becoming director of engmeering of the 
Development and Engmeermg Group in July 1959 
and deputy managmg director of the Engineermg 
Group in 1961 As from November 1, and until he 
takes over full responsibilities, he will be managing 
director (designate) of the Group. 


Royal Society of Edinburgh : Officers for 1961-62 


AT the annual statutory meeting of the Royal 
Society of Edinburgh, held on October 24, the follow- 
ing officers and members of Council were elected 
President, Prof E L Hurst, Vece-Presidents, Dr 
T R. Bolam, Dr. Douglas Guthrie, Dr. A W Green- 
wood, Prof R A Rankm, Dr C. E Lucas, Prof 
J A Macdonald, General Secretary, Prof Norman 
Feather; Secretaries to Ordinary Meetings, Dr Mow- 
bray Ritchie, Prof A E Ritchie, Treasurer, Dr 
J. R Peddie, Curator of Inbrary and Museum, Dr. 
R Schlapp, Members of Council, Prof H A Bruck, 
Dr. H R Fletcher, Prof. G L Montgomery, Prof. 
W. L Weipers Prof. J H Burnett, Prof C F. 
Davidson, Prof D. C Pack, Dr A. B Stewart, Prof 
Jack Allen, Dr S. C Curran, Dr. G H Mitchell, Dr 
Magnus Pyke. 


Jubilee of the Atomic Nucleus 


THERE have been speculations on the nature. of 
atoms since the days of the ancient Greeks, but the 
first firm foundation on which modern ideas are built 
was the nuclear theory put forward by Rutherford m 
Manchester in 1911. Jubilee celebrations and an 
international conference were held ın Manchester 
recently, and now the Science Museum has set up a 
small group of exhibits to illustrate various theories 
of atomic structure and Rutherford’s great contribu- 
tion The exhibits are on view in the Atomic Physics 
Section of the Museum ‘They include a group of 
models of atoms as visualized by J J Thomson 
before Rutherford’s theory, a further group illus- 
trating Rutherford~Bohr atoms; several historic 
photographs relatmg to Rutherford’s great Man- 
chester period of research, and a working mechanical 
model illustrating how the observed scattermg of 
a-rays by heavy atoms led him to the mescapable 
conclusion that the atom must have a small ‘hard 
core’ (which 18 now known as the nucleus) ‘This 
nucleus itself 1s now being investigated with all the 
powerful and elaborate apparatus of modern physics 
and engineering The Science Museum exhibit makes 
no attempt to illustrate the many practical applica- 
tions of our knowledge of the structure of the atom, 
as these will be dealt with ın a full-scale special 
exhibition, “Atoms at Work," which will be staged 
in the Museum by the United Kingdom Atomic 
Energy Authority in March 1962 


Centenary of Plastics 1862-1962 


A JOINT committee of the Plastics Institute and 
the British Plastics Federation has been set up to 
organize a number of events m connexion with a 
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Centenary of Plastics 1862-1962 It was at the 
International Exhibition in London m 1862 that 
Alexander Parkes showed for the first time to the 
public “a new material and manufacture which from 
its valuable properties had induced the mventor to 
patent the discovery in England and France and to 
devote his attention for the last 10 years to the 
development of the capabilities and applcation of 
this beautiful substance to the Arts" In the case 
shown at the Exhibition were a few illustrations of 
the numerous purposes for which, according to Parkes, 
"Parkesine' might be applied ‘These included medal- 
hons, salvers, hollow ware, tubes, buttons, combs, 
knife handles, pierced and fret work, mlaid work, 
bookbinding, card cases, boxes, pens, penholders, 
etc. Parkes received a prize medal for his exhibit 
‘Parkesine’ contamed no camphor, an mdispensable 
component of the later material celluloid, and while 
Parkes mentioned camphor in his patent of 1865 he 
did not appreciate its unique properties There can 
be no doubt, however, that 1862 saw for the first 
time the material which led directly to the modern 
form of celluloid The programme to be organized by 
the Joint Committee will include open days in firms 
in the plastics industry and special meetings and 
lectures throughout the centenary year (1962-63), 
culminating in the International Plastics Exhibition 
to be held at Olympia during June 12-22, 1963 


Personnel Management Salaries 


DuniNG the summer of 1956 the Institute of Per- 
sonnel Management carried out a survey of salaries 
paid to members. This was undertaken because the 
Institute had been frequently asked by individual 
members, and by companies filing vacancies, about 
salaries paid to personnel officers and other members 
of personnel departments To collect this informa- 
tion, questionnaires were sent to companies through- 
out Britam and senior personnel officers were asked 
to complete these on behalf of their personnel staff. 
A report based on this survey was issued at the 
begining of 1957. This report proved to be of great 
value both to individual members and also to com- 
panies fillmg vacancies or setting up personnol 
departments The Institute has now taken a further 
and more extensive survey to obtam an up-to-date 
review of members’ salaries in Britain (Personnel 
Management Salaries Report of a Survey under- 
taken in February/March 1961 Pp 32. London 
Institute of Personnel Management, 1961. 21s) Of 
the 2,900 questionnaires sent out to practising per- 
sonnel officers, approximately 1,250 questionnaires 
were returned, of which 1,222 were included in the 
final analysis The personnel officers completing the 
questionnaire can be regarded as representative of 
the Institute members as a whole The report con- 
sists of eighteen tables which give salaries paid under 
a number of different headings, including salaries 
according to positions held, age group, type of 
company, industry, area, length of time with the 
firm, and number of employees 


The National Mineral Collection, Ottawa 


A NATIONAL Mineral Collection, contammg speci- 
mens from Canada and all over the world, has been 
established at Ottawa through the co-operation of 
two Federal Government departments The Collection 
will consist of two series a systematic reference 
series to be mamtamed by the Geological Survey of 
Canada, within the Department of Mines and Tech- 
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nical Surveys, with H R Steacy as curator, and a 
display series, in the National Museum, under the 
curatorship of Colonel E Taylor The Museum is 
within the Department of Northern Affars and 
National Resources A single catalogue, to be pre- 
pared and maintained by the Geological Survey, will 
cover the whole Collection Both Departments 
already possess substantial collections of mmerals, 
accumulated smce the Geological Survey was formed 
im 1842 The number of specimens ın the keeping of 
the Survey 1s estimated at 50,000 Among them are 
rare gold nuggets and precious stones, as well as large 
pieces of silver—one of them 3$ ft long—found by 
geologists, prospectors, and miming crews in many 
parts of Canada The curators of both series will 
endeavour to expand and to improve their series 
year by year The Collection now has specimens 
representing about 30 per cent of the world’s known 
mineral types—a valuable aid to trainmg and research 
in geological science and exploration 
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Recent Developments tn Medical Treatment 


A WELCOME sign of how clinicians are adaptmg 
themselves to the changing outlook m medicine ıs 
shown ın the current issue of the Practitioner (187, 
No 1120, October 1961) This is a special issue 
dealing with advances in treatment, and three of the 
contributors do not concern themselves with ‘treat- 
ment’ in the narrow sense of the term The con- 
tributors m question deal with advances in pediatrics, 
general practice, and public health, the inclusion of 
the latter subject indicating that preventive medicine 
is an integral part of the practice of medieme The 
reasons why the other two subjects have been dealt 
with in a particular way are given by the contributors 
themselves “The Holistic conception of child life 
within the famuly circle’, according to Prof W S 
Craig, “is fundamental to pediatric thought, and a 
knowledge of human relations, and of the art of 
consultation and physical examination, must con- 
tinue to provide the foundations of pediatric 
teaching”. “Too often", according to Dr Richard 
Scott, “advance is halted by our failure to apply 
existing knowledge It would appear that, as in 
many other spheres, so also m medicine are we more 
skilful m advanemg knowledge than in applying 1b” 
That ‘treatment’, 1n the narrower sense of the term, 
is not overlooked ıs well exemplified by the other 
fifteen articles in the symposium 


The Perkin Centenary Trust: Awards 


APPLICATIONS for the awards of the Perkin Cen- 
tenary Fellowship and Scholarships are invited by 
the Trustees. The Perkin Centenary Fellowship 18 
offered for one or two years for the purpose of higher 
study of any subject approved by the Trustees 
Candidates will be required to show either that they 
have had experience in an industrial firm or other 
mstitution concerned in the manufacture or the 
application of colouring matters, or that their intended 
field of study has a direct bearing on these subjects 
The value of the Fellowship 1s £750 per annum with 
an additional grant of up to £100 per annum towards 
certain designated expenses It 1s tenable, from 
October 1962, at any university, technical college or 
other institution approved by the Trustees The 
Perkin Centenary Scholarship two such awards are 
offered, each for two years, to enable candidates 
employed in an industiial firm or other mstitution 
concerned with the manufacture or the application of 
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colouring matters to receive an education at a 
university or technical college Each award will have 
a value of £350 per annum This may be increased, 
at the discretion of the Trustees, to £400 per annum, 
if the candidate appomted ıs required to live away 
from his normal place of residence Applications and 
inquiries should be addressed to the Secretary, Perkin 
Centenary Trust, c/o Chemical Society, Burlington 
House, London, W1 Applications must be made 
by May 1, 1962 


The US Building Research Institute 


THE Building Research Institute, a constituent 
part of the Division of Engmeermg and Industrial 
Research of the US National Academy of Sciences— 
National Research Council, will become an mdepen- 
dent technical society for the building sciences next 
year As Dr Detlev W. Bronk, president of the 
Academy—Research Council, remarked: “The Buck- 
ley report, which recommended in 1951 the establish- 
ment of the Building Research Institute within the 
Academy—Research Council, recommended also that 
the Institute be encouraged to work toward mdepen- 
dent status It ıs truly gratifying that, within the 
span of a decade, the Institute has established itself 
as a uniquely effective instrument for the stimulation 
and correlation of mterdisciplmary research ın the 
building industry, the extraordinarily diverse interests 
of which otherwise depend on the attention of nearly 
500 separate associations in the field” 


Acoustical Society of America 


Dr Lero L BERANEK, president of Bolt Beranek 
and Newman Inc, of Cambridge, Mass, has been 
given the Wallace Clement Sabme Award of the 
Acoustical Society of America for his contributions to 
architectural acoustics ‘The Pioneers of Underwater 
Sound Award has been conferred on Dr A B Wood, 
of the Admiralty Research Laboratory, Teddington. 

The officers of the Society are as follows President, 
Dr Laurence Batchelder, Raytheon Co , Burlington, 
Mass., Vece-president, Prof Robert T Beyer, Brown 
University , President-elect, Dr Robert W Leonard, 
University of Calfornia at Los Angeles, Treasurer, 
Herbert A Erf, Cleveland, Ohio, Secretary, Wallace 
Waterfall, American Institute of Physics, New 
York; Lditor-un-Chef, Dean R Bruce Lindsay, 
Brown University. 


Biological Engineering Society 


AT the annual general meeting of the Biological 
Engineering Society, Prof. R F. Woolmer was 
re-elected president for the coming year, and Dr A. 
Nightingale, St Thomas’s Hospital, London, SE 1, 
as honorary secretary. The following members 
were elected as members of council P E. K Donald- 
son, D Gordon, A Nightingale, G  Pampiglione, 
W J. Perkins, J T Scales, B Shackel, A. M. Uttley, 
H S Wolff, B M Wright. 


University News : Birmingham 


THe followmg appomtments have been made 
Dr J S Brmacombe, to be lecturer m the Depart- 
ment of Chemistry, Dr F. Rieband, to be lecturer m 
the Department of Mechanical Engmeering, E D R 
Shearman, to be senior lecturer ın electromagnetism 
m the Department of Electrical Engmeermg, Dr 
E C Grant, to be Research Fellow in the Department 
of Medical Biochemistry and Pharmacology 
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Tue following appointments to lectureships have 
been announced I W Sutherland (bacteriology); 
J Shepherd (electrical engmeermg), W. Dudgeon 
(senior lecturer in engineering), J A Lmnet (engin- 
eering), Dr S Soundranayagan (engmeermg), H 
Montgomery (pathology), M B Smith (pathology), 
Dr. P D Mitchell (senior lecturer m zoology) 


London 


Dr J. Cronies, lecturer at the Imperial College of 
Science and Technology, has been appomted to a 
readership in mathematical analysis tenable at that 
College 


New York 


NEw York UNIversiry has combined its two 
physics departments into a single all-University 
department and has appomted Prof Bruno Zumino, 
professor of physics, as its head The re-organization 
is one of the final steps toward unifying the depart- 
ments at the several centres of this University. The 
two units involved m the change are the University 
Heights Physics Department, formerly ın the College 
of Engineermg, and the Washington Square College 
of Arts and Science Physics Department Each of 
the physics units under Dr Zumuno's direction will 
continue to have its own chairman. Prof. Sidney 
Borowitz has been appointed chairman of the 
University Heights Department to replace Dr Lyle 
Borst, who has assumed a professorship in the all- 
University Department of Chemistry Prof Morris 
H Shamos will continue as chairman of the Washing- 
ton Square College of Arts and Science Physics 
Department. 


Announcements 


THe Executive Council of the Commonwealth 
Agricultural Bureaux has appomted Dr V Arm- 
strong, representing New Zealand, as chairman in 
succession to Mr C K Reheem, representing Pakis- 
tan Mr W G Alexander, representing the United 
Kingdom, has succeeded Dr V Armstrong as vice- 
chairman 


Dr A W BALDWIN, formerly an associate research 
manager of the Dyestuffs Division, Imperial Cheniical 
Industries, Ltd , has been co-opted as a governor of 
the J A. Radley Research Institute, 220-222 Elgar 
Road, Reading 


Dr Rosert PHYFE MADDEN, chief of the Spectro- 
scopy Section, Physics Research Laboratory, m the 
Engmeer Research and Development Laboratories at 
Ft. Belvoir, Va , has been appointed to the Atomic 
Physies Division of the US National Bureau of 
Standards His new group is to develop absolute 
radiation standards for the far ultra-violet spectral 
region. 


THe ninth annual Western Spectroscopy Con- 
ference will be held at Asilomar, Pacific Grove, 
Californa, durmg January 25-26, 1962 Further 
information can be obtamed from Dr. Donald G 
Rea, chairman, Western Spectroscopy Association, 
Space Sciences Laboratory, Leuschner Observatory, 
University of Califorma, Berkeley 4, Califorma 


ERRATUM In the communication by M R Droop 
entitled “Evidence for a Sexual Phase in the Lafe- 
Cycle of an Amceba”’ m Nature of October 21, p 281, 
par 2, lmes 1 and 5, the names Heterameba and 
Heterochromonas should be interchanged. 
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HE sixth annual conference of the British Society 
for the Philosophy of Science was held at St 

Hugh’s College, Oxford, durmg September 22-24 
The four formal meetings and discussions, once again 
organized by Dr Mary Hesse (Cambridge), were 
attended by eighty members and guests 

The theme of the first meeting, with Dr B A 
Farrell (Oxford) ın the chair, was explanation in 
psychology The first of the two papers was read by 
Dr M Treisman (Oxford), who challenged the wide- 
spread belief that, whereas the physical and biological 
sciences use only public data, the psychologist also 
uses private data of immediate experience Dr 
Treisman’s method was to select topics from the 
history of psychology to show that the modern 
psychologist has refined the vague descriptive 
analyses of the past and now uses concepts as 
precisely definable and as objective as those of the 
physicist The first illustrative topic he discussed 
was the analysis of mstinct He contrasted McDou- 
gall’s classification analysis, vague and merely 
descriptive, with the present-day model of mstinctive 
behaviour in animals based on the work of Lorenz 
and Tinbergen Here there was little to dispute 
though the argument edged close to the controversial 
issue of reductionism Huis second topic was the 
history of the measurement of sensation he described 
the experiments of Fechner and of Stevens and Davis 
which led to the apparently conflicting laws S = K 
log I and S = K I” respectively, where S ıs the 
‘measure of sensation’ and J 1s the intensity of the 
stimulus Dr Treisman argued that these laws could 
be reconciled but that the second was preferable 
because rb had more explanatory power 

Dr. J O. Wisdom (London School of Economics) 
widened the scope of the kind of psychological 
explanation to be considered by discussing the hypo- 
theses used by psychoanalysts to explain patients’ 
associations Such an explanation, he argued, 
requires to be tested clmically by observing the 
patient’s response to a presentation of an interpreta- 
tion embodying the hypothesis But, following Seeborn 
Jones, he indicated that two problems then arise 
Does the presented mterpretation cause a change ? 
Js the mterpretation true ? He proffered some new 
criteria to distimguish between an mterpretation that 
causes a change by suggestion and an mterpretation 
that 1s true 

A long and lively discussion ensued. The chairman 
began by challengmg the assumption implicit ın Dr 
Wisdom's paper that the reports of the psychoanalyst 
could be regarded as objective data, but, for an hour, 
discussion was focused on Dr Treisman’s reconcilia- 
tion of the two laws of sensation, a reconciliation 


which failed to satisfy the mathematicians present . 


Eventually there was a return to psychoanalysis 
What are tts basic statements ? To what extent could 
the reports of the analyst about his subject be 
regarded as objective data ? But again the discussion 
returned to the measurement of sensation How 
could ‘half a feeling’ be measured ?, the physicists 
demanded Various solutions to the many problems 
raised echoed along the corridors of St Hugh’s until 
well after midnight 

At the next session the president, Prof R B 
Braithwaite (Cambridge), took the chair for a dis- 
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cussion on learning machmes Dr F H George 
(Bristol), treading delicately over this philosophically 
thorny field, outlmed some of his recent work He 
gave a lively description of his method of pro- 
gramming a Deuce computer so that one-half of the 
machine taught the other half to play an optimal 
game of noughts and crosses—a by no means trivial 
game, as the chairman had later occasion to emphas- 
ize. Dr George went on to explam more generally 
how a computer can ‘learn’ to generalize from its 
own experience and to symbolize or ‘name’ the pro- 
cesses 16 goes through He suggested that such 
performances give the computer qualities analogous 
to the imsight and flexibility of human thought- 
processes 

Prof D M Mackay (North Staffordshire) gave a 
thoughtful elaboration of Eddington’s account of ‘the 
two tables’ extended to persons (and their brains) 
and to machmes He first considered the transition 
from the muicro-description of a mechanism to its 
behavioural description 1n such terms as ‘controlling’ 
and ‘goal-seeking’ He argued that such behavioural 
terms presuppose an under-specification of the physi- 
cal situation which becomes meaningless when applied 
to mechanisms specified m atomic detail He then 
extended his analysis to ‘game-playmg’ mechanisms 
and explamed how the crucial difference between 
playing against and manipulating a machme lies in 
the nature of one’s commitment towards ıt Finally, 
he extended his analysis to human beings, regarded 
as persons and as cell-mechanisms, and discussed the 
degree to which it 18 possible to switch from one view 
to the other when one 1s confronted by another human 
being 

In the discussion Dr George was asked to elucidate 
some technical pomts, but members’ questions mainly 
sought clarification of Prof Mackay’s concept of 
under-specifieation, 1ts relation to entropy and its 
implications for personal commitment in dialogue 

The third meeting was devoted to a discussion of 
genetic coding and information theory, with Mr 
F T C Harris (Middlesex Hospital Medical School) 
as chairman. Dr I Leslie (Belfast) gave the first of 
two papers Using a helpful series of slides, he 
reviewed with modest impartiality some recent 
developments m the biochemical analysis of the pro- 
cesses by which information is transferred from the 
genes to the cellular sites of protem synthesis He 
explained the background to the present conflict of 
1deas about the way m which ribonucleic acid (RNA) 
acts as an intermediary m this transference In the 
‘classical’ view much of the RNA is m the form of 
stable templates which are coded by DNA for the 
synthesis of specific proteins but recent experiments 
on bacteria and bacterial viruses suggest that some 
of the RNA acts as a ‘messenger’ which itself carries 
genetic information from the genes to the protem- 
synthesizing mechanisms 

The second main speaker, Dr S Brenner (Cam- 
bridge), remarking that “‘philosophers are not really 
concerned with the facts’, bounded gaily from Dr 
Leslie’s well-laid factual foundations mto genetic 
space He delighted the audience with bold specula- 
tive leaps and a frank analysis of his own approach 
to the problem He based his study of genetic coding, 
he explamed, on two main principles: (1) that “‘any- 
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thing useless must be wrong", and (2) that ‘there is 
no security problem m Nature", that 18, Nature 18 no 
enemy striving to conceal the truth from us He 
then attacked the view that tho stable RNA of the 
ribosomes acts as a template and argued that the 
ribosomes are structures which synthesize, at a given 
time, the protem dictated by the attendant messenger. 
Thus he rejected two- and three-process models of 
transfer of information in favour of a one-process 
model which he claimed was universal 

The discussion was at first confined to thrust and 
counterthrust between the two experts, deftly pro- 
voked by the chairman But gradually the audience 
gained sufficient confidence to intervene. Questions 
about the evolution and the controllmg mechanisms 
of this complex system (for example How do you 
make a eat ?) led to lively discussions It slowly 
became apparent that though genetic codmg was 
concerned with transfer of mformation, mformation 
theory itself had little to offer 1n solving the problems 
of genetic coding apart from providmg some descrip- 
tive terms As Dr Brenner put ıt ın his final remark, 
“It’s now just a matter of Imguistics’’, that 18, of 
reading the code 

The fourth and final discussion was devoted to 
philosophical aspects of cosmology Prof J L 
Mackie (Sydney) took the charm, and Mr R Harré 
(Oxford) and Dr. W. Davidson (Battersea College of 
Technology) were the two main speakers Mr Harré 
argued that the universe, defined as ‘everything there 
is’, was logically not a proper subject for scientific 
study He carefully distinguished between the cosmo- 
sciences and the astro-sciences by analysing the logical 
form of typical propositions of these subjects, though 
cosmography, he thought, could be regarded as 
scientific, the other cosmo-sciences, cosmogeny and 
cosmophysics, were merely speculative His mam 
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IQUIDS still constitute one of the least well 
understood states of matter Near the critical 
temperature various quasi-gaseous formulations of 
their behaviour are often quite successful, but near 
the melting point quasi-crystallme models offer more 
promise  lonie melts have been much less studied 
than many other liquids "Their critical temperatures 
are usually nob known, but are certam to be high 
For this reason, current structural models for 10nie 
melts show a bias towards quasi-crystalline concepts, 
which 1s strengthened by the strong statistical prob- 
ability that each cation will have anions as its nearest 
neighbours, and vice versa, 1n order to lessen electro- 
static repulsion energy 
However, really precise theories of the structure of 
1onic melts present difficulties which have not yet 
been surmounted In addition to the theoretical 
difficulties, until recent years the amount and 
diversity of experimental work on ionic melts has 
been restricted by technical complications Tem- 
peratures of study need to range from 100° to well 
above 1,000° C, and many of the melts attack 
practically every kind of contammg wall Despite 
these obstacles, interest 1n the science and technology 
of ionic melts has been growing rapidly. Sessions 
dealing with these systems have been cluded in a 
number of recent mternational scientific meetings, 
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attack centred on the concept of infinity as used in 
or umplied by the cosmo-sciences he distinguished 
between the concept of an actual or referential 
infimty, which he rejected as logically improper, and 
the concept of a descriptive mfinity which (analog- 
ously with the mtuitionist concept of infinity m 
mathematics) has a finite startmg pomt and a 
rule of progression which may continue without 
limit and thus be a growing but potentially imfinite 
sequence 

Dr. Davidson argued that development of the 
cosmo-sciences was scientifically both valid and 
feasible, and that such questions as whether the 
universe 18 spatially infinite or not, or whether 1t had 
an origin in time or not, are not necessarily trans- 
cendental issues He claimed that the unity of science 
as a whole may depend on the development of a 
satisfactory cosmology in which every science could 
find its place 

With the two protagonists thus apparently dia- 
metrically opposed, the chairman formulated their 
main differences and members of the Conference set 
about their task of resolvmg them In the discussion, 
Mr Harré’s dependence on Kantian antinomues, 
Russell’s theory of types, and a priore arguments 
took some hard knocks It seemed eventually that 
perhaps only the philosopher’s concept of the universe 
was referentially infinite, while the cosmologist’s 
universe, if not finite, was at worst only descriptively 
infinite and therefore not, logically, a wholly improper 
subject of study 

The conference ended with a business meeting at 
which, nter alia, members were able to express their 
thanks to St. Hugh’s College as hosts and to Dr 
Mary Hesse as organizer for the parts they played in 
a pleasant and stimulatmg week-end 

B. C BROOKES 


MELTS 


and two Gordon conferences in the United States 
have been wholly devoted to discussing their proper- 
ties At the discussion meetmg of the Faraday 
Society, held in the University of Liverpool during 
September 5-7, seventy-five scientists from Britain 
and fifty from overseas had the opportunity of com- 
paring progress in three main fields structure, 
thermodynamic properties. and transport properties 
of 1onic melts The president, Sir Cyril Hanshelwood, 
was ın the chair Prof H Bloom, of the University 
of Tasmania, gave the eleventh Spiers Memorial 
Lecture on “Structural Models for Molten Salts and 
their Mixtures” 

A broad conclusion from the discussion was that 
mterestmg and important experimental work ıs bemg 
carried, out in quite a few centres Comprehensive 
theoretical treatments of the properties of 10n1c melts 
have by no means caught up with the range or the 
physical interest of the data now bemg obtained. 
Applied research on ionic melts m electrometallurgy 
or as heat-transfer fluids appears to be reasonably 
active In various countries The number of substances 
capable of existence as stable liquids in the range 
300-1,000? C ıs comparatively small, which pomts 
to the profitability of explormg further fields of 
application of 1onic melts At present, basic research 
on ionic melts seems scanty m British universities, 
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having regard to the 1mportance of extending physico- 
chemical research to higher temperatures, and to the 
properties of condensed states of matter generally 

The first group of six papers presented at the 
Liverpool meeting of the Faraday Society were con- 
cerned with structure and spectra In dealmg with 
problems of structure, methods of describing and 
measuring the nearest neighbour and next-nearest 
neighbour environment of any 10ns continue to be of 
prime importance Although they are dispensable, 
X-ray techniques applied to 1onic melts suffer from 
the weakness that as with other hquids they only 
yield information in the form of radial distribution 
functions, which give average environments In a 
significant number of 1onic melts, there 1s evidence 
for a closer approach between anion and cation, and 
an increase of separation between ions of hke sign, 
compared with the crystals This shrinkage of contact 
distance between 1ons of unlike sign has been ex- 
plained in terms of the increased positional disoider 
in the melt, compared with the crystal Disorder 
results ın less complete compensation of electrostatic 
forces from the nearest neighbour shell of unlike 10ns, 
exerted on the 1on at the centre of the shell Greater 
local polarizations can be expected m the melt, even 
when the total volume 1t occupies 1s larger than when 
the same quantity of matter 1s in the crystalline state 
Data were presented for radial distribution functions 
of molten carbonates and sulphates 

There was considerable discussion about the local 
arrangements of 10ns 1n close-packed melts Spectro- 
scopic techniques promise to give rather more specific 
mformation about local stiucture than ıs obtamable 
from X-ray determinations of radial distribution 
functions Experimental studies presented for dıs- 
cussion included ultra-violet absorption spectra of 
transition metal 10ns in dilute solution melts These 
yield information about ligand fields around the 
transition ion A somewhat different type of ultra- 
violet absorption spectrum arises from so-called 
charge transfer effects, which involve excitation of an 
electron 1n the anion to an orbital the radius of which 
depends on that of the shell of cations 1mmediately 
surrounding the anion Such spectra can therefore 
yield valuable information about the configurational 
changes in this shell of nearest neighbours One 
paper dealt with the modifications of charge transfer 
spectra that accompany various changes such as 
thermal expansion, the transition from one crystal 
form to another, and the transition from crystal to 
melt Thermal expansions of crystalline mitrates 
observed by conventional means are found to match 
quite closely the expansions of the charge transfer 
orbitals as determined by the ultra-violet absorption 
spectra This makes ıt all the more striking that 
volume changes on melting, as determined by con- 
ventional methods, are in the opposite direction to 
the changes 1n the charge transfer orbitals Compared 
with the crystals, optical evidence for the melts thus 
points to a greater proportion of more tightly packed 
local assemblies of ions Since the thermodynamic 
evidence shows an increase in volume, presumably 
this expansion results from mereasmg the proportion 
of vacancies and holes on meltmg alkali nitrates 
Rubidium nitrate is one of the very few crystals 
which shrmk on melting Even here, the shrinkage 
of the charge transfer orbitals appears to be greater 
than the average contraction observed thermo- 
dynamically For nitrates and other salts of poly- 
atomic anions that have low meltmg points it is 
claimed that spectral evidence supports the general 
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theory that the melting mechanism of these crystals 
includes the formation of ‘association complexes’, as 
well as the more usual inciease of positional disorder 
and randomization of orientation of non-spherical 
ions <A second paper on charge transfer spectia 
described changes ın mixed molten nitrates in terms 
of the effective electrostatic fields due to neighbours 
and next-nearest neighbours Interesting information 
about the structure of liquids seems likely to emerge 
from extensions of such studies on muxtures of 
molten salts 

There was considerable but not very conclusive 
discussion about the usefulness or otherwise of 
attempting experimental and even conceptual dis- 
tinction between ‘association complexes’ and ‘com- 
plex ions’ It seems to be generally agreed that 
complex ions can be readily distinguished when they 
are formed in dilute solution in ionizing solvents, 
many techniques for their identification have been 
developed since Arrhenius In condensed ionic 
assemblies, whether crystalline or molten, the dis- 
torting mfluenee of nearest neighbours can make 
identification of a complex much less discrimmating 
‘Association complexes’ can be the result of various 
ways of packing 10ns so as to minimize their potential 
energy In discussing meltmg mechanisms, ıb 1s 
important to recognize that some of these packings 
are ‘non-crystallizable’, for these, addition of more 
and more ions according to the same rules of packing 
will not fill space economically Only erystal nuclei 
can be extended by packmg additional ions ın- 
definitely ın three directions m space, but so long 
as they are quite small, non-crystallizable association 
complexes may compete thermodynamically with 
potential crystal nuclei in the melt, which can be 
regarded as contamung a mixture of the various 
kinds 

For discussing melting mechanisms, 16 may not be 
necessary to decide whether the reduction of potential 
energy on passing from random tonic packing to an 
association complex results primarily from electro- 
static effects, or whether recognizable ‘complex ions’ 
are formed in which delocalization of valency electrons 
may extend over all the atoms in the complex 

But for the mterpretation of other properties of 
lone melts, the identification of strongly bonded 
complex 10n8 may be more urgent For example, 
cryoscopic measurements continue to yield suggestive 
structural mformation One group of studies pie- 
sented for discussion referred to the formation of 
complex 10ns such as CdCl, or PbCl,- analogous to 
those encountered m aqueous ionic solutions 

A. novel field 1s opened up by cryoscopic and othe: 
studies of the behaviour of solutions of metals in 
1onic melts In some of these solutions the electron 
appears to leave the metal atom and may have a role 
analogous to that in solutions of alkali metals m 
hquid ammonia Theoretical and experimental 
aspects of the electronic properties of such solutions 
received considerable discussion Transport of elec- 
trons under the influence of electric fields applied to 
such systems has interesting contrasts and analogies 
with the movement of charge carriers in semi- 
conductors Conductances can be quite high even 
when the concentration of the metal atom 1s fairly 
dilute Developments of these investigations promise 
to throw much additional hght on conductance 
mechanisms generally that do not involve ion 
migration m condensed phases 

Papers presented at the meeting point to significant 
advances in the precision of measurement of basic 
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thermodynamic parameters of ionic melts, such as 
activity coefficients Evaluations were reported of 
excess functions for the enthalpy and changes ım 
volume on mixing ionic melts of the same or of differ- 
ent valency structure Asa result, some of the current 
quantitative theories that have been developed for 
non-10nie liquid mixtures can begin to be adapted to 
ionic melts Considerable advances may be expected 
in the next few years in this branch of the theory of 
liquids 

One-third of the papers presented dealt with 
transport properties of ionic melts, which have been 
studied for à number of years and which continue to 
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receive much attention Use of radioisotopes has 
greatly enriched the possibilities of making measure- 
ments on diffusion, the correlation of which with 
other transport phenomena helps to unravel com- 
pheated structural problems In addition to their 
technological importance, transport properties can 
yield tests of theoretical models for ionic melts that 
can be much more sensitive than equilibrium pro- 
perties to structural details assumed in the model 
Discussion of measurements of thermo-electric power 
of ionic melts suggested. further interesting possi- 
bilities that seem likely to attract additional attention 
in the years ahead A R UBBELOHDE 


WOOD EXTRACTIVES 


A SYMPOSIUM on wood extractives was arranged 
by the Plant Phenolics Group and held at the 
Royal Holloway College, Englefield Green, Surrey, 
durmg September 20-22 The meeting proved 
valuable in bringing together workers in different 
fields, cluding several from overseas, having a 
common interest ın the minor or extraneous compon- 
ents of woods After an introductory session the 
subject of wood extractives was dealt with under 
three headings, namely biosynthesis and taxonomy, 
the chemistry of extractives, and their influence on 
utihzation of wood and wood products 

Dr F E King (British Petroleum Co, Ltd) 
opened the symposium with an introductory address 
entitled ‘‘Perspectives ın the Chemistry of Wood 
Extractives’ Dr King surveyed the historical 
development of investigations on extractives, com- 
menemg with those of technical interest such as the 
tannins, dyestuffs and resins, and proceeding to the 
work of Erdtman on the heartwood components of 
coniferous trees and his own work on the correspond- 
ing components of hardwoods ‘These mvestigations 
led to the conception of heartwood components as 
‘taxonomic tracers’ which can be used to supplement 
the observations on morphological features employed 
by botanists m the taxonomic classification of trees 
Dr King emphasized the wide variety of C4-C,-C, 
compounds that are found in woods and discussed a 
few unusual structures that have been encountered 

In the second paper, given by Prof F W Jane 
(Royal Holloway College), an account was given of 
the structure of the tree and the distribution of the 
various tissues init This was helpful to the audience, 
consisting predominantly of chemists The extrane- 
ous substances are classified by botanists as gums, 
resins, tannins, oils, mucilages, colourmg matters, 
mineral deposits, etc , and the location of these in 
the structure was described and illustrated There 1s 
clearly room for closer co-ordination between the 
observations of botanists, based largely on the 
microscopic staming reactions of these components, 
and their investigation by chemists 

Prof E J Bourne (Royal Holloway College) 
described, some new methods for the characteriza- 
tion and separation of extractives that have been 
studied mm his laboratory These include the use 
of molybdates and tungstates which form com- 
plexes with polyhydroxy compounds and can 
assist in their separation by electrophoresis, the 
addition of phenylboronie acid to the solvents used ın 
paper chromatographic separations of these com- 


pounds, the use of boron trichloride under very mild 
conditions to identify families of extractives by re- 
moving substituent groups, and the fractionation 
of mixtures by means of a new liquid/liquid counter- 
current extraction technique, which was demon- 
strated 

The session on biosynthesis and taxonomy opened 
with a paper by Prof W Sandermann (Bundes- 
forschungsanstalt fur Forst- und Holzwirtschaft, 
Rembek, West Germany) on the biogenesis of ter- 
penes im plants Prof Sandermann discussed the 
part played by mevalonic acid and 1ts conversion into 
geranyl and farnesyl pyrophosphates, from which 
the more complex terpenes may be derived Hoe then 
described his work on the incorporation of labelled 
precursors in plants and showed how a distmetion 
between alternative mechanisms can be made by 
theso methods , for example, the biosynthesis of 
«-pinene and thujone was shown to take place by an 
electrophilic substitution rather than by an addition 
mechanism A series of terpenoid compounds has 
been found in teak and correlated structurally with 
the anthraquinones present in this wood 

The systematic distribution of phenolic substances 
in plants was discussed by Dr E C Bate-Smith 
and Dr T Swam (Low Temperature Research Sta- 
tion, Cambridge) m a paper presented by Dr Swain 
The contribution that a study of the chemical com- 
ponents of plants can make to taxonomic classifica- 
tion was emphasized One of the results of an exten- 
sive survey of the occurrence of the common phen- 
olies 1s the recognition that plants ın some famulies or 
higher groupings are devoid of the capability of syn- 
thesizing certam types of compound In this con- 
nexion the occurrence of compounds containing vicinal 
trihydroxy groups and of ellagic acid in members of 
the Rosaceae was discussed, 

In contmuation of this theme Prof C W L 
Bevan (University College, Ibadan, Nigeria) pre- 
sented a paper entitled “Wood Extractives as Tracer 
Substances m Taxonomy’ , and referred particularly 
to the results of a survey carried out 1n his Depart- 
ment of components of woods of the family Meliaceae 
He also outlmed the procedures followed 1n determm-. 
mg the structures of gedunm, isolated from Entan- 
diophragma angolense and of khivorin from Khaya 
worensis and K grandafolvola 

In the session on the chemistry of wood. extractives 
four papers were presented, dealing respectively with 
the lignans, tropolones, stilbenes, and flavonoids, 
these being the principal types of phenolic compounds 
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that are found m wood In discussing the lignans 
Prof R D Haworth (University of Sheffield) pomted 
out that the basic structure common to all hgnans 
comprises two phenylpropane units linked m the 
B-positions The structure and stereochemistry of 
some of the naturally occurring lignans, of which 
about forty are known, was considered Where ring 
closure has occurred, with formation of phenyl- 
tetralin or furano-structures, the creation of a new 
asymmetric carbon atom renders the stereochemistry 
complex There is evidence that the hgnan structure 
can be formed by oxidation of a«f-unsaturated 
phenylpropane compounds, such as feruhe acid. 

A survey of the discovery and determination of 
structure of the tropolones found in various woods 
was given by Prof. J Gripenberg (Institute of Tech- 
nology, Helsinki, Finland) The distribution of the 
tropolones, which appear to be confined to the family 
Cupressaceae, was discussed and their general pro- 
perties and synthesis described. It ıs interesting 
to note thet all the nine known tropolones occur- 
ring in wood contain an isopropyl (or 1sopropenyl) 
group and appear to be closely related to the terpenes 
A scheme by which they may be derived from carone 
has been proposed by Erdtman. 

Dr D E Hathway (British Leather Manufacturers’ 
Research Association) discussed the occurrence of 
stilbenes in wood and referred to the recorded ıncı- 
dence of hydroxystilbenes m conifers and dicotyl- 
edonous trees In a study of the extractives of the 
heartwood of Eucalyptus wandoo, 3 5:4’-trihydroxy- 
stilbene and 1ts 3-glucoside were found to be present, 
and these compounds have been used as tracer sub- 
stances in an investigation of the heartwoods of 60 
species belonging to the Longiores sub-section of the 
genus Eucalyptus. This method confirms the existence 
of certam anomalies in the classification that have 
been suspected on other grounds 

The fourth paper m this group, dealmg with the 
flavonoids, was prepared by Dr. R A. Laidlaw and 
Dr J W W Morgan (Forest Products Research 
Laboratory) After a short account of the occurrence, 
function and nature of the flavonoids of wood, Dr 
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Laidlaw went on to consider three classes of these 
compounds, namely the leucoanthocyanidins, dı- 
hydroflavonols and benzyleoumaranones, in greater 
detail. Methods for determination of the structure 
and stereochemistry of the leucoanthocyanidins 
and their characterization as flavan-3 4-diols were 
discussed. Among the dihydroflavonols, dihydro- 
mori, phellamuretin and keyakmol were selected 
for special mention The naturally occurring aurones 
and hydroxybenzyleoumaranones were described 
and the behaviour of maesopsin (tetrahydroxybenzyl- 
coumaran-3-one) on heating with alkali was discussed 
m detail. 

The final section of the symposium consisted of 
two papers in which different aspects of the utiliza- 
tion of wood were considered. Dr R H Farmer 
(Forest Products Research Laboratory) discussed 
the influence of extractives present in different 
timbers on some of thei technically smportant 
properties and applications A brief account was given 
of the manner ın which the colours of woods (and the 
changes 1n colour occurring under certain conditions) 
and their natural durability are related to the chemical 
nature of the extractives present 1n them. Examples 
were then given of interaction between wood compo- 
nents and other materials with which the wood comes 
mto contact These include the inhibition of the 
hardening of unsaturated polyester resins by certain 
timbers, shown to be due generally to qumones o: 
hydroxystilbenes, and the retardation of setting of 
cement by water-soluble sugars and tannins 

In the final paper Prof B Lindberg (Swedish 
Forest Products Research Laboratory) described the 
influence of extractives on the pulpmg of timber 
Extractives can influence the sulphrte or the alkalme 
pulpmg processes in various ways ‘Thus they may 
render the penetration of the cookmg hquor into 
the wood more difficult, react with the cooking liquors 
and modify them, or condense with the hgnim, 
preventing its dissolution Resmous and fatty com- 
ponents may give rise to ‘pitch troubles’, and can 
cause difficulty m bleaching because chlormation 
renders them more lpophilic R H. FARMER 
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THE INTERNATIONAL SCIENTIFIC FILM ASSOCIATION 
FIFTEENTH CONGRESS 


Te fifteenth annual congress of the International 
Scientific Film Association was held at Rabat, 
Morocco, durmg September 14—20, 1961 This was 
the first time that the Association had met outside 
Europe. The congress was under the patronage of 
HRH Prmce Moulay Abdullah 

Of the Association’s twenty-five member countries, 
sixteen sent delegates and there were also observers 
from Guinea, India, Indonesia, the Lebanon and 
Mali. The largest delegation of twenty-two people 
was from Great Britain, followed by the USSR 
with about twenty 

All delegates, observers and friends enjoyed the 
gracious Moroccan hospitality From Rabat, where 
all were well housed m the new Cité Universitaire, 
excursions were made to Casablanca, Fes, Meknes 
and Marrakech As the sun shone without hesitation 
throughout each day on every day, expeditions were 
also organized to the delightful beach at Temarah 


In his address of welcome, M Moulay Ahmed 
Alaoul, Minister of Information, Fme Arts and 
Tourism, expressed his country’s pleasure at the 
honour bemg paid to Morocco as the scene of the 
congress This indicated also the importance of the 
African continent 1n the building up of the modern 
world For countries like Morocco, the cinema was 
not a diversion, but an important mstrument in 
education and instruction 

This congress has always two aspects one organiza- 
tional, the other concerned with the problems of 
scientific film makers The former provides the 
machinery whereby the film makers can get together 
and see and discuss films in three main sections 
research, education and popular science For some 
time there has been a feeling that the organization 
has needed tightening, and this congress took certam 
steps to do so The new president ıs Mr Edgar 
Anstey (Great Britam), who replaces Mr Alexandre 
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Zgouridi (U SS R). The new honorary secretary 18 
M Mohammed Afifi (Morocco), who replaces Mr John 
Maddison (Great Britain) It is Mr Maddison’s 
guiding hand in the main which has been responsible 
for the steady development in the influence and 
prestige of the Association He has now been elected 
an honorary life member 

The thirty films shown to the Research Section were 
described by its president, Dr. R Robimneaux (France), 
as on a very high level Five films from France, 
two from Western Germany, and one each from 
Italy, the Netherlands and Czechoslovakia were 
specially selected by the Section for commendation 
At the discussions the special theme was new tech- 
niques The French described some new tools to aid 
research These included 

(1) The light helper (this 1s a free translation of 
l'asservesseur de lumière), an. instrument which allows 
the time of placing of the camera on the desired part 
of the curve of spectral sensitivity of the film to be 
fixed exactly and automatically, without acting on 
the diaphragm and without having to worry about 
rectifying the time of placmg during the forward 
movement of panning of the camera It can be used 
ın particular for takmg shots automatically and 
slowly durmg daylight ; for example, during the 
complete phase of a solar eclipse when there are 
enormous differences in light. The mstrument 18 a 
kind of ‘cybernetic’ tool 

(2) The brillancemétre, which 18 incorporated in the 
camera to allow of instantaneous control of the mean 
brilhance of the image 

(3) Motor regulated by transistor, a motor with 
continuous current fed by 8-, 12- or 24-V batteries, 
with transistorized regulation between 8 and 40 
mmages a second, to which a small frequency emitter 
can be added to record sound on a separate magnetic 
tape at 24 or 25 mages a second, even with differences 
in tension of several volts in the batteries 

There was also a description of an apparatus to 
take under-water pictures with automatic illumma- 
tion with synchronized flash Ib was developed 
primarily with biologists m mund, but has been of 
interest also to industrialists for the study of corro- 
sion of submerged mechanical parts, and for the study 
of currents and their effects on public works and 
harbour installations. 

Dr G Wolf, director of the Institut fur den Wissen- 
shafthchen Film, Gottingen, described how the film 
was bemg used for research m agriculture Evenly 
distributed rye was fed over an endless belt into the 
bar drum of a threshing machine In 1b the stresses 
to which the grain was subjected were observed and 
gauged With a circumference speed of the drum 
of 30 m/sec, the gram moves about two-thirds 
more slowly The flow of the threshed grain follows 
with irregular density due to congestion in the 
entrance An analysis was made of exactly what 
happens in the different parts of the threshing cage 
and productivity was increased Simuar film 
analysis was done on the cutting capacity and cutting 
quality of the lawn-mower and hedge-cutting machine, 
which have developed. empirically 

Mr L Hallett and Mr John Maddison, both of 
Great Britam, read a paper on the (Use of Time Lapse 
in Research" 

Thirty-eight films were exhibited for the Education 
Section Unfortunately, as the president, Prof J 
Jacoby (Poland), stated, there were no films from 
Great Britam or the USSR these had been sent 
but had been mislaid Prof Jacoby was highly 
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critical of the films seen He thought the quality was 
lower than that he had seen at any congress How- 
ever, special mention was made of the films from 
Eastern Germany, which were commended for the 
high overall quality of their entry 

Prof Jacoby said that screening conditions had 
made 1v mmpossible to appreciate the full technical 
quality of 16-mm films He wanted national 
branches of the International Scientific Film Associa- 
tion to take special care about the selection of films 
in. future 

Seventy-two films were shown to the Popular 
Science Section These were also of uneven quality 
and, as the president, Mr V Tos: (Italy), said, there 
was a great need for a clearer statement of the role 
and nature of the popular science film 

Running at the same time as the congress, was 4 
festival of popular science films which were shown 
nightly and were open to the public These films 
were included in the viewing by a special jury set up 
to recommend the outstanding popular science films 
of the congress. The following films were selected 
Great Britam, “Electron Microscopy”, made by 
AEI, Eastern Germany, “Robert Koch", Bul- 
garia, "Life m & Drop of Water", Czechoslovakia, 
“Secrets of Heredity", Hungary, “Silver Threads", 
France, ‘‘Thaumetopoea’”’, Rumania,  ''Coke", 
USSR, “Colour TV", Poland, “The Gulf of Polar 
Bears" The British film, “Wd Highlands", made 
by the British Transport Commission, was mentioned 
for the high quality of 1ts production and two Japanese 
films, ‘“‘Lubricatmg Oil" and ‘‘Ancylostoma’’ were 
commended for ther high technical quality.. The 
Moroccan Scientific Film Association, as host country, 
awarded a diploma to the Japanese for their entries 
as best fulfillmg the aims of the Association 

There was a special session on television, at which 
the main speaker was Mr Aubrey Singer (Great 
Britain). of the BBC During the past year, a 
commission for the study of problems of the use of 
television has been working Its secretary, Mr. Jean 
Le Harivel (Great Britain), presented a detailed report 
based. on information received from eight countries 

Most countries have some kind of science pro- 
gramme which goes out generally ın the evening and 
1s intended for large audiences of adults Several 
countries produce science programmes for schools A 
few countries have used television for the education 
of adults This 18 true of Eastern Germany, with 1ts 
television academy (mathematics and chemistry), of 
Czechoslovakia, of France, which has started 
technical education programmes and which 1s planning 
a series for workers on the social significance of 
technological developments, and of the United 
Kingdom, which 1s planning for 1962-63 & series of 
topical education programmes to supplement existing 
technical courses Inthe United States, (Continental 
Classroom"! 18 & television programme for the teaching 
of teachers It goes out at 630 am to a weekly 
audience of 1,700,000 through 150 stations 

Mr Jan Varossieau (Netherlands) of the Stichting 
Film en Wetenschap Universitaire Film Institute, 
described the use of closed-circuit television for the 
teaching of science m the universities A van had 
been fitted out to tour the country It carried a 
Philips compact ‘Vidicon’ transistor camera This 
could be linked to monitors ın the lecture hall 

The congress agreed that closer co-operation be- 
tween film and television producers would be of 
mutual benefit, and that there was a great need for 
centralized information services 
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Information was given of the detailed plan prepared 
by the Association for Unesco to fecilitate the distri- 
bution of films to universities The purpose ıs to 
prepare a select list of films which could be used in 
first- or second-year university courses and of which 16 
is possible to supply copies This ıs an expermmental 
project and the number of subjects to be covered and 
the number of films to be selected ıs limited In 
co-operation with the International Council of 
Scientific Unions, a list of subjects has been prepared, 
reported Mr B Chibnall (Great Britain) the director 
of the project The list includes subjects in botany, 
zoology, geology, chemistry and physics 

The International Film Library has been set up in 
Brussels, durmg the past year It ıs having some 
initial troubles, but the Belgian Government has 
given & generous grant and premises Among the 
directors are Mr Edgar Anstey and Mr John Maddison 
(both of Great Britam) 

Among other decisions taken at the congress were 
to investigate the possibility of compiling and having 
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published an international multilingual standard 
reference journal and vocabulary of scientific eme- 
matography, and to standardize film catalogues An 
offer by the Moroccan Government to investigate the 
possibilty of setting up a distribution centre in 
Africa for scientific films was accepted Two newly 
elected member countries of the Association are the 
United States and North Korea This brings the 
total of member countries to twenty-seven, with 
three corresponding member countries 

The new officers of the Association are as follows 
President, Edgar Anstey (Great Brita), Vice- 
presidents, J Jacoby (Poland), S Okada (Japan), 
R Whaley (USA), A Zgourndi (USSR), Hon 
Secretary, Mohammed Afifi (Morocco), Hon Treasurer, 
Vladimir Vaclavek (Czechoslovakia) 

The editor of Screnizfic Falm, the official organ of 
the Association, 1s Mr Maurice Goldsmith, c/o The 
Scientific Film Association, 55a Welbeck Street, Lon- 
don, W 1. The 1962 congress ıs to be held in Warsaw, 
and the 1963 congress in Rome M. GorpsMrTH 
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EDUCATION IN EMERGENT COUNTRIES 


ORMERLY an outstanding educational admunis- 
trator in New Zealand and now his country’s 
Ambassador to France and permanent delegate to 
Unesco, Dr C E Beeby presented an interesting 
paper on September 5 to Section L (Education) 
of the British Association for the Advancement of 
Science meeting at Norwich The paper was based on 
Dr Beeby's experience with the growth of educational 
services 1n newly developmg countries, and especially 
Western Samoa, but also drew from his wide acquain- 
tance with the evolution of educational systems in 
Western countries 
Dr Beeby showed that, while 16 has taken England 
a hundred years to work out a system of universal 
primary education fairly well adapted to the needs 
of the community and to the varied capacities of the 
children in schools, a number of emergent countries 
is now trying to do the same thing ın a decade 
At first sight 16 might appear that, with Western aid 
and benefiting from Western experience, they could 
leap the century and establish straight away some- 
thing approaching a good modern type of classroom 
without having to plod through the stage of dreary 
formalism that marked the first fifty vears of the 
Western system of compulsory schooling 
The position is not as simple as this, and the 
‘expert’ advising an emergent country on 1t8 primary 
school system finds himself ın the position of a 
butterfly teaching the chrysalis how to fly There 
1s an intermediate stage which must be gone through 
before some of his advice 1s of much significance 
Dr Beeby became aware of this sixteen years ago 
when he had some responsibility for the control 
of two education systems that were, at that time, 
at least half a century apart He found himself, 
without any sense of inconsistency, encouraging in 
Western Samoa the introduction of the formal 
educational practices which he had for a long time 
been combating in New Zealand This led to the 
conception of stages of development m the life- 
history of an education system, stages through which 
all systems, at least of a certam type, must pass, 
and which, though they may be shortened, cannot 
be skipped 


The inability of & primitive type of school system 
to profit immediately from all that has been learned 
about modern teaching methods 1s 1n no way due to 
any mnate inferiority of either children or teachers 
in emergent countries It depends primarily on two 
professional factors—the level of general education 
of the teachers in the system, and the amount and 
kind of professional training they have received 
On this basis the development of an education system 
could be roughly divided into three stages (1) 
‘dame school’ stage, where teachers are ill-educated 
and untramed, (2) stage of formalism, where they are 
illedueated but tramed, (3) stage of meaning, 
where they are relatively well educated and also 
tramed At the dame school stage the syllabus 
consists of little but mechanical drill on the three 
R’s and the memorizing of relatively meaningless 
symbols The unsophisticated and untrained teacher 
turns naturally to formal methods of teaching, and 
the real weakness of the teaching at the dame school 
stage 1s that 1t 1s confusedly and inefficiently formal 
It has all the defects of formalism and none of 1ts 
virtues , 161s formalistie m spirit without having form 

At the other end of the scale the main character- 
istics of modern education, ın spite of its failings, are 
the attempt to give the child & deeper and wider 
understanding of the meaning of the symbols with 
which he works Practice in a good modern school 
18 free, informal, and apparently ‘natural’ , but 1t 1s 
based on a complex and sophisticated structure of 
theory, and, to succeed, 16 demands teachers who are 
both well-educated and well-tramed This is a long 
step from the ill-educated and untrained teacher at 
the dame school stage and m between must inevit- 
ably come the stage of formalism where teachers are 
still 1ll-educated but are trained For sheer formless- 
ness the only remedy 1s more form, however much one 
may dislike formalism as such 1n education á 

The freedom and mformahty of the modern class- 
room depend on the teacher being sure of himself 
and of his subject-matter, and a teacher who 1s 
teaching at the very limits of his knowledge can have 
no sense of security if he or his class wander beyond 
the bounds of a tight official syllabus or the paste- 
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board covers of the one official text-book The only 
questions he can allow are those he asks himself, 
for they are the only ones of which he can be sure of 
knowing the answers So the classroom must become 
formal At the stage of formalism, symbols have more 
meaning for children than at a dame school stage, 
but ib tends to be a narrow and restricted meaning 
Classroom facts and skills are thin disparate things 
that mesh poorly with one another and scarcely at all 
with the warm rich world of the child’s personal life 
It 1s tempting to try to find a short cut from the 
dame school stage or the lower levels of the stage of 
formalism to the best of modern teaching methods, 
but there seems little hope of this if the difficulty 
to be overcome is really the meagre education of 
the teachers who are themselves the products of the 
schools one 1s setting out to reform With help and 
advice, the stage of formalism can certainly he 
reduced, in length, but the reform of a, school system 
1$ & Skilled and delicate busmess, where too much 
haste can create confusion, and where our own 


EXPECTATION OF LIFE 


A RECENT report issued by the Metropolitan 
Life Insurance Co , New York, directs attention 
to the fact that the average length of life (expectation 
of hfe at birth) among industrial policy-holders 
reached a new record of 70 5 years ın 1960* This 1s 
shghtly above the figure for 1959, and only half a 
year greater than that for 1955 But although recent 
increases have been limited, long-term gains have 
been very impressive Five years have been added 
to the average length of hfe of these policy-holders 
since 1946, ten years since 1937, and twenty-four 
years since 1909 In 1879-94, the earliest period for 
which data are available, the average hfetime was 
only 34 years—less than half that for 1960 

The largest gams in expectation of hfe have 
occurred at the younger ages Thus, at the age of 5, 
the figure for 1960 was 5 9 years greater than that 
two decades ago At the age of 40, the mcrease since 
1940 has been 43 years, while at 65 the average 
future hfetime of those insured has been extended 
2 3 years to its present level of 14 2 years 

* Metropolitan Life Insurance Company  Statrsfrcal Bulletin, Vol 
42 (June 1961) Voting Population at Record High Recent Varsatvona 
i Pneumoma-Influenza Mortality Longevity of Industrial Pohcy- 


holders «n 1960  Aceident Death Rates Decreases an. Most States Pp 12 
(New York Metropolitan Life Insurance Company, 1961 ) 
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unanalysed experience may not always be the best of 
guides The difficulty 18 increased by the fact that 
not all the teachers in a system at any moment 
have the same capacity to take up new and complex 
methods 

A new element of urgency has developed with the 
explosive demand for education in newly independent 
States that has been one of the striking characteristics 
of the past decade The demand for education, mdeed, 
has become a new political force ın the world, a force 
that no democratie Government can long resist, 
and countries are sometimes driven to launch am- 
bitious schemes of universal education before they 
have teachers with enough education to make them 
effective Unless there is to be a great waste of 
effort and grievous disappomtment with the results 
of popular education m emergent countries, there 
1s urgent need for a scholarly study, from a new and 
practical angle, of the whole natural history of the 
educational system and of the factors that help or 
retard 1ts progress from stage to stage 


IN THE UNITED STATES 


The longevity of American wage-earners and ther 
famihes has moreased more 1apidly than that of the 
general population of the United States In 1909, the 
expectation of life at birth of the mdustrial policy- 
holders was about six years less than that of the 
population as a whole By mid-century the two 
groups were on a par, at present industrial policy- 
holders have a slight advantage 

The long-term achievements in the conservation of 
lfe are accentuated by the very low death-rates now 
experienced in early hfe Mortality of the coloured 
pohloey-holders, particularly beyond childhood, 1s con- 
siderably higher than that for whites Among females, 
the rates for the coloured are at least double those 
for the whites from age 23 to the end of the child- 
bearing period Even though the difference 18 not as 
large for males, the ratio of mortality among them 
for the age-range 24—39 ıs more than 3 2, 

Sımılarly, the average length of lfe 1s appreciably 
greater for white than for coloured policy-holders, 
and ın each race ıs greater for females than for males 
In 1960. the expectation of hfe at age 5 years was 
70 7 for white females, compared with 66 2 years for 
coloured females, the corresponding figures for males 
were 63 8 and 61 9 years 


THE AMERICAN ACADEMY OF ARTS AND SCIENCES 


HE Records of the American Academy of Arts and 
E boss 1960—1961* 1ncludes, as usual, the list of 
officers and committees, lists of members (including 
those elected May 10, 1961) with alphabetical index, 
the statutes and charter of imcorporation, and 
reports submitted at the annual meetmg Special 
interest 18 given by the valedictory address of the 
retiring president, Kirtley F Mather, which, under 
the title “Assay and Perspective" reviews the activi- 


* American Academy of Arts and Sciences, Boston Records of the 
Academy (including new members elected 10 May, 1961), 1960-61 
Pp 157 (Boston, Mass , American Academy of Arts and Sciences, 
1961 ) 


ties of the Academy during the four years of his 
presidency before appraismg the present position 
of the Academy and its responsibilities and oppor- 
tunities durmg the next decade While it was 
doubtful whether the fullest possible use had been 
made of the Academy’s new house, Mr Mather 
thought that the success in developing 1ts pubh- 
cation Daedalus as a journal of ideas and opinion 
had been outstandmg and the Academy had been 
most successful ın 1ts development of conferences on 
topics of wide importance and interest 

As regards research, 119 grants totalling 91,903 
dollars had been made in the past four and a half 
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years, compared with 452 applications aggregating 
more than 500,000 dollars, and the Academy was 
seeking to inerease the number and scope of its 
awards for recognizing excellence, as yet it had no 
such award in the social sciences corresponding with 
its Rumford Medals in the physical sciences, the 
Amory Prizes in the medical sciences and the 
Emerson—Thereau Medal in the broad field of litera- 
ture. The Academy had made no public pronounce- 
ment during the period, but Mr Mather was not 
satisfied that there had been a suitable theme, and he 
inclined to think that the Academy was doing what 1t 
should more effectively by providing the information 


BRITISH COLUMBIA 


MONG the varied research items described in 

the seventeenth annual report of the British 
Columbia Research Council 18 one mto marme borer 
control (Pp 16 Vancouver British Columbia Re- 
search Council, 1961) Durmg 1960-61 the stations 
recording marine-borer breeding were increased to 
more than thirty as more companies engaged the 
Division of Applied Biology for protecting logs and 
wooden installations against losses by borers By 1ts 
larval inspection and log-scheduling service, the 
Division undertook the protection of more than 100 
million feet of timber in sea-water storage for 
Canadian compames and a similar volume for a 
company in Puget Sound, where the intensity of 
marine-borer attack 1s the highest on the North 
Pacific Coast. 

In instances where serious damage by borers would 
occur before the logs could be used, the rafts were 
treated chemically by a sprimkhng system developed 
by the Council Durmg 1960-61 more than 100 
sections of high-grade stock were treated ın this way 
prior to hauling from Alaska to Puget Sound, a total 
of 10 millon board feet of wood were chemically 
treated 

One of the outstandmg achievements ın this field 
in 1960 was the development of a sonic device for 
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to ilumine the problems on which policy makers 
must make their decisions. 

As regards the future, Mr Mather said that the 
Carnegie Corporation had made a grant of 50,000 
dollars for each of the next two years for the continua- 
tion of the Academy’s conference and study pro- 
gramme It would be necessary in the next four years 
to assess the value of the Academy’s house and the 
function of the Academy m the State, but he thought 
that the Academy’s outstanding opportunity and 
responsibility in the next decade lay in serving as a 
haison between the community of practical affairs and 
the practitioners and scholars 1n the arts and sciences 
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RESEARCH COUNCIL 


testing the internal condition of pilmgs This unit 
accurately reveals even minor damage by borers in 
pihng. The umt has been used for testing the 
soundness of pilmg in wharves on Vancouver Island 
and m Vancouver Harbour Operating m conjunc- 
tion with a diver, 130 piles a day can be examined 

Also developed during the past year was a technique 
for enshrouding mdividual piles so that they can be 
treated chemically to kill embedded borers This 
method was developed to protect uncreosoted piles 
which are used ın many logging operations on the 
coast and as fender piles on many wharfs. The 
shroud ıs all plastic to avoid corrosion ın sea-water, 
and can readily be clipped on and off a pile without 
the use of hooks 

A number of field studies on Bankia setacea. the 
local teredo-like borer, ıs beng made These include 
the susceptibility of different species of wood to 
attack, the rate of loss by different species, the effect 
of water temperature on breeding, and studies on the 
borer itself 

The Canadian Uranium Research Foundation has 
recently made a grant of 10,000 dollars a year for 
investigation into the use of uranium compounds as 
toxicant additives to wood impregnants for marme 
borers 


RECRYSTALLIZATION OF LEAD AND ZINC SULPHIDES 
By Dr. J. C. NIXON 


Consolidated Zinc Pty Ltd , North Melbourne, Victoria 
AND 


] D HAYTON, D. C. LAWRIE and A E. TYNAN 


Australian Mineral Development Laboratories, Parkside, South Australia 


| advanced in recent years for the formation 
of conformable ore deposits of base metals (the 
Broken Hill lead-zinc deposit in New South Wales 
18 one of these) imply that the observed ore textures 
were developed by crystallization or re-crystalliza- 
tion after mrtial deposition The earler ideas de- 
pended in part on the assumption that the mineral 
textures were original and depositional Since a 
useful understanding of the history of these deposits 
could be of assistance in exploration, some simple 
experiments were conducted to find out whether the 


textural condition of lead and zinc sulphides was or 
was not affected by temperatures which might be 
attamed m deep burial and m high-rank meta- 
morphism 

Chemically precipitated sulphides of lead and zinc 
were subjected to prolonged treatment in sealed 
vessels at elevated temperatures The sulphides were 
prepared by precipitation with hydrogen sulphide 
from solutions of lead and zme salts The washed 
precipitates were dried at 90°C m an inert atmosphere, 
and stored in a vacuum desiccator Samples of each 
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t 600* C.: (4) heated at 800° C. (5) Lead sulphide heated 
(1 zinc: 1 lead) heated at 800° C. All at 


Figs. : (1) Zinc sulphide heated at 200" C.: (7) heated at 400 C.; (3) heated a 
at 200°C.: (6) heated at 400°C.; (7) heated at 600°C. (8) Zinc sulphide mixtare 
magnification 25 



















“that it was considered unsafe to continue 
ng. The initial sulphides and the materials 
ged from the bombs were examined by X-ray 
ction and optical methods. 
[he X-ray patterns of the initial sulphides had 
oad peaks, indicating somewhat poor crystallinity. 
atterns obtained for both sulphides after treatment 
, 200° C. for 3 weeks had sharper peaks, showing 
an improved degree of crystallinity. Materials from 
. subsequent tests at higher temperatures gave diffrac- 
s o0 fion patterns essentially the same as those obtained 
for the respective sulphides treated at 200? C., indi- 
eating that at this stage the materials were sufficiently 
_ well erystallized to show maximum sharpness in the 
. .diffraetograph peaks. Products from heat treatment 
at temperatures higher than 200? C. were examined 
optically to determine the degree of crystallization. 
¿> Optical examination revealed little significant differ- 
ence between the initial sulphides and those treated 
at 200°C. In the latter it appeared that re-crystalliza- 
tion. had begun in myriads of centres which were 
less than lu across in either sulphide. All these 
samples consisted of small granules, average size 
.2-3u, which were aggregates of particles. Individual 
grains. were detected in the materials heated at 
400° C, and a few grains up to 80u in width were seen 
in the zine sulphide heated in the presence of water 
at this temperature. Some crystal faces were seen 
^ on the larger grains of this material. The zinc 
.sulphides heated at 600? C. contained free grains 
/.. Showing no tendency to coalesce. The average 
..  partiele size was approximately 124. The lead 





gest 





It is elear that heating lead and zine sulphides 
under the conditions described resulted in erystal 
growth, the effect being more enhanced at higher 
temperatures. The accompanying photomicrographs 
of polished sections of the briquetted materials illus. 
trate this trend most effectively. 

The work described was done by the Australian 
Mineral Development Laboratories on behalf of Con- 
solidated Zine Pty. Ltd. 


. BIOLUMINESCENCE IN THE SURFACE WATERS OF THE SEA 
By RICHARD H. BACKUS, CHARLES S. YENTSCH and ASA WING 


Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 


- JD ECENT work by Clarke et alt, who have 
~ RX lowered photomultiplier tubes to great depths 
-8t sea, have shown that flashing by bioluminescent 
organisms is present in varying degree at all depths 
in all localities of the ocean so far examined. Clarke’s 
instrument detects bioluminescence resulting from the 
combined activities of a variety of organisms and only 
measures bioluminescence when the ambient light- 
level is low enough not to mask the flashes. 

In order to make observations of bioluminescence 
independent of ambient light conditions we have 
devised an apparatus in which water from the sea 
surface is pumped at the rate of six gallons per 

.;'; minute through a darkened chamber fitted with a 
|. photomultiplier tube (RCA 6655-4 with S11 spectral 
© response). The tube is connected by appropriate 
-. .eireuiting to a recorder such that organisms luminos- 
_., sing while passing through the chamber are tallied 
~~ and their numbers recorded at the end of either a 








5-min. or à 1-hr. period. The effluent of the chamber 
may be strained with plankton nets for eollecting its 
fauna and flora. 

The plumbing system (Fig. 1) consists of tho pump 
(Jabsco 2187), plastic intake and discharge hoses 4 in. 
inside diameter, the viewing chamber (where the 
stream of water is about 2 in. wide and ł in. deep) 
and a fow-meter. The length of the intake hose was 
about 13 ft. in a harbour installation and about 
50 ft. in a shipboard installation. In the harbour 
apparatus it took an organism somewhat more than 
l sec. to pass from the intake to chamber and in the 
shipborne apparatus about 5 sec. The intake of 
bioluminescent organisms into the plumbing system 
stimulates them to flash. Some flash at the point of 
intake and others all along the hose between intake 
and chamber. but, as our observations show, many 
m en the chamber where the flow pattern is radically 
aitered. 
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Here counts every 5 mm. are plotted relative to sunset 
for two days each 1n May and November 1960 and 
show that prior to sunset more biolummescence 
occurred in May than November 

A Na. 20 plankton net was used to stram the 
effluent for 14 hr at the time of minimum count and 
again for the same period at the time of maximum 
count on December 2, 1960 Counts of the principal 
groups found and the bioluminescence counts are 
given in Table 1 The numbers of organisms deemed 
potential sources of bioluminescence increased at 
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At the shore installation counts were recorded by 1099 uses sey ads 190 ae 
Time (ES T) 
either à Hewlett-Packard primt-out counter (Counter , Fig 2 
523 BN and Printer 560-4) or a Sodeco IT'pb53 E 
print-out counter At sea, counting was done with 1,000 


a sumple solenoid-operated Sodeco counter which was 
read at appropriate times and re-zeroed 

Counts of flashes for 1-hr periods for five days each 
in May and November 1960, m Great Harbor, Woods die 
Hole, are shown in Fig 2 A pronounced diurnal 
rhythm in activity 1s obvious In May, maximum, or 
mght-time, counts were about 700 times the minimum, 800 
or day-time counts, while m November these differed 
by a factor of about 100 Details of the rapid increase 


n count which occurs at sunset are shown in Fig 3 "T 

Table 1 BIOLUMINESCENOE COUNTS (PERIOD TOTALS) AND NUMBERS 

OF ORGANISMS (PER m ? OF EFFLUENT) IN GREAT HARBOR, WOODS 
HOLE, DECEMBER 2, 1960 


Time Biolumin- Dino- Tın- 


(EST) escence  Diatoms* flagellatest tinnids* Copepodst 600 
1330-1500 52 35,600 1,425 3,560 2,140 
1730-1900 6,120 156,200 6,500 4,130 3,440 


* Not luminescent 
+ All (7) species luminescent 
i Some species luminescent 


Table 2 STATION DESCRIPTIONS 


Biolummescence (flashes/5 min ) 
e 
eo 
© 


Station Position Date Tıme Depth* Temp 
(1960) (EDT) (fm ) (°F ) 
A 40° 39' N, 
72° 30’ W to 
40° 35° N, 0 
72? 41' W. Sept 20 1230-2115 19-21 66 5 300 
B 40? 20' N , 
72? 40' W Sept 21 0110-0130 24 628 
C 40° 20O N, 
72° 39’ W Sept 20-21 2310-0010 25 64 0 
D 40° 06’ N, 200 
- 72° 37° W Sept 21 0420-0445 29 — 
E 39° 35’ N, 
72° 32’ W to 
39° 23’ N, 
72° 45’ W Sept 21 1115-2100 44-50 65 4 100 


F 38° 55’ N, 
72° 34° W Sept 22 0055-0130 920-970 735 
G 38° 28° N, 
72° 97' W Sept 22 0425-0450 1,470-1,475 748 
NES 6 nn 0 
~ jm N - —150 —90 — 30 +30 +90 +150 
79° 23 W° Sept 22-23 1215-0730 1,680-1,760 719 Sunset 
Min 


* Bioluminescence observations and plankton samples were all 
taken from 1 m under the surface. Fig 3 
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E t2 
eo e 
Bioluminescence (flashes/5 mm ) 


0 
1215 1355 1635 1715 1855 2035 2215 2355 0135 0315 0455 0635 0815 
Time (HDT) 
Fig 4 


night by factors of about 12-5 Whue a part of the 
increase in numbers of organisms ın the night sample 
may be due to vertical migration, the species composi- 
tion was quite different from that during day, which 
suggests that the water mass changed between 
sampling times. 

Similar observations of biolummescance were made 
at eight stations (Table 2) ın the continental shelf 
and slope waters south of New England m September 
1960 ‘The plankton community was collected 
simultaneously by passing the effluent of the pump 
through a No 20 plankton net Three stations 
(A, E and H) were occupied for 6-10 hr , mcluding the 
time of sunset, m order to study the diurnal variation 
of bioluminescence The other five were used with 
these three for studying the geographical changes in 
night-time bioluminescence over the onshore-offshore 
section 

At stations A, E and H a diurnal rhythm m bio- 
luminescence was observed simuar to that described 
for Great Harbor The observations for station H 
are shown in Fig 4 Here, as at stations A and E, 
sharp increases ın countmg-rate were observed when 
the daylight mtensity fell below about 500 foot- 
candles. This appeared to be true regardless of the 
magnitude of radiation during the day Buiolumines- 
cence counts and counts of the prmeipal organisms 
found ın the effluent at station H during the afternoon 


Table 3 BIOLUMINESOENCE COUNTS (HOURLY TOTALS) AND NUMBERS 
OF ORGANISMS (PER M? OF EFFLUENT) AT STATION H 


Bio- Dino- Green 
Time lumin- Diatoms flagel- flzgel- Tin- Copepods 
(EDT) escence lates lates tinnids 
1400-1500 15 1,600,000 38,063 701,000 398 6,030 
1600-1700 16 1,150,000 1,975 300,000 1,088 1,877 
1800-1900 46 507,000 2,322 487,000 888 4,440 
1900-2000 143 1,475,000 3,510 271,000 811 9,780 


and evening are shown m Table 3 Even considering 
the errors that may acrue due to plankton-countmg 
techniques and to the loss of smaller organisms 
through the net 16 seems 1mprobable that we would 
miss a vertical migration of plankton consistent with 
and. of a magnitude sufficient to account for the diur- 
nal changes m biolummescence observed Results 
at both stations A and E were similar 

Bioluminescenee counts, counts of principal plank- 
ton organisms and amounts of net and total (*Milh- 
pore’-filtered) chlorophyll from the pump effluent 
during night hours at all stations are given m Table 4 
Broluminescence was at a maximum at A, the station 
nearest the coast, was low across the continental 
shelf (B-D) and rose to an intermediate value at the 
edge of the shelf (Z) and remamed moderately high 
at the stations ın slope water (F-H) Numbers of 
dinoflagellates (mostly genus Ceratıum) more or less 
followed this trend and ıt 1s probable that most of the 
bioluminescence we observed came from these 
organisms The copepods were more numerous in 
slope water than at the stations on the shelf, but the 
cladocerans were present at the shelf stations and 
absent m the slope water Tintmnids were absent at 
the shelf stations and present at the slope stations 
The principal non-lummescent organisms encountered 
were diatoms They were numerous on the shelf and, 
in general, dimmished seaward except for the large 
population at station H The distribution of total 
chlorophyll and net chlorophyll was also higher on 
the shelf than on the slope 

It has been our experience that the larger dino- 
flagellates, which are important producers of bio- 
luminescence, are mussed when counts are made on 
raw sea-water samples of 100-200 ml, thus a fine 
plankton net had to be used to concentraie these 


Table 4 BIOLUMINESOENCE, PRINCIPAL PLANKTERS (NUMBER PER M 2) AND CHLOROPHYLL (UGM JL) AT STATIONS A-H 





| | — 1 ——T———T ——————————— L———————————— 
Sampling Sampling 
period, EDT | Brolumm- | peripd, ED T Dmo- Chlorophyllt 
Station|  (bioJumin- escence* | (plankton and | flagellates | Copepods | Diatoms  |Tinünnids Cladocera Total Net 
escence) counts/6 mm | chlorophyll) 
A 1955-2115 33 2 2000-2100 514,000 1,710 32,800,000 — 2,020 0 36 0 0021 
B 0110-0130 12 5 0108-0128 842,000 1,161 54,000,000 — 327 0 56 0 0063 
C 2310-0010 19 $52-0012 2,000 1,183 53,000,000 — 312 0 37 0 0060 
D 0420-0445 48 0420-0444 1,470 1,770 1,019,000 — — 0 39 0 0020 
E 1955-2100 160 2000-2100 4,270 5,400 8,010,000 944 98 0 21 0 0006 
F 0055-0130 16 9 0213-0133 4,160 5,055 6,540 1,800 — 0 39 0 0018 
G 0425-0450 12 7 0225-0445 1,839 ,500 3,150 1,300 — 021 0 0018 
H 1955-2200 18 1 1900-2000 3,510 4,000 1,480,000 811 — 0 20 0 0013 


* Flow-rate, 25 1 /min 





——————————— ————— ————— 


T Chlorophyll determinations by the methods of Richards with Thompson (ref 5) and Creitz and Richards (ref 6). 
























T ‘aware à hat a great fra notion of the 
passed through | the No. 20 net”. 
the net to total chlorophyll (Table 4) 
‘the net entrained less than 1 per cent of 
all the potoiynthotio autotrophs. 
Our observations are consistent with certain 
observations (summarized by Harvey") of biolumines- 
,eence in sea-water samples containing dinoflagellates 
Xd under various conditions of light and dark, 
with recent observations of circadian rhythms of 
hinescenoo in laboratory cultures of dinoflagel- 


Fastio and McElroy’ have recently pub- 
rvations of bioluminescence in Chesapeake 
ng an instrument which integrates light 
over short periods rather than counting 
8 “They observed no diurnal rhythm and 
snobided that ‘changes in intensity throughout the 
ater eolumn were due to the vertical migration of 
rganisms. In contrast, we feel that the diurnal 
attern "of bioluminescence observed by us largely 
sults from the inactivation of the bioluminescent 
d of the organisms responsible by daylight. The 
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i henri thé . o Chess scake Bay a 
Hole results may be due in part to the dii 
instruments but more than likely comes main y 
the geographical difference. mE n 
This work was supported by the Ni Mina] Be n 
Foundation (grant NS F-G9579 and grant NS. 
G8339) and the Atomic Energy Commission (contrac 
AT(30—1)-1918). 
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RESERPINE-INDUCED CIRCULATORY FAILURE 


By Pror. ELEANOR ZAIMIS 
Department of Pharmacology, Royal Free Hospital School of Medicine, London, W.C.l 


TNURING work on various drugs affecting adren- 
: Ü ergic mechanisms, the first results of which have 
- already been published!, it was found that 24 hr. 
- after the administration of 1 mgm./kgm. of reserpine 
~ a good number of cats, despite all care, died. Those 
animals which survived were very ill, lay immobile, 
| unresponsive to sound, apparently lifeless. When 
handled and gently caressed, however, they opened 
their eyes and, with great difficulty although not 

zco paralysed, succeeded in making some movements, 
while purring and yet crying simultaneously. Despite 
all precautions, body temperature tended to fall, 
-= Tespiration was depressed, blood pressure was very 
low and the heart-rate markedly reduced. There was 
— -a loss of body-weight, possibly because the animal 
neither ate nor drank and, in addition, suffered 
. marked diarrhea. In other words, cats thus treated 

` were very sick animals and presented & pieture of 
. great misery very similar in many ways to that of a 
human being during a stage of advanced shock (for 
example, late stages of acute circulatory failure), and 
finitely very much unlike the picture of an animal 

le: the influence of an ordinary central depressant 



































Rese rpine is known to reduce or deplete the various 
of their catecholamine content, and its 
gical actions, especially those on circula- 
on, as a rule, attributed to this depletion’. 
the cardiovascular system of animals 
reserpine or isolated tissues from 
have been extensively used for the 
mechanism of action of various drugs. 
been & favourite experimental animal 
to 'reserpinize' it, doses of at least 
' the drug have "usually been used. 
cal condition, however, of the cats 
orpine was considered unlikely to be 
A a + dej 9letic however POPER of 


the animal’s catecholamines. Experiments. were 
therefore undertaken in which various parts of the  . 
cardiovascular system could be studied simultaneously = 
in vivo. pL 
Most cats were given a single dose of 1 mgm. fkgm. S 
of reserpine, either subcutaneously or intraperitone- ^ 
ally, on the day before the experiment. A few... 
received the same amount of the drug spread over _ 
two or more days. Both the control and the reserpine- — 
treated animals were anmsthetized with ehloralose — 
and prepared for the recording of blood pressure, 
peripheral blood flow (measured by recording the 
venous outflow from a hind limb) and force of cardiac — 
contraction (recorded by means of a strain gauge = 
arch attached directly to the muscle of either the ciem 
right or the left ventricle). uen 
The blood pressure of the cat pretreated with uo 
1 mgm./kgm. of reserpine was low, rarely exceeding — 
70 and very often less than 50 mm. mercury and the . __ 
heart-rate very slow. When the chest was opened, | . 
the heart was found to be enlarged, flabby and soft 
and the superior and inferior vens cave and t 
tributaries engorged. The right side | 
was, as a rule, at this stage more aff 
left. Moreover, the force of cardiac 
woll below normal and the applicati 
logical tests clearly demonstrated th 
in failure, Furthermore, it was. fo T 
sensitivity of the peripheral vessels. 
noradrenaline and. isoprenaline, admi ; 
venously or close-arterially, was decreased: (5 
changes of blood pressure were, as a rule, seco! 
to changes in cardiac contraction; and (e) 
peripheral blood flow passively followed the ehang 
of blood pressure. In other words, 24 hr. after t 
&dmisüstration of 1 mgm./kgm. of reserpine the cat an 
exhibited a most spectacular circulatory failure, and — 
furthermore any improvement of the circulation at GET 




































ontraction. | 
"Although circulatory failure was always present, 





its degree varied from animal to animal. For example, 


dn older, lactating or pregnant animals the condition 
was at its worst. When the heart failure was less 


` advanced, the force of cardiac contraction increased 


. after the administration of adrenaline, noradrenaline 
or isoprenaline. However, as a rule, noradrenaline 


produced the largest inotropic effect, adrenaline was 
—' less effective, followed by isoprenaline. Moreover, in 
~~ a number of experiments the force of cardiac con- 


traction after isoprenaline was either unaffected or 

.elearly depressed. Thus, in the animals treated with 
reserpine the ratio appeared quite different from that 
in the control cats, where isoprenaline is the most 
powerful of the three catecholamines. The reason 
for this rather puzzling behaviour of the catechol- 
amines in the animal treated with reserpine became 
apparent when changes of heart-rate were recorded 
at the same time. It was found that the heart of the 
animal treated with reserpine, in contrast to the 
control, was unable to sustain an increased activity. 
Consequently, its response to isoprenaline varied 
according to its condition at the moment of the 
administration of the drug; if very poor, the heart 
faced the abrupt increase in heart-rate with a clear- 
cut depression in the force of its contraction; on the 
other hand, when failure was not very advanced, the 
heart contraction could still improve, but even then 
the response was always much smaller than that 
usually seen in the control heart. A similar variation, 
although less pronounced, was found with adrenaline. 
In the majority of experiments, adrenaline did pro- 
duce a positive inotropic effect. Occasionally, how- 
ever, when heart failure was very advanced, the 
effect of adrenaline on the heart was depressant. 
The only catecholamine the administration of which 
was always followed by a positive inotropic effect 
was noradrenaline. 

In control cats a dose of 50-100 ugm. of ouabain 
produced very little or no change at all in either the 
force of cardiac contraction or the blood pressure. 
In contrast, in the animals treated with reserpine 
after ouabain, a gradual increase in the amplitude of 
the cardiac contraction occurred accompanied by a 
simultaneous rise in blood pressure. Furthermore, 
ouabain was found partially to restore the positive 
inotropic effect of various drugs, which in the animals 
treated with reserpine became ineffective or depres- 
sant to the heart. This was the case with both 
tyramine and isoprenaline. 

Furthermore, histological examination of the heart 
muscle revealed in each case extremely severe and 
widespread degenerative changes (Fig. 1). The 
examination of various other organs is still in pro- 
gress. However, the results already obtained indicate 
that the liver undergoes, at this stage, centrilobular 
(fatty) changes indicative of heart failure and raised 
venous pressure. Moreover, while the adrenal 
medulla appeared normal, the cortex in most animals 


. showed a picture characteristic of severe stress with 


widespread degenerative changes affecting the cells 


_ of both zone fastigiata and fasciculata. 


_- From these results it is quite obvious that, in the 
; Gat, reserpine in a dose of 1 mgm./kgm. produces 
=a most spectacular poisoning of the heart muscle, 
leading rapidly to disastrous functional impairment. 
As the myocardium is of the very essence in the 


 . maintenance of the circulation, all other factors 






result. of an amelioration of the force of cardiac . 





Fig. 1. Photomicrograph of myocardium (hematoxylin and eosin): 
(a) from a control cat; (b) from a cat treated with reserpine 
(0-25 mgm. per kgm. for 5 days) 


which contribute to the circulation of the blood, 
although important, are likely to be secondary to 
the function and integrity of the heart muscle. How- 
ever, the reduced sensitivity of the peripheral vessels 
of these animals to the normal mediators must 
undoubtedly contribute to the circulatory debacle 
which develops in such an incredibly short period of 
time. 

The function and histological abnormalities found 
in the other organs of the animals treated with 
reserpine may be due to either direct toxic effects or 
to changes secondary to tissue anoxia, bound to exist 
in an acute circulatory failure. 

The mechanism by which reserpine produces such 
powerful toxic effects remains to be elucidated. How- 
ever, the functional and histological changes on one 
hand and the finding on the other hand that a meta- 
bolically ‘active’ tissue is more affected than a tissue 
relatively ‘at rest’ strongly suggest that the drug 
inhibits either some energy-yielding or some energy- 
consuming reaction. Kirpekar and Lewis? and Gillis+ 
have already suggested a depressant effect of reser- 
pine on the oxidative metabolism of various tissues. 

Evidence that reserpine is a highly toxie drug 
has been previously reported. Unfortunately, such 
evidence has not received the attention it deserved. 
Saffran and Vogt* found that in rats a single intra- 
peritoneal injection of reserpine (2-5 mgm./kgm.) 
produced a fall in the concentration of corticotrophin 
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of the pituitary to 30 per cent of the resting value 
The authors reached the conclusion that this effect 
of reserpine 1s not due to interference with storage of 
adrenocorticotrophic hormone in the tissue, but was 
sumnply the result of the drug acting as a stressing 
agent In them experiments, the losses in adreno- 
corticotrophic hormone were of a degree not pre- 
viously encountered, after the injection of drugs, but 
of the magnitude reported after adrenalectomy, or 
after removal of one and enucleation of the other 
adrenal The only substance which in Saffran and 
Vogt's hands caused an even greater loss of adreno- 
corticotrophic hormone was a severely toxic drug—a 
nitrogen mustard, 24 hr after the myection of 
di(2-chloroethyl) methylamine hydrochloride (‘Mus- 
tine’, Boots) the rats which had survived exhibited 
cedema and weakness and the corticotrophin of the 
pituitary had fallen to 10 per cent 

Goldin et al? have reported that reserpine exerts 
an anti-tumour effect They demonstrated that 
treatment with reserpme produced a significant 
increase in the survival-time of mice carrying ad- 
vanced lymphoid leukemia (£1210) and caused 
regression of the local tumour which develops at the 
site of moculation Robison et al? have made similar 
observations Furthermore, West et al ? demonstrated 
that reserpme, in small doses, mhibited the growth 
of three different tumours in mice. and decreased 
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uptake of oxygen in the mtact animal They reached 
the conclusion, however, that the anti-tumour effect 
of reserpine 1s mostly non-specific and dependent on 
depression and reduction of food intake 

Reserpine appears thus to be one of the most 
powerful ‘poisons’ known in pharmacology, and the 
eserpmuzed' animal, with both central and peri- 
pheral circulation in acute failure, a most abnormal 
experimental tool 

I am grateful to my colleagues, Drs P P and 
M G Scott and Elizabeth Davis for their valuable 
advice and help with the histological studies This 
investigation was supported by & grant from the 
Palissade Foundation, Inc , of New York, and grant 
B-2474 (Cr) from the National Heart Institute, 
National Institutes of Health, US Public Health 
Service 
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4-SULPHANILAMIDO-6-METHOXY AND 6-ETHOXY PYRIMIDINE (I.C.1. 


“ 


NOS. 32,525 AND 33,536): TWO NEW LONG-ACTING 


SULPHONAMIDES 
By Dx R CLARKSON and Da. A R. MARTIN 


Imperial Chemical Industries, Ltd , Pharmaceuticals Division, Alderley Park, Macclesfield 


ENEWED activity in the sulphonamide field 
R over the past few years has been aimed primarily 
The first 


at compounds with prolonged action 
2-sulphanil- 


compound with this characteristic, 
amido-4,6-dimethoxypyrimidine, was synthesized 
in these laboratories m 1947 (ref 1), and 
dlustrated the importance of the methoxyl group 
in lowering the rate of excretion Sulphamethoxy- 
pyridazime? and sulphadimethoxine* followed from 
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the laboratories of American Cyanamid and Hoff- 
mann-La Roche and have attained wide clmical 
use 

The one compound, closely related to these, which 
had not been prepared previously, was 4-sulphanil- 
amido-6-methoxypyrimidine (I, R=Me) This and 
analogous compounds were readily available by the 
following route, starting with 4,6-dichloropyrimidine 
II (ref 4) 
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The zwitter-ionic trimethylammonium compound 
(IV) proved to be a useful mtermediate m the pre- 
paration of higher homologues (compare ref 5) since 
it 18 much more reactive to nucleophilic reagents 
than is the chloro-compound (III) 4,6-Dichloro- 
pyrimidine (II) reacts smoothly with ethanolic 
ammonia at room temperature to give 4-amino-6- 
chloropyrimidme Replacement of the 6-chlorine 
with alkoxide followed by the standard sulphonylation 
procedure yielded I The experimental details of these 
reactions have already been published® ‘The syn- 
thesis of the methoxy compound by simular routes 
was afterwards published by the American Cyanamid 
workers’ 

The 6-methoxy (32,525) and 6-ethoxy (33,536) 
sulphonamides are of outstanding efficacy agaist 
experrmmental infections ın mice, as shown here, but 
this effect falls off as the size of the alkoxy group 
increases, presumably because of poor absorption 
from the gastro-intestinal tract Substitution in the 
5-position of the pyrimidine ring also lowered the 
antibacterial effect in most cases® 

The antibacterial action ın vwo and «n vitro of 
32,525 and 33,536 18 compared here against three 
most widely used, long-acting sulphonamudes ‘The 
effect of sulphaphenazole? agamst an experimental 
Streptococcus pyogenes infection was so poor that this 
compound was not mcluded in further comparisons 
The three organisms used in this work, both am vivo 
and «n vitro, were Salmonella dublin, Streptococcus 
pyogenes (strun Kruger) and Staphylococcus aureus 
(stram Buttle 147). 

Bactervostatic action wn vitro Median inhibitory 
concentration of the sulphonamides mentioned were 
determined in Jewell and Pearmaim’s medium! 
(median mhibitory concentrations are expressed in 
ugm/ml and are the mean of three concordant 
observations, determined graphically), they are 
shown in. Table 1. 


Table 1 
Test organism 
Sulphonamide Strep Staph Sal 
pyogenes aureus dublin 
32,525 13 3 b 
33,536 19 3 15 
Sulphadimethoxine 6 35 64 
Sulphamethoxypyridazine 42 14 14 
Sulphaphenazole 12 6 60 


The results given in Table 1 show that 32,525 1s as 
effective as the other compounds against the Gram- 
positive organisms and clearly illustrates its superi- 
orty against the Gram-negative 

Therapeutic action wm vivo Infected mice were 
treated orally with the sulphonamides, doses bemg 
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given l hr. after the infection with subsequent doses 
at 24 and 48 hr. Deaths were recorded daily, mice 
alive on the eighth day (fifteenth 1n the Staph aureus 
infection) being arbitrarily awarded a survival time 
of 8 (or 15) days The figures given in Tables 2, 3 
and 4 are ‘effects’, that 15, mean survival time m 
days of the treated group minus mean survival time 
of the control group 


VoL 192 


Table 2 Streptococcus pyogenes 
Dose (mgm /20 gm ) 
4 2 1 


Compound 05 
$2,525 50 33 26 11 07 
33,536 49 45 86 16 06 
Sulphadimethoxine 37 12 04 02 00 
Sulphamethoxypyridazine 38 23 18 06 02 
Sulphaphenazole 19 04 02 00 00 

Table 3 Salmonella dublin 
Dose (mgm /20 gm ) 
Compound 05 025 0125 006 003 0015 
32,025 55 60 48 35 23 20 
33,536 51 49 39 26 21 09 
Sulphadimethoxine 29 23 07 00 09 — 
Sulphamethylpyridazine 30  À 20 14 10 09 — 
Table 4, Staphylococcus aureus 
Dose (mgm /20 gm ) 

Compound 05 025 0125 006 003 
32,525 125 111 85 47 10 
33,536 109 109 27 14 — 
Sulphadimethoxine 78 36 — — — 
Sulphamethylpyridazine 109 21 13 0 — 


It can be demonstrated that the fraction of a 
sulphonamide which is bound to plasma protems 
has no antibacterial activity". Equilbrium dialysis 
experiments between buffer and human (or mouse) 
plasma show that the two new compounds are less 
extensively bound than the older ones This fact, 
together with the high mtrinsic activity and & per- 
sistence m the mouse about equal to that of sulpha- 
methoxypyridazine, probably explains the superior 
effect of 32,525 and 33,536 
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GROUP RETENTION FACTORS IN THE GAS-LIQUID 
CHROMATOGRAPHY OF STEROIDS 


By R B CLAYTON 


Conant Chemical Laboratories, Harvard University 


T has been shown! that the ietention time of a 
mono-unsaturated sterol methyl ether on the gas- 
liquid chromatogram, in which polyethylene glycol 
succinate 1s the liquid phase, may be expressed in 

the form 
Tae 2) = Ta X kz (1) 


where 7a + 18 the retention time of the sterol 
having a double bond rmn position z, rs 1s the retention 
time of the parent saturated structure and kz 1s a 
constant factor, characteristic of the position of the 
double bond but independent of the molecular weight 
The further relationship 


No 4802. November li, 1961 


Te+z+y = Ts X kz X ky (2) 
describes the retention time, 542+) of a dienol 
methyl ether with non-mteracting double bonds m 
positions zx and y, the second double bond being 
characterized by the factor L, 

These observations suggest that this type of 
relationship 18 a general one such that the mtroduction 
of a substituent group into a specific position in the 
steroid molecule influences the retention time by a 
factor which 1s a constant for the type of grouping 
and its particular site of attachment, but which 18 
independent of the molecular weight of the total 
structure and of the influence of other functional 
groups, provided no interactions occur with them 

If this 1s so, 16 18 to be expected that equation (2) 
may be applied in its most general form to the 
steroids, so that the retention time of a poly-sub- 
stituted steroid in which intramolecular group mter- 
actions are negligible can be expressed as 
) —Ua X ka X ky x Ke x (3) 
where famiaibzo.ce ) 1s the retention time of 
the total structure, rn is the retention time of the 
unsubstituted nucleus and fa,»,c, are group 
retention factors for a series of non-interacting sub- 
stituents at positions a, b, c, ete Tt 18 the purpose of 
this communication to present the preliminary 
results of some work with compounds which have 
been selected with the specific object of testing 
equation (3) 

The steroids were authentic samples which had 
been synthesized by standard methods Methyl 
ethers were prepared by reaction of the appropriate 
hydroxy-compounds with methyl iodide in the 
presence of potassium ¢ -butoxide in diethyl ether 
Gas-liquid chromatography was carried out with 
5 per cent polyethylene glycol succmate as the liquid 
phase under conditions exactly as previously de- 
scribed! 

The retention times, relative to that of cholestane, 
of a series of steroid hydrocarbons, their 38-methoxy-, 
J8-methoxy-A5-, and 5a-hydroxy-derivatives are 
presented in Table 1 In the last three columns of 
Table 1 are hsted the retention factors for the 38- 
methoxyl and 5«-hydroxyl groups and the A5-bond, 
respectively These are the separation factors 
between the saturated parent hydrocarbons and 
their corresponding 38-methoxy- and 5a-hydroxy- 
derivatives and between the saturated 38-methoxy- 
compounds and their A5-derivatives. 

The retention factor for the 38-methoxyl group ın 
the saturated series 18 seen to be the same, within the 
limuts of measurement, in all cases The factor 
associated with the mtroduction of the A* bond into 
the 38-methoxy-compounds, which has already been 
shown to be constant for the C,,, C., and C,, sterols, 
1s seen from the present work to have the same value 
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Table 1 RELATIVE RETENTION TIMES OF SOME STEROID HYDRO- 
CARBONS AND DERIVATIVES 
Substituents Retention factors 
Hydro- 8p- ba- methoxy- 38- 5a- As 
carbon methoxyl hydroxyl As methoxyl hydroxyl 
Andros Anp 0 42 — 0 461 9 55 — 109 
Allopregnane 073 110 0 806 3 50 5 25 110 
Cholestane 3 50 5 24 3 80 3 50 524 1 09 
Ergostane. 4 89 6 98 5 22 3 54 5 06 107 
PRETIO nO 611 8 70 6 60 3 55 5 06 108 
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in the C,, and C,, series The retention factor of the 
5a-hydrcxyl group shows greater variation than can 
be accounted for by operational error but still remains 
constant over a range of 4 per cent as between the 
pregnane and stigmastane derivatives 

Table 2 presents some results obtained with a series 
of bifunctional steroids, chosen to test the accuracy 
with which retention times may be predicted by 
means of equation (3) In the left-hand side of the 
table are listed & series of monofunctional compounds 
and their retention times relative to that of cholestane 
In the right-hand side a series of bifunctional deriva- 
tives are listed, together with their observed relative 
retention times and their calculated relative retention 
times derived, from the data for the monofunctional 
steroids ın the left-hand side of Table 2 and the 
appropriate values shown in Table 1 It 1s seen that 
in all except the last two cases (5a-hydroxy- A?- 
cholestere and 5«-hydroxy-A’-ergostene) there ıs 
close agreement (withm 4 per cent) between the 
observed and calculated values 


Table 2 OBSERVED AND CALCULATED RELATIVE RETENTION TIMES 
(r) OF SOME MONO- AND BI-FUNCTIONAL STEROIDS 


Monofunctional steroids Bifunctional steroids 
r r r 
(obs ) (obs ) (calc ) 
17B-Methoxyandrostane 0333 38,178-DImethoxy- 119 118 
androstane 
7a-Methoxycholestane 167  38,7a-Dimethoxy- 565 583 
cholestane 
78-Methoxycholestane 225  38,78-Dimethoxy- 765 788 
cholestane 
38,7a-Dimethoxy- 119 122 
allopregnane 
38,78-Dimethoxy- 160 164 
allopregnane 
7a-Hydroxycholestane 683  38-Methoxy-7a-hydroxy-b5 20 500 
allopregnane 
A*-Cholestene 120 5a-Hydroxy- 4?- 534 630 
cholestene 
A’-Ergostene 180 5a-Hydro.y- 4?- 726 906 
ergostene 


The aberrrant results obtamed in the case of 
unsaturated 5a-hydroxy-compounds bear on the 
question of intramolecular group interactions The 
calculated values for the relative retention times of 
5a-hydrexy-A?-cholestene and 5a-hydroxy-A’-ergo- 
stene exceed the observed values by 18 and 25 per 
cent respectively Measurements of Dreiding models 
indicate that the approximate distances of 31 and 
29 A between the 5a-oxygen atom and C, and C, 
respectively m the A?-compounds are almost identical 
with the distances between the oxygen atom and 
C, and C, m the A’-compound It ıs therefore 
reasonable that approximately the same degree of 
interaction should take place between the double 
bond and the homoallyhe hydroxyl group in each 
case The precise nature of the interaction is not 
clear It may be in part a simple steric effect m 
which the hydroxyl group partially blocks the inter- 
action between the double bond and the liquid phase 
but probably also mvolves a transannular x-bonded 
interaction between the double bond and the labile 
hydroxyhe hydrogen. An evaluation of the relative 
unportarce of these two possible effects would 
require a study of analogues in which the 5«-hydroxyl 
group was replaced by an inert substituent of similar 
s1ze 

These results attest to the validity of equation (3) 
as & geneial expression of the relationship between 
structure and retention time in the steroid series. 
They are entirely consistent with the relationships 
between members of the same and closely related 
homologous series which have already been firmly 
established by the work of James and others?. It 
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has been in the nature of the materials which have 
been most thoroughly investigated hitherto that 
emphasis has fallen more heavily on the logarithmic 
relationship between retention time and molecular 
weight withm a homologous series than on these 
separation factors between different homologous 
series. In the present context the retention factors 
arising from the introduction of individual substituent 
groups into the molecule inevitably claim complete 
attention 

As was pointed out previously!, the precise influence 
of the liquid phase on the values of the group reten- 
tion factors remams to be established. Lipsky and 
Landowne, in & valuable summary? of separations 
achieved with a wide range of steroids on a vanety 
of the less polar polyester liquid phases, have reported 
separation factors which are approximately of the 
same relative order as those obtained ın these Labora- 
tories. Similar results have also been reported by 
Haahti et al *. It seems likely that the same general 
relationship expressed ın equation (3) must hold with 
the less polar liquid phases but that the actual 
values of the group retention factors differ consider- 
ably according to the chemical nature of the liquid 
phase In view of the generally shorter retention 
times obtaming with the less polar polyester liquid 
phases used by the above authors it 1s evident that 
these are to be preferred for the separation of highly 
oxygenated compounds since the cumulative effects 
of highly polar substituents soon lead to excessive 
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retention times For the analytical separation of 
simple sterols, in the form of their methyl ethers, 
however, there may well be some advantage in the 
use of the highly polar polyglycol sucemate used in 
ihe present work 

The extension and further refinement of this type 
of study seem likely to yield mformation which will 
supplement m & novel manner the existing body 
of knowledge concerning reactivity of substituent 
groups and their intramolecular interactions The 
practical value of the group retention factor method 
for the elucidation of hitherto unknown steroid 
structures 18 already established by rts routine use m 
these Laboratories 

A. complete account of this and related work will 
be presented elsewhere. I wish to express my thanks 
of Prof Louis Fieser and Prof H B Hoenbest for 
generous gifts of steroid samples and to Prof Konrad 
Bloch for his mterest 

This mvestigation was carried out durmg tenure 
of an established mvestigatorship of the American 
Heart Association and was supported by grants from 
the American Heart Association and the National 
Institutes of Health 
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SURVIVAL OF RHIZOBIUM ON CLOVER SEEDS 
By J. F LONERAGAN*, D V. MOYE and A. J ANDERSON 


Division of Plant Industry, Commonwealth Scientific and Industrial Research Organization, Canberra 


HE high death-rate of Rhizobsum inoculated 
on the surface of clover seeds 1s a serious problem 
where the survival of adequate numbers of rhizobia 
on the seed 1s essential for satisfactory nodulation, 
as in acid soils where the acidity further reduces the 
number of viable rhizobia On lime-coated seed, 
which 18 used for establishing legumes on acid soils?, 
the death-rate 1s also high? and ın addition the seed 
is difficult to re-moculate This article reports the 
survival of Rhizobium on seeds of subterranean clover 
for periods exceeding twelve months, m the presence 
or absence of a lime coat 
A. treatment designed to force rhizobia under the 
seed coat’ was tested ın expermments with the Mount 
Barker stram of subterranean clover (T'rzfolowm 
subterraneum L) The method used was to immerse 
the seeds in a liquid culture of Rhazobsum, and apply 
a vacuum of 700 mm of mercury for three successive 
periods The total period of immersion was 5 min 
Rhzobrum irifolw stram NA30 was cultured in a 
yeast manitol medium' of pH 7 Immediately prior 
to inoculation, maltose or sucrose was added to the 
culture (nodulation was not affected by the form of 
sugar) to give a concentration of 10 per cent sugar 
Solutions containing 10 per cent sugar were used for 
all dilutions and for the unmoculated controls 
One set of replicates was prepared without a hme 
coat, and a corresponding set with a lime coat, using 
50 mgm of methyl ethyl cellulose* plus 5 gm of 


* Present address Institute of Agriculture, University of Western 
Austraha, Nedlands, Western Australia 


precipitated calcium carbonate per 25 gm of clover 
seed ‘The seeds were air-dried and stored in paper 
envelopes at room temperature, which seldom varied 
outside the range of 20°-27° C 

Two lots of seed which had been prepared separ- 
ately (Exps. 1 and 2, Table 1) were sown on an agar 
medium of pH 7 m test-tubes 64 weeks after treatment 
There were twelve tubes per tieatment, with two 
seeds m each tube ‘Table 1 shows clearly that the 
use of the immersion and vacuum treatment enabled 
rhizobia to survive on a proportion of the seeds for 
64 weeks, and that lime-coating the seeds had no 
harmful effect on this survival 

The results presented ın Fig 1 show the beneficial 
effects of the immersion and vacuum treatment m 


Table 1 NODULATION OF SUBTERRANEAN CLOVER SOWN ON AN 
AGAR MEDIUM 64 WEEKS AFTER TREATMENT 
Percentage of tubes 
Inoculation treatment with nodulated plants 
No of rhizobia Without With 
Method perm! ofinoculum* lime coat lime coat 
Experiment 1 
Uninoculated 0 0 0 
Normal 2 2x10” 0 0 
Immersion and vacuum 22x10* 8 17 
Immersion and vacuum 292x108 17 17 
Experiment 92 
Uninoculated 0 0 0 
Normal 24x10? 0 0 
Immersion and vacuum 24x10* 25 17 
Immersion and vacuum 24x10? 42 42 


* For the norma] 1mnoculation treatment, 1 ml of moculum was 
added to 25 gm of seed (approximately 3,000 seeds) For the 1mmer- 
Ron ang vacuum treatment 25 gm of seed absorbed about 3 ml of 
noculum 
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Percentage of plants with nodules 
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10? 10° 10° 
No of rhizobia per ml. of inoculum * 


Fig.1 Effects of treatments on the nodulation of subterranean 

clover sown on an acid soil in the field a, 1 day, b, 12 weeks 

afterinoculation A,normalinoculation, O, normalinoculation, 

withlime coat, A, immersion and vacuum inoculation, @,immer- 

sion and vacuum inoculation, with inne coat, W, freshly 

inoculated, drilled with nae ‘ic See corresponding footnote to 
abie 1 


field sowings on & virgin soil of pH. 54 The normal 
method of inoculation was ineffective on this soil 
when used without a lime coating, even when the 
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seeds wers sown one day after moculation When 
the seeds were lime-coated the normal method of 
inoculation was effective for the first sowing, but was 
not effective after storage for twelve weeks When 
the seeds were 1mmersed ın Rhizobvum inoculum and 
subjected to vacuum, the moculation was effective 
at both sowmgs At the twelve-week sowing the 
highest percentage nodulation occurred where freshly 
inoculated seed was drilled with lime, but pre- 
moculation by immersion and vacuum treatment 
combined with lime coatmg was nearly as good 

At the first field sowmg (Fig 1) there was a good 
response to inoculation by the immersion and vacuum 
treatment in the absence of a lime coat, suggesting 
that this method of inoculation had provided the 
Rluzobvum with some protection against the harmful 
effects of the acid soil The response was also 
evident at the twelve-week sowing, although here a 
lime coat was needed for the best response to inocula- 
tion whers the lower number of rhizobia was used. 

Further tests were made in an acid soil m a glass- 
house All the treatments shown in Fig 1 were 
included in a trial ın pots sown 32 weeks after the 
treatment of the seed In this trial the only response 
to moculation was obtaimed where the immersion 
and vacuum treatment was used m conjunction with 
a lime coat on the seed The lime-coated, vacuum- 
inoculated seed gave 75 per cent nodulated plants at 
each level of moculation, compared with less than 
20 per cent of nodulated plants for all other treat- 
ments 

At a 52-week sowing ın pots, where the 1mmersion 
and vacuum treatment was tested only ın the 
presence of a hme coat, the lower and higher levels 
of inoculation respectively gave 16 per cent and 51 
per cent nodulated plants, compared with no nodules 
on the urinoculated controls 

These results show that 1t 1s possible to moculate 
clover seeds m a way that enables the rhizobia to 
survive for very long periods It ıs clearly important 
to define the factors concerned in the effect of the 
immersion and vacuum treatment used, and m tho 
survival of the rhizobia 
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CHOLINERGIC NEURONS IN VERTEBRATES 
By Dre CATHERINE H=BB 


Agricultural Research Council Institute of Animal Physiology, Babraham, Cambridge 


AVANAGH and Holland! have recently 1eported 

histochemical evidence showing that acetyl- 
cholinesterase (AChE) 1s more widely distributed 
in the nervous system of the chicken than in the 
nervous system of mammals They found that m 
the hen, m contrast to mammals, 16 was present 1n the 
eytoplasm of all central neurons examined and was 1n 
the dorsal root ganglion cells as well Because cholin- 
ergie cells characteristically contam AChE (ref 2), 
they suggest that all neurons in this species are 


cholinergic and that in this respect it differs funda- 
mentally from mammals, n which non-cholinergic 
as well as chobnergic cells are found The additional 
possibility ıs adumbrated that an all-cholinergic 
nervous system ıs simpler than one to which non- 
cholnergic cells contribute and as such may be 
better suited to the requirements of a species less 
highly developed than mammals I would hke to 
comment on these suggestions in the light of earher 
pubhshea work? and of evidence which I have been 
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collecting, as material becomes available, on acetyl- 
choline (ACh) metabolism in representative verte- 
brate species ‘This later work, which 18 referred to 
here, has been briefly summarized ın an article now 
in the press? 

First. 1t 18 relevant to consider how far biochemical 
data can be used as criteria 1n identifying cholinergic 
neurons. Known cholinergic cells of the periphery 
are found to contain both AChE and ChAc (choline 
acetylase, the enzyme thet synthesizes ACh) By 
combined histochemical and biochemical analysis 
ib ean be shown that the AChE ıs present both in 
the perikaryal cytoplasm and in the axoplasm of 
cholinergic neurons and, m addition, 1s concentrated, 
at ther axon terminals, although at this site a 
proportion of enzyme 1s postsynaptic and apparently 
the product of the cholinoceptive cell which they 
innervate Where this characteristic disposition of 
AChE 1s observed it 1s highly probable that the cells 
1n question are cholinergic However, the presence of 
enzyme in the cell body does not necessarily mean 
this since the cytoplasm of certam non-cholinergic 
neurons, including some sympathetic and spinal 
ganglion cells, also contam AChE im fairly high 
concentration ‘Therefore, in order to find out if a 
cell ıs cholinergic, ıt ıs of greater importance to 
establish whether ChAc which has not been found 
in any proved non-cholinergie neurons 1s also present 
ın ıt Unfortunately, there 18 no suitable micro- or 
histo-chemical technique by which to determine the 
cellular location of ChAc, so that m samples of the 
central nervous system ıt 18 usually not possible to 
identify the neurons from which 1t 1s derived and the 
mformation obtained from 1ts measurement 18 quanti- 
tative only. In the central nervous system, expressed 
as the amount of ACh which can be synthesized per 
gm tissue per hr., its concentration may vary in some 
species of mammal from 0 to 5 ygm in tissues such 
as the optic nerve and parts of the cerebellar cortex 
to amounts equivalent to an activity of 3 mgm ın the 
caudate nucleus; while in birds an even wider range 
of activity is found 

These variations of ChAc have been mterpreted to 
mean that the proportion of cholimergic to other 
neurons varies in different parts of the central 
nervous system, and that 1ts concentration 1s larger 
or smaller depending on the numbers of such neurons 
To some extent 1t may also depend on which parts 
of them, the cel] body, axon or axon terminals, are 
sampled since 1t appears that there 1s more enzyme 
at the axon terminals than elsewhere in the cell 

In line with this interpretation all centra) structures 
eontaming ChAc have AChE associated with it, 
and in the case of some tissues contaming & high 
concentration of ChAc ıt has been possible to show 
that the distribution of AChE m some of the con- 
Bt3tuent neurons conforms to what would be expected 
if they were cholinergic. In much of the brain and 
spinal cord ıb ıs not possible, however, to apply this 
test because of the difficulty of tracing neurons 
through to endings that are often remote from the 
cells of origi A new approach which helps to over- 
come this difficulty by determinmg the effect of 
chronic section on AChE in some central pathways 
has recently been described‘; but at present, conclu- 
sions about the identity and course of cholinergic 
neurons in the central nervous system are largely a 
matter of mference 

The ultimste test of whether a nerve 1s cholimergic 
18 the demonstration that 1t releases ACh to transmit 
mpulses to the cell or cells with which ıt synapses 
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There 1s now evidence to show that ACh 1s released 
in the central nervous system, and ın the case of the 
cerebral cortex it has been demonstrated that the 
rate at which this occurs 1s correlated with the level 
of cerebral activity as measured by the electro- 
encephalograph and can be increased by electrical 
excitation applied locally, or at a distance to nerve 
pathways which have connexions with the cortex? 
Tn addition, some cholinoceptive neurons have recently 
been identified ın certain cortical areas?*. The 
biochemical evidence for the existence of central 
cholinergic neurons has therefore received. substantial 
support from physiological experiment and there 
seems little reason to doubt that they form an mpor- 
tant part of the central nervous system 

There is, however, one other cause for uncertamty 
in interpreting the biochemical date This is the 
possibility, which has never been completely excluded, 
that some neurogla may participate in ACh metab- 
olism. As the presence of ChAc m some non- 
nervous tissues shows’, ACh probably has some 
biological function other than that of neuro-trans- 
mutter and this could be true of the central nervous 
system as well as of other organs ‘There 1s no 
question that all neuroglial cells can be concerned in 
ACh synthesis since there are many parts of the 
central nervous system which are nearly devoid of 
ChAc yet contain large amounts of ghal tissue. 
Moreover, we find that certain fractions, obtamed by 
low-speed centrifugation from homogenized brain 
tissue in which glial tissue 18 concentrated, have an 
extremely low specific activity of the enzyme So 
far a$ can be judged, therefore, this tissue does not 
participate to a significant extent in the production 
of ACh 1n the central nervous system Nevertheless, 
as will be appreciated, there are several lunds of 
neuroglia, and we cannot as yet be certain that the 
conclusion applies with equal force to all such tissue; 
and so, until more evidence 1s available on this 
pomt, some measure of uncertainty must remain in 
deciding whether the regional distribution of ChAc 
is related solely to the distribution of cholinergic 
neurons 

Although there may be uncertainty m the positive 
identification of cholinergic neurons on biochemical 
data alone, there can be httle or no doubt that 1f, as 
in the optic nerve and dorsal roots of most species, 
there 18 no measurable ACh or ChAc, such nerves 
cannot be cholinergic. It was on the basis of this 
kind of information that I concluded earlier that, at 
some central synapses, some transmitter other than 
ACh must be employed’; and, contrary to the 
suggestion made by Cavanagh and Holland, this 
conclusion applies to the hen as well as to mammals, 
because in this species the optic nerve has virtually 
no ChAc, synthesizing less than 01 per cent of the 
amount synthesized by pure cholinergic nerves. 
Moreover, in one experiment on a chicken in which I 
attempted the dissection of 1ts spinal roots I found 
that the pooled dorsal roots synthesized only 4 per 
cent of the amount of ACh synthesized by the pooled 
ventral roots This small amount of activity could 
be accounted for by contamimation of dorsal with 
ventral root tissue that had occurred m the course 
of the dissection, but even without this allowance the 
great difference ın level of ChAc shows that a large 
proportion of the sensory fibres must be without 
enzyme and therefore non-cholinergic 

Thus ıt seems reasonable to conclude that non- 
cholinergic as well as cholinergic neurons contribute 
to the nervous system of both birds and mammals. 
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Where there may be a difference between the two 1s 
in the relative numbers of cholmergic neurons, since 
the concentrations of both AChE and ChAc appear 
to be much higher m the chicken than m mammals 
In the cerebellum of the hen, for example, the ChAc 
activity 1s about eight times greater than the highest 
activity obtained from the cerebellum of any mammal 
Hence it is probable that relatively more cholmergic 
neurons contribute to the chicken cerebellum 

It 15 of interest to consider this difference in relation 
to the comparative morphology of the cerebellum 
The virtual absence of ChAc from the outer layers of 
the cortex in many mammals indicates that few or 
none of its constituent neurons are cholinergic A 
simular conclusion can also be drawn from the 
AChE distribution, as Cavanagh and Holland stress! 
From our own evidence (Hebb, C O, and Mitchell, 
J F, unpublished work) based chiefly on ChAc 
measurements, 1t appears likely that the second-order 
sensory neuron from which the mossy fibres are 
derived are cholinergic and that these fibres supply 
most if not all of the enzyme ın the white matter 
of the cerebellum. Thus, the concentration of ChAc 
would be expected to diminish as the cerebellum 
mcreases in sıze and complexity, largely owing to the 
addition of pathways which are.not cholinergic 
connecting the cortex with other parts of the brain 
the relatively high concentration of ChAc ın the 
hen cerebellum could then be attributed to its 
sunpler structure and the relatively low numbers 
of non-cholinergic fibres in its white matter. 

The alternative explanation, that the cortical 
neurons in the hen cerebellum are cholinergic, seems 
less likely It ıs suggested by the presence of AChE 
in some of the cortical neurons, the Purkinje cells ın 
particular, but this argument loses force in view of 
the fact that in the pigeon cerebellum, which also has 
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a high ChAc activity (about five times higher than in 
mammals), the cortica] neurons appear to be devoid 
of AChE Another point to be considered 18 that the 
main cell groups of the cerebellar cortex seem to be 
homologous with one another in birds and mammals 
and m other vertebrates In view of this, 1t becomes 
less probable that they would alter m the specific 
chemical attributes that determine which transmitter 
substance they form, since from our knowledge of the 
peripheral and autonomic nervous systems the 
opposite conclusion may be drawn, namely, that 
anatomically homologous neurons are chemically 
homologous as well 

Finally, I think ıt should be noted that the evidence 
provided by ChAc measurements does not support 
the idea that chohnergie neurons are in general of 
less importance in higher as compared with lower 
vertebrates ^ Certainly the concentration of ChAc 
in the brain as & whole 1s greater in teleost fish and 
birds then in mammals, but in other vertebrates, the 
snake (Natrix natrwu), the frog and the dogfish 1t 18 
much lower. Within the mammalian group the 
enlargement of the cerebral cortex seems to have 
involved the addition of relatively more non-choliner- 
gic than cholinergic neurons, but even in man ıt 
appears shat cholinergic neurons form an important 
part of the cerebral cortex and ın subcortical 
structures they have the same importance as m other 
members of the group 
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BLOOD AND SERUM GROUPS IN REINDEER COMPARED WITH 
THOSE IN CATTLE 


By BO GAHNE and JAN RENDEL 


Institute of Animal Breeding, Royal Agricultural College, Uppsala 


URING a search for possible markers for popula- 
tion genetic work on the remdeer species, blood 

samples were investigated from 64 reindeer at the 
State Remdeer Research Station, Ripats, Sweden. 
The samples were studied for the occurrence of cellu- 
lar antigens, plasma protem and hæmoglobin types 

Erythrocyte suspensions from 37 of the remdeer 
were tested against a battery of cattle blood-typmg 
reagents, which detects 39 antigenic factors belonging 
to nine different genetic systems! Only one of the 
antisera (anti-/) gave specific hemolytic reactions 
with any of the reindeer samples, while two reagents, 
I’ and Y’, gave rise to some weak and probably 
unspecific cross-reactions The remaining samples 
were therefore only tested against anti-J 

Of the 64 reindcer, 20 (31 per cent) were found 
to have cellular J Twenty-four calves, approxim- 
ately 2 months old, were included in the investigation, 
and of these, 8 were found to have cellular J In the 
reindeer then, the J substance seems to be developed 
on the erythrocytes at least at two months of age 

Anti-J occupies a peculiar position among the 
cattle blood-typing reagents It ıs obtamed from 


normal sera and ıb reacts specifically with cells of 
types A and AB m man and with sheep È cells??? 
The J substance, which behaves as a dominant 
genetic character, 1s primarily a soluble serum sub- 
stance ecquired by the erythrocytes after the hirth 
of the animal? The concentration of the J sub- 
stance ın the serum and/or on the cells 1s, however, 
subject to considerable individual variation* 5 

In order to study the presence of soluble J substance 
in remdeer serum, inhibition experiments were 
carried out according to standard techniques* Sera 
from nine individuals were examined. ‘Three animals 
had cellular J, while the remamung ones had no 
detectable J on their erytbrocytes, neither had they 
anti-J m their sera One of our ordinary cattle J 
reagents was used as anti-serum, and the reindeer 
sera (in serial doubling dilutions) were used as 
mhibitors The inhibition tests were carried out 
in dupheates with J-positive remdeer and cattle 
erythrocytes as test cells The results (summarized 
in Table 1) show that the reindeer sera from animals 
having cellular J contam a soluble substance with 
the ability to mhibit the reaction between cattle 
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Table 1, ABILITY OF REINDEER SERA TO INHIBIT THE HAMOLYTIC 
REACTION BETWEEN J-POSETIVE CELLS AND AN ANTI-J CATTLE 
SERUM DILUTED 1/16 (APPROX 4 UNITS OF HJEMOLYSIN) 


Highest dilution of the inhibitant causing 
Inhibitant inhibition 


Cattle test cells Reindeer test cell 
Sera from $ reindeer 
with cellular J 1/2-1/16 1/16-1/82 
Sera from 6 reindeer No inhibition No inhibition (3 cages) 


lacking cellular J , 1/4-1/8 (3 cases) 
anti-J sera and cattle or reindeer cells of type J 
Three of the sera from individuals lacking J on their 
erythrocytes also inhibited the reaction between 
anti-J and reindeer J cells However, these three sera 
gave no definite inhibition when cattle cells were 
used as test erythrocytes The remaining three sera 
Jacked inhibiting power entirely 

Finally, a serum sample from each of the 64 remdeer 
was tested agaist erythrocytes from 30 remdeei 
and 10 cattle None of the 20 sera from animals 
with cellular J substance contamed any antibodies 
However, 19 of the remaining sera contained anti- 
bodies against two or more of the red cell samples 
of type J One of these sera (No 5/55) was particu- 
larly strong In tests agaist all the remdeer samples 
and 90 cattle taken at random, the reactions of this 
serum exactly paralleled those of the cattle anti-J 
serum, which 1s m routine use in our laboratory 
The results from absorption experiments with the 
anti-J cattle serum and the reindeer serum No 5/55 
are given in Table 2 As seen from the table, the 
J-positive cells from the remdeer species absorbed 
out the antibodies for the J cells in the cattle species 
and vice versa 


Table 2 REACTIVITY OF ANTI-J SERA OF CATTLE AND REINDEER 


ORIGIN 
Cattle anti-J Reindeer anti- J 
(No 451) (No 5/55) 
Test cells Absorbed with Absorbed 
Un- cattle J reindeer Un- with cattle 
absorbed cells J cells absorbed VJ cells 

Reindeer 

J-pos. + ~ — T — 

J-neg — — -— — — 
Cattle 

J -pos + — - + — 

J-neg — — — — — 


It ean be concluded that the antigenic system in 
the reindeer species described here 1s remarkably 
similar to the J system of cattle and therefore the 
symbol J has been given to ıt Reindeer with cellular 
J also have soluble serum J However, as ın cattle, 
soluble J substance seems to occur also m sera from 
some remdeer lacking cellular J Some reimdeer 
sera contam normal antibodies with a specificity 
identical or very similar to cattle anti-J It ıs 
noteworthy that the serological symuarity between 
the J systems ın cattle and reindeer seems to be much 
greater than that between the cattle J and sheep R 
systems 

No breeding data were studied, because the sires 
of the animals were unknown However, it seems 
justified to assume that the genetics of the J system 
in reindeer 1s similar to that in cattle*-5 

The hemoglobin and plasma protems were mvesti- 
gated by starch-gel electrophoresis Using a contmu- 
ous irvs-buffer pH. 8 9 (refs 6 and 7) only one kind of 
hemoglobm was found among all the 64 remdeer 
It migrated a little faster than the cattle hæmoglobin 
A 


The plasma protems were analysed both wıth the 
continuous íris-buffer*;! and with a discontimuous 
buffer system? Srx different types were observed 
regardless of the method used Fig 1 shows the six 
reindeer types compared with a bovine transferrm 
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Fig 1 Photograph of the results of a starch-gel electrophoresis 

experiment with plasma from reindeer of the six transferrin types 

compared with the bovine TfA|TfE type Alb , albumin, a-glob , 
a-globulin, Tf, transferrin, Sa, slow a-globulin 


TfA[TfF type (ref 7). The variation seems to be m 
the B-globulis. By staimmg the starch gel with 
nitroso-R-salt reagent? the four varying zones, named 
A-a, B-b, C-c and D-d, were shown to bind iron and 
were therefore classified as transferrms Capital 
letters are used for the intensely stamed zones and 
small letters for the less intensely stamed zones. The 
six transferrm phenotypes can be designated aB, 
bC, cD aBC, aBcD and bCD 

A hypothesis 1s proposed that the transferrm types 
are determined by three alleles, called T'fB, T'fC and 
TfD Each allele gives rise to two transferrm fractions 
with a certam mugration-rate in starch-gel electro- 
phoresis The 64 remdeer are distributed in the 
followmg way with the phenotypes m parenthesis 
6 TfB|TfB (aB), 18 TfC|TIO (bO), 4 TFD/TFP (cD), 
15 TfB|TfC (aBC), 12 TfB|TfP (aBcD) and 9 
TfO|TfD (bCD) 

Among the remdeer tested there were 46 mother- 
offspring groups (several mothers had more than one 
offspring and sometimes daughters were mothers in 
other groups) Theses were unknown All offspring 
had a transferrin type compatible with that of then 
dam except m one case where a TfB/TfB daughter 
was assigned to a TfC/TfC mother This may be 
due to an error in the breeding records and therefore 
need not discount the three-allele hypothesis 

A variation in the hemoglobm-bmding protems 
was also observed but the results were difficult to 
interpret Some animals had a hemoglobm-bmding 
zone migrating slightly faster than the slow «-globulin 
while others had such a zone just behind the slow 
«a-globulm However, m most animals no distinct 
hemoglobm-binding zone appeared 

We are much indebted to Dr M. Nordkvist, of the 
State Vetermary Institute, Stockholm, who collected 
the samples of reindeer blood 
? Rendel, J, and Gahne, B, Anim Prod , 3, 307 (1961) 


a Stormont, C, Proc US Nat Acad Ser, 35, 232 (1949) 


` Neimann-Serensen, A , Rendel, J , and Stone, W H, J Immunol, 
73, 407 (1954) 


‘Stone, W H,andIrwm,M R,J Immunol , 78, 397 (1954) 

‘Jamieson, A , Immunogenetica Edinburgensis, Mumrographed, ABRO, 
154 (Edinburgh, 1960) 

* Gahne, B , Rendel, J , and Venge, O , Nature, 186, 907 (1960) 

7Gahne, B, Amım Prod , 8, 185 (1961) 

* Ashton, G C (personal communication) 

* Smithies, O (personal communication) 
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ADENOSINE DIPHOSPHATE IN RED CELLS AS A FACTOR IN 
THE ADHESIVENESS OF HUMAN BLOOD PLATELETS 


By A. GAARDER, Dr. J JONSEN and Pror S. LALAND 


Department of Biochemistry 


AND 
Dr. A HELLEM and Pror, P. A. OWREN 


Institute for Thrombosis Research, Rikshospitalet, University of Oslo 


HE initial reaction of hemostasis! and arterial 

thrombosis*-! 18 adhesion and aggregation of 
blood platelets to the wound surface and to the site of 
mtimal damage The elucidation of the mechanism 
of this reaction is of great importance not only for 
diagnosis and management of hemorrhagic disorders, 
but also for the problem of thrombosis Several 
factors are mvolved (1) a property of the platelets 
which enables them to become adhesive when 
exposed to the physiological adhesiveness-producing 
mechanism (thrombasthenia represents by definition 
the congenital lack of this property), (2) a tissue sub- 
strate for the platelets to adhere to, probably collagen 
and elastic fibres**, (3) a plasma factor, which ıs 
lacking ın von Willebrand's disease? and (4) caleium 
A fifth factor, possibly triggering the adhesion— 
aggregation reaction, was reported by Hellem as being 
an acidic, dialysable and heat-stable factor which was 
found m red blood cells? This factor produced strong 
agglutination of platelets in citrated or oxalated 
plasma and converted the non-adhesive circulating 
platelets to adhesive platelets showing immediate 
adherence to foreign surfaces 

This article describes the identification of this 
factor as adenosine diphosphate The effect of a 
number of other nucleotides on the adhesiveness of 
human platelets has also been examined 

The semi-quantitative test for the adhesiveness of 
human blood platelets described by Hellem*:? was 
used throughout thus work 0 05 ml of sahne con- 
tammg the material to be tested was added to 0 5 ml 
of platelet-rich plasma, and the reaction considered 
positive 1f clumping of the platelets occurred 

An extract obtamed by treating human red blood 
cells with boiling water? was passed through a ‘Dowex 
1 x 8' column in the formate form The column 
was eluted stepwise with mcreasing concentration of 
formic acid and ammonium formate-formic acid 
mixtures A typical elution diagram of ultra-violet 
absorbmg material recorded at 260 my is seen in 
Fig 1 The eluted fractions (I-VI) were concen- 
trated to dryness m vacuum in the frozen state, and 
then dissolved m a volume of saline equal to that 
of the original extract Only fractions V and VI were 
positive in the platelet test Occasionally the elution 
diagram would contain a large inactive peak at the 
site of fraction IV 

Fractions V and VI both yielded adenine on hydro- 
lysis with N hydrochloric acid for 1 hr at 100? C as 
shown by paper chromatography ın 1sopropanol/con- 
centrated hydrochloric acid/water (68 176 14 4). 

In. electrophoresis at pH 57 m 0 2 M ammonium 
acetate at 900 V for 2 hr , fraction V gave two ultra- 
violet absorbing zones, one of which had the same 
mobihty and ultra-violet absorption spectrum in 
0 1 N hydrochloric acid and ın 0 1 N sodium hydroxide 
as adenosine diphosphate By chromatography of 


fraction VI in isobutyric acid/concentrated ammonia/ 
water pH 37 (661 10 329), three spots which 
corresponded to adenosme monophosphate, adenosine 
diphosphate and adenosine triphosphate were found 

The presence of adenosine diphosphate in fractions 
V and VI was definitely proved by a specific enzymic 
test! for adenosine diphosphate usmg reduced 
diphosphopyridine nucleotidejsphosphoenol pyruvate 
phosphokinase, and lactic acid dehydrogenase 
(Reagents for testing adenosme diphosphate were pur- 
chased from C F Boehrmger and Soehne GmbH, 
Mannheim) The total change in the ultra-violet 
absorption at 340 my was used in calculating the 
amount of adenosine diphosphate present In frac- 
tions V and VI, assuming all ultra-violet absorption 
at 260 my 1n 0 1 N hydrochloric acid to be adenosme 
diphosphate, 86 per cent and 50 per cent respectively 
were present according to the enzymic test for 
adenosine diphosphate 

Thus adenosine diphosphate was present m both 
the active fractions V and VI and proved to be the 
substance responsible for effecting the adhesiveness 
of the platelets It 1s active in the test solution mn a 
concentration of 0 02 ugm jml A simular activity 
was encountered with commercial adenosine diphos- 
phate 

The presence of adenosine diphosphate as the only 
active substance in fractions V and VI was suggested 
by the following experiment the smallest amountfof 
the two fractions which produced a positive reaction 
in the test system contained, when calculated from 
the amount cf adenosme diphosphate present in the 
fraction, approximately 0 02 ugm /ml., m agreement 
with the amount expected 

A number of commercial nucleotides have been 
tested for activity The results are shown 1n Table 1 
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Fig 1 Elution diagram from *Dowex 1 x 8’ (10cm x 1cm)in 

the formate form 5-ml fractions were collected 27 mgm of 

freeze-dried extract of red blood cells was dissolved mm 5 ml water 

and put on a column which was eluted stepwise as indicated m the 

diagram The pooled vacuous are ree by I, II, FI, IV, 
an 
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Table 1 EFFECT OF UNPURIFIED COMMERCIAL NUCLEOTIDES ON 
THE ADHESIVENESS OF HUMAN BLOOD PLATELETS 


The concentrations given for the active nucleotides represent the 
mum concentration which will produce an effect 


Concentration 
of nucleotide Clumping 
Nucleotide tested in test of blood 
solution platelets 
(ugm jml ) 
Adenosine 5’-monophosphate sodium * 100 = 
Adenosine 5’-diphosphate sodium t 0 02 4 
Adenosine 5'-triphosphate disodium * 2 + 
Deoxvadenosine 5'-monophosphate sodiumt 100 — 
Deoxyadenosine 5'-diphosphate sodium* 7 T 
Inosine 5’-phusphoric acid * 100 — 
Inosine 5'-diphosphate sodium$ 100 - 
Inosme 5 -triphosphate sodium * 100 - 
Guanosine 5’-monophosphate sodium* 100 — 
Guanosine 5'-diphosphate sodium§ 10 + 
Guanosine 5’-triphosphate sodium * 100 = 
Uridine 5’-monophosphate disodium 2H,0§ 100 — 
Uridine 5'-diphosphate trisodium 2H,0§ 100 -— 
Uridine 5'-triphosphate sodium * 100 — 
Cy tidine 5'-monophosphate sodium 2H,0§ 100 — 
Cy tidine 5’-diphosphate sodium 4H,0§ 63 + 
Deoxycv tidine 5'-phosphoric acidf 100 — 
Deoxvcytidine 5'-triphosphate sodium * 100 — 
Thymidine 5'-phosphate calcium 4H401 100 — 
Diphosphopyridine nucleotide * 100 — 
Triphosphopyridine nucleotidet 100 — 
Flavin adenine dinucleotide * 310 - 


* Purchased from Sigma 

T Purchased from Nutritional Biochemical Corporation 

t Purchased from Cahfornia Corporation for Biochemical Research 
§ Purchased from Mann 


It 18 seen that deoxyadenosine diphosphate, guanos- 
ine diphosphate and cytidine diphosphate exhibited 
activity To decide whether the activity was genuine 
or due to traces of adenosine diphosphate, the sub- 
stances were purified by paper chromatography in the 
isobutyric acid-ammonia—water solvent system which 
will separate adenosine diphosphate from any of the 
three diphosphates After purification, deoxyadenos- 
ing diphosphate was the only active material It 
was active in & concentration of approximately 
7 pgm /ml , whereas the other two were mactive at a 
concentration of 100 ugm /ml 

Adenosine triphosphate was active in a concentra- 
tion of 2 ugm /ml, but was found by the enzymic 
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test to contain approximately 1 per cent of adenosine 
diphosphate, which would account for the activity 
The commercial adenosme triphosphate was purified 
by paper electrophoresis in 0 1 M phosphate buffer 


pH 57, a procedure which separates adenosine 


diphosphate and adenosine triphosphate The latter 
substance after purification was mactive at a con- 
centration of 84 ugm /ml, whereas the material 
corresponding to the mobility of adenosine diphos- 
phate exhibited activity It follows that the presence 
of adenosine triphosphate does not prevent the 
activity of adenosine diphosphate Furthermore, 
the platelet system provides an extremely sensitive 
test for trace amounts of adenosine diphosphate. 

The results suggest that the effect on the adhesive- 
ness of the platelets 1s very specific since out of 
twenty-two nucleotides tested, only adenosine diphos- 
phate and deoxyadenosine diphosphate were active, 
and furthermore that the 6-amino group ın the purine 
ring and the pyrophosphate group are required for 
activity. 

As a naturally occurring intracellular substance 
with the highly potent and specific effect described, 
it 18 logical to assume that the release of adenosine 
diphosphate by cellular damage may play an impor- 
tant physiological part as a trigger mechanism for 
the initial] stages of hemostasis and thrombosis 
Investigations of the mechanism of its mteraction 
with platelets are in progress 
1Hayem,G,CR Acad Ser, Paris, 95, 18 (1882) 

3 Hayem, G , Arch Phys Norm Path , 5, 692 (1878). 


3 Bizzozero, J , Varchows Arch Path Anat, 90, 261 (1882) 


t Bberth, J C , and Schimmelbusch, C , Varchows Arch, Path, Anat., 
103, 39 (1886) 


5 Hugues, J , Thromb Diath Ham, 8, 177 (1959) 
"Bounameaux, Y, C R Soc Bol, Pare, 153, 865 (1959) 


* Nilsson, I -M , Blombäck, M , Jorpes, E , Blombäck, B , and Johans- 
son, S -À , Acta Med Scand ,159, 179 (1957) 


8 Hellem, A J , Scand J Chn Lab Invest ,12 (Suppl 51), 1960 
°’ Kellem, A J, Nord Med (in the press) 


10 Enzymatsche Bestimmung von Ádenoswn-D'-dvphosphorsüure und 
Adenosin-5’-monophosphorsaure ım Blut (C F Boehringer and 
Soehne G m b H , Mannheim) 


DISSECTING ANEURISMS OF THE LARGE ARTERIES OF CHICK 
EMBRYOS DUE TO (SWEET PEA) LATHYRISM 


By Z. ZAHOR and M. MACHOVA 


l| Department of Pathology, Charles University, Prague 2 


ONSETI and Baird in 1952! succeeded in pro- 

ducing dissecting aortic aneurisms in young rats 
fed on a diet containing 50 per cent Lathyrus odoratus 
Since that time, these vascular changes have been 
studied repeatedly by a number of workers f-ammo- 
propionitrile has been found to have similar proper- 
ties to the so-called Lathyrus factor By means 
of this compound, Lalich et al ? were able to produce 
dissecting aneurisms in turkeys. 

There 1s a high meidence of aortic aneurisms due 
to Lathyrus factor m developmg rat foetuses. We 
were able to demonstrate this fact clearly m some 
of our experiments? As a result of these experiments 
we attempted to produce vascular changes by means 
of foetal chicken lathyrism. 

Lathyrus odoratus seeds were finely ground, and 
macerated in physiological saline solution (w/w, 1 2) 
at room temperature for 2 br. The fluid obtamed by 


pressing this thm, watery mash was rendered free 
from micro-organisms by using a bacteriological filter 

Fertilized hen eggs (Leghorn white) were placed 
in special circular stands in a perpendicular position 
in an incubator, with the end of the egg contaming 
the air space pointing upwards On the 7th day 
after placing the eggs in the incubator the top of 
each egg was opened so that a circular hole appeared 
having a diameter of 1-2 cm Each egg was covered 
by a glass vessel, allowing the access of air from 
beneath The embryos were examined twice a day 

In our first experiment 50 eggs, treated as de- 
scribed, were divided into 5 equal groups Beginning 
on the 7th day, we applied different amounts of 
Lathyrus odoratus extract to each egg (using the hole 
at the top) belonging to groups 1-4 every day The 
eggs of group 5 were treated with saline solution only 
(04 ml. for one egg daily) The daily amounts of 
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the palneuary ‘ea ay atten try. (va Gleson's and Welgert’s elastica 
» XC. 

Fig. 2 (top, right). dto repu aru dcum arteríosus, 

M ihe omi is seen at the e rg 

aorta. (Masson's trichrome and Weigert's elastica stain, x 25) 

Rumi eror tent 
Lathyrus extract were as follows: Group 1, 0-05 
ml./day ; group 2, 0-1 ml./day ; group 3, 0:2 ml./day ; 
group 4, 0-4 ml./day. In the 3rd and 4th group, the 
foetuses died very early, usually during the 10th or 
llth day (that is, after 2-3 days of Lathyrus extract 
application). In group 2, 6 embryos died between 
the 11th and 13th day, the remainder of them dying 
between the 18th and 20th days. In the lst experi- 
mental group, 7 embryos died between the 15th and 
20th day, and the remaining 3 hatched out on the 21st 
day of incubation. In the control group, 2 chickens 
died on the 13th day, the remaining 8 hatched 
spontaneously on the 20th or 21st days. 

Histological examination of the experimental 
animals that died during the course of the experi- 
ment very often disclosed extensive hemorrhage, 
especially in the thoracie region. We were able to 
find acute massive dissecting aneurisms affecting 
one of the main branches of the pulmonary artery 
in 3 animals, belonging to the Ist and 2nd experi- 
mental groups (dying on the 19th and 20th days). 
In the control group, we failed to find any patho- 
logical changes. 
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In the second experiment 30 eggs, treated in the 
same way as above, were used. They were divided 
into 3 equal groups on the 12th day of their develop- 
ment. At this time, Lathyrus extract was injected 
in a single dose by a sterile needle into the albumen 
at the bottom of the eggs. The hole remaining after 
the puncture was closed by a paraffin plug. The 
amount of the Lathyrus extract injected was as 
ae group 1, 0-5 ml.; group 2, 1 ml.: group 3, 
9 - 


In this experiment, the embryos died spontane- 
ously even up to the end of their development, that 
is between the 18th and 21st day. Four chickens 
died in the first, 5 in the second, and 9 in the third 
experimental group. The remaining chickens hatched 
out on the 20th or 21st day. At birth, they 
required mechanical help, as they suffered from 
serious impairment of leg mobility. The surviving 
birds were killed on the following day by ether 
narcosis. The thoracic organs of all the chickens 
were serially sectioned in toto for microscopic 
examination. 

In the animals of the first group minimal vascular 


lesions were found. In the second experimental group 


we were able to find extensive dissecting aneurisms 
in 4 chickens; both ducti arteriosi were affected 
in three chicks, the pulmonary artery once, and 
the aorta twice. In the third experimental group, 
dissecting aneurisms were disclosed in six chickens, 
the ductus arteriosi being affected most fre- 
quently. 

Several workers have studied the effects of B-amino- 
propionitrile on connective tissue, using chicken 
embryos as the experimental animal*-*, Roy et al.’ 
succeeded in producing aortic ruptures by meens of 
2-cyanopropylamine in young chickens after birth. 

The method used in our second experiment seems 
especially suitable for the production of vascular 
lesions in chick embryos by Lathyrus factor. 

We thank Dr. Z. Rychter and Dr. L. Lemez of the 
Institute of Normal Anatomy, Charles University, 
for technical advice. 


1 Ponseti, I. V., and Baird, W. A., Amer. J. Path., 28, 1059 (1952). 
* Lalich, J. J., Barnett, B. D.. and Bird, H. R., Amer, Med. Assoc., 
Arch. Path., 64, 643 (1957). 
* Záhof, Z., and Czabanová, V., J. Path. Bact. (in the press), 
"Oba, C. Y., Witschi, E., and Ponseti, I. V., Proc. Soc. Exp. Biol. 
ed., 90, 45 (1055). 


* Rosenberg, E. E., Nature, 180, 706 (1957). 

* Levene, Ch. J., and Gross, J., J. Erp. Med,, 110, 771 (1959). 

* Roy, D. N., Lipton, S. H., Bird, H. R., and Strong, F. M., Proc. 
Soc. Exp. Biol. Med., 103, 286 (1960), 


MODIFICATION OF THE EFFECTS OF AN AMPHETAMINE-BARBITURATE 
MIXTURE BY THE PAST EXPERIENCE OF RATS 


By D& HANNAH STEINBERG, Da. RUTH RUSHTON and CHRISTINE TINSON 
Pharmacological Laboratory, University College, London 


MPHETAMINE - BARBITURATE mixtures 
have been used in psychiatry for many years, 

for example in the treatment of anxiety states, and 
sometimes in preference to either drug on its own. 
Why such mixtures might be especially effective is not 
well understood: barbiturates in the fairly small 
doses used in psychiatry are usually intended to aet as 
mild depressants or 'sedatives', while amphetamine 
is a cerebral stimulant and its effects on most kinds 


of response tend to be the opposite of those of bar- 
biturates. Clinically, the effects of the two kinds of 
drug when given in combination seem to be regarded 
as ‘mutually corrective'', that is, as somehow rein- 
forcing each other's beneficial effects while mitigating 
each other’s undesirable side actions. But relatively 
little systematic work on the effects of such mixtures 
on the behaviour of animals or man seems to have 
been done in the laboratory. 
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may induce ‘freezing’ and if, for example, a 
us stimulus is introduced into a novel situation 
loration is inhibited and may stop completely. 
hese effects can be attributed to fear or anxiety. 
oth curiosity and fear are apt to diminish as fami- 
















larity with an environment increases, though they 
v may do this at different rates. The actual amount of 
exploration in a given situation can thus be regarded 
as the net result of competition between two opposing 
=: tendencies; for example, radical novelty has been 
^. ghown to evoke less exploratory behaviour than mild 
novelty, presumably because with radical novelty 
< fear predominates.  Miller* has shown in various 
^ experiments that the effects of fear induced in rats 
-o by electric shocks can be mitigated by barbiturates. 
On this kind of analysis one might expect that 
|. drugs which can alleviate fear or anxiety would 
. inerease exploration of a radically novel environ- 
|. ment; and they might have less effect in a more 
^ familiar environment where fear has already been 
"largely overcome. In order to investigate this, two 
- groups of rats were used: 'inexperienced' rats which 
“had never been in the apparatus before, and 'exper- 
5 jenced’ rats which had been familiarized with the 
apparatus and had developed a relatively stable and 
high rate of exploring. 
The apparatus was a symmetrical Y-shaped 
runway, 13 in. high. Each arm was 15 in. long and 
5 in. wide. A trial consisted of placing a rat in the 
eentre of the Y and leaving it in the apparatus for 
8 min.; the number of times it entered the arms was 
the measure of exploration. Rearing and defecation 
- were also noted. There were no rewards. The rats 
were 48 adult Lister hooded females which had been 
eared under standard conditions since weaning and 


|. had been little handled. Throughout they lived in - 


|. their home cages with food and water ad lib. All 
| experiments took place between 2.30 and 5.30 p.m. 

The procedure was as follows: when the rats were 
c 111-127 days old they were allocated at random to the 
. 52 bwo experimental groups: (1) ‘Experionced’ rats, 
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for the following generalizations*~*: Novel.” 

nts evoke in animals exploratory activities - 
ig about, rearing and sniffing which can bo «— 
‘to curiosity. Novel environments may, 
‘also have the opposite effect on behaviour; | 
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Fig. 2. Effects of drugs on exploration.’ The figure shows the 
mean number of entries into the arms of a Y-shaped runway made 
in 3:min. by four sub-groups of ‘inexperienced’ and of ‘experienced’ 
rats(n = 6). Three of each of the four sub-groups received a drug, 
respectively amylobarbitone sodium 15 mgm./kegm., amphetamine 
sulphate 0-75 mgm./kgm., and these two doses combined in a 
mixture, the fourth sub-group were saline controls 


which were given regular trials in the runway, twice- 


weekly, for 16 weeks. (2) ‘Inexperienced’ rats, which = - 


received an equivalent amount of handling but were 
not placed in the runway. At the end of the 16 weeks 
each group was divided at random into four sub- _ 
groups of 6 rats; three of each of the four sub. . 
groups received a drug: (a) amylobarbitono sodium 


15 ragm./kgm., (b) amphetamine sulphate 0-75 mgm./. pu 

kgm., (c) these two doses combined in a mixture; the — 
fourth sub-group were saline controls. For rats these 
doses are relatively small, but the proportion of D 
barbiturate is rather higher than in the mixtures usod 


clinically. The drugs were dissolved in saline so that 


-the volume injeeted, subeutaneously, was 2 c.c./kgm. 


35 min. after the injection each rat was given a 
single 3-min. trial in the runway. í 


Pre-drug trials of ‘experienced’ rate. Fig. lsum- —— 


marizes the behaviour of the ‘experienced’ rats during 
the 32 pre-drug trials. At the first trial they explored — 
relatively little (mean number of entries 5-79, S.D. 
3-26), but in successive trials the amount of explora- . 
tion gradually increased. From the 13th trial onwards |. 
the mean number of entries differed significantly - 
from the first trial (P « 0-02) and soon remained 
fairly stable at about double the initial amount. 
Defeecation showed a corresponding decrease. : 
Effects of drugs. These are summarized in Fig. 2. . 
The statistical significance of differences between sub- 


group means has been tested against tho residual 


(i) ‘Inexperienced’ rats. The saline animals explored 
relatively little and spent much time sitting and 


S.D. 2-25, which was similar to the mean number made 
by the experienced rats on their very first trial. 
Amylobarbitone and amphetamine barely increased 
exploration. The mixture, however, had a marked 














No 4802 November 1l, 1961 


effect. the mean number of entries was 18 83, S.D 
6-24, and this was more than three times the amount 
with saline (t = 06-11, P < 0 001). It was also noticed 
that the mixture induced unsteadimness of movement 
so that the rats had a rolling gait and sometimes 
toppled over, and some rats dragged themselves 
along on their bellies; ın spite of this they continued 
to explore Two of the amylobarbitone rats also 
showed some inco-ordination It was further 
noticed that mixture rats were usually asleep in their 
home cages before bemg taken out for testing, and it 
was only in the new environment that they became 
active 

(n) ‘Experienced’ rats The experienced salme 
1ats made a mean of 9 50 entries, S D 2-07, which 
was similar to their usual performance (cf, Fig 1) 
and nearly twice the number made by the inexperi- 
enced saline rats The drugs, however, had httle 
effect on exploration A few of the experienced rats 
showed motor mco-ordmation with the mixture and 
with amylobarbitone, hke rats m the corresponding 
inexperienced groups, but they explored no more than 
the experienced saline controls 

(u) Interaction between ‘experience’ and ‘drug’ 
conditions A two-way classification analysis of 
variance was carried out on the results for the four 
inexperienced and the four experienced sub-groups, 
and showed that the interaction between ‘experience’ 
and ‘drug’ conditions is highly significant (F = 6 64, 
df. 3, 40, P «0-001) From Fig. 2 1t 18 clear that 
the interaction arises ın this way among mexperi- 
enced rats the lowest mean was for saline controls 
while the highest mean was for the rats which had 
the mixture, the effect of ‘experience’ as compared 
with ‘no experience’ was to increase exploration under 
salme, but to mhibit the increase which the drug 
mixture induced mn the mexperienced group 

These results suggest the following conclusions 

(1) Doses of amphetamine and amylobarbitone 
which separately barely affect exploratory behaviour 
can, when given in combination, have strmkmg 
effects These effects, moreover, seem to be in the 
same direction, that is the two drugs seem to act 
together to produce an increase 1n activity Increased 
activity would not, of course, be surprising with 
amphetamme, but 1t 1s less usual with barbiturates 
However, clinical reports have suggested that small 
doses of barbiturates, as of alcohol, can sometimes 
merease activity and excitement, and recently there 
have been some fresh and quantitative demonstrations 
of this kind of effect ın laboratory anmmals®-8, 

(2) Whether an increase in exploratory activity 
occurs depends, however, not only on the drugs but 
also on the past experience of the anrmals only rats 
which were unfamiliar with the new environment 
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showed the inciease ‘This 1s consistent with the 
assumption discussed at the outset (cf ref. 9) that 
curiosity and fear may affect exploration m opposite 
ways and that the effect of the drug mrxture should be 
to counteract fear (1) Inexperienced saline rats, for 
whom the runway was a radically novel environment, 
explored less than experienced, saline rats which had 
presumably already overcome their fear That the 
experienced rats had indeed overcome their fear 1s 
also suggested by the gradual increase in exploration 
during the first 12 trials and by the correspondmg 
decrease in defecation. Defzecation has often been 
shown to be associated with fear and mversely 
related to activity (for example, ref 10) Hence, by 
the time they were given drugs these rats were explor- 
ing at a rate consistent with a level of curiosity which 
had been stabilized by 32 previous trials, and so the 
drug mixture did not further mcrease ıt. (u) But 
inexperienced rats given the mrxture explored more 
than mexperienced saline rats, m other words, the 
drug mixture made them behave as though they were 
experienced and presumably unafraid. That these 
mixture animals explored even more than the 
experienced saline rats 1s not surprising since both 
curiosity and fear may be expected to be maximal on 
the very first occasion an animal meets a new environ- 
ment, therefore, if fear ıs reduced, as by a drug, 
curiosity should more nearly show its maximal effect 
Even if further experrments do not confirm this 
interpretation m terms of curiosity and fear, the 
present results illustrate that (a) the effects of drugs 
may sometimes only become manifest if the expert- 
mental subjects have an appropriate past history, 
(b) “mexperienced’ animals can be more sensitive to 
drugs than highly trained anmmals Ifthe drug mixture 
had been tested only on experienced rats 1t would have 
been concluded that it had no effect on behaviour 
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BIOCHEMICAL ASPECTS OF PHAGOCYTOSIS 
By Dr. G. Y. N. IYER, D . M. F. ISLAM and Pror. J H. QUASTEL, F.R.S. 


McGill-Montreal General Hospital Research Institute, 3619 University Street, Montreal, Canada 


OLLOWING a number of observations which 
indicated an increased rate of oxygen consump- 
tion by leucocytes during phagocytosis, Karnovsky 
and his colleagues? have shown that m the process 
of engulfment of particles by polymorphonuclear 
leucocytes, obtamed from peritoneal exudates of 


guinea pigs, changes take place in the metabolism 
of the leucocytes Increases m the rates of oxygen 
consumption and glucose utilization occur. The 
most significant change 1s the stimulation, during 
the phagocytic process, of the hexosemonophosphate 
shunt pathway of glucose oxidation The ratio of 
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glucose carbon 1 to glucose carbon 6 appearing in 
the respiratory carbon dioxide rises from a value of 
8 in the resting (non-phagocytizmg) leucocytes to a 
value of 22 during phagocytosis Glycogen breakdown 
1g increased?! and there ıs some increase in lactate 
formation even though the rate of glycolysis in the 
leucocytes, both under aerobic and anaerobic con- 
ditions, 1s relatively high compared with that m many 
other mammalian cells The energy for the phagocytic 
process seems to come from glycolysis'. Phago- 
eytosis wil take place under anaerobic conditions, 
or under aerobic conditions in the presence of a 
concentration of potassium cyanide that diminishes 
the respiration of leucocytes by 70 per cent (ref 1) 
Acetate-l-4C, uniformly labelled glucose-*C, and 
phosphate-?P are incorporated into the hpids of 
phagocytizing cells to a greater extent than into the 
hpids of resting celle?^*, both under aerobic and 
anaerobic conditions Incorporation of phosphate-#P 
mto phosphatidic acids is greatly increased as a 
result of phagocytosis® 

The purpose of this communication 1s to report on 
certain other biochemical aspects of phagocytosis, 
particularly the st:mulation of formate oxidation’ 
and the possible bearmg of this phenomenon on 
the mechanism by which oxygen consumption 
durmg phagocytosis 18 stimulated and its immpliea- 
tions in the bactericidal processes accompanying 
phagocytosis 

The preparation of polymorphonuclear leucocytes 
was carried out by the method of Karnovsky et al +3 
with a few modifications Guinea pigs weighing 
400—500 gm. were injected imtraperitoneally with 
20 ml 12 per cent sterile sodium casemate solution 
The largest numbers of leucocytes appear about 48 hr. 
after injection of the casem In the following experi- 
ments, after 30 hr, the peritoneal exudates were 
collected im ice-cold calcium-free Krebs—Ringer 
medium contaming 025 per cent sodium citrate, 
shaken and allowed to stand for 10 mın The cell 
suspension was slowly decanted from debris, centri- 
fuged at 3,000 rpm. for 2 mm, washed twice by 
resuspending ın 8-12 volumes of ice-cold calcium-free 
Krebs-Ringer medium (pH 74) The packed cells 
were then diluted with the Ringer medium m the 
ratio 1 4 There was little or no eontammation 
with red blood cells For the preparation of a 
leucocyte homogenate, the following procedure was 
adopted The leucocytes, after washing with calcium- 
free Krebs-Ringer medium, were diluted ın the same 
medium in the ratio of 1 4 ‘They were frozen, 
thawed and the thick suspension was homogenized 
for 3 min in a Potter-Elvehjem glass homogenizer 
dipped in crushed ice, and the process of freezing, 
thawing and homogenization repeated The homo- 
genate was then centrifuged at 12,000 rpm for 
1 mm in the Sorvall centrifuge and the supernatant 
decanted off for use 

Much of the work described in this communication 
was carried out with leucocytes to which kiled 
E col suspensions were added to induce phagocytosis 
The Æ col» cells were grown overnight on nutrient 
agar, collected, washed twice with 09 per cent 
sodium chloride solution, and then suspended in the 
same medium They were killed by heating in & 
boiling water-bath for 30 min and then centrifuged, 
washed with saline and suspended m calcium-free 
Krebs-Ringer phosphate medium 

The phagocytosis expermments were carried out m 
the conventional Warburg manometric apparatus at 
37? Krebs-Ringer medium (with 15 mM ealeium 
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chloride) was used as the suspending fluid. For 
respiration and glycolysis measurements, sodium 
phosphate buffer (0.02 M) and sodium bicarbonate 
(0025 M) were used respectively The imtial pH 
was 74 The maim compartment of the manometric 
vessel contained the leucocyte suspension (about 15 
mgm dry weight) 02ml (about 7 mgm dry weight) 
heat-killed Æ col cells, radioactive substrates or 
other additions were usually tipped m from the side- 
arm The centre well contamed 02 ml of 20 per 
cenit potassium hydroxide with a roll of filter paper 
soaked in ıt , 1n experiments with potassium cyanide 
as inhibitor, the potassium hydroxide-cyanide mıx- 
ture deseribed by Umbreit et aj? was used In 
aerobic experiments the gas phase was air and in 
anaerobic experiments purified nitrogen (or & mux- 
ture of 93 per cent nitrogen + 7 per cent carbon 
dioxide) was used. To free the nitrogen from traces 
of oxygen it was passed m succession through alkal- 
me pyrogallal, Fieser's solution!® and chromous 
chloride, and finally washed with lead acetate and 
barium hydroxide solutions Such a rigorous pur- 
fication was found necessary since the system oxid- 
izing formate was found to be sensitive to the 
traces of oxygen still contamed in commercial 
‘purified’ nitrogen. After equilibration of the 
manometric vessels for 10 min the contents of the 
side-arm were tipped mto the mam compartment 
of the vessel, which was incubated for 1 hr at 
37° 

Carbon-14 dioxide produced by the oxidation of 
MO-labelled substrates was absorbed in potassium 
hydroxide imn the centre well of the Warburg vessel, 
trapped as bicarbonate and then lhberated by 
addition of 03 ml of 30 per cent trichloracetic acid 
which also served to terminate the reaction The 
carbon dioxide was precipitated as barium carbonate 
in the presence of carrier, plated on aluminium plan- 
chets, and the radioactivity assayed using a thin- 
window gas-flow counter The results were corrected 
for background and to infinite thinness of the barium 
carbonate layer In experiments with 14C-labelled 
formate, 1t was found that a small amount of radio- 
activity was always fixed by potassium hydroxide 
even in the absence of leucocytes ; a correction had, 
oo to be applied in a routme manner for 
this. 

The catalase we have used was a preparation from 
horse liver, kindly supphed by Dr E Margohash of 
Hee Institute, and had an activity of 1,200 units/ml. 
(ref. 11) 


Metabolism of Glucose-U-'*C by Guinea Pig 
Polymorphonuclear Leucocytes 


Different particles were tested for their effects on 
the respiration of guimea pig polymorphonuclear 
leucocytes m the presence of glucose and on the rate 
of formation of carbon-14 dioxide when using uni- 
formly labelled glucose Typical results are shown 
m Table 1 Stimulated oxygen uptake has already 
been shown to take place with msoluble starch par- 
ticles and polystyrene latex spherules about 1 17u 
in diameter! and with a number of different bacteria ; 
for example, Mycobactervum tuberculosis, Bacillus 
subtils? and Sarcwma lutea Results m Table 1 
show that the highest stimulation of formation of 
carbon-14 dioxide among the particles tested was 
obtained with heat-killed Æ coh cells Hugh rates 
of stimulation were also obtained with polystyrene 
latex spherules (obtamed from the Dow Chemical 
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Company) and heat-killed M  £uberculoss (BCG) 
cells grown ın a Dubos albumin medium for 7 days 
It should be noted that carbon and sulphur particles 
stimulate leucocyte metabolism, but that freshly 
prepared barium sulphate and manganese dioxide 
particles have little or no effect under the given 
experimental conditions — Possibly the extra oxygen 
consumption found when sulphur particles are added 
to the leucocytes 1s due to some oxidation of the 
sulphur itself Extracts of E col? were also without 
effect Addition of serum (final concentration 20 
per cent) or peritoneal fluid (final concentration 10 
per cent) to the suspendmg medium made no difference 
to the phagocytic stimulation due to killed E cols 
cells, 


Table 1 EFFECTS OF THE PRESENCE OF DIFFERENT PARTICLES ON 
THE OXYGEN UPTAKE AND CARBON-14 DIOXIDE FORMATION FROM 
GLUCOSE-U-*C BY GUINEA PIG POLYMORPHONUCLEAR LEUCOCYTES 


Each manometric vessel contained 4 mM glucose-U-“C (105 c /min / 
vessel) and leucocytes (15 mgm dry weight) pH 75, 3 ml , 1 hr 


Amount used Oxvgen uptake gCarbon-14 dioxide 


Particles (mgm ) (ul /vessel) c /min /vessel 
None — 29 450 
Carbon 20 58 1,670 
Polvstyrene (spherules) 15 124 3,430 
Sulphur (powder) 60 565 1,220 
BaSO, (pptd ) 95 24 660 
MnO, (powder, fresh) 50 13 340 
BCG (heat-killed) 15 105 2,850 
E coh (heat-killed) 18 155 4,020 


The largest accelerations of metabolism occur with 
fresh leucocytes If these cells are incubated m a 
nitrogen atmosphere, m the absence of glucose, before 
the killed Æ colt and labelled glucose are added, 
marked falls in the subsequent stimulated rates of 
oxygen consumption and carbon-14 dioxide pro- 
duction occur The latter process is affected more 
than the former The metabolic rates in the resting 
cells are apparently unaffected by this preliminary 
mcubation procedure The optimum pH for phago- 
cytic stimulation was found to be between pH 75 
and 85 It ıs noteworthy that the velocity of oxygen 
consumption by leucocytes, during phagocytosis of 
lulled E cole remaims nearly constant for about 40 
min at 37°, after which the velocity falls until, after 
80 min , ıt has the same rate as that of the resting 
cells ‘Thus the stimulating process ıs of relatively 
short duration 

There 1s little doubt that the cationic concentrations 
in the media in which the- leucocytes are suspended 
are of importance ın the phagocytic stimulation of 
metabolism Some typical results, given ın Table 2, 
show that magnesium ions must play an import- 
ant part in the stimulation, and that optimal 
effects are obtained only when magnesium, calerum 
and potassium ions are present with sodium 
chloride 

It has been pointed out! that phagocytic stimula- 
tion of metabolism by starch particles is proportional 
to the number of particles until a maximal value is 
reached This 1s the case with killed E. cols With 
17 mgm. dry weight of leucocytes, the rates of 
oxygen consumption and earbon-14 dioxide are in- 
creased proportionately to the amount of killed 
E cole added until approximately 6 mgm dry weight 
bacteria have been added Little further change 
occurs when larger quantities of bacteria are added. 
Similarly the merease ın oxygen consumption and 
earbon-14 dioxide formation during phagocytosis 18 
proportional to the numbers of leucocytes present, a 
maximum being reached with approximately 15 mgm. 
dry weight leucocytes (for the addition of 9 mgm dry 
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Table 2 EFFECTS OF CATIONS ON METABOLISM OF LEUCOCYTES IN 
ABSENCE AND IN PRESENCE OF HEAT-KILLED E coli 


Glucose-U-4C 4 mM, 120,000 c /min /vessel, leucocytes, 10 mgm 
dry wt ,pH74,1hr 


Oxvgen uptake Carbon-14 dioxide 
(ul {vessel) (c /min vessel) 
Control Phagocytosis Contiol Phagocytosis 


Leucocytes washed 
and incubated in 


Krebs—R inger medium 13 101 386 5,290 
Krebs—Rmger medium 

No magnesium ions 12 56 329 3,640 
Krebs-Ringer medium 

No caleium 10ns 8 74 204 5,070 
Krebs-Ringer medium 

No magnesium or ealerum 

10ns 12 63 244 2,560 

Sodium chloride 

(0 9 per cent) 9 28 286 1,800 


weight bacteria) With larger quantities of leucocytes 
(using this amount of bacteria to induce phagocytosis) 
there ıs no increase ın the phagocytic stimulation of 
respiration and there is a fall m the phagocytic 
Stimulation of carbon-14 dioxide formation from 
labelled glucose This 1s possibly due to an mcreased 
demand on the glucose for glycolysis by the increased 
number of leucocytes The results show that, within 
certam lunits, phagocytic stimulation of metabolism 
18 proportional both to the number of dead bacteria 
engulfed by the leucocytes and to the number of 
leucocytes used It is therefore possible that the 
process of phagocytie stimulation may be employed 
for an assay method for phagocytosis. 


Aerobic and Anaerobic Energy of 
Leucocytes 


Polymorphonuclear leucocytes exhibit both Pasteur 
and Crabtree effects! The presence of glucose 
depresses the respiration of leucocytes (Crabtree 
effect), but has no dimimishmg effect on the stimu- 
lated respiration durmg phagocytosis Thus, in & 
typical result, the Qo, of resting leucocytes in the 
absence of glucose was 36, and ın the presence of 
glucose 21, whereas with phagocytizing leucocytes 
the Qo, ın the absence of glucose was 154 and m 
the presence of glucose 160 The Crabtree effect 1s 
evidently eliminated (or masked) by the phagocytic 
change of metabolism. j 

Examination of the relationship between aerobic 
and anaerobic glycolysis and the Crabtree effect m 
resting leucocytes shows that the rate of formation 
of adenosine triphosphate aerobically m the absence 
of added glucose 1s identical with that in the presence 
of added glucose, assuming a P/O ratio of 3, m 
leucocytes This ıs seen ın a representative result 
given in Table 3 This relat1onship 1s already known 
to hold with tumours! Moreover, the adenosine 
triphosphate made available by anaerobic glycolysis 
is of the same order of magnitude as that produced 


Table 3 RELATION BETWEEN  AEROBIO GLYCOLYSIS Qco,(0,) 
ANAEROBIC GLYCOLYSIS Q..-- AND INHIBITION OF | ESPIRATION 
(CRABTREE EFFECT) OF RESTING POLYMORPHONUCLEAR LEUCOCYTES 


No glucose Glucose 

added (4 mM) 
Qo. 41 27 
Qarr = Qo, 24 6 16 2 
Qc0,(0,) 42 120 
Q ATP(04) 28 8 28 2 

"M 6Qo, + Qco,(0,) 

Qoco,(N,) 55 20 5 
QTP(N;) = Poona) 55 20 5 
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Table 4 EFFECTS OF PHAGOCYTOSIS ON OXIDATION OF DIFFERENT CARBON-14-LABELLED SUBSTRATES 


Substrates 100,000 c /min /vessel, leucocytes 10 mgm dry wt ,1hr 37° 
Phagocytosis of killed E. col 


Oxygen uptake (ul /mgm diy wt leucocyte) 


Labelled substiate used 
Contiol 


Glucose-U-"C 
Glucose-1-"C 
Glucose-6-"C 
DL-Lactate-1-*C, 2 mM 
DL-Lactate-1-“C, 2 mM 
Pyruvate-1-*C, 2 mM 
Fructose-U-“C, 4 mM 
Galactose-1-*C, 4 mM 
Glyeine-2-4C, 2 mM 
Glycime-2-"C, 2 mM 
L-Leucine-1-"C, 2 mM 
L-Leucine-1-“C, 2 mM 
L-Glutamine-U-!*C, 4 mM 
L-Glutamine-U-4C, 4 mM 
DL-Glutamate-1-"C, 4 mM 
DL-Glutamate-1-"C, 4 mM 
Ethanol-1-4C, 1 mM 
Ethanol-1-4C, 1 mM 
Formate-“C, 2 mM 
Formate-4C, 2 mM 
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aerobically (m the presence or absence of glucose) 
If adenosine triphosphate, made available aerobically 
or anaerobically, 18 an essential factor for the opera- 
tion of the phagocytic process, 1t 1s evident that the 
process should take place as well anaerobically as 
aerobically, other conditions bemg the same ‘There 
18 considerable evidence! to support this conclusion 

Evidently, since respiration is suppressed by 
cyanide or antimycin A (ref 1) without interference 
with phagocytosis, the adenosme triphosphate pro- 
duced by respiration may be localized so that it 18 
not available for the phagocytic process 


Substrates affected by Phagocytosis 


Representative results recorded in Table 4 show 
the effects of phagocytosis on the oxygen consump- 
tion and carbon-14 dioxide formation from a number 
of labelled substrates ın the presence of gumea pig 
polymorphonuclear leucocytes and killed Æ coh. In 
confirmation of earlier findings', ıt will be noted that 
the rate of formation of carbon-14 dioxide from glu- 
cose-1-“C greatly exceeds that from glucose-6-MC, 
justifying the conclusion that the hexosemonophos- 
phate shunt 1s greatly stumulated by the phagocytic 
process Only quantitatively mmor effects are seen 
with other substrates, with the exception of labelled 
formate, the rate of oxidation of which 1s greatly 
mereased during phagocytosis 


Aerobic and Anaerobic Oxidations by Resting 
and Phagocytizing Polymorphonuclear 
Leucocytes 


During aerobic phagocytosis, the rate of oxidation 
of formate, as estimated by the increase of rate of 
formation of carbon-14 dioxide from formate-“C is 
increased 3-6 fold Typical results recording the 
quantities of substrate (glucose or formate) oxidized 
by 1 mgm dry weight leucocytes per hr are shown 
m Table 5 Although the oxidation of formate is 
markedly stimulated, there is httle or no morease 
(within the experimental error) in the rate of oxygen 
consumption during its oxidation The stimulation 
of oxidation of formate by phagocytosis 1s consider- 
ably less than that of oxidation of glucose 

Under strictly anaerobic conditions, the rates of 
oxidations of glucose and formate are very greatly 
reduced and the phagocytic process, anaerobically, 





Carbon-14 dioxide (c /mm /mgm dry wt 
leucocyte) 


Phagocytosis Control 


Phagocytosis 
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brings about only relatively small mereases of these 
rates (Table 5) However, the addition of 03 per 
cent potassium ferricyanide, well known as an oxidant 
of reduced phosphopyridinenueleotide!5, to the leuco- 
cytes under strictly anaerobic conditions brings about 
an mereased rate of formation of carbon-14 dioxide 
from glucose-U-40 with the resting cells and a large 
stimulation of this rave with the phagocytizing cells 
The ratio of formation of carbon-14 dioxide from 
glucose-U-“C by phagocytizmg cells to that of resting 
cells 1s 9 2 in the presence of oxygen and 5 4 m pre- 
sence of ferricyanide anaerobically The rate of 
carbon-14 dioxide formation, however, aerobically 
from glucose-U-¥#C is at least twice that obtained 
anaerobically m presence of ferricyanide, with both 
resting cells and phagocytizing cells (Table 5) It 1s 
evident that, whereas ferricyanide can replace oxygen 
as an oxidant in the phagocytic processes, 1b 18, under 
the given experimental conditions, much less effective 
What 18 also evident from the results grven m Table 5 
1s that there ıs no stimulation, withm experimental 
error, of formate oxidation by ferricyanide under 
anaerobic conditions 

Experiments carmed out with sodium pyruvate 
show that the addition of this substance to the leuco- 
cytes under strictly anaerobic conditions increases 


Table 5 OXIDATION OF GLUCOSE AND OF SODIUM FORMATE BY 
GUINEA PIG POLYMORPHONUCLEAR  LEUCOOYTES RESTING AND 
PHAGOOYTIZING, UNDER AEROBIC AND ANAEROBIC CONDITIONS 


Micromoles of substrate oxid- 
ized pel mgm dry weight leuco- 


Gaseous Substiates cytes per hour x 104 
phase 
Resting Phagocytizing 
Air GlIueose-U-4C 38 351 
Formate-*C 24 96 
Nitrogen  Glucose-U-4C 5 12 
Glucose-U-4C 15 81 
+ potassium ferricyanide 
(0 3 per cent) 
Glucose-U-*C 32 37 
+ sodium pyruvate (5 mM) 
+ sodium pyruvate (10 mM) 27 35 
Formate-!*C 1 2 
Formate-“C 05 12 


-+ potassium ferricyanide 
(0 3 per cent) 

Formate- 05 13 
-+ sodium pyruvate (5 mM) 


Hach manometric vessel contained 15 mgm dry weight leucocvtes, 

06 ml Ringer medium (5 times normal strength), 05 ml 01 M 

phosphate buffer solution pH 74, 15 micromoles glucose Final 

vol =3ml Incubation = 1 hr at 37°  Glucose-U-"0, 105 c /min / 

vessel, 2 mM sodium formate, 15 x 105 c /min /vessel Phago- 

eytosis 1nduced by addition eer E coh suspension (7 mgm 
welg 
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the rate of formation of carbon-14 dioxide from 
glucose-U-4C obtamed with the resting cells almost 
to the aerobic level (Table 5) This fact lends sup- 
port to the conclusion that pyruvate may be the 
normal oxidant for hexosemonophosphate oxidation 
via the shunt system?"", On the other hand, the 
addition of pyruvate is less effective than ferricyanide 
i» increasing the rate of formation of carbon-14 
dioxide anaerobically with phagocytizing cells More- 
over, the amount of glucose-U-C converted to 
earbon-14 dioxide during phagocytosis aerobically 
1s at least nine times that found on the addition of 
pyruvate anaerobically. It is therefore evident 
that whereas pyruvate can replace oxygen for glucose 
oxidation m resting leucocytes, 1t can only do so 
partially ın phagocytizing cells Mention should be 
made of the fact?! that pyruvate can accelerate the 
aerobic rate of formation of carbon-14 dioxide from 
labelled glucose (or lactate) with ascites tumour cells, 
the effect bemg ascribed to exogenous pyruvate acting 
as an additional electron acceptor 


Effects of Metabolic Inhibitors and Stimulators on 
Glucose and Formate Metabolism during 
Phagocytosis 


A large variety of substances has been tested for 
their effects on the stimulation of the rates of oxygen 
consumption and carbon-14 dioxide formation from 
glucose-U-4C ın presence of guinea. pig polymorpho- 
nuclear leucocytes 

Antibiotics such as penicillin, streptomyem, chloro- 
mycetin, polymixin, bacitracm, gramicidin, sarco- 
myem were without effect at concentrations that 
were effective 1n suppressing bacterial growth 

Sodium amytal (5 mM), sodium malonate (10 mM) 
and sodium fluoracetate (10 mM) were without effect 
on the phagocytic stimulation of metabolism On 
the other hand, those substances capable of suppres- 
sing glycolysis, such as phenylarsenoxide thiogly- 
collate (30 ugm./ml), glyceraldehyde (8 mM), 
phloretm (02 mM), as well as 1odoacetate? and 
fluoride! bring about large mhibitions of stimulated 
phagocytic respiration and of carbon-14 dioxide 
formation from glucose-U-4C Thus the phenyl. 
arsenoxide thioglycollate brought about 87 per cent 
mhibition of carbon-14 dioxide formation from 
glucose-U-“C, glyceraldehyde 72 per cent and 
phloretin 47 per cent Phloretin also exercised a 
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large inhibitory effect on the respiration of the 
resting cells. Again, sodium tartronate, known as & 
glycolytic mhibitor through it8 competitive suppres- 
sion of lactic dehydrogenase!5, exercises a consider- 
able inhibition of both glycolysis and phagocytic 
stunulation of leucocytes At a concentration of 
50 mM it mhibited glycolysis by 40 per cent and 
carbon-14 dioxide formation from glucose-U-"C by 
34 per cent ın resting cells, and 68 per cent m phago- 
cytizing cells Sodium oxalate, another mhuibitor 
of lactic dehydrogenase!®, behaved simuarly to 
tartronate 

These results support the conclusion that, although 
the energy required for phagocytosis 1s obtamed by 
glycolysis, the phagocytic stimulation of metabolism 
consists largely of an acceleration of the hexomono- 
phosphate shunt pathway of oxidation and to a 
minor extent of an acceleration of lactic acid form- 
ation! As the former process 1s mediated by tri- 
phosphopyridine nucleotide, 1t was desirable to test 
the effects, on the process, of substances known to 
stimulate oxidation of triphosphopyridine nucleotide, 
for example, menadione and pyruvate!” It was 
found that a variety of quinones, including mena- 
dione, merease markedly the rates of oxygen con- 
sumption and of carbon-14 dioxide formation from 
glucose-U-!*C of resting leucocytes with but little 
effect on the phagocytic stimulated rates of oxygen 
consumption and of earbon-14 dioxide formation 
Representative results given in Table 6 show that 
naphthoqumone (0 3 mM) and menadione (0 3 mM) 
increase the rates of oxygen consumption and carbon- 
14 dioxide formation from glucose-U-4C with resting 
cells several-fold, menadione being the more effective 
substance, while the phagocytic stimulation 1s only 
inereased about 20 per cent Vitamin K, and 
a-tocopherol quinone have little effect on the rates 
of oxygen consumption but increase the rates of 
carbon-14 dioxide formation from glucose-U-4C with 
resting cells more than 100 per cent, and with phago- 
cytizing cells 43 and 24 per cent respectively at the 
concentrations tested It 1s therefore evident that 
quinones can stimulate the formation of carbon-14 
dioxide from resting cells, sometimes to the phago- 
eytic level, but they have much less effect on the 
formation of carbon-14 dioxide from phagocytizing 
cells The accelerating effect of menadione on form- 
ation of carbon-14 dioxide ıs seen with glucose-1-4C 
and not with glucose-6-4O (Table 6), as would be 


Table 6 PERCENTAGE EFFECTS OF QUINONES, ETC, ON METABOLISM OF POLYMORPHONUCLEAR LEUCOOYTES 


Percentage changes on metabolic rates (1 hr 1neubation at 37°) only are given, phagocytosis being 
induced by addition of heat-killed E cols 





Substrate | Additions 


4 mM Glucose-U-^C Naphthoquinone, 0 3 mM 
Menadione bisulphite, 0 8 mA 
Vitamin K,, 0 5 per cent 
a-Tocopherol quinone, 0 5 per cent 
Phenazine methosulphate, 03 mM 


| Methylene blue, 0 3 mM . 
4 mif Glucose-6-4C Menadione bisulphite, 0 15 mM | 


4 mM Glucose-1-*C Menadione bisulphite, 015 mM 
án Phenazine methosulphate, 03 mM | 
a Methylene blue, 0 3 mM 
" Sodium pyruvate, 8 mM l 
me Sodium 10doacetate, 01 mM 


es |. Sodium 10doacetate, 0 1 mM | 
4-Sodium pyruvate, 8 mM 

m Sodium 1odoacetate, 0 2 mA 

" Sodium 1odoacetate, 0 2 mM 
+Sodium pyruvate, 8 mM | 





— —Ó———M—— n y 


l 
See Table 4 for control values 


Change m Q0, Change 1n carbon-14 dioxide 


| Phagocytizing | 


Resting cells Resting cells | Phagocytizing | 
p — —— | —— ie | 
+ 976 l + 22 4 142 + 24 | 
+ 520 + 21 + 565 + 22 
+ 2 + 18 + 222 + 43 l 
EE | =. d + 133 | + 24 | 
4-1240 + 154 | 4-1910 | -+ 236 ! 
+ 384 | + 16 | 4420 | 0 | 
4- 264 | + 30 | a dM i = 18 
' | 
+ 330 | + 88 +1300 | -+ 44 | 
+930 | + 46 | 42500 — + 104 
+ 250 + 12 | +1210 + 12 i 
0 0 | + 7 0 
+ 20 — 35 — 40 — 57 | 
| 
4 14 | — 24 | + 47 — 42 
+ 5 | — 48 — 64 — 68 
0 | =, 88 + 13 — 57 
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expected if the acceleration due to menadione were 
confined to the hexosemonophosphate shunt 

Phenazine and methylene blue are also accelerators 
of the rates of oxygen consumption and carbon-14 
dioxide formation 1n the presence of labelled glucose, 
their effects on the metabolism of resting cells bemg 
greater than on that of phagocytizing cells (Table 6) 
Phenazine 1s much more active than methylene blue 
m this respect It is noteworthy that phenazme 
permits the direct oxidation of reduced diphospho- 
pyridine nucleotide?? 

Sodium pyruvate has httle or no effect on the 
rates of respiration of restmg and phagocytizing cells, 
1t increases (at 8 mM) the formation of carbon-14 
dioxide from glucose-1-4C by 74 per cent with resting 
cells, but has no effect on that obtained with phago- 
cytizing cells Its effects are very clearly seen on 
leucocytes treated with iodoacetate, for ıt nearly 
abolishes the mhibition of the rate of formation of 
carbon-14 dioxide by 1odoacetate in resting cells 
(Table 6) On the other hand, it has a relatively 
small effect in dimmunishmg the mhibition by 1odo- 
acetate of formation of carbon-l4 dioxide with 
phagocytizing cells. 

While these results mdicate that pyruvate will 
increase the rate of formation of carbon-14 dioxide 
from labelled glucose with resting cells by at least 
74 per cent, both with normal cells and with cells 
treated with 10doacetate, and that 1t may, therefore, 
act as an oxidizer of reduced triphosphopyridine 
nucleotide, it 18 clearly very ineffective as compared 
with a quinone such as menadione or a carrier such 
as phenazme Moreover, the fact that ıt cannot 
mcrease the rate of oxygen consumption, or of 
earbon-14 dioxide formation, of resting cells to the 
phagocytic levels indicates that phagocytic stimula- 
tion cannot be wholly due to an mereased rate of 
hberation of pyruvate m the leucocyte durmg the 
process of phagocytosis It should be noted that 
menadione (Table 7) inereases the rate of formation 
of carbon-14 dioxide from formate-“C with restmg 
leucocytes almost to the phagocytic level 


Table 7 EFFECTS OF INHIBITORS AND STIMULATORS ON AEROBIC 
GLUCOSE AND FORMATE OXIDATION DURING PHAGOOYTOSIS 


Conditions as in Table 5 


10* x umoles substrate oxidized /hr / 
mgm leucocytes 


Additions Glucose-U-"C Formate-*C 

Phago- Phago- 

Resting cytizing Resting cytizing 
None 41 484 18 56 
Flavin mononucleotide (2 mM) 52 472, 37 68 
Menadione (0 2 mM) 240 627 46 72 
Sodium azide (1m M) 37 442 1 2 
Potassium cyanide (1 mM) 36 451 6 10 
Sodium 10doacetate (0 1 mM) 20 259 10 25 


Evidence for Hydrogen Peroxide Formation during 
Phagocytosis 


Experiments, typical results of which are shown 
in Table 7, show that the formate-oxidizmg mechan- 
ism 18 greatly mhibited by concentrations of sodium 
azide and potassium cyanide that have but little 
effect on the oxidation of glucose, either with resting 
or phagocytizing cells Todoacetate has an inhibitory 
effect on formate oxidation approximately equal to 
that on glucose oxidation The facts indicate that 
formate oxidation in the leucocyte ıs dependent on 
that of glucose, that ıt requires molecular oxygen 
as an oxidant and that ıt : blocked by inhibitors 
that affect enzymes contamung hem As it 1s already 
known that leucocytes are rich in peroxidase”, and 
as the optimum pH for phagocytic stimulation of 


— 


NATURE 


November 11, 1961 


formate oxidation ıs 6 0, which is the optimum for 
peroxidase, 16 1s reasonable to conclude that oxida- 
tion of formate 1s accomplished by hydrogen peroxide 
formed durmg the oxidation of glucose by the 
hexosemonophosphate shunt It is already known? 
that m the presence of peroxidase or catalase, hydro- 
gen peroxide oxidizes formate and that azide and 
cyanide will inhibit the activity of verdoperoxidase 

Evidence that hydrogen peroxide 1s actually formed 
durmg phagocytosis comes from experiments the 
results of which are shown in Table 8 In the first 
place ıb 1s evident that the addition of catalase more 
than doubles the rate of oxidation of formate m the 
presence of resting or phagocytizing leucocytes, 
whereas the addition of heated catalase has no effect 
Such an accelerating effect must be attributed to the 
action of catalase on hydrogen peroxide leaking from 
the leucocyte, as we have found no evidence that 
the catalase content of the leucocyte 18 increased on 
exposure to catalase Secondly, the addition of 
sodium nitrite (2 mM) which will act as competitor 
to formate? brings about an mhibition of oxidation 
of formate by resting or phagocytizing leucocytes. 
Moreover, the system oxidizing formate 1s to be found 
in the leucocyte homogenate, which 1s capable of 
extensive oxidation of formate m the presence of 
a system producing hydrogen peroxide such as is 
afforded by a mixture of glucose oxidase (notatum) 
and glucose (Table 8) 


Table 8 FACTORS AFFECTING AEROBIO OXIDATION OF FORMATE BY 
LEUCOCYTES AND LEUCOCYTE HOMOGENATES 


Formate-“C (2 mM) present throughout Glucose = 5 mM 
Notatm = 001 per cent 


10* x umoles formate 
oxldized/hr /mgm leucocytes 
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Resting !eucocytes 
Leucocytes only (pH. = 6 0) 86 


Notatin -+ glucose 0 
Leucocytes +- notatin + glucose 715 
Leucocytes + notatin + glucose + 
sodium azide (1 mM) 1 
Leucocytes only (pH = 7 4) 18 
-+ sodium azide (1 m M) 08 
+ potassium cyanide (1 mM) 6 
+ catalase (1/750) 40 
+ heated catalase (1/750) 18 
+ sodium nitrite (2 mM) 3 
Phagocytizing leucocytes 
Leucocytes only (pH = 7 4) 86 
+ catalase (1/750) 198 
+ heated catalase (1/750) 87 
+ sodium azide (1 m M) 2 
+ sodium nitrite (2 mM) 12 
-+ potassium cyanide (1 mM) 9 


Leucocyte homogenate 
Homogenate only (pH = 6 0) 65 
+ glucose + notatin 
4- glucose + notatin + 
catalase (1/15,000) 708 


Glucose + notatin + catalase (1/15,000) 105 
Homogenate + glucose + notatin + 

sodium azide (1 mM) 5 
Homogenate + sodium azide (1 mM) 3 
Homogenate + sodium nitrite (2 mM) 6 


The evidence mdicates that the systems oxidizing 
glucose (by the hexose monophosphate shunt path- 
way) end formate are present in the non-particulate 
cytoplasmic fraction of the leucocytes, a fact in 
agreement with observations concerning the local. 
ization of glucose-6-phosphate and 6-phosphogluconic 
acid dehydrogenases ın many other tissues? 


Oxidation of Sodium Sulphite by Resting and 
Phagocytizing Leucocytes 


A substance that greatly inereases the rate of 
oxygen uptake of leucocytes undergomg phago- 
cytosis 1s sodium sulphite In a& typical experiment 
this substance (at 30 mM) imcreased the oxygen 
consumption per hour of 12 mgm (dry weight) rest- 
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ing leucocytes from 30 ul to 60 ul, and of phago- 
cytizing leucocytes from 120 ul to 700 ul At the 
same time 1t diminished carbon-14 dioxide formation 
from glucose-U-4C, with phagocytizing cells, by 90 
per cent. Oxidation of formate-4C to carbon-14 
dioxide was also suppressed by sodium sulphite, an 
mhibition of 47 per cent occurrmg with 10 mM 
sodium sulphite The reasons for these effects are 
now being investigated 


Participation of Flavin in the Formation of 
Hydrogen Peroxide in Leucocyte Homogenates 


Results, which will be described ın detail elsewhere 
(Lyer, G Y N, and Quastel, J H , to be published), 
show that homogenates of gumea pig polymorpho- 
nuclear leucocytes are capable of oxidizmg m the 
presence of air the reduced forms of dı- and tni 
phosphopyridine nucleotides to hydrogen peroxide, 
as indicated by oxidation of formate-“C to carbon-14 
dioxide Reduced triphosphopyridine nucleotide 1s 
more effective than the reduced diphosphopyridine 
nucleotide m this respect It seems likely that this 
mechanism underlies the formation of hydrogen per- 
oxide during phagocytosis The addition of flavin 
mononucleotide (001 mM) accelerates the rates of 
oxygen consumption of the leucocyte homogenate in 
presence of reduced dı- or tr1-phosphopyridine nucleo- 
tide. Moreover (Table 7), the addition of flavin 
mononucleotide mecreases the rate of formation of 
carbon-14 dioxide from formate-4C ım the presence 
of the restmg leucocytes These facts support the 
conclusion that a system catalysed by flavin ıs m- 
volved in the oxidation of the reduced dı- and tri- 
phosphopyridine nucleotides by leucocytes to form 
hydrogen peroxide. 

The hberation of a reduced di- or tri-phospho- 
pyridme nucleotide oxidase, capable of producing 
with these dinucleotides, hydrogen peroxide, during 
the process of phagocytosis, or that of a quinone 
Imking reduced dı- or tri-phosphopyridine nucleotide 
with molecular oxygen, would account for the 
observed phenomena Possibly the release of enzymes 
from the granules of polymorphonuclear leucocytes, 
shown by Cohn and Hursch** to occur during phago- 
cytosis, 18 involved ın these phenomena*’, 


Formation of Hydrogen Peroxide tn Leucocytes 
during Phagocytosis 


Calculations dicate that if the mcreased oxygen 
consumed by the guinea pig leucocytes on phago- 
cytosis 18 wholly converted to hydrogen peroxide, the 
amount of the latter formed will amount to 0 39 
mieromole per mgm dry weight leucocytes at pH 7 4 
This corresponds to a concentration of approximately 
100 mM m the leucocyte, assuming no leakage. If, 
however, the mcrease ın oxidation of formate by the 
leucocytes on phagocytosis may be considered as the 
measure of hydrogen peroxide formation, this will 
amount to 1-3 mM at pH 74 At a lower pH, for 
example, 6 0, the corresponding values are 26 mM 
hydrogen peroxide (calculated from the increased 
amount of oxygen uptake) and 6 2 mM (calculated 
from the inereased oxidation of formate It ıs 
evident that the amount of hydrogen peroxide 
formed will vary aecording to the amount of 
phagocytosis and the intracellular pH and that it 
may vary from 1 mM to 100 mM The latter con- 
centration of hydrogen peroxide ıs known to be highly 
toxic to E. col, but whether such an amount 1s 
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actually formed is still uncertain. Nevertheless, in 
the consideration of the various factors that may 
operate in bringing about bactericidal action during 
phagocytosis, the possibility that hydrogen peroxide 
18 formed durmg this process must be taken into 
account lt is unhkely that hydrogen peroxide is 
wholly responsible for the non-specific bactericidal 
effects of phagocytosis***®, but ıt will surely be one 
of the responsible agents 


Summary 


Phagocytosis by gumea pig polymorphonuclear 
leucocytes 18 accompanied by an increased rate of 
oxidation of formate Formate oxidation 1s linked 
with the oxidation of glucose and 1s sensitive to 
cyanide and to azide Whereas glucose oxidation, 
anaerobically, may be stimulated by the presence 
of ferricyanide or pyruvate, formate oxidation under 
these conditions does not occur. The evidence indi- 
cates that whereas added pyruvate can replace 
oxygen as an oxidant with non-phagocytizing leuco- 
cytes, 1t 1s relatively ineffective with phagocytizing 
cells The results also mdicate that oxidation of 
reduced phosphopyridine nucleotides m leucocytes 
18 accompanied by formation of hydrogen peroxide 
which is responsible for oxidation of formate. It 1s 
possible that the stimulation of glucose oxidation 
that occurs during phagocytosis 1s due to liberation 
of oxidase systems reacting with molecular oxygen 
to form hydrogen peroxide The implications of the 
latter process on the non-specific bactericidal effects 
occurring in phagocytosis are discussed 

The award of Colombo Plan Fellowships to two of 
us (G.Y N.I and M.F I), under the technical assist- 
ance programme of the Canadian Department of 
Trade and Commerce 1s gratefully acknowledged. 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


Atmospheric Scale Height as a Modifying 
Influence on Linear Trend of F-Region 
Electron Density with Sunspot Number 


IN the prediction of maximum usable frequencies a 
linear merease in foF2 with sunspot number 18 
generally assumed for practical purposes! However, 
an analysis of maximum usable frequencies, estimated 
for a sunspot cycle mterval from Christchurch 10no- 
spheric vertical sounding data obtained durmg 1947— 
58, indicated that the trend of twelve-month running 
average values of fof2 monthly medians with 
twelve-month running average sunspot number 
showed significant departures from linearity especially 
in the daylight hours and above running average 
sunspot number 170 at the 1957—58 sunspot maximum 
Chun-Ming Huang? has observed a similar marked 
departure from linear trend at the 1957-58 maximum 
in an analysis of vertical sounding stations in the 
Western Pacific area, the time of onset relative to 
sunspot number varying with time of day and station 
latitude 

A critical exammation of Christchurch trends in 
noon values of maximum F2 ion density (Nmax) 
and true height (hmax) was made to discover 
possible modifying influences contributing to the 
observed foF2 departures The plot of twelve- 
month running average values of Nmax vs running 
average sunspot number (Fig 1) showed that depar- 
ture from a linear trend 1s clearly defined for median, 
calm and disturbed conditions above running average 
sunspot number 170 

The noon maximum ion density at a fixed pressure- 
level can be assumed to be an approximation to the 
equilibrium value: 


N=! 
P 


where q 18 the rate of 10n production and Q 18 the rate 
of loss by an attachment-like process 

On this assumption, if height changes, and changes 
m p throughout a cycle are neglected, an increase in q 


N x 10 elec 
h (km ) 





0 50 100 150 200 
Running average sunspot number 


Fig 1  Twelve-month running averages of Nmax vs running 

average sunspot number 1954-58 showing non-linearity above 

running average sunspot number 170 and annual residual variation, 

Full lines, 10n densities, dotted line, median heights Upper, 

middle and lower curves are for calm, medium and disturbed 
conditions respectively 


with sunspot number due to an increasing incident 
ionizing radiation could explam the maim Lneer 
merease in Nmax of the order of 4 1 for calm 
conditions. Height changes, however, indicative of 
scale height variations appear to be significant in 
modifying the electron density merease due to 
increasing q 

True height values of imax for representative 
calm days 1954-58 were available from N’h profiles 
computed by Cummack using the method of Kung? 
Where the coverage was not complete for this period 
a relatively quick computation of hma, usmg the 
median trace method! combined with a slider tech. 
nique was used The latter values were in reasonable 
agreement with the more rigorous calm-day com- 
putations and satisfactory for the purpose required 

Twelve-month running average noon values of 
hmax for the 1954-58 interval were plotted on the 10n 
density graph and the height trend comeided with 
the disturbed 10n density trend (Fig 1). This latter 
exhibited simular departure from lmearity to the 
median and calm 10n density trends and was therefore 
taken as the 10n density standard of reference for 
purposes of comparison 

Above running average sunspot number 170 the 
height trend as shown in Fig 1 was maintained for a 
time after the lmear increase in ion density had 
degenerated 

Assuming that (1), height 1nereases are mdicative 
of mereased scale height (H), and (2), that qH«a I, 
where I is the incident ionizing radiation, it 18 
postulated that critical creases in scale height near 
the 1957-58 sunspot maximum have been large 
enough to modify the increase in g resultmg in a 
relative decrease in Nmay at this stage of the cycle. 
As the 10n density departures were similar under 
both calm and disturbed conditions, the effect of 
increased incidence of storms near sunspot maximum 
18 not considered to be a major contributing factor 
to this phenomenon. 

Fig 1 also shows that a residual annual variation 
remains durmg the years 1954-56 after the mam 
seasonal variation has been eliminated by the smooth- 
ing process Relative 10n density maxima, and height 
minima centre on April while corresponding ion 
density minima and height maxima centre on Septem- 
ber It can be considered that twelve-month running 
averages for April and September include the same 
equinoctial and winter months April-Oetober. In 
addition, the April average includes the effect of the 
preceding summer months and the September average 
the effect of the followmg summer months As a 
result of the smoothmg process, therefore, any 
marked departures from linearity occurring m the 
trend due to the effect of modifymg mfluences m 
succeeding summer seasons could be at a maximum 
at the April and September points on the graph The 
observed residual annual departures then can mmply 
that summers nearer sunspot maximum are charac- 
terized by a relative decrease in Nmax associated 
with inerease in scale height This deduction was 
supported m an examination of the declinmg phase of 
the cycle where height and 10n density departures for 
April and September were found to be reversed, 
again implyimg that summers nearer sunspot maxi- 
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mum show a greater relative decrease m Nmax due 
to relatively increased scale heights than those 
nearer sunspot minimum. 

As the increase in summer heights from sunspot 
minimum to maximum (240-350 km.) ıs much 
greater than the increase at other seasons (230— 
280 km. m winter) a modifying influence due to 
mereasing scale heights would be expected to be 
greater for summer as suggested However, a more 
refined discussion, including the effect of changes in 
D, ıs needed to account for the detailed seasonal 
behaviour pattern of Nmax observed at Christchurch 
throughout the sunspot cycle investigated 

A full account of the analysis of estimated values 
of maximum usable frequencies throughout a sunspot 
cycle and associated electron density trends at 
Christchurch will be published in the New Zealand 
Journal of Geology and Geophysics The survey 
includes detailed observations of seasonal trends in 
Nmax throughout the cycle and examimes sunspot 
cycle changes ın diurnal trends of 1onospheric storm 
departures 
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PHYSICS 


Triple Resonance Phenomenon in 
Plasmas 


INTERACTIONS between electromagnetic waves and 
weakly 1om1zed plasmas ın the presence of a steady 
magnetic field have been widely mvestigated! The 
Appleton-Hartree formula for the equivalent com- 
plex dielectric constant of the plasma is partially 
reproduced in graphical form in Figs. 1 and 2 These 
graphs are restricted to the case that the propagation 
vector and #-polarization of the electromagnetic wave 
aie both perpendicular to the direction of a uniform 
steady magnetic field With these restrictions, the 
relative dielectric constant can be written 


DENS Jl... fuge 
£ = o = Ep OE, = E11 (1) 
in which 7 
Op? y + 20 
cenu = l+ qo (v + 40)? + wo? (2) 
Wr m (3) 
a2 0 7 3e (y + 29» + wo? 


where co 18 the radian frequency of the wave, v 1s the 
eolhsion frequency. o» = eB/m 1s the cyclotron fre- 


ne? 
quency, à» = mi the plasma frequency, e and 


m are the charge and mass of an electron B 18 the 
strength of the steady magnetic field, n 1s the volume 
density of free electrons in the plasma, and e, 18 the 
permittivity of free space A dependence on time of 
est has been assumed 

When v = 0, the msertion of (2) and (3) m (1) leads 
simply to the result that the relative dielectric 
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Fig 1 Relative dielectric constant versus normalized plasma 


frequency (wp = 0 2 w 





9p] o 
Fig 2 Normalized conductivity versus normalized plasma 
frequency (wb = 0 2 w) 


constant alternates between regions of positive and 
negative values as the electron density 1s mcreased 
Thus the electromagnetic weve 1s propagated if the 
free elec tron density 1s less than the value correspond- 
mg to wp? = e(o — os) It ıs cut off ın the range 
wla — o») < op? < (o + w) (o — we) und 1s then 
propagated agam in the range (o + ws) (o — as) < 
op»? < ola — o») For all electron densities greater 
than the value corresponding to wp? = w(w + o») 
the electromagnetic wave is not propagated It :s 
apparent that mcreasmg w» serves to separate these 
boundaries farther from each other In the lab- 
oratory, 16 13 possible to achieve a sufficiently large 
«1/0 to make this triple resonance effect detectable 

The inclusion of collision losses serves to broaden 
these resonances, as in any problem in which Q 1s 
lowered  Eowever, ıt 15 interesting to note that a 
sufficiently high value of v will erase the triple reson- 
ance effect entirely, as shown ın the e; curves of Fig. 1 
This provec to be a formidable stumbling block in 
the experimental work which was undertaken to 
demonstrate this phenomenon 
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An apparatus similar to one used-earher by 
Anderson? was employed A 19-mm outside diameter 
‘Pyrex’ tube with a 15 mm wall was placed inside a 
square brass wave-guide The glass tube was 42 m long 
with the last 3ın on each end tapered to à point The 
mside dimensions of the wave-guide were 0 805 in 
by 0805 in. with 0035-m walls 5 5-in wave-guide 
transitions coupled each end of tho square guide to 
standard X-band wave-guide for connexion to the 
remainder of the microwave system A klystron 
source was operated at 8,600 meps and unmodul. 
ated 

The tube was attached through a hole ın the wave- 
guide wall, with a 10-mm nipple, to a spherical 
bulb of 3 m diameter The latter contamed the 
ignitor electrode, auxiliary anode, and mercury pool 
cathode from a GL-5779 ‘Ignitron’ <A second hole 
in the wave-guide wall, at the other end of the 
plasma column, accommodated a 5-mm nipple which 
housed the main anode, a 0 l-n diameter tungsten 
rod The rod did not project into the plasma column, 
its end was even with the inside wall of the main 
tube Continuous pumping was used to maintain 
the vacuum between 10-5 and 10-7 mm of mercury 

A transverse d e magnetic field was impressed on 
the plasma by inserting the square wave-guide 
between the l-an wide by 57-m. long poles of an 
electromagnet The magnet core was constructed 
of 1020 cold-rolled steel The 17-gauge heavy 
"Formvar' winding was continuous around the 57-m. 
dimension of the magnet, giving a uniform magnetic 
field along the entire length of the plasma column 
A 0-150 V. de generator supplied a maximum of 
4 amp to the winding to give a maximum field of 
1,200 gauss 

The ignitor electrode was pulsed at 60 cps. from 
a 600 V. supply and the main anode was energized 
from a composite source—5 kV to provide a dc 
current plus a variable 60 cps supply to super- 
impose & sinusoidal variation on the dc. current 
In this manner, the plasma properties were made to 
vary at a 60-cps rate with controllable excursions 
The results of this experrment were recorded by photo- 
graphing the traces of a dual beam oscilloscope for 
various values of d e magnetic field A representative 
set of traces 1s reproduced ın Fig 3 In each display 
the upper trace 1s the a c. component of tube current 
and the lower trace is the detected microwave signal 
which has traversed the plasma column All the 
oseillograms shown in Fig 3 were taken with 
420 m amp. d e and constant amplitude ac through 
the discharge tube The negative peak of the upper 
trace corresponds to mimimum electron density in 
the plasma, a value small enough to cause essentially 
full transmission of the microwave signal in the 
absence of a de magnetic field 

The lower traces have many features in common 
The 8,600-mc ps wave is cut off until such time as the 
current through the plasma tube (and thus the 
electron density) lowers to the pomt where propaga- 
tion begins, thisis a resonant point The propagation 
then rises to a peak, giving a second resonant pomt 
The propagation again decreases, the mmimum point 
giving a third resonance. The propagation then rises 
to & maximum value of transmission As the tube 
current increases m value this sequence is repeated 
in reverse order 

It 1s evident that as the dc. magnetic field 1s 
mcreased, and both the de and ac current-levels 
are kept constant, the transmuission-level decreases 
This 1s attributable to the increases ım electron density 
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Fig 3 Oscillograms showing the variation of modulation current 
and transmitted power during one de-10nization and ionization 
process for six different magnetic fleld values (Iteading from 
right to left, de-ionization occurs in time before ionization) 


and collision frequency which accompanied the 
increases in the dc magnetic field It 1s mteresting 
that Beckman? has predicted just such an effect 

For this reason no attempt was made to infer 
that there were specific values of plasma frequency 
at the three resonant pomts No claim can be made 
that the three resonances separated on the wp scale 
as op was Increased However, the triple resonance 
phenomenon showed up very clearly and this was the 
principal goal of the experiment 

Considerable difficulty was experienced in obtam- 
ing the results shown in Fig 3 It was found that 
the apparatus attained a considerable temperature 
due to heat generated in the plasma and in the wmding 
ofthe dc magnet. This caused the collision frequency 
to merease to the point that the triple resonance 
effect was obscured as predicted by the data m Figs 
land 2 Indeed, when the apparatus was first turned 
on, the oscilloscope trace would clearly show a triple 
resonanoe, and as one watehed, these features would 
subside until finally no resonance phenomena were 
displayed 

This difficulty would not necessarily be present in 
measurements on a plasma which was not supporting 
a large current Often the collision frequency 1s small 
in problems concerning the plasma sheath around a 
mussile, or the wake behind ıt, or ın problems concern- 
ing the ionosphere Such plasmas do not contam 
large currents and their exact laboratory stimulation 
must be accompanied by techniques different from 
the one used here In such applications it can be 
expected that jomt use of a dc magnetic field and 
electromagnetic waves can mvoke a triple resonance 
effect which will prove useful m diagnostics 
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Excitation of the 2s State of Atomic Hydrogen 
by Electron Impact 


IN a recent publication Kingston, Moiserwitsch and 
Skmner! have applied the second Born approxima- 
tion, retaming only terms up to the third order in the 
interaction energy, to the calculation of the total 
cross-section Q (ls—2s) for the ls-2s excitation of 
hydrogen atoms by electrons Ther results are dıs- 
played m Fig 1 Curve 1 18 the cross-section obtained 
by using the first Born approximation while curves 
4 and 6 are respectively the cross-sections given by 
the second Born approxmation with allowance for 
(a) distortion due to the coupling to the 1s and 2s 
states, (6) polarization due to the couphng to the 2p 
states as well as distortion due to the ls and 2s 
states 
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Wu? has reported first Born approximation calcu- 
lations of Q (1s—2s) ın which allowance for exchange 
has been made From the tables given by Wu the 
contribution resulümg from exchange can be readily 
calculated and incorporated mto the second Born 
approximation calculations of Kingston, Moiserwitsch 
and Skimner The resulting cross-sections are dis- 
played m Fig 1 Curve 5 meludes the effects of 
distortion and exchange while curve 7 includes in 
addition the effect of polarization Allowance for 
exchange reduces the excitation cross-section Smith, 
Miller and Mumford’ have carried out exact solutions 
of the coupled differential equations for the 1s—2s 
electron impact excitation of atomic hydrogen 
derived by making full allowance for the distortion 
due to the 1s and 2s states but neglecting exchange 
The cross-section obtained by them 1s grven by curve 2 
and ıs in satisfactory accord with the second Born 
approximation curve 4 calculated by Kingston, 
Moiserwitsch and Skinner 

Smith* has solved the coupled integro-differential 
equations for the s, p, d partial waves makmg full 
allowance for exchange as well as distortion The 
resulting total cross-section Q (ls—2s) ıs given by 
curve 3, the higher-order partial cross-sections having 
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been estimated with the first Born approximation 
Curve 3 les somewhat below curve 2, and thus 
allowance for exchange reduces the cross-section in 
agreement with the previously noted effect of 
exchange on the second Born approximation cross- 
sections 

The experimental pomts of Stebbings, Fite, 
Hummer and Brackmann* for Q (15-28) are also dıs- 
played m the figure. Lichten* has shown that the 
original data of Stebbimgs et al are 1n error and should 
be multiphed by a factor 3/2 This correction was 
therefore introduced (cf Hummer and Seaton’) 

There 1s satisfactory agreement, at least at energies 
greater than 60 eV, between the modified experi- 
mental results of Stebbmgs et al and the cross-section 
curve 7 1n which allowance for exchange as well as 
distortion and polarization has been included Noting 
that curve 4 lies slightly above curve 2, 1t 18 to be 
anticipated that curve 7 is slightly in excess of the 
actual 1s—2s excitation cross-section, which would then 
bring calculation 1nto still closer agreement with the 
absolute experrmental data of Stebbings et al. 

The experimental cross-section obtamed by 
Lichten and Schultz? does not extend above 45 eV, 
and m any event 1s not absolute Hence no com- 
parison between theory and their experimental results 
18 feasible However, ther relative cross-section 1s 1n 
good agreement with the shape of the cross-section 
obtained by Stebbings et al as was pomted out by the 
latter authors 

B L. MorsEIWrTSCH 
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Measurement of Stopping-Power Ratio 
for Cavity lonization Chambers 


THE energy absorbed in a medium per unit mass, 
Em, exposed to X- or y-radiation can be related to the 
1onization produced per unit mass of gas, Jm, situated 
m à cavity in the medium by the Bragg-Gray equa- 
tion 


1 
Fin 


where W ıs tbe average energy associated with the 
production of one 10n pair in the gas, Fm 18 the mass 
stopping-power ratio of the gas to the solid for 
electrons Fm has been evaluated theoretically by 
assuming electrons lose energy contmuously!? and 
also by allowmg for discrete losses of energy? 
However, experimental investigation has shown that 
these theoretical treatments are only useful for a 
limited range of size of cavity, as indeed the initial 
assumptions in their derivations imply. In many 
situations the greatest uncertainty m measuring 
exposure or absorbed dose arises from uncertamty 
in this factor. Thus a direct measurement of Fm 1s 
desirable 

Several workers have measured the relative 
stopping-power ratio, but Whyte® devised a method 


En = W Jm (1) 
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Fig 1 Vanation of the 1onizafion/gm multiplied by the average 

energy associated with the production of one 10n pair with the 

gas pressure 1n a graphite chamber irradiated by cobalt-60 y-rays 

6 ıs the change in the tonization/gm between 70 and 35 cm 
of mercury pressure 


of measuring the stopping-power ratio absolutely by 
varying the air pressure in a series of ionization 
chambers with walls of different atomic number 

An absolute measurement of the stopping-power 
1atio can also be made by varying the pressure of 
different gases introduced into a single ionization 
chamber in the following way Fig 1 shows the 
variation in the 1onization/gm of gas with the gas 
pressure for hydrogen, air and argon m a graphite 
10nization chamber irradiated by 1 25-MeV. photons 
(cobalt-60 y-rays) The experimental technique has 
been described elsewhere? Hydrogen with an atomic 
number less than graphite yields a graph with a 
negative gradient, while air and argon with an atomic 
number higher than graphite yield & graph with a 
positive gradient The magnitude of the variation in 
the ionization/gm with the gas pressure increases 
with the magnitude of the difference between the 
atomic number of the gas and the wall and hence 
increases with the factor, Fm 

To measure this variation of the ionization/gm 
with the gas pressure a parameter, 0, has been chosen 
0 ıs the change ın the ionization/gm between 70 and 
35 em of mercury pressure The value of 0 for each 
gas 18 plotted against the value of WJm at 70 cm of 
mercury pressure for each gas in Fig 2 Now if ıt 
were possible to fill the cavity with a gas exactly 
equivalent to the graphite wall, Fm would be unity 
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Fig 2  Varlation of the change 1n the tonization/gm with the 
1onization/gm multiplied by the average energy associated with 
the production of one ion pair 
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at all gas pressures Thus the 1onization/gm would 
be independent of the gas pressure and m Fig 1 a 
stiaight line parallel to the z-axis would result In this 
case 0 would be zero It follows that the value of WJm 
in Fig 2 where 0 = 0 ıs the value that would occur 
when the gas 1n the chamber 1s equivalent to graphite, 
namely, when Fm = I 

For the three gases used in this work W is known 
reasonably accurately and the values adopted are 
363 eV for hydrogen, 33 8 eV for air and 26 1 eV 
for argon From equation (1) ıt may be seen that 
Fm 18 proportional to WJm In Fig 1 the 10mzation/ 
unit mass of gas has been multiplied by the appro- 
priate value of W foreach gas Thus the ordinates m 
Fig 1l are proportional to the stopping-power ratio, 
Fm Now the value of WJm when Fm = 1 can be 
determined as described here and is represented by 
the arrows m Fig 1 The absolute value of the 
stopping-power ratio. Fm, for any of the gases in 
graphite at a particular pressure 18 given by the ratio 
of the ordimate of the appropiate curve at that 
pressure to the ordinate of the arrows, for which 
Fm = 1 

The values of the stoppmg-power ratio, Fm, 
obtained ın a preliminary investigation of the method 
were 239 + 005 for hydrogen, 099 + 002 for ar 
and 082 + 002 for argon for a 0 5-cm ? cavity m 
graphite at atmospheric pressure irradiated by 1 25 
MeV photons (cobalt-60 y-rays) A more refined 
technique would considerably reduce the uncertainty 
quoted for these figures In very accurate work ıt 
would probably be necessary to consider the effect 
of the transfer of slow electrons between the elec- 
trodes? 

Although this method of measurmg the stoppmg- 
power ratio requires data concerning W, 1t does offer 
the following advantages over Whyte's method (1) 
gases are more easily interchanged than the chamber 
wall material, (2) there can be no errors arising from 
differences ın volumes of the chambers as in Whyte’s 
method, (3) to perform the mterpolation i Fig 2 
1t 1s obviously an advantage to obtain values of 0 well 
above and well below 0 = 0 Thus, for example, to 
determine the stopping-power ratio for a graphite 
chamber containing air (a combination used fre- 
quently) materials are required with an atomic 
number, Z, well separated from the range Z = 6-8, 
as well as close to this range By mterchanging the 
wall materials Whyte’s method 1s limited to conduct- 
ing solids and therefore can only go down to beryllium 
(Z = 4) However, provided the appropriate relative 
values of W are avaiable, this method can use 
hydrogen (Z = 1) and helium (Z = 2) both well 
separated from Z = 6-8 Above Z = 6-8 there are 
several suitable materials for both methods, (4) there 
can be no error arising from differences in the photon 
attenuation in the walls or from differences in the 
absorption coefficient of the wall materials 

I thank Prof J E Roberts for his supervision and 
Dr J R Mallard for his encouragement 
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Estimation of Mass Thickness of Biological 
Samples from their Electron Micro- 
graphs 

Dure the past several years a number of ın- 
vestigations!-1? have been made to compute the mass 
thickness of biological samples, from the contrast in 
their electron microscope images The bass of all 
these measurements ıs the well-established relation 

Ii, = exp(-— S. et) (1) 
where J;/I, 1s the image contrast of an elemental 
object area of mass thickness o and S 1s the scattering 
cross-section per gm of the object By using carb- 
onaceous samples, for example, spheres of poly- 
styrene latex, of known diameter and density and 
measuring their image contrast, several authors?:!? 
have estimated the value of S under various operating 
conditions of the electron microscope From these 
results, curve 1 ın Fig 1 has been plotted, showmg 
the variation of S with the angular aperture «, for 
50-kV energy electron beam A few values of S 
for (1) carbon film calculated from the experimental 
data of Lippert!* and (1) ‘Formvar’ film (from data of 
Bahr‘) have also been plotted in Fig 1 
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Fig. 1 Variation of scattering cross-section of carbonaceous 


samples for 50-kV electron beam 


Considering the samples to be composed mamly 
of carbon, the scattering cross-section per atom 1s 
c = AS/Na, that 18, 2 x 10-23 S em 2, and the same 
curve (1) represents c versus «, with suitable change 
of scale in the ordinate 

For comparison, the values of the elastic and melas- 
tic cross-sections of the carbon atom, calculated from 
the electron scattering formula of Lenz!* as modified 
by Sadhukhan!*, are shown as curves (2) and (3), while 
curve (4) represents the sum of the two cross-sections 

The followmg conclusions can be drawn from these 
curves The scattering cross-section varies with 
angular aperture even in the range of 10-3-10-? 
radian, the nature of the variation indicates that 
the inelastic component of scattermg seems to play 
an important part in the small angular region The 
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experimental values of the scattermg cross-section 
are not in quite satisfactory agreement with Lenz’s 
equations Hence, any attempt to compute the mass 
thickness by making use of the theoretical electron 
scattermg formula may give only the order of mag- 
nitude, but there 1s a possibility of a wide discrepancy 
as regards the right value 

I wish to thank Prof N N Das Gupta for his 
kind interest in this work and Mr P Sadhukhan for 
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Government of India, for financial assistance 
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RADIOCHEMISTRY 


Isolation of Radioactive Bismuth from 
Metallic Lead and its Compounds 


It is self-evident that the isotopic radionuclide 
lead-210 will remain an mseparable part of the bulk 
lead metal which 1s produced durmg the extraction 
of this metal from its various mineral ores 

This lead 1sotope, having a half-life of 22 years, 
is a direct daughter product of the radium decay 
chain, and is a natural precursor of bismuth-210, the 
latter radionuchde decaying by ßB-decay to the «- 
emitting polontum-210 


"Pph (Ra D) 
22 years 


210B) (Rak) 
5 days 


— —— 


210Po (Ra F) 
138 days 


It has been establıshed experımentally that factual 
information regarding the concentration of various 
radioactive isotopes in normal samples of metallic 
lead may be obtained. by the radiochemical separation 
and determination of the bismuth isotope This is 
achieved ın a quantitative manner by the acidic 
dissolution of 10-20 gm of the lead material, adding 
approximately 10 milligrams of bismuth as carrier 
in the form of the nitrate, and precipitating the 
bismuth with an n-propyl gallate solution in 001 
normal nitric acid solution at boiling pomt The 
yellow crystalline precipitate formed consists essen- 
tially of the salt, C,,H,O; B1 H,O (molecular weight 
= 436 188), and contains 0 4790 gm bismuth per gm 
of precipitate dried at 110° C 

In experimental practice, the precipitate may be 
adequately dried by washmg with ethanol with 
suction prior to weighing During the present 
experiments the filtration was carried out on a 
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Whatman 541 filter paper of 22 mm diameter, this 
being mounted on a l-mch aluminium planchet and 
counted under a conventional end-window Geiger 
tube 

Alpha particles from any contaminating polomum- 
210 would be satisfactorily excluded by the Geiger 
window 

Extrapolation of the count-rate to zero time (time 
of precipitation) shows that the emission decays with 
the characteristic half-hfe of 5 days, thus positively 
identifying the bismuth-210 isotope — Typical experi- 
mental data are illustrated graphically m Fig 1 
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Fig 1 Decay curve of bismuth-210 


The count-rates are related on a quantitative basis 
with those given by a standard solution of radium 
D, E, F, from which bismuth has been precipitated 
in the same way The chemical yield of tho precipi- 
tated bismuth 1s invariably 100 per cent 

Table 1 gives some of the results of these investiga- 
tions on various samples of lead and its oxides It 
may be noted that sample No 280 was carefully 
counted using an anti-comcidence type Geiger 
assembly, whereas all the other samples were done by 
normal Geiger tube counting 


NATURE 


Table 1 RADIOACTIVITY OF SAMPLES OF LEAD 
Bismuth-210 
Laboratory Lead sample B-activity Total a-activity 

No. nuc [gm puc [gm 
279 Remelt ingot 332 + 015* 47 +05 
280 Scrap lead piping 017 + 002 <05 
281 Remelt lead 146 +02 16 +06 
282 Scrap window 

flashing 144 +008 254410 
283 Remelted scrap 24 +007 61 +05 
284 Litharge 208 + 006 156 +05 
286 Lead (BSS 602) 163 +083 165 +05 
288 Litharge 42 +08 29 +07 
291 Red lead 450 + 015 38 +08 
292 Litharge 130 +05 120 +10 
294 Litharge 27 +02 26 +06 
295 Virgin lead 23 +01 43 +10 


* 90 per cent confidence limits, error 


o 


on counting only 


The order of radioactivity shown 18 less than the 
figure of 20 uuc /gm , which 18 the proposed limit for 
natural lead given ın the Radioactive Substances 
-Act, 1960 (Sec. 18, Schedule III) 

W E Grummitt ei al !, by an alternative method, 
quote the figures of 0 17 ype total B-activity per gm 
for sixteenth-century lead, and 17 puc/gm for 
modern lead These values are in complete accord 
with those obtained by the bismuth method in the 
present investigation 

In the final column of Table 1, experrmental values 
are given for the total alpha activity of the individual 
lead samples used ‘These activities were determmed 
by counting infinitely thick sources m a semtillation 
counter and comparing the results with those obtamed 
from an artificially prepared lead standard contammeg 
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a known amount of radium D in equilibrium with its 
daughter products This was prepared by precipitat- 
ing inactive lead sulphide ın the presence of a known 
amount of radium D, E, F, and the Z? relation of 
J L Glasson? was used for correcting the results for 
the lead compounds of different average atomic 
number to the lead sulphide standard 

The numerical agreement between the measured 
alpha and beta activities in the final and penultimate 
columns of the table strongly suggests that the 
equilibrium product, polonium-210, 1s the mam « 
contaminant ın commercial lead samples, and that 
radium and other emitters can only be present in 
small concentrations 

The method described in this paper for the separa- 
tion of bismuth radionuclides from abundant lead has 
many obvious applications which are now being 
explored in this Laboratory 

In a recent paper presented by A Turkovitch e£ 
al? 1t was shown that radioactivity mduced in the 
lead sheath of the recovered satellite Descoverer X VII 
by solar-flare on November 12, 1960, was largely due 
to the production of the 15-day bismuth-205 which 
emits X-rays in the 70-keV region 

Separation was carried out by the electro-deposition 
of bismuth carrier on a platinum electrode immersed 
in the lead electrolyte obtained by acid dissolution of 
the satellite sample (cf A D R Harrison et al 4) 

It may be confidently predicted that the method 
now deseribed here could be usefully employed in 
satellite investigations of this character, and would 
afford a radiochemical alternative to the electro- 
chemical method of separation 

It may be mentioned that occasionally samples of 
lead are naturally contammated with inactive bis- 
muth, and where this occurs, the appropriate correc- 
tion must be apphed for the radiochemical yield 
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CHEMISTRY 


Radiation Effects on Lithium-doped Nickel 
Oxide Catalysts in Carbon Monoxide 
Oxidation 


ErrxECOTS of nuclear radiation on heterogeneous 
catalysts has been the subject of various imvestiga- 
tions ın the past few years? These mvestigations 
have shown that significant changes due to irradiation 
are produced in the catalytic behaviour of some oxides 
and metals The phenomenon 1s due to the fact that 
catalytic activity 1s strongly dependent on the 
structure of solids and this structure may be modified 
onirradistion Nuclear radiations may create in semi- 
conductors new energetic levels, which change the 
position of the Fermi-level in the solid This leads to 
changes in various structural sensitive properties, 
for example, the activation energy of the reaction 
catalysed by the surface of the solid? 
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Fig 1 Arrhenius plot for catalytic oxidation of CO on N10 + L1,0 

catalyst before (I) and after (II) 80-hr irradiation in the nuclear 

reactor and after one further irradiation (III) of 80 hr Catalyst 
NiO + 2 5 mol per cent Lu0 
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Fig 2 Activation energy differences AEact (before and after 
irradiation) versus irradiation time 


However, the major part of the cited papers deals 
with the variation of the reaction-rate after irradiation 
at & given reaction-temperature, and only in three 
papers are there presented results about variation of 
the activation energy*-*. In our opinion, fiom the 
changes in the activation energy following irradiation 
one can get more information about how irradiation 
affects catalytic behaviour of solids and, on the other 
hand, how to correlate the change of catalytic and 
electrical properties via activation energies 

In the present communication, we present the 
results of radiation effects on catalytic behaviour of 
solid solutions of nickel oxide (N10) and hthium 
oxide (Li,0) m carbon monoxide oxidation The 
choice of NiO was determined by the fact that its 
electrical and catalytic properties are better known, 
so that ib 1s easier to give an interpretation of the 
experimental results Doping with lithium enhances 
the efficiency of nuclear radiations through the 
reaction Li(n,x)H Thus, ın the neutron flux the 
lithium atoms become an important source of internal 
wradiation On the other hand, the results of the 
catalytic oxidation of carbon monoxide (CO) yield 
more reproducible results on NiO + Li,0 than on 
pure NiO (ref 7) 

The effects of thermal neutron irradiation of 
N10 + 11,0 catalysts for the decomposition of 
nitrous oxide (N,O) have been examimed by Saito 
et al *, but this work does not indicate a clear varia- 
tion of the activation energy 

Our experimental conditions were the following 
irradiations were made m the thermal column of the 
VVR-S 2,000 kW water-cooled and water-moderated 
enriched uranium reactor of the Institute of Atomic 
Physics, Bucharest The fluxes were thermal 
neutrons 2 x 10} n Jem ? sec, and fast neutrons 
7 x 10? n Jem? sec 
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The catalyst samples were obtamed from the 
pyrolysis of Ni(NO;), The NiO powder was mixed 
with Li,0 (from Li,CO;), in proportion of 25 mol 
per cent, and smtered at 850? C for 3hr The oxida- 
tion of carbon monoxide was followed in a closed 
system’ as indicated by Dry and Stone® The 
results of a typical expermnent are represented in 
Fig 1 Fig 2 shows the variation of the activation 
energy differences (before and after irradiation) 
versus irradiation time From these figures, it 1s clear 
that irradiation significantly affects the activation 
energy of the catalytic oxidation of carbon monoxide 
and that the effects mcrease with increasing irradia- 
tion time The experimental values from Fig 2 seem 
to unply the existence of a saturation effect revealed 
by & plateau begmning with irradiation times of the 
order of 40 hr 
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Hydrogen Overvoltage at Cathodes of 
77 per cent Palladium and 23 per cent 
Rhodium 


CaTHODIZING an equilibrium Pd/H/H, electrode 
(25° C J atm hydrogen zero volt potential with 
respect to a Pt/H/H, reference 1n the same solution) 
further moreases 1ts hydrogen content (H/Pd, atomic 
ratio) and 1ts corresponding hydride vapour pressure 
p. These increases are reflected as a component 
of overvoltage (volts) given!-3, the symbols y, or na 
(termed! the diffusion or hydride overvoltage) and 
related to p by g = 0029 log p The large capacity 
of palladium for hydrogen has enabled n to be 
obtained by extrapolation, back to zero time, of the 
increase of electrode potential, Æ, which follows 
interruption of cathodization, using established 
relationships between E, p ənd H/Pd (refs 1-3) From 
such measurements ıt has been established! for 
surfaces active for rapid equilibration with hydrogen 
molecules dissolved in solution that at current 
densities 2 less than 0 040 amp cm -? the retarding 
kinetic step maintaming H/Pd in excess of 1ts equilib- 
num value (1 atm hydrogen 25° C )1s the slow diffu- 
sion from the cathode of hydrogen molecules formed 
during electrolysis Under these conditions, y, is 
related to « by 


ho = 0 029 log (jt T t) (1) 
0 


where under conditions of vigorous stirring 2% ~ 3 
mamp cm- The observation!-? that, attams an 
almost constant value for 2 greater than 0 040 amp 
em -?, when hydrogen 1s evolved as bubbles, has been 
associated! with either critical supersaturation of the 
diffusion layer with dissolved molecules or saturation 
of chemisorption sites Experiments reported here 
appear to eliminate the latter possibility. 

The general effect of mcreasing the amount of 
rhodium in the Pd-Rh-—H. system (ref 6 and unpub- 
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lished results) resembles that of platmum im the 
Pd-Pt-H system imn increasing the hydride vapour 
pressure over regions where «- and B-phase hydrides 
co-exist (and the solids can show marked changes in 
hydrogen content) and 1s paralleled (unpublished 
results) by changes m electrical resistance (recorded as 
R/R, where R, 18 the resistance of the hydrogen-free 
alloy) Relevant relationships (25° C) for the 23 
per cent rhodium (by weight) system are shown in 
Fig 1, where the desorption data were estimated with 
specimens of shghtly less than homogeneously diffu- 
sion-controlled activity (see later) Cathodes were in 
the form of wire (0 0122 em diameter, about 10 cm 
long) and the apparatus has been described’. R/R, 
was recorded, m conjunction with electrode potential 
both during and subsequent to cathodization, using 
an ac bridge? and measurements carried out in 
0 002 N and 0 01 N hydrochloric acid to avoid com- 
pheations due to solution-conduction of the bridge 
current?’ Pre-activation was either (1) by pre- 
flaming at close to white heat, or (u) by plating 
palladium black from aqueous palladium chloride, or 
(u) by plating ‘bright’ palladium from aqueous 
tetrammmepalladous nitrate under conditions recom- 
mended by Philpott® All electrode potentials were 
zero in hydrogen-saturated solutions prior to catho- 
dization 

As anticipated, values of y, (from steady-state 
values of R/R,) attamed by palladized specimens 
were m accord with equation 1 for + <0 020 amp cm - 
(np ~ 26 mV.) Furthermore, in support of Knorr’s 
contention’ that the overvoltage at all platinum 
group cathodes (homogeneously activated) should be 
generally governed by the rate of diffusion of hydrogen 
molecules from their surfaces, pre-flamed specimens 
could be easily prepared which obeyed equation 1 m 
this range of 7, not only attamung virtually identical 
steady-state values of R/R, to palladized specimens 
fo. the same 2 but also exhibiting virtually identical 
rates of decrease of | Zl and R/R, on interruption of 
eathodization When v ~ 0050 amp cm ~, dense 
clouds of tiny bubbles began to evolve from all 
cathodes with surfaces sufficiently active for na to be 
given by equation l at lower current densities with 
palladized specimens, 7, could thereafter be increased 
little further, since R/R, never exceeded 1-2 even on 
increasing 2 to 0 260 amp cm ~ (equation 1 giving m. 
~ 56 mV), ın one specimen R/R, was constant at 
1 13 from 0 050 to 0 260 amp cm -? These results were 
not the consequence of insufficient chemisorption sites, 
however, because R/R, ~ 14 was rapidly attained 
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both by less surface-active pre-flamed specimens (even 
for 2 < 0 020 amp cm -?) and also by cathodes which 
had been quite thickly coated with bright palladium 
but which exhibited, after interruption of electrolysis, 
only shghtly slower rates of decrease of |E| and 
R/R, (over comparable ranges of values) than 
cathodes for which R/R, was not found to exceed 1 2 

It 1s difficult to measure differences, resulting from 
hysteresis over the region of co-existence of «- and 
6-phase hydride (unpublished results) between the 
absorption/desorption relationships (Fig 1), so that 
the precise value of 5, durmg cathodization must be 
assessed with caution So far, however, results suggest 
that the hmiting hydride vapour pressure, and thus 
the pressure of dissolved hydrogen molecules in the 
diffusion layer, can be as low as 10 atm, which 1s 
slightly less than that indicated from work with pure 
palladium"? In further experiments with this and 
other palladium alloys, 16 18 hoped to define these 
hmitmg pressures even more precisely 

We are indebted to the International Nickel Co 
(Mond), Ltd, for providing the palladium/rhodium 
alloy 
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Kinetics of Dissociation of Ethyl Halides 
in Self-quenching Geiger-Müller Counters 


By using the experimental procedure described in 
ref 1 mass-spectrometric work on electron-1mpact 
dissociation of ethyl halides C,H, X (X = Cl, Br, I) in 
a working Geiger-Muller counter has been cared out 

Simple analysis of the respective decay diagrams 
shown in Fig 1 leads to the conclusion that, as in 
the case of saturated hydrocarbons, a regular, 
essentially first-order, slow decomposition process 
follows an initial very fast consumption of parent 
molecules which practically comes to an end after the 


log [C4H;X] — 17 





25 50 75 
x 107 pulses 
Fig 1 Decay curves of ethyl halides used as quenching vapours 
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first 107-108 pulses have been registered by the 
counter It is interesting to note that from our mass- 
spectrometric data evidence was obtained that in the 
case of ethyl 10d1de the large initial loss of quenching 
parent molecules amounts to about 98 per cent For 
both ethyl chloride and bromide the respective values 
he between 85 and 50 per cent 

Assuming that the observed fast consumption 
process 1s due primarily to strong adsorption pheno- 
mena occurring on freshly degassed electrode and 
glass surfaces, 16 seems reasonable to expect that 
only very few undecomposed parent molecules will 
reach the wall of the counter The average life-time 
before decomposition for an excited polyatomic 
molecule 1s less than 10- sec (ref 2) The time 
required by the same molecule to 1each the critical 
distance from the wall (where the probability of 
neutralization equals unity) being about 10-3? sec, 
it may be assumed that only about one im 10? 
molecules of ethyl halide can reach the cathode 
surface before decomposing Furthermore, it 1s 
apparent that heavy organic molecules such as ethyl 
halides have a large probability of pre-dissociating 
at all energies 

In order to illustrate the primary decomposition 
of excited ethyl halide molecules or 10ns m a working 
Geiger counter use may be made of the followmg 
scheme 


No 4802 


Rt) + (Rtr R%) 
kr, kn, 
where M? and. M* are parent molecules or their 10ns, 
I, and R;—free radicals, the usual primary decom- 
position products, k; and k’:—the decomposition and 
recombination-rate constants, kpi and kp; rate- 
constants of subsequent free-radical secondary reac- 
tions 

If the concentration of the molecular species M° 
and M+ ıs denoted by [M] and those of [R% + R+] 
and [f° + Rt] by [Ri] and [As] respectively, then 


d[M 

ced = pM] — KARIE] 

Now, at the beginning of the rapid-loss portion of the 
decay curve ıt may be assumed that [M]® [R:][£;] 
which leads to a first-order equation for the rate of 
disappearance of parent molecules from a fresh 
quenching gas 


Á 
(M°, M*)* 3 (E, 
Ki 1 


ar] 

[M] 

where n 1s the total number of counts registered by the 
scaling unit The straight lines, tangent to the decay 
curves at their origins, shown in Fig 1, represent the 
kinetics of the initial decomposition of the respective 
quenching agents It need scarcely be said, however, 
that with continued use of the counter, the composi- 


= k.dn 


Table 1 QUENCHING CHARACTERISTICS OF ETHYL HALIDE VAPOURS 
Quenching molecules C,H,Cl C,H,Br CHI 
Filling pressure (at 298?) 
in mm mercury 60 60 60 
Counter volume (ml ) 712 712 
Cathode graphite copper 
Average No of electrons/ 
pulse, x 10-8 275 +027 72+072 172 +17 
Initial rapid decomposition 
rate-constant Apr x 10% 
pulse 
Initial rapid decomposition 
rate-constant Aer x 10!'/ 
electron 
[Initial specific electron 
yield Se x 107 molecules/ 
electron 2 
Slow decomposition rate- 
constant Ap* x 10*?/pulse 


712 
graphite 


9 06 13 2 29 2 


1844018 18321018 170+017 


255 + 0 26 
8 74 


7 +03 
0 55 


27x08 
276 
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tion of 1ts quenching gas 1s steadily changing The 
main features involved are the recombination of fiee 
radicals to form a wide assortment of heavier mole- 
cules and the adsorption-desorption equilibrium 
Hence the over-all decay rate-constant 1s gradually 
approaching the kp value of the first-order slow- 
decomposrtion process 

The calculated rate-constants for both the initial 
rapid loss and the subsequent slow decomposition of 
C.H,;X molecules are shown 1n Table 1 
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Space Group and Unit Cell of the 
m-Bromobenzoate of Photoisopyrocalci- 
ferol 


THE unit cel and space group of the m-bromo- 
benzoate of photoisopyrocaleiferol have been determ- 
ined, and an X-ray diffraction investigation with 
three-dimensional data ıs ın progress  Dauben and 
Fonken! have postulated a structure for photoiso- 
pyrocaleiferol based on chemical and spectroscopical 
Investigations The m-bromobenzoate has been 
prepared with a chemical analysis of C 72 23 per cent, 
H 8 17 per cent, and Br 13 58 per cent compared with 
the calculated values of C 72 52 per cent, H 8 17 per 
cent, and Br 13 79 per cent for the C,,H,,0.Br mole- 
cule The crystals melt over the range 93 5-95? C 
The crystals are colourless, flat needles with the long 
dimension parallel to the b axis The a axis 18 per- 
pendicular to the flat sides of the needles Weissenberg 
photographs of the type hnl and hk0 have been taken 
showing systematic absences only of the type 010 
with k odd The usual mtensity relationships for the 
monoclinic system are observed The space gioup 
P2, 18 the only one consistent with the above obser- 
vations and compatible with the asymmetiical mole- 
cules The following cell dimensions have been 
determined from films calibrated with quartz powder 
patterns e = 2113 A.,b=739A,c=1035A, 
B = 92° 14’ 

The density calculated from the above cell dimen- 
sions assuming two molecules a cell of 119 gm fcc 
compares favourably with the density of 1 17 gm /c c 
determimed by flotation methods 

A grant from the Research Corporation for equip- 
ment has made this preliminary work possible and 1s 
gratefully acknowledged 
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Alkali Metal Titanium Oxide Bronzes 


THE crystallographic relationships between K,1T1,0;, 
Na,T1,0, and Na,T1,0,3, the structures of which have 
been determined by us!, led to the belief that oxide 
bronzes wich host lattices of formula T10, might be 
induced to form under reduemg conditions 

The reduction in hydrogen of coarsely crystalline 
N83T1,0, for two days at 950° C , followed by extrac- 
tion with hot sulphurie and hydrofluoric acids, led 


- 





Fig 1 The structure of NazTiO, seen in projection on to (010) 
The smaller circles are titanium, the intermediate ones are 
sodium, and the largest oxygen ‘The heavier outlined atoms are 
at the levely = 0, the hghter at y = $ Thesodium-oxygen bonds 
are drawn as broken lines, and the unit cell is shown 1n outline 


to the isolation of opaque, blue-black electrically 
conducting crystals with the empirical formula 
Naz110, (x approxumately equal to 0 2) The 
symmetry 18 monoclinic, and the unit cell dimensions 
area = 12 146,b = 3 862,c = 6 451 A., B = 106 85°, 
space group C2/m The structure, deduced by trial 
and error and refined by Fourier methods as well as 
by a least squares treatment, 18 shown as a projection 
in Fig 1 The titanium atoms each have a distorted 
octahedral groupmg with oxygen, and the octahedra 
themselves share edges to form a double sheet which, 
in Fig 1, ıs parallel to the a axis These sheets are 
joined, together by corners and this results m a new 
structure of formula T10, The Ti—O bonds vary 
between 17 and 22 A with an average of 197 A, 
and the oxygen-oxygen distances range from 2 4 to 
32 A, average 2 76 

This host lattice contains within ıt interstitial 
positions which are occupied, in part only—and at 
random—by sodium ions each of which has four 
bonds to oxygen of 2 5 A and four longer ones 3 0 Å 
Ideally speaking these positions would be cubic, but 
the distortions introduced by the irregular Ti—O 
octahedra force the sodium to adopt a virtually 
rectangular planar configuration 

In a discussion of the crystal chemistry of the 
vanadium oxides, the possibility of structural homo- 
logues with the general formula MésnOsn-, was 
pointed out?, V,0,, (n = 3) and V.O; being the only 
members known at that time It ıs now interesting 
to note that the host lattice of this sodium titanium 
bronze, while having a different metal 10n, never- 
theless has the structure of the end member of the 
series, n = 2 

Blue fibrous needles of KzT10, (x approximately 
0 13) were formed by the reduction of K,T1,0, under 
identical conditions The tetragonal unit cell dimen- 
sions were a = 10172, c = 2846 A, the mdices 
showing pseudo body centring None of the needles 
proved to be a single crystal, and a further detailed 
investigation by us is not contemplated The struc- 
ture of this substance 1s undoubtedly related to that 
of the mineral hollandite which, however, 1s truly 
body-centied tetragonal or monoclinic? This struc- 
tural type, previously considered to be capable of 
occurring as chemical compounds with bronze-hke 
characteristics‘, 1s one contaimg continuous linear 
interstices, or tunnels, which enclose variable num- 
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bers of ions such as barium, potassium, or lead, 
all of which are considerably larger than sodium The 
host cation may be one or other of the quadrivalent 
elements manganese, as in hollandite itself, or 
titanium’ The minor symmetry anomaly which alone 
distinguishes ıt from these published data possibly 
could involve order and disorder of the potassium 10ns 
m the tunnels 

One other titanium bronze, LazT10, (0 7 « 2 <1 0), 
has been recorded, and this 1s isomorphous with the 
cubic tungsten bronzes with the perovskite structure? 
Thus it bears little relationship to either of the two 
briefly described here 

We are indebted to Mr E $ Pilkington for the 
chemical analyses 
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BIOCHEMISTRY 


* Formation of 2,3-Dihydroxybenzoic Acid 
in Fermentation Liquors during the 
Submerged Culture Production of 

Lysergic Acid «-Hydroxyethylamide by 
Claviceps paspali Stevens and Hall 


A STRAIN of Claviceps paspal« Stevens and Hall has 
previously been shown to be capable of producing 
lysergic acid o«-hydroxyethylamide in submerged 
fermentation^?. Examination of chromatograms 
(solvent »-butanol/acetic acid/water, 4 1 5) of 
culture fluids at the end of the fermentation period 
revealed the presence of a mobile (Rr 083) spot 
showing bright blue fluorescence, not giving the 
Ehrheh-Van Urk reaction for lysergic acid derivatives 
but giving a blue-violet colour with ferric chloride 

The substance responsible for this spot could be 
extracted from the culture medium acidified with 
concentrated sulphuric acid with two volumes of 
ether and was obtained crystallme after transfer to 
water at pH 4, re-extraction with ether at pH 1, 
washing the ether extract repeatedly with water and 
evaporating to dryness It was recrystallized from 
water ‘The yields were of the order of 200-350 mgm. 
from 1 litre of culture medium, showing that the 
substance ıs a metabolite of major mmportance in the 
lysergic acid fermentation by  Clawweps paspalr 
Stevens and Hall It gave a strong blue-violet colour 
with ferric chloride which turned red on alkalinization 
with sodium hydroxide It analysed for C,H,O, 
(C, 54 65, H, 3 92 per cent, cale C, 5452, H, 4 OF 
per cent) and was identified as 2,3-dihydroxybenzoic 
acid by comparison with an authentic sample by 
chromatographic behaviour ım three solvent systems 
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as well as by its ultra-violet and mfra-red spectrum, 
its melting point (200° C ), mixed melting point (no 
depression) and its first dissociation constant (found 
11 x 10-3) 
2,8-Dihydroxybenzoie acid is also formed from 
l-tryptophan by washed mycelium of Claviceps 
paspal, Stevens and Hall in replacement cultures and 
clearly 1s one of its breakdown products in this 
muero-organism To our knowledge, 2,3-dihydroxy- 
benzoic acid has not been identified as a product of 
tryptophan degradation in any other tryptophan 
derivative synthesizing mucro-organism It has, 
however, been shown to be formed from salicylic 
acid in Aspergillus mager?, and in the rati, and to 
occur ın Nature ın the buds of Populus balsamefera® 
and as a glucoside m the leaves of Venca minor’. 
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Identification of an Amylobarbitone 
Metabolite in Human Urine 


AMYLOBARBITONE (5-ethyl-5-(3-methylbutyl) bar- 
bituric acid) fed to dogs 1n doses of 45 mgm. per kgm 
has been shown to produce 5-ethyl-5-(3-hydroxy-3- 
methylbutyl) barbituric acid as the main metabolite, 
about 67 per cent of the original dose bemg excreted 
m this form! 

We have recently identified this metabolite m the 
urme of a woman who had died 30 hr after ingesting 
an unknown quantity of ‘Tuma?’ (equal parts of 
amylobarbitone and quinalbarbitone) 

The metabolite was obtamed by saturating the 
urine with ammonium sulphate, acidifying with 
hydrochloric acid, and continuously extracting with 
ether for 8hr A 05 N ammonium hydroxide extract 
of the ether was acidified with hydrochloric acid, 
saturated with ammonium sulphate, and re-extracted 
with a large volume of ether The ether was evapora- 
ted, and the residue dissolved m a small volume of 
alcohol, which was spotted on Whatman No 1 
chromatography paper The paper was developed in 
n-butanol/0 880 ammonia (3 1) for 4 hr 

After exposing the paper to ammonia vapour, four 
absorbing spots were detected with Rr’s 0 65, 0 18, 
008 and Ô respectively using ultra-violet light 


Table 1 d-VALUES OF 5-ETHYL-5-(3-HYDROXY-3-METHYLBUTYL) 

BARBITURIC ACID 
d-Value Intensity d-Value Intensity 
9 82 20 4 225 10 
8 865 80 8 525 40 
6 32 20 8 425 10 
61 20 3 27 20 
571 70 2 925 20 
5 45 100 2 795 30 
537 50 2 71 20 
4 99 10 2 67 10 
4 925 30 2 56 20 
4 79 10 2 525 20 
4 55 100 2 175 20 
4 276 90 
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Fig 1 Chromatogram developed ın butanol-ammonia | A4, 5-Ethyl- 

5-(3-hydroxy-3-methylbutyl) barbituric acid, B, total urme 

extract, C, amylobarbitone, D, eluted Ry 065 metabolite 

Ultra-violet transmission photograph after exposing chromatogram 
to ammonia vapour 


(2537 A). A permanent record was obtained by 
contact printing the ammonia-treated paper chroma- 
togram using Ilford 50 reflex paper and the same ultra- 
violet source? (Fig 1) 

The highest of the spots had the same Er as a 
synthetic sample of 5-ethyl-5-(3-hydroxy-3-methyl- 
butyl) barbiturie acid run adjacently None of the 
spots corresponded with amylobarbitone The 
substances with Rr’s 0 65 and 0 18 gave purple colours 
after spraying with cobalt chloride (1 per cent in 
acetone) and exposing to ammonia vapour® and were 
the only ones showing greatly increased absorption 
after ammonia vapour treatment, indicating an 
intact pyrimidine ring 

The Rr 065 urme metabolite was eluted with 
alcohol acidified with hydrochloric acid, and the X-ray 





Fig 2 X-ray diffraction patterns of 5-ethyl-5-(3-hydroxy-3- 
methylbutyl) barbitunc acid p dC DMABMR , 2b, urine metabolite 
F 
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diffraction pattern compared with that of the syn- 
thetic material, using copper Ko radiation Patterns 
were identical (Fig 2@and6) The d-values calculated 
from this pattern are given in Table 1 

The nature and origin of the other absorbing spots 
are being investigated and will be reported later 

It is of mterest that no unchanged amylobarbitone 
or quinalbarbitone was detected in this urine 

We are indebted to Eh Lilly and Co, Ltd, for a 
gift of the synthetic 3-hydroxy amylobarbitone 
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Chromatography and Nucleotide Sequences 

of Deoxyribonucleic Acid synthesized in 

Salmonella typhimurium after Irradiation 
with Ultra-Violet 


Ir has been shown!” that ultra-violet irradiation 
produces m some kinds of bacteria, for example, 
Escherichia cola Bjr and Salmonella typhimurium, a 
temporary inhibition of deoxyribonucleic acid (DNA) 
synthesis The synthesis ıs resumed after 30-60 min 
and proceeds at a rate similar to the control, but the 
surviving bacteria are growing only in mass, having 
lost their ability to form colonies One of the possible 
explanations for such behaviour ıs that DNA syn- 
thesized after temporary inhibition 1s different from 
the normal one That this might be so 1s supported by 
Kanazir et al ?, who found that whereas DNA from 
non-irradiated, Sal (typhwnurtum could reduce the 
damage to an irradiated culture, that from an irradi- 
ated culture could not, and by Hudnik and Glsin‘, 
who showed that the thermal denaturation pattern 
followed by viscosity and ultra-violet absorption 
measurement was different in the two DNA’s 

Ord and Stocken* using the usual analytical 
procedures were unable to distinguish between DNA. 
of thymus from normal and irradiated animals, but a 
difference could be established by chromatography 
on ‘Ecteola’ columns according to the method of 
Bendich etal € The same method was therefore used 
for characterization of DNA from normal and 
irradiated Sal typhumurvum 

The growth of bactema and the imadiation con- 
ditions were the same as described in ref 3 At zero 
time one-half of the bacteria were irradiated with an 
LD, dose of ultra-violet hight delivered from Hanovia 
mercury vapour lamp and phosphorus-32 (1 po /ml 
culture) added 120 min later At this time there 1s 
reason to suppose that the bacteria are synthesizing 
DNA at the same rate as their controls Phos- 
phorus-32 was added to the control bacteria 90 min. 
from zero time and both irradiated and control 
samples were gathered 90 min after the addition of 
phosphorus-32 They were then washed and DNA 
isolated according to the method of Zamenhof? 
using 15 per cent ‘Dupanol’ for the lysis of the cells 
Ribonucleic acid (RNA) was removed by digestion 
with ribonuclease and ethoxyethanol precipitation as 
described by Kirby® The possible contamination 
with RNA was checked by measuring radioactivity 
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in the supeinatant after digestion of the DNA. with 
alkali No radioactivity could be detected in this 
fraction The protem content was less than 0 5 per 
cent when tested according to Lowry? 

Chromatography on ‘Ecteola’ was performed as 
described by Ord and Stocken’ Two mixing chambers 
mmn series were used for gradient elution and the 
elution pattern followed by measurement of optical 
density at 260 my The control and irradiated samples 
of DNA were eluted ın parallel from the common 
supply of solvent The fractions were pooled and 
analysed for radioactivity ın a liquid Geiger counter 
and for DNA by the method of Certotti!° 

Nucleotide sequences were estimated according to 
the method of Burton and Petersen! on unlabelled 
DNA samples prepared in the same way as described 
here 

If the amount of ultra-violet absorbmg material 
eluted ın the main fractions 1n the control and irradia- 
ted DNA are compared (Table 1) ıt can be seen that 
more 1s eluted m the irradiated DNA 1n fractions LA, 
B and III and less ın fractions II and IV, as com- 
pared with the control Although small, the differ- 
ences are consistent in both experiments 
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Table 1 CHROMATOGRAPHY ON 'ECTEOLA' OF DNA FROM NORMAL 
AND ULTRA-VIOLET IRRADIATED Salmonella typhimurium 

Eg: 88 percentage of control 
Exp 1 Exp 2 


Fraetion p 
1A 119 127 
1B 104 105 
2 90 79 
3 103 104 
4 8 89 


Fig 1 represents the specific activities of pooled 
sub-fractions plotted against the composition of the 
eluant It can be seen from the elution pattern that 
the radioactive fractions of the irradiated DNA. start 
with the elution at a lower concentration of sodium 
chloride, and that the specific activities of the fractions 
eluted with sodium chloride gradient are higher in the 
irradiated DNA It 1s difficult to see why this 1s so 
since both control and irradiated bacteria, synthesize 
practically the same amount of DNA 1n the same time 
It ıs possible that although the net synthesis is youghly 
the same in the two cases, the DNA formed in the 
irradiated bacteria is less stable!? and the turnover 
correspondingly greater There are smaller differences 
1n the subsequent fractions, and at the end of ammonia 
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Fig 1 Specific activities of DNA fractions (Salmonella typhi- 
munum) eluted from ‘Ecteola’ --, Control, —, irradiated 


No 4802 November ll, 1961 


gradient and in the sodium hydroxide sub-fractions 
the specific activity of the irradiated DNA 1s lower 
than that of the control 

The results of the estimation of frequencies of some 
nucleotide sequences are summarized m Table 2 
No difference was found m the frequency of the follow- 
ing sequences C, T, Typ, T';pa, T'sp4, CT ps, T,0p, 
and C,Tp, But some of the nucleotides contaming 
more cytosine appear to be more frequent m the 
irradiated DNA while some nucleotides with more 
thymine seem to be more frequent m the control It 
will be noted that the T'pC/CpT! ratio 18 changed from 
1 33 to 1 16 and this adds further support for the idea 
that irradiation has modified the structure of the 
DNA (cf Burton!) Relevant to this are the observa- 
tions of Beukers and Berends4, who found a dimeriza- 
tion of thymme which had been exposed to ultra- 
violet irradiation ın vtro, and of Wacker et al 15, who 
noted a change in 2?40-thymine of bacterial DNA 
Irradiated «n vivo 


Table 2 NUCLEOTIDE SEQUENCES OF DNA FROM NORMAL AND 
IRRADIATED Salmonella typhumurvum 
Pyrimidine (moles/100 gm atoms of phosphorus) 

Product * Control DNA Irradiated DNA 
T.P 262 + 006 24 +01 
T pC 310 + 009 298 + 006 
TC pa 2 324010 212 + 007 
1 Cy, 075 +002 052 + 007 
Cp 354 +006 3 65 + 007 
C305 077 +004 0 94 + 007 
CpT 233 + 002 257 + 006 
CsT'aPs 097 +004 117 + 008 
T 52 +006 52 +01 
C 5 80 + 002 58 +01 
T'sDq 090 +01 087 + 007 
TPs 041 + 004 0 30 + 003 
Ts» 020 + 003 0 19 + 0 02 
T4Cp; 111 + 007 111 +011 
TCP; 040 +008 035 + 002 
C,Tps 241 + 006 248 +014 


* Nomenclature aecordmg to Burton and Petersen (ref 11) 


We are giateful to Dr J Lascelles and Dr R 
Tucker for help with the irradiation and growth of 
the orgamsm and to Dr K Burton and Dr M. Lunt 
for advice on the determmation of nucleotide 
sequences We wish to acknowledge financial support 
from the Department of Scientific and Industrial 
Research and the International Atomic Agency, and 
to one of us (T H -P ), from the Institute of Nuclear 
Sciences, Belgrade 
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Determination of Argininosuccinic Acid 
by lon-Exchange Chromatography 


. RECENTLY, an unknown amino-acid excreted in 
the urme by two mentally defective children! was 
identified as argminosucemic acid (ASA) This js 
unstable m weakly acid aqueous solutions and 
cychzes? More recently Westall* has shown that 
under these conditions two separate types of anhyd- 
ride (B and C) are formed, rapidly at high but more 
slowly &t room temperatures 

For the ongmal metabolic studies of ASA ın the 
mentally defective childrens, the gradient elution 
fraction-collecting method of Moore and Stem® 
employing the cation exchange resin ‘Dowex 50’ of 
4 per cent cross-lnkmg was used Under these 
conditions ASA emerged cleanly from the column as 
two separate peaks which we now know corresponded 
to the two anhydride forms B and C The rate of 
chromatographic development of these columns is 
Blow (6-8 ml /hr ) and. ASA ıs subjected to a pH of 
between 3 and 4 for a period of about 60-70 hr at 
30-50" C This time 18 presumably long enough for 
the ASA to be completely converted to the two 
anhydride forms which emerged from the columns 
m the position on the flow sheet between the peaks of 
leucine and tyrosine 

More recenily we have attempted to measure ASA 
using an automatic self-recording amino-acid analyser? 
which has been built ın this Department This method 
used the 'Amberlhte' cation-exchange resin CG-120 
of 8 per cent cross-lnking and the columns are 
operated at a flow-rate of 30 ml/hr ASA is not 
eluted from the 150 em column with the pH 3 25 
buffer at 30°, but after changing to the pH 4 25 buffer 
at 55° a small amount of free ASA emerges after the 
passage of ths new buffer front and this 1s followed 
by a slowly msmg baseline and the emergence of 
several partially separated peaks immediately after 
the phenylalanine position Pure samples of either of 
the B and C anhydrides when treated similarly are 
stable and give each time a single peak at 5 and 45 ml , 
respectively, after the centre of the phenylalanine 
peak There 1s no sign of any reconversion to ASA and 
the baseline 1s unaltered We beleve, therefore, that 
after only 10 hr at 30° with the pH 3 25 buffer the 
original ASA ıs not fully converted to the anhydride 
forms; conditions are then changed to pH 4 25 at 
55°, but before a new equilibrrum ıs attained a mixture 
of ASA and its anhydrides ıs eluted from the column 

On the 50 cm column used for the estimation of 
basic amino-acids ın biological fluids, operated at pH 
419 and 30°, free ASA emerges at 25 ml and the 
anhydrides B and C at 50 and 60 ml respectively 
About 5 per cent of anhydride was found in the 
analysis of a sample of ASA on the 50 cm column, 
but this amount could well have been present m the 
original sample itself It is therefore possible to 
estimate ASA in pure solution on the 50 cm column 
but this ıs of little practical use since the presence of 
the acidic and neutral ammo-acids, which are usually 
present in biological fluids, grossly interfere at the 
beginning of the run between 10 and 40 ml 

In order to overcome these difficulties we have 
made use of the fact that ASA in solution can be 
readily converted to the anhydride forms by standing 
for 48 hr at pH 2 and the anhydrides are stable 
providing the pH. does not rise above 5 Provided 
that the cychzation 1s complete then the formed 
anhydrides can be determined on the 50 cm column 
where they emerge conveniently between the large 
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peak of combmed acidic and neutral amino-acids and 
the peak given by phenylalanine and tyrosine at about 
80 ml In a test of the expermmental conditions by 
analysis carried out on the 50 em column, 1 mole of 
a sample of ASA gave, after standing at pH 2 for 
24 hr at 20°, 004 umole of ASA, 004 umole of B 
and 0-69 umole of C After mereasing the time of 
standing to 48 hr the values were 001 pmole of 
ASA, 0 04 umole of B and 0 71 umole of C 

Provisionally we are applying a correction factor to 
compensate for the 75 per cent recovery of ASA as 
the anhydrides 

In practice, samples of urme and deproteimized 
plasma are brought to pH 2 by the dropwise addition 
of 2 N hydrochloric acid and are allowed to stand at 
room temperature for 48 hr prior to analysis. 

Miles Laboratories Inc and the Ames Co, Ltd, 
provided a generous grant for the construction of the 
automatic amino-acid analyser which was buit in 
the Medical Unit by Mr C. E Glover and Mr. G 
Marshall 

One of us (D C C ) 1s mdebted to the Drummond 
Trust for a senior fellowship 
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Chromatographical Separation of 
Carbohydrate O-Isopropylidene 
Derivatives 


DuRING investigations on fluorocarbohydrates, ıt 
became necessary to examime the purity of small 
amounts of O-isopropylidene derivatives — Hatherto, 
for such compounds ın the carbohydrate series, there 
has been no reliable chromatographical method of 
separation from fully protected or nearly related 
hydroxylated compounds We have found, however, 
that separations can be achieved rapidly and easily 
by reversed-phase, ascendmg chromatography on 
cellulose acetate strips (20 x 45 cm, as used for 
electrophoresis and obtamable from Oxo, Ltd, 
Queen Street Place, London, E C 4) 

Strips were washed thoroughly m methanol and 
dried ın aur Compounds (50-800 ugm ın ethanol) 
were apphed as spots to the washed strip which were 
then developed by ascending chromatography with 
& mixture of methanol and water (6/4 v/v). The 
separation was achieved ın 2 hr at 2-5°C 

After drying for 20-25 min 1n air at room tem- 
perature, compounds can be detected m two ways 

(a) Developed chromatograms are immersed in a 
solution! of 2,4-dmutrophenylhydrazine (0 4 per cent 
w/v) in 2 N hydrochloric acid Carbonyl, O-1so- 
propyhdene and O-benzylidene compounds appear as 
deep yellow zones which are further imntensified when 
the chromatogram ıs washed briefly ın aqueous 
sodium hydroxide (10 per cent w/v) 
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(b) Alternatively, the developed chromatograms 
are floated on the surface of a solution? (1 per cent 
w/v) of potassium permanganate m 1 N sulphuric 
acid for 2 mm and immersed for a further minute 
The chromatogram 1s then washed ın running water, 
when the components appear as sharply defined 
purple-brown spots, which turn brown on standing 
This 1s sengitive to about 150 pgm of such compounds 
as 1,2 5,6-di-O-1sopropylidene-D-glucose 
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Table 1 

Substance RF No. of 
free hydroxyl 

groups 
1,2 4,5-dı-0-ısopropylıdene-3-mesyl-D-fructose 
1,2-0-benzylideneglycerol 
Methyl O-isopropyltdene-DL-glycerate 
1,2 3,4-di-O-180propylidene-6-tosyl-D-galactose 
Methyl 2,3-0-:sopropylidene-af-D-ribofuranoside 
1,2 5,0-di-O-1sopropylidene-D-glucose 
1,2 8,4-di-O-180propylidene-D-galactose 
1,2-0-1sopropylideneglycerol 
Methyl DL-glycerate 
(+)-butan-1,3-diol 
1,2-0-is0propylidene-D-glucofuranose 
2,3,4,6-tetra-O-methyl-D-glucose 
Methyl 2,3,6-tri-O-methy]-af-D-glucoside 
3-O-methyl-D-glucose 


eoococcoooeoseooeoo 
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As seen from the list of Ry values in Table 1, the 
method m general can be used to distinguish fully 
protected sugars from those with one or more free 
hydroxyl groups In general, unsubstituted sugars 
move at the solvent front 

J. E. G. BARNETT 
, P.W Kent 
Department of Biochemistry, 
University of Oxford 
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Isolation of Histones(?) from 
Staphylococcus aureus 


Any theories that try to give an explanation of 
the function of histones have had m the past to take 
account of the reported absence of histones from 
bacteria’? If histones are solely concerned with 
cell differentiation or ‘gene suppression’ m multi- 
cellular organisms, then one might expect them to 
be absent from bacteria and protozoa?* But if, on 
the other hand, they have an even more fundamental 
function, related to the function of deoxyribonucleic 
acid (DNA) m all cells, then they should also be 
present in unicellular organisms 

In the present mvestigation an attempt was made 
to extract basic protems from bacteria, following a 
modification of the procedure routinely used in our 
laboratory for the isolation of histones from cell 
nuclei 

The bacteria, Staphylococcus aureus, were washed 
with 4 per cent acetic acid, and then defatted and 
dried by washing several times with ethanol and then 
with ether This procedure denatures many of the 
non-basic protems, rendermg them msoluble on 
extraction with acid The acid-soluble protems were 
extracted by grmdmg the dried bacteria with glass 
powder m the presence of 0 1 N sulphuric acid, and 
then centrifugmg Large amounts of non-protem 
material extracted were removed by dialysis against 
01 N sulphuric acid, and the protems were pre- 
cipitated from the dialysed extract by the addition 
of seven volumes of ethanol, and dried with ethanol 
followed by ether 

Some of the extracted material was subjected to 
starch-gel electrophoresis ın the presence of 4 M urea 
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Fig 1  Starch-gel electrophoresis of proteins extracted from 
Staphylococcus aureus with 0 1 N sulphuric acid (a) total protein, 
(b) basic protein fraction, (c) non-basic fraction 


using a modification of the technique developed by 
Neelin and Neelm for use with histones* The gel, 
rolled 1 mm thick on a glass plate and coated after- 
wards with paraffin wax, was prepared with 0 014 M 
acetate buffer containing the urea, giving a pH. within 
the gel of 6 After migration, the gel was stamed 
with amido black 108 and showed the presence of at 
least eight. components (Fig. 1). The direction of 
migration of the slower components 18 reversed 1f the 
pH. of the gel ıs increased above 6 5 

Those components which were strongly basic, lke 
histones, with isoelectric pomts well above pH 7 were 
separated from the others by usmg carboxymethyl- 
cellulose ‘The protem muxture, dissolved in bicarb- 
onate buffer pH 7, was applied to a very short 
carboxymethyl-cellulose column previously washed 
with buffer Under these conditions the non-basic 
components run through the column while the more 
basic components are retained The column was 
washed with water, and then the basic protems 
eluted with about 1 ml of 01 N hydrochloric acid 

Starch-gel electrophoresis of these two fractions, 
recovered from the eluates by ethanol precipitation, 
shows the complete separation of the faster com- 
ponents from the remainder, which, although 
extracted by acid, do not have isoelectric pomts 
above pH 7 (Fig 1) 

Amino-acid analysis of both fractions, by acid 
hydrolysis followed by paper chromatography (two 
successive runs in one direction using an n-butanol, 
acetic acid, water system and detection of the spots 
by ninhydrin reagent), indicated that the faster, more 
basic fraction was very similar to unfractionated ox- 
thymus histone’? It contamed particularly large 
amounts of lysme, argmine, alanime, leucme and 
proline with relatively small quantities of acidic 
amino-acids, histidine and tyrosine, while the slower, 
less basic fraction was quite different It 1s con- 
eluded from the above results, from ultra-violet 
absorption and from solubility characterstics that 
the protems in the faster electrophoretic fraction are 
very similar indeed to histones 

Thus ıt is clear that these bacteria contam basic 
proteins like the histones found in the higher forms 
of hfe Comparable results have been obtamed with 
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Mvcrococcus lysodewtwus These basic proteins may 
also occur m the DNA-protem fraction previously 
isolated by Vendrely et al from Escherechia colt’. 

It 1s not yet possible to say whether all the basic 
protem components demonstrated here have come 
from association with the DNA or the ribonucleic 
acid of the bacteria But somewhat similar com- 
ponents have recently been shown to occur in 
ribosomes prepared from Escherichia cole. 

We wish to thank Dr J F Wilkinson for 
providing us with liberal supplies of bacteria 
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Detection and Distribution of Enzymes for 

oxidizing Thiocysteamine 

THE intermediate role of the persulphide analogues 
(R—SSH) of cysteme and cysteamine ın the biological 
conversion of cystme and cystamine mto the corre- 
sponding sulphmates and thiosulphonates has been 
suggested in ref 1. This view has been emphasized 
by the detection of an enzyme, or enzyme system, 
able to convert thiocysteamme (the persulphide 
analogue of cysteamine NH,—CH,—CH.—SSBH) into 
thiotaurine (R--SO,.SH) and hypotaurme (R—SO,H) 
ın the presence of ax? Careful study of this reaction 
merits attention since ıt may throw light on the first 
steps of the metabolic pathway of cystine and 
cystamuine. 

In our earlier work? thotaurme and hypotaurme 
were detected m the incubation mixtures by using 
labelled substrate and by submuttig the final de- 
protemuzate to ehromato-radioautography or chrom- 
ato-seannmg. Although providmg good results, these 
methods are time-consuming, expensive, and cannot 
be used as routine procedures for the 1solation of the 
enzyme. Thus we have sought simpler methods for 
obtammg activity values Since thiotaurine ıs the 
main product of the enzymic oxidation of thio- 
cysteamine, methods have been tried for determining 
this compound. The cyanolysis method? and 
ion-exchange chromatography*® seemed simple 
enough and were adapted to the determmation of 
thiotaurme in our imneubates The results obtamed 
with these two methods have been compared with 
those obtained by scanning radiochromatograms 

The enzyme was extracted from pig kidney by 
fractionation between 20 and 60 per cent ammonium 
sulphate? ‘Thiocysteamme was produced in the ım- 
cubates by addmg cysteamime hydrochloride and 
elementary sulphur?. The expermnental conditions 
are reported in Tables 1 and 2 The distribution of 
the enzyme has been investigated by comparing the 
amount of thiotaurme produced under standard con- 
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Table 1  TIME-COURSE OF THE ENZYMIC CONVERSION OF THIO- 
CYSTEAMINE INTO A RTOTAURINE, AS DETERMINED BY THREE DIFFERENT 
ETHODS 
Enzyme 32 mgm of pioteins of 20-60 per cent ammonium sulphate 
saturation fraction of pig kidney homogenate dissolved in 2 ml 
water  Thiocysteamine 50 4moles containing 8 xe of sulphur-35 
Phosphate buffer pH 74 06 mi, 01 M Final volume, 3 ml, 
Temperature, 38? Values reported in umoles of thiotaurine produced 


Time of 


ineubation Cyanolysis Ion-eXchange — Chiomato-radio 
hr) ehromatography scanning 
2 23 19 23 
4 25 21 28 
6 29 33 30 
Table 2 DISTRIBUTION OF THIOCYSTEAMINE OXIDIZING ENYZME 


Values in wmoles of thiotaurimne produced after 2 hr under standard 
conditions by using the cyanolysis procedure Conditions were the 
same as described in Table 1, with the exception that the enzyme was 
substituted with 2 ml of a homogenate of 1 part of the organ with 
5 parts of phosphate buffer, and that thiocysteamme was not labelled 


Kidnev Liver Muscle Heart 
Rat 135 172 0 91 0 85 
Rabbit 128 0 50 0 23 0 25 
Pig 1 76 2 56 — 0 48 
Cattle 207 0 90 0 50 0 88 
Horse 4 88 1 21 071 0 90 


ditions by the same amount of homogenate of various 
organs Details are reported in ref 2 

Ihe cyanolysis technique was that described by 
Sorbo? Various controls have been performed and 
it was found that interfering substances were removed 
by the addition of “Dowex 50’ The cyanolysis determ- 
ination was performed as follows The final m- 
cubation mixture (3 ml) was deproteimized with 
03 ml 100 per cent trichloracetic acid and added 
to 03 gm of ‘Dowex 50 x4’, 200-400 mesh, ın the 
H* form After shaking and centrifuging, an aliquot 
of the supernatant was added with 2 ml 1 N 
ammonia and 15 ml of 01 M potassium cyanide 
After 30 min in a boiling water-bath, the solution 
was cooled, added to 1 ml ferric nitrate reagent? and 
read at 470 mu 

Jon-exchange determination of thiotaurine was per- 
formed on the trichloracetic filtrate, without the 
addition of the resin, followmg the procedure of 
Stem? The eluant was 01 M eric acid m 0 2 M 
sodium chloride at 37° By using this solution, 
thiotaurme is eluted together with taurme, far from 
other disturbing amuino-aeids* Since our enzyme 
preparation was free from taurime, the peak which 
developed with ninhydrin in the area of thiotaurme 
was calculated as pure thiotaurine. 

The procedure for scanning uni-dimensional radio- 
chromatograms has been described m ref 2 We 
have observed that part of the radioactivity 1s 
recovered in the trichloracetic precipitate at the end 
of the mcubation This 18 probably due to exchange 
of thiocysteamine with thiols and disulphides of 
protems® For that reason values for thiotaurme 
have been calculated by comparing the radioactivity 
of the area occupied by thiotaurme in. the chromato- 
grams with the radioactivity of a known amount of 
the substrate In our earher papers radioactivity 
of thiotaurme was compared with the radioactivity 
distributed in the whole chromatogram The yield 
of thiotaurme, by using the present procedure, 1s 
consequently lower than that reported in ref 2 and 
1s more accurate 

As shown in Table 1, the procedure for cyanolysis 
gives results which are comparable with those 
obtained by ion-exchange and by chromato-radio- 
scanning ‘This finding permits the use of the very 
simple procedure of cyanolysis for the detection of 
the enzyme Table 2 shows the first results of the 
study of the distribution of the enzyme in various 
organs and animals. These preliminary results sug- 
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gest a wide distribution of the enzyme and a general 
importance of the reaction Moreover, they indicate 
that the horse kidney is the best source for the 
extraction of the enzyme 

'This work has been aided by & grant of the Con- 
sigho Nazionale delle Ricerche 
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Presence of Haptoglobin in Synovial 
Fluid 


ELECTROPHORETICALLY classified «- and Q-glyco- 
proteins have been shown to be normal constituents 
of synovial fluid! Evidence based on 1mmunoelectro- 
phoresis and Cohn fractionation of human traumatic 
effusions also suggests the presence of most of the 
serum proteins in synovial fluid??? Individual 
biologically active serum proteins have also been 
found, namely, some enzymes’, siderophilin?, cerulo- 
plasmin’, and the thyroxme-binding protem* The 
accepted blood-coagulating factors, however, were 
found to be absent from normal bovine fluid’ 

In an expermment using starch-gel electrophoresis, 
the patterns obtained with bovine serum and synovial 
fluid were found to be identical Electrophoretic 
zones obtained for both were albumin, «-globulin, 
48-globulins, a slow «-globulin and y-globulin’ Since 
the hemoglobm-binding protein, haptoglobin, mı- 
grates electrophoretically as an «-globulin, 1t seemed 
likely that this glycoprotein might be a normal con- 
stituent of bovine synovial flud Its presence m the 
normal fluid was further suggested by its relatively 
low molecular weight (85,000) 

Since haptoglobm complexes hsmoglobin$, its 
presence 18 readily ascertained by determining the 
electrophoretic migration of the haptoglobm—hemo- 
globin complex Thus, at a pH. of 7 0-7 5 the com- 
plex migrates anodically while free hemoglobin 1s 
immobile The amount of haptoglobm may then be 
expressed in terms of the hemoglobm-binding 
capacity 

In the present work the electiophoretic procedure 
was that described m detail by Zak et al® using 
a dilute agar medium A 0 25 per cent solution of 
agar (certified pure) in 0 05u veronal—citrate buffer 
of pH 73 (103 gm sodium barbital and 21 gm 
citric acid, per litre) was transferred to an 83cm x 
102 em glass basin containing a sheet of parch- 
ment paper (No 72 vegetable parchment powder 
paper, Upjohn Co) After electrophoresis for 45- 
50 mm at 250 V and 40-60 m amp, the agar plate 
was dried. under an infra-red lamp The dried parch- 
ment paper was stained with a 1 1 mixture of 
benzidine (saturated solution in glacial acetic acid) 
and hydrogen peroxide (3 per cent solution) The 
hemoglobin-containng bands gave a typical blue 
reaction 
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Fig 1 Electrophoretic determination of hamoglobin-binding 


capacity in human serum 


Graded series of bovine sera and concentrated 
synovial fluids were prepared so as to contain 5, 10, 
20, 30 and 40 mgm per cent of hemoglobin For 
these a standard solution (5 gm per cent) was 
previously diluted to contam 50, 100, 200, 300 and 
400 mgm per cent Then 001 ml aliquots of the 
diluted standard solutions were mixed with 01 ml 
portions of serum or concentrated (1 10) synovial 
fluid Bovine synovial fluids (5 ml) were first 
incubated with hyaluronidase prior to concentration 
by lyophilization Small strips (05 mm x 8 mm) 
of Whatman No 3 MM filter paper were soaked in 
the samples and then were placed on the agar gel 
approximately 15 m from the cathodic end 

In a preliminary experment. human serum was 
used (Fig 1) to establish the applicability of this 
electrophoretic technique to the determination of 
haptoglobn Fig 2 demonstrates the presence of 
haptoglobin in bovine synovial fluid Free hemo- 
globin remained at the origin while the haptoglobin- 
bound hemoglobin migrated between the «- and 
B-fractions The average hemoglobin-binding cap- 
acity of seven samples of concentrated synovial 
fluid was approximately 10 mgm per cent When 
based on the total protem content of synovial fluid 
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Fig 2 Electrophoretic demonstration of haptoglobin in normal 
bovine synovial fluid 
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(average 1 gm per cent) the binding-capacity was 
l mgm of hemoglobm per gm of total protein 
Bovine serum gave a range of 10-20 mgm per cent 
However, ıt was 1mpossible to collect bovine serum 
from the slaughter-house without some degree of 
hemolysis Determinations of the content of hæmo- 
globin showed the presence of 5-10 mgm per cent 
in the serum Therefore, the actual hæmoglobin- 
binding capacity for serum averaged 20 mgm per 
cent for 7 animals or 2 5 mgm of hemoglobin per gm 
of total protein 

On the basis of the preceding results, 16 1s apparent 
that the glycoprotein, haptoglobin, 1s a normal con- 
stituent of bovine synovial fluid The hemoglobin- 
binding capacity of synovial fluid, expressed in mgm 
hemoglobin/gm total protein, ıs approximately 
40 per cent of the binding capacity of the serum 

This work was supported by grants from the US 
Public Health Service (4-532) and the Michigan 
Chapter, Arthritis and Rheumatism Foundation 
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PHYSIOLOGY 


Hormonal Control of Oxidized Flavour 
in Milk 

IN two recent papers the importance of natural 
copper m producmg oxidized flavour in milk has been 
stressed:? The pronounced effect of adding copper 
salts to induce oxidized flavour, as well as the 
mhibiting effect of a great many compounds with 
copper-binding abilities, has been recognized for a 
long time Contamimation with copper occurs easily 
in metal equipment with which the milk has been in 
intimate contact? Contribution from equipment was 
considered to be the main origin of copper m milk, 
and thus the importance of natural copper for 
development of oxidized flavour may have been 
overlooked Hugh copper values are found in carefully 
sampled milki:s, and particularly high values in milk 
from the early lactation period! Elevated content of 
natural copper in this period seems to indicate a 
hormonal regulation of copper metabolism The 
copper-catalysed oxidation ın milk may be enhanced 
or depressed, and factors of this kind will combine 
to give the final result The addition of copper 
sulphate to milk 1s a method used to evaluate these 
factors, or the so-called susceptibility, and 18 of 
practical importance The relative effect of natural 
copper contents 1s lessened. Indications of hormonal 
influence on oxidized flavour m milk are reported 
here 
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Fig 1 Flavour score versus milk yield Groups I, IT and III are 
cows with 4 or more, 2 and 8, and 1 gestations, respectively 
Coefficients of correlation are 034, 070 and 074 Scores of 
group I are significantly lower than those of groups II and YII 


The results are obtained by scoring milk from the 
College farm herd, sampled from each cow during 
mukmg The samples were left overnight in the cold 
store to be judged next day by a single taster. 
Oxidized flavour scores were magnified by adding 
copper sulphate to the milk samples Thus, sufficient 
grading was attained, and this made statistical 
treatment possible Good correlations were obtained 
for flavour score versus milk yield on the same day, 
especially when the cows of the herd were divided 
into groups due to the number of gestations they 
had had ‘The interrelations given in Fig 1 for a 
scoring in September are retained for all parts of the 
year and lactation period Very recent freshened 
cows may, however, disturb the regression, particu- 
larly cows ın their first lactation period The regres- 
sion coefficient in the latter case has a negative value 
in the first part of the lactation period 

The liability of a certam farm to produce milk with 
oxidized flavour must then, besides frequency of 
recent calvings, also depend on age-distribution of the 
animals The correlation coefficient between the sum 
of monthly flavour scormgs of untreated milk last 
year and the average age of animals ın 23 herds in the 
district was found to be — 052, with regression 
coefficient significantly deviating from zero. Milk 
sampled from farms was drawn at point of delivery 

When a group of young cows was followed through 
a 5-wk period, 8 cows showed heat The average 
score throughout the 3-wk sex cycle could then be 


Heat 


ef 
1 2 3 


Week 
Fig 2 Flavour score during the three-week sex cycle 
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calculated and plotted The curve showed 1ts summit 
at, or near, the day of heat (Fig. 2). 

Not only natural copper but also pro- and anti- 
oxidants may contribute to the noted differentiation 
in Fig. 1 so far as they are controlled by the same 
mechanism 

Physical state, lıke size of fat globules, organizing 
and complexing compounds (important for excretion 
of copper in milk), or tocopherols, are factors hkely 
to interfere with oxidation and may be factors 
influenced by hormonal activity 
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Thyroid Activity at Higher Ambient 
Temperatures 


THYROID activity 18 increased ın animals exposed 
to cold with release of thyroid hormone! and both 
the output from, and the uptake of, 10dine-131 by 
the thyroid is augmented??, but the blood-level of 
protem-bound 1odine* and the epmephrine-poten- 
tiating effect of thyroxine* are decreased Work on 
the evolution of thermoregulation reveals that birds 
and baby mammals suffer from defective thermo- 
regulation®:? and there is increased activity of the 
adrenergic system on exposure to high ambient 
temperature®? In the present investigations, 
thyroidal activity of birds and baby rabbits has been 
investigated after exposmg them to high ambient 
temperature 

Baby rabbits (weighng about 300 gm) and 
pigeons (weighing about 275 gm ), maintained at an 
average temperature of 32? C , served as controls, and 
they were exposed to 45°C and 48°C. respectively 
m constant-temperature chambers for 25 hr., the 
standard error of temperature variation bemg within 
+ 003°C  Protem-bound 1odme (PBI) level of 
serum was estimated!? and a histological study of 
the thyroid was carried out After exposure to heat, 
the PBI.level increased in blood m both groups 
Histological work on the thyroid showed an increase 
in acinar cell height (140 per cent) with an overall 
release of the acmar colloid in pigeons exposed to 
heat, while ın the exposed baby rabbits there ıs no 
significant merease in acmar cell height, although 
there 1s a slight release of the colloid (Table 1). 

On exposure to cold there 1s an excessive release of 
thyroid hormone, but the serum PBI-level falls due 
to greater utilization of the hormone ın the cold™12, 
In the present work, the high concentration of serum 
PBI, associated with histological evidence of release 
of thyroid hormone, might indicate a decrease in 
peripheral utilization of the latter, although this 
pomt has not yet been verified experimentally 
Thyroid acinar cell height in pigeons exposed to heat 
18 140 per cent of the control, while in the baby rabbits 
there ıs no difference, indicating increased thyro- 
trophic hormone secretion by the anterior pituitary in 
pigeons, probably as a result of the stimulation of 
hypothalamus. In the baby rabbits a small depletion 
of thyroid colloid with unaffected acinar cell height 
indicates httle release of thyrotrophic hormone. This 
difference m behaviour might be due to the fact 
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Table 1 NORMAL PIGEONS AND BABY RABBITS EXPOSED TO WARM ENVIRONMENT 


Serum PBI in 
Animals, with number Ambient Bgm per100 ml + Increase 
in parentheses temperature standard deviation (per cent) 
Pigeon (15) 32°C 437 +102 143 
Pigeon (15) 48°C 6 23 + 090 
Rabbit (12) 32°C 632+11 24 
Rabbit (12) 45°C 784410 
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Thyroid acinar cell height in Increase Colloid 
4 + standard deviation (per cent) 
3 + 0 42 140 Overall release 
4 62 + 0 63 
4 40 + 060 101* Release, but com- 
446 t 051 paratively less 


* Not statistically significant. 


that these baby rabbits have passed the stenothermie 

phase of thermoregulation and the small release of 

thyroid hormone 1s probably a direct temperature 

effect unlike that m pigeons? The cause of the mm- 

creased serum PBI concentration and its physiological 

effect on tissue respiration are being investigated 

We thank M S Das for his interest and advice 
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Effect of Quinones on the Uptake of Oxygen 
by Red Cells 


lr is well recognized that many oxidizmg agents 
will convert hemoglobin to methemoglobm Among 
these are the quinones: Vitamim K,, however, could 
have an additional effect through its role m electron 
transport’, although 1t 18 difficult to envisage a com- 
plete electron chain smce mature red cells possess no 
cytochromes 

In this work human erythrocytes were separated 
from plasma and the other formed blood elements 
and incubated m a Warburg manometric apparatus 
in the usual way’. Vitamin K, (0 2 mgm /flask), 
I 4-naphthoquinone (02 mgm /flask), which has a 
smılar structure but no known physiological role, 
and dicoumarol (03 mgm /flask), an analogue of 
vitamin K, and also a potent mhibitor of vitamin 
K, reductase*, were added from the side-arm at the 
beginning of the experiment as mdicated 

Red cells have a predominantly glycolytic metab- 
olism The small amount of oxygen uptake (Fig 1) 
18 probably accounted for by the auto-oxidation of 
hemoglobin to methemoglobm Normally the latter 
so formed is reduced by reduced diphosphopyridine 
nucleotide (DPNH) derived from the oxidation of 
3-phosphoglyceraldehyde, the reaction bemg cata- 
lysed by methemoglobm reductase As a result of 
this reduction mechanism only 1~2 per cent of the 
total hemoglobin ıs normally present as methzemo- 
globm. Following the addition of vitamin Kor 1 4- 
naphthoqumone there was a rapid oxidation of 
hemoglobin to methemoglobin within 2 min and 
& corresponding oxygen uptake Thereafter the 
rate of oxygen utilization fell but was stil greater 
than in the absence of the qumones. After 3 hr 


meubation 45 per cent of the hemoglobin was present 
as methzmoglobm compared with 1-7 per cent in the 
absence of quinones  Dicoumarol has no effect on 
oxygen uptake nor does it lead to the formation of 
methemoglobin 

In the absence of glucose the rate of uptake of 
oxygen fell after 1 hr and the level of methaemo- 
globin in the presence of vitamin K, o1 1 : 4-naphtho- 
quinone was 58 per cent after 3 hr This may be 
attributed to the gradual depletion of endogenous 
glucose, which makes available a supply of DPNH 
and TPNH for methemoglobin reduction Similar 
results were obtained using lysed red cells Under 
these conditions uptake of oxygen 1s much reduced, 
possibly due to configurational changes in the proteins 
or co-factor dilution 

Elsewhere? we have shown that compounds which 
lead to the production of methemoglobm in the cell 
stimulate both uptake of oxygen and the amount of 
glucose oxidized via the pentose pathway with the 
production of TPNH, which then reduces methemo- 
globin There ıs at present some controversy as to 
whether DPNH and TPNH are linked to the same or 
different enzymes 

Since vitamin K, and 1 4-naphthoquinone had 
identical effects on oxygen uptake and led to the 
formation of excess methemoglobin 1n the cells while 
dicoumarol did not depress oxygen uptake, 1t would 
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Fig 1 Effect of quinones in presence and absence of glucose 
on oxygen uptake of 1 ml ge zed cells in 1sotonic buffer 
p a 
@— ©, red cells + glucose only, @  - @, red cells without 
glucose added , O—O, red cells +1 4-naphthoquinone + glucose, 
O- O,redcells+ 1 4-naphthoquinone without glucose added , 
A—A, red cells + vitamin K, + glucose, A A, red cells 
+ vitamin K, without glucose added 
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seem that the effect of vitamin K, m stimulating 
oxygen uptake by the red cells ıs a result of the 
oxidation of hemoglobin. 
D Lovzernrn*t 
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Plasma Albumin Catabolism in Experi- 
mental Nephrosis 


GLOMERULAR filtration and tubular re-absorption of 
plasma albumin occur as part of the normal function 
of the mammalan kidney! ‘The fate of the re- 
absorbed protein 18 less certam Oliver ei al? have 
presented evidence that enzyme systems capable of 
catabolizing certam of the plasma proteins exist in 
the renal tubule cell, suggestmg that re-absorbed 
protem is broken down in transit through the cell 
However, we have demonstrated that in the normal 
rat? and dog‘, bilateral nephrectomy depresses the 
bieakdown of plasma albumin to only a limited extent 
The amount of plasma albumin contaimed m the 
renal tubules of rats with experumental nephrosis 1s 
much greater than normal, and Goodman and Baxter® 
maintain that this ıs due to enhanced glomerular 
filtration and subsequent tubular re-absorption of 
greater than normal quantities of plasma protein. 
We have reasoned that if the kidney has any mpor- 
tant role in plasma albumin catabolism ıt should be 
demonstrable under these conditions of exaggerated 
albumm reabsorption 

Rats were made nephrotic by 5-10 daily subcutan- 
eous injections of the ammonucleoside of puromycin’. 
Such rats had plasma albumin concentrations of 
8-15 mgm /ml., and they excreted 100-250 mgm of 
albumin daly m their urme With 8-10 injections 
most rats had lipemic sera, cedema, and ascites 
With 5-7 myections the serum was often clear, 
there was less cedema, and only occasional ascites. 
Animals were used within 15 days of the start of 
injections Rat plasma albumin was iodinated with 
10dme monochloride labelled with 10dine-131 (ref 7) 
and ‘screened’, according to McFarlane’, for 2-4 days 
before use All rats received 0 3-0 8 uc. of screoned 


10doalbumin — imtravenously immediately after 
nephrectomy or sham nephrectomy Urine was 
collected quantitatively when available After 8 or 


24 hr rats were killed and ground in a meat grmder, 
and the non-protem radioactivity extracted from 
the ground rat tissue with trichloroacetic acid The 
methods used have been described previously? 

The results are summarized m Table 1 Normal 
rats broke down 24 per cent of the mjected 1odo- 
albumin ın 24 hr Following nephrectomy the rate of 
breakdown in the non-nephrotic rats averaged 20 
per cent ‘This 1s a significant change, and carries a 
P value of 0 01-0 005 In previous expermments with 
screened 10do-albumin® we found depression m break- 
down followmg nephrectomy of 0-15 per cent, and 
experiments with perfused kidney? indicated that up 
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Table 1 EFFECT OF BILATERAL NEPHRECTOMY ON IODOALBUMIN 
BREAKDOWN IN NORMAL AND NEPHROTIC RATS 
Jodoalbumin 
Duration Condition Bilateral No of breakdown 
of exp ofanimal nephrectomy rats Injected radioactivity 
(hr.) (per cent) 
Range Average 
24 Nephrotic -— 22 16-29 28 
+ 21 4-15 11 
24 Normal — 16 20-28 24 
+ 12 16-26 20 
8 Nephrotic — 13 8-15 125 
+ 13 25-90 46 


to 15 per cent of the albumin turnover m the body 
may occur 1n kidneys. 

Nephrotic rats broke down 23 per cent of the 
injected 1odoalbumim in 24 hr and about 14 per cent 
m 8hr On removal of the kidneys breakdown was 
marxedly reduced, averaging 11 and 5 per cent m 
24 and 8 hr respectively In nephrotic rats the 
turnover of plasma albumin 1s very rapid (estimated 
half-hfe 4-12 hr) This is due primarily to the 
urinary excretion of albumin, which in a day amounts 
to several times that of the circulatmg plasma 
albumm 30-80 per cent of the mjected radioactive 
10doalbumin was excreted as such m the urme within 
24 hr 

It should be stressed that the breakdown of radio- 
active 1odoalbumin recorded im Table 1 cannot be 
directly equated with the rates of breakdown of the 
total exchangeable plasma albumin In rats without 
proteinuria the breekdown of 1odoalbumin reflects 
primarily the catabolism of plasma albumin, and 
during the period of these experiments 1odoalbumm. 
breakdown 1s approximately proportional to the rate 
of albumin eatabolism On the other hand, in animals 
with extensive protemuria, labelled 10doglbumun is 
removed very rapidly from the circulation and the 
specific activity of errculating albumin drops to within 
10-20 per cent of the mitial value within 24 hr. In 
the experiments described here, the nephrotic rats 
retained from less than 20 to 50 per cont of the 
injected radioactivity m the exchangeable albumin 
pool On the other hand, in animals without protein- 
uria (including nephrectomized nephrotics) 70-80 per 
cent of the injected radioactivity was retained. Thus 
the effect of removal of kidney on the rate of plasma 
albumin breakdown ın the nephrotic rat cannot be 
readily estimated m quantitative terms from our 
results. To evaluate quantitatively the effect of 
nephrectomy on the rate of albumin breakdown the 
turnover kinetics of albumm m animals with and with- 
out kidneys must be evaluated For this purpose the 
size of the vascular and extravascular albumin pool, 
the rates of albumin excretion, breakdown, and 
synthesis, as well as the rates of exchange of albumm 
between the vascular and extravascular pools must be 
determmed Most of these parameters are being 
measured in work now ın progress ın our laboratory 

In spite of the limitations indicated above, our 
results indicate that albumm catabolism 1s greatly 
reduced following nephrectomy m nephrotic rats In 
these animals the initial fractional rate of 10doglbumin 
degradation, and thus of plasma albumin breakdown, 
ig as high as ın normal rats On nephrectomy the 
initial fractional breakdown of 1odoalbumm 1s less in 
the nephrotic rat than m the normal (with or without 
kidneys) and much less than in the nephrotic with 
kidneys. This mdicates that the rate of albumin 
catabolism m nephrotic rats without kidneys 1s much 
less than in all the other groups 

It stands to reason that 1f the only change following 
nephrectomy were the elimmation of albumin loss ın 


























‘actional rate of iodoalbumin break- 
rease. This would be so, since the 
he circulating albumin pools remains 
d thus the specifie activity of the breakdown 

s would be, on the contrary, higher than in 
‘rats ihe. iodoalbumin of which is rapidly depleted by 
i proteinuria. Our results show the fraction broken 
own is greatly decreased. 

The best explanation of our findings is provided by 
x nption that in the nephrotie rats, kidneys 
or site of plasma albumin breakdown. Thus, 
rongly suggest that in amino-nucleoside 
: with extensive proteinuria, removal of 
<edly decreases plasma albumin break. 
iab a major, and possibly predominant, 
na albumin breakdown in this type of 
rotic animal occurs in the kidney. 
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Inhibitory Properties of the 
Catecholamines 


5o FOR some years considerable attention has been 
—: focused on the inhibitory action of y-aminobutyrie 
|, acid (GABA). One of the first systems used to 
|; demonstrate this property involved inhibition of the 
spontaneous discharge of the slowly adapting stretch 
. receptor neurone of the crayfish'?, 
procedure has been used to investigate the inhibitory 
gharacteristics of many other compounds?-*, but none 
reported to date has proved more active than GABA. 
A number of aliphatic amino- and guanidino-acids 
have, however, shown activity approaching that of 
BA, and pre-requisites for activity appear to be 
sence in the molecule of an acidic and a suitably 
ed basic function. Such general characteristics 
be found among the catecholamines. The 
ory characteristics of these substances were 
e investigated. 
fastacus leniusculus (Dana) was the crayfish 
d and the method was essentially that described 
lorey* and by Elliott and Florey*. The com- 
ained compounds were made up in 
"at pH 6-5-7 and the ‘threshold 
tration’ was determined ; this was the 
which would cause a transient (c. 20 
spontaneous discharge. The activity 
nd was expressed in arbitrary units, 
 reciproeal of the concentration, in 
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This bio-assay © 


m.moles/litre, which produces a threshold block whan: E 


applied to the stretch receptor neurone. ] 

Results comparing the inhibitory activity of GABA B 
and the catecholamines are given in Table 1. 3-Hyd- | 
roxytyramine showed & much higher order of activity — 
than GABA or the other catecholamines on every 
crayfish preparation used. Although there was great 
variability in the response of the different prepara- 
tions to the substances tested, it was repeatedly 


shown that a given substance tested under two code 


numbers on a given preparation gave concordant nn 
results. B 







Table 1. INHIBITORY ACTIVITY OF GABA AND SOME CATECHOLAMU 
ON THE CRAYFISH STRETCH RECEPTOR NEURONE 


No. of Activity in units. define: 
Substance preparations (mean 

GABA 18 80 15-206 
3-hydroxytyramine 

hydrogen chloride 15 6,250 566-41, 580 
L-noradrenaline bi- 

tartrate, water 7 110 6-408 
L-adrenaline bitartrate 5 65 < 45-185 


Our results on 
L-adrenaline bitartrate, indicating an activity compar- 
able with that of GABA, are in conflict with those of 
Elliott and Florey*, who reported that these com- 


pounds were inactive at à concentration of lmgm./ml. ^. 
These workers used 
crayfish of the species Orconectes virilis, and did not =~ 
number of trials. The results we have 


(less than 0-3 unit in each case). 


specify the 
obtained with many aliphatie amino- and guanidino- 
acids agree remarkably well with those of Edwards 
and Kuffler*, who used both O. virilis and Procambarus 
alleni; it therefore seems unlikely that the difference 
in species of crayfish used can account for the differ- 
ence in results between ourselves and Elliott and 
Florey. 


The ability of various agents to block the inhibitory UR 
effects of 3-hydroxytyramine and of GABA was . 


significantly different. Picrotoxin (10-* M) blocked 


about 60 per cent of the activity of GABA, but was © 


only slightly effective against 3-hydroxytyramine. 


Chlorpromazine (1-5 x 10-4 M) and dibenzylene 


(8 x 10-* M), on the other hand, were ineffective 
against GABA but blocked 3-hydroxytyramine almost 
completely. These results suggest that more than one 
receptor site on the stretch receptor neurone is 
involved. | 
The significance of these results remains to be. 
assessed by work on other systems. The high activity 
of 3-hydroxytyramine lends support to the many 
investigators who have suggested that it may be an 
effector substance in its own right as well as a pre- 
cursor of adrenaline and noradrenalme. TR 
The work was supported by Federal Mental. 
Health grants No. 609-5--128 and No. 609-5-L 
E. G. and P. L. MeGeer; and by a Natio, 
Council of Canada grant to H. MeLeni H 





Kinsmen Laboratory of Neurological 
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Department of Physiology, 
University of British Columbia, 
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Acquired Tolerance to Homografts 
produced by Homologous Spleen Cell 
Injection in Adult Mice 


THE dosage of skin homografts has been shown to 
be a factor in their survival. While small homografts 
show a prolonged survival-time when compared with 
medium-sized grafts, the application of large or near 
total body size homografts results in increased survival 
time':*. Billingham and Sparrow also showed that 
intravenous injection of living homologous dissociated 
epidermal cells caused a two- to three-fold increase in 
the survival of skin homografts which were after- 
wards placed on rabbit hosts*. Because of our 
success in producing acquired tolerance to outcross 
skin in adult mice using parent— P, hybrid parabiosis*5, 
the following experiment was designed to study the 
effects of dosage of homologous antigen on the future 
recipients of skin homografts in adults, reasoning 
along lines that the success of parabiosis was primarily 
a dosage phenomenon. 

Groups of adult C3H female mice were injected 
intravenously with a spleen cell suspension obtained 
from either (Ce x C3H)F, hybrid, (A x C3H)F, 
hybrid, A, or (C,,(BL) x C3H)F, hybrid mice. The 
contents of three donor spleens were suspended in 1 ml. 
of Ringer's solution such that each ml. contained 
300 to 340 million nucleated cells. Injections were 
made intravenously through a 30-gauge needle placed 
in the tail vein. One week later a 2-5 x 3:5-em. full 
thickness, homologous, abdominal skin-graft taken 
from donors corresponding to the strain of injected 
spleen cells was placed on the back of host animals. 
Each graft was rotated 180? to facilitate identification 
of viability and checked daily for gross signs of 
rejection. 

Table 1 demonstrates the differences in graft 
behaviour between the experimental groups. (C3H x 
Ce), hybrid skin, accepted by C3H hosts at 30-48 
days of age, is not accepted at 120-130 days of age 
unless receiving spleen cells when 30-48 days old. In 
the case of C3H mice injected with (A x C3H)F, 
spleen and grafted with (A x C3H)F, skin, the 
final behaviour of the skin homograft depended on the 
dosage of spleen injected one week before grafting. 
Seven of ten grafts placed, following an injection of 
300—340 million cells, showed no signs of destruction 
except in two cases where there was shrinkage to 
approximately 50 per cent of the original size and a 
less dense hair-distribution than the other 5 successful 
homografts (Fig. 1). These latter homografts have 
been viable for four and a half months. In the other 3 
instances the homografts were rejected following a 
prolonged survival. In the strain combinations, 
A——C3H and (C,,(BL) x C3H)F,——-C3H, the 
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Fig. 1. C3H female mice bearing (A x C3H)F, female skin- 

graft of 4-5 months duration, Animal on the left is one of five 

showing complete tolerance, Animal on the right is one of two 

the graft of which is 50 per cent of the original size of grafted 
abdominal skin 


groups receiving intravenous spleen displayed pro- 
longed survival of grafts but no permanent tolerance. 

In inbred-F, hybrid parabiosis of adult mice a 
cellular exchange between partners can result in 
tolerance of the inbred animal to the outcross tissue 
of its F, hybrid partner. The success in provoking a 
tolerant state depends on the genetic disparity 
between inbred and F, hybrid**. It would seem 
logical, in addition, that the dosage afforded by 
linking the animals is an important factor in the 
success of this method. The results obtained in this 
experiment confirm those described by Billingham and 
Sparrow? on the effect of intravenous injection of cells 
on graft survival. Our results indicate that high doses 
of homologous cells alter the subsequent capacity to 
react against these cells, analogous to the demon- 
stration of immunological paralysis to pneumococcal 
polysaccharide by Felton*. The dosage effect was 
best demonstrated when strong histocompatibility 
differences were minimized by the use of hybrid 






Table 1 
Mean survival 
Strain donor spleen * No. of cells Strain donor graft Host age in days | time of grafts | No. tolerant 
injected when grafted (days) 
(C3H x Ce)F,9 37-55 2448 t 8 
(C3H x Ce)F, 2 120-130 18:2 0 
(C3H x Ce) F, 2 0-2-0:3 x 10* | (C3H x Ce) F, 2 120-130 14 
A x C3H F, 37-55 12-5 0 
y x C3H)F,9 1-5-1-7 x 10 | A x C3H F, 37-55 23:4 0 
A x C3H)F,9 3-0-3-4 x 10* | A x C3H F,9 37-55 19-71 7 
A? $7-55 8:9 0 
P eee 30 | es ey 4 camp: 37-68 $1 D 
x U PN 8:7 0 
(C(BL) x C3H)F AQ. | 3-0-3-4 x 10* | (CGCBL) x C3H)F. $ 37-55 13-6 0 








* Host animals were between 30-48 days of age when injected with homologous spleen. 
1 Mean survival time of two rejected homografts, 
* Mean survival time of three of ten rejected homografts. 
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trum of results was obtained depend- 
je disparity between these hybrid to 
. (C3H x Ce)F, skin on C3H took 
ıl doses of spleen in adults. The strains 
C3H have the same H-2 locus. A large dose 
i spleen was n ait to allow the acceptance of 
Y iffering unilaterally at the 
2 locus with (A x C3H)F, and C3H. In the 
inations (O (EL) x C3H)F,——C8H and 

3H, a unilateral and bilateral H-2 locus 
spectively, even this large dose of spleen 
ficient to produce tolerance. 
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Effect of Diethylstilboestrol on the Serum 
«5 ysGlobulin in the Guinea Pig 


Jr has been reported previously that the active 
| eestrogens, both natural and synthetic, are strong 
-stimulants of the phagocytic activity of the reticulo- 
_ endothelial system’. It has also been reported that 
-cortisone depresses reticulo-endothelial phagocytosis, 
lowers the total and differential white cell blood 
counts, and reduces the serum y-globulin to about 
half the normal level*. 
c "The resent work was carried out to ascertain 
whether diethylstilboestrol, which is a strong stimu- 
^5 Jant of the reticulo-endothelial phagocytes, raises 
... the level of y-globulin in the serum. 
- ^ Thirty-six male guinea pigs of 450-660 gm. body- 
"weight were used in these experiments. Sixteen of 
-. the animals were used as controls of which 9 were 
given no treatment and 7 received 1-5 ml. arachis 
_. oil intraperitoneally daily for 6 days. The remaining 
|. 20 animals each received 0-5 mgm. diethylstilbeestrol 
3n L5 ml. arachis oil intraperitoneally once daily for 
506 days. The serum y-globulin was estimated in all 
i2. the.animals ; in the arachis oil controls and in those 
given diethylstilbcestrol this was carried out on the 
| seventh day after treatment commenced. 
< The procedure was as follows: From each animal 
$2 ml. of blood was withdrawn by cardiac puncture, 
placed in a centrifuge tube and allowed to clot. 
he specimen was then centrifuged at 3,000 r.p.m. 
c.f, 1,5339) for 20 min. and the supernatant serum 
emoved by pipette. The serum proteins were 
hen separated by paper electrophoresis, using a 
ertical tank, a barbitone buffer of pH 8-6, and 
/hatinan filter paper No. 3 MM. Each separation 
3 carried out on 0-01 ml. of serum using a current 
40 V. for 12 hr. The paper strips were dried, 
ined with light green for 15 min. and excess 
ed with acetic acid until a clear back- 
ybtained. 
tive distribution and the density of the 
bands were recorded using an 'Elphor' 
and from the readings a graph was 
d vl mm. paper. The area enclosed 
epresenting the total. serum protein 
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Table 1. EFFEOT OF DIETAYTSTIIBÆSTROL on THR IL 
LEVEL IN THE GUINEA Pie. 


Area of total : 


Body-weight 
No. of animal (gm.) serum protein | ^ y-globulin 
| (gm. 
| 
| Untreated controls 
| i 660 0-93 
2 570 0-72 
| 3 640 0-82 
4 630 79 
5 615 84 
6 600 0-73 
7 630 0-83 
8 025 0-82 
9 620 0-88 
Mean + 5.5, 621 + 25:3 | O81 + 0-068 
Arachis oil controls 
10 630 | O87 
| 11 645 0:81 
12 610 0-74 
13 0:70 
14 590 0-79 
15 600 9-81 
18 595 0:73 
Mean + S.D, 610 -+ 17:3 | 0-79 + 0-048 
Animals which re- 
ceived 0-5 mam. di- 
ethylstilbce strol 
daily for 6 days 
17 625 1-086 
18 690 0:029 
19 610 1-022 
20 630 1-055 
21 580 1:012 
22 640 1:044 
23 650 1-031 
24 0-954 
25 625 1:052 
26 600 1-017 
27 0-905 
28 450 (851 
20 510 0-504 
80 560 0-022 
81 640 1:023 
82 510 0-925 
33 620 1-084 
84 600 1:057 
35 640 1:089 
86 480 0-015 
Mean + S.D 


588 + 572 


0-996 £ 0-071 | 0-191 i00. E 





was cut out and weighed ; from this the area | erioloned È 
by the y-globulin curve was then cut out and weighed 
separately. 

The results are shown in Table 1. It will be. noted 
that in the untreated controls the mean weight of 
the graph area of total serum protein is 0-81 gm. = 
and that of the y-globulin is 0-069 gm. The arachis 
oil controls show little if any variation from the- 
results in the untreated controls. In the animals . 
which received treatment with diethylstilbcestrol the | 


mean weight of the graph area of total serum protein | 


is increased to 0-996 gm. and that of the y-globulin 
to 0-191 gm. These results represent an. eleve 
of the total serum protein-level of 23 per cent 
that of the control groups. This incre 
posed principally of serum y-globulin, w. 
has riser 177 per cent above normal, wher 
remaining serum proteins as a group have increased 
only 9 per cent. From this evidence it app 
when the reticulo-endothelial system is stimu 
by diethylstilbcestrol the serum y-globulin is increase 
to about 23 times the normal level. | m 
Since the development of antibodies is conaide red 
to be closely related to the serum y-globulin, 
seems likely that the great increase of the latter 
should be accompanied by a corresponding rise in 
the antibody-forming potential of the animal. Thi 





has now been confirmed by further researches which uw 


are at present being prepared for publication. 
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HISTOLOGY 


Fine Structure of the Arteriolar Nerves In 
the Guinea Pig Pancreas 


Durine the course of an investigation into the 
effects of cobalt chloride on the endocrine pancreas 
of the guinea pig (Esterhuizen and Lever, in the 
press) our attention was arrested by certain fine 
structural features—which we believe have not 
hitherto been described—in the nerve fibres associ- 
ated with the pancreatic arterioles. 

According to Mitchell' the nerve supply to the 
pancreas is a mixture of post-ganglionie sympathetic 
fibres from the cæœliac plexus and some vagal fibres. 
These nerves reach the gland by way of a peri-arterial 
plexus in company with the vessels of supply, and 
for the most part their subsequent distribution is 
alongside the branching arterial tree between the 
acini and duets of the exocrine tissue and within the 
islets of Langerhans. It is likely that the pancreatic 
innervation is almost entirely vasomotor, although 
Lacy? has reported, and we also have seen, the occa- 
sional axon in direct contact with an endocrine cell. 

One may commonly observe groups of unmyelin- 
ated axons lying together with a variable amount of 
connective tissue in the peri-vascular spaces around 
the small arteries (Fig. 1) in any part of the pancreas. 
At a fine structural level the well-known axon- 
Schwann cell relationship** can be seen in most of 
the nerve fibres present. That is to say, several axons 
are enwrapped by the plasma membrane of the same 
Schwann cell (Fig. 3), each being suspended by 
mesaxonal invaginations of this membrane. There 
is nevertheless a number of nerve fibres which are 
incompletely shrouded by Schwann plasma mem- 
brane, and, but for a thin surface covering of base- 
ment membrane, these axons could be described as 
naked over their exposed areas (Fig. 3). 

Naked axons of this sort are seen frequently in 
close approximation to the muscular layer of the 
arterioles in the guinea pig pancreas. In electron 
micrographs the plasma membranes of opposing axon 
and smooth muscle cell are separated by a space 
which may either contain a single layer of a material 
having the aypearance of basement membrane 
(Fig. 2), or be lined by this material both on its 
axonal and muscular sides. This space was found 
to range from 100 to 400 mp in width. Although 
closer neuro-vascular approximation has not yet been 
observed, the high concentration of micro-vesicles 
and mitochondria* (Figs. 2 and 3) in many of the 
naked axons would suggest that in these situations 
nerve fibres are at, or near, their points of termina- 
tion. Perhaps the synaptic arrangements of peri- 
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Electron micrographs of specimens taken from guinea pig pancreas 

at intervals following intravenous injection of cobalt chloride 

(25 mgm./kgm. body-weight). Figs. 1 and 2, 24 hr. ; Fig. 3, 2 hr. 
after injection 


Fig. 1. Unmyelinated nerves (N) within a peri-vascular space 

around two small arteries A, A,; lumen of first artery (L); 

smooth muscle cells M, and M, in walls of vessels, Note dense 
granular material in axons (N) ( x 11,250) 


Fig. 2. Naked axon (A) separated by a space containing ‘base- 

ment membrane' (H) from the plasma membrane of a smooth 

muscle cell (M). Most of the micro-vesicles in the terminal 

axoplasm contain dense nular material (|). Note Schwann 
cytoplasm (8S) (x 40,500) 


Fig. 3. Peri-arterial axons invested by Schwann — (S). 

Note areas (|) where axons are covered only by basement 

membrane, Concentrations of mitochondria (M) and micro- 

vesicles are common in these axons. In the encircled areas 

several micro-vesicles are (es ore dense granular specks 
x ; 


vascular nerves are similar to those noted by Fawcett 
and Selby* at nerve endings in the turtle atrium in 
which contact between pre- and post-synaptie elements 
is not as intimate as at nerve terminals in many 
other situations. 

The micro-vesicles, found in high concentration 
within the terminal axoplasm of these pancreatic 
peri-vascular nerves, have a diameter of 350 (4-50) A. 
In the normal animal, although the occasional one 
of these vesicles was seen to contain a dense granular 
material, the majority of them are without visible 
content in electron micrographs. However, in guinea 
pigs examined at intervals up to five days after 
injeetion of cobalt chloride, à high proportion (at 
24 hr.—the majority) of the micro-vesicles exhibit 
& filing of this dense material (Figs. 1 and 2). 
These facts might suggest: (1) that cobalt had 
some specific and local action on the peri-vascular 
nerve terminals; or (2) that filing of a large 
proportion of the terminal vesicles may be a local 
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manifestation of the response to a non-specific 
but stressful action of cobalt As the neurones in 
question are vasomotor and presumably sympathetic 
post-ganglionic m nature, they can be expected to 
elaborate noradrenaline or a comparable substance 
In tissues such as the adrenal medulla"? and the 
carotid body?, work has already indicated that the 
catecholamine transmitter agent is visualized in 
electron micrographs as a dense granular substance 
parcelled up within vesicles before release from the 
cell. It 1s therefore coneeivable that the osmiophile 
granular material seen withm some of the mucro- 
vesicles at the termination of these arteriolar nerves 
in the pancreas (Fig 2) may be visible evidence of 
the presence of such a transmutter substance 

One of us (J D L ) acknowledges a Royal Society 


equipment grant J D Lever 
A C ESTERHUIZEN 


No 4802 


Department of Anatomy, 
University of Cambridge 
Department of Anatomy, 
University College, Cardiff 


! Mitchell, G A G , Anatomy of the Autonom Nervous System (Living- 
stone, Edinburgh, 1953) 


2 Lacy, P, Diabetes, 6, 498 (1957) 
3 Gasser, H S Cold Spr Harb Symp Quant Rol, 17, 32 (1952) 
iHess A Proc Roy Soc, B, 144, 496 (1956) 


5 De Robertis, E D, and Bennett, H S,J Biophys Biochem Cytol , 
1, 47 (1955) 


‘Fawcett, D W and Selby, C C, J Biophys Biochem Cytol, 4, 
63 (1958) 

1 Blaschko, H, Hagen, J M, and Hagen, P, J Physvol , 189, 316 
(1957) 


8 Lever, J D, Endocrin, 57, 621 (1955) 
° Lever, J D, Lewis, P. R , and Boyd, J D,J Anat, 98, 478 (1959) 


H/EMATOLOGY 


Relationships between Red Blood Cell 
Potassium Concentrations, Medial 
Corpuscular Fragility and Hemoglobin 
Type in Merino and Southdown Sheep 


Wiru any breed of sheep there are animals which 
have red blood cells contaiming a high concentration 
(c 80 mequiv /litre of red blood cells) or a low 
concentration (c 20 m equiv /litre of red blood cells) 
of potassium! The two types are simply inherited, 
the latter bemg dominant? 

Low-potasstum Merino sheep characteristically 
have a very low concentration of potassium m their 
erythrocytes (c 12 m equiv /litre of red, blood cells) 
and this 1s associated with a very low gene frequency 
for high potassrum concentration (approx 0 07)8 
This breed appeais to be particularly well adapted to 
the semi-arid regions of Australia This could be 
associated with the observation that low-potassrum 
sheep consume less water and void less urme than high- 
potassium animals when both types are kept under 
controlled conditions! 

Although potassium concentrations 1n red blood 
cells remained remarkably constant durmg long 
periods in sheep kept under controlled conditions? 1t 
has been shown recently? that four-fold inereases in 
the concentration of potassium 1n the erythrocytes of 
Merino sheep ın the field can occur, and that this 18 
associated with a marked lowermg of the hematocrit 
value and red blood cell count ‘The increase m 
potassium concentration appears to be correlated with 
the severity of the anemia and has only been recorded 
so far in low-potassrum animals The nature of this 
correlation 1s being mvestigated at present 
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If a hemolytic process associated with the swelling 
of the red blood cells 1s involved, there could be 
differences 'n the median corpusenlar fragi 1ty between 
low- and high-potassium cells This preliminary point 
has now been investigated in Merino and Southdown 
sheep of known hemoglobin type’ and red blood cell 
potassium type Median corpuscular fragility determ- 
mations were carried out using the method described 
by Dacie® 

Initially, the median corpuscular fragility of the 
red blood cells of 28 Mermo ewes (23 low potassium, 
5 high potassium) was examined on three occasions 
and a significant (P < 0 1 per cent) difference between 
low potassram (median corpuscular fragihty = 0 695) 
and high potassium (median corpuscular frequency = 
0 625) animals was found The between animal 
variation was greater than the within animal variation 
(P < 01 per cent), and animals with the lowest 
concentrations of potassium m their red blood cells 
within the low potassium group appeared to have the 
highest median corpuscular frequency values within 
the group 

This initzal observation was followed up with an 
experiment ın which 21 Merino sheep were selected 
and divided into three groups—low potassium (7 
animals with red blood cell potassium 1on concentra- 
tions below 170 mequiv /litre), high potassium (9 
animals with more than 17 0 mequiv /htre) high 
potassium (5 animals) The median corpuscular 
fragility was determmed on each animal on 10 
separate occasions The results are given in Table 1 

A significant difference m med»an corpuscular 
frag: ity between low potassium and high potassium 
animals was again demonstrated m this second 
experiment (P < 10 per cent), but although the 
difference between the high low potassium and low 
potassium group was in the direction expected from 
the high potassium results ıt was not significant 
In the high potassium group one of the animals was 
of the type classified as Ke85'—a type not common m 
British breeds—and the remaining four animals were 
of the type classified as Key—the normal high potas- 
sium type in British breeds of sheep This Keg 
animal has a significantly lower median corpuscular 
fragility (P < 50 per cent) than the remaining Key 
type animals 

A similar examination of the red blood cells of 
7 lugh potassium and 8 low potassium Southdown 
sheep has also been carried out and a significant 
difference (P < 10 per cent) between the median 
corpuscular fragility of the two cell types has been 
found, 

Although no obvious correlation between median 
corpuscular fragihty and hemoglobin type was 
observed there was a correlation between hemoglobin 


Table 1 HÆMOGLOBIN TYPE, RED BLOOD CELL POTASSIUM TYPE 
AND MEDIAN CORPUSCULAR FRAGILITY IN MERINO SHEEP 


H:mo- No of Mean median Mean median Mean median 
globm animals corpuscular corpuscular corpuscular 


e fragility + fragility + fragility + 
E SE SE 

High pot- AB 3 0 637 + 0 019 

assium B 2 0 661+0024 064740015 064740015 
Haigh A 6 0 703 10 014 

low pot- AB 2 0 685 + 0 024 

assum 1 0 700 0 691+0 011 
Low Á 1 698 

low pot- AB 5 0 721+0 015 

assium B 1 0 706 0716-0018 070620 008 


Levels of significance for differences 1n median corpuscular fragihty 
between high pctassium and low potassium, P « 1 0 per cent, high 
potassium and high low potassium, P < 5 0 per cent, high potassium 
and low low potassium, P « 10 per cent, and between high low 
potassium and low low potassium, not significant Effect of hæmo- 
globin type not significant, variation within groups of animals less 
than variation between groups of animals, P < 01 per cent 
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Table 2 HÆMOGLOBIN TYPE AND MEAN RED BLOOD CELL POTASSIUM CONCENTRATIONS IN MERINO AND SOUTHDOWN SHEEP 


Low potassium 


High potassium 


red blood cell potassium concentration in m equiv /itre Mean red blood cell potassium concentration in m equiv /htre 
Henocpa Mean re S NER outhdown Merino Southdown 
A (10) 217 +152 : (1) 923 ] 
AB (17) 166 £1 a (4) 185 +4241 (2) 799+ x (3) 801+ amd D 
R (13) 1474134 (6) 1414197 (0 7622197] (3 723 +278 


* P <10 percent, {7 P < 50 percent, NS, not significant 


type and mean red blood cell potassıum concentra- 
10ns 

i All animals ın a small experimental flock of Merino 

sheep which had been selected originally on the basis of 

red blood cell potassium concentrations were there- 

fore examined along with a small flock of Southdowns 

The results are shown in Table 2 

Low potassium (A) Mermo sheep had a significantly 
higher mean red blood cell potassium concentration 
than low potassium (AB) animals (P < 1 0 per cent) 
or low potassium (B) animals (P < 10 per cent) 
Sufficient animals in the three hemoglobin phenotypes 
were only available for the low potassium Merino, 
but other results show a similar trend—a trend which 
had been noted previously ım relation to whole blood 
potassium concentrations? 

The correlations between median corpuscular 
fragility and potassium type, and between potassium 
type and hemoglobin type, are of interest m relation 
to the possible adaptive significance that the gene pairs 
controlling potassium and hemoglobin types may 
have ın some Australian environments!:12 

J V Evans 
Department of Physiology, 
University of New England, 
Armidale, New South Wales 
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Human, Cow and Rabbit Native Fibrin 
Powders as Anticoagulants 


THe anticoagulant action of fibrin-coated surfaces 
on native blood and plasma has been demonstrated 
recently? Simce the fibrin-coating process ıs quite 
laborious?, we tested the anti-coagulant effect of a 
fibrm surface by simply placing native plasma m 
contact with fibrin powder. It was realized that the 
contact of native plasma with surfaces foreign to 
blood known to initiate coagulation, such as glass, 
would have to be counteracted by a large enough 
fibrin surface In a preceding investigation by Copley 
and Clifton‘ so-called fraction I fibrm powder, 
prepared from a Cohn fraction I of bovine plasma by 
the addition of thrombin, was found to have an anti- 
coagulant action similar to that observed in glass 
tubes coated with bovine fraction I fibrin Since the 
bovine fibrmogen (Armour) contams 40-50 per cent 
sodium citrate, 1t was not clear whether the latter was 
responsible for the anticoagulant effect of the fraction 
Í fibrin powder Therefore, work has been done on 
native plasma fibrin powder, prepared from native 


No of animals in parenthesis 


plasma without the addition of anticoagulants or 
coagulants 

Blood was drawn from the antecubital vem of 
healthy human subjects, the jugular vem of cows, or 
the rabbit’s heart and immediately centrifuged for 
10min at 5,000rpm at0°C The undiluted native 
plasma thus obtained was transferred to a glass tube 
and allowed to coagulate at room temperature, and 
the clot removed with a glass rod and incubated at 
37° C. m a Petri dish to speed up retraction The 
serum exuding from the clot was absorbed by filter 
paper every 10 mm for 1 hr, by which time clot 
retraction appeared to be complete The clot was 
then transferred to another Petri dish and was 
allowed to dry in the meubator for about 21 hr 
after which the fibrin was ground to a fine powder 
80 mgm of the powder were mixed with 1 ml of 
freshly prepared native plasma in a glass tube which 
was shaken by flicking ıt several times to ensure a 
thorough contact of the plasma with the powder. 
The tubes were incubated in a water-bath at 37° C. 
and observed for coagulation As a rule, the plasma 
was kept in contact with the powder for 1 hr and 
then was separated from the fibrin particles by low- 
speed centrifugation Such so-called ‘fibrin-contact 
plasma’ was then further observed for clottmg m glass 
tubes at 37? C In all cases, regardless of the species 
used. coagulation never was found to occur for 7 or 
more hours Thereafter, the plasma was stored in a 
refrigerator at 4° C to counteract bacterial growth, 
and coagulation times were taken on successive days 
for periods up to several months The mutial contact 
of 1 hr. of rabbit native plasma with cow native fibrin 


powder did not result ın coagulation for 98 days 

Table 1. EFFECT OF THROMBIN ON HUMAN, COW AND RABBIT 
FIBRIN-CONTACT PLASMA 

(6 NIH units thrombin per 0 1 ml plasma) 


Hours of 
contact Gelation times (sec ) of fibrin contact plasma at 37° C 
with Human native Rabbit native Rabbit native 
fibrin plasma exposed to plasma exposed to plasma exposed to 
powder human native fibrin rabbit native fibrin cow native fibrin 
1 41 108 73 
3 46 112 84 
206] 49 110 89 


Whenever coagulation times were taken, the fibrin- 
contact plasma was tested for its coagulability by 
mixing 01 ml with 01 ml thrombin solution, con- 
taming 5NIH (National Institutes of Health) units, 
and timing the appearance of gel formation As seen 
from Table 1, the thrombm coagulability of the fibrin- 
contact plasma does not change significantly when 
the native plasma is m contact with the fibrm for 
1-26hr Human native plasma exposed to autologous 
native fibrm gives the shortest clotting or gelation 
times on the addition of thrombin, while this 18 not 
always the case with rabbit native plasma exposed to 
autologous native fibrm which exhibits longer clotting 
times As can be seen, rabbit plasma exposed to cow 
native fibrm gives shorter clottmg times with this 
thrombin test The possibility of species-specific 
reactions and their variations 18 under investigation 
Frequently we observed that agemg of fibrin-contact 
plasma was associated with a lengthening of the 
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thrombin clotting times However, agemg had a 
similar effect on oxalate plasma of the same blood 
withdrawal used as a control 

Fibrin-contact plasma, prepared by using native 
fibrin from the three species, exhibited anticoagulant 
action This was tested by mixing 2 vol of fibrin- 
contact plasma with 1 vol of native plasma, resulting 
m markedly prolonged clotting times or m no coagu- 
lation Such mixtures always showed coagulation 
with the above thrombin test When 2 vol of native 
plasma were mixed with 1 vol of fibrm-contact 
plasma, coagulation occurred, and the clotting times 
were only shghtly longer than the controls of native 
plasma 

In contrast to fraction I fibrin powder, plasma 
exposed to native fibrin powder often exhibited 
decreases in fibrmogen content following incubation 
of 1 or more hr regardless of the species used for the 
native fibrm Such decreases amounted to 44 per cent 
for 2 hr of contact when compared with the control 
of oxalate plasma from the same blood It will have 
to be established whether the fibrmogen lost from the 
fibrin-contact plasma has been adsorbed to the native 
fibrm or whether ıt has been converted into fibim 
The use of native fibrin appears to differ also m 
another way from that of fraction I fibrm By using 
the latter m both native plasma and whole blood, 
coagulation could be prevented; however, when 
native whole blood was exposed to native fibrm such 
an anticoagulant effect did not always result Our 
findings appear to show that the use of fraction I 
fibrin introduces possible artefacts ın contrast to that 
of native fibrin The latter may well prove to have a 
more physiological anticoagulant action 

Our findings suggest that if the proposed endo- 
endothelial fibrm film?:?>5 did exist, 16 might have an 
anticoagulant action This might well aid in man- 
taining the fluidity of blood ın the circulation Out- 
side some promising practical applications, our results 
necessitate alteration of certain views, generally 
believed to be responsible for the fluidity of circulat- 
ing blood and the origin of thrombosis 

We are grateful to Dr R G Macfarlane, Radcliffe 
Infirmary, Oxford, for helpful discussions, and to Mr 
F A Glover, of the National Institute for Research m 
Dairying, University of Reading, for the preparation 
of cow native plasma fibrin 

The work was aided by grant H-4793 from the 
National Institutes of Health, Bethesda, Md 

A L CorrEY 
BEVERLY BECHER 
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PATHOLOGY 


Persistence of Motility in Bone-Marrow 
Cells from the Cadaver 


A READILY available source of large quantities of 
bone marrow would be valuable for replacement 
therapy in such cases as radiation accidents Cadav- 
eric marrow may be suitable for this purpose as the 
cells are believed to remain viable for several hours 
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after death’, although no criteria of viability are given. 
The present work was undertaken to determine 
the persistence of viability of marrow cells by 
investigating their motility «n vtro after somatic 
death 

Sternal marrow (01-02 ml) was obtamed by 
normal puncture technique from fifty human subjects 
at various times after death Bodies were refrigerated 
about 2 br after death The range of age was 33-89 
although the great majority were more than 50 years 
old and the ratio of males to females was approxim- 
ately 2 1 An occasional sample was taken within 
2 hr of death, creasing difficulty was often experi- 
enced the longer after death the attempt was made 

Most leucocytes of the bone marrow exhibit some 
degree of motility although this 1s greatest in the 
neutrophil polymorphonuclear*, and the present 
results are based for the most part on the motility of 
this cell Motility was considered to be present if a 
cell was observed to move a distance of approximately 
its own diameter or more durmg a 5-min search of the 
preparation 

For examination of the specimen a drop of marrow 
was expelled on to a chemically cleaned glass slide, a 
coverslip apphed and the edge sealed with soft 
paraffin The remaining marrow was mixed with bovine 
albumin (5 per cent) ın physiological saline and used 
to prepare stained films for differential counting? This 
1s important because for practical purposes poly- 
morphs represent the only motile cells of the marrow 
and any notable reduction of their number clearly 
reduces the chances of observing motility The sealed 
preparation, on a warm stage at 37°C , was examined 
for motility with the 1/6 objective A 5-min search 
usually entailed the exammation of about twelve 
different fields 

In a prelimmary examination of living subjects 
12 out of 14 samples from routine diagnostic sternal 
marrow biopsies showed motility Of the 2 negatives 
one was a case of lymphocytic leukæmia, the other 
a case of myelosclerosis 

In the post-mortem investigation, 50 results were 
assessed as satisfactory for analysis (Table 1) Cases 
were excluded from analysis because of myelopro- 
hferative or aplastic disorders, failure of refrigeration 
of the body or unavailability of temperature records 
within 24 hr of death The presence of pyrexia before 
death, that ıs a temperature of more than 37? C at 
some stage durmg the terminal 24 hr, reduced 
motility and such cases are recorded separately in 
Table 1 Thirty-four of the fifty cases showed motility 
This was variably present less than 5 hr after death 
and up to 20 hr in apyrexial subjects and absent ın 
all subjects after 40 hr Oscillation of the xntra-leuco- 
cytic granules frequently persisted after detectable 
motility had ceased McLeod and MeLeod* believe 
that such oscillation 1s a criterion of the viability of 
leucocytes Whitby and Britton? while by inference 
agreeing that cells exhibiting these properties are 
living, state that the oscillation 1s a preliminary to 
cellular death and the present investigation supports 
this view §Monocytic and lymphocytic motility 
exists? 9, but was considered unimportant because 
of their small numbers and sluggish movement 


Table 1 
Hours after death 
-| > 


a Motile 18 3 
Non-motile 0 5 
b Motile 9 4 
Non-motile 3 8 


a, Apyrexial, b, pyrexial 
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Cellular viability in the bone marrow of the refriger- 
ated cadaver persists for 20 hr or more after death 
A shortening of the period of motility by ante-mortem 
pyrexia 18 m accord with Jeanneret’s’ finding that in 
pyrexial human subjects degeneration of cells m the 
stained film of post-mortem marrow occurs earlier 
than in the apyrexial subject. It 1s uncertain whether 
this phenomenon 1s attributable to a common factor, 
for example toxemia, which causes pyrexia and 
hastens cellular death, or to the pyrexia alone moreas- 
ing the metabolic rate of the cell with quicker 
exhaustion of its energy potential 

The clinical inference from these leucocyte motility 
investigations 1s that cells may remain transplantable 
longer than hitherto supposed The technique for 
studying the motility 1s a simple one which should be 
useful in other ways, as for example in the examination 
of possible cytotoxic effects of anti-leucocytic sera 

I wish to thank Dr J F Wilson for the idea from 
which this work developed as well as Prof. J S 
Young, Dr R C Nairn and Mr W Brass for their 
interest and advice 

I B Porrszovus 


Department of Pathology, 
University of Aberdeen 
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Effect of Phagocytosis on the Lysis of 
Staphylococcus aureus (Type 81) by 
Bacteriophage 


CERTAIN investigations on animals have suggested 
the efficacy of treatment of bacterial mnfections with 
specific bacteriophage Dubos et al.1 demonstrated 
the therapeutic effect of Shigella dysenteriae phage m 
experimental infections in mice Morton and Engley* 
showed a prophylactic, as well as therapeutic, effect 1n 
mice infected with Shegella dysenteruae Recently, 
Muir and Blakemore’ protected 70 per cent of mice 
lethally infected with Staphylococcus aureus type 80/81 
with high-titred specific phage given simultaneously 
with the bacteria 

Work on the use of bacteriophage n vivo 18 neces- 
sarily complicated by a variety of factors, ono of 
which ıs the role of phagocytes This report will present 
evidence to indicate that S aureus 18 phagocytized «n 
viro by rabbit monocytes and polymorphonuclear 
leucocytes, and that bacteria released from the 
phagocytes are susceptible to subsequent lysis by 
specific bacteriophage 

Staphylococcus aureus, propagating strain 81, was 
grown and maintained on tryptacase soybean broth 
(TSB) Type 81 staphylococcal bacteriophage was 
propagated on S aureus stram 81 ım the same broth, 
filtered through UF fritted glass filters and was stored 
at 4° C Polymorphonuclear leucocytes (PMN) were 
obtained from normal rabbits by injecting 100 ml 
of sterile 085 per cent sodium chloride imtraperi- 
toneally, followed by a simular injection 18 hr. later 
Rabbits were killed about 3 hr after the second 
myection either by bleeding or by a blow on the 
back of the head and the peritoneal cavities were 
opened aseptically Peritoneal fluid was removed into 
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sterile 0 85 per cent salme contaiung about 10y of 
heparm per ml Monocytes (MN) were obtained from 
rabbits given 100 ml of sterile heavy mmeral oi 
intraperitoneally and killed three days later Both 
MN and PMN were washed three times with sterile 
Hanks’s solution and collected after centrifugation at 
1,000 rpm for 5 mm at4°C By these methods, 
about 75 per cent of the collected cell population were 
of the desired type 

In the experiments reported here, 5 ml of an 
18 hr culture of S. aureus (about 5 x 10! bac- 
teria/ml.) were mixed with an equal volume of either 
PMN or MN suspended m medium 199 to contam 
2 x 109? cells/ml These mixtures were incubated in 
a roller drum revolving at 15 rph at 37? C for 45 
mm Following incubation, the muxtures were 
immediately chilled 1n an 1ce-bath and all subsequent 
washings of the cells were carried out at 4° C The 
original cell bacteria mixtures were washed five times 
with Hanks’s solution and the cells resuspended at 
1 x 10$ cells per ml in medium 199 One of these 
suspensions was taken as the zero time sample The 
tubes were tightly stoppered and returned to the 
roller drum At intervals one tube was removed from 
the roller drum and washed as described The final 
cell pellet was lysed ın 1 5 ml of sterile distilled water, 
releasing intracellular bacteria, and isotonicity was 
restored with an equal volume of sterile 1 6 per cent 
sodium chloride ‘Ten-fold dilutions were made in 
TSB in 10-ml amounts To one-half of each dilution 
0 5 ml. of phage type 81 (RTD = 10-*) was added 
The same volume of TSB was added to the other half 
of each dilution These mixtures were incubated at 
37° © for 10 mm and were poured on to fresh 
tryptacase soybean agar plates All plates were 
incubated at 37° C overnight and colony counts 
carried out the following day 

The colonies present on each control (C) plate and 
each test or phage-treated plate (T) at each time- 
interval and at each dilution were counted In three 
experiments with PMN and two with MN from five 
different rabbits, the control colony count at each 
time-interval reflected the ten-fold dilutions made 
The colony counts given 1n Table 1 (PMN) and Table 2 
(MN) represent geometric means of the three ten-fold 
dilutions using cells from five rabbits at each time 
interval The T/C ratios were calculated from the 
geometric means at each time-mterval The T/C 
ratio for both PMN and MN reached its peak at about 
the same time the mtracellular bacterial count was 
lowest ‘The number of bacteria not lysed by the 
phage was quite constant within the time-limits of 
the expermments, while the number of intracellular 
bacteria not exposed to phage decreased steadily 
for about 1 5 hr m PMN, then increased MN, on the 
other hand, kept the number of viable intracellular 


Table 1 T/O RATIOS AND GEOMETRIO MEANS OF COLONY COUNTS 
I 


N PMN FROM THREE RABBITS 


Hr Colony count 7'* Colony count CT TIC 

0 2 475 4 9 x 10° 
1 15 69 22 x 107 
15 14 25 56 x 107? 
2 16 46 35 x 107? 
25 26 1 4 2 x 102 

T*, Phage treated, Ct, no phage treatment 
Table 2 T/O RATIOS AND GEOMETRIO MEANS OF COLONY COUNTS 


IN MN FROM Two RABBITS 


Hr Colony count T'* Colony count C t TIC 

0 1 74 14 x 10-3 

1 15 13 11x 10-7 

15 11 8 14 x 10-1 

2 11 7 16 x 107 

25 12 7 17 x 10-3 
T'*, Phage treated, C t, no phage treatment 
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bacteria at a constant low level for at least 1 hr 
longer Macroscopic examination revealed no viable 
phagocytes in either system after 24 hr 

Bacteria which were not lysed by the phage after 
passage through erther PMN or MN were later plated 
and incubated at 37°C for 18hr When these bacteria 
were exposed to phage 81, complete lysis occurred 
This indicates that after passage through either PMN 
or MN, S aureus was unaffected in 1ts susceptibihty 
to lysis by phage 81 

The meanmg of the T/C ratio is perhaps best 
explained by the T and C columns ın Tables 1 and 2 
The number of viable bacteria m the phage-treated 
(T) columns was nearly constant in five different 
experiments If phagocytosis caused an increase in 
the number of phage-resistant bacteria, the T/C 
ratio should approach unity when the control values 
fell However, the approach of the T/C ratio toward 
unity was entirely due to a decrease in control counts 
and not to an merease in test counts. Thus the T/O 
ratio also becomes a measure of the bactericidal 
activity of the phagocytes and the higher the T/C 
ratio, the greater the bactericidal activity 

Our results appear to be m partial agreement with 
the findmgs of other workers** Cohn and Morse: 
found that S aweus was not readily phagocytized 
in normal rabbit serum unless the multiplicity was ten 
bacteria/leucocyte However, S aureus was killed 
intra-cellularly only m the presence of specific 
immune serum Mackaness* reported similar findings 
using rabbit macrophages (monocytes) Kapral and 
Shayegani* demonstrated phagocytosis by rabbit MN 
and PMN at a multiplicity of 25 or 50 1, but re- 
ported no mactivation of mtracellular bactena Our 
results suggest that the intracellular mactivation of 
S aureus was accomplished by both PMN and MN to 
the point where the number of extracellular bacteria 
reached a critical value?, and the colls became over- 
whelmed by bacteria The increase in viable intra- 
cellular bacteria probably does not represent multiph- 
cation, but may be due to additional phagocytosis’ 

J M McKenna 
R P SANDERSON 
Harrison Department of Surgical Research, 
Schools of Med1eme, 
University of Pennsylvania, 
Philadelphia 4, Pa 
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RADIOBIOLOGY 


Induction of Tumours in Mice with Tritiated 
Thymidine 

Wer wish to record preliminary results of an experi- 
ment, m which we are mvestigatmg the possibility 
of inducing tumours m mice with tritiated thymidine 
The f-particles from tritium  ineorporated mto 
deoxyribonucleic acid (DNA) from *%H-thymudme 
produce an uradiation which primarily affects the 
cell nucleus, smce about 90 per cent of the energy of 
these particles ıs dissrpated within the nucleus This 
procedure, therefore, enables one to distinguish m 
long-range experiments the results of nuclear damage 
from that caused by irradiation of whole cells and 
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Table 1 INCIDENCE OF TUMOURS IN CAF, MIOE AFTER A SINGLE 
INTRAPERITONEAL INJECTION OF *H-THYMIDINE 
No of 
No of Ageattime Ageat No of animals 
Groups Dose-level animals of mjection present deaths with 


(months) (months) tumours 

1 10 we jem 100 new-born 17 8 0 
(1-day) 

2 LOye/gm 100 2 19 23 8 

3 10 uc jgm 98 6-7 23-24 34 16 

4 Control 170 new-born 17 9 2 
(1 day) 

5 Control 99 8-4 20-21 21 4 


tissues, and to study the importance of nuclear 
damage in radiation carcinogenesis It ıs desirable 
to do this, smce there are many indications that 
alterations ın deoxyiibonucleic acid are mvolved m 
caremogenesis m general. It is also commonly 
assumed that the tumour-induemg properties of 
1omzing radiations are mediated through changes in 
the nucleus, but there 1s no proof of this assumption 

Our expermment has now been im progress for 17 
months It mvolves more groups of animals than 
those mentioned here The mortality among the 
experimental animals has been remarkably low and 
the capacity of tritiated thymidine to mduce tumours 
under these conditions has not been spectacular 
This is of some mterest in itself — Nevertheless, 
although the total number of tumours 18 small, there 
is evidence that the death-rate from tumours 1s 
significantly higher among the exposed than among 
the control animals 

Three groups of male and female CAF, mice 
received a single mtraperitoneal injection of 3H. 
thymidine, with a specific activity of 360 mc /m mole 
(New England Nuclear Corporation, Boston, Mass ), 
at æ dose-level of 10 pe /gm of body-weight The 
groups differed from one another m age at the time 
of mjeetion as follows (Table 1) Group 1 consisted 
of new-born animals less than 24 hr old, the ammals 
of Group 2 were 2 months old and those of Group 3 
6-7 months old Groups 4 and 5 served as controls 
Group 4 consisted of new-born animals and those of 
Group 5 were 3—4 months old The controls were 
injected either with non-radioactive thymidine or 
with saline solution. The animals were permitted 
to live out their life-span. The diagnosis was verified 
in each mstance by histological exammation 

The following types of malignant tumours have 
been observed. among the expermental animals 6, 
thyme lymphoma, 9, non-thymic, dissemmated 
lymphoma, 2, salivary gland tumour, 2, carcinoma 
of the skm, 5, caremoma of the lung, 1, carcinoma 
of the liver (hepatocellular) The tumours were 
distributed equally among males and females The 
six tumours among the control animals were 5 non- 
thymic lymphomas and 1 caremoma of the lung In 
anmnals without tumours, death could be attributed 
to a variety of causes, meludmg pneumonia and 
intestinal infections It should be mentioned that no 
lung adenomata have been observed so far, either m 
the control or in the experimental animals 

These results indicate that, at this dose-level, 
tritiated thymidine is & carcmogen m mice. This 
conclusion 18 supported by a simular finding in another 
group of 100 animals m the same experiment that 
were 12-14 months old at the time of injection Of 
these animals, 84 are now dead and 43 of them have 
died with tumours Although we do not at the moment 
have age-specific controls for this group of animals 
(and hence we have not hsted them in Table 1), a 
tumour meidence of more than 50 per cent ıs con- 
siderably higher than that ordinarily seen in control 
animals of this strain and age in our Laboratory 


572 : 

No results are available as yet m another part of 
this experiment, in which we are studymg the com- 
parative effectiveness m the mduction of tumours by 
14C-thymidine with 1ts more penetrating Q-rays 

The observations on induetion of tumours by 
tritium-labelled thymidime are being reported now not 
only because they are of interest m connexion with 
the question of nuclear damage 1n radiation carcmo- 
genesis, but also because they lend weight to the 
evidence that tritiated thymidme can produce 
significant changes m mammahan cells Such changes 
have included short-term inhibition of growth, 
developmental and chromosome abnormalities?^, as 
well as cytogenic aberrations as shown by an increased 
frequency of mutations m Drosophila’ The observa- 
tions ın the present experiment also tend to support 
the opmion of Oliver and Lajtha*, who have given 
warning of the hazards involved m using tritium as 
deoxyribonucleic acid label in man They pointed out 
the possibilty of mutagenic effects of the radiation 
on those cells that have a long life-span and several 
mitotic cycles 

This work was carried out under the auspices of the 
US Atomic Energy Commission and supported by 
USAEC contract No AT (11-1)-809 
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Mouse Lymphoma Cells with Different 
Radiosensitivities 


FrscHER! devised a medium in which murme 
leuksern1ia cells (L 5178 Y) can be grown ın free culture 
starting from a single cell "These cells have retained 
their strain specificity and they will grow only m 
DBA/2 mice where they give rise to ascites and solid 
tumours A logarithmically growing culture was 
obtained 24 hr after transfer of the ascites cells 

We have exposed cultures to 220 kVp X-rays and 
observed that cells changed their radiosensitivity on 
bemg maintamed continuously m culture Fig 1 
shows the effect of irradiation on cultures that had 
been started from cells obtamed six to ten days 
earlier from a mouse Cells that had been kept gomg 
for six months continuously in culture—transfer to 
new medium bemg made twice a week— were very 
much more radiosensitive due to the appearance of a 
radiosensitive mutant Sensitive strains were isolated 
by cloning from a single cell* and their response to 
radiation 18 shown ın Fig 2 

The effect of radiomimetic alkylatang agents on 
these lymphoma cells has been deseribed? and then 
response to radiation 1s sumlar. With doses up to the 
LD, most of the cells divide at least once and 
degenerate after the second day when they have 
grown to double their volume as measured with a 
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Coulter cell counter Before lysing, 10-20 per cent of 
the cells grow into giants having ten to fifty times 
the normal volume With higher doses of radiation 
(that 1s, greater than 500 r for the resistant strain and 
200 r for the sensitive strain) an increasing propor- 
tion of cells degenerate without having undergone 
division Cells that have retamed ther capacity for 
indefinite multiplication give rise to the new popula- 
tion that grows up from the cultures The fraction of 
‘survivors’ can be calculated by extrapolation? and 
the dose response curves shown in Fig 3 have been 
obtained ın this way If radiation induces a delay m 
mitosis which extends over several hours then the 
number of survivors obtained by the extrapolation 
method would be an underestimate While this 1s 
improbable for reasons which we have given’, the 
method was checked by determining the dilution from 
which an irradiated culture grows up and which must 
therefore contain at least one viable cell—the cloning 
efficiency from one cell being between 70-80 per cent? 
The number of ‘survivors’ computed in this way 
agreed with doses up to 300r with the values obtained 
by the extrapolation method 

We have mdications that mutants with varying 
degrees of radiosensitivity arise during growth in 
culture, but we have not found any strain more 
resistant than that carmed by passage through 
animals The sensitive stram divides in culture 
about 25 per cent more rapidly than the insensitive 
(compare control curves 1n Figs 1 and 2) and this 
presumably gives them a proliferative advantage so 
that they establish themselves ın viro on continued 
culture The sensitive cells have retained their host 
specificity for DBA/2 mice, but they grow less rapidly 
in &nuinals than the resistant and give rise more 
frequently to solid tumours 
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Fig 1 Effect of irradiation with 220 kVp X-rays (900 r /nun ) 
on lymphoma cells ın a culture which was fully aerated The cul- 
ture was diluted before reachmg 10? cells /m] and counted 
in a hemocytometer 
Cells transferred to culture from the ascites fluid of a mouse 
ten days earlier, referred to as a resistant strain 
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Fig 2 Effect of irradiation with 220 kVp X-rays (900 r /min ) 


on lymphoma cells in a culture which was fully aerated The cul- 
ture was diluted before reaching 10? cells/ml and counted in & 
hemocytometer 
A cloned derivative from cells continuously maintained in 
culture for six months, referred to as sensitive strain 
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Fig 3 Fraction of cells capable of normal growth as a function 
of radiation dose 


The average volume, as measured with a Coulter 
counter, of the sensitive cells 13 some 30 per cent 
greater than that of the resistant cells but the 
content of deoxyribonucleic acid, determined by 
Burton’s method, 18 the same for both In neither 
type of cell, when taken from culture or fiom 
animals, could any viruses be seen in the electron 
microscope 
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These experiments demonstrate that the radio- 
sensitivity of mammalian cells wn vto can change, 
presumably by a mutation, and suggest that deduc- 
tions concerning the radiosensitivity of cells an vwo 
from n vitro studies are lable to serious error. 
Fischer has shown a similar phenomenon with regard 
to resistance to folic acid antagonists 

This work was supported by a grant from the 
International Atomic Energy Agency and by grants 
to the Chester Beatty Research Institute (Institute 
of Cancer Research Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Research, the Anna Fuller Fund, and the 
National Cancer Institute of the National Institutes of 
Health, US Pubhe Health Service 
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Effects of lodoacetic Acid on the 
Incorporation of Phosphorus-32 into the 
Deoxyribonucleic Acid of some Radio- 
sensitive Organs in Rats exposed to X-Rays 


It 15 now known, that 1odoacetic acid 18 able to 
sensitize mice’? and rats? to 1onizimg radiations as well 
as cultured mammalian cells‘ and bacteria (Bridges, 
B A, personal communication), 

In a 1ecent paper? we presented evidence that 
1odoacetic acid markedly inhibits the uptake of phos- 
phorus-32 mio the deoxyribonucleic acid (DNA) of 
some radiosensitive organs and of the regenerating 
hverintherat This effect 1s similar to that shown by 
1onizing radiations that inhibit the incorporation of 
*'P as well as of many labelled precursors, into DNA 
of dividing irradiated cells* Considermg this common 
interference with DNA synthesis, we have undertaken 
work on the effect of the combined treatment with 
1odoacetic acid and X-rays on **P uptake into DNA 
of rat thymus, spleen and mtestine 

Laboratory bred male albino rats (70-90 gm ) of 
Wistar Glaxo strain were used Lots of 16 animals, 
subdivided into 4 groups of 4, were used m each 
experiment, and treated according to the schedule 
reported in Tables 1 and 2 

Iodoacetic acid at a dose of 40 mgm /kgm was 
administered intravenously This dose, as already 
indicated in a previous papers, 18 definitely sub-lethal 
X-irradiation was performed with a Picker instrument 
operating at 220 kV, 15 mamp, with an added 
filtration of 0 5 mm copper and 1 mm alummium, at 
a dose rate of 26 r /mm , for a total dose of 150r 

When the animals were subjected to a combined 
treatment, irradiation was performed 30 mun after 
the administration of 1odoacetic acid 

At a dose of 25 uc /rat P was injected intia- 
museularly mmmediately after irradiation Non- 
irradiated rats were given ??P 36 mun after the 10do- 
acetate treatment The animals were killed with 
ether 2 hr after the mjection of ??P, and the thymus, 
spleen and 15 em of the small intestine, just distal 
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Table 1 CORRECTED SPECIFIC ACTIVITY OF DNA* EXTRACTED FROM 

THE SPLEEN, THE INTESTINE AND THE THYMUS OF NORMAL AND 

TREATED ANIMALS 2 HR AFTER THE ADMINISTRATION OF 25 uo Pj 
Rat (MEAN + STANDARD ERROR OF THE MEAN)T 


Iodoacetic acid 
Todoacetic acid X-rays (40 mgm /kgm ) 
(40 mgm /kgm ) (150 r ) X-rays (150r) 
(21 per cont ed per cent) Ge per cont) 
444+0 76 3 5210 63 2 40-03 9440038 


Controls 


Spleen 
ji (12 per cent) (5 per cont (24 per cent) 
Intestine 216+019 190+0 30 2050 164+01 
(23 per cent) Es ae ent) (50 per cent) 
Thymus 3 64+0 36 279+0 35 6140 27 181+01 
to S608. 005 2 P > 002 


* Corrected specific activity of DNA= 
specific activity DNA (c p m /ugm phosphorus) 100 
specific activity of blood orthophosphate (c p m /ugm phosphorus) * 
T Each figure is an average of five values obtamed from the pooled 


organs of four animals 
I Figures in brackets represent percentage of inhibition 


to the pylorus, were rapidly removed The organs of 
the four animals of each group were pooled for the 
extraction of DNA All successive steps have been 
described ın our previous papers 

Table 1 contains the values of the corrected specific 
activity of DNA. extracted from thymus, spleen and 
mtestine of the experimental animals These values 
show an inhibiting effect following treatment with 
10doacetic acid, as already described The results, 
moreover, confirm the well-known inhibitory effect 
of radiation on ?*?P uptake into DNA from lymphoid 
organs, whereas the effect 1s not yet detectable for the 
intestine at the dose-level employed Finally they 
show that after combined treatment, the inhibitory 
effect nearly corresponds to the sum of the effects 
obtamed by single treatments 

Experiments m which **P was injected 4 hr after 
irradiation have also been carried out The results are 
reported in Table 2 In this case we considered only 
thymus and intestine These expermnents were 
undertaken because the mhibition by irradiation of 
the incorporation of labelled precursors nto DNA of 
radiosensitive organs reaches higher values after this 
time interval? 


Table 2 CORRECTED SPECIFIC ACTIVITY OF DNA EXTRACTED FROM 

THE INTESTINE AND THE THYMUS OF NORMAL AND TREATED ANIMALS 

2 HR AFTER THE ADMINISTRATION OF 25 uO “PIRAT (X-RAY 
TREATMENT 4 HR BEFORE **P) 


Todoacetic acid X-rays 


y Iodoacetic acid 
(40 mgm/kgm) (150r) 


(40 mgm /hgm ) 
X-rays (150 r) 


(46 per cent) (49 per cent) 
131 


Controls 


(12 per cent)t 
Intestine 2 43* 2 14 


Thymus 3 09 


* Each figure ıs an average of three values obtained from the 
pooled organs of four animals 
+ Figures 1n brackets represent percentage of mhubition 


(9 percent) (03 percent) (73 per cent) 
282 113 0 82 


It will be noted that the effect of irradiation 1s much 
more marked at 4 hr than at 2 hr, as expected, 
whereas the effect of 10doacetate 1s clearly lower The 
response to the combined treatment in this case also 
nearly corresponds to the sum of the effects obtained 
after single treatments 

In conclusion the results reported in the present 
paper seem to indicate that (a), the combined treat- 
ment with 10doacetate and X-rays, at the doses used 
nm our experiments, causes an inhibition of 32P 
uptake into DNA corresponding nearly to sum of the 
inhibitions obtained by single treatments, (b), the 
effect of 10doacetate decreases significantly a few hr 
after the admunistration of this substance, whereas at 
the same time interval the irradiation effect increases 

A possible interpretation of the results could be that 
the effect of 10doacetate on DNA synthesis combining 
with the effect of radiation may increase the total 
cellular damage ın radiosensitive tissues 
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In discussing the present results 16b must be taken 
into account that. with the doses of X-rays used in 
our experiments, 1t 18 possible that the reduction in 
DNA synthesis 18 the result of temporary mitotic 
delay and not of cell-death, whereas the sensitizing 
effect of 1odoacetic acid has been, established for cell- 
death Another point to be considered ıs that the 
effect of 1odoacetic acid seems to be reversible m a 
shorttime Itisnot yet known whether the increased 
inhibition of DNA synthesis, induced by 1odoacetic 
acid in. combination with low doses of X-rays, can 
really affect the final cellular damage 1n radiosensitive 
tissues 
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Protection by Inorganic Condensed 
Phosphates against the Lethal Effects 
of X-rays 


A RADIOPROTECTIVE effect of adenosine triphos- 
phate has been described by Langendorff e£ al !, but 
the inorganic condensed phosphates do not appear 
to have been studied previously in this connexion We 
have found that sodium pyrophosphate, the lmear 
tripolyphosphate and the cyclic trimeta- and tetra- 
metaphosphates markedly reduce the mortality m 
mice due to X-rays when injected, intraperitoneally in 
neutral solution, shortly before exposure 

Female mice, weighing 20-25 gm, of R stock (a 
cross between PCT female and C3H x 101 male) 
were used at the age of 14 weeks In a typical experı- 
ment 50 mice, randomized mto groups of 5, were 
irradiated ın partitioned boxes as follows: 250 kV, 
15mamp,H VL 12mm copper, distance to under- 
side of box 60 cm, average dose-rate 73:6 r [mmn 
Ten mice were used on each of 4 protective treatments, 
with 10 saline-treated controls All 5 treatments were 
represented in each group durmg irradiation and the 
subsequent period of observation Survival at 30 
days was taken as the measure of protective effect 
In a series of experiments on this pattern 49 salme- 
treated control animals died after 1,025 r, out of a 
total of 53 used Thus the overall control mortality 
was 92 per cent, and this can be used for statistical 
tests with the tables of Fisher and Yates?, but the 
mouse population may change its radiosensitivity 
and a safer though more severe test, using only the 
simultaneous controls, 18 made possible by Fisher’s 
exact 2 x 2 contingency function as tabulated by 
Mainland, Herrera and Suteliffe? The results shown 
in Table 1 were submitted to both tests as mdicated 

Since trimetaphosphate at 15m moles/kgm protec- 
ted 100 per cent against 1,025 r a further experiment 
was done to estimate to what level 16 raised the 
radiation LD;,, and to compare ıb in this respect with 
S,6-ammoethybsothruronum bromide hydrobromide 
(AET) at 1 m mole/kgm , the highest safe dose for R 
mice Both were given intraperitoneally 10 mm 
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PROTECTIVE EFFECTS OF INORGANIC CONDENSED PHOS- 
PHATTS AGAINST 1,025r OF X-RAYS 


No of mice surviving 


No 4802 


Table 1 


Time of 
Dose injection No used 
Compound (m moles/kgm ) (min before Controls 
irradiation) Exp (saline) 
Na,P,0- 10H40 0 75* 10 6/101 1/10 
25 50 10 2/10 1/10 
Na;P3019 6H4,0 1 00* 10 14/201 0/20 
i5 0 75 10 3/10 0/10 
»s 1 00 30 8/10t 0/10 
i 00 60 [10 0/10 
(NaPO4), 60H40 15* 10 10/10f 
» 9 1 1/10 1/10 
(NaPO,), 4H,0 24* 10 8/10t 


* These doses resulted in no deaths ascribable to toxicity At 
higher dose-levels some deaths occurred shortly after irradiation, as 
a result of potentiation of toxicity by X-rays 
( Pecans (P < 0005) assuming 8 per cent control mortality 

1e 

I Also significant (P < 0 01) by 2 x 2 contingency test using onl, 
internal controls (ref 3) 


Table 2 PROTECTIVE EFFECTS OF TRIMETAPHOSPHATE AND AET 
No of mice surviving at 30 days out of 


X-ray dose (r) 4giventrimeta- 4 given AET 2 given saline 
phosphate 
1,050 3 4 0 
1,100 2 4 0 
1,150 3 4 0 
1,200 0 4 0 
1,250 1 4 0 
1,300 1 0 0 
1 350 0 3 0 


before uradiation The results are given in Table 2 
From these the normal-logarithmic maximum- 
hkehhood estimate of the LD,, (by the iteration 
procedure of Cornfield and Mantel‘) ıs 1,133 (1,059- 
1,213) r for trimetaphosphate and 1,325 (1,265-1,387) 
1 for AET The figures in brackets are 5 per cent 
fidueial limits 

Thus trimetaphosphate 1s significantly less protec- 
tive than AET, but 1ts lower fiducial limit, 1,059 r, 
is well above the LD,, of unmjeeted mice of this 
stiain, which, though not measured. simultaneously, 1s 
known to be about 8601 ‘There are several conceiv- 
able reasons for the protective activity of condensed 
phosphates, which we are mvestigating 

We wish to thank Mis D. M R Lowman for able 
technical assistance, Mr M J Corp for irradiations 
and Dr D R Peck, of Albright and Wilson, Ltd , for 
his interest and for generous gifts of pure chemicals 
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‘Bound’ Gibberellin in Mature Runner 
Bean Seeds 


RADLEY! has mentioned the possibility that gib- 
beiellins occur ın the tissues of higher plants ın both 
‘free’ Qeadily extractable) and ‘bound’ forms By 
analogy with plant-giowth regulating substances of 
the auxin type, the hypothetical ‘bound’ gibberellins 
might be liberated by the hydrolysis of proteins of 
the plants being mvestigated ‘This communication 
describes one of several experiments in which more 
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‘gibberellin-like’ activity was detected in hydrolysed 
than in non-hydrolysed extracts Radley! has 
observed that the level of readily extractable gib- 
berellin of the seeds of the runner bean (Phaseolus 
multiflorus) falls as the seeds mature One could 
visualize that the gibberellin ıs becoming ‘bound’ in 
some way as maturation proceeds, and because of 
this possibility seeds of the runner bean were chosen 
for investigation 

Mature runner bean seeds, mean length 28 mm, 
were divided into three samples, each of 120 gm 
Sample A was homogenized in 500 ml of a mixture 
of equal parts of acetone and water (A mixture of 
acetone and water has been used as a pıımary solvent 
for the extiaction of gibberellins from plant tissue by 
several workers, for example Phinney et al ?, Bunsow 
et al *, Langt, Lona®, Murakami‘, and Nickell?) The 
extract was filtered through cheese cloth, centrifuged, 
and the acetone evaporated s» vacuo to leave an 
aqueous residue which was adjusted to 500 ml with 
distilled water 

Sample B was homogenized 1n 500 ml of phosphate 
buffer, pH. 6 2, made by dissolving 136 gm of potas- 
sium dihydrogen orthophosphate and 24 gm of 
potassium hydroxide per litre of water (This buffer 
has been used by Borrow et al ? as a solvent at one 
stage in the isolation of gibberellic acid from fungal 
cultures, and by Radley! as a solvent at one stage m 
experiments demonstrating the presence of gibbei ellin- 
lıke substances in higher plants, but ıt was not used 
as a primary extracting solvent) The extract was 
filtered and centrifuged 

Sample C was homogenized 1n 500 ml of phosphate 
buffer, pH. 6 2, and the extract filtered and centri- 
fuged 40 gm of crude ficin (L Light and Co. Ltd ) 
and 6 0 mgm of cysteine were added to the extract 
which was then stored at 30? C for 12bhr At the end 
of this time the extract was again centrifuged 

The three extracts were purified further in the 
same way each was adjusted to pH 2 8-3 0 using N 
hydrochloric acid, and extracted three times with 400 
ml of ethyl acetate The lower (aqueous) phase was 
discarded and the bulked ethyl acetate-rich extract 
reduced in volume to 50 ml 2n vacuo at a temperature 
not exceeding 30? C The extract so obtained was 
adjusted to pH 2 8-30 using N hydrochloric acid, 
and extracted three times with an equal volume of 
ethyl acetate The bulked ethyl acetate-1.ch extract 
was reduced in volume and placed as a line across a 
23-cm -wide strip of acid-washed Whatman No 3 
chromatography paper The chromatogram was run 
using a descending technique, and as a solvent the 
upper phase of a mixtuie of n-butanol/] 5 N ammon- 
ium hydroxide (3 1) | Gubberelhn A, (which ıs 
known to occur m the runner bean?) and gibberellic 
acid run with an Erin the region 02-03 in this 
solvent system (see, for example, refs 2, 10) When 
the solvent front had moved a convenient distance 
down the paper, some 25 cm from the start line, each 
chromatogram was allowed to dry at room tempe1a- 
ture and cut 1nto transverse strips, each strip being in 
width one-tenth of the distance between the start line 
and the solvent front Each strip was eluted with 
approximately 30 ml of acetone in an apparatus 
designed by Canny? The acetone was evaporated, 
and the dry residue stored in a deep freeze ready foi 
assay 

Dwarf pea seedlings (var Meteor) were used as 
assay plants in a technique essentially similar to that 
already described?® At the time of assay each 
residue was taken up in 0 8 ml of 30 per cent ethanol. 
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Fig 1 Percentage elongation of pea seedlings treated with 
eluates from chromatograms of bean extracts A, Extract made 
in acetone/water, B, extract made in phosphate buffer, C, ex- 
tract made in phosphate buffer and hydrolysed with ficin 


and a 0 004 ml droplet of this solution was placed 
on each assay plant A small puncture was made in 
the stem of each plant to aid penetration Ten plants 
were used for each solution being assayed Eluates 
from corresponding Rr values of the chromatograms 
of the three extracts were assayed in the same batch 
of assay plants 

Fig 1 shows the mean elongation of the measured 
internodes of the treated plants expressed as a 
percentage of the corresponding internodes of the 
controls It will be seen that there ıs considerably 
more activity ın the hydrolysed than ın either of the 
non-hydrolysed extracts Activity 1s imn each case 
spread over much of the chromatogram, but two zones 
are m evidence—one at Rr 02-04, the other at 
06-07 By comparing the responses brought about 
by the extracts with those induced by known amounts 
of gibberellic acid, the total activities of the extracts 
were estimated as A, 0 04, B, 0 04, and C, 0 23 ugm 
of ‘gibberellic acid equivalents’ per gram fresh weight 
of extracted material That 1s, there 1s about six 
times as much activity in the hydrolysed extract. 
The gibberellins detected here may very well differ 
in their biological activities from the activity of 
gibberellic acid, so that the above figures should not 
be taken to mndicate the actual levels of gibberellin ın 
the tissue 
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Other extracts of matuie runner beans have shown 
increased, activity due to enzyme hydrolysis, while 
extracts of young beans have ın general shown no 
such increase Negligible activity was detected m an 
extract subjected to alkaline hydrolysis In all cases 
buffer has proved to be at least as effective an extract- 
ing solvent as a mixture of acetone and water 

I am indebted to Dr M J Canny for his interest 
and advice during the course of these experiments 
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Gibberellic Acid and Chlorophyll Content 
of Leaves of Meteor Peas 


THE present investigation was to determine whether 
the effect of gibberellic acid ın causing chlorosis was 
due to an interference 1n chlorophyll formation or to 
some secondary effect! Prsum satwum var. Meteor 
were grown in the field m a block arrangement, and 
alternate rows were treated with gibberellic acid 
(Y F 4961, Plant Protection, Ltd ) Gubberellic acid 
diluted to 100 ppm with water was sprayed on the 
upper surface of the plant 10 days after emergence 

Three days after spraying slight chlorosis of the 
third leaves was apparent Chlorosis increased in 
intensity in leaves expanding afterwards, but no 
change ın colour was observed in the first and second 
leaves The internodes from the second upwards 
showed. a 180—250 per cent increase ın length over the 
controls Measurement of the length and breadth of a 
random sample of leaves of control and treated plants 
was made 7 and 14 days after spraymg ‘The total 
number of cells?, chlorophyll content?, and the fresh 
and dry weight of & finite area of leaf were measured 
for disks of known area punched from a similar 
position 8 and 15 days after spraying Measurements 
were also made of individual palisade cells in a similar 
region from wluch tbe disks were punched, and the 
depth of the sections measured to find the thickness of 
leaf in this area 

Measurements of the leaf dimensions showed that 
those of treated plants, with the exception of the 
oldest leaf, were longer than those of the controls, but 
of similar breadth Palisade cells in treated material 
tended to be broader and shorter m length The 
results given in Table 1 show that total chlorophyll 
tended to be slightly less m treated leaves expanded 
after spraying However, chlorophyll content ex- 
pressed 1n terms of dry weight, fresh weight, or weight/ 
cell shows no such decrease Cell counts show that 
treatment with gibberellic acid resulted in a significant 
decrease m the number of cells per unit leaf area in 
leaves not fully expanded at the time of spraying. 
This decrease 1s related to the decreased thickness of 
the leaf 
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Chlorophyll | Chlorophyll Chlorophyll Ratio Leaf thickness No of cells/ | 
chlorophyll  ! gm {100 gm gm /100 gm per cell, chlorophyll (u) 0mm ? x 
(mgm /90 mm?) , fresh weight dry weight ugm x 10-5 ajb 10° 

Lea Gib- Gib- Gib- 
No Con-  Gibber- | Guibberellic Gibberelhe | Con- ber- | Con- ber- Gibber- | Con- ber- 
trol ellic Control acid Control acid trol elle tro] elle | Control elke trol elic 
acid acid acid acid acid 

8 days after spraying 
1 | 128+ 21)1294+23, 0144002 |; 0144+0038/14 +02 + 6 2 26 25 | 3884538 | 398124 | 216 | 210 
2 |123+7 |115+9 | 0144001 | 012+001/14 +01 + 58 27 27 | 385426 | 3954128 | 218 | 196 
3 (101414) 94+11| 018+001 | 0144003 | 12 +01 + 45 82 33 | 869+43 | 256432 | 262 | 211 
4 63+3 | 59411] 0124001 | 0144002 | 082402 + 21 28 33 | 209437 | 145+10 73 | 285 

15 days after spraying 

2 110643 | 99+5 |0008+001 | 0124001] 0 94+005 | 0894006 50 26 27 — — 40 | 185 
8 |100-25| 81+29| 012+002|012+002|091+007|091£01 42 | 29 27 | 288448 | 246-20] 277 | 194 
4 72x11| 61414] 0124001 | 0184001 | 0984006 | 098401 40 32 31 | 262+35 | 169432 | 249 | 155 
5 80+18| 57+11) 0154002 | 0164+002/12 +03 |11 x01 80 29 28 | 185+39 | 140+15 46 | 190 


It can be concluded from the above results that the 
appearance of chlorosis in material treated with 
gibberellic acid is not due to lower chlorophyll content 
per cell but 1s apparently an artefact arising from the 
effect of gibberellic acid on leaf expansion This 
results in the treated material having leaves of 
greater surface area which are thmner than the 
controls and thus havmg a shorter optical path for 
absorption of ight Similar results were obtamed in 
two successive seasons, the hot bright summer of 
1959, and the cooler wet summer of 1960 Our results 
are ın agreement with those of Wolf and Haber! In 
their case with wheat seedlings an influence of nutri- 
tional factors on the chlorophyll content became 
apparent in older plants, this was not observed with 
the meteor pea plants grown in the field 

P BISHOP 
C P WmnuiTTINGHAM 
Department of Botany, 
Queen Mary College, 
London, E 1 
1 Bran, P W, El Rev Cambridge Phil Soc , 34, 37 (1959) 
2 Brown, R , and Rickless, P, Proc Roy Soc, B,1386, 110 (1949) 


*MacKinney, G, J Bol. Chem ,140, 315 (1941) 
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Effect of Auxin on the Osmotic Value in 
Pea Stem Sections 


THE osmotic concentration in pea stem pieces was 
found to be increased by indole-3-acetic acid (IAA) 
when they were smeared with lanolm paste of IAA 
and kept at constant humidity! Treatment with 
auxm solution was avoided in this case m order to 
exclude the possibilities of a secondary osmotic 
change due to water absorption and leaching of 
solutes from cells In the experiment to be reported 
here, however, auxim solution was used m order to 
observe an osmotic change 1mmedaately following the 
auxin action 

Excised pieces, 10 mm long, from etiolated stems 
of Alaska peas were weighed and floated on 10 and 
200 mgm /htre solutions of JAA and on water at 
255° C Samples were withdrawn at intervals, 
blotted with filter paper, and the freezing pomt 
depression of tissue juice was determined to the 
nearest 001° C 1, usmg a thermojunction ‘The 
freezing point of the juice was around — 0 56° C 
before the tissue was mtroduced mto the solutions 
Changes of freezing point in the solutions are shown 
in Fig 1 

The osmotic concentration at first increased, follow- 
ing exposure to IAA, and then decreased rapidly after 
30min orso Inthe water control, on the other hand, 





no temporary increase in osmotic concentration was 
observed Experiments not presented here showed 
that phenylacetic acid and acetic acid in the molar 
concentration equivalent to 200 mgm flitre of IAA did 
not cause a rise 1n osmotic concentration as IAA did 

No significant difference in the rate of water 
absorption was found between the two auxin-levels 
in the first 30 min , even though the osmotic values 
at the two levels differed greatly Water permeability 
may have been a limiting factor 

The drop in osmotic concentration may be ascribed 
to (1) dilution due to water absorption (which 18 
calculable) and (2) leaching of solutes from cells to 
outer solution. The more rapid drop in the presence 
of IAA may probably be ascribed to an incieased 
permeabihty*?-* 

It has been reported that the osmotic concentration 
18 increased by IAA?! ]Tt1s, however, worthy of note 


Time (min) 


Osmotic concentration and water content (per cent) 





— 20 


Fig 1 Water absorption (—— —) and osmotic concentration (—) 
of pea stem sections treated with water (&), and 10 mgm (@), 
and 200 mgm (0), of mdole-3-acetic acid per litre 
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that the osmotic effect appears in such a short time as 
shown here In order to see how rapidly the cell wall 
extensibility ıs affected by auxin, longitudinal tension 
of 25 gm was applied to stem pieces soaked, for varı- 
ous periods in 200 mgm /litre solution of IAA By this 
method? !°, an increase in extensibility became 
observable m 15 min of auxin action, but not in 10 
min Hence the osmotic change occurs earlier than 
the change in cell wall extensibility 


SHIZUKO YODA 
JOJI ASHIDA 
Botanical Department, 
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Kyoto University, 
Kyoto 
! Yoda, S, and Ashida, J , Nature, 188, 600 (1960) 
* Guttenberg, H V, and Beythien, A , Planta, 40, 36 (1951) 
3Poul R, Z Bot, 41, 348 (1953) 
‘Guttenberg, H V, Eifler, I, and Nehring, G, Planta, 42, 209 
(1953) 
5 Masuda, Y , Bot Mag , 40, 256 (1953) 
* Masuda, Y , Physiol Plantarum, 8, 527 (1955) 
7 Czaja, A Th, Ber deut, botan Ges, 53, 221 (1953) 
* Commoner, B , Fogel, 8, and Muller, W H , Amer J Bot, 30, 23 
(1943) 
? Yoda, S , and Ashida, J , Nature, 182, 879 (1958) 
1? Yoda, S, and Ashida, J , Plant and Cell Physiol , 1, 99 (1960) 


Determination of Cell Numbers in Leaf 
Primordia 


Sundeiland and Brown! have pomted out that there 
aie two major problems involved ın the determination 
of the number of cells in leaf primordia (1) numerous 
macerating fluids? tend to disintegrate the relatively 
delicate cell wall system of leaf prunordia and (2) 
owing to the mmute size of leaf primordia and their 
ielatively small number of cells, fragmentary losses 
are a serious source of error when counting by hemo- 
cytometer slide after dilution 

A method 1s suggested here which mainly overcomes 
these difficulties and has been used successfully for 
the second to the sixth primordia of tomato (Lycoper- 
sicon esculentum) and tobacco (Ncotvana tabaccum) 
stem apices It has greater ease and rapidity of 
counting than the squash method originally used by 
Sunderland and Brown! and can be directly integrated 
with values obtained by other techniques (for example 
chromic acid) for larger leaflets? 

Primordia were excised under a dissecting micro- 
scope using a small splinter from a safety 1azor blade 
gripped in a holder Immediately after excision the 
primordia were placed in acetic acid/ethanol, 1 1 
(v/v), for at least 10 min at room temperature and 
then treated with N hydrochloric acid for 8-15 
min at 60° C in an oven, depending on the size 
of the primordia! The primordia were immersed 
in the liquid in. wells constructed by placing on a slide 
up to three rings cut in lengths of 3 mm from poly- 
vinyl chloride tubing (10 and 15 mm diameter) with 
arazor During the treatments the slide rested on the 
11m of a watch glass, which stood in a Petri dish 
containmg the same liquid as the slide in order to 
1educe evaporation of the liquid! After the removal 
of each reagent by applymg filter paper strips to 
the base of the outside of the well, the polyvinyl 
chloride rigs were removed with a pair of forceps 
without disturbing the prmmordia The primordia 
were then removed from the slide under the dissecting 
microscope, using a fine glass rod o1 a filter paper 
strip, and transferred to 10 x 06 em (approx) 
specimen tubes containing a precisely known. volume 
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PRIMORDIA IN SERIAL ORDER 


Fizs 1and 2 Tomato, O, hemocytometer, @, squash, 
tobacco, O, hemocytometer, W, squash 


—between 03 ml and 10 ml—of 01 M ethylene- 
diaminetetraacetic acid in 5 pei cent (v/v) aqueous 
butanol mixture at pH. 8 (ref 4) using ammonia 
solution to adjust the pH. ‘The tubes were tightly 
stoppered and the primordia m the ethylenediamine 
tetraacetic acid/butanol mixture were incubated 
overnight at 30° C The primordia were then macer- 
ated gently with a small syringe (1 0 ml ) to which a 
finely drawn out piece of glass capillary tubmg was 
attached with surgical polythene tubing After 
maceration, 01 ml of 1 pei cent (w/v) malachite 
green ın water was added to each tube to produce a 
minimum of 04 ml for the smallest primordia, for 
larger primordia the volume was made up to 1 or 2 ml 
and the volume of the stain increased. proportionally 
The suspension was again drawn a few times through 
the syringe to ensure uniform distribution of cells and 
02 ml was transferred to a hemocytometer slide 
(Fuchs—Rosenthal, depth, 02 mm area, 1/16 mm ?) 
and counted Duplicate estimations on separate 
aliquots were made for each primordium 

Preliminary results obtained with this method foi 
the second or third and older primordia of tomato and 
tobacco plants aged 8 weeks in November and g10wn 
m water culture are shown in Figs 1 and 2, im relation 
to those obtained for the first and second piimordia 
by the squash method of Sunderland and Brown! 
For the particulaa purpose of these comparisons plants 
&bout 8 weeks old were selected when the youngest 
primordium visible on the apex (numbered 1) had 
attained what was judged to be almost the maximum 
size before the next was due to appear In Fig 2, 
all primordia except the first were measured by the 
hemocytometer method 

Lhe numbers of cells counted for each aliquot of 
02 ml ranged between 60 and 600 according to 
primordial position and species The standard emo 
of the means of 18 pairs of counts was + 3 7 and the 
mean difference between pairs did not differ signifi- 
cantly from zero These counts were about 05 or 
l per cent of the total cell number for the smaller 
primordia (Nos 3 or 2) and 01 per cent of the 
total for the sixth primordium The extension of 
counts to more mature leaves using chromic acid 
maceration? showed a linear relationship for log cell 
number up to about the eighth or ninth leaf in both 
species 

We thank G M Clarke for statistical treatment and 
the British Council for an Overseas Scholarship to 
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Potential Productivity of Marrow Stem 
and Thousand-headed Kale 


SEED of marrow stem kale was sown in August and 
the plants transplanted to permanent quarters in 
October Approximately half of the plants flowered 
m the following spring The non-flowermg plants 
continued their vegetative growth and were sampled 
by the ‘perfect plant method’ in the following 
October Dry-matter production (excluding roots) 
was equivalent to 9 7 (from an August 4 sowing) and 
76 (from an August 19 sowmg) tons per acre If we 
neglect the weight of the plants at transplanting 
time this represents a complete year’s production of 
dry matter Plants from later August and Septembei 
sowings, transplanted m April produced by October 
8 6 and 6 2 tons of dry matter (excluding 100ts) pe 
acre Comparable production figures for thousand- 
headed kale from these later sowings were 77 and 
62tons These figures represent a production of dry- 
mattei two or thiee times as great as that obtained 
when the kales are sown 1n the traditional manner in 
April, and much in excess of that obtamed with other 
agricultural crops They may be compared with the 
annual dry matter production of 7 6 for the evergreen 
Penus', 3 2 for birch?, and 1 6-5 6 tons per acre for 
natural herbaceous vegetation® 

The high productivity of the kales undoubtedly 
results from their early development of a full leaf 
cover, the autumn-transplanted mairow stem kale 
having a mean leaf area index of 0 4 by early May and 
one of approximately 2 0 by the end of that month, 
which compares with a leaf-area index of 0 06 at that 
date for a commercial crop sown in April as 18 cus- 
tomary, and which yielded 33 tons of dry matter 
per acre 
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Cytochrome c Oxidase, the Fermina Oxidase 
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Table1 THE EFFECT OF CARBON MONOAIDE/OXAYGEN AND NITROGEN / 
OXYGEN GAS MI\TURES ON THE RESPIRATION OF Iris RHIZOME AND 
BAKER’S YEAST 


Organisms Inhibitor Per cent inhibition 
as compared with 
controls in an at- 
mosphere of 95 
per cent nitrogen/ 
5 per cent oxygen 

He pei een carbon raono eet 
per cent oxygen in dark 60 
Rhizome tissue 95 per cent carbon monoxide/ 
5 per cent oxygen in light 0 
95 pei ceni carbon Honores / 
ad 5 per cent oxygen in dar 60 
Baker's veast 95 per cent carbon monowxide/ 
5 per cent oxygen m light 0 


were split lengthways, rinsed and used immediately 
The uptake of oxy gen of the ‘half-cores’ was measured 
in Warburg manometers at 10° in a damp atmosphere 
of 95 per cent carbon monoxide/5 per cent oxygen 
or 95 per cent nitrogen/5 per cent oxygen both in 
the hght (250-W mercury vapour lamp) and in the 
dark A suspension of baker’s yeast ın 0 1 M phos- 
phate buffer, pH 6 0, was also used as a comparison 
and the dark carbon monoxide inhibition was 60 
per cent in both cases and fully reversed ın the light 
(Table 1) 

It is generally accepted that cytochrome c oxidase 
is the vermmal oxidase of baker’s yeast and the fact 
that a simular light-reversed carbon monoxide inhi- 
bition of 60 pei cent was obtained with 72s 1s evidence 
that a similar state of affairs exists in this tissue 
These results would support the widely held view 
that cytochrome c oxidase forms the main terminal 
oxidase even in mature plant tissues? 
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Fig 1 Graphs against tıme of (A) specific growth-rate in 
arbitrary units, (B) its reciprocal, (C) its negative (deficit below 
its maximal value) 


looking mto the basis for Minot’s view on the rate 
of senescence Most people probably believe that his 
relation umplies that the state of senescence is pro- 
portional to the reciprocal of the specific growth-rate 
and accept ıt on this understandmg. However, if 
the reciprocal of the values of the specific growth- 
rate in Fig 1,4 are plotted on a suitable scale (Fig 

1,B) the curve 18 a climbing exponential, convex and 
not concave to the time axis, the rate increasing most 
slowly at first and progressively more rapidly after- 
wards ; this 1s 1n keeping with the specific death-rate 
and other criteria, as well as with mtuitive judg- 
ments Miunot's relation really assumes that the state 
of senescence 1s proportional to the negative of the 
specific growth-rate (Fig 1,C) or more precisely to 1ts 
deficit below an initial maximal value, that 1s, to 
(k—2) rather than to k/x. This has much less appeal 
on the score of biological rationale, and so there 1s 
neither a very strong argument, nor much evidence, 
in favour of his relation, with its grotesque paradox 

Ti- aasantian should ereatlv clarify the situation and 
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but is maximal between sixty and seventy years of 
age, and slower ın the very old Consequently the 
specific growth-rate inereases agai in old age There 
1s direct evidence of this in the rate of cell division 
m some tissues*. Other properties also reverse their 
trend in later lfe, and if this is true of senescence, 
also, 1t may provide some slight justification for the 
popular jest about second childhood5 
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MICROBIOLOGY 


Physical Conditions as Important 
Factors for the Regeneration of Naked 
Yeast Protoplasts 


IN our previous papers! we have discussed the 
growth and regeneration of naked yeast proto- 
plasts of Saccharomyces cerevisiae obtained by means 
of cell wall autolysis In the former experiments the 
growth and regeneration took place on solid synthetic 
media The frequency of regeneration was low on 
these media, while nearly all the protoplasts were 
capable of growth, in fact only about 1 per cent 
regenerated into new yeast cells (in a complicated 
manner formerly described). 

Studying the factors mfluencmg regeneration, we 
have found that practically all the protoplasts are 
capable of regeneration under suitable conditions We 
were successful in finding conditions under which the 
protoplasts regeneration ıs nearly 100 per cent 

Protoplasts do not regenerate m liquid media at all 
The frequency of regenerations 1s very low on the 
surface ef ga agar media and the chemical composi- 


GF rri$ pseudacorus L. 


WHILE ib is generally agreed that cytochrome c 
oxidase ıs the terminal oxidase of embryonic plant 
tissues, some workers doubt if it has this role m older 
plant tissues as well: It is of interest that a mature 
tissue such as the rhizome of I:s pseudacorus L, 
obtained from a Lancashire marsh, should contain a 
cytochrome system which might reasonably be 
claimed to account for the oxygen uptake of the 
tissue The xhizome tissue used was cut from within 
the endodermis of the current year's growth, 1 0 em 
oi farther from the meristematic region The cells 
were typical parenchymatous cells except that the 
tissue also contained some vascular cells 

The presence of a cytochrome system was apparent 
fiom the absorption spectra of slices of reduced tissue 
when examined with a direct-vision spectroscope 
The positions of the maxima of the absorption bands 
in the visible region corresponded approximately 
with the (a + @s)a, ba and ca cytochrome bands of a 
reduced yeast suspension with which they were 
compared, except that the be and ca bands of the 
Iris tissue were not distinctly separated 

Cores of tissue were used for respiration experi- 
ments These cores 1 em diameter and 25cm long 


WE owe to Minot! a starthng parauua - rniew 
that the rate of senescence is most rapid at the 
begining of life and slowest at the end to quote 
the fourth ot the laws by which he summarized his 
conclusions, ‘Senescence is at its maximum in the 
very young stages and the rate of senescence dim- 
muishes with age" The justification for his view was 
that the mtrmsic 01 specific growth-rate of the tissues 
decreases most rapidly at the outset and progress- 
ively more slowly afterwards, following a roughly 
exponential die-away curve (Fig 1,4) It seemed a 
reasonable assumption that the senescent state is 
1elated to the loss of the power of growth and so the 
paradox has been widely accepted, notwithstanding 
the intuitive conviction that the process of senescence 
is not significant until after the prime of life The 
postulated initial, rapid stages of senescence have to 
be shrugged off as ‘insensible’ 

However, there are properties ielevant to senes- 
cence which can be measured and which aie not 
found to mcrease most rapidly at the outset the 
specific death-rate, for example, 1s minimal not at 
the outset but in late childhood , it then begins to 
increase slowly, with progressive aeceleration?, and 
not most rapidly at first It 1s therefore worth 
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and growth-rate 1s only acceptable with a certam 
stipulation In man increase in height and weight 
ceases around the age of thirty At this early age, 
therefore, when he is manifestly m his prime, the 
reciprocal of the specific growth-rate tends to m- 
finty Soon after this time actual shrinkage begms, 
and the specific growth-rate becomes negative 
Consequently, 1ts reciprocal now swings sharply to 
— oo and then climbs to finite but permanently 
negative values To convert this mto biological 
sense ib 18 necessary to assume that the relevant 
growth-rate 1s not mere increase m size but that of 
growth m the broadest sense, mcluding maintenance 
and repair—perhaps m fact anabolism «n toto? Growth 
n this sense remains positive throughout hfe, though 
eventually unable to keep pace with catabolism It 
does not imply an infinite rate of senescence at any 
stage, therefore With this modification, moreover, 
senescence is not maximal at the age of thirty, 
there ıs no discontinuxy at that age, anabolism 
continuing a smooth deelmne 

There 1s a further pomt which deserves attention 
The rate of shrinkage in man, as shown, for example, 
by Quetelet’s datat, does not merease to the end 
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frequency of regenerations But nearly 100 per cent 
regeneration can be achieved 24 hr after moculation 
by cultivation of protoplasts inside solid media 
contaming gelatin (see Table 1) (On the surface of 
agar media regeneration does not take place before 
5 days ) 

It 1s seen from Table 1 that the concentration of 
gelatin 1s umportant Regeneration is not accomp- 
lished ın gelatin with concentration less than 15 per 


Table 1 


Concentration of gelatin 
(per cent) 
15 20 


Mode of 


Medium cultivation 10 


30 


On the surface 
Synthetic of gelatin 0* 


Inside gelatin 


Synthetic 
+ 30 per 
cent of gel- 
atin hy- 
drolysate 


On the surface 
of gelatin 0 0* 


Inside gelatin 0 Beg +— Reg Reg 





* Only the protoplasts which have penetrated ito gelatin regen- 
erate 

0, No regeneration, Reg + —, sporadic regeneration, Reg , nearly 
all the protoplasts regenerate 
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cent (at a temperature of 22° C) Protoplasts 
growing on the surface of gelatm of any concen- 
tration do not regenerate, but protoplasts have 
proteolytic activity and can penetrate mto the 
gel where they can regenerate The contact of 
a protoplast with gelatm gel 1s not sufficient for 
regeneration, protoplasts have to be surrounded by 
the gel Further, we can see from Table 1 that 
regeneration does not take place in media contaming 
30 per cent of hydrolysate of the gelatm, unless a gel 
of unhydrolysed gelatm of proper concentration is 
used Thus, regeneration 1s not mfluenced by the 
chemical composition of gelatm Regeneration 1s not, 
hkewise, accomplished m liquid media with albumin 
of different concentrations 

It may be concluded, therefore, that nearly all the 
yeast protoplasts have not only the ability to gow but 
also capacity for regeneration, and that physical con- 
ditions, that 1s, surrounding of protoplasts by the gel 
of certain consistency, are important for regeneration 
The explanation of the mechanism of this process 
will be considered later 

These results, as well as the micro-cmematographic 
1egistration of the whole process, seem to disprove 
the opmion of Eddy and Williamson? that m naked 
yeast protoplasts there ıs not an autoregeneration, 
but a formation of cells by budding of spores aceiden- 
tally present in the suspension of protoplasts 
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VIROLOGY 


Transmission of Clover Phyllody Virus 
by Aphrodes bicinctus (Schrank) in 
North America 


PHYLLODY, a disease of clovers, occurs m eastern 
North America and appears to be simular or identical 
to the disease present in England, continental Europe 
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sıx healthy plants later showed signs of virus infection 
(chlorosis. Lronzmg and stunting) and five out of 
the six plants developed phyllody symptoms ‘The 
remaining plant failed to flower 

Three adults of A becinctus, collected at Lavaltrie, 
Quebec, from a field of clover where phyllody was 
naturally present, were allowed to feed on disease- 
free ladino clover for one week to determine if they 
carried the virus They were then allowed to feed for 
nine days on ladino clover which was infected with 
phyllody virus, after which they were transferred to 
virus-free ladino clover plants at wregular intervals 
until the last msect died. The leafhoppers were not 
viruhferous when captured but became infective after 
feeding on diseased plants They transmitted the virus 
to each of four healthy test plants on which they were 
serially transferred These plants later displayed 
typical leaf symptoms Three out of the four clover 
plents developed phyllody 

These experiments demonstrate that A beconctus 18 
capable of transmitting the virus that causes clover 
phyllody m North America A search for additional 
vectors of the virus in eastern Canada 1s ım pro- 
gress 

This 1s believed to be the first report of transmission 
of the virus causing clover phyllody by a leafhopper 
m North America 

Grateful acknowledgment is extended to Dr 
W R Richards, Entomology Research Institute, 
Ottawa, for identification of Aphrodes bicinctus 
(Schrank) 
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Movement of Tobacco Mosaic Virus 
through Epidermis of Nicotiana gluti nosa 
Leaves 
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were taken 3, 31, 20 and 21 hr after moculation 
The experiment was 1epeated several times No local 
lesions appeared on the stripped area even 48 hr 
after strippmg, whereas about 150 local lesions 
appeared 23-26 hr after moculation on the rest of 
the leaf On the other hand, bio-assays of areas 
devoid of epidermis revealed that virus was always 
present even after only 3 hr In another experiment, 
portions of the epidermis of detached leaves were 
stripped off and 20 hr later the stripped areas were 
then moculated in the usual manner No local lesions 
appeared on the stripped areas 

Stripping of the upper epidermis is very difficult, 
presumably because the epidermal layer 1s tightly 
connected to the underlying palisade cells The strips 
were examined under the low magnification of a 
compound microscope and appeared to consist of the 
epidermal cells plus a thin portion of the palisade 
layer The palisade layer was therefore rather 
heavily damaged. ın the stripping process 

It appears that in detached N glutinosa leaves 
tobacco mosaic virus penetrates through epidermal 
strips into the palisade in less than 3 hr , but that for 
some reason under my conditions, the presence of 
epidermis is iequired for necrotic lesion forma- 
tion 

This work was done while I was a research assistant 
at tho University of California and was supported in 
part by a grant No #-3415 from the National Institute 
of Allergy and Infectious Diseases, US Public 
Health Service 
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Fig 1 Utilization of sheep red blood cells in the heemadsorption 


test for myxoviruses 


(Japan 305), B (Lee and B54), and mumps vuus 
Controls consisted of normal unmoculated cells and 
infected cells to which a 1 10 dilution of specific 
rabbit virus antiserum or normal rabbit serum was 
added 10 mim prior to the addition of sheep red 
blood cells In all cases the controls showed no 
hemadsoiption It was also possible to show hæmad- 
sorption to sheep red blood cells with an influenza C 
strain 1n a continuous hine of cells isolated from rabbit 

heat 
Fig 1 shows hemadsorption ‘rosettes’ seen with 
myxoviruses and the kerato-acanthoma cell lme 
Very little difference 18 seen between the response in 
the case of mumps virus and two of the influenza A 
strains (PE8, and FM1) tested (Figs la and b) In 
the case of the A2 stiam (Fig le), however, the 
‘rosettes’ often take on a much heaviei appearance 
The reason for this occurrence 1s not known, but ıt 
may be related to the amount of ‘free’ virus on the 
Iot 'rngettoq! nre nnt seen ag nften 
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TIMBER TECHNOLOGY 


Effect of Temperature on the Strain 
Recovery in Wood 


UNTIL recently, strains occurring beyond the limits 
of plastic creep 1n wood were, because of the similarity 
to creep in crystalline solids, identified with micellar 
creep in cellulose and considered as plastic strains! 
Investigations earned out by Ivanov’, m which 
swollen wood was subjected to cyclic loading and 
unloading with compression stresses above the limit 
of plastic creep along the fibre direction, showed that 
afte. each cycle of loading and unloading, both 
elastic and residual strains are increasing Moreover, 
Ivanov found that strams occurrmg durmg compres- 
sion beyond the limits of plastic creep, when wood 1s 
compressed along the direction of fibre length until the 
moment of showing symptoms of failure, were not 
connected with microscopie displacement of wood 
structure components On the other hand, strains 
occurrmg beyond the limits of plastic creep when 
wood 1s compressed across the fibre direction are, to 
some extent, related to the deformations of cell 
cross-section. shapes?. 

On the basis of present available research results, 
strains occuirmg m wood can be divided into three 
categories elastic strams, elastic lagged strains, and 
plastic strains 

Investigations on the stress relaxation m wood 
showed that stresses are undergomg relaxation with 
the passage of time regardless of whether they are 
higher or lower than those occurrmg at plastic creep 
hmit* 5, 

Moisture content and temperature of wood are 
exerting a decisive effect on the relaxation of stresses 
in such a way that the merease of moisture content 
and temperature is accelerating stress relaxa- 
tion®. 

We have now determined the effect of tem- 
perature on the stram recovery m wood after 
compression across the fibre direction The detailed 
results of these experiments are to be published 
m the near future  Expernnenis which are the 
subject of this report were conducted on green. 
maximum swollen beech-wood (Fagus sylvatica L) 
Samples of dimensions 20 x 20 x 30 mm _ were 
subjected to compression with a thrust amounting 
to 120 per cent of ultimate strength (cp) For ult- 
mate strength, the stresses corresponding to the limit 
of plastic creep were assumed 

Experiments consisted of the following independent 
treatments (1) loading of wood at 20° C followed 
by heating 16 to 100? C after a lapse of 24 hr from 
the moment of unloading, (2) loadmg of wood at 
20° C followed by heating 1t to 40, 60, 80 and 100° C 
1mmediately after unloading, (3) loading of wood at 
20, 40, 60, 80 and 95° C and observing the strain 
recovery at the same temperatures 

Because the wood was wet and in & state of 
maximum swelling, water used as a heating medrum 
was raised, to the predetermmed temperature in order 
to eltmmate the possible effect of wood moisture- 
content changes on the results of observations In 
the evaluation of test results, the correction resulting 
from anomalies of the coefficient of Imear temperature 
strains ın moist wood was introduced 

Maximum swollen wood, when heated in w, 
18 subject to elongation in a tangential di 
and contraction ın radial and lo 
directions?-? 
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Fig 1 Effect of temperature on the strain recovery in beech- 
wood compressed across the fibre direction 


Experiments m the first treatment showed that 
wood, like other substances with large molecules of 
cham structure”, 1s also subject to the thermo-elastic 
strain recovery effect This phenomenon appeared 
also when the temperature of wood, previously 
steamed for 6 hr, was increased from 20° C to 
100° C 

The effect of temperature on the stram recovery, 
expressed ım percentage of stram, and observed 
immediately after unloadimg, 18 lustrated in Fig 1 
It is evident that the rate of strain recovery mcreases 
with the rise of temperature Also 15 may be noted 
that at 80? C and 100? C, wood sample dimensions 
imn the direction of compression exceed initial dimen- 
sions in that direction. 

From Fig 2 1+ may be seen that wood previously 
heated to various temperatures and loaded with the 
same compressing force (120 per cent op) recovers 
its muitial dimensions almost completely when heated 
durmg loading, and after unloading mamtains these 
dimensions regardless of the magnitude of strain 
which occurs durmg loading 

From the results obtained 1b 1s evident that when 
maximum swollen wood 1s heated it acquires a high 
degree of elasticity There 1s a probability that the 
total strain oceurrmg at some moment after unloadmg 
the wood sample, and regarded commonly up to now 
as a plastic strain (durable, non-recoverable), 18 only 
apparently plastic, beng the sum o ala at in 
and real elastic strains ‘The 
elastic strain xs imbtrinsically 
temperature after unload 
of compressing beo 
the strain, whic 
one, prove 
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Fig 2 Effect of temperature on the strain and strain recovery 
m beech-wood loaded with equal compressive force of 120 per 
cent op in the tangential direction 


In view of these facts, the problem of dividing 
apparent plastic strains in wood into thermo-elastic 
and real plastic strains ıs of great importance 

On the basis of these experiments we propose the 
partition of strain recovery ın wood according to the 
scheme presented in Fig 3 


Only those strains 
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which remain after the first thermoplastic effect can 
be considered as the real plastic strains (erps) It 
was experimentally corroborated that further merease 
of temperature, for example in time t; (Fig 3), results 
in very httle, if any, increase of strain recovery. In 
order +o determine the value of real plastic strain 
caused by compression of moist wood across the 
fibre direction, ıt 18 sufficient, 1t seems, to separate 
the thermoplastic stram (ere) from apparent plastic 
strain (caps) by accelerating stram recovery by 
raising the temperature of the wood 


MaACIEJ LAWNICZAK 
Institute of Wood Technology, 
JAN RACZKOWSKI 


Timber Technology Department, 
High College of Agriculture, 
Poznan. 
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MISCELLANEOUS 


Philosophical Transactions of the Royal 
Society 


IN connexion with Dr Wightman’s article in 
Nature of Oct 7, p 23, on the relationship between 
the Royal Society and the Philosophical Transactions 
in the seventeenth and early eighteenth centuries 
and his emphasis on the unofficial character of the 
Transactions, 15 may be mteresting to note that the 
abridgement of these up to the year 1700, prepared 
by John Lowthorp, appears to have been officially 
sponsored by the Society. The fly-leaf of the third 
edition, printed ın 1722 after the publication m the 
preceding year of a further abridgement of the 
Transactions for the years 1701-20 by Benjamin 
Motte, carried the following advertisement : 

“May 5, 1703 At a meeting of the Royal Society. 
Sir John Hoskyns, V P. m the chair, Mr. Lowthrop 
Presented a Proposal for printing an Abridgement of 
the Philosophical Transactions This Design was 
Approved by the Society and He was Desur’d to 
proceed therein ”’ 

This 1s followed by the subscription 

“May 12 1705 
Impimatur 
Is Newton, RS Pr” 
(Lowthorp’s name 1s so misspelt and the 'r' omitted 
from the word ‘imprimatur’ in my copy ) 

In contrast, the abridgement by Motte carries 

only a commendatory notice, dated July 26, 1720, 


signed “Edm Halley, Seer Reg Soc" 


O M LIDWELL 


l Public Health Laboratory, 
mB lindale Avenue, 
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EDUCATION FOR LEADERSHIP 


N his presidential review to the Rockefeller Founda- 
tion for 1960*, Mr G J. Harrar, who succeeded 
Mr Deak Rusk as president on July 1, 1961, pays 
particular attention to the deep interest which the 
Foundation has taken from the first in the welfare of 
people in the less-developed countries. Originally 
this was manifested through the fundamentai studies 
and programmes in public health which its Inter- 
national Health Division undertook m many parts of 
the world Now tt is equally manifest m the agricul- 
tural programme, which, begmning in Mexico, covers 
co-operative projects in Colombia, Chile, India and 
the Philippines, and the Foundation’s researches on 
arthropod-borne virus diseases has at various times 
involved co-operative field stations in six different 
countries Supplementing these programmes and 
partly mn support of them ıs the increased emphasis 
on training individuals from many countries for 
leadorship in national and international development, 
and trammg ıs now a major sector of the Foundation’s 
whole programme and ıs strongly oriented toward 
the less-developed countries Indeed, taking into 
account the increasing proportion of the Founda- 
tion’s grants which seek to strengthen educational 
and research institutions overseas, education for 
leadership, particularly ın the less-developed 
countries, could fairly be described as the dominant 
theme in the President's review; and 15 18 presented 
with all the lucidity, cogency and balance which 
have marked the reviews of his distinguished prede- 
Cessors 
Mr  Harrar notes first that the Foundation’s 
fellowships are awarded to strengthen institutional 
faculties by enriching the experience of mvestigators 
and teachers, as well as for training younger indi- 
viduals who plan careers in teaching and research 
Again, its travel awards have enabled many respon- 
sible leaders in all aspects of national planning 
to observe principles and practices in use elsewhere, 
and a considerable number of American scholars 
and scientists have worked for extended periods 
with colleagues in overseas institutions Further, 
individuals who have been associated with Founda- 
tion operating programmes or who have received 
training awards have been given assistance on 
their return to their parent institution to make 
them professionally more effective and to stuengthen 
their departments and institutions Many grants, 
too, aro made each year to institutions, departments 
and projects in the United States and abroad which 
seem of promise, the objective bemg to increase 
knowledge in 1ts application for the benefit of man- 
kind 


* The President's Review from the Rockefeller Foundation Annual 
Report 1060 Pp 96 (Rockefeller Foundation, 111 West 60th Street, 
New York, 1901 ) 


ln many countries the most urgent needs are for a 
steady rise in standards of living and for the broaden- 
ing of scholastic, mtellectual and creative oppor- 
tunities; but m some, early priority must be given 
to improvements in sanitation, public health and . 
medical care, and to increased food production as the 
basis of an adequate diet Until these requirements 
are satisfied, Mr Harrar points out, real progress 1n 
housing, transport, communications and other tech- 
nologies 18 impossible scholarly activities and the 
creative arts are unlikely to flourish among sick or 
under-nourished people The need for more qualified 
persons to accept major responsibilities in govern- 
moni, education, science, technology, and economic 
and social development 1s manifest everywhere. 
Innate ability is not lackmg, but opportunities for 
its full development are often grossly madequate, 
and accordingly the most important single element 
m the progress of the less-developed or emerging 
States 1s leadership. Both the quality of trammng 
and the number trained are important, and these 
Mr Harrar fully recognizes are primarily & national 
responsibility, philanthropic and other foreign 
agencies can only help at critical points, particularly 
at the more advanced levels. Although most future 
leaders and investigators must necessarily receive 
their basic trainmg at national institutions, and can 
only be sent overseas for training on a selective basis, 
it 18 for this reason that bodies lıke the Rockefeller 
Foundation are especially concerned with traimng 
for leadorship 

The urgent and growing demands being made on 
scientific and technological man-power and on pro- 
fessional man-power make ıt the more important that 
such resources should be used with skill and per- 
ception Here Mr. Harrar suggests that private 
foundations operating overseas have a unique oppor- 
tunity to assist in creating patterns by which the 
limited numbers of highly tramed individuals in 
less-developed countries can contribute most effec- 
tively to research and to the training of younger 
people If these leaders are properly situated, 
supported and encouraged, they can create islands of 
excellence which, with increasing numbers, may grow 
and coalesce into a firm base for genume progress 
In view of the many opportunities for investment in 
excellence in the United States, the Rockefeller 
Foundation 1s mcreasingly selecting those which may 
ultimately pay substantial dividends both there and 
abroad, a significant proportion of the Foundation’s 
grants to educational institutions in the United States 
are now in recognition of their part ın traming people 
from the less-advanced, countries, and to assist the 
extension of various phases of institutional pro- 
grammes in the United States into critical areas 
abroad 
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In this belief that the gieatest challenge to private 
foundations 1s their work for the benefit of mankind, 
Mr Harar discusses further the importance of 
educational developments 1n the less-developed 
countries and the contribution of the Foundation’s 
scheme of fellowships and traimng grants for study 
abroad These have been used to assist particularly 
promising or enterprising individuals, with the object 
of encouraging the development of growing points of 
excellence The Foundation’s interest 1n programmes 
for the control of specific diseases has almost entirely 
given place to this type of development ‘There 1s, 
however, one exception, namely, the virtually world- 
wide problem of malnutrition, and for the past twenty 
years the Foundation has been attacking this problem 
at what might be regarded as 1ts source—inadequately 
developed agricultural practices Attention has also 
been given to the adaptation of available food supply 
to biological needs, and three grants durmg the 
current year—one to Harvard University for a 
co-operative project with the Medical School in Cah, 
Colombia, one to the National Institute of Nutrition 
ın Mexico, and one to the Institute of Nutrition of 
Central America and Panama in Guatemala—aie 
cited as contributions in the Foundation’s continuing 
programme for improving theory and practice in 
nutrition 

The problem of food supply and nutrition 1s, how- 
ever, closely linked with that of population and its 
growth, and here for thirty years the Foundation has 
sought opportunities to advance knowledge of all 
aspects of the reproductive process, while latterly 
the psychological implications of the reproductive 
process and sociological study of the pattern of 
population growth have received attention This 
latter aspect has received particular attention from 
the Population Council, which has done a great deal 
to increase world knowledge of the population 
problem, and last year arranged with the Johns 
Hopkins School of Public Health that the School 
should add to its staff experts in various phases of 
the population question Some of their time will be 
spent at Johns Hopkins studying matters of basic 
theory and practical application, but an appropriate 
portion of their time will be available to the Popula- 
tion Council for field-work in co-operation with 
government health services responsible for planning 
more orderly changes ın the size of population. 

The Rockefeller Foundation has participated m 
initiating this new arrangement, which should 
increase the number of competent investigators of 
the difficult problem of how to change public attitude 
and practice in this field For the past five years, 
too, the Foundation has been exploring possible ways 
of increasing the supply of well-trained diplomats for 
the execution of foreign policy and the effective 
representation of the interests of the emerging 
countries’ interests abroad The critical importance 
of this factor has been repeatedly demonstrated by 
the events of the past year, but 1n this field assistance 
in training well-qualified leaders 1s a far more complex 
problem and directly involves issues of national 
independence, prestige and pride 
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One method adopted by the Foundation origmated 
from the request of the representative of & South 
Asian country for help in strengthening the library 
of his Ministry of Foreign Affairs, which was quite 
inadequate for present-day needs. Some twenty-five 
countries have now Bought such assistance, which has 
been provided for twenty-one after discussion with 
the ambassador or a senior official of each country, 
while representatives of more than twenty countries 
took the mitiative m requesting further aid and 
guidance in training their young diplomats In con- 
sequence, the Carnegie Endowment for International 
Peace formulated a programme for creating & corps 
of diplomats thoroughly conversant with the practices 
and procedures of modern international relations 
Under this programme, to which, since April 1959, 
the Rockefeller Foundation has contributed 525,000 
dollars, sixteen Fellows nominated by the govern- 
ments of fifteen newly mdependent countries have 
been sent to the School of International Affairs 
at Columbia University or the Geneva Graduate 
Institute of International Studies, a part time 
seminar for younger diplomatic officers mn embassies 
in Washington has been conducted by members of 
the Johns Hopkins University School of Advanced 
International Studies, and a trammg programme 
arranged m New York for young representatives of 
missions to the United Nations ] 

A iramuimng and study programme at & more 
advanced level, involving a year of intensive study, 
has also been arranged at Harvard University and, 
taken together, the two programmes, to which the 
Foundation has contributed 668,200 dollars, represent 
a carefully designed attempt to meet the urgent 
needs of countmes which almost overnight must 
develop a structure of government that requires 
competent and qualified foreign service personnel 
No one would suggest that such measures alone will 
solve the whole problem Stability and security 
must await the slow process of educating whole 
nations in the difficult art of responsible government, 
but the Rockefeller Foundation 1s clearly malung a 
valuable contribution to a vital element in the 
provision of leaders of understanding and imagina- 
tion . 

There are other fields also in which the Rockefeller 
Foundation 1s seekmg to meet these needs of the 
emergmg and under-developed nations. Mr Harrar 
refers to its efforts m dealmg with the language 
problems ın Peru and Bolivia, and intellectual com- 
munication between Latin America and the United 
States and among the Latin American countries 
themselves, but one of the most interesting sections 
of his review 18 that 1n which he describes the growing 
interest of the Foundation m the agricultural develop- 
ment of Africa, and particularly its efforts to enable 
the existing agricultural institutions of Africa to 
provide well-rounded organic programmes of agrı- 
cultural research During 1960 the Foundation 
appropriated funds for this purpose to four mstitu- 
tions of university-level and one college of technology, 
as well as making awards to several experimental 
stations in East Africa for research on cereal crops 
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and for studies of livestock physiology Thus, 41,300 
dollars went to the University of Khartoum faculties 
of agriculture and vetermary science, and 75,000 
dollars to the University College of Rhodesia and 
Nyasaland for intensive studies of micro-organisms 
and their capacity for fixing nitrogen and on the 
range and adaptability of native species of grasses 
and their capacity to provide optimum grazing con- 
ditions for cattle Lovanium University, in the 
Congo, received 26,300 dollars for the purchase of 
X-ray equipment for the study of the mineral content 
of tropical soils and the influence of weathermg on 
them The Department of Agriculture at the Univer- 
sity College of Ibadan, Nigeria, received 40,000 
dollars to accelerate studies of production economics 
and of the marketing, preservation and storage of 
produce and for studies of grass management systems 
for Ndama cattle, while 42,750 dollars went to 
Kumas: College of Technology for teachmg and 
research equipment for agricultural science Grants 
to the East African Agricultural and Forestry 
Research Organization, the Kenya Department of 
Agriculture and the East African Vetermary Research 
Organization brought the Foundation’s total con- 
tribution in this field in 1960 to 405,350 dollars 

This 18 only a fraction of the Foundation’s appro- 
priation of 6,713,314 dollars for programmes in 
agricultural sciences 1n. 1960 out of a total appropria- 
tion of nearly 33 million dollars, and of this some 2 6 
milhon dollars were for the operating programmes in 
this field It compares with appropriations of 10 25 
million dollars ın medical and natural sciences, nearly 
4:5 million dollars for the humanities and nearly 4 
million dollars for the social sciences, but it ıs 
interesting to note something of the same pattern m 
the allocation of grants by the Nuffield Foundation 
described ın its latest annual report Grants allocated 
for the Commonwealth Overseas amounted to some 
£375,000, including £250,000 for the proposed medical 
school at the University College of Rhodesia and 
Nyasaland, and its fellowship and scholarship 
schemes of £226,000 from grants which totalled £2 26 
mulhons during the year, of which nearly £90,000 was 
for scientific research and just over £300,000 for 
medical research, the total amount for the Common- 
wealth Overseas being £600,000 While the Nuffield 
Foundation ıs clearly not directing the same effort 
to agricultural science as the Rockefeller Foundation, 
both Foundations are manifestly placing their 
emphasis on the support and fostermg of excel- 
lence 

There are, indeed, passages in Mr Harrar’s review 
to the Rockefeller Foundation which seem to over- 
look the 1mportance of an educated democracy and 
the dangers which can attend the use of the media 
of mass communication by the demagogue in the 
more backward countries By and large, however, 
the efforts of the Rockefeller Foundation to help the 
emergent nations to develop the type of leadership 
and tramed men and women they need are soundly 
and imaginatively conceived, and well designed to 
achieve their purpose if only they are given reason- 
able time 
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SURVEY OF ANTIBIOTIC 
LITERATURE 


Antibiotica 

Herkunft—Arten—Ejigenschaften Von Prof T. 
Korzybski und Prof W Kurylowiez Pp xix-4-1105 
(Jena Gustav Fischer Verlag, 1961) 130DM 


HIS book, first pubhshed m Warsaw in 1955, 

now appears in German after bemg brought 
up to date. Its objectis to summarize in a systematic 
way the enormous amount of antibiotic literature 
which has appeared since the discovery of penicillin 
The authors believe that ıt will help in the very 
difficult problem of quickly identifymg an antibiotic 
met with in antibiotic research if ıt has already 
been described in the hterature 

In the introduction, the authors pomt out that ıt 
is not possible yet to classify antibiotics from a 
chemical point of view as so many of the antibiotics 
described are of unknown chemical structure Hence, 
they chose to classify antibiotics according to their 
sources ‘There are seven chapters dealmg, ın turn, 
with antibiotics from bacteria, Actmomycetes, Fungi 
Imperfecti, Basidiomycetes and Ascomycetes, lichens 
and algae, higher plants, and animal sources. The 
first three chapters are further subdivided, Chapters 
l and 3 on the basis of a sub-classification of the 
source, while m Chapter 2, which comprises more than 
half the book, the prmeipal basis of subdivision 18 
the type of antibiotic activity displayed. 

Despite the fact that ıt 1s not possible to classify 
all antibiotics from a chemical point of view, there are 
a few clearly recognizable chemical groups and these 
are treated together by the authors Thus Section C 
of Chapter 1, which deals with antibiotics produced 
by bacilli, contams a useful general discussion of 
polypeptide antibiotics, and the polypeptide anti- 
biotics produced by Actinomycetes are dealt with 
m a section of Chapter 2 This chapter also mcludes 
a section dealing with the Macrolide group of anti- 
biozes (Erythromycin, Magnamyem, ete) and the 
antibiotics active against moulds are divided into 
the polyene antibiotics and others, and a brief general 
discussion of the polyene antibiotics 1s given. 

From the narrow point of view of the identification 
of a particular antibiotic, a basic classification on, for 
example, extractability into various types of solvent 
might have been preferable to that adopted. But 
the authors have a rather broader purpose; they 
appear to have made satisfactory use of order 
wherever ıt exists, and they have probably produced 
as good and workable a classification as is possible 
at the present time 

The articles on individual antibiotics aim at giving 
the name and description of the source; a summary of 
culture media, methods of cultivation, isolation and 
purification ; the physical and chemical properties; the 
antibiotic spectrum, the toxicity found in animal 
experiments, and the ultimate importance m medical 
research such as clinical application, if any Natur- 
ally, many descriptions are not complete, either due 
to tbe absence of information in the literature or 
because statements in the literature are not sufBoi- 
ently precise 

The preface is dated June 1960, and the latest 
reference appears to be dated September 1959 
Allowmg for the great amount of work that must 
have gone into the preparation of the book for the 
press, this appears to represent as small a time-lag 
as could be hoped for, so that the book may be con- 
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sidered satisfactorily up to date. Extensive tests 
have foaled to reveal any omissions so that the book's 
coverage of its field appears to be complete 

Besides the pages of contents, which list all anti- 
biotics described by namo, there are an author index, 
an index of antibiotic names and an index of sources 
With these aids, no reader should experience any 
difficulty 1n finding what he wants 

I have read a number of individual articles dealing 
with antiboties and ın every case the article was found 
to present a very satisfactory and accurate summary 
of the formation available m the literature 

The bibhographies are very good and wherever 
possible references are included to review articles and 
monographs which contam comprehensive biblio- 
graphies 

Careful perusal of the book from all pots of view, 
therefore, suggests that ıt 1s dostined to become an 
important work in the field of antibiotic research 
The price will, unfortunately, probably prevent many 
mdividual research workers from buying 16, but 1b 18 
a book which should be included m any hbrary 
which makes a serious attempt to cover antibiotic 
interests In such libraries ıt will almost certainly 
prove to be in constant demand. B K KELLY 


TRAITÉ DE ZOOLOGIE 


Traité de Zoologie 

Anatomie, Systématique, Biologie — Publié sous la 
Direction de Pierre-P. Grassé Tome 5, Fascicule 1 
Annélides, Myzostomides, Sipunculiens, Echuuriens, 
Priapuliens, Endoproctes, Phoronidiens Pp vuui+ 
1116+5planches Fascicule2 Bryozoaires, Brachio- 
podes, Chétognathes, Pogonophores, Mollusques 
(Génerahtés, Aplacophores, Polyplacophores, Mono- 
placphores, Bivalves ) Pp 1168+85 planches (Paris 
Masson et Cie, 1960) Broché 180 NF , cartonné 
190 NF each 


HE present weleome volume, m two fascicules, 
deals with a number of separate and not all 
closely related groups of the lower invertebrates as 
indicated ın the titles Both fascicules contain almost 
precisely the same number of pages Each has a 
short list of errata, a detailed and excellent mdex and 
a full, expanded table of contents, which appears 
at the end They are both very well illustrated, 
each with 5 coloured plates and Fase 1 with 904 and 
Fasc 2 with 954 text figures While many of the 
illustrations are borrowed but redrawn, a remarkably 
high proportion are original and they reach a very 
high standard, adding much to the usefulness and 
attractiveness of the volume 
Apart from the editor, Prof Puerre-P Grassé, 
ten authors contribute to Fase 1, two of whom, 
one from Brussels and one from Algiers, come from 
outside France, and all are experts in their own fields 
The majority of the text figures are line blocks and 
18 have one or 1n some cases two colours mtroduced, 
and this 1s a commendable practice since it aids easier 
and quicker interpretation , Fig 857 m the present 
copy has the colour out of register, a pomt that 1s 
noted because the others are so exact Twenty-one 
figures are in half-tone The text of the chapter on 
the Phoronidea finished on p 1053 and 1s followed 
by a number of addenda which amplify or bring up 
to date pomts m the preceding sections and then 
by the index and table of contents Curiously, these 
pages are numbered MLV-MCXVI and the figures I- 
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XXIX, but m Fase 2 the pagination and numbering 
of text figures carry on with p 1054 and Fig 876 
as if the pages numbered m Roman, numerals did 
not exist In some places, for example, p 34 kefer- 
stemu, p 120 dumeriln, ete , the double ‘r’ is employed 
instead of the now generally accepted single ' and 
on p. 994 the former name 18 misspelled Kleferstein 

Two forms, Hhastriobdella and Branchiobdella, the 
names of which sugg est leeches, with which, «nter alia, 
they have been placed and the systematic position of 
which has been subject to discussion, are here regarded 
as highly modified and as a parasitic polychete and a 
parasitic oligocheete respectively Another anomalous 
form, Acanthobdella, some of the characters of which 
suggest Oligochete affinities, has now been placed in 
the Acanthobdelliformes, & new order of the Hnudi- 
nea An anecdote well known in Great Britain will 
now be lost sight of as 1t has been shown, p 846, that 
Golfingia macIntoshw 18 & synonym of G vulgare. 

Ten authors are also concerned with Fase 2 
and of these three come from outside France, two 
from Copenhagen and one from Leningrad In this 
fascicule there are only 4 text figures with colour 
introduced, but there are 63 half-tone blocks and of 
these 8 occupy the whole page and are of wash 
drawings, each showing about a dozen species 
The rest of the figures are m hne block The first 
class to be treated in the longest chapter is the 
Bryozoa, falling into the two sub-classes proposed by 
G J Allman in 1856, the Phylactolaemata, all fresh- 
water, and the Gymnolaemata, marme The latter were 
divided mto three orders Cyclostomata, Cheilostomata 
and Ctenostomata by G Busk m 1852 and this group- 
ing was accepted for more than seventy years In 
1926 F Borg showed that the Cyclostomata (his 
Stenolaemata) were more widely separated from the 
other two than these were from one another, and E 
Marcus in 1938 placed them as sub-orders of the 
Eurystomata This classification, with its corollaries 
to include fossil forms, has been adopted in the 
present work It 1s rather strange to find Allman’s 
monograph on fresh-water Polyzoa appearing under 
the bibliography of the Gymnolaemata 

About half-way through the volume 1s a most 
interesting chapter on the Pogonophora In 1914 
M Caullery described an enigmatic tubicolous worm- 
like creature with numerous tentacles, hence Pogono- 
phora (xwyav, a beard), collected by the Szboga 
Expedition The material was not very well preserved 
and so a completely satisfactory account could not 
be given and indeed ıt was suggested that this animal 
called by its discoverer Siboglinum weberr, might only 
be the anterior part of an animal since no trace of an 
alimentary canal was found It was considered 
that the creature might be allied to the Enterop- 
neuste and so M Caullery contributed a chapter on 
15 in volume XI of the Traté, where indeed ıt belongs. 
m 1948 Since then, and particularly by Prof A V 
Tvanoff of Leningrad, & great deal of additional infor- 
mation has been furnished and now 11 genera with 
43 species have been described, from better-preserved 
material The editor has fortunately got Prof 
Ivanoff to contribute the chapter on the Pogonophora 
It is the first account and survey available to the 
general zoologist It provides a very complete account 
of the anatomy, histology and embryonic develop- 
ment, and m addition to the ordinary text figures 
mostly origmal, there are three coloured plates 
These depict the animals in three dimensions It 
15 clear that they are deuterostomes with a single 
ecelomie sac in the protosome, which sends canals 
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into the tentacles, a pair of ccelomic sacs in the meso- 
some and another pair in the metasome lt ıs con- 
cluded that they are related to the Stomatochorda 
and particularly to the enteropneusts This connex- 
10n with the early Chordata together with the ab- 
sence of an alimentary canal render them an ımpor- 
tant and intriguing class 

The next class callmg for comment is the Mono- 
placophora, a name given by N Odhner ın 1940 to a 
group of Paleozoic Mollusca until then grouped with 
the Patellacea In 1957, however, H Lemche de- 
scribed a living form, Neopina galatheae, referable to 
the group which had been collected five years previ- 
ously by the Galathea Expedition from west of Costa 
Rica at a depth of 3,570 metres Afterwards, H 
Lemche and a colleague, K G Wingstrand of Copen- 
hagen, gave a full account of 1t in the Galathea Reports 
The editor of the volume, Pierre-P Grassé, got these 
two authors to provide an account, which he trans- 
lated, illustrated by a number of new figures, so that 
again we have the first general account of a most 
remarkable animal from the origmal deseribers 
The well-developed coelomic cavities are described 
as consisting of three pairs—the pericardial pair, the 
body pair which he dorsally and are extensive, and 
the gonads The apparent metamerism of a number 
of organs (muscles, nerves, gills, blood vessels, 
nephridia and gonads) 1s well marked and considered 
by the authors to be comparable with that m Annelida 
and Arthropoda These points raise interesting 
problems concerning the relationships and derivation 
of the primitive molluscs While the chapter was in the 
press another mollusc, for the present referred to the 
same genus N ewwwg was reported (Clarke, A H 
and Menzies, R J , Sczence, 1959), and although little 
information regarding it 1s available 1t seems to offer 
certain divergences from N. galatheae which will 
have to be taken mto account before coming to 
definite conclusions on the problems above mentioned. 

Here, then, ıs another addition to this widely used 
text-book that 18 mdispensable to every zoological 
laboratory It reaches the high standard ım both 
text and illustration set by its predecessors and 18 
mdeed a noteworthy and commendable volume 

C. H. O’DoNoGHUE 


POLYMER CHEMISTRY 


An Introduction to the Organic Chemistry of 
High Polymers 

By Prof Carl 8 Marvel Pp vii+82 (New York 

John Wiley and Sons, Inc , London Chapman 

and Hall, Ltd , 1959 ) 36s net. 


HIS book consists of notes originally assembled 

for use ın connexion with the Humble Lectures 
ın Science, delivered by Prof Marvel m 1956. 
It 1s mtended for those just starting research in 
polymer chemistry. 

Most of the introductory texts at present available 
m polymer chemistry attempt to be reasonably 
comprehensive m their choice of topics — this one 18 
strictly lımıted to the orgamic chemistry of high 
polymers Nether the physical chemistry of polymers 
and their solutions nor physicochemical methods of 
studymg polymers are considered After a very 
brief description of methods for the characterization 
of polymers, the author proceeds to a systematic 
consideration of various types of condensation 
polymerization Both free radical and ionic methods 
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of addition polymerization are then discussed, fol- 
lowed. by chapters on co-polymerization and di-ene 
polymerization A short account of reactions of 
polymers concludes the book 

As 1s only to be expected m-a book of this size, 
individual topics are not dealt with m much detail 
There are a number of occasions, however, where the 
discussion 1s so brief as to Jack clarity Particular 
examples are the section on the mechanism of free 
radical addition polymerization and the introduction 
to the section on co-polymerization 

The most serious limitation of the book 1s that 1t 1s 
already five years out of date. It 1s a pity that so 
little attempt seems to have been made to include 
work done after 1956 Because of the rate at which 
polymer chemistry 1s advancing, this leads to some 
important omissions For example, topics which are 
omitted or receive only the briefest mention include 
stereospecific polymerization, polyaldehydes, poly- 
carbonates, polymer stability and degradation, radia- 
tion methods, and new methods of anionic polymeriza- 
tion Quite apart from their importance, these 
developments in the forefront of the subject are those 
most hkely to arouse the enthusiasm of a begmner, 
which ıs surely one purpose any book of this kind 
should serve 

There are few trivial misp1ints More serious 18 the 
appearance of pentavalent carbon on pages 47 and 48, 
unhappily in a place where the unwary reader might 
be misled into thmkmg that Friedel—Crafts-type 
catalysts used m cationic polymerization are cova- 
lently bound to the polymer chain On page 47 1s the 
statement that m every case of co-catalysis in the 
initiation of cationic polymerization the real initiator 
18 believed to bea proton This neglects the important 
cases where there i8 good evidence that carbonium 
ions derived from the solvent are chain initiators 

The book 18, ın general, attractively printed and 
strongly bound At & cost of fivepence a page, 
however, ıt must be one of the most expensive 
chemistry books available I C. MeNerr1 


QUANTITATIVE BIOLOGY 


Blood and other Body Fluids 

Analysis and compilation by Philip L Altman 
Edited by Dorothy S Dittmer (Biological Hand- 
books) Pp. xvu+540. (Washington, DC Federa- 
tion of American Societies for Experimental Biology, 
1961) 10 dollars. 


UMERICAL information 18 becoming of ever- 

increasing unportance in all branches of biology 
While physicists, chemists and engineers started long 
ago to compile handbooks of data, the collection of 
biological figures is of relatively recent date The 
first major systematic effort 1n this direction were the 
Tabulae Biologicae which were initiated in the 1930's 
Some ten years ago the United States National 
Academy of Sciences and the United States National 
Research Council began to sponsor a series of biologi- 
cal handbooks which has so far led to the publication 
of ten volumes Some deal with blood, nutrition, 
metabolism, general biology, 1espiration and circula- 
tion, and five others with various aspects of toxicology 
and pharmacology (acute toxicity, antibiotics, msecti- 
cides, tranquillizers and fungicides) The present 
volume is based on these earher handbooks and 1s 
the first to appear under the general direction of the 
Committee of Biological Handbooks of the Federation 
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of American Societies for Experimental Biology 
The material ıs presented 1n the form of tables, graphs, 
diagrams, nomograms and lme charts Three 
hundred and eighty investigators have taken part 
in the compilation and much trouble has been taken 
to obtam accuracy, to eluminate misprints and to 
exclude material of questionable validity Apart 
from blood, fields covered include urme, lymph, 
hemolymph, cerebrospinal fluid, body water, various 
secretions of the digestive tract, reproductive secre- 
tions, milk, sweat, sebum and the fluids of the ear 
and eye Among the species, man occupies the first 
place, but the mformation extends to numerous other 
vertebrate and mvertebrate organisms 

While the data of physical and chemical reference 
books are usually constants which have been measured 
with a known accuracy, biological data are, as a rule, 
not so definable. they are not constants and their 
scatter 1s m many cases not sufficiently known The 
figures given 1n the book are therefore bound to be of 
varying degrees of rehability, but this difficulty has 
been effectively met by detailed references to the 
sources of information In fact the references given 
may well prove to be one of the most valuable features 


of a very useful mine of factual information 
H A KREBS 


A NEW STANDARD WORK 
ON COCOA 
Cocoa 


By D H Urquhart Second edition (Tropical 
Agriculture Series) Pp xxv+293+129 plates 
(London Longmans, Green and Co, Ltd, 1961) 
40s net 


HIS book was originally published in 1955 and 
two additional mmpressions were issued in 1955 
and 1956 The new (second) edition attempts to 
bring the subject-matter up to date It contains 
one entirely new chapter (on manuring) and several 
of the chapters of the first edition have been combined 
m the second The total number of pages has thus 
been increased from 230 to 293 The book ıs one of a 
series on tropical agriculture of which five volumes 
have already been published. The author of Cocoa 
was formerly director of agriculture of Ghana, West 
Africa, and adviser in cocoa-growing to Messrs Cad- 
bury Bros , Ltd , Bournville, Birmmgham, England 
The book ineludes all the detailed information 
needed by practical cocoa farmers, as well as 
students and agricultural extension workers Its 
usefulness 1s greatly enhanced by the excellent 
illustrations and the tables of data. Much progress 
has been made ın the cocoa industry since the first 
edition of this book appeared m 1955, particularly 
ım the control of pests and diseases of the cocoa tree, 
and the detailed specification of the atmospheric and 
soul environment necessary for maximum production 
of cocoa Thus, in the chapters concerning soils and 
manuring, the results of researches carried out m 
recent years in Ghana by the late C F Charter and 
in Belgian Congo by M V Homes have been incor- 
porated into the new edition The establishment, 
maintenance and costings of the cocoa plantation, 
the rehabilitation of the derelict and unremunerative 
plantation, and the preparation and grading of the 
crop foi market, receive detailed consideration m no 
less than seven chapters and nine appendixes, span- 
ning a total of 159 pages or 50 per cent of the total 
number of pages comprising the book, thus stress- 
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ing the essentially practical outlook That Urquhart’s 
book is providing a much-needed standard work 
on cocoa and one which is a worthy successor 
to the classical works on the subject written by 
C J J Van Halland by J H Hart, which have long 
been out of print, 1s indicated by the fact that the 
first edition and its two impressions were exhausted 
after only five years had elapsed The need for a 
Spanish version has already become manifest, and the 
task of translation has been undertaken by the Inter- 
American Institute of Agricultural Sciences at 
Turrialba, Costa Rica Publication of the Spanish 
edition 1s expected shortly, ıt should add to the 
increasing demand for the book by making 1t available 
to cocoa growers 1n tropical America 
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LONDON LIBRARIES 


The Libraries of London 

Edited by Raymond Irwin and Ronald Staveley 
Second, revised edition Pp 332 (London The 
Library Association, 1961) 36s 


HE first edition of this work, published 1n 1949, 
was based on lectures delivered durmg a course 
at the School of Librarianship and Archives, Univer- 
sity College, London, and was intended to supplement 
but not replace R A Rye’s Students Guide to the 
Libraries of London That work has long been out of 
print and even the first edition of The Inbraries of 
London 18 now largely out of date Accordingly, 
the new edition attempts to present a much fuller 
picture of the library resources of London All the 
chapters have been carefully revised and most have 
been largely re-written, thero 18 a new chapter on the 
University College Library, and separate chapters on 
the University of London Library, on the British 
Library of Political and Economie Science, while 
the other university libraries are described in a 
separate chapter Additional chapters deal with the 
music libraries, the ecclesiastical and theological 
libraries, the mndustrial libraries, technical and pro- 
fessional libraries and those of the learned societies. 
and of the London County Council, while that on the 
Pubhe Record Office 1s omitted Apart from the 
London Library, no attempt 1s made to describe the 
commercial and subscription libraries, and likewise 
there 18 no reference to the libraries associated with 
the offices of the great national newspapers 
The individual chapters are the work of different 
authors, all authorities m their field, but what is 
gamed in authority 1s sometimes offset m part by 
lack of balance, and diversity of scale and treatment 
That on the Science Museum Library, by the late 
H T. Pledge, ıs frankly episodical, and besides its 
historical or descriptive lacunse, 1$ has scant reference 
to future developments The Patent Office Library 
18 more adequately covered, but there are some 
surprising omissions in the chapter on Government 
Departmental libraries, while that on industnal 
libraries 1s scarcely of greater value than as a reminder 
of the existence of such libraries , 1$ 18 content to list 
and describe those of the British Aluminum Com- 
pany, the Cement and Concrete Association, and the 
British Paper and Board Industry Research Associa- 
tion Nevertheless, used with imagination, this book, 
produced in accordance with the high standards 
which are customary with the Library Association, 
forms a most useful and convenient guide to the 
bibliographical resources of London 
R BRIGHTMAN 
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Sensation and Perception 

A History of the Philosophy of Perception By 
D W Hamlyn (International Library of Philosophy 
and Scientific Method) Pp 14210 (London 
Routledge and Kegan Peul, Ltd , New York The 
Humanities Press, 1961) 25s net 


gb 18 something very refreshmg about this 
book It deals with & complex theme without 
reduemg the reader to fatigue and his patience to 
zero Broadly, the author takes as his ‘matter’ the 
ti10—sensation, perception, judgment— and subjects 
them to a careful historical analysis In a word, we 
are told how these concepts have evolved with time, 
not forgetting that ideas need verbal expression for 
them to come into bemg However, the absence of 
such terms is not proof positive that the ‘germ’ was 
not alive in the mind of philosophers, at any given 
epoch, or even perhaps at some previous period 

We begin with the classical figures, followed by a 
lively discussion of Hellenistic thought (Incident- 
ally, the heading to Chapter 2 on page 31 looks very 
odd with this adjective spelt with one T’) Next 
come chapters on the seventeenth century, rational- 
ists, empiricists, Kant, Hegel, idealism, nineteenth. 
century sensationalism, the reaction, the twentieth 
century, conclusion There are an excellent biblio- 
graphy and an adequate mdex 

The connexion with Gestalt theory 1s well handled 
Perception, given that the whole is more than the 
sum of its parts, needs no learnmg “because it is 
mnately determmed" Perception, if passive, tends 
to sensation; 1f active, to judgment The former ıs 
unsatisfactory in various ways, especially to the 
scientist, who uses the second almost subconsciously. 
What must be avoided, as Wittgenstem remarked, 
iS the mtroduction mto this study of one’s own 
experiences In the pre-perceptual sense at least, 
there 18 no private language 

The style 18 pleasant and lucid fewer itahes would 
have made ıt still more agreeable without any loss 
of emphasis F I. G RAWLINS 


Analytical Chemistry of the Rare Earths 

By Dr. R C Vickery (International Series of 
Monographs on Analytical Chemistry, Vol 3) Pp 
vin4-137 (London and New York Pergamon Press, 
1961.) 40s net 


HE 1are earths, as defined by the author of this 
invaluable httle volume, comprise the lanthanon 
series to lutetium with the addition of yttrium and 
scandium 
The analytical exammation of mixtures of these 
elements has been rendered far less time-consum- 
ing m 1ecent years by the application of the newer 
technique of X-ray fluorescence analysis Radioassay 
folowing neutron irradiation now permits the de- 
termination of mullimicrogram quantities, and con- 
trolled 10n-exchange experiments have enabled the 
chemist to separate the individual rare earths in a 
very pure form All these modern methods are 
described lueidly m this monograph, which also 
contams the most detailed description of the more 
classical, but still eulogized, absorption spectrum 
technique for the detection and estimation of these 
mtractable elements Conventional emission spectro- 
graphy ıs not neglected by the author, for despite 
the complexity of the spectra given by these elements, 
there are occasions where the arc, or preferably the 
spark technique, can give the most useful quanti- 
tative information A table ıs given of the maim 
persistent lines of the rare-earths emission spectra, and 
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various internal standard hne-pairs are also presented 
m tabular form for specified concentration ranges 

Polarographic methods as apphed to the unique 
cases of samarium, europium and ytterbium are 
described briefly ın the appendix 

The earher chapters deal with the more classical 
methods of gravimetric and volumetric analyses, 
and here the student will find a wealth of information 
on chemical separational procedures The analysis of 
ores, the separation of calcium and iron, the usages of 
selective organic reagents such as Beck’s pyrocatechol, 
complications attendmg the Group III hydroxide 
precipitations, are all described with much attention 
to laboratory detail Although quantitative methods 
Zor the determination of the rare earths are now almost 
wholly instrumental, the uses of oxalate, 1odate, 
bismuthate and complexan reagents are well worthy 
of recapitulation. In retrospect, we jom with the 
author m expressing unqualified admiration of the 
skill, patience and ingenuity shown by the early 
chemical research workers who isolated, albeit in 
crude form, the first rare-earth elements 

This monograph has much to commend ıb to the 
academic student, but for the rare-earth chemist 1t 1s 
most certainly an essential acquisition and will prove 
a valuable laboratory companion D T Lewis 


Paper Electrophoresis 

A Review of Methods and Results By L P Ribeiro, 
E Mitidier1, and O R Affonso. Pp. xu-4-463 
(Amsterdam Elsevier Publishing Company, London 
D Van Nostrand Company, Ltd, 1961) 72s 


HIS book by Ribeiro, Mitidier: and Affonso 

represents a welcome and thorough classification 
of the already volummous literature on 10nography 
There 1s a wealth of references, 3,200, some of which 
have been published only ın the more esoteric medical 
journals 

The first part of the book includes chapters on the 
theory, methods and apparatus The theoretical 
chapter 1s written with great clarity and will be very 
useful to beginners m this field Even Ohm’s law 18 
included and there 1s a useful example on the results 
of Joule’s effect ‘“When high voltages are used there 
will naturally be an inerease in current causing an 
elevation in temperature which may be so great as to 
ignite the paper ” 

In the subsequent part of the book on applications 
the emphasis 1s on proteins, but there are also chapters 
on hormones, vitamins, carbohydrates, nucleic acids, 
amimo-acids and peptides, a sketchy chapter on 
inorganic substances, one on mmmunochemistry and 
ane on other applications which deals with topics 
as diverse as amines, dyes and venoms 

The large bibliography means that the treatment 
afforded individual references varies considerably 
throughout the book, ranging from minute practical 
detail to Just the reference itself The book has few 
printing and translation errors and the diagrams are 
well produced Two pomts might, however, bo 
mentioned, on page 211 the structural formula given 
for the sugar unit after oxidation with periodic acid 
appears to be that for an «-diketone rather than 
for a di-aldehyde as suggested in the text, and for 
greater clarity the cyclohexane rings which appear m 
some of the formule throughout the book might, 
where appropriate, be amended to aromatic rings 

The book will undoubtedly be a valuable asset to 
biochemists, chemists and clinicians particularly as 
there are more than three hundred references pei 
ounce G V F SEAMAN 
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A MICROBIOLOGICAL EXAMINATION OF SOME CARBONACEOUS 
CHONDRITES 


By Dr GEORGE CLAUS 


New York University, Medical Center, New York 
AND 


Pror. BARTHOLOMEW NAGY 


Department of Chemistry, Fordham University, New York 


ICROSCOPIC-sized particles, resembling fossil 

algae, were found to be present in relatively 

large quantities 1n the Orgueil and Ivuna carbonaceous 

meteorites No such particles were found in two 

ordmary stony meteorites, namely, m Holbrook and 
in Bruderheim 

There are nineteen known cerbonaceous chondrites, 
all of which were observed to fall  Orgueil fell in 
southern France ın 1864, Ivuna in Central Africa in 
1938, Mighei ın Russia in 1889, and Murray in the 
United States ın 1950 Carbonaceous chondrites 
contain water and a few per cent of organic matter 

Wuk! has shown that carbonaceous chondrites 
may contain as much as 20 per cent water On the 
basis of his hydrogen isotope work, Boato? con- 
cluded that a large portion of this water ın Orgueil 
and Ivuna 1s of extraterrestrial origin Carbonaceous 
chondrites have thin fusion crusts Mueller? and 
others found that after the development of the 
indigenous, hydrous-mineral components, the mterior 
of these meteorites was not subjected to high tem- 
peratures The interiors of some of the carbonaceous 
meteorites apparently have not been heated to tem- 
peratures higher than approximately 200° C 

Berzelius* and Wohler® extracted organic matter 
from carbonaceous chondrites. Berthelot? obtained 
saturated hydrocarbons from a sample of Orgueil 
In more recent years, Mueller extracted the Cold 
Bokkeveld meteorite and obtained organic matter 
which had high oxygen, nitrogen and sulphur content 
Calvin’? suggested that a compound resembling cytos- 
ine might be present ın Orgueil and Briggs? pre- 
sented analyses which may indicate the presence of 
purines Nagy, Meinschem and Hennessy® analysed 
hydrocarbons from Orgueil with a mass spectrometer 
and observed certain spectral features which 
resembled those of biogenic hydrocarbon mixtures 

Urey and Craig!? concluded that the carbonaceous 
meteorites are typical members of the high iron group 
chondrites These investigators reported that ser- 
pentine-type minerals and magnetite are present in 
carbonaceous chondrites Kvasha™ suggested that 
chlorite, a hydrous layer-lattice silicate, 1s a mineral 
component m Staroye Boriskino. 

Five carbonaceous chondrite samples were exam- 
med during this work. One Orgueil sample (4), 
Ivuna and Mighei, were obtained from the American 
Museum of Natural History 1n New York, and another 
sample of Orgueil (B) was received from the US 
National Museum m Washington, DC The sample 
of the Murray meteorite was obtamed from the 
Institute of Meteoritics, University of New Mexico, 
Albuquerque, New Mexico One of the two non- 
carbonaceous chondrites, Bruderheim, was received 
from the Department of Geology, University of 
Alberta, Edmonton, Alberta, and the other, Hol- 
broox, was received from the American Museum of 
Natural History 


Grains of the meteorite samples were crumbled in 
water or in glycerol on glass slides. A microscopic 
examination of the two Orgueil samples and of Ivuna 
revealed the presence of particles which were dis- 
simular in morphology to any known mineral form 
The ‘organized elements’ resembled, but were not 
identical to, the morphology of certain species of 
algae which live ın water (The aquatic algae are 
capable of producing hydrocarbons" comparable with 
those previously found in Orgueil?) One form of the 
organized elements was morphologically dissumuar to 
any known terrestrial organism The organized 
elements did not show birefringence m polarized light, 
but they did show fluorescence (yellow) in ultra- 
violet hght (Fig 1). A few specimens of micro- 
biological contaminants (common, airborne bacteria, 
algae, etc ) were present in the carbonaceous as well 
as in the non-carbonaceous meteorites Organized 
elements were abundant m the Orguei and Ivuna 
carbonaceous chondrites but were absent in Holbrook 
and in Bruderheim 

Somewhat similar but poorly defined particles 
were found ın Murray and Migher. Their lack of 
structure precluded identification with the organized 
elements from Orgueil and Ivuna (see Table 1) 

Five types of organized elements have thus far 
been observed 

(1) Small, circular forms (Fig. 1), surrounded by 
double walls which showed thickenmg and occasional 
sculpturmg with protuberances Ther diameter 
varied between 4and 10u and they appeared yellowish- 
green in transmitted light. The interior of the 
organized elements appeared to be either homo- 
geneous or ib was granulated i 

(2) The second type (Figs 2 and 3) resembled the 
first one; however, the surfaces of these organized 
elements were covered with spines, with other appen- 
dages or with a furrow ‘The appendages usually 
appeared to be tubular in shape, and occasionally 
they penetrated through the walls. The diameter of 
the appendages varied between 0 5 and 2y, and that 


Table 1 ORGANIZED ELEMENTS AND CONTAMINATIONS IN FIVE 
METEORITES 
(The numerical values represent the number of particles in 1 mgm of 
sample) 
Orgueil Orgueil Hol- Bruder- 
Type of particles (A) (B) Ivuna brook hem 
Organızed elements 1650 1700 1680 — — 
Apparent contaminants 
(a) Bacteria 27 34 31 22 48 
(b) Algae 
Achnanthes macro- 
cephiula 1 — — — 2 
Navicula sp — 1 — — — 
Nitzechia palea — — 1 — 1 
Trachelomonas 
polvocina — — — — 1 
(c) Others 
Conidiospore — — — — 1 
Sponge spicule 2 — — — — 
Starch granule 1 -— — — — 
Cellulose fibre 4 6 6 22 50 
Total contaminants 35 41 38 44 103 
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20m 
Fig. 1. Fluorescence effect in an organized Fig. 2. 
element, type 1, in ultra-violet light 


of the organized elements was between 8 and 30x. 
Solid appendages had club-like structures on their 
distal ends. Spines were arranged in pairs around 
the appendages. The furrow started at the single 
appendage on the apex of the organized elements. 

(3) The third type of the organized elements had 
shapes like shields. They had no appendages. Their 
walls showed marked thickening and sculpturing; 
their average diameter was approximately ly. 

(4) Cylindrical forms were seen which had thick 
walls and finely sculptured wall surfaces. Their 
length was approximately 20u, their width was 
10-12u. 

(5) An apparently hexagonal form was also 
observed (Fig. 4). This organized element may 
contain, however, 10-12 surfaces. Three of the sur- 
faces were considerably thicker than the others and 
they served as the bases of the three, thick, tubular 
protrusions. The organized element seemed to be 
surrounded by a structureless halo, which was inter- 
rupted only by some matter that was protruding 
from two of the appendages. There were three 
vacuole-like and irregularly shaped bodies in the 
interior of the organized element. 





Fig. 4. Sketch of organized element of type 5. (Drawing is used 
because the original forms were M suitable for taking photo- 
graphs 


NATURE 





Organized element of type 2 in 
the Orgueil meteorite 





 — 
104 104 


Fig. 3. Organized element of type 2 as 

seen under the phase-contrast microscope. 

Note internal structure of the organized 
element 


The Orgueil meteorite samples contained each of 
the five organized element types. Only the first three 
types were present in Ivuna. Types 1 and 2 were by 
far the most abundant in both Orgueil and Ivuna. 

There were other morphological features which 
should be mentioned. Several of the organized 
elements appeared to undergo 'cell-divisions'. Con- 
strictions occurred in the middle portions of the 
elongated bodies in one form of this phenomenon, 
proceeding toward the interior and suggesting the 
formation of two 'daughter' bodies (Fig. 5). Several 
organized elements showed distortion and rupture of 
the walls. Often the interior appeared to be spilling 
out through the fractured walls. 

Attempts were made to identify the chemical com- 
ponents of the organized elements with biological 
staining techniques; chlorzink-iodine, toluidine blue, 
methylene blue, Janus green B, Feulgen, Gridley, 
acid-carmine, periodic  acid-Schiff, hæmatoxylin 
eosine and ninhydrin gave colour reactions. ‘The 
reliability and the significance of the colour reactions 
in the organized elements are not known. It is inter- 
esting to note, however, that diffuse nuclear-staining 
material was found in the organized elements (Fig. 6). 

From these morphological, optical and staining 
results we have interpreted the organized elements as 
possible remnants of organisms. 

Although the origin of these organized elements 
cannot be answered at this time, indications of their 
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Fig. 5. Organized element of type 2 resembling ‘cell division’ 
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Fig, 6. Organized element of type 1 after Feulgen staining; note 
indications of diffuse nuclear material 


origin may be summarized in the following observa- 
tions: 

(1) The high concentrations of the organized 
elements in Orgueil and in Ivuna could have developed 
only in an environment where moisture was con- 
tinuously present for a prolonged period of time; yet 
the meteorite samples were kept in dry museum 
storage and would have disintegrated if subjected to 
an aqueous medium. Furthermore, they were out- 
doors for only a few hours after they had fallen. 
There are only traces, if any, of capillary water 
retained in the meteorites. 

(2) The organized elements, types 1-4, resemble 
those species of Dinoflagellates or Chrysomonads 
which live only in water (in the sea or in lakes, and 
do not occur in the soils). 

(3) Types 1-4 appear to be similar to but not 
identical with known terrestrial species. The fifth 
type of the organized elements is entirely dissimilar 
in its morphology to known terrestrial form. 

(4) Terrestrial organisms resembling types 1-4 
of the organized elements develop cysts under 
unfavourable conditions (such as a drying or dry 
environment). Only two or three of the organized 
elements in Orgueil and in Ivuna showed structures 
resembling cysts. 

(5) The fact that the same types of organized 
elements were present in both Orgueil samples which 
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fell in the temperate climate of southern France, and 
in Ivuna, which fell seventy-four years after Orgueil 
in an arid, tropical region of Central Africa, renders 
unlikely contamination with morphologically iden- 
tical, locally derived, micro-organisms. 

The morphological similarities are of interest in 
the light of unpublished results of one of the authors!* 
which indicate a chemical similarity between Orgueil 
and Ivuna. 

We are of the opinion that these observations 
suggest that the organized elements may be micro- 
fossils indigenous to the meteorite. 
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logical examination of meteorites. We would also 
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University of California; Dr. Brian Mason, of the 
American Museum of Natural History; Dr. Jack 
Green, of North American Aviation, Inc.; Dr. C. 
Mervin Palmer, U.S. Public Health Service; Profs. 
Currier E. McEwan, Maxwell Schubert, Norman 
Cooper and Alan J. Johnson, of New York University 
Medical Center; Prof. Henrik P. deBoom, University 
of Pretoria, South Africa; Dr. Bela J. Cholnoky, 
Council for Scientific and Industrial Research, Water 
Research, Pretoria; and Prof. Alexander Wolsky, 
Fordham University. Profs. Urey, Wolsky, Hennessy, 
Schubert and Johnson and Dr. Meinschein read the 
manuscript and offered valuable advice regarding 
this presentation. The meteorite samples were pro- 
vided by Drs. Brian Mason, E. P. Henderson, Lincoln 
LaPaz and Prof. R. E. Folinsbee. 
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BRADYKININ 


By Dr. G. P. LEWIS 
National Institute for Medical Research, Mill Hill, London, N.W.7 


RADYKININ is a polypeptide discovered in 1949 

by Rocha e Silva, Beraldo and Rosenfeld!, who 
coined the name ‘bradykinin’ (slow-moving) because, 
when acting on the guinea pig intestine, it caused a 
delayed and slow contraction. They showed that it 
is formed by the action of certain enzymes, such as 
those in some snake venoms and trypsin, on plasma 
globulins. ‘Kallikrein’ is the name given to another 
group of enzymes which occur in the body and which 
act on the plasma globulins to form bradykinin-like 
activity. Much of the earlier work on these enzymes 
was that of Frey, Kraut and Werle, and was reviewed 


by them in 1950*. A vasodepressor substance was 
shown to be present in urine*, in pancreas‘, in blood? 
and in saliva*, although it was not realized at that 
time that this vasodepressor substance was an 
enzyme, acting by the formation of a vasodilator poly- 
peptide. The active principle in all these fluids was 
called ‘kallikrein’. However, the kallikrein obtained 
from these various sources is not the same enzyme. 
Blood kallikrein, which is different from that in 
glands, behaves like the proteolytic enzyme plasmin’ 
and is inhibited by proteolytic inhibitors*. The 
glandular kallikrein does not behave like a proteolytic 
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Fig 1 Structure of bradykmm 


enzyme?—ıt does not hydrolyse substrates, like 
casein, nor 18 16 inhibited by proteolytic mhibitors 
However, the kallikrein of the salivary gland hydro- 
lyses certain synthetic esters, but not the corre- 
sponding amudes!? ‘This gives support to the theory 
of Rocha e Silva and Hamburg"? that bradykmin 
is formed by an esteratic action 
Tiypsm and plasmin are both proteolytic and 
esteratic enzymes—it may be that some of the 
kalhkrems, particularly glandular kallikrein, are not 
proteolytic enzymes at all, but esterases It ıs 
possible that the two classes of enzymes—the slow- 
kmm-formmg enzyme and the quick-kinm-formmg 
enzyme described by Lewis® are the proteolytic and 
esteratic enzymes respectively Whatever the truth 
may be, it 18 certain that there are several different 
kinds of enzymes which act on the plasma globulins 
to form bradykmin, or at least peptides, which are 
closely related to bradykimin 
It ıs not certain whether the peptide formed by 
these different enzymes 1s the same in each case and 
therefore the name ‘plasma kinin’ has been suggested 
to cover all the peptides formed from plasma proteins 
in this way For example, the name plasma kinm 
may be applied to the principles which aro formed in 
blood under various conditions, such as when plasma 
is dilutedi? or when plasma comes into contact with 
a glass surface! Presumably these physical actions 
result m activation of one of the plasma-kinin-forming 
enzymes which are normally present in blood as 
inactive precursors Although the exact structure 
of all the peptides formed by these various enzymes 
is not known, we do know the amino-acid sequence 
of one plasma kmm—bradykmm After attempts 
by Andrade, Dimz and Rocha e Silva!535, who 
obtained bradykinin of high activity, 16 was finally 
isolated??, and synthesized!*1® From an moeubated 
mixture of crystalline trypsm and pseudoglobulin 
Elhott, Horton and I isolated bradykinin usmg 
mainly the technique of elution chromatography on 
carboxy-methyleellulose The peptide was eluted 
fiom the columns using a salt gradient at constant 
pH The volatile buffer ammonium acetate was 
used as eluant so that the samples could be evapor- 
ated, thus avoiding contamination with salt 
The pure peptide obtamed in this way contains 
five amino-acids ın the following molar proportions 
serine 1l, glycme 1, phenylalanine 2, arginine 2 and 
proline 3 giving nine amino-acid residues or a 
nonapeptide 
These are present in bradykinin in the sequence 
shown in Fig 1 (ref 20) The natural and synthetic 
products were found to be identical?!-*8 
The maim pharmacological actions of bradykinin 
are smooth muscle stimulation, vasodilatation, 
increase in capillary permeability, accumulation 
and migration of leucocytes and production of 
am 
j Most smooth muscle preparations are stimulated by 
bradykinin even 1n minute amounts The rat uterus 1s 


contracted by 0 1 ngm /ml (10-1°) and the guinea pig 
ileum by 1 0 ngm /ml (10-9), while the rat duodenum 
is relaxed by bradykinin 0 1 ngm /ml (10-3139) Some 
smooth musele preparations hke the rabbit jejunum 
and rat colon, which show spontaneous activity, 
are first relaxed and then contracted by bradykmin 
Bradykmin causes bronchoconsiriction in the guinea 
pig’, although ıt has no effect on the bronchioles in 
the dog? In non-asthmatic patients large doses of 
bradykinin, given as an aerosol, occasionally cause 
constriction of the bronchioles, asthmatics are more 
sensitive?*, but ıt seems doubtful that bradykmm 1s 
concerned, specifically ın asthma 

Bradykimun is one of the most active vasodilator 
substances known In the cat hind limb bradykmin 
IS aS active as acetylcholine??, On the flow of blood 
in the human forearm bradykmin was found to be a 
more active vasodilator than histamine, acetylcholine, 
isoprenahne and 5-hydroxytryptamine*® In some 
of these experiments as httle as 01 pgm bradykinm 
injected into the brachial artery caused a strong 
vasodilatation ın the whole forearm 

It has been known for some years that crude 
mixtures contaming bradykinm cause an mcrease m 
capillary permeability?® and pam!4 With the 
availability of the pure peptide ıt was shown that 
pure bradykinin possesses both of these actions on 
local application?’ 

In addition, bradykmin causes accumulation and 
migration of leucocytes*® This effect, however, is 
produced only by relatively large doses of bradykmm 
(1-100 ugm /ml) and in such doses other peptides 
affect leucocytes in the same way 

Bradykmun thus causes vasodilatation, inereased 
capillary permeability, production of pain and accum- 
ulation and migration of leucocytes These are the 
cardinal signs of the early stages of the inflammatory 
response It therefore seems hkely that bradykinm 
plays the part of a mediator m this reaction. 
Menkin#!32 origmated the view that specific poly- 
peptides may be responsible for the mflammatory 
response It ıs possible that bradykinm ıs one of a 
group of peptides which account for this reaction as 
postulated by Menkin There is no direct evidence 
yet that bradykinin 18 formed during the inflammatory 
reaction, however, it 1s possible, as suggested by 
Hilton and Lewis**, that bradykinin or perhaps the 
enzyme which forms bradykinin may correspond to 
the H-colloid of T H Lewis?* and of Krogh®, which 
together with H-substance (presumably histamine) 
accounts for many of the reactions to local tissue 
injury No speeifie antagonist of bradykimin 1s yet 
available ın order to test such a hypothesis by mhibit- 
ing or preventing inflammation It has been claimed 
that phenylbutazone 1s an antagonist of bradykinin?* 
As phenylbutazone 1s known to be a potent anti- 
mflammatory agent this would provide good evidence 
that bradykinin plays a major part in inflammation 
However, the action of phenylbutazone 1s not specific- 
ally to antagonize bradykmun, and many other drugs 
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are partially antagonized by the large doses of phenyl- 
butazone required (Lewis, G. P , unpublished results). 
Another anti-inflammatory agent—aspirm—specific- 
ally antagonizes the bronchoconstriction caused by 
bradykinin in guinea pigs** However, here again 
this cannot be taken as evidence of the role of brady- 
kiun ın inflammation. as aspirin does not antagonize 
those actions of bradykinin which would be involved 
m inflammatory reactions (Lewis, G. P., unpublished 
results). 

Although there ıs no direct evidence of the part 
bradykinin may play in the reactions to local myury, 
there 18 evidence of the pert ıt takes as a physio- 
logical mediator of functional vasodilatation, as 
shown by the experiments of Hilton and Lewi1g??.37-3* 
on perfused salivary glands In these experi 
ment ıt wus found that during activation of the 
glands an enzyme, probably salivary kallikrein, 
escaped from the secretory cells into the tissue space 
and that this enzyme formed bradykinin, or at least a 
plasma kmin, when ıt came into contact with the 
plasma globulins When the gland cells are activated, 
the enzyme thus escapes both mto the duct to 
appear in the secretion and into the interstitial space 
of the gland around the blood vessels to form the 
vasodilator polypeptide As kallikrem appears m 
many glandular secretions, 1t follows thet all these 
glands have the plasma-kinin-formmg mechanism 
which might therefore be the mechanism in such 
glands for producing functional vasodilatation In 
this way—by produemg an inereased blood flow in 
the gland—bradykmm supplies the gland with the 
fluid required. during secretion. It might not only 
be in glands themselves that bradykmin has such a 
role; in tissues which contain an abundance of glands, 
intestine and skin, for example, 1t may also account 
for periglanduler vasodilatation. For example, in 
the intestine ıt ıs possible that the activation of 
mtestinal glands leads to bradykinin formation which 
would bring about the vasodilatation required during 
the assimilation of foodstuffs 

In skin, Fox and Hilton? have found that human 
sweat contains a plasma-kmin-formmg enzyme and 
by analogy with the salivary glands have concluded 
that bradykinin formation accounts for the vasodilata- 
tion ın the glands during secretory activity In the 
case of sweat glands bradykının plays an additional 
part. As the sweat glands are in such close proximity 
to each other in the skin ıt seems likely that when 
the glands are activated, durmg body heating, the 
bradykmun formation which occurs accounts for 
the vasodilatation ın the whole skim This 1s the 
conclusion Fox and Hulton reached from their 
experiments on increesed forearm blood-flow durmg 
body heating In thus providing extra fluid in 
the increased flow of blood to form further sweat to 
be secreted and evaporated, bradykinin plays & part 
m the regulation of body heat 

The theory that bradykinm is the mediator of 
functional vasodilatation m glands and glandular 
tissue has been challenged on two points 

First, Terroux, Sekel; and Burgen*! claimed to 
have dissociated glandular activity and vasodilata- 
tion in the salivary glands As a measure of glandular 
activity they used oxygen uptake However, whether 
oxygen uptake reflects the glandular activity quanti- 
tatively 1s doubtful, as these authors themselves 
suggest that part of the metabolism in the secreting 
gland occurs through anaerobic glycolysis The: 
experiments show that small doses of atropine 
reduced. the inereased uptake of oxygen in parallel 
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with secretion when the gland was activated by 
stimulation of the chorda tympan: nerve, but did not 
affect vasodilatation in the gland This problem has 
been examined extensively by Hilton and Lewis", 
and we have shown that after atropine, even in doses 
larger than those generally used by Terroux, Sekel) 
and Burgen, nerve stimulation still produced an 
output of plasma-kmun-formmg enzyme As the 
enzyme comes from the secretory cells, it 1s evident 
that although overt secretion 1s prevented, some of 
the biochemical processes associated with glandular 
activity are still stimulated. Therefore. the lack of 
parallelism between oxygen uptake and vesodilstation 
in the partially atropinized glend is not a relevant 
argument against the view that bredykmin 1s 
responsible for functional vasodilatation 

Secondly, Schachter‘? observed that guinea pig 
saliva did not act on guinea pig serum to form 
bradykinin and concluded that functional vaso- 
dilatation was not the result of bradykmimn forma- 
tion However, Schachter also observed that the, 
guinea, pig serum used in these experiments did 
not form bradykinin with the saliva from cat, 
rat and man, but that guinea pig saliva did form 
a plasma kinin when incubated with the serum 
of other species It seems, therefore, that 1t 1s not 
that guinea pig saliva does not contam the plasma- 
kinin-forming enzyme but that under the con- 
ditions of this particular test the serum did not 
react with salivary kalikrem from any species. 
Plasma and serum are known to contain a complex 
mixture of enzymes, inhibitors and activators (see 
ref 43) and it may well be that in order to produce 
bradykmmin from gumea pig serum by the action of 
salivary kalhkrein ın ero, special treatment of the 
serum proteins 18 necessary 

Functional vasodilatation ıs a feature of glands 
which act intermittently, hke the salivary glands, and 
1t requires a mechanism which produces a large ın- 
crease in blood flow of rapid onset and short duration 
It might well be that ın glands which are continuously 
active over relatively long periods of time, such as 
mammary and endocrine glands, no such functional 
vasodilatation occurs This would explain the 
absence of plasma-kinm-forming enzyme from the 
secretions of such glands as ovary, thyroid and 
prostate** 

The part played by bradykinin in functional vaso- 
dilatation ın glands and glandular tissues and its 
possible role in inflammation depend on two factors 
which limit the area m which the reaction goes on, 
that ıs, factors which localize the reactions First, it 
seems likely that the formation, the action and the 
destruction of bradykmin go on in the interstitial 
fluid In a gland, for example, this would mean 
that when the gland ıs activated the enzyme escapes 
from the secretory cells mto the interstitial fluid; 
there ıt acts on the globulins and forms bradykinin 
The peptide dilates the blood vessels and ıs elummated 
via the lymph. Hulton and Lewis?? provided evidence 
that this actually occurs in the salivary glands and 
that under normal conditions it 1s not necessary 
for the peptide or the enzyme which forms 1t to enter 
the blood stream Thus, this physiological reaction 
would be physically hmited to the interstitial space 
ofa gland Secondly, there 1s an efficient mechanism 
in the body for destroying excess bradykinm In 
blood, and probably ın interstitial fluid, there is an 
enzyme which rapidly destroys bradykinin and thus 
controls the action of bradykmm Without this 
mechanism bradykinin formation in the blood stream 
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would result in generalized peripheral vasodilatation 
and vascular collapse This 1s, m fact, what might 
happen m certain cases of shock The reactions of 
certain proteins, such as antigen and antibody ın the 
blood stieam, may activate the plasma-kinm-forming 
system Bradykmm or a plasma kının would then be 
formed m the blood stream and if 16 were associated 
with a reduction m the bradykmm-destroymg 
activity of blood, 1t would result m vascular collapse 
and shock 

However, there ıs as yet no evidence to mdicate 
that bradykimm plays any psit m generalized re- 
actions All the evidence that we have suggests that 
bradykmin acts ın local reactions, first, as the 
physiological mediator of functional vasodilatation 
and, secondly, as a mediator of the inflammatory 
response In such local phenomena bradykinin 
might well be classified as a local tissue hormone 
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FOOD PROCESSING IN 


HE final session of Section I (Physiology and 

Biochemistry) of the British Association meeting 
held at Norwich on September 6 was devoted to 
"Food Processing m Relation to Health", but the 
four papers read did not—and indeed could not in 
the short time available—cover the complex nature 
of the problems implied by the title Nor were the 
full implications of the subject raised in discussion, 
an omission which may indicate that the audience 
were aware that many of the questions they might 
have asked cannot, in the present state of knowledge, 
be answered No contribution was included in the 
programme on the nutritive effects of food processing, 
a subject on which all too little information exists, 
but one on which 1t would have been useful, and 
perhaps salutary, to have had a summary  Never- 
theless, some other aspects of food processing entered. 
mto the other papers, and if all are viewed together 
an otherwise fairly complete picture emerges Muss 
D F. Hollingsworth (London) described trends over 
eighty years ın food consumption Prof John Yudkin 
(London) discussed dietary fat, and Dr Magnus 
Pyke (Menstrie, Clackmannanshire) dietary protein 
in relation to health Fmally, Dr J R Nicholls 
(London) reviewed the need for food preservation by 
means of additives and the precautions taken to 
ensure safety 
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RELATION TO HEALTH 


As a background to any consideration of trends 1n 
food consumption, 1t 18 necessary to study trends m 
food supplies. In the United Kingdom such statistics 
are readily available, for the years immediately before 
1939 and for each year since the outbreak of war, m 
reports of the former Mmustry of Food and the present 
Ministry of Agiiculture, Fisheries and Food on food 
consumption-levels, now published annually m 
the Board of Trade Journal | Earher estimates, 
which are not fully comparable with present ones, 
but which serve to indicate trends, were made by a 
committes set up by the British Association in 1880 
to estimate the apportionment of the national income 
between different foods and services, with particular 
reference to foods, for the years 1909-13 by a com- 
mittee of the Royal Society as a basis for studying 
the adequacy of national food supplies in the First 
World War, and for the years 1924-28, independently, 
by Sir Alfred Flux and Sır Albert Feavearyear 
Exammasion of all these data shows that m eighty 
years the character of British food supplies has 
changed remarkably. In 1880, 55 per cent of the 
energy value of food supply was derived from grain 
and potatoes compared with 34 per cent immediately 
before the War, 43 per cent m the ’forties and 31 per 
cent ın 1959 The marked changes in the other 
duection have been for proportions of the energy 
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value derived from animal products, which mcreased 
from 21 per cent in 1880 to 27 per cent in 1959, from 
fats and oils, which increased from 5 per cent in 
1880 to 17 per cent m 1959, and from sugar, which 
increased from 13 per cent m 1880 to 17 per cent in 
1959 Over a longer time, increasing sugar consump- 
tion 1s perhaps the most remarkable of all, consump- 
tion in Britain having increased five-fold in the past 
century and twenty-five times over two hundred 
years Comparison of these trends with corresponding 
ones for the United States suggests that the pro- 
portions from fats and oils and sugar are unlikely to 
increase further, but that, if the standard of living 
continues to rise and manual work to decrease, the 
proportion from grain and potatoes may fall further 
with & corresponding increase in that from animal 
products Such a general trend towards more food 
of animal and less of vegetable origin (with the 
possible exceptions of sugar, fruits and green and 
other non-starchy vegetables) ıs to be found ın all 
affluent societies, and its desired nature has been 
recognized, since the writing of the Proverb, "Better 
18 a dinner of herbs where love 1s, than a stalled ox 
and hatred therewith” 

The nutritional pattern of the national food. supply 
In Britain, after war-time and post-war changes, 
became fairly stable by 1956 For all nutrients evalu- 
ated, the national diet m 1959 was of greater nutri- 
tional value than before the War Its energy value 
was 5 per cent above the pre-war estimate and had 
scarcely changed since rationing ended ın 1954 The 
most marked changes, compared with pre-war estim- 
ates, were for calcium and thiamine, which stood at 66 
and 38 per cent, respectively, above the pre-war 
levels in 1947, and have remained almost unchanged 
since About one-third of the increase in calcium 
came from increased milk supplies and the rest from 
the addition of creta preparata to flour The restora- 
tion of thiamine to flour was largely responsible for 
the maintenance of the supply of this vitamin, and 
the restoration of tron and nicotmic acid to flour was 
the main cause of the increases in these nutrients 
Animal protein and vitamin A also showed substantial 
increases Increased consumption of dairy products 
was the main reason for the rise m animal protem 
The rise in vitamin A came m almost equal amounts 
from milk and its products, liver, vegetables con- 
taining carotene, and margarine fortified with 
vitamin A, which more than offset reduced butter 
consumption 

Within this general trend towards a diet contaimng 
more foods of animal and less of vegetable origin 
there has been another, a striking trend towards the 
increased consumption during the past few years of 
the so-called ‘convenience’ foods, ın which the manu- 
facturer has relieved the housewife of much of the 
labour of preparation 

Supplies of canned meat and canned vegetables are 
nearly three times those of the pre-war years and 
well above those available in the early 'fifties Sup- 
phes of canned fruit and home-produced canned soups 
were in 1959 more than twice as great as in 1953, 
while the supply of canned fish was three times as 
great Consumption of unsweetened evaporated milk 
(which acts as a substitute for cream) 1s steadily 
increasing, but that of sweetened whole and skim 
milk 1s declining 

In the past five years the production of dried soups 
has doubled Since 1954 there has been mtense com- 
petition in the breakfast-cereal market which has 
included the 1ntroduction of sugared cereals Biscuit 
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production has doubled 1n the past ten years Custard 
powder 18 becoming less popular, but sales of table 
jellies, ice-cream and soft drinks are increasmg 
‘Instant coffee’ has rapidly gained ground, and ‘instant 
tea has appeared Another development has been m 
frozen foods In the past ten years consumption of 
frozen vegetables (almost entirely peas) has increased, 
about eight-fold, and smce 1953 consumption of 
frozen fish, not all of which 1s purchased 1n the frozen 
state, has quadrupled A recent innovation is the 
sale of frozen partly prepared main dishes, such as 
chicken pie, and another even more recent is the 
production of dehydrated ready meals The growth 
of the self-service shop and supermarket has probably 
led to a greater revolution ın the presentation of 
meat products to the public than of other groceries 
or provisions 

According to the National Food Survey, nearly one- 
fifth of domestic food expenditure in Britain m 1959 
was devoted to cooked and canned meats, other meat 
products, cooked and canned fish, quick-frozen 
legumes, canned vegetables, canned fruit, fruit juices, 
factory-produced cakes, pastries, biscuits and pud- 
dings, quick-cookmg cereals, canned and dehydrated 
soups, and recent trends suggest that such expendi- 
ture will rise 

In considering dietary fat in relation to health, 
Prof Yudkin said that under war-time and post-war 
rationing there were claims that fat consumption was 
too low and that this was responsible for dry skins, 
dull hair, a feeling of lassitude and an increase ın the 
meidence of infection The claim to-day 1s that we 
eat too much fat and this results m a variety of ıll- 
nesses, the most 1mportant being obesity and coronary 
heart disease. His view ıs that there was no 
evidence that we suffered from madequate consump- 
tion of fat durmg rationing and scarcely any evidence 
that we are suffering from excessive consumption 
to-day The quantity of fat needed for human health 
is unknown 

Obesity, an important medical problem, 1s due to 
eating more food than 1s needed Prof Yudkin made 
two pomts on this first, that our mcreasingly 
sedentary lives have decreased food needs, but many 
people are not eating less, and, secondly, that before 
the introduction of arable farmung our prehistoric 
ancestors must have lived mainly on protein and fat, 
the outstanding dietary change occurring at the 
beginning of civilization being an increase in carbo- 
hydrate consumption In the past two centuries an 
additional change has been the remarkable increase 
in the consumption of sugar with a reduction in 
other forms of carbohydrate For these reasons he 
recommended that the best way to prevent or cure 
obesity 18 to eat much less carbohydrate and not to 
worry about fat intake 

Turning next to consideration of coronary heart 
disease, Prof Yudkin said that there seems to be no 
doubt that coronary thrombosis has become more 
common m the past twenty years in the developed 
countries such as Great Britain, and that 1t 18 far less 
common m countries and communities where the diet 
contains little fat In spite of mereasing research 
into the subject, the main evidence relating fat con- 
sumption and coronary thrombosis 1s still epidemuo- 
logical and no direct evidence linking the two has 
been produced On the whole, populations with low 
consumption of fat have little coronary thrombosis 
But these are also populations with low standards of 
living, whose diets differ in ways other than m their 
fat content, and whose lives differ in ways other than 


November 18, 1961 


diet. There are only one or two investigations in 
which the comparisons are of groups with simular 
diets but differmg modes of life, or with different 
diets but similar modes of life, these investigations do 
not support the theory that dietary fat 1s the single 
factor causing coronary disease The investigations 
which compare the increased incidence of the disease 
with the changing consumption of fat equally do not 
show a close relationship The present evidence fits 
best the suggestion that coronary thrombosis 1s caused 
by a number of factors, these include heredity, lack of 
physical activity, smoking, mental stress and over- 
weight Prof Yudkin concluded that there may well 
be other factors, and that one of these may be an 
excess or deficiency of one or more nutrients, such as 
fat m general or some kinds of fats in particular 
His mam conclusion was, however, a plea for more 
research 

Dr Pyke’s theme was the simple one that a proper 
understanding of the chemistry of food and the 
physiological requirements of people makes it 
possible to arrange that food processmg shall be 
entirely beneficial to consumers He illustrated his 
theme by a description of modern work on the 
assessment, m terms of amino-acids, of both the 
composition of protems and human protem require- 
ments He spoke of early work on the mprovement 
in health brought about by increased consumption 
by children of hqud mik and, more recently, of 
dried skum milk This led to the modern approach m 
developing countries of studying the available protem 
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foods, assessing their amino-acid content, mixing and 
producing a palatable product designed to meet the 
amino-acid needs of the children for whom ib 18 
intended He gave as & concrete example the pro- 
duction of ‘Incaparina’ by Dr Scrimshaw and his 
colleagues in Guatemala from maize, sorghum, 
cotton-seed, yeast, calc1um carbonate, leaf meal and 
vitamin A This can be made into a palatable gruel 
acceptable by children suffering from protem mal- 
nutrition Its effectiveness was demonstrated by 
pictures of an affected child before and after treat- 
ment 

Dr Nicholls spoke of man’s need since prehistoric 
times to preserve and store foods so as to find the 
means of avoiding both glut and famme By tradition, 
salt, sugar, vinegar and other materials have been 
used to preserve foods In present urban life, other 
additions are necessary to prevent damage during 
transport and storage, and to produce for the house- 
wife more attractive, more convenient foods of better 
keeping quality. Such additives must be of real 
practical value and must not impav significantly 
nutritive properties nor involve a health hazard. 
Dr Nicholls described the ways of testing and con- 
trolling the use of additives not normally accepted as 
food mgredients, ncludmg the work of the Advisory 
Committee on Poisonous Substances used m Agrı- 
culture and Food Storage, the Food Standards Com- 
mittee, various scientific bodies and the chemical 
and food manufacturers’ laboratories 

D F HOLLINGSWORTH 


SPEECH 


SYMPOSIUM on speech was held on September 5 
during the British Association meeting m Nor- 
wich under the joint auspices of Sections I and J 
(Physiology and Psychology) The chair was taken 
by Prof O L Zangwill (Cambridge), who pointed 
out that this was a near-centenary occasion Jn 
1868, the British Association met at Norwich and held 
& famous discussion on speech to which Broca and 
Hughlings Jackson were the maim contributors 
In addition to commemorating this occasion, 1t was 
hoped that the symposium would serve to draw 
together recent lines of work on problems of speech 
and illustrate changing conceptions in the study of 
aphasia 


Neurology of Speech 


The discussion was opened by Sy Russell Bram 
(London), who began by paying tribute to Hughlings 
Jackson’s remarkable contribution to the neurology 
of language When Jackson addressed the British 
Association at Norwich at the early age of thirty- 
three he had already evolved the maim ideas which 
were later to transform our thinking about aphasia. 
In particular, he saw clearly the need for fuller 
understanding of the physiology of speech and in 
this respect physiology had lagged behind anatomy. 
Whereas the work of Broca and his successors threw 
much light on the areas of the brain involved m 
language, ıt had failed to clarify its nature as a 
physiological activity In Sir Russell’s view, progress 
in the study of aphasia depends above all on our 


gaining more adequate insight into the physiological 
basis of normal speech. 

Sir Russell proceeded to outhne three lines of 
approach which might serve m some measure to 
bridge the gap between the anatomy and psychology 
of language First, portant clues might be derived 
from genetic study In particular, we need to know 
how the infant’s perception of his own voice monitors 
his speech production. In the adult, 1t 18 known that 
delayed speech ‘playback’ markedly dislocates the 
output of speech!, and 1t 1s not extravagant to suppose 
that certam types of speech disorder owe their origin 
to derangement of aural ‘feedback’. There 1s con- 
sequently a need for fuller analysis of the basic 
mechanisms involved in the acquisition and regula- 
tion of speech 

Secondly, Sir Russell laid stress on phonetic 
studies and thew implications for the physiology of 
speech Modern technical methods have made pos- 
sible very precise analysis of the physical properties 
of speech sounds and have thrown a good deal of 
hght on the characteristics of sound patterns on 
which intelligibility depends Yet we still know 
little of the central mechanisms which govern the 
recognition of speech sounds and which enable 
constant meanings to be attached to what we hear 
Context, 16 would seem, 18 an 1mportant consideration 
Thus, what particular consonant is heard has been 
shown to depend m many instances on the 
vowel by which ıt is followed? In the case of 
word-meaning, context ıs of even greater mportanee 
and raises m acute form the whole problem of serial 
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order ın central nervous activity? In view of these 
considerations, Sir Russell was concerned to stress 
the need for concepts which do adequate justice 
to the flexibility of language In particular, he 
proposed that the concept of the ‘schema’, 
originally put forward by Head and Holmesi m 
regard to the appreciation of posture, might find 
fruitful application to the physiological organization 
of speech». 

Thirdly, Sir Russell paid tribute to the growth of 
communications theory He approved of the use of 
statistical method m the analysis of speech, and of 
the view that the brain 1s to be regarded as an instru- 
ment for the estimation of probabilities Indeed, 
what he had called the ‘schema’ might perhaps be 
defined as the physiological mechanism which enables 
the mdividual to gamble on the probability that a 
particular sound pattern ıs to be invested with a 
particular meaning He added that probability theory 
18 now being successfully applied to the analysis of 
vocabulary and 15s reduction in aphasia 


Techniques in the Study of Aphasia 


Prof R C Oldfield (Oxford) was mainly concerned 
with the development of techniques for the analysis of 
specific derangements of speech He pointed out that 
whereas the clinical examination of dysphasic 
patients has changed little since the time of Hugh- 
lings Jackson, there has been some advance m 
methods designed to study particular facets of the 
disorder For example, Head’s tests? were modelled 
on quantitative physiological procedures and were 
intended to assess particular derangements of sym- 
bolic function Unfortunately, Head’s theoretical 
views had not found general acceptance and his 
tests are nowadays seldom used «n toto Weisenburg 
and McBride’? developed some more standardized 
tests of intellectual function, but in view of the 
variability of performance in aphasia 1t 18 doubtful 
whether their use has led to significant advance 
In general, Prof Oldfield saw little purpose in study- 
ing aphasic cases in all them bewildering variety , 
better, he counselled, stick to purely linguistic 
issues and concentrate research effort on a narrow 
front 

Among new methods of particular promise, Prof 
Oldfield singled out the work of Penfield and his 
associates® on the electrical stimulation of the 
exposed human brain cortex As ıs well known, 
stimulation within the so-called ‘speech areas’ 
reproduces many of the clinical symptoms of aphasia, 
among them speech arrest, misnaming, distortions 
and ellisions, and wrong use of words (paraphasia). 
It ıs noteworthy, moreover, that the use of this 
technique has failed to sustain the classical distinction 
between ‘sensory’ and ‘motor’ speech zones set up 
on the basis of clinical study Prof. Oldfield also 
directed attention to the recent use of intracarotid 
injection of sodium amytal? as a means of establish- 
ing hemisphere domunance, that 1s, the hemisphere 
m which speech 1s located As with cortical stimula- 
tion, transient and reversible dysphasia may be 
produced Such methods, Prof Oldfield suggested, 
have obvious possibilities for the experimental analy- 
sis of disordered speech 

An account of some psychological work on nommal 
defects and related problems was then given. As 
Prof Oldfield pointed out, nammg an object involves 
more than the mere association between symbol 
and referent, and disorders of naming cannot be 
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viewed in terms of the failure of specific associative 
links It ıs necessary, for example, to consider 
redundancies within the total system within which we 
search 1n seeking a particular name More generally, 
Prof Oldfield urged that statistical study of the 
products of disordered speech 1s well worth under- 
taking, and its arduousness 1s nowadays much 
reduced by the availability of tape recorders and 
electronic computers Such study, Prof Oldfield 
suggested, might well model itself on the methods 
employed by Yule and Zıpf!! ın the statistical 
study of normal vocabulary Preliminary examples 
of the application of quantitative methods to aphasia 
were described? 

In conclusion, Prof Oldfield once again laid 
emphasis on the need to select limited problems 
and to develop techniques appropriate to their study 
Although clinical issues are often dramatic, 16 18 not 
always the most interesting problems that lend them- 
selves to scientific attack 
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Why we have Two Ears 


The third speaker was Prof Colin Cherry (London), 
who dealt with problems ın the general field of speech 
perception He began by directing attention to axial 
symmetry m bodily structure and 1ts significance for 
biological adaptation In particular, the possession of 
two ears 1s 1mportent not only for directional listening 
but also for effecting maximal separation of sound 
sources and hence optimal discrimination of speech 
in & noisy environment Prof Cherry was therefore 
particularly concerned to determine the features 
which enable the brain to mfer ‘what goes with what’ 
and thereby to create unified and meaningful 
auditory percepts (Gestalten) 

An important light 1s thrown on speech percep- 
tion by consideration of the facts of binaural fusion 
In the case of tones of high frequency, the half wave- 
length of sound 1s less than the inter-aural separation, 
and here fusion appears to depend on an ‘averaging 
process’ which extracts the fluctuatmg envelopes 
of the sounds and rejects the high-frequency steady 
tones! This may be expected greatly to extend the 
range of frequencies from which stable Gestalten 
can be built Prof Cherry further laid stress on the 
role of head rotation ın producing time-differences 
at the two ears and thereby facilitatmg the diserim- 
ination of speech As he rightly pointed out, the 
sense of hearing appears to be closely related to the 
sense of balance, and posture and head adjustments 
are clearly of great importance in exploring the 
acoustic world 

Prof Cherry then touched briefly on the relations 
between hearmg and speech As he has shown, an 
individual ean listen to and repeat & spoken message 
virtually concurrently (‘shadowing’) and ıb 1s note- 
worthy that even stammerers can often perform this 
task without appreciable handicap! 5. This might 
suggest not only that speech and hearing form a 
single mtegrated activity but also that 1mpediments 
of speech may be due to faulty aural monitoring 
rather than to executive disability Indeed, such 
findings do much to reinforce Sir Russell Bram's 
plea that greater attention should be devoted to the 
‘feedback’ mechanism ın the regulation of normal 
speech 

The problem of binaural speech perception was 
next considered, with special reference to dichotic 
hnstenmg Some years ago, 15 was shown that if two 
different messages are fed simultaneously through 
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headphones, one to each ear, the subject can ‘shadow’ 
either message at will but ts rendered almost totally 
unaware of what is reaching the ‘neglected’ ear}. 
In real life, however, we seldom listen to competing 
sources of information 1n so simple a manner More 
commonly, the listener ıs assailed by a barrage of 
voices which have different mutual time-relations 
at tho two ears and various other small differences 
In separating them, it 1s necessary to assume a 
kind of ductive inference based in part on past 
experience Can this be studied ? 

As a first step, Prof Cherry described an experi- 
ment still m progress m which the subject wears 
headphones and listens to a message recorded on a 
special tape recorder This enables various time 
mtervals to be introduced between right and left 
headphones and thus causes the fused sound image 
to move from side to side m the listener’s head 
A second voice which may likewise be caused to 
move is then introduced With the first voice set at a 
given position, the second 1s moved to right or left 
of it randomly by various amounts, and at each 
setting the subject guesses whether the shifted 
voice 18 to the right or left of the fixed voice Although 
the statistics of the guesses show some measure of 
uncertainty, the task can in general be performed 
On the other hand, if sounds provided by random 
noise generators are substituted for the voices, it 
becomes almost impossible to accomplish , indeed 
the listener hears two noises as a single fused sound! 
The next step m the experiment ıs to proceed either 
by removing clues from the voices (for exaniple, 
by removing larynx pitches) or by adding clues to the 
random noise sources (for example, by mtroducing 
a sharp resonance), ın each case the measure of 
uncertainty shows the extent to which the clues in 
question are utilized Although the results are not 
yet complete, Prof Cherry held out good hopes that 
the technique would prove powerful in enabling us 
to specify “what there i$ about human voices that 
enables them to be separated so efficiently". 

lt will be seen, then, that Prof Cherry was con- 
cerned, to isolate the factors mvolved in the segrega- 
tion of complex auditory experiences This analysis, 
he submitted, must be set out in the mathematics of 
statistical mferenco It must be supposed that the 
brain is able to carry out a kind of ‘correlational 
analysis’ which enables 16 to identify certam invariant 
clues under an infinite variety of uncertain transform- 
ations ‘These clues are to be regarded as statistical 
invariants, and correlations (or hierarchies of correla- 
tions) are required to assess them So far, he had 
been concerned only with first-order, short-term 
correlation funetions", which allow a start to be 
made in describing the logie of certam perceptual 
operations These computations, he suggested, 
which involve operations of short-term storage, comc- 
dence detection and averaging of sensory data, may 
well be ‘natural’ to the central nervous system The 
ultimate test of such an approach 1s, however, physio- 
logical, and Prof Cherry concluded by asking physio- 
logists whether, when considermg the brain as a 
computer, 1t had been looked at from this point of 
view 
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In his closmg remarks, Prof O L Zangwil con- 
trasted the approach to speech evidenced by the 
contributors to this symposium with that of their 
predecessors ninety-three years ago 

First, he said, ıt is plain that much less weight 18 
attached nowadays to consideration of structure 
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Unlike Bioca, Sir Russell Brain had brought along no 
colourful charts to demonstrate the cerebral seat of 
speech and evidently did not regard anatomical 
issues as of prime importance Although the problem 
of cerebral localization of course remains, ıt now 
seems doubtful whether clinico-pathological study 
alone can throw important hight on the mechanism 
of speech Indeed, neurologists appear to be turning 
increasingly to neurophysiology, experimental psy- 
chology and communications theory to help in 
the elucidation of clmical phenomena In this 
field at least, pathology has proved itself a dis- 
appomting guide to our understandmg of normal 
function 

Secondly, Prof Zangwill directed attention to 
some striking changes m our general conception of 
the speech processes In Broca’s day, 1t was custom- 
ary to break down speech into a multiplicity of 
elements, sensory and motor, and to suppose that 
each of these possessed determinate cerebral localiza- 
tion Even Hughlings Jackson had not been wholly 
free from this tendency to over-simplify To-day, 
it would seem, our approach ıs decidedly anti- 
analytical , no one had spoken of sensations, images 
or re'ated products of introspective abstraction. 
Indeed, the emphasis had been almost whol'y on 
higher-order organization and on the brain mech- 
anisms conceived to underlie 1t. This had been 
particularly well brought out by Prof Cherry in his 
valuable studies of bmaural integration and the 
perception of speech 

Lastly, Prof Zangwill commented on the astonish- 
ing extent to which statistical thnkmg now dominates 
our approach to problems of language Statistics 
were unknown to Hughlings Jackson, but ıt would, 
appear that his-successors can 111 afford to dıs- 
regard them No longer can speech be envisaged in 
terms of reflexes and habits of an essentially partic- 
wate nature, and no longer can disorders of speech 
be viewed 1n terms of the loss of particular reactions 
or classes of reaction As Prof Oldfield so well 
showed, analysis of the products of disordered speech 
cannot be satisfactorily undertaken without recourse 
to considerations of probability theory Although 
information theory may give difficulty to the non- 
mathematical, clearly it must be accepted if our 
knowledge of speech 18 to progress 
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OBITUARIES 


Prof. H. V. A. Briscoe 


Henry Vincent Arrp Briscoz died m London 
after a short illness on September 24, 1961, his 
seventy-third birthday He was professor of inorganic 
chemistry m the University of London at the Imperial 
College of Science and Technology during 1932-54 
and thereafter professor emeritus and Fellow of the 
Imperial College Briscoe was educated first at the 
City of London School and then the Royal College of 
Science, which at the time was on the point of being 
incorporated, within the framework of the Imperial 
College He graduated with honours m chemistry 
and then first assisted Sir Edward Thorpe in a revision 
of his Dictionary Although he was still à junior 
member of the teaching staff of the Imperial College, 
during the First World War he was engaged in 
responsible and secret work (which similarly occupied 
much of his time during the Second World War) and 
later took charge of the Organic Chemistry Depart- 
ment at Sir John Cass College before bemg appointed 
m 1921 to the chair of morganic and physical chemis- 
try at Armstrong College (now King’s College), 
Newcastle upon Tyne He became head of the 
Chemistry Department in 1925 and later served as 
dean of the Faculty of Science in the University of 
Durham  &x years following his return to the 
Imperial College, on the retirement of Prof J C 
Philip, he became director of the Laboratories of 
Inorganic and Physical Chemistry, a position he held 
until his retirement 

In addition to his academic positions, Briscoe had 
many outside interests among other things he was 
the first director of the Northern Coke Research 
Commiuttee’s laboratory, president of the Research 
Association of British Pamt, Colour and Varnish 
Manufacturers, visitor and manager of the Royal 
Institution of Great Britain and Ireland, vice-presi- 
dent of the Royal Institute of Chemistry, as well as 
bemg a member of Council and officer of the Chemical 
Society, and chairman of a local section of the Society 
of Chemical Industry After the Second World War 
he was also greatly concerned with the improvement 
of the supply of laboratory technicians m university 
work and was chairman of the Imperial College 
Technician Trammg Committee, of the simular 
University of London Committee and of the National 
Joint Committee on the Recruitment and Traiing 
of Science Laboratory Technicians 

Briscoe’s scientific publications cover a wide range 
of interests Although his first publication in 1912 
with P W Robertson was on the migration of the 
para-halogen atom m phenols, he afterwards moved 
mto the morganic and physical area Among his 
earlier works were precise atomic weight determina- 
tions of vanadium, tin, thallium, boron and bromine 
He considered himself a disciple of T W. Richards 
and was similarly devoted to rigorous purification 
and the development of new methods, such as those 
for handling volatile hydrolysable halides He was 
also aware of the possibility of the variation in isotopic 
1atios of materials of different geological origin, and 
for his studies on boron developed a flotation method 
for the measurement of comparative densities of 
boron trichloride which gave values to within about 
+ 2 x 10-5 umt This density method, which was 


typical of Briscoe's experimental skills and ingenuity, 
was also applied to examine heavy water and he was 
among the first 1n Great Britain to be concerned with 
-the use of deuterium and later oxygen-18 as tracers in 
exchange reactions Briscoe also made contributions 
to the chemistry of rhenium oxides, halides and sul- 
phides, and of selenium 

Throughout his career, Briscoe was much concerned 
with more applied aspects of chemistry and made 
many contributions to the knowledge of coke, paints 
and drying oils, on which he was an authority, purity 
of water, sect pests m foodstuffs, ete During the 
1930’s he became very mterested in the silicosis 
problem and hazardous industrial dusts and devised 
methods for collection and analysis of dust samples 
For this work he was awarded the Consolidated Gold- 
fields of South Africa Medal by the Institution of 
Mmmg and Metallurgy. Inspired by a lecture given 
by Langmur at the College, and anticipating 
current interest by many years, he also worked 
with Sebba on the reduction of evaporation from 
water surfaces through the use of monolayers of cetyl 
alcohol 

Briscoe will be remembered by his colleagues and 
students for his approachabihty and kindly manner. 
He 18 survived by his wife and a son and daughter— 
both members of the medical profession. 

G WILKINSON 


7 Prof. Carl Hermann 


Pror. CARL HERMANN, director of the Crystal- 
lographic Institute at the University of Marburg, 
died unexpectedly m his sleep on September 12 at 
the age of sixty-three He was a pupil of Max Born 
and a fellow research student with Werner Heisenberg, 
at Géttingen Later he became a lecturer at Stutt- 
gart, where he and Paul Ewald mitiated the Struktur- 
berichte which (with its successor Structure Reports) 
gives a detailed abstract of every known crystal 
structure determination, and which is a valued work 
of reference in every modern scientific library He 
also developed, with Prof C. Mauguin, a systematic 
nomenclature (now known as the Hermann-Mauguin 
notation) for the 230 space groups, from which the 
symmetry can be derived at a glance, and he travelled 
widely in the early 1930's, gathering material for the 
two volumes of the Internationale Tabellen zur 
Bestemmung von Kristallstrukturen. 

Hermann and his wife Eva were guests In my 
home at the time when the National Socialist party 
doubled its strength m the General Election of 
June 1932, which later brought Hitler to power, and 
I can well remember their dismay, for they realized 
even then what would follow Later, Carl Hermann 
refused to conform to the political conditions imposed 
on academic staff and he took a position as physicist 
at the IG Farbenwerke at Ludwigshafen, where he 
continued crystallographic research of high quality 
on the nature of chemical bonds and on symmetry 
m n-dimensional space He and his wife were 
imprisoned throughout much of the Second World 
War for their increasing activities m hiding and 
helping mnumerable Jews to escape from the terrors 
of Nazi persecution Only his eminence as a scientist 
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and the intervention of his friends saved him from the 
carrying out of a death sentence, but these years left 
their mark on him. 

In 1947 he was appointed to the new chair of 
crystallography ın the University of Marburg and 
he threw himself with great energy into the teaching 
of the subject and into the building-up of an active 
research school But he also gave much of his time 
to the work of the Society of Friends, of which be 
and his wife were members, and to efforts to promote 
international understanding His presence at con- 
ferences was the more valued because of his great 
gut for languages, if a new language interested 
him, he learnt 1t 

The statement put out by the Rector and Senate 
of the University of Marburg says of him. “Carl 
Hermann was a man of absolute integrity, and of 
kindness to others which had no hmi For many 
years he was a member of the Disciplinary Court of 
the University and it was always he who tried to 
understand and to excuse the defendant. ” 

He ıs not likely to be forgotten, for be has left 
many friends KATHLEEN LONSDALE 
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Prof. E. Taylor Jones 


Tae death on September 29 of Prof Edward 
Taylor Jones at the age of eighty-eight will have 
been noted with deep regret by the many who 
benefited from his unique qualities both as a teacher 
and research supervisor His own education followed 
a pattern that was familiar at the turn of the century. 
His studies at University College, Bangor, and the 
University of Berlin were followed by a time as 
professor of physics at Bangor and a long period as 
professor of natural philosophy in the University of 
Glasgow, a period prolonged by the advent of war in 
1939 His mterests throughout his life extended over 
a wide field of physics and he seemed, in fact, to be 
equally interested in physics and in electrical engm- 
eermg Thus, his earlier researches wero ın the classical 
field of electromagnetism with special reference to 
the mechanism of oscillatory devices such as the 
singing arc, the induction coil, the Tesla coil, and the 
magneto 

Research mto the behaviour of the mduction coi) 
may well have led to his very early attack on a 
variety of problems in electron diffraction. He was 
greatly excited by the elegant de Broglie approach 
to wave mechanics and soon followed the lead given 
by G. P Thomson at the University of Aberdeen in 
his famous work on electron diffraction This was a 
notable switch ın interest and could have resulted in 
& greater volume of original work but for the limita- 
tions of means and research students of that time 
Nevertheless, on average he supervised the work of 
some five research students throughout his active 
career I myself realized, as one of his research 
students, that Taylor Jones made many fruitful sug- 
gestions while never stultifymg the muitiatrve of 
members of his team He preferred to play the part 
of adviser and in this he gave freely of his store of 
knowledge 

He will doubtless be remembered by most as an 
inspired teacher of the very large ordinary classes 
These seemed to fascinate him He took great pams 
to make his courses lively and even at times hilarious, 
obviously believing that above all mterest must be 
generated His extremely expert clowning m some of 
his demonstrations made ıt mconceivable that an 
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understandmg of the fundamentals should be beyond 
any student In sprte of this unique approach to his 
ordinary classes there was considerable discipline in 
his handling of classes of more than two hundred 
students With the advanced classes he was content 
to follow more orthodox patterns of mstruction He 
must have roused within many a life-long interest m 
physics by his vivid proof that science could -be 
fun 

Prof Taylor Jones had many publications to his 
credit and the lst of these shows his versatility and 
widely rangmg interests Physics made startling 
advances throughout his life and he was excited by 
many of them He did not confine his research 
injerests closely and he never looked with favour on 
team-work In this respect he belonged with the 
mdividualists of his earlier period Those who knew 
him as a friend realized how fully he enjoyed his life 
spent in physical science. S. C. CURRAN 


Dr. Madeline Kerr 


Ir was with deep regret that the colleagues and 
friends of Dr Madeline Kerr learned. of her death on 
August 22, & few months after she had resigned from 
her post of senior lecturer in social science in the 
University of Liverpool because of ul-health. 

Dr Korr was primarily a social psychologist, but 
the richness and variety of her interests in the 
cultural process took her work into the sociological 
and anthropological fields Dr. Kerr graduated at 
Manchester and, after working m the Psychological 
Service of the Liverpool Education Committee, 
returned to take up the Knight fellowship m psycho- 
logical medicine At Manchester she was influenced. 
by Prof T H Pear and retained an interest m the 
interaction of social status and personality traits 
From Manchester she went to London, where she 
took her doctorate and worked with Prof. Lancelot 
Hogben She then jomed Prof Susan Stebbing to 
teach psychology m the Department of Philosophy 
et Bedford College She was a great admirer of Susan 
Stebbing and this was reflected ın the logical austerity 
of her seminar teaching 

In 1947 Dr. Kerr was given leave of absence to act 
as social psychologist to the West Indian Social 
Survey, where she organized a programme of psycho- 
logical testing. In the West Indies, Dr Kerr found 
an environment m which her interests in the graphic 
and plastic arts and in music combined with her 
scientific interests to make her immediately accept- 
able to the subjects of her study, and she made 
lasting friendships with members of all classes m 
West Indian society from simple peasants to members 
of the Government Some of the findings of her work 
fos published ın Personality and Conflict in Jamaica 

1952) 

On her return to England ıt was natural that she 
should jom Prof T S Simey, who had also worked 
in the West Indies, m the Department of Social 
Science of the University of Liverpool Here she 
eontinued her intensive investigation on families, 
and in 1958 published The People of Shep Street, 
which described the existence of a matriarchal society 
in @ working-class area of Liverpool. 

In Liverpool she devoted most of her energies and 
her great enthusiasm to her students, for whom nothmg 
was too much trouble and with whom she made close 
and enduring friendships She will be greatly missed. 

D CHAPMAN 
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NEWS and VIEWS 


Royal Society Medal Awards 


THE followmg awards of medals have been made by 
the President and the Council of the Royal Society 
Copley Medal to Sir Hans Krebs, Whitley professor 
of biochemistry ın the University of Oxford, for his 
distinguished contributions to biochenustry, ın par- 
ticular his work on the ornithine, tricarboxylic acid 
and glyoxylate cycles, Davy Medal to Prof D H R 
Barton, professor of organic chemistry in the Imperial 
College of Science and Technology, University of 
London, for his distinguished researches in organic 
chemistry, particularly on the structure and stereo- 
chemistry of natural products of the terpene and 
steroid series, and the analys.s of the conformation 
of cyclic structures, Sylvester Medal to Prof P Hall, 
Sadlemian professor of pure mathematics in the 
University of Cambridge, for his distinguished 
researches m algebra, Hughes Medal to Prof A H 
Cottrell, Goldsmiths’ professor of metallurgy m the 
University of Cambridge, for his distinguished work 
on the physical properties of metals, particularly in 
relation to mechanical deformation and to the effects 
of irradiation 


David Sarnoff Award in Electronics * 
Dr. C. H. Townes 


Dr CHartes H Townes, a leadmg American 
physicist and provost of the Massachusetts Institute 
of Technology, has been presented with the David 
Sarnoff Award im Electronics of the American 
Institute of Electrical Engineers The award cited 
Dr Townes for research in physics leading to major 
advances in communication technology He 1s well 
known for his work on the theorv and application of 
masers, on which he holds the fundamental patent 
Dr Townes was appointed provost of the Massachu- 
setts Institute of Technology earlier this year He 
was a member of the technical staff of Bell Telephone 
Laboratories during 1939-47, then Joined. the faculty 
of Columbia Unversity as associate professor of 
physics He was appointed professor ın 1950, served 
as executive director of the Columbia Radiation 
Laboratory during 1950-52 and as a chairman of the 
Physics Department during 1952-55 Dr. Townes’s 
awards include the Morris Liebman Memorial Prize 
of the US Institute of Radio Engmeers (1958), the 
Stuart Ballantine Medal of the Franklin Institute 
(1959), the Comstock Award of the US National 
Academy of Science (1959) and the Rumford Premium 
of the American Academv of Arts and Sciences 
(1961) 


National Physical Laboratory . 
Dr J V. Dunworth, CBE. 


Dr J V. DonwortTsH has been appointed deputy 
director of the National Physical Laboratory (Depart- 
ment of Scientific and Industrial Research) in suc- 
cession to Dr G Macfarlane, who early next year will 
take up his recent appointment of director of the 
Royal Radar Establishment, Malvern (Nature, 192, 
18, 1961) Dr Dunworth 1s at present deputy 
director of the Atomic Energy Establishment, Win- 
frith He 1s forty-four years of age and was born in 
Manchester and educated at Manchester Grammar 
School and the University of Cambridge  Shoitly 


before the outbreak of war m 1939 he was invited 
to become a member of Sir John Cockcroft’s team 
investigating problems in the use of radar He 
continued in this work until 1944, working on 150-cm 
and 10-cm radar development, mainly at the Radar 
Research Establishments at Christchurch and Mal- 
vern Late in 1944 he went to Canada with Sir John 
Cockcroft to work with the National Research Council 
on atomic energy development Soon after the end 
of the War he returned to Cambridge to take up his 
fellowship at Trinity College and was appomted a 
demonstrator in physics in the Cavendish Laboratory 
Later, in 1946, he rejomed Sir John Cockcroft 
at the Atomic Energy Research Establishment, 
Harwell 


The Botanical Survey of India. Prof. H Santapau 


For a long time the Botanical Survey of India 
remained in hibernation and the superintendent of 
the Sibpur Botanical Garden was also the officer-in- 
charge of the Botanical Survey with its headquarters 
in the Indian Museum at Calcutta About eight years 
ago the Survey was re-organized and now has a new 
headquarters at Calcutta together with a number of 
regional offices in different parts of the country Dr 
J C Sen Gupta, who was chief botanist for the 
past several years, retired last summer and was 
succeeded a few months ago by Father H Santapau, 
for many years professor of botany at St Xavier's 
College, Bombay Father Santapau was born in 
Spain m 1903 He went to India in 1928 and has 
ever since been intimatoly associated with educa- 
tional institutions in India Although his original 
education was in Barcelona in Spain, he later 
studied m the Royal College of Sciences and Imperial 
College of Science and Technology, London, from 
which he obtamed the diplomas of ARCS and 
DIC and the BSc honours and Ph D degrees of 
the University of London In 1947 he was elected 
Fellow of the Linnean Society of London and m 
1953 a Fellow of the National Institute of Sciences 
of India Father Santapau ıs the author of a large 
number of research papers and books dealing with 
the results of his explorations m parts of the Western 
Ghats (especially Mahabaleshwar) and the Dangs 
Forest m Saurashtra A few years ago he wrote a 
comprehensive Flora of Khandala (& second edition 
of which has now been published) and in 1958 the 
Flora of Purandhar Among his other publications 
special mention may be made of one on the Acanth- 
aceae of Bombay and another dealing with a History 
of Taxonomic Researches «n India on the Angiosperms 


Twenty-five Years of Television 


Durine the first week of November, the British 
Broadcasting Corporation celebrated the inauguration 
of the world’s first high-definition television service 
—on November 2, 1936 (Nature, 138, 394, 793; 1936). 
At the beginning two systems of transmission, the 
Baird and the Mareoni-EMI, were used m alternate 
weeks to judge under practical conditions which was 
the better After three months of this expermmental 
service, and following the recommendation of H M 
Postmaster-General’s Television Advisory Committee, 
the transmissions were confined to the Marconi-EMI 
system on a standard basis of interlaced scanning at 
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405 hnes per picture, and a picture frequency of 
25 per sec It was im this fashion that what 1s 
generally conceded to be the best public television 
service m the world opened well in advance of the 
United States, where the first public television trans- 
missions d d not start until April 1939 

It is a tribute to the excellent pioneer work of the 
engineers and scientists who formulated the technical 
standards adopted by the Government in 1937 to 
note that these have remained unchanged in Britain 
for twenty-five years Associated with the celebra- 
tions of this silver jubilee was a dinner given by the 
British Broadcasting Corporation at Grocers’ Hall, 
on November 7, presided over by Sir Arthur ffordo, 
chairman of the BBC The Prime Minister proposed 
the toast of the service and paid tribute to the pioneer 
work of all those concerned not only with the technical 
achievement but also with the foundation of the new 
techniques of programme provision and presentation, 
for both informative and entertainment purposes 
Many of those responsible for these developments 
were present on this occasion, and they and their 
successors must have been encouraged to work 
towards the further developments which will undoubt- 
edly occur m the next quarter of a century 


Milk Powder 


EvxN the richest cows’ milk contains some 86 per 
cent of water, and ıt has long been realized that if 
milk could. be dried satisfactorily at à moderate cost 
to produce a product with practically the same 
nutritive value as the raw milk from which ıt came, 
the resulting powder would have many important 
uses It 1s not surprising to find, therefore, that the 
manufacture and use of dried milk are greatly m- 
creasing m many parts of the world, and that even 
in Britain the amount now made is three times as 
much as it was before the Second World War The 
Government’s Milk and Milk Products Technical 
Advisory Committee, realizing that many potential 
users of milk powder might not know of the merits 
and value of the modern product, or about the 
different types that are available, sponsored the 
prepsration of a booklet by its Milk Products 
Sub-Committee (Muustry of Agriculture, Fisheries 
and Food, Department of Agriculture and Fisheries 
for Scotland, Department of Health for Scotland 
Milk Powder Pp v+18 (London HMSO,1961 ) 
ls 3d) 

The booklet succeeds m giving a most valuable 
account of the subject, and 1s divided into two parts, 
the first of which deals with the manufacture of milk 
powders, their composition, bacteriology, bulk recon- 
stitution to form liquid milk and their nutritive value 
The first part contains also a section on the physical 
and chemical properties of milk powders in which 
ymportant properties such as particle size and shape, 
bulk density, flow properties and solubility and dis- 
persibility in water are discussed The second part 
gives an account of the commercial uses of dried 
milks in baking and in the manufacture of margarine, 
chocolate, manufactured meat products, soups and 
ice-cream It deals also with the use of milk powder 
in canteens and institutions, and with its value in 
feeding-stuffs for cortam classes of farm livestock 
such as very young calves, chicks and turkey poults 
The booklet ends with a list of eighteen references 
from which further details ‘can be obtained ‘This 
small but most mformative booklet will long remam 
@ standard work of reference on a subject which 1s 
bound to increase in rmmportance as food science and 
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food technology develop with mcreasmg application 
of these subjects to world food problems 


Royal Ontario Museum: New Mineral and Gem 
Gallery 


A NEW mineral and gem gallery at the Royal 
Ontario Museum, University of Toronto, has been 
financed by a 75,000 dollar grant from the Inter- 
national Nickel Company of Canada, Ltd The 
exhibit of minerals on show ın the Gallery will include 
material from the Leonard Collection of gemstones, 
the Andre Dorfman Collection of minerals and the 
MacIntyre-Porcupine Collection of gold ore and 
nuggets The mineralogy collections now at the 
Royal Ontario Museum were begun at Victoria 
College, Cobourg, at the end of the nineteenth cen- 
turv, at the Provincial Museum, Toronto, and with 
the purchase by the University of Toronto of one of 
the collections assembled by the late Dr W F. 
Ferner In 1912, when the Royal Ontario Museum 
was established, these collections were brought 
together. 


The Cotton, Silk and Man-made Fibres Research 
Association 


SPEAKING at the annual general meeting of the 
Cotton, Silk and Man-made Fibres Research Associa- 
tion on October 12, the director, Dr D W Hill, said 
that the^work of the Association was now organized 
in fourteen departments, of which five were newly 
constituted, and the research programme was con- 
trolled by a new Research Committee served by nine 
sub-committees, including two new ones All the 
110 members of staff declared redundant on the 
merging of the two research associations had found 
satisfactory positions elsewhere The report of the 
Council, presented at the annual meeting, 1n describ- 
ing research and development during the year 
refers to the application of the principle of the Shirley 
‘automatic size box’ to the feed-box of a mangle and 
to progress in overcoming difficulties associated with 
a self-brushing device for laying the fibres in warps 
durmg sizing It also refers to work on heat trans- 
nussion through assemblies of aluminized fabrics and 
cotton blankets with the view of providing informa- 
tion on which can be based the design of clothing for 
protection under conditions more exacting than those 
met in ordinary life Special attention has been paid 
to the development of a cold-pad process for bleaching 
cotton-acetate unions without hydolvsing or de- 
lustring the acetate, and considerable progress has 
been made in work on the flow of hquids in contact 
with or through textiles Work of package dyeing 
has directed attention to methods of achieving com- 
plete wettimg-out of the package 


Men and their Jobs 


For his inaugural lecture delivered at Birkbeck 
College, University of London, on October 16, Prof 
Alec Rodger took as his title “Occupational Versatility 
and Planned Procrastination’. Prof Rodger mdi- 
cated that existing surveys to discover the require- 
ments of man-power are usually maccurate, and 
that, despite what 1s being done to prevent occupa- 
tional waste, there 1s much human wastage for which 
remedial work has to be done. At present, 10,000 
cases pass through the industrial rehabilitat!'on units 
of the Ministry of Labour each year Prof Rodger 
suggested that facilities which are at present intended 
mainly for the disabled or chronically employed 
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should be extended to other sections of the com- 
munity. With ten more occupational psychologists 
in the Ministry of Labour, considerable help could 
be given in providing better guidance for both adults 
and young people To avoid real human waste, 
however, the training people received for jobs should 
be given the widest possible base, and specialization 
should be postponed as long as possible, until the 
individual and his advisers are reasonably sure he 1s 
in the right occupation or profession 


Nature Reserves 


THE forty-fourth annual report of the Society for 
the Promotion of Nature Reserves for the year 
ending March 31 1s largely made up of accounts of 
the activities at the fourteen reserves which come 
under the jurisdiction of the Society (Pp 44+2 
plates. London: Society for the Promotion of Nature 
Reserves, British Museum (Natural History), 1961. 
10s.). At Woodwalton Fen, Huntingdonshire, a study 
of the breeding biology of the large copper butterfly 
was continued and the eggs and larva on more than 
a thousand food-plants are bemg counted at regular 
intervals. Observations will be carried out on the 
preference shown by the butterflies when egg-laying 
for docks growing 1n the open fen and those growing 
in the dykeside. Suggestions for introducing the 
butterfly on an experimental basis to Blackmoor 
Copse Nature Reserve, Wiltshire, have been con- 
sidered, but ıt has now been decided to postpone a 
decision unti] further observations have been made 
at Woodwalton Fen. A spider new to the British 
list, Asagena phalerata, was recorded at Linwood 
Warren Nature Reserve, while at Calf of Man, Isle of 
Man, a red-breasted flycatcher (the second Manx 
record) was captured in June, and Manx shcarwaters 
were taken on land during the summer. The Manx 
shearwater has not been seen on the island for nearly 
two hundred years. At Belfaüirs Great Wood, Essex, 
the reed mace grass veneer (Crambus paludellus 
Hubner) has now occurred two years running in a 
garden abuttimg on the Reserve, and ıs probably 
breeding on reed mace 1n one of the small ponds 


Electrotechnology in Australia 


In the annual report of the Division of Electro- 
technology of the Australian Commonwealth Scientific 
and Industrial Research Organization for the year 
ended June 30, 1960, reference is made to the three- 
weeks visit paid by Prof. H Frohlich, professor of 
theoretical physics in the University of Liverpool. to 
Australia at the invitation of the Division The 
object of the visit was to discuss and advise on the 
various aspects of the research work of the Dielectrics 
Section of the Division, which ts concerned with the 
study of the alkali halides, aliphatic long-chain com- 
pounds—particularly the growth of large single 
crystals and the production of pure compounds, the 
hydrates of calcium sulphate; and the theories of 
dielectric loss and of superconductivity The Division 
1s responsible for the maintenance of the Common- 
wealth standards of measurement of electrical and 
magnetic quantities, and its activities are dealt with 
separately ın the annual report under the headings 
of direct current, power frequency, audio- and radio- 
frequency, and magnetics With the completion of 
the calculable capacitor, considerable progress has 
been made with necessary additional equipment and 
techniques for the absolute determmation of the 
ohm. The screemmg efficiency of screened rooms with 
especial emphasis on the microwave region of the 
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spectrum has been investigated, and work on the 
probabihty problems associated with various random 
processes has been carried out experunentally by 
means of the probability distribution analyser 
designed and constructed in the Division. The report 
concludes with a lst of the publications by members 
of the staff, and ther names and positions as at 
June 30, 1960 


Solid Propellant Test Rig 


Messrs P. A. Hiron AND Co, engineers, of 
Radlett, Hertfordshire, announce that they have 
completed the development of a sold propellant 
rocket motor test rig for use m universities and tech- 
nical colleges. The rig consists of a stainless steel 
rocket motor suspended on a swinging parallel motion 
linkage which pushes against a cantilever spring 
beam. Movement under load 1s transmitted to a pen 
recorder indicating thrust, on paper moved at constant 
speed by a synchronous electric motor The area of 
the diagram produced 1s related by the calibration to 
the total impulse Chamber pressure 18 transmitted 
by flexible pipe to a bourdon tube which in turn 
operates a recorder pen running parallel with the 
thrust pen. The fuel used is a form of cordite sup- 
plied ın cartridge form giving a specific impulse of 
about 180 sec and requirmg no more elaborate 
storage facilities than are accorded to shotgun 
ammunition. The motor ıs eqnipped with a blow-out 
diaphragm to dimimish explosion risks ‘The rig 
permits measurement of thrust, total mmpulse, specific 
impulse and burning time, and ıt 18 possible to study 
the effect of chamber pressure and nozzle design on 
these quantities by substituting nozzles of different 
diameters and profiles 

The ng is of simple design, of which the recorder 
is the weakest link, since ıt 18 not eortam that the 
relation between diagram area and total impulse is 
strictly linear and since the mechanism for applying 
tension to the paper ıs rather crude. The rig, how- 
ever, should prove valuable for teaching and demon- 
strating in engineering departments wherever an 
interest in rocket motors and combustion exists and 
it has becn constructed on a scale such that depart- 
ments with quite limited faciities can use ıt The 
rig 18 a welcome addition to the very limited range 
of standard teaching apparatus available m the 
sphere of gas dynamics and combustion Further 
details can be obtained from the manufacturers. 
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Summer School tn Analytical Chemistry 


THE fifth triennial summer school m analytical 
chemistry, organized by the Royal Institute of 
Chemistry with the participation of the Society for 
Analytical Chemistry, will be held in the Manchester 
College of Science and Technology during September 
9-15, 1962. The School will consist of four separate, 
but concurrent, courses: Course 1, "Physical Methods 
of Organic Chemistry", under the direction of Dr. 
D W Mathieson, reader in pharmaceutical chemistry, 
School of Pharmacy, London, Course 2, “Recent 
Developments in Inorganic Analysis”, under the 
direction of Mr W T Elwell, chief analyst, Imperial 
Chemical Industries, Ltd , Metals Division, Witton, 
Birmingham, Course 3, “The Determination of Toxic 
Substances in the Arr and in Effluents", under the 
direction of Mr H. E Stagg, chief analyst, Imperial 
Chemical Industries, Ltd., Dyestuffs Division, Black- 
ley, Manchester, Course 4, "Newer Instrumental 
Techniques"', under the direction of Dr. V. S. Griffiths, 
reader ın spectroscopy, Battersea, College of Techno. 
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logy, London. Further information can be obtained 
from the Education Officer, Royal Institute of 
Chemistry, 30 Russell Square, London, W.C.1. 


Theoretical Chemistry Summer School at Oxford 


ONCE again Prof C.A Coulson and the Delegacy for 
Extra-Mural Studies of the University of Oxford are 
organizing a summer school in theoretical chemistry. 
The school is to be housed in St Antony's College, 
with lectures m the Mathematical Institute Further 
information may be obtamed from the Secretary, 
Delegacy for Extra-Mural Studies, Rewley Houso, 
Wellington Square, Oxford The dates of the School 
are September 8-22, 1962, accommodation 1s strictly 
limited and the closing date for applications 1s 
April 30, 1962 


British Institution of Radio Engineers: Awards 


Tax following awards have been made by the 
British Institution of Radio Engineers for outstanding 
papers published in the Institution’s Journal during 
1960 Clerk Maxwell Premvum, to Dr Q. T Wright 
(University of Birmmgham) for his paper on “A 
Proposed Space-Charge-Limited Dielectric Triode”; 
Henrich Hertz Premum, to Mr R A Waldron 
(Baddow Research Laboratories, Marconi’s Wireless 
Telegraph Co ) for his paper on “Features of Cylin- 
drical Waveguides containing Gyromagnetic Media”; 
A F Bulgm Premwm, to Dr A Kraus (Rohde and 
Schwarz, Munich) for his paper on “Reflection 
Coefficient Curves of Compensated Duiscontimuities 
on Coaxial Lines and the Determmation of the 
Optimum Dimensions": Arthur Gay Premwum, to 
Mr E Davies (Marconi's Wireless Telegraph Co ) for 
his paper on “The Application of Printed Wiring to 
Development of Small Batch Production with Par- 
ticular Reference to Television Equipment", Leslie 
McMichael Premvum, to Mr. C H. Dix and Mr 
W E Wilshaw (Hirst Research Centre of the 
General Electric Co ) for their jomt paper on “Micro- 
wave Valves. a Survey of Evolution, Prmeiples of 
Operation and Basic Characteristics”, Lord Ruther- 
ford Award, to Mr E. C Fellows (Associated Elec- 
trical Industries Research Laboratories, Aldermaston) 
for his paper on “Energy Stabilization of a 4-MeV 
Electrostatic Accelerator usmg Controlled Corona 
Discharge", Charles Babbage Awad, to Mr E M 
Bradley (International Computers and Tabulators) 
for his paper on “A Computer Storage Matrix usmg 
Ferromagnetic Thin Films" 


The Night Sky in December 


New moon occurs on Dee 7d 23h 52m ut and 
full moon on Dec 22d 00h 42m The following con- 
junctions with the Moon take place. Dec 11d 00h, 
Saturn 2°S ; Dee lld 14h, Jupiter 2? S , Dec 20d 
llh , Aldebaran 0 7? S , Dec 26d 21h, Regulus 
05* S In addition to these conjunctions with the 
Moon, Venus is m conjunction with Antares on 
Dec. 11d. 20h , Venus bemg 5? N Mercury and Mars 
are too close to the Sun for observation Venus 
18 & morning star, but 1s also too close to the Sun for 
easy observation Jupiter and Saturn are evening 
stars, setting about three hours after the Sun, but 
conditions for observation are not favourable Occul- 
tations of stars brighter than magnitude 6 are as 
follows, observations bemg made at Greenwich 
Dec Id lh 19-3m,c Leo (D); Dec 1d 2h 135m, 
v Leo (E), Dee 12d 17h 56-7 m, 45 Cap (D), 
Dee 18d 19h 466m, + 11? 445 (D); Dee 20d 
4h 25 0m, y Tau (D); Dec 23d 23h 304m, 81 
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Gem. (E). D and R refer to disappearance and 
Teappearance, respectively The Geminid meteors 
are active durmg December 9-14, maximum activity 
being on December 13 The radiant ıs at RA. 
7h. 28m , Dec. + 32°, and conditions for observation 
are very favourable The Ursid meteors are active 
on December 20-22, but conditions for observation 
are unfavourable. The winter solstice occurs on 
December 22d 03h. 


Announcements 


Mr. R Buyre has been appointed editor of The 
Pharmaceutical Journal He has been responsible for 
the Journal since June this year He joined the 
Journal as assistant editor m 1957 from the same 
post on The Chemist and Druggist 


Tae Royal Agricultural Society of England offers 
annually a medal together with an award of one 
hundred guineas for research work of outstanding 
merit carried out m the United Kingdom which has 
proved, or 18 likely to prove, of benefit to agriculture 
Recommendations from heads of university depart- 
ments or research organizations for the next award 
must be submitted to the Secretary, Royal Agm- 
cultural Society of England, 35 Belgrave Square, 
London, S W 1, not later than January 31, 1962. 


A symposium on “The Role of Science in the 
Development of Natural Resources with particular 
reference to Iran, Pakistan and Turkey” 1s to be held 
in Lahore during January 8-13 The symposium 1s 
sponsored by the Scientific Council of the Central 
Treaty Organization 


THE sixty-eighth annual meeting of the American 
Mathematical Society will be held ın Cinemnati, Ohio, 
during January 22-28, ın conjunction with the annual 
meeting of the Mathematical Association of America 
Further information can be obtamed from the 
associate secretary, J W T Youngs, American 
Mathematical Society, 190 Hope Stieet, Providence 6, 
Rhode Island 


THE Department of Municipal Engineermg of the 
Manchester College of Science and Technology 1s 
organizing a short course of lectures on “Problems of 
Radioactivity at Water and Sewage Works”, which 
wul be held in the College during January 11-12. 
Further information can be obtamed from the 
Registrar, Manchester College of Science and Tech- 
nology, Manchester 1 


Tse International Atomic Energy Agency 18 
organizing a conference on ‘New Techniques in 
Biology and Medicine” at Mexico City durmg 
November 21—December 1 Special attention will be 
directed to the use of isotopes in these fields Further 
information can be obtamed from the International 
Atomic Energy Agency, Vienna 


THE Chemical Research Committee of the Indian 
Council of Scientific and Industrial Research 1s 
organizing & symposium on “Carbohydrates, Cellulose 
and Cellulose Industries” at Ahmedabad Textile 
Industry’s Research Association, Ahmedabad 9, 
during January 29-30, 1962 Further mformation 
can be obtained from the Director, Ahmedabad 
Textile Industry’s Research Association 


THE name of one of the authors of the communica- 
tzon entitled "Mouse Lymphoma Cells with Different 
Eadiosensitivities" in Nature of November 11, p 572, 
was omitted, the communication was by Dr P 
Alexander and Z B Mikulski 
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THE UNIVERSITY OF OXFORD EXPEDITION TO PERU, 19261 


HE University of Oxford Expedition to Peru, 
1961, has recently returned to the United 
Kingdom after completmg approximately three 
months field work in the Central Andean Region 
south of Huancayo. The mvestigated area covered 
600 sq mules between latitudes 12° 25’ and 12° 50' S , 
and longitude 75° 15’ and 75° 30’ W, at altitudes 
from 13,000 to 18,000 ft op Six scientists com- 
pleted an integrated study which concentrated on the 
geological and botanical features of the country 
No previous work had been done on the geology of 
the area although the region was adjacent to country 
mapped by Dr J V Harrison of the Department of 
Geology and Mmeralogy, Oxford R C Herrera 
constructed an initial geological map on the scale 
1 50,000 This work was augmented by detailed 
stratigraphical sections of the Mesozoic and Tertiary, 
and by systematic collection of fossils, especially from 
the Cretaceous limestones A small number of 
volcanic and acid intrusive specimens were collected 
for Prof B Gulett: of Brown University, ın conjunc- 
tion with a programme of age determination of 
Andean rocks The results of the investigation will 
be used by Dr J J Wilson, of Lima, in his work on 
the Mesozoic history of the Andean Geosyncline 
The botanical work, carried out by J R Lloyd 
and J K Marshall, was divided into five parts 
First, & collection was made of the flowering plants, 
ferns and bryophytes of the whole area  Concom:- 
tantly, a map and general survey of the plant forma- 
tions in the region were completed Thirdly, the 
quadrat method was used for a more intensive exam- 
ination of samples from the formations of all districts. 
Completeness and precision were given to this phase 
by the detailed study of all the communities of a 
selected 10 sq mile plot Material comparable with 
the recently discovered fern-allay, Styltes, was found 
to be widespread in the Distichia bogs, and an 


ELECTRON MICROSCOPY 


HE nineteenth annual meeting of the Electron 
Microscope Society of America was held at the 
Pittsburgh Hulton Hotel, Pittsburgh, Pennsylvania, 
durmg August 23-26 The Local Arrangements 
Committee, headed by Dr Robert V Rice, is to be 
especially commended for the arrangement and 
success of this meeting, which brought together more 
than 706 active workers ın electron microscopy from 
24 American States, Canada, Australia, Great Britain, 
Belgium, Germany and Japan It was the largest 
meeting m the history of the Society There were 
ton general sessions of contributed papers, five m the 
biological fields, five in non-biological areas , in 
addition, & special session on techniques and three 
symposia were features of the programme Nineteen 
scientific exhibits were presented and twenty-one 
commercial] exhibitors participated in the meeting. 
Some 180 authors contributed papers on the technique 
and applications of the electron microscope to work 
in biology, chemistry, medicine, cancer, metallurgy, 
electron diffraction and related fields 
A. limited number of programme abstracts are still 
available from Dr A R Taylor, Parke, Davis and Co , 


autecological mvestigation was made of this and other 
genera Finally, analysis of the changes of day and 
night temperature of four different flowering plant 
genera was carried out. The botanists were accom- 
panied for a short time by Dr O Tovard, a Peruvian 
taxonomist, who aided in collecting and general 
surve 

S R S Walker carried out work on the various 
soils, the majority of which were skeletal lithosols 
with a marked absence of horizons His work was 
closely linked with the ecological programme of the 
botanists, and the samples will be analysed at the 
Department of Botany, Cambridge. 

A 1 50,000 map of the north-eastern part of the 
area was compiled by the surveyor, M R Bewsher, 
this supplemented the smaller-scale published maps, 
Stadia methods were used to map at 1 5,000 a 
hmited area of particular interest to the botanists 
In addition, Bewsher recorded continuous meteoro- 
logical observations at six stations 

M J Troughton undertook a geographical descrip- 
tion of the study area, and in particular of the 
Ayhuicha Valley centred on the village of San José 
de Acobambilla This 1s an isolated and particularly 
self-sufficient peasant community, and he was 
fortungte ın being able to carry out the investigation 
during the ‘faena’ or collective community work 
period. At this tıme the men are recalled to the 
village from work among the herds on the puna 
grazing areas, thus presenting a good opportunity of 
observing the various activities of such a population. 

Throughout the Expedition, great use was made of 
animal transport—mainly pack mules, which, 1n spite 
of their temperament, were ideally suited to the 
rough mountainous terrain. The mules, the extreme 
hospitality of the local Indians, and a working know- 
ledge of Spanish were found to be great aids to explor- 
ation in the Andes of Peru. R. C. HERRERA 


IN THE UNITED STATES 


Detroit, Michigan One hundred and three new 
members of the Society were elected, making the 
total membership 1,040. 

In the symposium on ‘““The Contribution of Electron 
Microscopy to Polymer Morphology", organized by 
Dr R G Scott (Pioneermg Research Division, 
DuPont Experimental Station, Wilmington 98, 
Delaware), seven experts in this field discussed X-ray 
diffraction applied to polymers, spherulites, electron 
diffraction applied to sigle crystals, morphology of 
polymers, fibre microscopy and electron diffraction 
applied to synthetic fibres Arrangements for this 
symposium were planned over a period of two years 
and summarized the new phases of technology and 
applications of electron microscopy in the field of 
polymer science. : 

Dr Rubin Borasky (Electron Microscope Labora- 
tory, Graduate College, University of Illmo:s, Urbana, 
Illinois) arranged and directed the symposium on 
“Ultrastructure of Protem Fibers—Collagen, Muscle, 
and Kerati" The papers on physical, chemical 
and mechanical properties of protem fibres m 
muscle and keratim summarized the recent con- 
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tributions to the science of fibre structure, especially 
collagen 

The symposium on “The Fine Structure of Viruses" 
arranged by Dr A F Howatson (Medical Biophysics 
Department, University of Toronto, Toronto 5, 
Ontario) was especially noteworthy in that the 
presentation of papers on recent advances ın fine 
structure, animal virus structure, electron microscopy 
of nucleic acids and proteins, structures of bacterio- 
phages and ther variations, and work on the fine 
structure of foot-and-mouth disease virus brought 
together in & very logical sequence the information 
on the recent improvements in the techniques of 
replication, shadow-casting, thin sectionmg and 
"negative contrast" stammg and ther application 
and interrelationships m obtammg new information 
on the structure of viruses both «n situ and isolated 


Fifth International Congress for Electron 
Microscopy 


Arrangements for the Fifth International Congress 
for Electron Microscopy to be held in Philadelphia 
during August 29-September 5, 1962, were announced 
at the meeting 
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The Electron Microscope Society of America will 
be the host for the International Federation of 
Electron Microscope Societies at this Congress to be 
held, comcidently, on the twentieth anniversary of 
the Electron Microscope Society of America Efforts 
are bemg made to have the Congress include the most 
significant developments since the last Congress in 
Berlin m 1958 The general theme will emphasize 
new and unique contributions of electron microscopy 
toward the advancement of science In addition to 
contributed papers, the programme ıs being organized 
to include special papers by invited speakers which 
will set the theme of each session In the interest 
of the earliest possible dissemination of the new 
material to be presented at the Congress, the Com- 
mittee has completed arrangements for each active 
member at the Congress to receive the bound copy 
of the scientific papers at the time of registration 
This will contain an abbreviated paper, including 
some micrographs or illustrations, for each scientific 
contribution presented at the Congress 

Further information can be obtained from the 
Secretary, Fifth International Congress for Electron 
Microscopy, 7701 Burholme Avenue, Philadelphia 11, 
Pennsylvania A. R TAYLOR 


THERMIONIC CONVERSION OF HEAT TO ELECTRICITY 


SYMPOSIUM on the thermionic generation of 
electricity was held at Bankside House, London, 
on May 11 It was organized by the Central Electri- 
eity Generating Board and attended by workers in 
the field of thermionic generation from a number of 
public and private concerns m Britain 
An opening address by Dr. K H Spring, of the 
Research and Development Department of the 
Central Electricity Generating Board, was followed 
by a paper from Mr R V Harrowell, also of the 
Board, and Dr J Myatt (Atomic Energy Research 
Establishment, Harwell) on the efficiency and power 
of a diode generator This paper exammed the 
simplified expression for efficiency 


= Qe — DA 
7 — ge + Pra 


where gc and 9a are cathode and anode work func- 
tions, Pz 1s the power loss and 7 4 18 the anode current 
When 7 15 plotted against oe, the resulting humped 
curve 18 asymptotic to zero efficiency as pe 1s increased 
indefinitely, and for qc = 94,7 = 0 It was pointed 
out that emphasis 1s seldom laid on the fact that this 
efficiency curve 18 valid only for a matched load at 
each value of ge 1t 18 then true that 7 = 0 at 9c = 
pa. But ıb js quite possible, under non-matched 
conditions, to have & high efficiency even when gece = 
pa, and this, or an intermediate state, may be desir- 
able in certain circumstances More important 1s 
the fact that, under matched conditions, maximum 
efficiency may sometimes be sacrificed for an crease 
m power, 1n this case pe will be less than its value at 
maximum efficiency. 

A low anode work-function is important for the 
realization of high efficiency The effective work- 
function of a metal anode ın ezsium vapour depends 
on the cesium coverage of the surface A value 
below both the figure for clean metal and the bulk 
exsium work-function can be achieved with a correct 
balance between the anode temperature and the 


saturated cesium temperature a value of 11 V has 
been quoted 

A study of the work-functions of anodes opposite 
oxide cathodes has been made by Dr B J Hopkins 
(University of Southampton) The work-function 
of a clean nickel anode (^ 4-7 V ) fell to less than 
2 5 V. when the cathode was ın the most active condi- 
tion. Dr Hopkins considers that barium oxide 
evaporates from the cathode m the molecular form 
and ıs deposited on the anode Three methods of 
measurement were used two depend on the determina- 
tion of the contact potential difference from retarding 
field curves, tho other uses the contact potential 
difference obtained by the Kelvin method If the 
contact potential difference between the cathode and a 
known reference surface 1s also measured, then the 
anode work-funetion can be found by elummating 
the cathode work-function from the two expressions, 
alternatively, the cathode work-function can be 
measured from a Richardson plot, although this 
would give a less trustworthy result 

Mr D C. Gore (Central Electricity Generating 
Board) read a paper entitled “The Thermionic Diode 
in Large-Scale Power Production from Fossil Fuels" 
This dealt with the diode as a thermodynamic topping 
device ın a conventional boiler, using the upper part 
of the available temperature-range, which ıs not 
usable m a steam cycle The mechanical arrangement 
would be for the diodes, m cylindrical form, to 
envelop the boiler tubes, the outer, cylindrical 
cathodes would be heated by the furnace gases Ifa 
diode efficiency of 20 per cent could be attained and 
the efficiency of the conventional plant were 35 per 
cent, the total plant efficiency would be raised to 45 
per cent by the mtroduction of diode ‘toppers’ passing 
three-quarters of the available heat Any saving m 
fuel costs would probably be considerably offset by 
the relatively short life of the diodes, but Mr Gore 
believes that if the very difficult problems of materials 
can be solved there are reasonable prospects for 
reducing generating costs Some of the problems 
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of materials and techniques were then reviewed by 
Mr E Cohen (Central Electricity Generating 
Board) 

Mr D. A Watt (Atomic Energy Research Estab- 
hshment, Harwell) and Mr J A McWilliams (Boucher 
and Co, Kidderminster) described two engineering 
design studies of experimental in-pile thermionic 
generators one has a planar geometry and uses 
ceramic—metsl seals, the other, with a cylmdrical 
geometry, has been simphfied by omitting the 
ceramic—metal seals and usimg a continuous stainless 
steel envelope, which also forms the anode load In 
the planar device the cathode 1s a coating of natural 
or depleted uranium carbide~zirconium carbide 
(25 - 75) on a tantalum ‘top-hat’, the inside of which 
contains uranium earbide-zireonium carbide enriched 
with ur&nium-235 as the fuel. To overcome the 
serious compatibility problem of fuel material in 
contact with tantalum at 2,000° C, the cylindrical 
version uses & rod of uranium carbide—zirconium 
carbide made of depleted or natural material at the 
end in contact with the tantalum cathode support 
and enriched material as the fuel at the free end An 
output of about 300 W was expected from an expen- 
mental model of the cylindrical diode bemg made 

The use of 10n injection for space charge neutrahza- 
tion was discussed in a paper by Mr G G Isaacs 
(GEC Hurst Research Centre) In this type of 
device, 10ns are generated by an auxihary discharge 
and, therefore, inert gases may be used instead of the 
chemically active alkah metal vapours The expen 
ments reported indicated a high degree of neutraliza- 
tion of space charge A net output of about 200 mW 
was obtained at an efficiency of about 1 per cent, 
however, no attempt had been made to optimize the 
design As well as freedom of choice of filling gas, a 
further advantage of this kind of device 18 1ts poten- 
tiality for generating alternating current 

Mr J A. Thorp (A EI, Rugby) spoke on ‘‘Auxili- 
ary Ion Sources in Cesium Diodes". One method of 
neutralization of space charge 1s to produce positive 
10ns from cesium atoms ın contact with a hot surface 
the work-function of which exceeds the ionization 
potential of cesium Mr Thorp dealt with an investi- 
gation using matrix-type cathodes of low average 
work-function but with some high work-function 
spots at which ionization occurs It is possible, 
however, for some ions to be trapped in a potential 
well at the mixed work-function surface and thereby 
be rendered ineffective In the work described, a 
hot tungsten filament between anode and cathode 
has been used to 10n1ze the cesium When the fila- 
ment was biased one or two volts positive relative 
to the cathode, the anode current was several times 
greater than when the ionizer was unbiased This 


RESEARCH IN THE 


HE seventh biennial conference of the Inter- 
national Union of Leather Chemists Societies 
was held in Washington, DC, durmg August 20-25 
The International Union was founded in Europe 
after the Second World War as & confederation of 
national member societies concerned with the leather 
industry, and research and technology related to ıt 
From an early stage m 1ts development, 16 had as one 
of 158 members the American Leather Chemists’ Asso- 
ciation, and m the twelve years since its foundation 
1t has come to include among its twenty-five member 
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indicated that the potential well at the filament 
was removed and positive ions were released 

In an analysis of the processes of 10nization and 
de-lonization in a diode, Dr L G Sanders (Atomic 
Energy Research Establishment, Haiwell) considered 
the comparative effects of 1omization by election 
collisions and photons, and the so-called resonance 
ionization (also used by Mr Thorp) It appears that 
the first two types of ionization are small compared 
with resonance ionization at the cathode, provided, 
in the case of electron collisions, that the electrons 
are at cathode temperature However, 1f the electrons 
aie at a temperature two or three times greater than 
the cathode temperature of about 2,000? C , electron 
collision ionization can make an appreciable eontii- 
bution The electron temperature may well be of 
this order due to barrier and Thomson heatmg A 
sumple approach, based on the current balance at 
the electrodes, has shown that the highest vapour 
pressure necessary is that which just neutralizes 
the negative space charge If the pressure has to be 
higher than this amount ın order to lower the cathode 
work-function by partial cæsium coverage, then the 
electrode spacing should be decreased to limit the 
plasma resistance. 

In a review of progress ın the United States, Dr 
B C Lindley (C A Parsons and Co , Ltd ) reported 
that the trend there 18 towards the use of refractory 
metal cathodes and high cesium pressures the former 
enables high cathode temperatures to be used, while 
the high vapour pressure (~ 10mm mercury) ensures, 
even at 2,000? C , a reduction in work-funetion due 
to the presence of a monolayer of cæsium, electrode 
spacings of the order of the electron mean free path 
minimize heat conduction through the plasma 
Most of the American groups visited were working 
on the close-spaced vacuum converter as well as the 
czesium version 

“The Crossed Field Thermionic Converter” was 
the title of the final paper, which was read by Dr 
G D Suns (University College, London) In this 
device, space charge 1s overcome by crossed electric 
and magnetic fields Dr Sims described experiments 
that have established beam interaction with the 
accelerator electrode in the initial apparatus used 
He believes there is little doubt that the accelerator 
current, which persists even with extremely high 
magnetic fields, arises as a result of instability in the 
electron cloud, this gives rise to either amplification 
of noise or oscillation—resulting ın radio-frequency 
fields which cause electrons to lose sufficient energy 
to be drawn to the accelerator This represents 
wasted power Further experiments are being 
planned with the view of the suppression of accelerator 
current R V HARROWELL 
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LEATHER INDUSTRY 


societies a steadily mcreasmg number from Asia, 
Africa and South America, the expanding leather 
industries of which are based on locally available 
supplies of hides, skins and tanning materials The 
decision to hold this year’s biennial conference outside 
Europe for the first time, and to combine 16 with the 
annual meetings of the American Leather Chemists’ 
Association, 18 evidence of the growmg collaboration 
between American and European leather chemists 
and their colleagues in other contments. Thanks 
to its efficient organization bv the host society 


November 18, 1961 


instructive conference 


No 4803 


an enjoyable, lively and 
resulted 

As a craft ndustry, organized im relatively small 
units, the leather industry has in the past paid too 
little attention to the more fundamental types of 
research, and 1s to-day still handicapped in com- 
petition with the producers of synthetic and sub- 
stitute materials by the allocation of insufficient funds 
to research and development Not only the scale of 
research effort needs to be increased, however, but 
also the communication of the results m a form ın 
which they are assrmilable and can be applied in 
tanneries These points were emphasized by M 
Riviere (Strasbourg) im the John Arthur Wilson 
Memorial Lecture with which the conference began, 
and also by speakers ın the ensuing discussions, 
public and private It was evident that there was a 
deeply felt need for closer collaboration between 
research workers and the industry, and that whule 
national and international conferences such as the 
present one help to disseminate scientific information 
among the research workers, they do not neces- 
samly ensure that this mformation is put to the 
best practical use m the industry itself, to achieve 
this, a programme of education 13 needed, to acquaint 
the tanner with scientific discoveries which he can 
use, but also to acquaint the scientist with the needs 
and difficulties of the industry 

Of the sessions which were devoted to scientific 
papers, the outstanding ones were those devoted to 
work on the chemustry and structure of collagen. 
The president of the Union, W Grassmann (Max- 
Planck Institut, Munich), reviewed present knowledge 
of this subject as a prelimmary to a discussion of the 
results recently obtained by his group The light and 
dark bands revealed by electron microscope photo- 
graphs of collagen fibrils have different amuno-acid 
compositions By the invesugation of peptides 
isolated from heat-denatured collagen by degradation 
with trypsm, 15 has beon shown that some regions of 
the peptide chams contam more of the polar ammo- 
acids than occur elsewhere, while in other regions the 
amino-acids are mainly glycine, proline and hydroxy- 
proline, with some alanme and serme In the 
non-polar regions, the sequence ıs usually glycme— 
proline—X, where X 1s either glycine, serine or alanine 
In the polar regions, which give the dark bands, the 
sequence 18 less regular, and glycme does not occur 
at every third position Carefully controlled de- 
naturation of tropocollagen (soluble collagen obtemed 
by leachmg young skims ın mildly acidic conditions) 
results m the production from collagen (mol. wt 
360,000) of «-collagen of mol wt 110,000 and 
8-collagen of mol wt 215,000 ın equal amounts, and 
the denaturation 18 thought to cause multiple breaks 
in the rod-hke tropocollagen, following the uncoiling 
of the collagen helices. According to F O Sehmutt 
et al, the long spacmg segments are built up of 
parallel bundles of tropocollagen molecules, whereas 
in the fibrils of native collagen, neighbourmg mole- 
cules are displaced relative to one another by one- 
quarter of ther length, and this view has been con- 
firmed by staming techniques followed by photo- 
metric measurements along the lengths of the 
segments The collagen molecules are bound together 
laterally by covalent cross-hnks, which are the cause 
of the limited swelling and the 1nsolubihty of collagen 
in water As was shown in a paper by H Hörmann 
(Max-Planck Institut), the covalent bonds consist of 
hexoses the two hydroxyl groups of which form ester 
hnks between different peptide chains in collagen 
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Grassmann indicated that tannage consists generally 
of an increase of cross-hinkmg of molecular chains 
withm dark band regions of fibrils, although some 
tanning materials also form compact deposits sur- 
rounding the fibrils, and without any true tanning 
action 

K Kuhn (Heidelberg) described experiments on 
the end-to-end lmkage of tropocollagen molecules 
involving their treatment with trypsm and pepsin 
to remove the peptide appendages which are thought 
to protrude from the ends of these molecules The 
results were held to indieate that the end-to-end 
polymerization of tropocollagen molecules was mainly 
due to electrostatic forces, but this view was ques- 
tioned by Schmitt in the discussion followmg the 
paper The production of gelatin fractions from skin 
collagens, and ther re-constitution as fibres, was 
described m a paper by A Ves and J  Anesey 
(Northwestern University, Chicago) with J Cohen 
(Armour Leather Co, Chicago), while A G Ward, 
N T Crosby, D G Higgs, R Reed and G Stamsby 
(University of Leeds) described experiments the aim 
of which was to break the insolubilizmg cross-links 
of matuze bovine collagen after alkaline pretreatment 
The rod-like particles of collagen may be dissolved to 
yield products similar m many respects to those from 
young skin Some beautiful electron microscope 
photographs were shown by L P Witnauer and 
L D Kahn (Eastern Regional Laboratory, US. 
Department of Agriculture, Philadelphia), collagen 
fibrils precipitated by morganic 10ns from solution 
had various solubility characteristics, as well as a 
variety of forms 

Of the other twenty-five papers presented at the 
conference, the majority were concerned with leather 
technology rather than with questions of general 
scientific interest, and reference can be made to only 
a few of them H G Turley (Rohm and Haas Co, 
Philadelphia) compared and contrasted American and 
European practice m chrome tanning, and indicated 
that the different methods used are determimed by 
economic factors as much as by different objectives 
P J van Vhmmeren (TNO, Waalwijk, Holland) 
described work on masked, chrome tannages, stressmg 
the importance of the stage at which the masking 
agent (formate, phthalate, acetate or oxalate) 18 
added to the tanning liquor Because of the different 
rates at which chrome complexes are formed, the 
most appropriate stage differs for various masking 
agents and, when chrome sulphate alone 1s used, 1b 
may be best to add the material to pickled pelt as a 
dry powder produced by the slow evaporation of 
chrome sulphate solution, this gives strongly masked 
aniome complexes which break down only slowly in 
cold solutions E Heidemann, P. Fuhren and H 
Kroll (Technische Hochschule, Darmstadt) discussed 
the tannages of synthetic polypeptides (used as model 
substances) with chrome They have produced them 
as gelatinous materials or əs voluminous flakes in 
which all the carboxyl groups are probably accessible 
to chrome complexes, and their results suggest that 
the majority of the cross-linkages between carboxyl 
groups involve complexes contamung a pair of 
chromium atoms 

In a session devoted mainly to the physical testing 
of leather, E Baumann (Bally Shoe Factories, 
Schoenenwerd, Switzerland) stressed the need for 
simple and rapid test methods, which are essential ın 
testmg a biological material such as leather for 
factory control The abrasion testing of sole leather 
was discussed by R G. Mitton, M. Millar and F R 
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Morgen (British Leather Manufacturers’ Research 
Association), who showed that, despite the obvious 
complexity of the wearmg process of shoe soles, there 
1s & good correlation between the results obtained in 
abrasion tests and durability measured m wear trials 
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of shoes In favourable cases, the closeness of the 
correlation seems to be lmuted by the unavoidable 
errors associated with the wear trials (and amounting 
to a few per cent) rather than to any other cause. 

R G Mrrron 
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INTERNATIONAL UNION OF FOREST RESEARCH ORGANIZATIONS 


HE thirteenth Congress of the International 
Union of Forest Research Organizations was held 

in Vienna during September 11-16 under the presi- 
dency of Mr James Macdonald, director of research 
and education in the Forestry Commission, London 
Vienna was the birth-place of the Union, and the 
small body of specialists, members of Austrian, 
German and Swiss forest research institutes, who first 
met (at Mariabrunn) in. 1893, would surely have been 
gratified at the ramifymg growth and vigour of their 
brain-child More than 400 delegates, an all-time 
record, attended the Congress from about three 
dozen countries, with particularly strong con- 
tingents from Finland, Germany, Japan, Scandinavia, 
the United States and the USSR 

All working sessions were held at the Wilhelm 
Exner Haus, Hochschule fur Bodenkultur, and the 
opening and closing ceremonies at the more central 
Haus der Industrie The Congress was formally 
opened by the Federal Minister of Agriculture and 
Forestry, who reviewed the great changes—territorial 
losses, damage, over-exploitation and  neglect— 
wrought by two World Wars in the forest economy of 
Austria and emphasized the growmg importance of 
the forests, both State and private, not only as 
suppliers of timber, internally and abroad, but also 
as stabilizers of mountaim slopes and guarantors of 
the water supply The Marshall Plan had given a 
gieat impetus to rehabilitation, and now an extensive 
programme of torrent- and avalanche-control, em- 
bracing both engmeermg works and reforestation, 
was under way, backed by a carefully conceived plan 
of research 

The maim work of the Congress was, as usual, carried 
out in the sections, of which (melusive of biblio- 
graphy) there were ten, which constitute the hvmg 
heart of the Union The section leaders, who continue 
m office between Congresses, are responsible for 
keeping in touch with the research workers in their 
respective fields of action, for distributing 1nformation 
of interest to specialist working groups and other 
members of their section, for initiating action as 
necessary, and preparmg for and conducting their 
sectional meetings at Congresses 

Section 11 (Forestry Influences), under Dr H 
Storey of Washington, dealt with three main topics: 
management of forested watersheds for water supply 
(where stress was laid on the need for new measure- 
ment techniques and mstrumentation), the role of 
forests and engineermg structures in the control of 
floods and erosion (emphasizmg the supplementary 
functions of biological and engineering methods) and 
shelterbelts, and ended with appomtmg working 
groups to initiate and co-ordinate work in each of 
these fields Section 21 (Site Factors), under Prof 
de Phihppis of Florence, bad forest typology, the 
influence of forest stands on the soul, and biological 
factors of forest regeneration as its main topics, and 
set up & joint working group with Section 25 in order 
to study what are the best criteria for assessing the 
quality of sites and the relationships between environ- 


mental factors and the potential productivity of sites. 
In Section 22 (Forest Plants) under Dr C Syrach 
Larsen of Hørsholm, the chief topics discussed were 
seed production problems in forest trees and the 
growing of pines in the tropics and subtropics, a 
working group was formed on provenance research 
This Section has hitherto concentrated on tree 
breeding, but ıs becomimg increasingly interested in 
physiology Dr Leibundgut of Zurich presided over 
Section 23 (Silviculture), 1n which a great variety of 
subjects was discussed, notably silvicultural prob- 
lems raised by the general unsaleability of small- 
dimensional timber—a topic of world-wide interest— 
for which a new working group was set up, silvi- 
cultural problems of tropical forests, soil amelioration 
and weed control in nurseries, and root formation and 
competition This Section 18 also busy, ın collabora- 
tion with the Bibliographical Section, on terminology 
in its field Section 24 (Forest Protection), under 
Prof A  Biraghi of Florence, dealt mainly with 
insect population dynamics—especially the influence 
of manuring of forest stands on the development of 
populations of noxious insects, about which there 1s 
some controversy , mycorrhiza research, international 
co-operation 1n forest disease research and m quaran- 
tine measures, and problems of smoke and industrial 
fumes damage to forest growth It also created a 
fifth working group to study the important question 
of fire control. 

Section 25 (Growth and Yield) under Prof S 
Firat of Istanbul, discussed mainly the use of climate 
site indices—concluding that these cannot by them- 
selves afford an accurate guide to the quality class 
of mdividual forest sites and settmg up a joint 
working group with Section 21 (see above), the use of 
electronic digital computers in forest research— 
recommending «nter aha the compilation of a register 
of existing computer programmes of interest to 
foresters and an index of organizations and individuals 
that are actively using computers, increment determ- 
ination in uneven-aged tropical forests (a matter of 
great present-day interest) and increment determina- 
tion by bormgs—in both of which, 1t was agreed, 
investigations were not sufficiently advanced to permit 
anything but tentative conclusions. This Section 
has a permanent workmg group that advises the 
Union on all matters concerned with aerial photo- 
graphy, photo mterpretation and photogrammetry, 
and mamtains effective links with Commission 7 of 
the International Society of Photogrammetry, the 
report of this group was approved and 1ts membership 
18 being widened The Section also recommended the 
formation by mathematical specialists of advisory 
groups for helpmg forest statisticians, both by 
suggesting Improvements m current university curri- 
cula on statistical methods and by organizing the 
collection and distribution of case studies and other 
information of value for the statistical planning of 
forest research Prof J Speer of Munich led Section 
31 (Forest Economics), which formulated and recom- 
mended a special accounting system for forest com- 
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mercial enterprises and a corpus of economic terms 
that could be used by all countries It also discussed 
the difficult topic of the measurement of forest work 
productivity with Section 32 (Operational Efficiency) 
the other main topics of which, under the chairman- 
ship of Prof V Sundberg of Stockholm, were the 
effects of noise and vibration on the forest worker 
and the establishment of university courses in opera- 
tional efficiency Section 41 (Mechanical Conversion), 
led by Prof J Campredon of Paris, discussed many 
aspects of this subject and decided to enlarge 
its field of study so as to embrace all forest pro- 
ducts (this to be the new name of the Section), 
with three initial working groups for wood quality, 
behaviour of wood exposed to fire, and sawing and 
machining 

Finally, on the initiative of Austria and Germany, 
the Union decided to create a new section, Section 11, 
on the History of Forestry, with Prof von Mantel 
(West Germany) as leader 

The Bibhographieal Section, which is actually a Joint 
committee of the Food and Agriculture Organization 
and Union representatives, met as usual several days 
before the Congress, under the chairmanship of Prof 
E Saari of Helsmk: It was concerned mamly with 
the prosecution of two long-term projects—further 
accurate translations of the classification now widely 
accepted in the world of forestry science (The Oxford 
System of Decwnal Classification for Forestry, of 
which English, French, German and Spanish author- 
ized editions have already appeared) and speeding 
up the production on cards of a basic forest termun- 
ology in the Enghsh language, as an essential pre- 
lmunary to the multilingual terminology project, 
sponsored jomtly by the Food and Agriculture 
Organization and the Union 
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Prof J Speer (West Germany) was elected to be 
president 1n succession to Mr Macdonald, whose term 
of office expires at the end of the year Dr V L 
Harper (United States) was elected vice-president 
Elections to the Permanent Committee (previous 
members in italics) were Prof N Anutschm 
(USSR ), Prof. T Bunusevac (Yugoslavia), Prof J. 
Campredon (France), Dr E Holmsgaard (Denmark), 
Prof A Horky (Austria), Prof M. Kreutzinger 
(Poland), Prof A de Phillipis (Italy), Dr D R 
Redmond (Canada), Dr H Shirley (United States), 
and Dr Saito (Japan), leaving two places to be filled 
by representatives from India and Latin America, 
not yet designated 

The International Council met on the concluding 
day, and agreed to the revised statutes which take 
into account recent decisions of and developments in 
the Union, the major changes bemg to strengthen 
the position and powers of the enlarged Permanent 
Committee which 1s its executive body between 
Congresses A new class of member—associate 
member—has also been created and the organizing 
of the secretariat, followmg its recent relinquishment 
by the Food and Agriculture Organization, has been 
entrusted to the president himself 

The Union accepted an mvitation from Germany 
to hold the next Congress there After the Congress 
at Vienna, about 130 of the delegates took part in 
strenuous study-tours that lasted for 11 days of 
magnificent weather and covered the whole country 
One tour concentrated on silviculture and manage- 
ment, another on the many aspects of forest protec- 
tion, and the third on mechanical developments in 
soil-cultivation and trenchmg, tree planting and 
tending, timber extraction and milling 

F C Fonp-ROBSERTSON 


NUTRITION AND POULTRY 


a Bas Scottish Group of the Nutrition Society 
held ıts sixty-second meeting on September 
30 1n the College of Agriculture, University of Edin- 
burgh It took the form of a symposium entitled 
‘Nutrition and Poultry”. As the chairman, Prof 
S J Watson (University of Edinburgh), pointed 
out m his opening remarks, since the subject was 
“Nutrition and Poultry” ıt was not confined to 
problems of poultry feedmg but mstead embraced 
broader aspects of nutrition m which work with 
poultry has contributed to knowledge 

Dr W. P Blount (British Oi and Cake Mills, 
Ltd, London) opened the proceedings with a very 
thorough exposition of the use of birds as experi- 
mental animals He said that apart from some cage 
birds which have special uses, poultry were the most 
commonly chosen birds for laboratory work, and he 
emphasized the advantages of their cheapness, 
availability and ease of management Illustrating 
his talk with a series of informative slides, he de- 
scribed. different forms of housing, from brooders for 
small groups of chicks to intensive houses for many 
thousands of adult birds He discussed optimal 
conditions of light, temperature and humidity, 
systems of feeding and mgredients of poultry diets. 
He concluded with a survey of the common diseases 
of poultry, and dicated that many of them could be 
eontrolled by good management and the judicious use 
of drugs such as antibiotics and coccidiostats 

In the following paper Dr M E Coates (National 
Institute for Research in Dairymg, Shinfield) dealt 


with problems of fundamental nutrition for which 
poultry have proved pecularly suitable subjects, 
particularly in vitamun research The examples 
quoted ranged from Eijkman’s classic observation 
of polyneuritis ın hens fed on polished rice, which 
led to the discovery of vitamin B,, to modern work 
on the isolation and function of vitamin Bz a field 
in which work with poultry has played a major 
part ‘The developmg chick embryo was cited as a 
very suitable organism for investigating the bio- 
chemical role of nutrients, as evidenced by experi- 
ments on the metabolism of vitamin B,, and studies 
in tissue culture of the function of vitamin A She 
described how chicks can be relatively easily main- 
tamed in a germ-free state and are thus becommg 
increasingly important m investigations of the rela- 
tion of the alimentary microflora to nutrition 

Prof S Lepkovsky (University of California), 
who has used birds to study the nervous control of 
food intake, gave a fascmating dissertation on hunger, 
appetite and satiety He described the influence of 
the central nervous system through hunger- and 
satiety-centres in the hypothalamus He illustrated 
the psychological effects of these states amusingly 
and accurately in a series of lantern slides of "Hubert", 
an unfortunate character from a comic cartoon who 
was obliged to subsist on a low-calorie diet 

It has become common practice to melude im 
diets for hvestock non-nuiritional additives that 
increase growth-rate and level of production. In 
reviewing additives for poultry diets Dr. J H Taylor, 
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(Cyanamid Products, Ltd , London) classified them 
into those that alter the microbial flora to the bene- 
fit of the host anımal and those, largely having 
hormonal activity, that produce increases in growth 
or productivity by modification of metabolic processes 
The former class of compounds was of greater practical 
importance, and had the largest effect when the level 
of performance was poor  Detectable quantities of 
some antibiotics given in the diet appeared in the 
serum If there was reason to suppose that the 
beneficial effect of the antibiotic was systemic 1t was 
desirable that blood-levels should be inereased If, 
however, the response to an antibiotic was solely 
due to modification of the gut flora, such enhancement 
was unnecessary The hormonal food additives such 
as cestrogens and thyroid-active agents could be 
of use in increasing fat deposition and improving 
carcass quality, although there was some danger of 
residues 1n the tissues 1f oestrogens were given m the 
food 

The final paper m the symposium was an enter- 
taining account by Prof M F M Meiklejohn (Univer- 
sity of Glasgow), speaking in his capacity as editor 
of Scottish Buds, of wild birds that have been used as 
food for man He began by reading from the Book 
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of Leviticus the catalogue of birds that were pro- 
hibited as food by Mosaic law, and showed how nearly 
1t corresponded to the list of birds customarily con- 
sidered as unfit for consumption The choice of 
wild birds for human food depended on their palata- 
bility and the ease with which they could be captured 
In general, sea birds were less palatable than Jand 
birds, although there were instances of inhabitants 
of remote islands subsisting on some of the colonial 
nesting species Of the land birds, those that lived in 
flocks and hence were more easily caught m quantity 
were most frequently a source of human food Many 
of the traps and nets used to-day by ornithologists 
derived, from the catching devices evolved long ago 
for the capture of wild birds for food Prof Meikle- 
john posed a number of questions, which the audience 
attempted to answer, about the relation between 
the food of wild birds and their suitability for human 
consumption 

The lively discussion that followed each of the 
papers fully justified the choice of subject for this 
symposium On this occasion at least, the more 
homely aspects of the domestic bird were over- 
shadowed by its role ın the field of nutritional science 

M E COATES 
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THE EUROPEAN NUCLEAR ENERGY AGENCY 


HE third report of the European Nuclear Energy 
Agency *, presented to the Consultative Assembly 

of the Council of Europe by Prof S Balke on Sep- 
tember 26, records substantial progress in the first 
jomt undertakings Work on the Eurochemie site 
was inaugurated in July 1960 and the detailed pre- 
project for the plant was approved in June 1961 
The Halden heavy-water reactor reached boiling in 
October 1960 with the first fuel charge of natural 
uranium, and installation of a second fuel charge of 
enriched uranium will permit a power of 20 MW to 
be reached before the end of the year joint operation 
of the reactor has been extended to the end of 1962 
Construction of the Dragon high-temperature gas- 
cooled reactor began in April 1960 cıvıl engineering 
work on the site 1s well advanced and support- 
ing research and development are progressing m 
parallel 

A group was set up in November 1960 to study the 
nuclear propulsion of ships, and a meeting of experts 
has been convened to determine the areas of 
nuclear research where particular need for inter- 
national co-operation exists and the objectives and 
means of collaboration 

The European—American Nuclear Data Committee, 
created in June 1959, reviews the measurement pro- 
grammes of member countries, imventories the 
equipment available, and has compiled a list of 
requests for new measurements so as to facilitate 
collection of the necessary data It 1s also assisting 
countries which have only recently begun to work in 
this field, and the Agency, ın July 1961, decided to 
estabhsh a European system of supervision and 
emergency warning which involves the immediate 
notification of any abnormal merease in environ- 
mental radioactivity recorded ın a member country 
A. study-group on food irradiation was set up in 

* Organization for European Economic Co-operation—European 
Nuclear Energy Agency Third Report on the Activities of the Agency 


Pp 253 (Paris Organization for European Economic Co-operation— 
European Nuclear Energy Agency, 1961 ) 


January 1960 to examine the economic and technical 
possibilities of the application of food irradiation so 
as to harmonize national programmes and propose 
Joint projects where appropriate International 
seminars for university teachers and technical 
executives were again organized in 1960 and 1961, 
and a specialized symposium on criticality control in 
nuclear industry at Karlsruhe was attended by one 
hundred, specialists 

The Agency has also undertaken the exammation 
of regulatory, administrative and legislative pro- 
visions introduced by European countries to conform 
with the radiation protection norms adopted ın 1959, 
and these norms are bemg revised, m hason with 
Euratom and the International Atomic Energy 
Agency, to take account of the latest recommendations 
of the International Commission on Radiological 
Protection A Convention on Third Party Liability 
in the Field of Nuclear Energy, dated July 29, 1960, 
has been signed by sixteen members of the Organiza- 
tion for European Economic Co-operation The 
Agency also participates in the investigation of 
problems posed by the msurance of nuclear risks, 
and particularly the application of tax regulations 
governing technical reserves and insurance premiums 
to these risks A first set of regulations applicable to 
research or experimental reactors has been elaborated 
by the Control Bureau responsible, under the Agency’s 
Steering Committee, for carrying out the Security 
Control Convention In addition, the Agency cen- 
tralizes economic data bearing on the development of 
the nuclear industry, and the result of an investiga- 
tion, published ın 1960, predicted that nuclear power 
stations will provide less than 3 per cent of the 
capacity of the European electricity production m 
the coming five years and less than 10 per cent m 
fifteen years 

The practical value of international co-operation in 
this field 1s fully established by the year’s work, and 
the experience gamed in co-ordinating scientific work 
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shows that m this way the less advanced countries 
gain indispensable experience that they could not 
acquire by themselves, while the other countries also 
benefit This effort should be continued on as wide 
8 geographical basis as possible, for the value of the 
results ıs mcreased by the scope and variety of the 
means used and relative costs are reduced The 
report emphasizes that this experience in nuclear 


UNIVERSITY FINANCE 


HE annual returns from universities and colleges 
in Great Britain * in receipt of Treasury grants 
for the academic year 1959-60, now covering twenty- 
one universities and three colleges. 1s prefaced by a 
somewhat longer general survey than last year, m 
which univeisity expenditure on research and 
academic salaries i8 considered more particularly. 
The University Grants Committee has already made 
8 recommendation to the Chancellor of the Exchequer 
regarding the location of a fourth new university, m 
addition to those recommended in July 1960, to be 
located at Colchester, Canterbury and Coventry, but 
this location 18 not disclosed ‘The Committee con- 
siders that the establishment of any new universities 
beyond these four should wait on the report of the 
Committee on Higher Education, and meanwhile 
academic planning boards are bemg appointed for 
the Universities of Essex, Kent and Warwickshire 
It 1s expected that the expansion proposed by existing 
Scottish universities will provide the additional places 
needed in Scotland by the early 'seventies Apart 
from this, the University Grants Committee em- 
phasizes the importance of the enthusiasm and 
interest of a sponsoring area in determunmng their 
decisions on the location of new universities, as well 
as the presence of industries and some local financial 
support, the supply of lodgings and the attractive- 
ness of the location to academic staff 
Followmg Sir Arthur Rucker’s review of the 
application by the universities of the procedures 
recommended by the Gater Committee, a Building 
Sub-Committee has been established under the chair- 
manship of Sir Keith Murray to advise the Univer- 
sity Grants Committee on its procedures for 
assessing non-recurrent grants for building works A 
sub-committee has also been set up to assess, and 
advise the Committee on, the proposals for develop- 
ment in Oriental, African, Slavonic and East Euro- 
pean studies which come forward from the univer- 
sities, and a committee has been appointed with Sir 
Edward Hale as chairman, to make & comparative 
study of the methods of teaching undergraduates now 
being used in the universities and colleges of Great 
Britam in the fields of arts and pure and applied 
science The report was obviously written before the 
Chancellor of the Exchequer made his statement in 
July, and 16 remams to be seen whether and how far 
the provisional building programme which the Com- 
mittee has agreed with each of the universities, in 
the hght of the Chancellor’s statement on January 
25, 1961, for each of the four years 1962-65, will be 
affected To meet the expansion to 170,000 students 
by the early ’seventies and make good the backlog 
of past years, a building programme of £175 million 


* University Grants Committee Returns from Universities and 
Colleges in receipt of Treasury Grant, Academic Year 1959-1960 Pp 
76 (Cmnd 1489) (London HMSO ,1961 ) 4s 6d net 
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research 1s valid in other scientific fields and that 
European scientific progress calls for a concentration 
of human, financial and mdustrial resources only 
attainable by ternational co-operation Annexes to 
the report include a report on the possibilities of joint 
European action m nuclear propulsion of ships and 
L Kowarski's report on new trends m atomic research 
and their mternational significance 


IN BRITAIN : 1959—60 


at 1960 costs 1s required The Committee has no 
apprehensions on the quality of students expected in 
the next ten years, ıt stresses again the importance 
of halls of residence, ıt welcomes the attention 
which the universities are giving to their existing 
degree structure, mcludmg the postgraduate struc- 
ture, and generally ıt 18 impressed and encouraged 
by the attitude of the universities to the projected 
expansion 

The report records a solution to the question of 
assistance for St David's College, Lampeter, by 
association with the University College of South 
Wales and Monmouthshire, which will assume 
sponsorship for St David's for a trial period of 
ten years, durmg which, from August 1, 1961, 
the University Grants Commuttee will consider 
appheations for recurrent and  non-recurrent 
grants 

The number of full-time students in British 
universities again increased, to 104,009, compared 
with 100,204 in 1958-59, and statistics collected ın 
October 1960 show a university population of more 
than 106,000 There were 6,443 full-time and 2,400 
part-time students from overseas within the British 
Commonwealth, and 4,208 full-t1me and 2,068 part- 
time students from foreign countries Of full-time 
men students 36 8 per cent were in arts, 24 7 per cent 
in pure science, 19 7 per cent in technology, and 11 9 
per cent in medieme, these figures compare with 
36 8, 24 2, 195 and 12 5, respectively, m 1958-59. 
For full-trme women students the corresponding 
figures for 1959-60 are 620, 211, 13 and 118, 
respectively, and for 1958-59, 62 6, 20 7, 1 O and 11 9 
Full-time advanced students of pure science num- 
bered 4,512 (345 per cent), of technology, 2,442 
(18 7 per cent), and of medieme, 1,052 (81 per 
cent), 3,585 students were taking postgraduate 
courses m teacher traming 

Of the full-time students, 83,083 were reading for 
a first degree, 3,605 for a first diploma, and 16,649 
were engaged in research or other advanced work, 
the corresponding figures for 1958-59 were 80,805, 
3,928 and 14,839, respectively Of the new full-time 
students, 25 2 per cent were in pure science, 16 0 per 
cent in technology and 90 per cent ın medicine, 
in 1958-59 the corresponding figures were 24 1, 16 2 
and 89 per cent, respectively Of all full-time 
students, 76 0 per cent were men and 24 0 per cent 
women, & proportion practically unchanged from 
1938-39, when the corresponding percentages were 
76 7 and 23 3, 17 2 per cent were at the Universities 
of Oxford and Cambridge, 209 per cent at the 
University of London, 39 1 per cent at other univer- 
sities and university colleges in England, 59 per 
cent m Wales and 169 per cent at Scottish univer- 
sities The proportion of full-time students residing 
in colleges or halls of residence was 27 0 per cent, 
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compared with 26 6 per cent ın 1958-59, 50:3 per 
cent were m lodgings and 22 7 per cent at home, but 
these proportions vary widely between men and 
women and between institutions 

Lhe proportion of assisted students was 82 4 per 
cent, compared with 805 per cent in 1958-59 and 
719 per cent m 1953-54, ranging from 93 6 per cent 
m Wales, 890 per cent in English universities, 
excluding those at Oxford, Cambridge and London, 
to 73 4 per cent for Scotland Full-time teaching 
and research staff increased to 11,474 (10,823 in 
1958-59) and 25 6 per cent are now in pure science, 
15 0 per cent in technology and 173 per cent m 
medicine 

Of the recurrent income of £59,800,092 (£52,273,306 
in 1958-59), £43,170,107 was from Parliamentary 
grants (72 2 per cent), £5,990,466 from fees (10 per 
cent), £1,731,106 (29 per cent) from endowments, 


HEALTH SERVICES 


A CONFERENCE on “Health Services m Small 
Factories” was convened jointly by the World 
Health Organization Regional Office for Europe and 
the International Labour Organization at Dun 
Laoghaire, Dublin, Ireland, durmg May 2-16 (WHO 
Chronicle, 15, No. 9 , 1961) The forty participants 
in the conference included medical officers, officials 
from Ministries of Labour, and representatives of 
employers’ and workers’ organizations from more 
than twenty countries 

Between 80 and 90 per cent of factories in most 
European countries employ less than 100 workers 
Of the 220,000 factories in the United Kingdom, 
150,000 employ 10 or fewer workers ; more than 
a million people work in factories employing 25 or 
less, the number of such factories having nearly 
doubled in the past twenty-five years. In Italy, 
95 per cent of industrial plants have less than 100 
workers, in Switzerland 90 per cent, ın Belgium 
96 per cent, m Denmark 99 per cent, and m Sweden 
92 per cent 

While the problem of providing health services in 
large factories in Europe 1s well on the way to solution 
even though different methods are used in different 
countries, the smaller factories in most countries of 
Europe do not have health services on or near their 
premises The risks to which their workers aro 
exposed are certamly not less than m the larger 
factories and in many cases are greater, since tho 
workmg environment m terms of atmosphere, ventila- 
tion and layout 18 considerably poorer 

Instruction m special hazards and supervision and 
trainmg in handling dangerous materials, such as 
toxic chemicals or radioactive isotopes, are less 
efficient as a rule than in large factories While 
periodic medical examinations are compulsory for 
workers in certain dangerous trades, there are usually 
no medical facilities withm the factory beyond a 
first-aid box—the foreman 1s often m charge of this, 
but he is usually untraimed m health matters 

There was general agreement among the partici- 
pants in the conference that the provision of health 
services to these small undertakings is a real and 
urgent need, but there was less agreement about how 
to provide them Among the difficulties are the 
diversity and dispersion of factories, which may be 
scattered over considerable distances. It ıs feasible 
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£1,533,673 (2 6 per cent) from local authority grants, 
£451,328 from donations and subscriptions, and 
£4,730,590 from payments for research Non- 
recurrent Treasury grants amounted to £19,852,747, 
an inorease of £3,298,264 on the previous year, and 
of this, £13,839,308 was spent on building work, 
£1,914,375 on professional fees, £2,966,333 on fur- 
niture and equipment and £1,132,731 on site and 
properby purchases Of the recurrent expenditure of 
£58,505,072—an increase of £3,978,797 on that for the 
period 1958-59—6 8 per cent was spent on admunistra- 
tion, 44 0 per cent on salaries and superannuation of 
teaching staff, 11 1 per cent on departmental wages, 
13 9 per cent on departmental and laboratory mam- 
tenance, 3 6 per cent on repairs and maintenance of 
buildmgs and 9 7 per cent on rates, insurance, heat, 
hight, ete Expenditure on libraries, at £2,350,294, 
remamed at 40 per cent of the total 


VOL 192 


IN SMALL FACTORIES 


for a doctor to provide health care for 3,009 workers 
m one factory, but not for thirty factories each with 
100 workers The cost of an autonomous health service 
is prohibitive for the small employer, and health 
hazards are often not understood or appreciated by 
employers and employees 

The conference discussed schemes now being tried 
out in various parts of Europe to provide health 
services for small factories Four main tendencies 
are discernible 

In Czechoslovakia and in eastern Europe as a 
whole, these occupational health services are provided 
as part of a general programme of health protection 
covering both curative and preventive medicme 
and organized by the State 

In France, the Mmuistry of Labour 18 responsible 
for implementing general regulations on hygiene 
and security Employers are obliged to set up health 
services which, for the majority of small factories, 
take the form of inter-factory services The respon- 
sibilities of the physicians ın these services are, in 
principle, the same as those of all industrial medical 
officers, that 15, they are entrusted with preventive 
medicine, treatment being provided only ın emer- 
gencies and for accidents 

In Italy, health services in small factories are 
mainly the concern of the National Institute for the 
Prevenuon of Accidents, which has some thirty 
branches scattered throughout the country 

In tne Netherlands, the United Kmgdom and 
Scandinavia, mter-factory occupational health ser- 
vices are provided on a voluntary basis, generally 
by means of a non-profit-makmg body on which 
doctors. employers and workers are represented. 
Organizations of this type show a tendency to grow 
In size and popularity as new factories join the ser- 
vice, and to extend to other areas Their role 18 
mamly preventive , but ın some cases, they provide 
treatment also 

In a separate statement, the employers’ represen- 
tatives attendmg the Conference declared that, 
while agreeing that medical services in small factories 
should essentially be preventive, they nevertheless 
felt that these services should be encouraged to 
provide other treatment as well as emergency treat- 
ment The advantages to be gamed are a more 
efficient use of man-power, an increase in production 
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(since workers would not lose so much time visiting 
hospitals for treatment) and improved morale 
They stressed their opinion that such services should 
be organized on a voluntary basis 

Ihe representatives of the workers’ organizations 
welcomed the important developments now takmg 
place in the field of health supervision for their 
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HE first prospectus * of the University of Sussex 
describes the origins of the University since ib 
was first promulgated ın 1911, the way in which it 
has been constituted, proposed developments and 
the kind of admmistrative and teaching and research 
arrangements which are bemg made for students 
Courses leading to degrees in the Faculty of Arts 
and Social Studies will be organized and pursued in a 
a different way from that followed in other British 
universities The Faculty will be divided not into 
departments concerned with particular academic 
disciplines but mto schools of study where different 
specialisms will be studied 1n relation to each other 
In 1962-63 there will be three such schools—the 
School of Social Studies, the School of English and 
American Studies, and the School of European 
Studies A School of Afro-Asian Studies will follow 
later. Each School will have a dean at its head 
In addition, there will be professors and lecturers m 
particular subjects The schools will not be super- 
departments, and the same subject may be studied 1n 
more than one school 
Details of the science curriculum are still under 
consideration It 1s intended to provide degree 
courses which will prepare students not only for 
careers as professional scientists, in the academic 


* The University of Sussex Prospectus, 1961-62 Pp 26+2 plates 
(Brighton The University of Sussex, 1961 ) 
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members, though many of them considered that 
progress in this field was still too slow It was 
ther opmion that, by acceptmg the goal of 
occupational health services for all workers, the 
International Labour Organisation has opened 
S oe chapter m the history of occupational 
ealz 


OF SUSSEX 


world, in industry, and m Government scientific 
establishments, but also for careers as teachers, and 
in industrial, commercial and public administration 
There will be a three-year course in natural science, 
leadmg to a classified honours degree Durmg this 
course students will study three subjects chosen from 
pure mathematics, applied mathematics, physics, 
chemistry, and biology In addition, the curmculum 
will require some study (which will be examined) 
of the history of science and of the mmpact of science 
on society 

For a limited number of selected students, there will 
be a second honours course lasting a year, m which 
one science only will be studied, and a successful 
candidate will be awarded classified honours m that 
subject The student who has completed this further 
course wil thus have a specialized knowledge of a 
single science, and some understanding of the social 
sciences 

There will also be a course lasting three years in 
engineering science This will be a general course, 
16 18 not mtended to provide specialized courses in 
cıvıl, mechanical or electrical engmeermg 

Durmg the years 1962-63 and 1963-64, only the 
subjects mathematics (pure and applied), physics 
and chemistry will be offered It ıs hoped to begin 
courses m engmeering in 1964 and in biology ım 
1965. 


METABOLISM OF THE HUMAN RED BLOOD CELL 


OME aspects of the metabolism of free fatty acids 
by the human red blood cell ın vwo have been 
studied by Dr. D Mendelsohn of the Department of 
Pathology and Microbiology, University of the Wit- 
watersrand, Johannesburg (S. Afric J. Med Soc, 
20, Nos. 1 and 2, July 1961) Following the oral 
ingestion of glucose by & normal subject, an merease 
in erythrocyte-free fatty acid concentration occurs, 
reaching a maximum in l-l br In contrast, the 
di&betie patient shows a much smaller mse m red 
cell-free fatty acid durmg a glucose tolerance test, 
m many diabetic cases no increase could be detected 
at all This defect m the diabetic erythrocyte could 
be corrected by the intravenous administration of 
msulin during the performance of a carbohydrate 
tolerance test 
Although the findings do not permit any definite 
conclusions to be drawn, it ıs suggested thet the 
human red blood cell 1s able to synthesize lipid from 
carbohydrate «s» vwo This faculty seems to be 
impaired in the human diabetic erythrocyte. 
Mendelsohn has also examined the interrelation- 
ships of carbohydrate and lipid metabolism in the 
human erythrocyte on vitro, all the findings observed 
when mvestigating the metabolism of lipids by the 
human red blood cell en vwo have been reproduced 


tn vitro The results of the investigation suggest 
that under certain en vitro conditions, that 1s, in a 
phosphate buffer contamung glucose and brilhant 
cresyl blue or methylene blue, the mature human red 
blood cell is able to svnthesize fat from carbohydrate 
Any exchange of fat between red cell and serum which 
might have been expected to cause a rise in erythro- 
cyte lipid-levels has been eliminated by mcubatıng 
the cells in phosphate buffer mstead of serum. The 
fact that normal red cells showed an increase m total 
esterified fatty acid together with free fatty acid 
indicates that the rise in cell-free fatty acid was not 
due to lipolysis of complex lipids with subsequent 
release of fatty acids 

A much less noticeable rise in the level of free fatty 
acids was apparent in the erythrocyte of an msulin- 
deprived diabetic patient when compared with a 
normal patient Addition of insulin to the diabetic 
red cell suspension corrected this deficiency. It is 
suggested that under the «n vitro conditions described, 
the mature human erythrocyte appears to be able to 
synthesize fat from carbohydrate whereas in the 
diabetic red cell this faculty 1s markedly impaired 
Mendelsohn has also examined some of the mechan- 
isms which might be responsible for the abnormal 
behaviour of the diabetic erythrocyte 
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STUDENT MENTAL HEALTH 


F one asks an examiner of the old-fashioned, bluff, 
extraverted type why students fail in their exam- 
nations he will possibly reply “Because they are 
insufficiently prepared" No doubt he will be content 
to leave ıt at that, but 1f one continues the Socratic 
questioning and demands: “Why are they insuffici- 
ently prepared?" one will be told “Because they 
haven't worked enough" But this 18 not the com- 
plete answer, even supposmg that one 18 told that 
them lack of work depends on a poor personality, 
laziness, or something of the sort. 

These students who pose such problems are, as 
Dr Malleson pointed out at a conference on 
the mental health of students recently held im 
London*, those who have surmounted the difficult 
hurdles of the ‘eleven plus’, the Common Entrance, 
the General Certificate of Education examinations, 
and so on in the past. Why have they failed at the 
university? 

The papers read at the conference suggest that 
there 1s no simple answer Although the student 
may have been successful at school, there are psycho- 
logical difficulties associated with university life 
which may interfere with his work These range 
from home-sickness, 1f he lives 1n a hostel, or domestic 
unrest associated with parental quarrelhng, if he 
lives at home to such grave psychological illnesses 
as schizophrenia, depression and the severe crippling 
neuroses. 

Student failure may mean that a valuable young 
man gives up further education and takes up work 
inferior to his intellectual capacity It means, more- 
over, a great deal of expense to the nation It 1s 
estimated that a student costs about £700 a year to 


* World University Service Student Mental Health Report of a 
Conference held at Campbell Hall, London, 8th-9th April, 1961 Pp 
i: nan World University Service, 59 Gloucester Place, 1961.) 
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educate at a university If he gives up his academic 
career, as most students that fail do, after a year and 
a half, he has wasted at least a thousand pounds of 
public money When one considers the number of 
students the loss 18 potentially enormous 

What 18 to be done about 1t? The answer lies, to 
some extent, m the work of the psychiatric advisers, 
who have the opportunity of examuning students 
complainmg of psychological symptoms. Many 
universities have such a unit and, as Dr Malleson 
emphasizes, 1f only four students a year are saved 
from giving up their academic careers in & year the 
adviser has earned his keep 

Such an advisory unit 1s not primarily to treat 
nervous or mental illness, although one of 1ts func- 
tions 1s early diagnosis, but to help the much larger 
number of students to overcome the usual adolescent 
difficulties Among those who complain of com- 
parative trivialities the more sinister illnesses are 
found and even these, if discovered early, can 
sometimes be helped 

The time has passed when students should be 
thrown ruthlessly, into university hfe to simk or 
swim Such a policy may have sounded bold and 
manly, but many young men with otherwise a fine 
intellectual future have sunk, have worried over a 
triviality until they have broken down or taken their 
lives uselessly 

Probably all those who are student advisers will 
agree that we do not know everything regarding the 
problems of academic life It 1s one of the advantages 
of an advisory umt that there 1s an enormous amount 
of material for research purposes, and, since the 
student 1s a picked man, derived from an intellectual 
éhte Ultimately this work should throw a valuable 
light nov only on student problems but also on 
mental health in general. CLIFFORD ALLEN 


TRAWL FISHING IN THE TROPICAL ATLANTIC 


Catch-rates and Composition 


T is notoriously difficult to assess relative pro- 
ductivity between trawl fisheries in different parts 
of the world because of the inherent differences in 
fishing power of the vessels operating each fishery 
Though 1t may be possible! to apply factors to convert 
the catch-rates of vessels of similar type, but of 
different size, to a standard form, this 1s generally 
only practicable within a lmuted geographical area 
The investigations of the Colomal Office vessel, Cape 
St Mary, off West Africa in 1952-57 and off South 
America m 1957-58, working with the same officers 
and gear on both sides of the Atlantic, offer an 
opportunity to compare the standing crop, m terms 
of catch-rate, of the demersal fish of the two areas 
Mitchell and McConnell? have described their investi- 
gations off Georgetown on the Guiana coast, and an 
account of the work off West Africa is now in 
preparation®. Salzen* has described some early 
results from Ghana with the same vessel, though 
with a different crew 
The Cape St Mary was a 100-ft (between perpen- 
diculars) steel trawler of rather typical Noith Sea 


design, of 238 gross tons and with 385-hp Diesel 
engine; details of her construction and gear are 
given m ref. 2 The trawls, 1n both areas, were of the 
Peter Carey type, 72 ft on the head-rope, and were 
normally worked with 25-fathom bridles 

In the silty water and on the muddy deposits of 
those parts of the tropical Atlantic coast-line where 
there 1s heavy run-off of surface water from the land, 
there are few, if any, reef corals, and the ground 1s 
suitable for trawling; the demersal fish fauna 1s 
superficially similar on both coasts, comprising a 
large number of species, relative to temperate 
faunas, principally of Sciaenidae, Drepanidae, Pristi- 
pomatidae, Arndae and Cynoglossidae, off West 
Africa, and of Sciaenidae, Pomadasydae, Gerridae and 
Arndae off British Guiana On harder, sandy deposits 
the fauna comprises principally Sparidae, Lethrimdae 
and Lutjanidae off West Africa, and Serranidae 
and Luvjandae off British Guiana However, the 
percentage composition of the catch 1s rather different 
off West Africa and off that part of South America 
(Table 1) which was investigated 

There appears to be a much greater dommance of 
Sciaenidae in the British Guiana catches than in those 
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Table 1 PERCENTAGE COMPOSITION OF COMMERCIAL LANDINGS AT 
FOUR TROPICAL WEST AFRICAN PORTS, FROM VARIOUS SOURCES, AND 
OF THE Cape St Mary LANDINGS AT GEORGETOWN, BRITISH GUIANA 


Free- George- 
town Abidjan Takoradi Lagos town 
Sciaenidae 84 21 44 25 67 
Polynemidae 15 14 13 14 «1 
Drepanidae (or 
Ephippidae 14 3 3 2 «1 
Arnndae 11 2 — 14 4 
Trygonidae 2 5 18 8 «1 


from the African equatorial regions (Table 1) of 
comparable latitudes In this respect the Gwann 
fisheries appear to resemble more closely those of 
Mauretani& and Angola, to the north and south of 
the African equatorial zone, where a single species 
(Sceaenra aquila) dominates the landings, the more 
so since a single species (Micropogon furnterr) con- 
stituted up to 43 per cent of the total landings in 
Guiana. 

In the final analysis of the catch-rates of the Cape 
St. Mary off West Africa’, it was convenient to divide 
the data according to the fauna comprising each 
catch a Sciaenid fauna on soft deposits down to the 
level of the thermocline at about 55-65 m , a Spand 
fauna on sand and shell-sand down to 90-110 m, 
and on mud between the thermocline and 110 m; 
and a deep fauna, maimly of small, useless species, 
from 110 to 450 m, m which elements of the semi- 
abyssal continental slope fauna occurred Results in 
ref 2 are expressed in relation to deposit and depth 
but can readily be re-arranged to conform to the 
West African results, since a similar division of the 
fauna by deposits was recognized in that work 
Table 2 CATCH-RATES (KGM /HR ) OF THE Cape St Mary ON Four 
SECTORS OF THE WEST AFRICAN CONTINENTAL SHELF BETWEEN 


18° W AND 17° W AND ON THE SOUTH AMERICAN CONTINENTAL 
SHELF BETWEEN 7° N AND 8° N 


Free- George- 
Sulima town Conakry Gambia town 
Sciaenids, etc 183 195 295 178 187 
Sparids, or 
Serranids, etc 21 53 53 130 59 
Deep fauna 14 — 48 90 75 


The results (Table 2) show that the catch-rates off 
West Africa and South America are very simular, 
with a single significant anomaly; this is the high 
catch-rate of snapper off Gambia ‘This region lies 
at the northern extremity of the equatorial zone on 
the West African continental shelf, near the limit of 
the tropical Sciaenid fauna and 1s characterized by a 
rich fishery for large snappers (Dentex, Lethrinus, 
ete) which, furthermore, extends much deeper—at 
least to the continental edge—than does the tropical 
Sparid fauna farther to the south A similar situation 
occurs at the southern end of the equatorial region 
in West Africa, to the South of Cape Lopez 

R H Lowe 
(McCONNELL) 
Fisheries Division, 
Department of Agriculture, 
Georgetown, 
British Guiana 
ALAN R LoNGHURST 


Preliminary Bionomic Data from West 
African Fisheries 


THE determination of bionomic parameters in 
tropical fisheries 1s a matter of some difficulty, due 
particularly to the lack of seasonal or periodic changes 
in the environment, which renders useless many of 
the classical techniques in temperate and boreal seas* 
Tt has been shown’ that demersal fish off Sierra Leone 
have, in general, no periodic cycle of feeding activity 
during the year, and ıt 1s known from general fisheries 
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investigations there that many species are repio- 
duetively active throughout the year, Juveniles of a 
few centimetres long bemg taken in the trawl debris 
in most months 

However, recent mvestigations at Freetown? have 
shown that some species—fortunately including some 
of the more important commercial species— do, in 
fact, have a period of peak breeding activity which 
appears to have an annual periodicity, it has been 
possible to use the annual peak recruitment to the 
trawl catches of juvenile fish, and their subsequent 
growth, to determme rates of growth and mortahty, 
using Petersen’s technique 

This evidence is derived from the inspection of the 
monthly length frequency distributions taken from 
trawling data—from commercial, exploratory and 
experimental trawling, the technique depends for its 
success on & number of factors that a single popula- 
lation can be sampled monthly, or more frequently, 
over @ period of years, that the samples should be 
taken with a very small-meshed net so that the 
50 per cent selection pomt of the net falls on fish 
of not more than six months old, that the yuveniles 
should be present on the same grounds as the adults, 
without ecological separation and, finally, that there 
should be no significant difference m size between 
the sexes It appears that Sciaenidae and Drepanidae 
are the most likely famihes to fulfil all these require- 
ments, and give the most satisfactory estimates of 
growth- and mortality-rates of the species investigated. 

The results obtained for eight demersal species are 
set out in Table 3 m terms of length-for-age data 


Table 3  LENGTH-FOR-AGE DATA, LENGTHS EXPRESSED AS TOTAL 
LENGTH (SNOUT TO Tip OF LONGEST CAUDAL) IN OM 
Doubtful estimates 1n parenthesis 


I II III IV V VI 
Pseudotolithus 


elongatus 150 245 315 360 3892 412 
Pseudotolithus 

senegalensis (15 0) (280) (420) — — — 
Drepane africana 160 230 255 — — — 
Chaetodipterus hppev 155 240 — — — — 
Galeodes decadactylus 110 191 26 3 340 — — 
Pentanemus quinguarius 85 155 20 5 310 — — 
Pagrus ehrenbergi (180) (320) — — — — 
Pristipoma jubelana (150) (220) (300) — — — 


In a single species, Pseudotolithus elongatus (= Cor- 
vina migita), the data sufficed for a more detailed 
analysis than 1s mcluded ın Table 3 This ıs an abun- 
dant species in the estuarine and inshore catches, and 
the monthly length frequency distributions showed 
very satisfactory progression of peaks, month by 
month There was an annual peak of recruitment to 
the catches in June and July of small fish about 
5 cm long which appeared to be the result of a 
spawning peak durmg the dry season at the turn of 
the year, confirmed by evidence from the gonadal 
cycle 

From an investigation of the length/weight 1 elation- 
ship of the species 15 18 possible to derive an. estimate 
of both relative and mstantaneous growth m weight, 
and this 18 shown in Table 4 


Table 4 Pseudotolithus elongatus, GROWTH IN LENGTH AND WEIGHT. 
(^ = relative, g = instantaneous growth in weight) 


Length Weight 

Year (cm ) (gm ) h g 

I 15 0 22 0 — — 
II 245 109 0 8 95 1 60 
III 315 2220 1 03 0 71 
IV 36 0 337 0 0 52 0 42 
V 39 2 403 0 0 19 0 17 
VI 41 2 439 0 0 09 0 09 


From dissections of the length fiequency distribu- 
tions of a large sample taken 1n November 1959, with 
a very fine-meshed net, 1t was possible to make an 
estimate of the relative numbers of individuals m 
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Table 5 Pseudotohthus elongatus , INSTANTANEOUS MORTALITY-RATE 
(1), ANNUAL MORTALITY-RATE (t), AND ANNUAL SURVIVAL-RATE (S), 
BIOMASS IN KGM OF THE SURVIVORS OF 1,000 FISH AT YEAR I (P) 


Kenr Log 2»—log n+1 1 a S a É 
IX 0 89 2 049 087 0 13 129 
ITI 0 63 1 450 0 76 0 24 121 
IV 0 63 1 450 0 76 0 24 22 
v 0 43 0 980 0 62 0 38 10 


each year-class and from these estimates, using 
Ricker’s exponential tables? to make an estimate of 
mortality-rates These are shown in Table 5 

From these estimations of mortality and from the 
length/weight relationship ıb 1s possible to estimate 
the relative biomass of the survivors year by year of 
a single-year class (Table 5) It 1s clear that in this 
species the relative weight contributed to the popula- 
tion by fish of more than 3 yr old 1s relatively very 
small, and ıt ıs clearly desirable that exploitation 
should begin before this time In fact, an estimate 
was made of the composition of the commercial] 
landings at Freetown of this species and showed that 
97-8 per cent of the mdividual fish landed were in 
their second or third year of hfe, and only 1-9 per 
cent were older fish. 

In general, the tropical West African demersal 
fisheries appear to depend on only a relatively small 
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number of year-classes of the constituent species, and 
thus fact may be expected to have important con- 
sequences in any management policy—variations ın 
the brood-strength of a species from year to year, 
for example, may be expected to have a far greater 
effect on the availability of a fish than 1s the case in 
& cold-water species, where the landings may depend 
on 10 or 20 yr -classes—and this may, in part, bo 
an explanation of the puzzling fluctuations m abund- 
ance which are so characteristic of fisheries in this 
part of the world 

The evidence on which these data are based will 
be published in full m the Colonial Office Fisheries 
Publications in due course 

ALAN R LONGHURST 
Federal Fisheries Service, 
PMB 2529, Lagos, 
Nigeria 
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A NEW APPLICATION OF THE FARADAY MAGNETO-OPTICAL 
EFFECT FOR DIAGNOSTIC MEASUREMENTS OF 
TRANSIENT MAGNETIC FIELDS 


By R. D. MEDFORD, W. H. W. FLETCHER, J. D. HERBERT and A. L T POWELL 


Atomic Weapons Research Establishment, Foulness, Southend on Sea 


XTENSIVE use has been made of hugh-speed 
photography in plasma research but only to 

record plasma geometry, brightness, and the presence 
of mstabilities and shock-waves We now describe 
a new technique for recording time variations m @ 
longitudinal magnetic field which makes use of the 
Faraday magneto-optical effect, uses simple inexpen- 
sive apparatus and 1s easily incorporated into experi- 
ments already using streak camera observations 

In an earlier paper! we described methods for 
superimposing streak (distance-time) and optical 
interference fringe photographs on the same emul- 
sion By combining this and the new technique 
it should be possible to determine geometry, space- 
time distribution of electron number density m & 
high-density plasma (about 1017 cm -3), and lne- 
mtegrated variations of magnetic field along the 
hne of sight with one streak camera 

The magnetic field 1ngide a plasma 1s usually determ- 
ined from magnetic probe readings, but such readings 
are hmuted, since the physical presence of the probe 
mtroduces rmpurities and results in a perturbation 
of the plasma Even when the probe readings are 
only taken as valid up to the time when the plasma 
hits the probe, the problems of providing screening 
against radiation and protectmg the recording 
oscilloscope from extraneous Earth currents 18 
formidable The hfetime of plasma probes ıs also 
short 

An interesting technique has been described in 
ref 2,1t provides an independent method of measur- 
mg the longitudinal magnetic field inside a plasma 


without mseitmg probes and also gives the electron 
density But the method 1s only applicable to plasmas 
having a sufficiently low electron density to give a 
frequency below the propagating microwave frequeney 
and a magnetic field strength sufficiently large to 
give a measurable ratio of electron Larmor frequency 
to propagating frequency (wr/w) In our experiments 
we work m the optical region with wave-lengths of 
5 x 10% em and magnetic fields of about 10! 
cersted This means that we cannot use the Consoli— 
Dagai technique, smce (wr[w)- 10- However, 
this low ratio of (wz/w) means that the electron 
density can be more accurately determined from 
the optical fringe pattern? and when the electron 
density distribution ıs known it 1s relatively 
easy to compute the associated magnetic field 
distribution inside the plasma! The magnetic field 
distribution determined m this way 1s, of course, a 
function of the magnetic field strength at the plasma 
boundary. which must be determmed mdependently 
We determine the magnetic field at the boundary by 
making use of the Faraday magneto-optical effect 
in the walls of the plasma discharge tube 

The experiment described here is our first experi- 
ment using the magneto-optical technique and 1s 
designed, to measure the driving magnetic field mside 
a theta piece*-5 The cylindrical discharge tube was 
made of extra dense fhnt glass, Chance number 
70030, and has a Verdet’s constant of about 0 09 
where the Faraday effect 18 given by 


0 = rHL 
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Fig 1 


Theta pinch at 1 mm ambient pressure 
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Fig 2 Theta pinch waveforms x, from densitometer record 

0 1s the rotation of the plane of polarization m 
minutes, H is the strength of the magnetic field m 
cersted directed along the optical axis; L 1s the path- 
length 1n em , 7 18 Verdet’s constant and 1s given by 
the old classical theory’ as 


2nNeSw? 

"= eni j— mw’)? 
where N ıs the number of electrons/unit volume, 
e and m are electron charge and mass, c 18 the speed of 
hight, 2z(m/f)!? 1s the electron ‘free period’, w 18 the 
angular frequency of propagation, 7 1s the refractive 
index ın the absence of magnetic field 

We have repeated the derivation of r allowmg for 
the fact that H has a Fourier spectrum m the transient 
case and for an H component of angular frequency Q 
we find that the frequency components of H modulate 
Verdet’s constant so that w must be replaced every- 
where by (Q + w) Fortunately, ın our experment 
(Q/w) «& 1 and Verdet’s constant ıs not appreciably 
modulated 

To measure the rotation of the plane of polarization 
we use 8 polarizer and an analyser to convert rotation 
into a change in intensity m the transmitted light 
Since the intensity 1s proportional to the square of 
the cosine of the angle between the plane of polariza- 
tion of the light incident on the analyser and the plane 
of polarization for maximum transmission through 
the analyser, the analyser and polarizer are set 
with their planes of polarization at 45° to give 
maximum sensitivity and easy determmation of 
magnetic field direction. The external driving field 
18 derived from the rotation of ight m the cylindrical 
wall ‘The hght is restricted to a sufficiently narrow 
band-width 5400-6400 A by the polarizer At a 
suitable part of the camera sweep the light source ıs 
pulsed and a short time afterwards the theta pinch is 
initiated Light from the hght source 18 also allowed 
to enter the camera without passmg through the 
discharge tube to provide a light-intensity datum 
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Fig 1 shows a streak camera photograph of a theta 
pinch im deuterrum, ambient pressure 1 mm of 
mercury fed by a 6 uF condenser charged to 9 kV 
Reading the photograph from top to bottom the first 
track is of light from the hght source direct, the 
second track is of the polarized hght passed through 
the discharge tube and shows clearly tho modulation 
produced by the theta pinch magnetic field 

Fig 2 shows the current ın the theta piece monitored 
across & small series resistance together with a micro- 
densitometer reading of the second track in Fig. 1 
The vertical lines show the correlation between pomts 
of zero magnetic field and half-black hght intensity 
pomts It will be noted that there is an extra half- 
black pomt correspondmg to the large rotation 
produced by the high mutig] magnetic field To 
calibrate the apparatus the theta piece was evacuated 
and fed with current from a known condenser, thus 
providing a damped oscillation of the magnetic field 

Fig 3 shows the associated streak photograph and 
Fig 4 the associated current and microdensitometer 
waveforms Once agam there 18 an extra half-black 
point and two humps, which provide excellent self- 
calibration since they define a rotation of 45° m the 
discharge tube. 

Using magnitudes of magnetic field defined by the 
damped current waveform and the first 45° pomt we 
find that the Verdet’s constant for the discharge 
tube glass was 0 094 min /cersted cm and using the 
cahbration waveforms we have superimposed on 
the current waveform in Fig 2 the pomts obtamed 
from the microdensitometer trace m Fig 2 It will 
be seen that the correlation 1s excellent and that the 
optical method fills in the mrtial rise that was too 
fast to be recorded by the current oscilloscope 
There was no need m this experiment to use the hght- 
intensity datum trace in the mterpretation of the 
mierodensitometer traces shown in Figs 2 and 4, since 
we were fortunate in having a special high-intensity 
lamp developed by Dr. Gabriel of the Atomic Weapons 





Fig 3 Calibration streak photograph 
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Fig 6 Streak-interferogram at 1 mm ambient pressure 


Research Establshment® that gives a hgbt pulse of 
about 10 usec. duration which is remarkably constant 
However, we feel that the datum trace would have 
corrected for a lamp of inferior type. It 1s also 
fortuitous that the polarizer and analyser make the 
hght a sufficiently narrow band for the purpose of the 
experrment and high-quality mterference filters are 
not required. 

Fig 5 1s a schematic diagram of our next experi- 
ment and 1s included to show how the technique 
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may be extended to measure not only the driving 
magnetic field but also the trapped magnetic field 
in a theta pmch The diagram shows how the end 
windows of a pill-box type discharge tube can be used 
to measure the trapped field on the axis which 1s 
expected to have small divergence at the ends of the 
theta piece. The main feature of the optics is an 
iris diaphragm placed between a small supplementary 
lens and the exit lens feeding the light from the 
centre of the theta, piece to the camera By con- 
trolling the diaphragm aperture the transmitted light 
through the centre will have a good ‘signal-noise’ 
for measurement of trapped field to be made even 
when the plasma fills the whole cross-section! 

Fig 6 18 a streak camera record of a theta piece 
with mterferencs fringes superimposed and 18 added 
for sake of completeness so that the reader can 
visualize & composite picture showing fringe shift 
and trapped and driving magnetic fields We wish 
to thank Beryl Richardson for her invaluable assist- 
ance in the experumnent We are also indebted to 
Dr Gabriel for supplymg the special light source 
and the Director of the Atomic Weapons Research 
Establishment for permission to publish this article 
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SOME PHYSICO-CHEMICAL PROPERTIES OF PARACRYSTALLINE 
SPHERULITES OF BIOLOGICAL ORIGIN 


By Dk G T STEWART 


Medical Research Council Laboratories, Carshalton, Surrey 


Ta occurience of hpoid in a mesophase ın certain 
mammalan tissues has already been reported! 
Matter ın this form possesses paracrystalline or liquid 
crystalline properties whereby the molecular com- 
pactness and regular orientation, characteristic of a 
true crystal, 1s preserved when, in & given thermal 
range, liquid mobility 1s demonstrable There are 
theoretical reasons for beheving? that a mesophase of 
this kind 1s ideally suited for protoplasmic structure, 
in the case of certain lipoid complexes, ıt has now been 
shown’ that a mesophase with characteristic liquid 
crystalline properties exists, naturally, m specialized 
cells of the ovary, adrenal and other tissues, though 
not 1n depot fat; pathologically, a similar mesophase 
may be present m plasma ltpoprotem and ın the soft 
parts of atheromatous deposits in arteries Under 
experimental conditions, similar hpoid complexes 
can be produced by pulsating the hpoproteim fraction 
against normal arterial intima at physiological 
pressures! 

Known for years to physicists and physical 
chemists’, the mesomorphie form of matter has not 
teen extensively studied in biological material, nor 
in relation to disease The following report therefore 


describes further some of the properties of the 
spherulitic hquid crystals observed in various forms 
of lipoid. mesophase ın tissue 

Material for study was obtained by making 
squashed preparations of the appropriate tissues m 
microscopic films, or, when bulkier yields were 
necessary, by homogenizing the tissue in water 
For general use, an abundant yield of paracrystalline 
substance was readily obtamed by homogenizing 
segments of liver, taken by biopsy or at autopsy, 
from rabbits fed with 05-10 per cent cholesterol 
for three months or more From this homogenate, 
intracellular and cell-fiee hpoid were separated by 
centrifuging, and independently studied in aqueous 
or other suspensions More exact details of technique 
are described elsewhere’, and paracrystalline sub- 
stance has also been studied in lipemic plasmas, 
resected atheromatous vessels in patients, corpora 
lutea m surgically excised ovaries, and other souices 
Examined ın microscopic films under polaiized light, 
fresh pieparations of the tissues mentioned show 
abundant birefrmgent particles mtra- and extra- 
cellularly meluding, m the soft lpoid components 
spherical droplets 0 5-24 m diameter These aniso- 
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tropic droplets (spherulites) have firm but not rigid, 
uniformly spherical outhnes at 4-25? C , each droplet 
contains a polarization cross with arms parallel to 
the planes of polarization. When the film is rotated, 
the arms do not change direction or undergo extinc- 
tion, when the analyser ıs rotated, the cross 1s 
extinguished at 180° intervals The sign of bire- 
frmgence is positive and, with the polarizer only an 
situ, a faint interference pattern may still be seen 
These droplets are therefore liquid crystals of 
spherulitic structure, without surface attachments to 
the suspending liquid or, when intracellular, to the 
cytoplasm. 

On a heated stage at 30°-37°, the spherulites tend 
to increase ın sıze by limited confluence and are then 
deformed in outline when compressed; the polariza- 
tion figure loses 1ts symmetry but retams a roughly 
cruciate pattern and a positive sign of birefringence 
At 37°-42°, hquid flow 1s present, with birefrmgence, 
at higher temperatures, a true liquid, transparent, 
isotropic melt results From this, a mesophase with 
considerable liquid crystalline growth of spherulites 
and an orderly arrangement of polarization colours 
re-forms on cooling At 0? C or below, the spherulitic 
structure 1s destroyed, the degree of destruction being 
more or less proportional to the rate and intensity of 
cooling, placed for a few seconds m hquid nitrogen, 
the hquid crystals are instantaneously and perman- 
ently destroyed, with liberation of free cholesterol in 
amorphous or true crystalline form, true crystals of 
fatty acids and other indeterminate particles Indi- 
vidual spherulites show paracrystalline growth when 
kept for some hours in water or salt solutions, but 
not in glycerol They are destroyed by organic 
solvents and dehydration In white light, they are 
greenish and refractile, the larger spheruhtes may 
show a weak reaction with sudan dyes, when treated 
with benzpyrene®, they show famt blue fluorescence 
m ultra-violet ight 

These properties of the spherulitic component of 
this hpoid mesophase indicate that the constituent 
molecules are radially arranged, unstable to changes in 
temperature, dehydration and organic solvents, but 
stable at 4°-37° and, in this state, penetrable by water 
and triglycerides. The spherulitic structure 18, how- 
ever, resistant to disruption by various other physical 
agencies, including 1onic and non-ionic detergents, 
lipase, rat-liver esterase, trypsin and ultracentrifuging 
in salt solutions at 80,000g When subjected to 
ultrasonic vibrations (20 kc /s ), no structural change 
can be detected m 30 sec but dismtegration begins 
thereafter and 1s complete m 3-5 min. y-Radiation 
up to 5 Mrads from a cobalt-60 source produces no 
change nor does irradiation with 4-MeV. electrons 
from a linear accelerator. 

It 18 known? that some of the hpoid m abnormal, 
hyperlipemic plasma is resistant to the action of 
clearmg factor, and this may also be related to the 
presence of a stable mesophase When heparin, or 
a comparable sulphated polysaccharide, is injected 
intravenously into a patient with essential hyper- 
lipzemus (or a cholesterol-fed rabbit) with an abnormal, 
low-density B-hpoprotem plasma component, the 
classical clearmg effect ıs often not obtamed This 
anomaly is due to the abnormal 6-lipoprotem which 
resists, or may even inhib:t?, the action of hpoprotem 
lipase, considered by some authorrties to be the active 
clearing factor’. If the abnormal lipoprotein 18 then 
separated by centrifugal flotation from the uncleared 
plasma and examined at 22°-37° under polarized 
light, much of 16 18 present m the form of a spheruhtie 
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mesophase, sunilar in properties to that already 
described in atheromatous and other tissues This 
abnormal hpoprotem complex can therefore exist 
within the plasma colloid as a mesophase, more stable 
than the chylomicron emulsion of normal Lpzemuia, 
and immune to one of the prmeipal physiological 
clearing mechanisms This 1s the form of lpoprotem 
which, when pulsated agaist excised arterial seg- 
ments, produces atheroma-hke deposits in a simular 
lipoid mesophase* It ıs therefore possible that the 
presence m circulating blood of this form (Sf 12-20) of 
low-density hpoprotein 1s of direct causal importance 
in atherosclerosis. 

Histochemical and chromatographic work? has 
shown that cholesterol esters and other lipids, as well 
as protein and water, are probably present ın spherul- 
ites of the type described These constituents must 
therefore be linked ın an amphiphilic system within 
a molecular structure which, at body temperature, 1s 
loosely radial and perhaps helical The physico- 
chemical possibilities inherent in such systems have 
been made explicit in recent work!!! on phase- 
equilibria of soaps, water and sterols, ıt is highly 
probable that, ın cytology as m physics, some of the 
particles which used to be called fatty micelles should 
now be regarded as paracrystalline complexes with 
this kind of structure which makes them amenable to 
incorporation in protoplasm while preserving the 
molecular orientation and penetrability to other 
hnpoids and water, necessary for reactivity Apart 
from this functional aspect, the importance of a 
liquid crystalline system in polypeptide solutions", 
and of spherulitic texture in polyethylene fibres 
suggests, by analogy, that the paracrystalhne form 
may be equally essential as a structural mechanism 
in certain cells and tissues, especially where complex 
macromolecules of l:poprotem and steroids are 
involved 

It 1s a basic property of hquid crystals that their 
molecules are held together by forces which, though 
complex, are weaker than those of true crystals. In 
the case of the liquid crystals described here, the 
weakness 1s revealed by the effects of temperature 
and organic solvents, but the bonds are remarkably 
resistant to agencies such as ionizing radiation, 
ultrasonic vibrations and lipolysis, whether by 
enzymes or detergents, which readily disrupt lpoid 
complexes ın fine emulsions and cell membranes The 
implications of this pecuhar stability, in terms of 
energy values, are beyond the scope of this article, but 
it is perhaps clear that a study of this question, 
coupled with a crystallographic analysis of structure, 
should be of value in solving a fundamental and 
largely unexplored problem in molecular biology 

The irradiation experiments were carried out at 
the Research Laboratory of the Umted Kingdom 
Atomic Energy Authority at Wantage, Berks, m 
collaboration with Dr D B Powell 
! Stewart, G T , Nature, 183, 873 (1959) 

? Bernal, J D, Trans Faraday Soc , 29, 1032 (1933) 
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5 Disc Faraday Soc , Iaqtwd Crystals and Amasotropw Melts (1933) 
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? Stewart, G T, Brt J Exp Path , 89, 109 (1958) 

? French, J E, Robinson, D S, and Harris, P H , Quart J Ezp* 
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KINETICS OF REACTION OF THE DECOMPOSITION OF 
LEAD AZIDE 


By Dr M. STAMMLER, J. E. ABEL and Dk R C LING 


Picatinny Arsenal, Dover, New Jersey 


T has been reported? that the decomposition of 
I morganic azides begins at the crystal surface and 
that the crystal 1s soon covered with a thin film of 
metal formed by the reaction 


2M&eN, — 2Me + 3N, + X kcal (Me = metal 10n) 


This reaction has been investigated extensively in 
the case of silver azide Moskovich and Aleksandro- 
vitch? reported the formation of lead atoms at active 
surface regions during the initial stage of decomposi- 
tion of «-PbN, These lead atoms then ac as crystal- 
lization. centres and cause an autocatalytic accelera- 
tion of the decomposition which 18 accompanied by 
the accelerated formation of a second solid-phase 
Pb-PbN, We have investigated ın detail the reaction 
IJineties mvolved in this decomposition of «-lead 
azide 
In ref 4 the isothermal decomposition of «-lead 
azide at 150°, 175° and 200° C in air was described 
It was found that at those temperatures the decom- 
position goes through at least two phases One 
phase could be isolated and classified as a tetragonal 
deformed cubic structure but, unfortunately, the 
other phases could not be isolated According to the 
chemical analysis of the compound isolated, oxygen 
could be present only to a small extent These 
experiments did not show whether the oxygen of the 
alr was important m the formation of these phases 
during the decomposition, and the question could 
then be raised as to whether they consisted of basic 
azides or other oxygen-contaiung compounds as had 
been reported m ref 5 These authors reported that 
basic lead azides have been prepared by hydrolysis 
of PbN, with water, by reaction of PbN, with sodium 
hydroxide, and by precipitating PbN, from lead salt 
solutions via the addition of a mixture of NaN, 
and sodium hydroxide Nme different basic lead 
azides, including three forms of PbN, xPbO, were 
identified using X-rays 
X-ray work on phase 3. It has been mentioned‘ 

that during the isothermal decomposition of a-lead 
azide at 175° C m air the last stage of decomposition 
corresponds to a compound with an approximate 
formula of (PbN, ;(OH)n), herem called phase 3 
(The nitrogen 18 probably present as azide nitrogen ) 
Additional calculations show that some weak X-ray 
reflexions, which could not be indexed as cubic and 
which have been ascribed to impurities resulting 
from other decomposition phases, belong to the 
structure of phase 3 The crystal structure of this 
compound ıs more appropriately considered as a 
tetragonal deformed, cubic lattice On this basis the 
following data have been calculated 
cell dimensions, do = 12 25,4, Co = 1188, Å , cola, = 0 9698, 

volume of the unit cell, V, = 1784 66 À 5, 

density (pycnometric) dp = 5 623 gm fem ?, 

density (X-ray) dz = 5 633 gm /cm ? 
Debye-Seherrer photographs and X-ray diffiacto- 
grams of this compound showed the following 
systematic absences 


(AM) ----- absent except h + k = 2n 
(hÀ0)----- absent except A + A = 2n 
OD ----- absent except k + 1 = 2n 
(hA) - - - -- no conditions 
(^00) ----- no conditions 


These extinction data make possible the assignment 
of the space-groups Dis, P4,/nnm and Di, P4j/nmm, 
with the first of these bemg the most probable Dur- 
mg about thirty experiments this structure was 
observed within 16 0-16 8 per cent loss m weight of 
the samples ‘This 1s approximately the range of 
homogeneity of this phase 

It 18 mteresting to note that phase 3 can also be 
formed by heating «-lead azide at higher tempera- 
tures for shorter periods of time For example, this 
compound was formed by heating «-lead azide at 
360° C for 3 min Longer heating will result in a 
change m colour from yellow to orange and finally 
brown. 

Decomposition wm pure argon and oxygen atmo- 
spheres To investigate the influence of oxygen durmg 
the isothermal decomposition of lead azide, experi- 
ments using thermogravimetric techniques were 
carried out at 175° C m argon and oxygen While 
the decomposition in air with 40 per cent relative 
humidity led to an average of 16 4 per cent loss m 
weight, experiments in dried argon and oxygen 
resulted ın a 12 per cent loss at the same tempera- 
ture (Fig 1) 


150 
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Loss in weight (per cent) 





0 100 
Time (hr ) 
Fig 1 Decomposition curves of lead azide in air with 40 per cent 


relative humidity (1), ın dried argon (2), oxygen (8), and argon 
saturated with moisture at 26° C (4) 


200 


It has been shown‘ that «-lead azide decomposes in 
air in several steps which must be considered as 
definite crystal phases Durmg decomposition at 
175° C the first step 1s reached when the sample has 
lost about 12 per cent in weight However, according 
to the shape of the curve up to this step, 1b 1s possible 
that there 1s more than one reaction mechanism 
involved Up to a 46 per cent loss 1n weight the 
slope of the curve, that 1s, the rate of evolution of 
nitrogen, 18 equal to 13 per cent/hr, whereas the 
rate of volatilization of nitrogen in the second 
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stage, up to about 9 per cent loss m weight, is 0 36 
per cent/hr and, up to 12 per cent loss m weight, 
about 05 per cent/hr These steps can be seen ın 
Fig 1, which mdicates a clear break in the curve at 
4 6 per cent loss m weight which may be due to the 
formation of an intermediate state not shown m 
Fig 6 

The decomposition does not follow this course if 
the experiment is run in dried argon and oxygen 
While the first step ın air contammg 40 per cent 
relative humidity occurs at 175° with 12 per cent loss 
in weight after about 30 hr. the same result was 
obtained m dried argon and oxygen after about 100 
hr The decomposition in oxygen or argon follows a 
continuous curve and does not show the changes in 
the reaction-rate observed in air (Fig 1) However 
the X-ray diffraction patterns of the products formed 
m air at ambient conditions, in dried argon and m 
dry oxygen are the same ‘This indicates that, until 
this stage of decomposition, oxygen does not affect 
the reaction It is very probable that the presence of 
moisture accelerates the decomposition reaction and 
causes at least a partial hydrolysis 

It 1s believed that subsequent decomposition 
(greater than 12 per cent loss in weight) 1s only possible 
in the presence of moisture. On a weight basis, the 
1esidue corresponding to the 12 per cent loss in 
weight may be identified as phase 2, PbN, ;,(OH)z 
This compound ean be formed eher by heating 
PbN, m air with moisture (relative humidity 40 per 
cent) at 175? C for 30 hr or by heating 1n oxygen or 
argon at the same temperature for 100 hr As 
expected, phase 2 formed by these three experiments 
showed identical X-ray diffractograms It 1s possible 
that even in the ‘dried’ argon and oxygen, traces of 
moisture are present which may contribute to the 
formation of his phase In Fig 2 the observed 
reflexions of this phase are compared with those of 
pure a-lead azide Phase 2 seems to have a higher 
symmetry than the original «-lead azide but a lower 
svmmetry than phase 3 


60 
40 
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Intensity 


2 6 10 14 18 22 26 30 34 
Fig 2. X-ray reflexions of (a) a-lead azide, (b) phase 2 


Apparently moisture affects the rate of decomposi- 
tion, but the manner in which ıt accomplishes this 18 
not fully understood at the present time It1is believed 
that small amounts of water vapour may hydrolyse 
the lead azide at elevated temperature’ If layers of 
lead were formed during decomposition, one would 
expect different results because such lead, being very 
reactive, would mmmediately form lead oxide ın the 
presence of oxygen Nerther the reflexions of lead 
oxide nor those of metallic lead could be observed 
on the X-ray diffractograms of phase 2 obtained 
through decomposition ın oxygen, argon or ar The 
formation of phase 3 could not be achieved at the given 
temperatures m pure argon and oxygen and it was 
concluded that a relatively high moisture content 1s 
necessary for the formation of this phase (Phase 1, 
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previously called a-phase!, was observed only when 
heated at 150? C) However, phase 3 was also 
obtamed when «-PbN, was heated m argon which 
had been bubbled through water at 26? C 

Comparison of some properties of a-lead azide and 
phase 3 The ignition time of phase 3 was determined 
at several temperatures and compared with that of 
«-lead azide under the same conditions The appara- 
tus used for these experiments 1s shown schematically 
im Fig 3 





Fig 3 Apparatus for measuring time for ignition A, electrically 
heated plate, B, source of light, C, beam of light, D, photo- 
multiplier tube, E, Hewlett-Packard timer, F, sample 


The instrument consists essentially of a small 
electrically heated hot plate (4) with a centrally 
located 1ron-constantan thermocouple for determining 
its temperature and a photoelectric system for 
triggering the electronic timer A 1l/l6-im diameter 
hght beam is focused across the centre of the hot 
plate (A) to a photomultiplier tube (D) When the 
hot plate 1s at the desired temperature, about 0 003 
gm of sample ıs dropped through the light beam (C) 
on the plate The fallmg sample breaks the hght 
beam and causes the photomultipher tube to put out 
a pulse which starts the counter (#). The flash 
accompanymg the ignition of the sample actuates 
the photomultipher, which then stops the counter 
The time until ignition 1s determined to 0 001 sec 
and the temperature of the plate to + 1? C 

The results so obtamed for phase 3 and «-lead azide 
are plotted as temperature versus induction-time 
curves in Fig 4 In both curves (4a and 4b) every 
point is the percentage fired out of twenty tests The 
standard deviation of this method 1s about + 5 per 
cent An attempt was also made to calculate the 
activation energies of these compounds using the 
Semenov equation? and the plot of this 1s shown ın 
Fig 46 ‘The activation energies of phase 3 and 
PbN, were determined to be 80 and 100 kcal /mole, 
respectively It should be mentioned that these 
activation energies are only apparent activation 
energies® 

According to these results the compound 
PbN, ;(OH)n 18 less sensitive to ignition than the 
«-lead azide It was noted that below 450° C phase 3 
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Fig 4 (a) Temperature against time of induction x, a-lead 


azide, ©, phase 3 (b) time of induction agamst 1/7 «x, a-lead 
azide with energy of activation 100 + 20 kcal /mole, O, phase 2 
with energy of activation of 80 + 20 k cal/mole 
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was found to undergo slow decomposition, but no 
ignition was observed at this temperature On the 
other hand, the lowest ignition temperature for lead 
azide 1s about 370° C and its ignition time at 400° C 
is less than 0 1 sec 

To test the electrical sensitivity of phase 3, small 
1/4-1n diameter plugs of msulating material were 
coated with a thin gold film to form an electrisal 
bridge and a 006 gm pellet of sample was pressed 
at 3,000 Ib /sq m on the gold film The resistance of 
the loaded plugs ranged from 1 to 3 ohms and their 
firmg characteristics were determined by the discharge 
of a l uF condenser at varying voltages In Fig 5 
percentage fired 1s plotted against the mput voltage 
For comparison, the electrical sensitivity of lead 
azide ıs also included in Fig 5 It 1s apparent that 
although less sensitive than the untreated lead azide, 
phase 3 can still be considered as an electrically 
sensitive material 
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Fig 5  Electnicalinitiation of a-lead azide ( x )and of phase 3 (O) 


Investigations with infra-red The infra-red spec- 
trum of phase 3 1s slightly different from that of 
a-lead azide, although the main absorption band at 
4 93y. occurs 1n both samples with the same intensity 
In Table 1 the observed absorption bands of «-lead 
azide and. phase 3 are listed The pellets used for the 
infra-red analysis were prepared by pressing 200 
mgm. KBr and 2 mgm of PbN, or PbN;,(OH), 
at 15,000 Ib /sq ın The thickness of these pellets 
was approximately 1 mm 

The absorption of both samples was most intense at 
about 50u This band can best be ascribed to a 
stretching vibration of the N=N triple bond As 
indicated in Table 1, only shght differences between 
the two samples could be observed so far as their 
infra-red spectra were concerned In the case of lead 
azide the most mtense absorption band consists of 
two distinguishable peaks at 4 93p. and 5 05u respec- 
tively, whereas with phase 3 there 1s only one peak 
which occurs at 4 95u Another absorption band of 
lead azide with a weaker intensity was observed at 
7-55 due to the symmetrical vibration of the azide 
group In this region the decomposition product 
(phase 3) showed two absorption maxima at 7 15— 
7 20u and 7 63u The first band ıs probably due 
to the N—N double bond while the peak at 7 63u 
is possibly caused by an OH bending vibration 
In the spectrum of both «-lead azide and 1ts decom- 
position product, an absorption band at 2 95u 
could be observed However, the intensity of this 
band 1n the spectrum of phase 3 was found to be twice 
the intensity of the lead azide peak This would 
suggest that hydrogen bonding is present in both 
cases Although the samples had been dried very 
carefully to remove all moisture and water, the spectra 
showed that this band (2 954) was still present It 
18 very probable that the lead azide also contained 
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Table 1 INFRA-RED SPECTRA 
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a-Lead azide (PbN,) (Phase 3) PbN~2 5 (OB)s 
Absorption bsorption 
band Int Remarks band Int Remarks 
2 95u 45 OH bonding 2 95u 93 OH bonding 
(8,400 cm -?) vibration — (3,400 em ~?) vibration 
430-4 354 20 hydrogen 4 30g 25 hydrogen 
(2,325- bond (2,325 em 71) bond 
2,800 cm -?) 
4 93u 250 asymmetrical 4 95u 240 stretching 
(2,080 cm ~? stretching (2,030 cm ~?) vibration 
5 05u 245 of the ot the 
(1,920 em -1) azide group N=N triple 
bond 
610-6 20u 35 N—H bending 610-6200 80 N—H bending 
(1,640- vibration (1,640- vibration 
1,010 cm -!) 1,610 em ~?) 
715-720u 90 =N bond 
1,400- 
1,390 cm -*) 


28 symmetrical 
stretching 
vibration of 

azide group 


7 55u 
(1,825 cm -) 


7 034 65 OH bending 
1,310 em ~?! vibration 
14 75u 50 
678 em ^! 


not known 


& small amount of bonded water which could not be 
removed by the normal drying procedure and which 
might be considered as a stabilizer (through OH. 
bonding) of these compounds Apparently even 
heat treatment with decomposition of lead azide 
does not remove this water For future investiga- 
tions ıt would be of interest to prepare lead azide 
without using water as a solvent, 1f possible. Another 
absorption band was observed in both samples at 
approximately 6 10-6 20u which may be attributed 
to the N—-H bond Again, the band due to phase 3 
was twice as mtense as that of untreated lead azide 
Finally, a weak absorption band which occurred in 
both samples with about the same intensity could 
be observed at 430-4 354 This may be caused by 
hydrogen bonding in the condensed state One 
cannot, however, arrive at a final conclusion based on 
these results at the present moment, but more inform- 
ation may be forthcoming 1f lead azide can be pre- 
pared ın a non-aqueous solution 

Conclusions Based on the results obtained thus far, 
it appears that the reaction mechanism during the 
thermal ignition of lead azide in air 18 dependent on the 
temperature and time to ignition. Ignition times of 
less than 05 sec have a single mechanism which 
probably goes through an activated state by which 
the required energy for a chain reaction 1s delivered 
(mechanism I, Fig 6) These activated centres have 
to reach a certain concentration 1n a short tume-inter- 
val m order to deliver enough energy for ignition 
If, on the other hand, the temperature ıs not high 
enough to form this threshold concentration (there 
may also be & threshold temperature) the available 
energy cannot be supplied to cause the chain reaction. 
and the decomposition will pioceed slowly through 
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Fig 6 Kunetics of decomposition of lead azide 
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the different phases (mechanism JI, Fig 6) It 1s 
possible, however, that within a certam range of 
temperature both mechanisms are competing with 
each other For the slow decomposition, a hydrolysis 
reaction is assumed since the presence of oxygen 
durmg this decomposition had no effect on the 
hydrolysis reaction 

We thank Dr J. V R Kaufman for his interest 
and encouragement durmg the course of this work, 
Mr C Campbell for the thermogravimetrie work, 
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Mr J Campis for the X-ray photographs, and 
Dr N Paraskevopoulos for the mfra-red spectra 
! Bowden, F P , and Yoffe A. D, Fast Reaction wn Solids (Cambridge 
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1 Mitchel, J W,Rep Prog Phys , 20, 438 (1957) 
? maii and Aleksandrovich, J Phys. Chem (USSR), 6, 1218 
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PROBABILITY DISTRIBUTION ANALYSER PROGRAMMED FOR 
NEUROPHYSIOLOGICAL RESEARCH 


By Dr. W. R. LEVICK, Pror. P O. BISHOP and W. O. WILLIAMS 
Brain Research Unit, Department of Physiology, University of Sydney 


AND 
Pror D. G. LAMPARD 


Division of Electrotechnology, Commonwealth Scientific and Industrial Research Organization 


HE sensory side of the nervous system 1s basically 
‘noisy’. Information supphed by sensory stimu- 
lation 1s transmitted through the brain as patterns 
of nerve impulses. In the absence of stimulation, 
however, the trains of nerve impulses do not subside 
completely but are replaced by a ‘spontaneous’ 
discharge which may be quite as striking as the 
information-rich pattern. It 1s perhaps surprising 
that so httle attention has been given to an under- 
standing of the nature of this spon- 
taneous discharge ‘There are, how- 
ever, serious practical difficulties 
Superficially this discharge of nerve 
impulses appears to be without any 
pattern Apart from using devices 
which indicate the mean rate of the 
unit discharge, one must undertake 
a very large amount of tedious 
manual computational work to 
derive more comprehensive statis- 
tics and, this has undoubtedly been 
responsible for the lack of interest g" 
in this phenomenon 
Recently a probability distribu- 
tion analyser was described! based 
on the Hutchmson and Scarrott 
pulse-height analyser, used exten- 
sively m nuclear physics It has 
been successfully apphed to com- 
putational problems in the field 
of stochastic processes and noise 
We have now programmed this 
instrument to derive the frequency 
distribution of intervals between 
successive impulses of the spon- 
taneous (and lght-evoked) dis- 
charge of single units sampled at 
various points 1n the visual system 
The distribution 1s presented as 
an ‘interval histogram’ While 
this work was in progress other 
workers have mdependently derived 
sunilar statistics from the auditory 
system* 
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The probability analyser 18 basically a cathode ray 
tube electrostatic memory of 64 channels with 15 
binary digit capacity a channel. The voltage applied 
to 1ts Input terminal 1s ordinarily sampled at a fixed 
(relatively slow) rete of 100/sec , counts bemg added 
to the channel corresponding to that input voltage 
Auxihary circuitry was developed to convert the 
time-interval between successive impulses mto a 
voltage proportional to that interval ^ Suitable 
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Fig 1 Examples of interval histograms obtamed from unit discharges recorded at four 
sites in the visual nervous system, as shown in the centre The logarithmic scale of 
counts refers to the upper graph and the linear to the lower graph in each case 
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gating ensured that the analyser accepted not more 
than one sample of the voltage correspondmg to any 
interval 

Certain lmmtations of this arrangement were 
recognized Due to the fixed maximum sampling- 
rate of 100/sec , there was a probability that a sample 
would be missed whenever an interval ın the discharge 
was 10 msec or less The particular sample missed 
would correspond to the mterval preceding the short 
interval If successive intervals are statistically 
independent, the missed samples will not affect the 
shape of the histogram obtained, but only scale down 
all channel counts by a constant factor, when sufficient 
intervals have been analysed to smooth out statistical 
fluctuations However, since there was no prior 
knowledge that successive intervals in the nerve 
discharges were statistically mdependent, we have 
excluded those units in which missed samples 
amounted to more than 1 per cent of the total number 
of intervals examined 

The method has been successfully applied to unit 
activity recorded from four sites in the visual system 
of the cat retina, lateral geniculate nucleus, pretectal 
nucleus and short ciliary nerve Some examples of 
interval histograms obtamed are shown in Fig I 
Of immediate interest 1s the remarkable dissumiarity 
of the distributions from different regions That of 
the retinal ganglion cell presented 1s of asymmetrical 
Gaussian type whereas the particular geniculate cell 
distribution seems best compared with a Poisson 
type On the other hand, the short ciliary unit 
shows a bimodal distribution. It should be noted 
that counts due to intervals longer than the range of 
the analyser have been grouped into the last two 
channels 

Strikmg changes in the distribution of intervals 
occur when patterned photic stimulus 1s presented 
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to the eye This 1s demonstrated by the pretectal 
unit when the retia was stimulated by light, the 
intensity of which was modulated smusoidally at 
075 cycles/sec frequency There is a low, second 
mode 1r. the distribution corresponding to a relative 
prevalence of long intervals corresponding to a silent 
period in the dischaige during the cycle of hght 
modulation 

This 1s a fast, flexible and accmate method The 
analyses can be completed approximately 1,000 
times more quickly than by conventional methods 
of photography and measuiement of the enlarge- 
ments As can be seen from the graphs, a sixty-foui- 
fold range of intervals can be examined at any 
particular setting of the analyser channel-width, 
and the channel-width can be set to any desired 
value to accommodate the discharge pattern of the 
particular unit Large numbers of intervals can be 
examined (for example, 35,756 ın the case of the 
retinal unit) for the total analyser count capacity 
is more than 8 million (2?:-64), and this 1s ım- 
portant in smoothing out the effects of statistical 
variation 

A. large field has been made accessible and 1s being 
opened up by this technique The information 
abstracted will ultimately form the foundation for the 
application of a communication theory to the visual 
system in particular and the nervous system im 
general 

This work was aided by grants from the National 
Health and Medical Research Couneil of Australia, 
the Ophthalmic Research Institute of Australia and 
the Post-Graduate Medical Foundation of the 
University of Sydney 
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H/EMIN-PROTEIN BINDING IN PEROXIDASE 
AND METH/EMALBUMIN 


By Dr A. C. MAEHLY* 


Foundation for Medical Physics, University of Pennsylvania 


HEN protohemm combines with the protem 
moieties of hemoproteims its absorption maxi- 
mum in the Soret region becomes intensified This 
has been ascribed either to the establishment of an 
1ron-protem bond or to a bond involving the propionyl 
side-chains of the hemin 
O'Hagan and George succeeded in preparmg arti- 
ficial hemoglobms! and myoglobms? with hemuns 
lacking carboxyl groups They concluded that in 
these hemoprotems the essential binding must in- 
involve the central iron atom When coupling 
hemin or hem to human serum albumin, however, 
O’Hagan could demonstrate that the carboxyl groups 
of the hemm molecule are mvolved m hemin-protein 
binding? Little and Neiands* have recently mvesti- 
gated the coupling of hemins to human serum 
albumin 
Some simple expermnents m this field were per- 
formed by me a few years ago Since this work was 


* Permanent address Government Lahoratory for Forensic Chemis- 
try, Stockholm 


interrupted, the experiments are reported in abridged 
form Hemm derivatives were prepared in which 
either the iron. atom was missing (protoporphyrin) 
or the carboxyl groups were blocked (protohsemm- 
dimethyl ester) One or the other of these compounds 
was added to serum albumin or to apo-horseradish 
peroxidase, and the spectral changes in the Soret 
region recorded 

Human serum albumin was kmdly supphed by 
Dr M Surgenor (then in Boston) in the form of 
Cohn’s fraction V Horseradish peroxidase was 
crystallized as described in ref 5 Protoporphyrin 
IX-dimethylester was made according to Grinstem? 
It melted at 221—225? uncorrected Free proto- 
porphyrin IX was obtamed by careful hydrolysis 
of the ester with 25 per cent hydrochloric acid as 
described m ref 7 and checking the absorption 
spectrum (peak at 412-413 mu) Only freshly hydro- 
lysed solutions were used Protohwmin TX -dimethyl- 
ester was made as ın ref 8 The crude product was 
purified on aragonite columns This crystal form of 
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cale1um carbonate proved to be superior to calcite 
or to mixtures of the two forms (Thanks are 
due to Prof F Daniels (Madison, Wisconsin) for gen- 
erous gifts of samples of aragonite and caleite ) 
The columns were prepared with dry benzene A 
benzene solution of the crude protohemm IX- 
dimethylester was added and the column developed 
with benzene A green zone (A, about 5 per cent) 
travelled fastest, ıt was followed by a diffuse hght- 
brown band (B, about 60 per cent) and a sharply 
defined dark brown zone (C, about 20 per cent) 
A brown area (D, about 12 per cent) stayed on top 
of the column Benzene eluted A (not identified) 
then B (pure protohemin IX-dimethylester), and 
benzene/chloroform (1 1) eluted C (the monomethyl 
ester ?) D proved to be free protohemm, elutable 
by chloroform/acetic acid (99 1) 

Human serum albumin binds only protoporphyrin 
dissolved in acid aqueous solutions. If the solutions 
are neutralized or made alkaline, no appreciable 
spectral change takes place on addition of human 
serum albumin, possibly due to polymerization 
Fig 1 shows the Soret spectra obtained on adding 
40 ul of a 128 uM protoporphyrm solution m N 
hydrochloric acid to 2 20 ml of 0-2 M Na,HPO, on 
one hand, and to 220 ml of 30 uM human serum 
albumin in 0 2 M Na,HPO, on the other hand The 
final molar ratio protoporphyrm/human serum 
albumin was thus 24 1 Rosenfeld and Surgenor® 
had found that human serum albumm forms com- 
plexes with ferri protoporphyrin in the ratios of 
l l and 1 2 When solutions of protoporphyrin- 
dimethylester or of protohemm IX-dimethylester in 
acetone were added to buffered human serum albumin 
and to buffer alone respectively, no spectral differ- 
ences between the two resultant solutions were 
obtamed 

With horseradish peroxidase, similar, uf somewhat 
less dramatic, results were obtamed as with human 
serum albumin . Neither protoporphyrin-dimethyl- 
ester nor protohemm IX-dimethylester, both in 
acetone solution, was bound to apo-horseradish 
peroxidase The spectra obtained on adding free 
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Fig 1 Soret spectra of protoporphyrin IX in phosphate 
(Na,HPO,), in the absence ( O- ©) and in the presence 
(6e — €) of human serum albumin 
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Fig 2 Soret spectra of protoporphyrin IX m phosphate buffer, 
in the absence (O — O ) and m the presence (@ — @ ) of apo- 
horseradish peroxidase 


protoporphyrin to apo-horseradish peroxidase are 
shown m Fig 2 40 ul of a 79 uM solution of proto- 
porphyrm in 0 2 N hydrochloric acid were added to 
2 20 ml. of 0 2 M phosphate buffer of pH 6 8, and to 
220 ml of 13 yM apo-horseradish peroxidase in the 
same buffer respectively The concentration of active 
apo-horseradish peroxidase was determined by spec- 
trophotometric titration of the protem with proto- 
hemin of known titre The final concentration of 
protoporphyrm was thus 14 uM and the molar 
ratios protoporphyrm/apo-horseradish peroxidase = 
1-1-10 | When the protoporphyrm concentration 
was chosen at a lower level, spectra intermediate 
between those shown in Fig 2 were obtained , addı- 
tion of larger amounts of protoporphyrin to both the 
blank and the 1 1 protoporphyrm-apo-horseradish 
peroxidase complex gave no further spectral change 

The maxima of the Soret bands for horseradish 
peroxidase, protoporphyrm-apo-horseradish peroxi- 
dase, methemalbumm and protoporphyrm-albumm 
all he at 403 my, irrespective of the presence or the 
absence of the central iron atom Of more importance 
18 the fact that the extinction coefficients of the 
porphyrm compounds are equal to or higher than 
those of the hemin compounds This ıs shown in 
Table 1 


Tablel EXTINCTION COEFFICIENTS, mj, OF HORSERADISH PEROXIDASE 


AND METHÆMALEUMIN AND THEIR JRON-FREE COUNTERPARTS AT 
THE PEAK OF THE SORET BAND AT 403 mpg 


Horseradish peroxidase 
recombined from apo-horseradish peroxidase and 

protohemin, pH 68 81 cm mY 
Protoporphyrin-apo-horseradish peroxidase, pH68 83 j 
Methæmalbumın, pH 7-10 (cf ref 9) 81 » 
Protoporphyrm human serum albumin, in Na,HPO, 116 5 


A freshly prepared 13 LM solution of the proto- 
porphyrin—apo-horseradish peroxidase complex did 
not react with methyl hydrogen peroxide as judged 
by the appearance of the Soret spectrum Proto- 
heemin to a final concentration of 0 87 uM was now 
added to blank and solution no spectral change 
occurred Renewed addition of methyl hydrogen 
peroxide (2 uM) had no influence on the spectrum 
When protohzemin was added directly to free apo- 
horseradish peroxidase, complex II was rapidly 
formed with a Soret peak at 418 mu The experiment 
shows that protoporphyrin competes with proto- 
hemin for the same sites at the apo-horseradish 
peroxidase molecule The results emphasize the 1m- 
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portance of the propionyl carboxyl groups of por- 
phyrms ın binding with protems The intensification 
of the Soret band on binding seems to be mainly 
due to binding of the carboxyl group to the proteims 
investigated ın the work described here 


1Q’Hagan, J E, Biochem J., 74, 417 (1960) 
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TRANSFERRIN DIFFERENCES IN CHIMPANZEE SERA 


By Pror J BUETTNER-JANUSCH 
Laboratory of Physical Anthropology, Yale University 


RANSFERRIN exists ın à variety of molecular 
species 1n man and other mammals! Presumably 
the serum transferrins of the other Primates are 
sunilar to those of man While screening blood of 
Primates for differences im hemoglobin, transferrin, 
%-globulin and ceruloplasmin, we have been able to 
test a number of chimpanzee sera and find results 
both sumilar to and different from those reported by 
Boyer and Young? 

The samples came from four ‘chimpanzees at the 
Department of Preventive Medicine at Yale; 19 
sera, given to us by Dr Edwin Isacson of Yale 
University, from animals at the Aero Space Medical 
Laboratory, Holloman Am Force Base, New Mexico , 
and 20 sera from the laboratory of Dr Morris Good- 
man, Wayne State University, Detroit, Michigan. 
The specific identification of the animals 18 not certain, 
though we believe them to be Pan troglodytes The 
variety of taxonomic labels given chimpanzees in the 
literature is not particularly informative Most of 
the animals were reported to have come from Senegal, 
Sierra Leone and the French Cameroons The 20 
samples from Dr Goodman came from Orange Park, 
Florida 

Sera were centrifuged at 16,000 rpm at —10°C, 
1:5 ml of serum was treated for at least 1 hr with 
05 ml. of ferrous citrate contaming iron-59, 10 
uc /ml The reaction was carried out ether at ambient 
temperature (19? C.) or at 10°C Serum samples 
were inserted directly mto precast slots m 12-15 
per cent starch-gels made with 0021 M borate 
buffer, pH 8:6 The electrophoresis was run in the 
vertical position at 6 V /em for 16-18 hr After the 
run was completed, each gel was sliced in half 
One half was stamed with amido-black dye ın meth- 
anol/water/acetic acid solvent (5 5 1) The other 
half was wrapped in ‘Saran Wrap’ (Dow Chemical 
Corporation) and placed on a sheet of Kodak No- 
Screen X-ray film for 24 hr The films were developed 
in Kodak D-8 or D-11 developer The bands on the 
radiograph so produced were compared with various 
bands found on the section stained with amudo- 
black The serum patterns were compared in re- 
peated runs with the serum patterns of Yale College 
students and with those of a number of other Primates 

A diagram. of the transferrm types found 1s shown 
in Fig 1. We cannot label our patterns with the 
same designations that Boyer and Young? gave their 
transferrm phenotypes, gnee we could compare their 
patterns with ours only on the basis of the position 
of band C from a human homozygous TC individual 
We have chosen to number our bands in order of 
decreasing mobility and name the types with inclusive 


numbers Wo found eight separate, distinct trans- 
ferrin bands on the various radiographs, though never 
more than five m one individual serum. We name 
the band with the greatest mobility number 1, the 
one with lowest, 8 For example, the serum which 
had five bands, 3, 4, 5, 6 and 7, we named type 3-7 
In Fig 1, human tvpe CC is shown as well as one 
of the most frequent transferrins found m the African 
vervet or green monkey, Cercopithecus aethiops 
Band 3, which corresponds to no other Primates’ 
transferrin that we know, was usually the densest 
band on the radiographs However, at least one of 
the eight bands showed up as a dense spot on the 
radiograph of at least one serum ‘Therefore, we see 
no reason for distinguishmg them on the basis of the 
extent to which they affect the X-ray film Table 1 
shows the frequencies of the various types of trans- 
ferrins 
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Fig 1. Diagram of electrophoretogram illustrating relative 

mobilities of transferrin bands 1n various chimpanzees compared 

with a human TfC homozygote and a common transferrin type 
from Cercopithecus aethiops 
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Table 1 FREQUENCY OF TRANSFERRIN TYPES IN CHIMPANZEES 
Number of animals * 


No 4803 


Type Total Group 1 Group 2 Group 3 
1-2 1 1 
8-4 2 1 1 
3-6 Hg 2 2 
3-7 [AD] 7 7 

$4 2 2 
6-7 14 1 2 11 
6-8 12 2 4 6 

vt 1 

Alf 8 18 20 


* Group 1 are chimpanzees from Yale University, group 2 from 
Holloman Air Force Base, group 3 from Orange Park 

+ Two sera of the original 43 produced unreadable patterns on each 
of three runs 


Exhaustive experiments in which each sample 
was saturated with 1ron-59 could not be undertaken 
because of the relatively small quantities of serum 
Nevertheless, where we had enough material and could 
add a large excess of iron-59, we found that bands 
which were faint on the original radiograph continued 
to be faint after addition of an excess of iron-59 
The possibility occurs that the degree to which the 
transferrins are saturated «n vwo before the blood 
samples were taken plays a part in the extent to which 
each band will take up 1ron-69 «n vuro (Bearn, A, 
private communieation) 

It seems reasonable to identify our 3—7 type with 
the AD type of Boyer and Young, and our 3-6 type 
with them 4C The other types do not correspond. 
The lack of correspondence may be due to species 
differences Our chimpanzees belong to a group label- 
led Pan troglodytes ; Pan satyrus, the name given 
the chimpanzees from which Boyer and Young 
received samples, is not known to us and is not 
recognized as a specific name by Fiedler*®, the name 
list at present in widest use It ıs possible that 
these are the dwarf varieties of the Congo chimpan- 
zee descmbed by Schwarz’ Boyer (private com- 
munication) has stated recently that his animals 
were identified as Pan troglodytes by W. L Straus, jun 

Another possibility is that these results are an 
additional demonstration of the marked polymor- 
phism that chimpanzees show for the transferrin 
trait. Most of the animals showed the 6-8 and 6-7 
patterns The other sera were distributed more or 
less randomly among the other types. In other 
words, there are no marked frequency differences 
between the Holloman chimpanzees and the Orange 
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Park chimpanzees, despite apparent differences in 
place of origin in Africa 

The serum patterns of these chimpanzees were 
compared with all the other Primates available to 
us One of our most striking findings ıs that only 
Tupaa ghs, of all the Primates tested, showed ron- 
binding 8-globulins which moved to the same general 
area on the gels as did those of the chimpanzee 
All other Primates available to us, except man 
(we have not been fortunate enough to obtain a 
sample from Tarszus yet), showed iron-binding 
bands of the 8-globulms which have two and even 
thiee times the mobihty of those of the chimpanzee 

We found early m our work that it ıs best, as 
Boyer and Young showed, to use borate buffers 
in the gels and in the electrode trays in order to 
obtain the fine resolution of chimpanzee transferrm 
bands necessary to demonstrate multiple zones 
No other Primates, however, showed more than three 
1ron-bindimg zones, though many other bands appear 
in the fg-globuhn region when macaque sera are 
subjected to electrophoresis m vertical starch-gels® 

Unfortunately, ıt 1s not possible, at present, to 
discuss the possible modes of mheritance of this trait 
in the chimpanzee There are no good pedigrees 
available now, and ıb 18 unlikely that matings critical 
for working out the mheritance will occur 

The multipheity of the transferrm bands 1s simular 
to the situation ın cattle Q-globuhns reported by 
Ashton? It ıs not clear yet whether all the bands 
m the B-globulin region of Primates represent separate 
alleles or whether the mode of mheritance 1s more 
complex ‘The situation 1s made more complicated 
by the fact that the transferrm bands and the 
8-globulins do not show a one-to-one correspondence. 
A more detailed account of the B-globulins in Primates 
will be published later 

I wish to thank Dr Edwin Isacson and Dr Francis 
Black of Yale University and Dr Morris Goodman 
of Wayne State University for their co-operation. 
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MECHANISM OF STREPTOMYCIN ACTION ON BACTERIA : 
A UNITARY HYPOTHESIS 


By Dr. CHARLES R. SPOTTS* and Pror. R. Y. STANIER 


Department of Bacteriology, University of California, Berkeley 


ib response of a bacterium to the presence of 
streptomyern in its environment 1s genetically 
determmed, and can take three alternate forms, 
commonly known as sensitivity, resistance and 
dependence For a sensitive stram, streptomycin 18 
toxic at very low concentrations, for a resistant 
stram, 1t 1s without effect on growth at considerably 
higher concentrations , and for a dependent strain, it 
is an essential growth factor Several different 
states are included under the broad headmg of 


*Present address Laboratoire d'Enzymologie, Centre National de la 
Recherche Scientifique, Gif-sur-Yvette (Seme-et-Oise), France 


resistance, only one of which will be dealt with here 
We shall be concerned with the state ın which a high 
level of resistance 1s acquired as a result of a single- 
step mutation from sensitivity, a type of resistance 
that ıs called indifference by some authors. 

In Escherichia col, genetic analysis has shown that 
sensitivity, dependence and single-step, high-level 
resistance are determined by multiple alleles of a 
single genetic locus'-* In terms of modern genetic 
theory, this fact mmples that the three phenotypes 
are ultimately determmed by alternate states of a 
specific protein, or of a regulatory system that con- 
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trols the synthesis of a specific protein Hence all 
the epriphenomena that are specifically associated 
with each of these three phenotypes should fall mto 
a causal chain, and the three causal chains should 
all lead back ultimately to three alternate functional 
states of the stieptomycin locus This fundamental 
logical mference from the genetic data has been 
ignored m most theorizing about the mode of action 
of streptomycin Instead, there has been a regrettable 
tendency to embellish the account of each newly 
discovered effect of streptomyem on bacteria with 
yet another topical ‘explanation’ of the action of 
streptomycin 

Most work on the physiological and biochemical 
effects of streptomycin on bacteria has been con- 
ducted with sensitive and resistant strains ‘This 
preoccupation with sensitivity and resistance 1s 
mirrored by present explanatory hypotheses, which 
are directed primarily or exclusively towards mter- 
pretmg the epiphenomena associated with these two 
states, and do not attempt to account for the epı- 
phenomena associated with dependence One of us 
(C R S) has recently made a detailed physiological 
and biochemical study of streptomycin dependence 
in Escherichia col. The hypothesis which we shall 
present here ıs based primarily on the 1iesultant 
findings, but ıt does have the somewhat novel 
advantage of explamimg, in terms of structural mod1- 
fications at a sigle intracellular site, some of the 
specific epiphenomena associated with sensitivity and 
resistance 


Epiphenomena associated with Dependence 
on Streptomycin 


Full experimental details of our work on strepto- 
mycin dependence will be published elsewhere’ For 
the present purposes, 16 1s sufficient to descmbe in 
summary fashion the rather complex epiphenomena 
which have been revealed by this work and by the 
work of earlier investigators 

(1) A relatively high external concentration of 
streptomycin. (greater than 100 ugm /ml ) 18 necessary 
for growth of a dependent strain at maximal rate, 

- when the streptomycim,concentration falls below this 
critical level, the growth-rate becomes dependent on, 
and proportional to, streptomycin concentration5-? 
For any given strain, the absolute magnitude of the 
critical level varies in response to such factors as the 
salt content of the medium, the nature of the carbon 
source and the temperature At very low strepto- 
mycin-levels exponential growth can no longer be 
maintained , growth becomes arithmetic 

(2) When the streptomycin-level of the medium 
18 above the critical one, growing cells of a dependent 
strain have what we shall define as a normal macro- 
molecular composition Under these conditions, the 
cellular content of protein, ribonucleic acid (RNA) and 
deoxyribonucleic acid (DNA) does not differ significant- 
ly from that of the corresponding sensitive strain, grow- 
ing under identical environmental conditions in the 
absence of streptomycin’. However, when the strepto- 
mycin concentration of the medium 1s below the 
critical level, the macromolecular composition of the 
dependent cells becomes abnormal, and the degree 
of the abnormality 1s systematically related to strepto- 
mycin concentration’ At progressively lower strepto- 
mycin-levels, the’RNA content of the cells becomes 
greater, and the protem content becomes smaller 
DNA content 1s slightly sub-normal at low strepto- 
mycin-levels The effects of streptomyem concentra- 
tion on cellular composition are shown in Fig 1 
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Fig 1 Effect of the streptomycin concentration of the medium 
on cellular composition of a dependent strain of Lecherwchia cols 


(3) If dependent cells which have been giown with 
a supra-critical concentration of streptomycin are 
washed and re-suspended m a _ streptomycin-free 
medium, they continue to divide for a limited period , 
the number of divisions 1s a function of the concen- 
tration of streptomycin to which they were previously 
exposed!® After the cessation of cell division, the 
cells can elongate’®!°, and further: nuclear divisions 
ean occur" A systematic analysis of this residual 
growth has revealed other significant facts’ The 
cell mass increases exponentially at maximal rate for 
a short period, the duration of which ıs directly 
proportional to the streptomycm concentration of 
the medium from which the cells were taken The 
growth-rate then declines progressively over a period 
of 1-2 hr, after which growth becomes arithmetic . 
Arithmetic growth, accompanied by an approxi- 
mately six-fold mcrease of cell mass, continues for 
16-20 hr before the stationary phase 1s finally 
attained The cessation of cell division coincides 
roughly with the termmation of exponential growth ; 
consequently the mcrease of cell mass during arith- 
metic growth 1s accompanied by a progressive elonga- 
tion of the cells 

(4) Deprivation of streptomycin 1s not immediately 
lethal : the size of the viable population, fixed by the 
cessation of cell division, does not begin to decline 
until several hours after attamment of the stationary 
phase*. 

(5) The mıtıal period of residual growth 1s accom- 
panied by a continuous and systematic change in the 
macromolecular composition of the cells*. In effect, 
such cells pass through the series of fixed compo- 
sitional states which occurs in cultures that are grown 
at different sub-critical levels of streptomycin When 
the exponential phase of residual growth terminates, 
the cells have reached a state of extreme compositional 
umbalance (high RNA content, low protein and DNA 
contents) which 1s thereafter maintained throughout 
the course of arithmetic growth® 

(6) If a supra-critical level of streptomyoeim 1s 
produced 1n & population m the course of arithmetical 
deprived growth, DNA synthesis rapidly regauns its 
normal exponential rate The rate of protem syn- 
thesis also increases very shortly after streptomycin 
is added, but attams the normal exponential level a 
httle more slowly The net synthesis of RNA ceases 
completely until the RNA-level of the cells has fallen 
by dilution to its normal value, after which RNA 
synthesis 18 resumed at the normal exponential rate’ 
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Table 1 EFFECTS OF STREPTOMYCIN DEPRIVATION ON ENZYME 
SYNTHESIS BY A DEPENDENT STRAIN OF Escherichia col 


- 





| Specific 

















Functional | Intracellular Enzyme i activity, 
class location per cent of 
normal* | 
— —— HI —— € ——. I 
Soluble Isocitric dehydrogenase : 60 | 
Particulate | DPNH oxidase 60 | 
Respiratory | 
Particulate | Suceinic dehydrogenase 40 | 
hocce m DERE m 
! 
| | Gross respiratory activity (Qo,) | 45-55 | 
Soluble Threonine deaminase "S 100 | 
Soluble 5-Dehydroshikimie 100 | 
reductase | 
| Biosynthetic | Soluble Glutamic dehydrogenase 50 
Soluble Tryptophan synthetase 20 
Particulate | Dihydroorotic | 60 
dehydrogenase | 
Non- | 
functional Soluble Glucose-6-phosphate 95 
under the dehydrogenase | 
conditions of | Soluble B-Galactosidase | 5 
cultivation | 
usedt | | 





*The specific activities (on a protein basis) of the enzymes examined 
remain constant throughout the arithmetic phase of deprived 
growth, and these values are taken to represent the deprivation- 
levels The ‘normal’ specific activity 1s that found in the cells 
during their 1mmediately preceding exponential growth in a 
medium of the same composition, supplied with a supra-critical 
level of streptomycin 


j The strain utilized for these experiments 18 constitutive for the 
production of f-galaetosidase The medium contained glycerol 
13 the sole source of carbon and energy 


(7) Generally speaking, the intracellular state of 
the RNA m dependent cells growmg with a eritical 
level of streptomycin is ‘normal’, that ıs, 16 cannot 
be distinguished from that m sensitive cells of the 
same species growing under similar conditions without 
streptomyem The quantitative distributions of RNA 
between soluble and ribosomal fractions are closely 
sunuar , the sedimentation patterns of the ribosomes 
are identical, and the isolated ribosomes contain 
the same amounts of protein and RNA  Strepto- 
myomn deprivation does not affect the intracellular 
state of RNA m dependent cells ın any of the respects 
already mentioned Consequently, the mcrease in 
the total RNA content of the cells durmg deprivation 
simply reflects a very high differential rate of synthesis 
of all forms of cellular RNA* 

(8) Since deprived cells have an abnormally high 
content of ribosomes, they also have an abnormally 
high content of ribosomal protem Hence the cellular 
content of non-ribosomal protem—broadly speaking, 
the total complement of enzymes—must fall very 
substantially as a result of deprivation Analyses 
of the enzymatic constitution of cells undergoing 
deprivation show that the declime in level ıs not 
uniformly shared by all the enzymes of the cell5 
The synthesis of some ıs virtually abolished , the 
synthesis of others 1s mamtamed at a rate which 
1S 1n some cases normal and in some cases reduced, 
relative to the rate of total protem synthesis A 
summary of these data (Table 1) shows that the 
selective effects of deprivation on enzyme synthesis 
are essentially random No particular class of enzymes 
1s specifically affected , nor ıs there a specific con- 
servation of those enzymes essential for the mam- 
tenance of physiological function 

(9) The streptomycin-dependent stram of E coh 
used in our experunents was lysogenic for phage 2, 
the formation of which ean be induced by ultra. 
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violet irradiation Even under conditions of severe 
streptomyem deprivation (that 15, during the arith- 
metic phase of deprived growth) ultra-violet irradiation 
of the cells causes mduction, with the subsequent 
lysis of the cells and liberation of active phage par- 
ticles’ Hence streptomyem deprivation does not 
prevent the synthesis by the dependent cell of 
functional DNA 

(10) Durmg the growth of a dependent stram, no 
change in the streptomycin content of the medium 
can be deteected?!? A previous attempt to show 
streptomycin uptake by the cells? gave negative 
results However, by the use of radioactive strepto- 
mycm, we have been able to show that dependent 
cells bind a small amount’ This bound streptomycin 
cannot be removed from the cells by repeated wash- 
ings with phosphate buffer or with non-radioactive 
streptomycm The cells were grown ın a medium 
that contamed radioactive stieptomyem at a con- 
centration which was about double the eritical level 
Lhe amount of radioactivity m the cells was very 
close to the limits of detection, but with due regard 
for a large possible experimental error, we can say 
that under these conditions each cell binds rre- 
versibly some 250,000 molecules of streptomyem 
Approximately half 1s extractable by hot water, the 
remainder 18 unextractable with cold perchloric acid, 
but can be completely extracted with hot perchloric 
acid 


Interpretations of the Epiphenomena associated 
with Dependence 


We assume that the dependent cell contains certam 
specific receptor sites, all of which must be combined 
with streptomyem for the mamtenance of normal 
cellular function We further postulate that there is 
a relatively large number of such sites, all of which 
are identical ın structure and in combming power for 
streptomycm When the medium has a critical 
streptomycin-level, the streptomycin concentration 
withm the cells is just sufficient to keep all the 
receptor sites of the growmg population combined 
with streptomyem At sub-critical levels, the internal 
streptomyoin concentration is msufficient to keep all 
receptor sites combined, and cellular function be- 
comes deranged At supra-critical levels, the strepto- 
mycin within the cells 1s more than sufficient to keep 
all receptor sites combined, and there 1s consequently 
an uncombmed pool, the size of which 18 related to 
the external concentration This pool ıs probably 
loosely held by other cellular constituents, since it 
cannot exchange with external streptomycin, but 
can be extiacted with hot water 

We suggest that the mtracellular receptor sites are 
the ribosomes, and that the firmly bound strepto- 
mycin m the cell (that 18, the fraction unextractable 
by hot water) is all attached to ribosomes The 
number of molecules of streptomyem so bound by 
each cell is of the order of 100,000, so that there 
would be relatively few molecules (perhaps only one) 
bound to each ribosome Let us now see how these 
assumptions ean be used to account for the distinctive 
epiphenomena which accompany streptomycin de- 
privation namely, the selective repression of the 
synthesis of some enzymes, and the over-production 
of all forms of cellular RNA $ 

According to present concepts about the mech- 
anism of protein synthesis, the mbosomes act as non- 
specific assembly sites for the manufacture of pio- 
tems!i-$ The specifi¢ protein which is synthesized 
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at any given time on any given ribosome 18 determ- 
med by the transient attachment to the ribosome 
of a short-lived ‘messenger RNA''"*! The various 
messenger RNA’s are direct gene products, each of 
which carries in its unique base sequence a copy of 
the genetic code This base sequence is presumed 
to specify the amimo-acid sequence of the protem 
molecule that 1s assembled on the mbosome 

We propose that mutation to dependence at the 
streptomyoem locus causes a shght modification in the 
structure of all ribosomes Although this modification 
1s insufficient to change the gross properties of the 
ribosomes (as evidence by their normal sedimentation 
pattern and gross composition), 1t makes them unable 
to combine as effectively as ribosomes of the sensitzve 
phenotype with certain messenger RNA’s The defect 
in combining power can be repaired by the attachment 
of streptomycim to the ribosome, an event which we 
shall call activation The mbosomal structure char- 
acteristic of a dependent cell can have three possible 
effects on the synthesis of specific protems 

(A) If a specific messenger RNA has no affinity 
for the mbosome of the dependent phenotype, ribo- 
somal activation with streptomyem 18 indispensable 
for synthesis of the corresponding protein 

(B) If a specific messenger RNA has a reduced 
affinity for the ribosome of the dependent phenotype, 
activation with streptomycm ıs necessary for synthesis 
of the corresponding protem at maximal rate 

(C) If a specific messenger RNA has an unchanged 
affinity for the ribosome of the dependent phenotype, 
the rate of synthesis of the corresponding protem 18 
not increased by activation with streptomycin - 

After growth with a supra-critical concentration 
of streptomyem, dependent cells have a fully actı- 
vated complement of ribosomes, and m addition 
contain an internal pool of streptomycim, proportional 
m sıze to the external concentration In the absence 
of external streptomycm, such cells can contmue 
normal growth as long as newly formed ribosomes 
can be fully activated at the expense of the internal 
pool As soon as the pool 1s exhausted, the rates of 
synthesis of proteins belonging to categories A and B 
begin to fall Thus event 1s translated mto exponential 
growth at ever-dimmishmg rate, characteristic of the 
first period of deprivation The concentration of 
activated ribosomes in the cells eventually falls to a 
point at which protems belonging to category “A 
practically cease to be formed, smce the probabihty 
of the corresponding messenger RNA findmg an 
activated ribosome during its short hfetime has be- 
come small Provided that some of these proteins 
play an essential catalytic part, growth then becomes 
arithmetic, as actually observed m the second period 
of deprivation 

We must now see what interpretation can be 
offered for the increase m the rate of RNA synthesis 
which sets 1n as soon as the streptomycin-level begins 
to limit the growth-rate Magasanik and Neidhardt??? 
have made a detailed study of the control of RNA 
and protem synthesis durmg normal bacterial growth 
Their findings suggest that growth-rate (which 1s 
essentially a reflexion of the rate of total protem 
synthesis) 1s determined by the concentration of RNA 
in the cell ‘This ympbes the existence of a feed-back 
control on RNA synthesis. When a cell ıs placed 
under conditions where biosynthetic precursors can 
be manufactured more rapidly than they can be used 
for protem synthesis, a larger fiaction of the flow of 
carbon and nitrogen 1s directed into the synthesis of 
RNA and of ribosomal protem This preferential 
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synthesis contmues until the limitation placed on the 
rate of protem synthesis has been overcome, and the 
cell has achieved metabolic balance under a new set 
of steady-state conditions 

The growth of dependent cells with sub-critical 
levels of streptomycm provides the first known m- 
stance of an «nverse relationship between growth-rate 
and cellular RNA content. How 1s this apparent 
anomaly to be explamed ? As soon as the strepto- 
myc concentration m a dependent cell falls to a 
level that 1s no longer sufficient to activate all ribo- 
somes, the rate of protem synthesis begins to fall 
and biosynthetic precursors begin to accumulate 
At this point, the feed-back control mechanism comes 
mto play, and a larger flow of raw materials 18 
durected mto the formation of RNA and mbosomal 
protem But in the dependent cell under the con- 
ditions of streptomycin deprivation, the production 
of more ribosomes only accentuates the imbalance 
which it would correct m a normal cell, since it 
decreases the rate of synthesis of all proteins belong- 
mg to categories A and B The feed-back control 
mechanism goes out of regulation, and more and more 
ribosomes and soluble RNA are made by the cell. 
The ribosomes can, it 1s true, serve for the synthesis 
of protems belongmg to category C , but since the 
protems of this category constitute an arbitrary 
array, m terms of their physiological function, the 
only consequence is to establish a condition of 
enzymatic unbalance ‘This affects not only bio- 
synthetic systems, but also the systems responsible 
for energy-yielding metabolism, as shown by the fact 
that deprivation can result 1n a substantial depression 
of the Qo, of the cells**?* 

The ribosomes made durmg deprivation are poten- 
tially fully functional, and the addition of strepto- 
myem to the deprived culture causes their rapid 
activation As a consequence, the rate of synthesis 
of the protems belonging to categories A and B 
immediately rises relative to that of proteins belonging 
to category C. As the enzymatic imbalance in the 
cells 18 overcome, exponential growth can be resumed 
With the rise m the rate of protem synthesis that 
follows the re-mtroduction of streptomycin, the feed- 
back control on RNA synthesis again comes into 
normal operation, with the consequence that further 
net synthesis of RNA 1s totally repressed until the 
ribosomal content of the cells has been reduced by 
growth to a level that once agam lmuts protem 
synthesis. 

The hypothesis which has been outlmed here 1s 
admittedly complex, and constructed on indirect 
experimental evidence Nevertheless, 1t provides a 
logically coherent formal explanation for all the dis- 
tinctive epiphenomena, associated with streptomycin 
dependence It also leads to many explicit predic- 
tions, some of which should be susceptible of 1mme- 
diate experimental test 

As emphasized in the introduction, any hypothesis 
concerning the mode of streptomycm action on bac- 
teria must be deemed madequate unless ıt can 
explain.in functional terms the allehsm of sensitivity, 
resistance and dependence In the remainmg section 
of this essay, we shall accordingly show briefly how 
this hypothesis can be extended to mterpret sensi- 
tivity and resistance 


Interpretation of Sensitivity and Resistance 


We have postulated that m the dependent pheno- 
type the ribosomes have undergone a shght structural 
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modification which reduces their affinity to a greater 
or less extent for some messenger RNA’s , and further, 
that a normal affinity can be restored by activation 
with streptomyem We are therefore led to assume 
that the sensitive and resistant phenotypes are, m 
the last analysis, expressions of other structural states 
of the ribosomes In both these phenotypes, it is 
obvious that the ribosomes have full affinity for all 
messenger RNA’s in the absence of streptomycm 
Hence the postulated structural difference between 
them 1s of such a nature that its functional conse- 
quences are expressed only in the presence of strepto- 
mycin We propose that the ribosomes of sensitive 
cells have a structure that confers on them & very 
high affinity for streptomycm, and that the resultant 
combination with streptomycin wholly prevents the 
attachment of messenger RNA’s, thus abolishing 
protem synthesis The ribosomes of resistant cells, 
on the other hand, have a structure such that they 
cannot combine with streptomyem ; hence strepto- 
mycin cannot mmpede the attachment of messenger 
RNA’s, and the synthesis of proteins 

The first obvious prediction which can be made on 
the basis of this suggestion is that sensitive and 
resistant cells should have markedly different bmd- 
ing capacities for streptomycm ‘This 1s confirmed 
by the recent work of Haneock?** Placed in the pre- 
sence of a munumnal inhibitory concentration of 
streptomycin, sensitive cells can bind a small quantity 
zmreversibly. The quantity so bound ıs of the same 
order as that which we find to be bound by dependent 
cells placed in the presence of a far higher external 
streptomycin concentration | Resistant cells, on the 
other hand, bind a relatively insignificant amount of 
streptomyeimn?s. "The much lower bmding capacity 
of the resistant cell could, of course, be explained by 
the assumption that streptomycin cannot enter cells 
of this phenotype However, if a permeability change 
is invoked to explain resistance, its allelism with 
dependence and sensitivity should mply that these 
two phenotypes are also basically determined by 
special states of the permeability barrier (presumably 
the cell membrane) At least for dependence, such a 
premise 1s wholly devoid of explanatory value 

Another prediction which follows from our hypo- 
thesis ıs that streptomyein should act as a very 
powerful inhibitor of protem synthesis in cells of the 
sensitive phenotype, but not in cells of the resistant 
phenotype This prediction 1s confirmed by the 
observations of Erdos and Ullman?*??, They have 
found that ın extracts of cells of the sensitive pheno- 
type, low concentrations of streptomyein abolish 
amino-acid transfer from soluble RNA to protem, 
this effect of streptomycm is not demonstrable m 
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extracts of cells of the resistant phenotype The 
demonstration of this differential effect of strepto- 
myein on protem synthesis ın cell-free systems ıs of 
particular importance, since 1t reflects a major pheno- 
typic difference between the sensitive and the resistant 
cell which cannot be attributed to a difference m 
permeability 

One of us (C R S) thanks the National Institutes 
of Health, US Pubhe Health Service, for a pre- 
doctoral fellowship, durmg the tenure of which this 
work was carried out. 

Note added «n proof Dr D. T. Dubm and Prof 
B. D. Davis have recently observed that exposure of 
8, sensitive strain of E col» to streptomycin results in 
the intracellular breakdown of the ribosomes (per- 
sonal communication). This fact 1s fully consonant 
with our general hypothesis concernmg the primary 
site of streptomyem action in bacteria, but implies 
that the special mterpretation of sensitivity which 
we present must be amended streptomycin does not 
simply imactivate the ribosomes of the sensitive 
phenotype, it destroys them. Indeed, this amend- 
ment makes possible a much more satisfactory 
explanation of the various epiphenomena associated 
with sensitivity than does our original interpretation. 
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TEMPERATURE CHARACTERISTICS OF BACTERIAL VARIATION IN 
LEGUME SYMBIOSIS 


By Dr. J. S. PATE 


Department of Botany, Queen’s University, Belfast 


HERE 1s abundant evidence of wide variation 
within the legume nodule organism Rhizobvum 
Cultural! and serological? characters have been used 
to define the free-lıvıng bacteria, while their behaviour 
m association with various legumes has been shown 
to range from non-mnvasibihty? or infection but ın- 


ability to nodulate* to all grades of harmony in 
symbiosis5? 

It 1s usual to deseribe bacterial variation in sym- 
biosis by eomparimg the nodulatmg and mitrogen- 
fixmg properties of various bacterial partnerships 
of one host genotype under identical growth condi- 


Primary root nodules/plant 





12 18 


24 30 
Temperature (° C ) 


Fig 1 Effect of a range of constantly maintained temperatures on the nodulating 
performances of selected strains of nodule bacteria on barrel mediek (Medicago 
iribulowdes Desr ) on the left, and purple vetch ( Vicia atropurpurea Desr ) on the right 
Code numbers refer to strains of Rhizobium Plants grown at 400 ft -candles light 1) 

intensity, 99 per cent confidence limits are included 


tions The purpose of this article ıs to report @ 
new type of symbiotic variation where reaction to 
a range of environmental conditions 1s used to determ- 
ine the physiological characteristics of host plant 
and mvading bacterrum 

Purple vetch (V2cra atropurpurea Desf ) and barrel 
medick (Medicago tribulovdes Desr ) were paired with 
selected strains of nodule bacteria of Australian or 
British orign Each host-bacterium combination 
was grown in culture rooms maintamed at a series 
of constant temperatures (6-30? C) The nitrogen- 
free sand culture technique was used as described 
previously? Each growth series received 16 hr /day 
of fluorescent hghting giving mtensities of 400, 600, 
or 800 ft -candles at sand-level in the culture vessels 

In work on nodulation response to temperature, 
the collection of the plants was timed to coincide with 
the completion of nodulation of the seedling primary 
100t Average nodule number ın the 50-plant sample 
from the 5 replicate pots of a treatment was determ- 
ined as a measure of initial response to infection 
Clearing roots in chloral hydrate facilitated the count- 
ing of the small nodules developed by some bacterial 
strains in unfavourable environments Fig 1 lus- 
trates typical nodulation performances in vetch and 
medick All nodulation curves 
show optima at or near the extremes E 
of growth temperatures, and com- 
parisons of the relative magnitudes 
of these pairs of optima would mda- 
eate that certain bacteria (for 
example, V;,; and L,) are particu- 
larly effective in formmg nodules 
at high temperatures Other bac- 
terial strams (M, and V;,) ilustrate 
the opposite effect Several in- 
vestigations?-1? have suggested that 
an existing nodule may exert inhibi- 
tory influences on 1ts younger com- 
panions, and such a hypothesis 
might interpret the general depres- 
gion of nodulation in the middle of 
the temperature-range as a direct 
consequence of a mre active pro- 
duction of inhibitory substances by 
the first-formed nodules Sunilarly, 
a specific bacterial contribution to 
the production of imhibitory sub- 
stances might account for the differ- 
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ent temperature characteristics re- 
corded in the nodulation of each 
partnership of & host plant 

Results of a preliminary expeni- 
ment on the mteraction of light 
and temperature on the nitrogen 
fixation of bacterial associations 
of vetch and medick are shown 
in Fg 2 The values quoted 
refer to the first 5 weeks of nitro- 
gen fixation, commencing when 
nodules first acquired visible hzemo- 
globin pigmentation In both 
species nitrogen fixation shows 
a well-defined maximum at 24° 
C , with symbiosis in barrel medick 
clearly more tolerant of high 
temperatures than m purple vetch 
(compare nodule formation, Fig 
The higher hght intensity 

benefits fixation particularly at 
low or medium temperatures The 

two barrel medick associations offer evidence of 
a bacterial factor mfluencing variations in symbiotic 
activity over the temperature-range Thus the L, 
stram shows significantly greater fixation at lower 
temperatures, while the reverse obtains at temper- 
atures at or above 24°C ‘These differences are repro- 
duced in both light conditions and, hke the initial 
infection responses, appear to represent minor varia- 
tions on the general pattern of host-response to 
temperature 

Table 1 records nitrogen analyses of dry weights 
for typical bacterial associations of vetch and medick 
harvested. after 5 weeks of nitrogen fixation at 600 
ft -candle light 1ntengity 

A specific inhibition of fixation processes by growth 
temperatures at or above 27? C ıs suggested ım both 
associations from the low values for percentage 
nitrogen in dry weight By contrast, the depression 
of total fixation at or below 21°C (see Fig 2) 1s seen 
to be associated with the higher values for nitrogen 
percentage, suggesting that growth processes other 
than nitrogen fixation are retarded ın conditions of 
lower temperatures 

The two species studied here may be grouped with 
those described by Mes" (Vac satwa, P*sum satwum, 
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24 30 
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Fig 2 The effects of a range of constantly maintained temperatures and two light 
intensities on nitrogen fixation by baeteral associations of mediek (left) and vetch 
(right) Code numbers refer to strains of Rhizobium 99 per cent confidence limits 
are derived from the 50-plant sample (5 replicate pots) of each treatment 
800 ft -candles, L, 400 ft -candles light mtensity, for medick, @, BM, , Le, A 
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Table 1 DRY WEIGHT ANALYSIS OF NODULATED VETCH AND MEDICK 
PLANTS GROWN IN NITROGEN-FREE CULTURE AT A RANGE OF CONSTANT 
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TEMPERATURES 
Growth temp (°C) 15 18 21 24 27 30 
Nitrogen Purple vetch— 
fiiedasa Rhizobium V, 44 47 #48 41 38 29 
96 of plant Barrel medick— 
dry weight* Rhizdbium 
M ioa 39 43 44 39 37 380 


* Corrected to exclude nitrogen furnished by cotyledons 


Lupinus luteus) and Meyer and Anderson? (T'rsfolvum 
subterraneum) as showing a specific suppression of 
symbiotic fixation at high growth temperatures 
Mes? has also described the opposite condition, 
where nitrogen fixation 1s specifically depressed by 
low temperatures (for example, in Arachis hypogaea, 
Stizolobtum deeningranum, and Glycine max) The 
present work on Medicago tribulowes would suggest 
the possibility of selecting bacterial strains to combat 
such limitations of symbiosis m unfavourable growth 
conditions 
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Further experiments are bemg conducted to in- 
vestigate symbiotic activity where host plants are 
subjected to a range of further environmental factors, 
including seasonal and diurnal thermo-periodicity 
and the presence of varied amounts of combmed 
nitrogen in the rooting medium 
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CRYSTALLIZATION OF CYTOCHROME b, FREE OF THE 
DEOXYRIBONUCLEIC ACID COMPONENT 


By Pror. R. K. MORTON and KATHRYN SHEPLEY 


Department of Agricultural Chemistry, Waite Agricultural Research Institute, University of Adelaide 


RYSTALLINE cytochrome 6, was isolated in 
1954 by Appleby and Morton??, who showed 
that ıt was identical with rn(--)-lactate dehydrogenase 
of baker’s yeast The crystalline enzyme 1s a flavo- 
hemoprotein}*4 It contains about 5 per cent of a 
deoxyribonucleic acid (DNA)*'* which appears to be 
homogeneous and which has a molecular weight of 
10,000-12,000 as estimated by end-group analysis? 
The DNA-component may be dissociated from the 
flavohemoprotem by dialysis agamst a 70 per cent 
saturated solution of ammonium sulphate®? without 
any substantial change ın the specific dehydrogenase 
activity of the enzyme?? The flavohemoprotem 
contaming the DNA-component is now known as 
type I-cytochrome b, and that free of the DNA- 
component as type IÍ-cytochrome b, (ref 8) As 
observed by Appleby and Morton®, the DNA-free 
enzyme does not crystallize when dialysed for short 
periods under similar conditions to those used for 
crystallization of the DNA-contaiming enzyme 

Unless otherwise specified, all procedures de- 
scribed 1n this article were carried out under essentially 
anaerobic conditions with oxygen-free solutions in 
a cold room at 0?—2? C (see ref 3) 

To separate the DNA-component from type I- 
cytochrome 5b, a solution contammg about 26 
mgm /ml of three-times crystallized protem? was 
dialysed successively (for 15-24 hr im each case) 
against 50 per cent and 70 per cent saturated solu- 
tions of ammonium sulphate at pH 80 (refs 6 
and 7) The precipitated protem was collected by 
centrifuging and washed with a 70 per cent saturated 
solution of ammonium sulphate at pH 80 The 
combined supernatants contamed the protem-free 
deoxyribonucleic acid component The DNA.free 
flavohzemoprotem (type Il-eytochrome b,) was dıs- 
solved in a mmnimum amount of 05 M sodium 
lactate / 01 mM ethylenediamme tetraacetate / 0 04 
M tetrasodium pyrophosphate, pH 6 8, centrifuged 


to remove a small amount of precipitate, and then 
dialysed against 005 M sodium lactate /01 mM 
ethylenediamine tetraacetate/1 mM magnesium 
sulphate at pH 68 There was no change in the 
dialysmg solution for about 30 hr, at about which 
time turbidity appeared and icreased gradually 
as dialysis was continued After several days, large 
pink crystals were observed &dhermg to the sides 
and bottom of the 'Viskmg' cellulose sac After 24 
days, the crystals were collected and washed by 
allowmg them to settle under gravity after suspending 
m 0 05 M sodium lactate / 0 1 mM ethylenediamme 
tetraacetate / 1 mM magnesium sulphate at pH 6 8 
The size and density of the crystals created difficulties 
in collection and transfer ; centrifuging was unneces- 
sary The shape of the larger crystals was recog- 
nizable without aid of a hand lens 

Whereas the crystals of type I (DNA-containing)- 
cytochrome 6, obtamed under similar conditions 
belong to the tetragonal system, and are probably 
shallow bi-pyramids which appear as square plates 
when lying flat (see refs 1 and 3), the crystals of 
type II (DNA-free)-cytochrome b, belong to the 
hexagonal system and consist of hexagonal prisms 
with pyramids at both ends (Fig 1) Fig 2 shows 
measurements on average crystals of type I- and 
type IL-eytoebrome b, The largest crystals of type 
II-cytochrome b, were about three times the size of 
that illustrated m Fig 2, but they were somewhat 
fragile and difficulty was experienced in handlmg 
them without chippmg the faces or the tips of 
the pyramids Crystals of type I-cytochrome 6, are 
weakly and those of type II-cytochrome b, strongly 
anisotropic, especially when oriented in certain 
directions 

A pellet of crystals of type II-cytochrome b, 
appeared darker in colour than a simular pellet of 
type I crystals, probably due to the difference in 
size and structure of the crystals Type II crystals 


* $ 
RA 2 $Y 
uty 


» 
PRESS 58 


^ 


4M 
ÁJ 
"e 
S 
LA 





t H 

i 

A os ; 

2i eq. p E 


Fig 1 Crystals of type II (DNA-free)-cytochrome b, (x 125) 


' -r dn X 


Pa w 








Type II 


Fig. 2 Dumensions of representative crystals of type I (DNA- 
contamung)- and of type IT (DNA-free)-cytochrome b, obtamed 
under simular conditions 


dissolved slowly m 05 M sodium lactate / 0 04 M 
tetrasodium pyrophosphate / 0-1 mM ethylenediamme 
tetraacetate, pH 68. On dialysis of this solution 
(contammg about 35 mgm protem/ml), under the 
conditions used for first crystallization, crystallization 
was complete m a few hours, the crystals had the 
same form as m Fig 1, but they were very much 
smaller All crystals, both in the mutial and 
recrystallized material, appeared to be perfectly 
formed A number of preparations of crystallne 
type II-cytochrome b, have been produced as 
described 

Table 1 shows comparative properties of solutions 
of crystallme type I- and type II-cytochrome b,. 
The enzymic and physico-chemical properties are 
very sunuar, but the absence of the DNA-component 
from type II material causes a change in the position 
of the maximum absorption and in the correspondmg 
extinction value in the ultra-violet region of the 
spectrum The absorption maximum at 2695 my 
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m type II-cytochrome b, appears to be due to the 
contribution of the riboflavin phosphate prosthetic 
group (which has an absorption maximum at 266 my) 
to the absorption due to the aromatic ammo-acids , 
the flavin-free hemoprotem derivative has a maxi- 
mum at 278 my (refs 8 and 9) 

The two different crystalline forms of type I- and 
of type Il-cytochrome b, are distinctive features of 
the DNA-containmg and of the DNA-free enzyme 
When a solution contammg both types of cytochrome 
b, was dialysed as described for crystallization, both 
tetragonal plates (type I) and hexagonal prisms 
(type II) appeared in the precipitate The larger 
and denser type IY crystals were separated from 
type I crystals by formmg a layer of a suspension 
of mixed crystals (in 0 05 M sodium lactate/0 1 mM 
ethylenediamine tetraacetate, pH 6 8) over 05 M 
sucrose / 0 05 M sodium lactate / 0-1 mM ethylene- 
diamme tetraacetate at pH 68 and centrifuging at 
about 100g for 5 mm The type I crystals were 
almost completely retamed ın the uppermost layer, 
and type II crystals appeared m the precipitate 
Whereas the solution of mixed type I and type IE 
material had absorption maxima at 265 and 269 my, 
the solutions of the separated crystals showed the 
distinctive maxima, of type I (265 my) and of type II 
(269 5 mu) material 

The two crystal types may also be differentiated 
by fluorescence microscopy When stamed with an 
appropriate concentration of aqueous acridine orange, 
type I crystals show a strong green fluorescence due 
to the presence of the DNA component. The fluor- 
escence 38 distributed uniformly throughout the 
crystal. With an excess of dye, an orange-red 
fluorescence 1s obtamed, as with deoxyribonucleo- 
protems of the cell nucleus However, type II 
crystals show no distmctive fluorescence on staining 
with acridine orange under the same conditions 

Type I (DNA-containing)-cytochrome b, 1 re- 
garded as the native, naturally occurring form of the 
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Table 1 COMPARATIVE PROPERTIES OF CRYSTALLINE TYPE I- AND 
TYPE II-OYTOCHROME b, 
Property _Typet | Typeil 
Specific enzymic activities* 
with heart-musele cytochrome c 5,000 5,500 
2 6-dichlorophenol indophenol 1,600 1,700 
ferricyanide 6,200 6,100 
2 §-dichlorophenol imndophenol plus 
phenazine methosulphate 3,800 4,100 
Spectral properties of lactate-reduced 
ee bend aii , 
y-band (4 mu 
a-band (557 0 mz) ve ue 
B-band (528 my) 
E-ODODES: i s 
y-ban ma 
é-band (328 my) id mn 
ultra-violet band (265 or 269 5 myz)t 0 86 0 55 
y-band (423 5 my) 
Chem:cal properties 
DNA 5-6% | absent 
molecules of riboflavin phosphate 1 1 
molecules of protoham 
E° son (Svedbergs)? 8 45 817 


erc E Lm M EE rr tl 

* Enzymie activities were estimated with DL-sodium lactate at 
25* C , as described by Appleby and Morton’, from changes in extine- 
tions measured for the first minute of the reaction The concentration 
of 2 6-dichlorophenol indophenol was 007 mM, and of phenazne 
methosulphate was 0 07 per cent, the reactions with these dyes were 
carried out at pH 80 Values are for two preparations prepared and 
tested under identical conditions, but they are nof necessary the 
maximum values for either type of preparation 

T The ratios are based on extinctions measured at the appropriate 
absorption maxima with an Optica Model CF4 grating spectrophoto- 
meter, see Morton! 

i The maximum absorption ıs at 265 my for type I and at 269 5 my 
for type II material 

SS. was 7 74 for type I-cytochrome b, (55 uM hem) and 7 40 
for type II-cytochrome 5, (174 uM hem), the concentration depend- 
ence of the sedimentation coefficients are given in ref 11 
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enzyme A number of derivative protems have now 
been prepared®® Type II (DNA-free)-cytochrome 
b, 18 such a derivative, but the name ‘cytochrome b, 
is retained for this material as well as for type I 
material smce both have sumlar dehydrogenase 
activity The nomenclature of other non-enzymically 
active derivatives 1s discussed elsewhere’. 

We thank the Effront Yeast Co Pty, Ltd, Mel- 
bourne, for the gifts of baker’s yeast for this work, 
B Palk for muicrophotography and R Connolly 
for assistance ın the preparation of type I-cytochrome 
b, and in the determmation of the s .dimentation 
coefficients 
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POSSIBLE CAUSES FOR PRODUCTION OF ISOLEUCINE BY 
STREPTOMYCES RIMOSUS 


By Dr. |. HORVATH, I. GADÓ and A. SZENTIRMAI 


Research Institute for Pharmaceutical Industry, Budapest 7 


L5 was observed that Streptomyces rimosus (stram 
BS21) when cultivated on media containmg 
threonine’ or «-keto-butyric acid? produces both 
isoleucine and acetylethylearbmol Accordmg to 
refs 3-5, the biosynthesis of 1soleucme and valme 
appears to proceed along the same pathway In 
spite of this fact no production of valine could be 
demonstrated m media contaming serme or pyruvic 
acid Work described here was carried out in. order 
to elucidate the possible causes of this phenomenon 

Details concerning the methods and mocula used 
were published earher??" Also the media used in 
the present work were prepared similarly to those 
used earlier: 15 per cent glucose, 0013 per cent 
KH,PO,, 03 per cent sodium chloride, 0 002 per cent 
‘Tween 80’, and 05 per cent glyeme or any other 
appropriate amino-acid m an amount corresponding 
to that of glycine by ammo mitrogen content The 
pH before sterihzation was 70. The media were 
prepared with tap-water In experments with 
washed mycelia two-day-old cultures were used 
Washing was performed with distilled water The 
final dilution of mycelia m the incubation mixture 
was 3—5 mgm /ml dry mycelia 

The demonstration of the enzyme synthesizing 
a-acetolactic acid was as follows 2-ml samples con- 
tamed 5-10 mgm washed mycelia (dry weight), 
01 m mole pyruvic acid, 0 02 m mole Na,AsO,, 03 
m mole magnesium sulphate The 2-ml. samples were 
incubated at pH 7 0 for 2 hr at 28°C and the reaction 
was stopped by the addition of 0 2 ml 50 per cent 
(v/v) sulphuric acid After standing for 2 hr aceto 
was steam-distilled from the mixture and determined 
as described in ref 8 When washed mycelium walls 
were used, arsenate was omitted and replaced by 
0 02 m mole pH 7 0 phosphate buffer 

In media where conditions favourable for pro- 
duction of isoleucme were present 07 mgm /ml of 
valine was found to have an inhibitory action on the 
production of isoleucine This mhibition appeared 
to be specific for valine as no other ammo-acid (m 
similar concentrations of ammo nitrogen) was found 
to have such an effect Isoleucime itself ın concen- 
trations of 08 mgm /ml also failed to inhibit pro- 
duction, while the usual amount of the same substance 
was produced in addition to the level added 

When examining the production of isoleucme by 
washed mycelia, ıt was found that the rate and 


extent of production were very much influenced by 
the medium used for growmg mycelia (Fig 1). 
Myceha grown on a threonme-contammg medium 
immediately started isoleucme production m the 
presence of threonine and glucose The production 
was not influenced by 100 ugm /ml final concentra- 
tion of chloramphenicol When mycelia grown on 
a glycme-containing medium were used, the pro- 
duction of isoleucine started only during the fourth 
hour of mcubation and could be completely inhibited 
by the addition of chloramphenicol (100 pgm /ml ). 

In incubation mixtures contammg serme and 
glucose the mycelia grown on a threonine-contaiming 
medium were found to produce valine The pro- 
duction was remarkably enhanced by the addition 
of chloramphenicol (100 ugm /ml ) (Fig 2) A similar 
production of valine could never be observed when 
myceha grown on media contamung any other ammo- 
acid tested were used 

Strain BS21 of Streptomyces rumosus contams a high 
level of constitutive serme- and threonme-dearomnase 
(dehydrase) The next step of isoleucime synthesis 
from threonine 1s accomplished by the enzyme syn- 
thesizing «-acetolactic acid?-15 We succeeded in 
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Fig 1 Jsoleucine production by washed mycelia 
The incubation mixture contained 1 per cent glucose, 0 5 per cent 
pI-threonine, 0 3 per cent sodium chloride, 0 6 per cent KH,PO, 
(pH adjusted to 70 by the addition of sodium hydroxide) 
Mycelium (dry weight) 4 mgm./ml, 


Blacks columns, mycelia grown on threonine-containing medium, 
white columns, mycelia grown on glycine-contaiming medium 
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Fig 2 Valine production by washed mycelia 
The incubation mixture contained 1 per cent glucose, 05 per 
cent DL-serine, 0 3 per cent sodium chloride, 0 6 per cent KH,PO, 
(pH adjusted to 70 by the addition of sodium hydroxide) 
Mycelium (dry weight) 5 mgm /ml 


White columns, no chloramphenicol , black columns, 100 ugm /ml 
chloramphenicol added 


demonstrating this enzyme m the presence of arsenite 
or arsenate and we found that the activity of the 
enzyme exhibited a five-fold mcrease when the 
muicro-organism was grown on media contaming 
threonme or «-keto-butyric acid (Table 1) Depres- 
sion of this enzyme by valine m E col and A aero- 
genes has been observed!?"* In our experiments 
such an effect of valine could be demonstrated simi- 
larly to the observations obtained with New ospora 
crassa? The enzyme was found to be bound to the 
surface of mycelia and the activity of mycelium 
walls (washed with 0 3 m.mole of magnesium sulphate, 
pH 70) obtamed by ultrasonic dismtegration was 
the same as that of mtact mycelia The former, 
however, was also active in the absence of arsenite 
or arsenate 


Table 1 EFFECT OF THE MEDIUM ON THE ACETOLACTIO ACID 


SYNTHESIZING ENZYME CONTENT OF MYOELIA 


Medium* (per cent) ugm acetoin/mgm mycelium/hr 


Glycine 0 5 30(24— 48) 
Glycine 0 5 + pyruvic acid 0 1 24(18- 36) 
Dr-serine 0 7 80(24— 42) 
DL-threonine 0 79 13 2 (11 4-19 2) 
pL-threonine 0 71 + nr-alanine 0 06 18 8 (10 2-20 4 
DL-threonme 0 71 + DL-valine 0 08 15 6 (12 0-22 2 


Glycine 05 + a-keto-butyrie acid 01 10 8 ( 9 6-12 0) 


* Basal medium 16 per cent glucose, 0 013 per cent KH,PO, 
0 3 per cent sodium chloride, 0 002 per cent ‘Tween 80’ 
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The results obtamed can be explained as follows - 
The «-keto-butyrie acid produced from threonine or 
added to the medium enhances mductively the act- 
ivity of acetolactic acid and aceto-oxybutyric acid 
synthesizing enzyme and probably also that of other 
enzymes involved in valine and isoleucine synthesis, 
thus resulting m an increased production of these 
two amino-acids — Pyruvie acid did not seem to 
have a similar effect The cleavage of these two 
amino-acids with a branehimg carbon cham 3s ım- 
ductively enhanced by valine, resulting in the ım- 
hibition of isoleucme production, while chlorampheni- 
col enhances for the same reason the production of 
valine by mycelia grown on a threonine-contammg 
medium The phenomenon observed, namely, the 
fact that an mtermediary metabohte produced by 
one of the two ammo-acids with similar pathways of 
biosynthesis or cleavage ıs able to enhance the bio- 
synthesis or cleavage of both amino-acids 1s probably 
one of the general mechanisms controlling amino-acid 
metabolism 

Further details of the present work will be pub- 
hshed in Acta Microbiologica Hungarica 
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A SUBCELLULAR COMPONENT OF CORYNEBACTERIUM DIPHTHERIAE 
HAVING THE CAPACITY TO BIND ANTI-TOXIN 


By PRor M YONEDA and M. MATSUDA 


Research Institute for Microbial Diseases, Osaka University 


TTEMPTS to elucidate the intracellular events 
occurring during biosynthesis of toxin revealed 
that a subcellular component having the capacity 
to bind anti-toxm was formed in toxm-producing 
diphtheria cells, while no such binding was detectable 
with a similar component derived from the cells of 
non-toxinogenic, non-lysogenic strains C7 and C4 
of C dephtheriae Examinations of the anti-toxin- 
binding capacity of various subcellular fractions by 
using a quantitative absorption test showed that the 
highest activity was always found m the sediment 
obtained by centrifugation at 14,500-100,000g, but 
there was no activity ın the cell-wall preparation 
In this work we used a substram of toxinogenic 
Park Willams No 8, the toxinogenie strams C'7(§) 


and C4(8) of C diphtheriae and the C7 and C4 
indicator strains from which they had been derived 
by infection with g-phage!? 

These organisms were grown at 35? C with shaking 
in Pope's medium’ under an optimal iron condition 
(0 08 ugm 1ron/ml ) for production of toxin by the 
strains of Park Williams No 8, C7(8) and C4(B) 
After shaking for 20 hr , toxin content of the culture 
filtrates of these organisms was found to be 180, 18 
and 12 Lf/ml, respectively, while no toxm was 
detectable m those of C7 and C4 When shaking was 
complete, the organisms were centrifuged out of the 
growth medium, washed in ribonucleoprotein buffer‘ 
three times, made up into thick suspension in the 
buffer and exposed to sonic oscillation at 10 ke /s 
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Fig 1 Agar-gel precipitation pattern demonstrating anti-toxm 
binding by fraction/14,600-100,000 of C7(B) and of C4(B) of 
C diphtheriae 
TOX 10,03 ml of 10 Lf m of crystalline diphtheria toxin, 


AT 10, 03 ml of 10 units/ml of a horse standard anti-toxin, 

AT 10+ C7BFr, CABFr, C7Fr or CAFr, 03 ml of the 

supernatants of the mixtures of 0 6 ml of 10 units/ml anti-toxin 

and of 100 mgm (dry weight) of fract10n/14,500—100,000 of each 
organism 


for 30 mın The whole disintegrates were then sub- 
jected to differential centrifugation as follows the 
supernatants obtained from the disintegrates by 
centrifugation at low speed (5,000g for 30 min) 
were centrifuged at 14,500g for 30 mm and the 
supernatants thus obtamed, which were still slightly 
turbid, were finally centrifuged at 100,000g for 60 min 
imn & Spineoo Model L The sediments precipitated at 
14,500g and at 100,000g and washed three times in 
ribonucleoprotein buffer by centrifugation at the 
same gravity were referred to as fra&ction/5,000— 
14,500 and _ fraction/14,500-100,000, respectively 
Purified cell walls were provided by Prof S Kotam, 
of the Department of Bacteriology, Nara Medical 
College, these were prepared from toxin-producing 
eultures of Park Wilhams No 8 stram by the method 
described by Kitaura eż al 5 in his laboratory. 
Anti-toxin-binding capacity of these fractions and 
cell walls of Park Williams No 8 cells were determined, 
using & quantitative absorption test Thus, appro- 
priate amounts of the materials corresponding to 
70-400 mgm of the dry weight were suspended in 
15 ml saline contaming 15 units/ml of a standard 
horse diphtheria anti-toxin, meubated at 37? C for 
15 mm and the supernatants obtamed by centri- 
fugation were measured for the residual content of 
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Fig 2 Agar-precipitation pattern demonstrating the absence of 
anti-toxin-binding capacity ın the fraction/14,500—-100,000 
derived from Park Wilhams No 8 cells grown in the medium 
containing sufficient iron to suppress the toxin production 
TOX 60, 03 ml of 50 Lf/ml of crystalline diphtheria toxin, 
AT;,, 03 ml of 50 units/ml of a horse standard anti-toxin, 
Fe»PWS8Fr + ÀAT,,, 03 ml of the mixture of 06 ml of 50 
units/ml anti-toxin and of 125 mgm (dry weight) of fraction/ 
14,500—100,000 of cella of the cultures grown in an iron-deficieney 
for optimal toxin production 
FeSPW8Fr + AT,, 03 ml of the mixture of 06 ml of 50 
units/ml anti-toxm and of 125 mgm (dry weight) of fraction/ 
14,500-100,000 of cells of the cultures grown in the medium 
containing sufficient iron to suppress the toxin production 
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anti-toxin by flocculation with 15 Lf diphtheria 
toxin Anii-toxin-binding was also observed qualita- 
tively with fraction/14,500—100,000 of each organism, 
using Ouchterlony’s agar double-diffusion technique® 
In this experiment, the supernatants obtamed by 
centrifugation from the mixtures of the fraction and 
anti-toxm which had been incubated at 37° C for 
15 mn , or the mixtures themselves were set against 
erystallme diphtheria toxin (3,300 Lf /mgm ) prepared 
by the method of Katsura et al’ 

As can be seen from Fig 1, while a slight difference 
was observed in the appearance of precipitation of 
toxin with anti-toxin regardless of the presence of C7 
or C4 fractions, no precipitation lines were formed 
between the toxin well and those for anti-toxin plus 
the C7(8) or C4(B) fractions, indicatmg an absence or 
a great decrease of anti-toxin 1n the supernatants of 
the latter mixtures 

Table 1 shows the anti-toxin-binding capacity of 
various subcellular fractions obtamed from Park 
Wilhams No 8 cells It may be seen that fraction/ 
14,500-100,000 ean bind as much as 068 unit of 
anti-toxin/mgm of the dry weight No activity was 
found in the purified cell wall preparation used Of 
particular interest was the observation that similar 
fraeuons from the cells of Park Wilhams No 8 stram 
which was grown in Pope’s medium to which was 
added sufficient iron (8 ugm iron/ml) to suppress 
production of toxin showed no capacity to bind anti- 
toxin, as illustrated in Fig 2 


Table 1 ANTI-TOXIN-BINDING CAPACITY OF VARIOUS CELLULAR 
FRACTIONS OF A PARK WILLIAMS NO 8 STRAIN OF C diphtheriae 


Anti-toxin absorbed 
(units/gm dry weight) 
Deficient rwon* Sufficient wont 
Fraction/5,000-14,500 256 0 
Fraction/14,500-100,000 681 0 
Purifled cell wall 0 — 


* Fractions of Park Willams No 8 cells from the cultures grown 
in an iron-deficiency for optimal toxin production 
f Fractions of Park Willams No 8 cells from the cultures grown 
m ae medium containing sufficient iron. to suppress toxin pro- 
uction 


Fractions 


Preliminary work showed that 1 mgm (dry weight) 
ofthoroughly washed fraction/14,500-100,000 of toxin- 
producmg Park Williams No 8 has no lethal action 
in guinea pigs, but gives the intradermal reaction to 
rabbits which is equivalent to 20 mrd with a 
standard diphtheria toxm The reaction can be 
neutralized by anti-toxm Recent experiments have 
also shown that 0 8-5 0 units of anti-toxim can be 
formed m rabbits by immunizing with 5 mgm (dry 
weight) of the washed fraction m mcomplete Freund’s 
adjuvants Incidentally, fract1on/14,500—100,000 can 
retain either the antigenicity or the original capacity 
to bind anti-toxi even after repeated washing (more 
than five times) in the ribonucleoprotem buffer or 
in other physiological buffers This clearly indicates 
that the active prinerple must be in a bound form 
Problems of relating subcellular structure to anti- 
toxin-bindmg capacity and the significance of 
the anti-toxin-binding prmeiple in biosynthesis of 
diphtheria toxin still await further mvestigation 


7 maT Vig W L, and Pappenheimer, A M, J Bacterrol , 67, 220 
1954 


* Groman, N B,J Bacteriol , 69, 9 (1955) 
3 Pope, © G,and Linggood, F V , Bret J. Exp Path ,20, 297 (1939) 


+ Gulchriest, W C, Microsomal Particles and Pioteen Syntheses, 1 
(Pergamon Press, London, 1958) 


5 Krtaura, T, Hirano, T, Inm, S , Kotam, S , Higashigawa, M , and 
Tsuchitani, T, J Nara Med Assoc , 10, 45 (1959) 


e Ouchterlony, 0 , Ark Kem Muneral, Geol , 26, 1 (1948) 


7 Katsura, T, Kato, I, Nakamura, H , and Koyama, J, Japan J. 
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LETTERS TO THE EDITORS 


GEOCHEMISTRY 


Uranium in the Sikhote-Alin Meteorite 
and its Relation to the Lead Method 
of Age Determination 


TEHE ages of lead of Earth and of meteorites are 
commonly based on the assumption that when these 
bodies were formed they contained lead. of the same 
isotopic composition)? ‘The present differences in the 
isotopic compositions of the lead m meteorites and 
also between common terrestrial lead and meteorite 
lead are due to radiogenic contributions from uranium 
and thorium since that time 

Recently, Starik e? al ? measured the ratios of lead 
isotopes and the absolute amount of lead in a number 
of 1ron meteorites and found that the mon meteorites 
can be divided into two groups One group has lead 
of ‘primeval’ isotopic composition, that 1s, the same 
as that measured by Patterson ef al 4 m the Canon 
Diablo meteorite The other group has lead that ıs 
rich with isotopes lead-206, -207 and -208, relative 
to the isotope lead-204, this lead has an isotopic 
composition quite similar to that of common terrest- 
rial lead (see Table 1) Reed et al’ have measured 
the uranium content of several 1ron meteorites and 
have found values in the range 10-!°-10-!2 gm /gm. 
None of these meteorites, with the possible exception 
of Henbury, has lead enriched in the radiogenic 


isotopes. There ıs a dispute over the lead in 
Henbury?§ 
Table 1 ISOTOPIC COMPOSITION OF LEAD IN THE SIXHOTE-ALIN 


AND CANON DIABLO METEORITES 


Lead 
Iron meteorite concentration **Pb/?“Ph  1397pp/s4pp  *8Ph/?°*Pb 


Sikhote-Alin 8 x 10-8 17 89 16 84 88 19 
8 x 10-8 17 55 15 60 87 97 
Canon Diablo — 9 46 10 34 29 44 


In order to test the assumption that the excess of 
lead-206 1s due to the radioactive decay of the isotope 
uranium-238, of lead-207 to that of uranium-235, 
and of lead-208 to that of thorrum-232, we searched 
for uranium-235 ın the Sikhote-Alin meteorite, which 
18 a meteorite that clearly? has a lead-207 excess 
We found less than 1:4 x 10-18 gm /gm of uranium- 
235, corresponding to less than 2 x 10-11 gm /gm of 
normal uranium This amount is more than & factor 
of one hundred too small to account for the excess 
lead-207 in the Sikhote-Alin meteorite in 5 x 10? 
years 

We irradiated two 7-gm samples of Sikhote-Alin 
for 9 hr, and one uranium standard for 2 hr, ın a 
pneumatic tube of the Massachusetts Institute of 
Technology reactor The flux was 7 x 10! neutrons/ 
cm ?sec We measured the fission product, xenon-135, 
which has a 92 hr half-hbfe Since the xenon-135 
follows 10dine-135, which has a 6 7 hr half-life in the 
fission chain, we waited about 12 hr after the mradia- 
tion before processing the samples for xenon. The 
fission product xenon-133 has been used to measure 
uranium in stone meteorites®. In order to remove 
possible uranium contammation, we dissolved away 
10 per cent of the irradiated samples ın nitric acid 
We placed the remainder m an alumina crucible in 
our gas extraction system and melted 1t by mduction 


heating The sample was kept molten for 1 hr in the 
presence of carrier gas The carrier used with the first 
sample and with the uranium standard was xenon, 
the carrier used, with the second sample was a 50-50 
mixture of xenon and argon Atthe end of the heating, 
only several small droplets remained, in the crucible, 
the rest of the material had evaporated to the walls of 
the crucible and the furnace The hydrogen was 
pumped away from the gas by 1ts diffusion through a 
hot palladium thimble The remammg gas was 
kept over hot calıum (550° C) ‘The xenon 
yield from the first sample and from the uranium 
standard was 100 per cent This xenon was taken 
from the calcium and put mto a Geiger counter For 
the second sample the gas was removed from the 
calc1um by adsorption on charcoal at the temperature 
of liquid nitrogen Argon was removed from the 
charcoal at 0° C and xenon removed at 160? © The 
xenon yield was 65 per cent, this xenon was added 
to a Geiger counter The Geiger counter was removed 
from the extraction line and placed in an ron shield, 
the background rate was 15-20 counts/mm The 
uranium standard consisted of 3 0 x 10-5 gm ofnormal 
uranium (21 x 10-1? gm. of uranium-235) in the 
form of uranyl mtrate evaporated from solution on an 
aluminium foi This sample was placed with 7 gm 

of iron in an alumina crucible and subjected to the 
identical experimental procedure that was used with 
the first Sikhote-Alin sample The xenon from the 
standard when first counted 6 hr after the melting 
gave 315 + 5 counts/min ; this activity, which we 
followed for several days, clearly decayed with a 9 2 
half-hfe to 35 + 5 counts/mimn The amount of long- 
lived activity agrees with the amount of xenon-133 
expected. These results correspond to 420 + 20 
counts/min of xenon-135 at the time of meltmg 

The gas from the first Sikhote-Alin sample gave 70 
counts/min of a long-hved activity, there was less 
than 15 counts/mm of 9-hr activity at the time of 
melting This negative result corresponds to less than 
28 x 1023 gm /gm of uranium-235 or 4 x 10-4 
gm /gm of normal uranium. The long-lived activity 
was probably argon-37, since this amount of argon-37 
could result from 3 x 10-8 cc /gm of argon-36 or 
5 x 10-7 gm./gm of calcium in the sample In the 
xenon fraction from the second sample the activity 
was within 5 counts per minute of background This 
negative xenon-135 result corresponds to less than 
14 x 10-3? gm /gm of uramum-235 or 2 x 10-1: 
gm /gm of normal uranium. 

The lead-207 excess m the Sikhote-Alin meteorite 
is 22 x 10- gm/gm A period of 10! years is 
required for this lead-207 excess to result from 1 5 
x 10-18 gm /gm of uranium-235 There is less than 
14 x 10-33 gm /gm of uranium-235 according to our 
measurements Such a large age seems unreasonable 
since 1t would require that the uranium produced in 
nucleosynthesis were practically pure uranium-235 
The uranium and lead contents of the Sikhote-Ahn 
meteorite are inconsistent with the common assump- 
tion made in determmmg lead ages for Earth and for 
meteorites 

Stark e£ al have postulated separate origms, each 
with a different ‘primeval’ isotopic lead composition, 
for the two groups of iron meteorites This postulate 
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18 consistent with the uranium results but makes 
ambiguous the interpretation of lead ages of meteorites 
and of Earth 

One of us (D E F )1s grateful to the US Atomic 
Energy Commission for financial support, and to 
the Smithsonian Astrophysical Observatory for 
hospitality durmg the period m which this work was 
undertaken 
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GEOPHYSICS 


Palzomagnetism of Hawaiian Lava Flows 


PALZOMAGNETIC investigations of volcanic rocks 
extruded ın various parts of the world during the past 
several mulhon years have generally revealed a 
younger sequence of lava flows magnetized nearly 
parallel to the field of a theoretical geocentric axial 
dipole, underlain by a sequence of older flows with 
exactly the opposite direction of remanent magneti- 
zation A 180-degree reversal of the geomagnetic 
field, occurring near the middle of the Pleistocene 
epoch, has been inferred by many workers from such 
results!-3 This ıs a preliminary report of an mvestiga- 
tion of 755 oriented samples collected from 152 lava 
flows on the island of Hawaii, selected to represent as 
many stratigraphic horizons as possible (Sampling 
details are indicated m Table 1) This work was 
undertaken because Hawan’s numerous thick sequen- 
ces of lava flows, previously mapped as Pliocene to 
Historie by Stearns and Macdonald‘, and afterwards 
assigned ages ranging from later Tertiary to Recent, 
by Macdonald and Davis‘, appeared to offer an ideal 
opportunity to examine the most recent reversal of 
Earth's field 

Remanent magnetization measurements usmg a 
spinner type magnetometer have now been completed 
on at least one sample from each of the 152 lava 
flows sampled, flow averages of all measurements 
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completed to date before demagnetization are shown 
in Figs 1,2 and 3 Demagnetization experments of 
representative samples in alternating fields up to 
800 cersteds (peak) typically reduce the mtensity of 
magnetization by 90 per cent but do not significantly 
change directions of magnetization Statistical 
analyses of the direction of magnetization in the 
samples, before and after demagnetization, and 
mineralogical studies are 1n progress 

The preliminary measurements may be summarized 
as follows (1) The historic flows have directions of 
magnetization closely grouped about the present 
geomagnetic field direction on Hawan, which has 
changed less than 2 degrees since about 1900 (2) None 
of the 152 flows sampled has reversed magnetic 
polarity (3) Tho scatter in directions of magnetization 
from flow to flow 1n & given sequence 1s much smaller 
than generally reported ın comparable studies 
elsewhere (4) The average magnetization directions 
of most of the thick sequences sampled appear to 
differ significantly both from the present geomagnetic 
field and from the theoretical field of an axial dipole, 
moreover, the average directions in different sequences 
are different from each other 

If the geomagnetic field reversal theory is true, 
then all the flows sampled on Hawan are post-reversal 
and hence younger than early Pleistocene Alterna- 
tive explanations (a) that lavas were not extruded 
when the field was reversed or were afterwards 
eroded or buried, or (b) that self-reversal occurred 
only ım lava flows extruded while Earth's field 
was reversed, are much less plausible. Moreover, the 
stratigraphic distribution of the 152 lava flows 
sampled renders unhkely the possibility that a 
reversely magnetized sequence 1s present but was 
inadvertently missed 

The closely parallel directions of magnetization 
found throughout these rather thick sequences of 
flows may be interpreted ın two ways (1) An entire 
sequence may have been extruded in a time-interval 
too short for large amounts of secular variation to have 
occurred However, rates of secular variation as 
determined from direct measurements at observatories 
commonly cause more angular variation in several 
hundred years than is typically observed in the 
Hawauan sequences Accumulation within several 
hundred years of sequences of more than 50 clearly 
distinguishable lava flows with total thicknesses up 
to 450 ft appears rather unhkely (2) That low rates 
of secular variation prevailed in Hawau during the 
time these lava flows were extruded 1s a more plausible 
explanation The results from the Historic flows 
support this interpretation, and the direct measure- 
meats back to about 1900 also show less secular 
variation than 18 typicel elsewhere in the world. 


SAMPLING DETAILS OF VOLCANIC SERIES EXAMINED 


Deseription 


Extruded at known historical dates between 1750 and 1955, 
ber of Kau, Hualalal, and Puna Volcanic Senes are included 
1g la 
From Uwekahuna Bluff on west wall of Kilauea caldera Group II 
constitutes the lowest 64 ft of the section, and 1s separated from 
Group I by an erosional unconformity (Fig 15) 
a ay flow Groups I, II and III are progressively lower 
ig 2a 


From south-east side of Laupahoehoe Canyon These flows 
comprise the lower members of the Hamakua Volcanic Series, a8 
described by Stearns and Macdonald (ref 4) (Fig 2b) 

From Waipio Valley These flows are from the lower member of 
ie ing the highly weathered upper member was not sampled 

lg 3a 


Table 1. 
Flows Stratigraphic 
Geological Unit Age sampled thickness (ft ) 
Historie flows Historic 9 — 
Puna Volcanie Serles Late Pleistocene (?) 18 973 (1) 
and Recent 64 (II) 
Kahuku Voleanic Series Pleistocene 20 90 (I) 
188 (II) 
54 (III) 
Hamakua Volcanie Series Late Tertiary and 27 135 
Quaternary 
Pololu Voleanic Series Phocene (?) 50 453 
Ninole Volcanic Senes Phocene (?) 25 116+ 


From Kaiholena Ridge The upper 76 ft were sampled on the east 
side of the ridge, the lower 40 ft on the west, an unknown thickness 
between these 13 not exposed (Fig 3b) 
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a b 


Fig 1 Directions of magnetization of (a) Historic lava flows and 

(b) Puna Volcanic Series e, North-seeking polanty down- 

wards, O, north-seeking polarity upwards, +, direction of ax- 

jially symmetric dipole field in Hawan, x, present geomag- 

netic field direction in Hawali (Lambert equal-area projection 
with prime circle horizontal) 





Fig 2 Directions of magnetization of (a) Kahuku Volcanic 
Series and (b) Hamakua Volcanic Series Symbols as for Fig 1 





Fig 3 Directions of magnetization of (a) Pololu Volcanic Series 


and (b) Ninole Volcanic Series Symbols as for Fig 1 


The differences observed between average magneti- 
zation directions of the different sequences of flows 
and the axial dipole field direction do not, imn our 
opinion, indicate that Hawan has undergone displace- 
ments and rotations in the Pleistocene Such an 
mterpretation would require (a) lower latitudes than 
at present for Hawai during the extrusion of the 
Pololu and Ninole Volcanic Series, (b) markedly 
higher latitudes during the extrusion of the Hamakua 
Series; (c) lower latitudes durmg Kahuku Series 
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volcanism, (d) the present latitude durmg extrusion 
of the Puna Series, substantial rotations of the island 
of Hawai smce the early Pleistocene would also be 
required Much more plausible 1s the explanation that 
each of these sequences spans a time-interval too 
short to give an average direction of magnetization 
parallel to an axial dipole field Although absolute 
lengths of time cannot be given, 1$ appears from this 
investigation that stratigraphic sections 450 ft thick 
and composed of more than 50 flows may accumulate 
on shield volcanoes in periods of time so short 
that the non-axial dipole field components do not 
vectorially add to zero Conversely, the geomagnetic 
field may have non-axial dipole components for times 
long enough for the accumulation of these relatively 
thick sections 

Publication of this communication 1s authorized by 
the Director of the U S. Geological Survey 

RICHARD R DOLL 
ALLAN Cox 
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PHYSICS 


Emission of Ultra-Violet and Visible 
Radiation from Metals by the Impact 
of High-Energy Hydrogen lons 


IN a recent communication! we reported that 
ultra-violet and visible radiation ıs emitted from 
nickel by the impaet of high-energy protons and 
positive 1ons, and that the visible part of the spectrum 
is continuous With a resolved proton beam we 
observed a flat peak between 4600 and 4900A m 
the distribution curve of spectral intensity 

Apart from the radiation resulting from neutral- 
ization of positive 10ns on metal surfaces’, the point 
of most significance 18 to investigate 1f the radiation 
observed by us contains spectral lines or the spectrum 
of the target element on which high-energy positive 
10ns umpinge_ If these lines (or spectrum) are present, 
their origi. remains to be traced 

Townes? has developed a theory of sputtermg of 
metals under positive 10n bombardment based on 
the assumption of local heating Kapitza‘ has 
explamed in a similar way the emission of electrons 
from metal surfaces by positive ions This theory 1s 
supported by the experimental work of Oliphant and 
others*, but some theories? of sputtering fail to 
account for recent experimental results The mech- 
anism of sputtermg of metals by positive ions 18 
indeed, not yet well understood 

We wish to consider the probable mechanism of the 
emission of radiation from the target metal There 
seem to be two possibilities for the emission of visible 
and ultra-violet spectra of the target element 
(1) the radiation may be emitted from sputtered 
atoms excited in gaseous phase by positive ions, 
or by the secondary electrons knocked out of the 
target, (2) the excited atoms giving out this radia- 
tion may originate in the metal itself by the impact 
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Fig 1 Spectral intensity of distribution curve for radiation 

emitted from nickel by high-energy positive ions of hydrogen 

Energy of positive 10ns = 200 keV , positive ion current = 

4 uamp Curve 1, target cooled to low temperature, curve 2, 
target not cooled 


of high-energy positive ions It is difficult to dis- 
tinguish which of these two processes predominates 
in the emission of this radiation 

If the metal target 1s cooled to a very low tempera- 
ture where 1ts thermal conductivity 1s comparatively 
high, the local heating effect will be reduced and 
consequently the sputtering will be less If the radia- 
tion observed were due to sputtered atoms excited 
in the gaseous phase, its intensity would be smaller 
at lower temperatures of the target Our experi- 
mental results, however, show that the reverse 18 the 
case. 

The target is placed in a special chamber made 
throughout of glass It houses, besides the target, a 
copper reservoir filled with liquid air, so that 1mpur- 
ities and volatile vapours in the chamber may con- 
dense on 1t The nickel target 1s degassed with 
electron bombardment to a bright red heat under a 
high vacuum for a sufficiently long time to make 1t 
clean and free from gas It 1s then cooled and kept 
permanently in thermal contact with a metal reservoir 
maintained at liquid-air temperature during experi- 
ments, and radiation emitted from ıt under the impact 
of hydrogen ions of energy 200 keV and current 
strength 4 pamp. is studied with Kodak gelatine 
filters Filter 2B ıs used to cut out the ultra- 
violet region The distribution curve of spectral 
intensity shows a pronounced peak between wave- 
lengths 4600 and 4800 A , which 1s a region of strong 
lines ın the arc spectrum of nickel Curves 1 and 2 
of Fig 1 show the distribution of spectral mtensity 
obtamed with the target cooled to low temperature 
and without cooling it respectively The visible 
spectrum 1s, so far as could be judged from analysis 
with gelatine filters, continuous within the range 
studied The intensity of the ultra-violet radiation 
between 4000 and 3300 A ıs greater than that of the 
visible region as in previous experiments 
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The presence of the peak in the region of prominent 
nickel hnes m curve 1 leads us to think that this 
radiation 1s emitted from the exerted atoms which 
originate ın the metal itself under the impact of 
high-energy positive ions The continuous nature of 
the spectrum, on the other hand, suggests that some 
sort of electron plasma oscillations may occur in the 
metal due to positive 10n bombardment on it, and 
may give rise to this radiation 

We believe that, with our experimental arrange- 
ment, the chances of accumulation of unpurities on 
the cooled target are small, and consequently the 
Increase in the mtensity of the radiation emitted 
from the cold metal surface cannot be attributed 
wholly to the excitation of atoms of any dirty film 
on ii. 

Details of the chamber and the target cooling 
arrangement are bemg described elsewhere 

We are grateful to Sir George Thomson for sug- 
gestions and advice, and to Sir Mark Oliphant for 
his interest throughout this work 

RAFI MOHAMMED CHAUDHRI 
Mustara YAR KHAN 
High Tension and 
Nuclear Research Laboratory, 
Church Road, 
Government College, 
Lahore, West Pakistan 
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High-Speed Direct-Recording System 
for Electron Diffraction 


AN electron diffraction system for the quantitative 
investigation of rapid phase changes in solids has 
recently been completed The system will record an 
electron diffraction pattern of the Dobye-Scherrer 
ring type m 50 msec, giving the electron intensity 
at the peaks of strong reflexions to an accuracy of 
2 per cent The system gives an improvement in 
speed of direct recording of about four orders of 
magnitude’, and is thus attractive for mvestigating 
quantitatively rapid changes m solids such as poly- 
morphic transformations, transitions from the amor- 
phous to the crystalline state, diffusion in alloys. It is 
also suitable for investigating controversial questions 
m electron diffraction such as the transition from 
geometrical to dynamic diffraction conditions?:3 

Fig la shows a typical record from a polycrystalline 
gold film about 300 A. thick. There are 1n fact two 
superimposed traces each of 100-msec. duration 
showing profiles of rings from 220 to beyond 531 
The display also shows the profile of the primary 
beam after ıt has traversed the film, this gives a 
continuous measure of the angular resolution of the 
electron optical system. Once the information ın the 
diffracted beams has been obtamed at a sufficient 
resolution and level ıt 1s, of course, easy to magnify 
the diffracted profiles on the display Thus Fig 16 
shows the inner rigs of the gold together with the 
main beam in greater detail 

Figs 2a and 6 show a high-speed amorphous-to- 
erystalhne change in a film of silver in response to 
sudden heating Fig 2a ıs the envelope of fifty 
traces, the first of which shows almost no rings while 
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Fig 2 


the last trace, 5 sec later, shows the rings consider- 
ably developed After 200 sec (Fig. 2b) there ıs 
httle further change 

The ultimate speed of recording in such a system 
ig set by shot noise in the diffracted beams. The 
limitations are the same as those of the scanning 
electron microscope? Measurements show that the 
mtensities at diffracted peaks are about 10-? amp. 
Thus, for an accuracy of 1 per cent at such a peak, 
a picture pomt may be recorded in about 2 usec 
One may expect that recording times for complete 
diffraction patterns of 1 msec are a question merely 
of improvements in technology. 

C W B. GnIGSON 


Department of Engineering, 
University of Cambridge. 
1 Bagdyk'yants and Alekseev, Bull. Acad Sev USSR, Phys Ser, 
23, 766 (1958) 
2 Pinsker, Adv «n Electronics and Electron Physics, 11, 355 (1959) 
3 Halliday, Proc Roy Soc, A, 254, 30 (1960) 
‘Smith and Oatley, Brit J App Phys, 6, 391 (1955) 


Isotopic Composition of Atmospheric 
Hydrogen and Methane 


In a recent communication, Bishop and Taylor! 
express the opinion that the tritrum concentration of 
free hydrogen 1n the atmosphere has been rising over 
the past ten years, with a doubling time of approxa- 
mately 18 months The authors suspect that artificial 
tritium was released into the atmosphere several years 
before the Castle test series 1n. 1954, which 1s com- 
monly assumed to have led to the first pronounced 
rise 1n the tritium concentration of terrestrial surface 
water Bishop and Taylor's communication includes 
a diagram of the logarithms of all the experimentally 
determined tritium values 1n free atmospheric hydro- 
gen plotted against time The plot shows that the 
values follow a straight lme that moeludes the first 
value obtamed by Faltings and Harteck? on atmo- 
spheric hydrogen collected in 1948 

The question of an addition of artificial tritium 
into the atmosphere prior to 1954 1s of considerable 
importance in connexion with estimating the natural 
rate of production by cosmic rays of tritium, which 18 
in general assumed to be of the order of 1 tritium 
atom per sec per cm ? of Earth's surface 

We have been able to secure a sample of atmospheric 
hydrogen, dating from 1948, contained in ‘raw neon’ 
in & regular cylmder, through the courtesy of Mr 
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F R Balcar of the Aur Reduction Co, New York 
This gas gave the followmg values 
AE 95 x01 x 10- zu 85,000 tntium units 


—b 4 + 02 per cent relative to Lake Michigan water 
standard 
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This tritium concentration 18 very close to that found 
by Begemann in hydrogen collected shortly before the 
Castle tests in 1954, and to the value for 1954 repre- 
sented by the straight Ime through the points meas- 
ured by several mvestigators afterwards It therefore 
appears unlikely that artificial tritium has influenced 
significantly the tritium content of atmospheric 
hydrogen prior to 1954. The deuterrum value shows, 
m agreement with previous findings*-*, that equilib- 
rium between atmospheric water vapour and hydrogen 
18 not established at ordinary temperatures 

A most remarkable observation was recently made 
by Bishop et al 5 The tritium content of atmospheric 
methane 1s also very high and only about a factor of 
5 below that of present-day atmospheric hydrogen 
The authors state that they are unable to suggest any 
satisfactory explanation for the source of this tritiated 
methane. They suspect an artificial origin 

We have independently investigated one sample 
of atmospheric methane, which was collected in 
January 1960, by the Linde Co in Gary, Indiana. 
This sample was large enough to enable us to carry 
out very accurate, routine earbon-14 and tritium 
analyses ın the La Jolla Radio-carbon and Tritium 
Laboratories. We are not able to propose any satis- 
factory explanation for the followmg experimental 
findings, but hope that our results, which include 
deuterium and carbon-13 values, may help m the 
future in interpreting the observed facts Measure- 
ment of carbon-13 was carried out in the laboratory 
of H Craig (University of California, San Diego), who 
wishes to discuss his result more extensively in a 
separate paper A second tritium determination by 
F Begemann at Mainz gave exactly the same result 
as ours 


T/E = 194 +01 x 10-1* & 19,400 tritium units 

MO = 752 +05 per cent of standard wood, or 60 per 
cent of atmospheric carbon dioxide in 1960 

ôD = —42 +02 per cent relative to Lake Michigan 
standard water 

190 = —39 +01 per nulle relative to Chicago Pee Dee 


Belemnite standard (ref 6) 


The trium value of our 1960 sample ıs exactly 
the same as the average of the samples from the 
northern hemisphere collected by Bishop et al 
during 1958 and 1959, although tritium in terrestrial 
surface water showed wide variations durmg this 
period A comparison of our carbon-14 value with 
results obtained by W. F Libby on atmospheric 
methane from 1952 shows no change greater than 
experimental errors Libby’s samples contained 75 
per cent and 60 per cent of modern carbon. They 
were collected m Britain by the British Oxygen Co, 
at Wembley, and submitted ın the form of carbonate 
by H E Gluckauf We are grateful to Dr Libby for 
his unpublished results 

Agreement of the results ıs better than might be 
expected in view of the possibility that artificial 
inactive methane and hydrogen from city gas, auto- 
mobile exhaust, and other industrial sources might be 
present Limits on the amounts of such artificial 
gases present can be deduced from the measured value 
of the stable isotopes We are planning to make at 
least one measurement a year in the future 

Support for this work was received from the US 
Atomic Energy Commission Division of Biology and 
Medicine, from the National Science Foundation and 


n 


‘1954-56. 


November 18, 1961 


from the Geophysics Directorate of the Air Force 
Cambridge Research Center. 
This communication is published with the permis- 
sion of the Director, U.S. Geological Survey. 
A. E. BAINBRIDGE 
H. E. Suess 
Scripps Institution of Oceanography, 
University of California, 
San Diego, La Jolla, California. 
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Our communication on the growth of the tritium 
content of free hydrogen in the atmosphere was 
written before the publication by Begemann and 
Friedman’ of detailed measurements for the period 
These showed considerable seasonal 
variation, but no pronounced increase during the 
two years following the Castle test series. Their 
earliest determination in January 1954 before the 
Castle test series was 9-18 x 10* tritium units com- 
pared with 1-66 + 0-097 x 10* tritium units found by 
Grosse et al in the spring of 1952. This obvious 
increase was concluded by Begemann and Friedman 
to be due to the Ivy test series of November 1952. 
Evidence for an earlier increase based on the value 
0-38 + 0-125 x 10* tritium units obtained by Faltings 
and Harteck* in 1948-49 now appears to be refuted 
by the value of 3-5 x 10‘ tritium units reported by 
Bainbridge, Suess and Friedman. It may be noted, 
however, that this value is more than twice that 
observed by Grosse in 1952. With three sets of obser- 
vations indicating a substantial increase prior to the 
Castle tests, it is difficult to support the conclusion of 
Bainbridge et al. that such an increase is “unlikely”. 

Our measurements* of the tritium content of 
atmospheric methane collected at Wembley by the 
British Oxygen Company gave values ranging from 
1:59 x 10* to 3-36 x 10* tritium units during the 
period October 1958 to February 1959, the average 
value being 2-19 x 10* tritium units. One sample 
collected on December 7, 1959, had a value of 2-85 
x 10* tritium units and another collected on February 
8, 1960, a value of 1-59 x 10*tritium units. It is true 
that the present reported value (1:94 x 10* tritium 
units) falls within the range of values obtained by us, 
but to state that it “is exactly the same" as the 
average of our samples collected in the northern 
hemisphere during 1958 and 1959 may give the 
incorrect impression that short-term fluctuations are 
very small. 

Furthermore, in addition to the considerable short- 
term fluetuations observed at Wembley, we found that 
the levels in the northern hemisphere stratosphere 
and in the southern hemisphere generally were all 
about 0-8 x 10* tritium units, considerably lower 
than those at Wembley. The level in the southern 
hemisphere troposphere has also shown a continuous 
rise during 1953-58. when our measurements 
ceased. 

It is clear, therefore, that though the future 
measurements proposed by Bainbridge et al. will give 
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some useful information, a more comprehensive 
sampling programme would be necessary to unravel 
the origin and distribution of tritiated methane in the 
atmosphere. 

K. F. BisHor 

B. T. TAYLOR 

A. E. J. EGGLETON 

Health Physics Division, 
Atomic Energy Research Establishment, 
Harwell, Didcot. 
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A Novel Electrostatic Machine: the Corona 
Motor 


WE would like to direct the attention of readers 
to & new type of electrostatic motor which may 
find use in some specialized application. The 
operation of the motor demonstrates one of the 
fundamental properties of electrostatic fields, namely, 
motion of charge under the influence of a voltage 
gradient. 

The motor is shown in Fig. 1 and consists of a 
disk, made from an insulating material, which is 
mounted on a spindle, and three pairs of electrodes 
mounted circumferentially around the disk. The 
electrodes are alternately connected to the positive 
and negative terminals of a source of high-voltage 
direct current. The diameter of the disk is 1-5 in., 
and a supply of 8-13 kV. is sufficient to operate the 
motor. The disk rotates either clockwise or anti- 
clockwise, depending on the direction in which it was 
started. When running freely in air with the axis 
turning in jewel bearings, speeds of up to 12,000 r.p.m. 
are attained. 

During running of the motor a corona discharge 
takes place along the cireumference of the disk and 
extends from each positive electrode towards the 
next negative electrode against the direction of 
rotation. The glow discharge increases in intensity 
and extent with increase in voltage until at a critical 
voltage flashover occurs between the electrodes. 

We surmise that the operation of the motor can be 
explained as follows (Fig. 2): Consider that the voltage 





Fig. 1. Photograph of a six-electrode motor 









tonos o (b) 
E a, ‘Charge is deposited on the rim. of the disk by ionization 
a the. air gap. 6, Disk rotates under action of torque developed 
"t 3 by charge dipole 





"y "om the electrodes is increased until ionization of the . 
. gir between the electrodes and the rim of the disk. 


polarity as the electrode from which it emanated, is 
mechanically in unstable equilibrium with respect 
to the electric field, and if the disk is slightly disturbed. 
a eouple will act on the disk, which will cause it to 
Lv rotate, carrying the charge with it (Fig. 2 (b)). On 
. "reaching the opposite electrode, the charge is neutral. 
ized by a further ionized path in the air gap. If the 
. process of charging and discharging carries on con- 
tinuously, the disk will continue to rotate and will be 
able to deliver torque. 
A. possible explanation of why a glow discharge is 
‘noticed between alternate pairs of electrodes only is 
^o hat a negative electrode deposits electrons on the 
^ disk, which creates an electric field between the 
^?) eharged area and the positive eleetrode. When the 
^ s eharged area is carried into the region where the 
^.  Fesultant field intensity is large enough, ionization 
4. takes place. The positive electrodes, on the other 
hand, act as collectors of the negative charge. This 
results in à glow discharge between pairs of negative 
.. end positive electrodes only. At low voltages the 
-. ionization takes place close to the positive electrode 
"and the region is extended for increased applied 
< voltage until it covers the entire area between positive 
and negative electrodes. This is in conformity with 
the mechanism suggested, since the ionization will 
“take place at a given field strength and thus the 
00; distance that separates the charged surface from tho 
^ positive electrode, when ionization starts, will be 
... determined by the magnitude of the charge. 
In order to study the wave-forms of current when 
mu ‘the motor is running, a small resistance was insorted 
Gn the earth lead, and the probe of an oscilloscope 
^. was connected across this resistance. 


a bursts, of approximately 1 psec. duration. 


charges a second. Fig. 3 shows the wave-form 


occurring in a two-electrode motor. 





oe oe and metallic material might well justi 


n It was found . 
oo that charge transport takes place in short. discrete . 
$5 The . 
"number of discharges & second depends on the — 

speed of rotation, but a typical value is 2,000 dis- 


e 21 E 3 x, ae point (d.e); A, positive point (d.e. » a! 50 c. m e e ME 
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: ipply 4 l ie: dc E 
The simplioity of eonstráotión ad the absence of 





further research to develop the motor into an efficient 









We wish to thank Mr. E. Fiedeldey for the mechani- z 
cal construction of the device. E 
J. D. N. Van WYK 
G. J. KÜHN 
Electrical Engineering Division, 


: occurs, then a quantity of charge will be deposited : National Physical Research Laboratory, 


d on the rim (Fig. 2(a)). The charge, being of the same 
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Rectifying Action of Non-uniform Fields 
in Dielectrics 

PRELIMINARY work has been done on the break- 
down of dielectrie specimens under direct and 50 c./s. 
alternating voltages. With the latter a polarity 
detector was connected in series with the test specimen = 
and in all cases point-plane electrode systems were = 
used. For air and transformer oil a ES Mic steel . 
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Gap spacing (mm. iod j p 
Fig. 1. Direct-current and 50. els; Alternating current breakdown ` 
voltage characteristics of air. es rod: "d negativo p oint (d.c); 
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Breakdown voltage (kV peak) 
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0 1 2 ó 
Gap spacing in transformer oil (mm ) 


Fig $  Direct-current and 50 c /s alternating-current breakdown 

voltage characteristics of ‘Perspex’ and transformer oil Elec- 

trodes  nickel-plated steel point-plane ‘Perspex’ O, negative 

omt (de), ©, positive pomt (dc), €, 50 c/s (ac) 

ransformer oll x, negative point (dc), <A, positive pomt 
(dc), A, 50c/s (ac) 


sewing needle having a radius of curvature of about 
2 5u and a 4-in diameter brass rod having a radius of 
curvature of 1/16 in. were used in conjunction with 
a brass plate as the plane electrode. For ‘Perspex’ 
sheets the point electrode, a sewing needle sumilar to 
that described above, was pressed into the specimen 
at a temperature of 155° C and an aluminium foil was 
bonded to the other side of the specimen as the plane 
electrode. This assembly was then mnmersed in 
transformer oil All measurements were made under 
normal temperature and pressure conditions 

It was observed that m 50 c /s. alternating fields 
breakdown of air always occurs when the pomt 1s at 
the positive half-cycle provided that the gap spacing 
is greater than the critical spacing shown at A and B 
in Fig 1 for the two different pomt electrodes The 
peak value of the alternating-eurrent breakdown 
voltage is practically equal to the direct-current 
breakdown voltage with the point positive Break- 
down under alternating voltages of either positive or 
negative polarity only occurs when the gap spacings 
are close to the critical value This polarity effect or 
rectifymg phenomenon with large gap spacings 1s 
ndependent of the rate of rise of the applied voltage 

This phenomenon also occurs 1n transformer oil and 
‘Perspex’ as shown in Fig 2 Within the range of gap 
spacings under mvestigation the breakdown always 
occurs when the point 1s at the positive half-cycle In 
these two dielectrics other effects apart from the 
space charges may play an important part in the 
breakdown mechanisms The fact that the peak value 
of the alternating-current breakdown voltage im 
transformer oil 1s higher than the direct-current 
breakdown voltage with the pomt positive may be 
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attributed to the effect of umpurities The reversed 
tendency noted in ‘Perspex’ may be due to the 
thermal offect 
The consistency of this phenomenon depends on 
the non-uniformity of the field, and the rectifying 
action, especially when air is used as the dielectric 
medium, can possibly be used to rectify high-voltage 
alternating currents 
I wish to thank the Brush Electrical Engmeering 
Co , Ltd, for permission to publish this communica- 
tion 
K. C Kao 
Research Division, 
Brush Electrical Engineering Co , Ltd , 
Loughborough, Leics 
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Experimental Detection of Auto-lonizing 
Transitions in Krypton by Electron Impact 


A NUMBER of imvestigators! have discussed the 
contribution of auto-ionization to the shape of the 
lonization efficiency curves obtamed by electron 
impact, but, at least in the case of the rare gases, 
no direct correlation has been found between the 
structure observed in these curves and the energy- 
levels known to be strongly auto-iomzmg from 
ultra-violet absorption spectrosecopy?. I wish to 
present ionization efficiency curves for the Kr* 1on 
which exhibit discontinuities in slope at electron 
energies that le quite close to the levels found m 
absorption. Both the mtensity and separation of 
these levels fall off rather rapidly at higher energies, 
so that only those that he directly above the normal 
? P9,,9 10mzation-level can be expected to be resolved 
Using the Paschen notation? for clearness in the 
figures; these levels are: 


558^,,1407eV 6,5,,1425eV 79S, 1437 eV 
48,1409eV 58S, 1427o0V 6S, 1437 eV 


Three independent determinations of the 1onization 
efficiency curve for the Kr* ion are shown in Fig. 1 
This figure is a photograph of the original recorder 
traces with the co-ordinate lınes filtered out. The 
curves were obtamed by the retardmg potential 
method‘, which had been modified by the addition of 
ac signal detection, and an x-y recorder to obtain & 
continuous plot of the ‘difference’ 10n current as a 
function of the electron energy The terms ‘response 
2’, ‘response 3’, ‘response 4’ indicate that successively 
Jarger capacitance was introduced between the 
mechanically rectified output of the ac amplifier 
and the x—y recorder to mmprove the over-all signal 
to noise ratio. The scale for the ‘difference’ 10n 
current (ordinate) ıs arbitrary and the divisions are 
unmarked smece the zero of the y-axis amplifier was 
shifted between determmations to permit all three 
curves to be traced out on the same sheet of co-or- 
dinate paper ‘The electron energy scale has been 
shifted approximately 0-3 eV to place the onset of 
1onization to the *P°,,, level at 18s spectroscopic value 
of 14 0 (13 996) eV The electron energy was varied 
by a motor-driven helipot, and a signal proportional 
to ıt was impressed on the x-axis amplifier of the 
recorder A photographic enlargement of Fig 1 
showing the onset of 10mzation and the break in the 
viemity of the unresolved 5 S’, and 4 S, levels 1s 
given m Fig 2, and a similar enlargement showing 
the break near the 6 S’, and 5 S, levels m Fig 3 
No clear break ıs to be found m the neighbourhood 


APPEARANCE POTENTIAL CURVE 
FOR THE Kr* ION 
Kr Il P F 
E 4S d 
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Fig 1 Appearance of potential curves and auto-10nizing levels for the Kr* 10n 
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140 142 


Fig 2 Enlarged section of Fig 1 showing the breaks at onset 
and near the location of the 5 S', and 4 S,-levels 


14 2 143 144 


Fig 3 Enlarged section of Fig 1 showing the break near the 
6 S', and 5 S,-levels 
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of the 7 S’, level on the curves presented 
m Fig 1, and the curve labelled response 
2 was not enlarged because of the high 
noise-level 

These three curves were obtamed a 
little more than a year ago for use in a 
paper describing the modification of the 
retarding potential method, which per- 
mitted the 1onization efficiency curve to 
be plotted directly on the recorder paper 
as & continuous function of the electron 
energy The toe of the curve was not 
examined critically at that time and the 
departure of the curve from lmearity at 
about 015 eV above onset was a source 
of considerable disappointment It was 
attributed to excessive curvature result- 
mg from an abnormally large spread in 
the electron energy introduced by the 
square-wave modulation of the electron 
beam required for ac signal detection 
of the ‘difference’ 10n current Every 
effort was made to remove this ‘curva- 
ture’ by adjusting the position of the 
source magnet, the retarding potential, electrode 
voltages, ete, but ıt was not found possible to 
reduce ıt below that appearmg m Fig 1 

Following the publication of a paper by Foner 
and Nall on the structure found im the lonization 
efficiency curves of the rare gases, the curves shown 
in the figure were re-exammed and the structure 
discussed earlier was found Only a few other curves 
had been preserved, but on nearly all of these a break 
of some sort could be found near the first two pairs 
of auto-ionizing levels These breaks were rather 
easily identified on five other ionization efficiency 
curves in addition to those shown in the graphs 
Three of these latter showed a fairly strong 1adication 
of a break near the 7 S’, level Smce the measure- 
ments of these curves extended over a period of 
months and were obtained under different adjust- 
ments of the focus of the source, 1t seems hard to 
dismiss the agreement between these electron mmpact 
results and the spectroscopic data as accidental or 
instrumental A more detailed report will be 
prepared as soon! as the mass spectrometer used in 
this work becomes available again 

I thank Prof W R S Garton and Lady Anne 
Pery-Thorne for a very helpful discussion of auto- 
ionizing processes in general during & visit to the 
Imperial College of Science and Technology last 
autumn, and to Prof Garton for pomting out that 
the auto-10nizmg levels listed above as well as many 
others have been tabulated 
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Surface Properties of Silver lodide 


It is & rather curious fact that both low-energy and 
high-energy surfaces abound, but intermediate 
energy surfaces of high area are mfrequently found 
and have been little studied In a search of such 
intermediates, we recently examined the surface 
chemistry of silver 1odide One method 1s to compare 
the apparent water specific surface area to the 
nitrogen area Another result which reflects the 
surface energy is the measurement of the heat of 
immersion in water and other liquids of particles of 
the solid sufficiently high in surface area to give 
meaningful results 

Interest in the surface chemistry of silver iodide in- 
creases when one comes to recognize that silver 10d1de 18 
1egarded as hydrophobic? 1n classical colloid chemistry 
but as hydrophilic in cloud physies?? When the 
double layer on silver iodide sols ıs repressed o: 
destroyed, the colloid chemist finds that the particles 
floceulate quickly and settle out Yet this result may 
be due only to gravicy and might have nothing to do 
with any hydrophobic character Previous results on 
the water vapour adsorption on silver iodide are quite 
contrary Burstem claims some 130 layers of water 
are adsorbed before P, 1s reached It can be categori- 
cally stated that such a reported result is novel Solids 
adsorb at most 5-10 nominal layers before conden- 
sation 18 reached, as Harkins‘ showed years ago Ina 
recent paper, Dubinin e£ al 5 also coneluded that the 
silver 10dide surface ıs hydrophilic and that it 
accepts about 3 layers before the condensation 
pressure 

The cloud physicists regard silver iodide as the best 
‘cloud seeder’ yet found presumably because its 
crystal parameters closely correspond to those of 1ce 
Observations of the nucleation and growth of ice 
crystals on single silver iodide crystals (colour motion 
pictures taken by Prof B J Mason, Imperial College, 
London) cast doubt on the concept of epitaxy For 
one thing, the ice crystals preferentially form at steps 
in the silver 10dide crystal face where epitaxy cannot 
exist in all directions For another, the hexagonal 
pattern does not appear until the growing ice crystal 
has gained some size Finally, many ice crystals are 
formed on a single silver iodide crystal so that the 
epitaxy does not extend over the entire face as in the 
usual case 

Some doubt was cast on the other direct measure- 
ments of the hydrophilic character of silver 10dide by 
Halsey’ 1n a brief note on the matter He concluded 
that ice and silver iodide surfaces are energetically 
incompatible although he was not considering cloud 
seeding at the tume He was freezing xenon on to 
various crystals to attempt to produce energetically 
uniform adsorbent surfaces 

Recent work m this Laboratory supports the con- 
tention that the silver iodide surface is rather hydro- 
phobic For one preparation, the value of the ratio 
of the Brunauer-Emmett-Teller areas for water to 
nitrogen surface area measurements were 2% H,0/ 
£ N, = 7/100, for another, 2 H,O/2 Ar = 37/100 For 
still another, & H,O/& N, = 27/100 These results 
compare with the X H,O/3: N, = 1/1,500 obtamed? for 
the almost completely hydrophobic graphitized carbon 
black, ‘Graphon’ 

Further work 1s 1n progress to try to establish the 
surface characteristics of silver 1odide For this 
purpose, high surface area, samples in sizeable quan- 
tity are desired These are difficult to prepare, and 
then to outgas without severe sintering’ 
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Our present hypothesis 1s that the steps in the 
silver iodide surface possess hydrophilic, possibly 
oxide, sites On these the water molecules first adsorb 
in clusters much as on 'Graphon' or graphites Even- 
tually, when the nucleation process 1s carried out at 
low temperatures, the 1ce crystal structure develops 

It seems reasonable to suspect higher sticking 
coefficient for the water on to earlier adsorbed mole- 
cules if they are not highly organized and ‘busy’ 
interacting strongly with the substrate This situa- 
tion would probably prevail 1f water molecules could 
be adsorbed all over the surface as on an oxide This 
possible explanation of the efficacy of silver 1odide 1s 
strengthened by the recent work of Eyrmg? on the 
sticking coefficient of many atoms and molecules on 
a number of surfaces He finds that the more ordered 
the molecules are in the surface, the lower 18 the 
sticking coefficient The molecules do not want to pay 
the ‘entropy price’ and thus more of them rebound 

Possibly clays are good seeders because of the 10n 
exchange sites which also build up water clu sters, and 
proteins, reported by "Vincent Schaefer to have 
excellent cloud seedmg properties, are effective 
because of the separated polar sites at which water 
clusters ean develop 

We wish to thank the National Science Foundation 
for a grant ın support of this work 


A C ZETTLEMOYER 
NOUBAR TCHEUREKDJIAN 
J. J CHESSICK 
Surface Chemistry Laboratory, 
Lehigh University, 
Bethlehem, Pennsylvania. 


1 Overbeek, J Th G, in Colloid wane: edit by Kruyt, H R,1 
(Elsevier Pub Co, Amsterdam, 9) 


2 Maron a J, The Physics of Clouds y Univ Press, London, 


3 Burstein, S J, J. Meteorol , 12, 324 (1955) 


4 Harkins, W D, The Phyncal Coemtslty of Surface Films, Chap 3 
(Rheinhold Pub Corp , 1952) 


ë Moskvitin, N N , Dubin, M M ,and Sarakhov, A I, Izvest Akad 
Nauk SSR , Otdel, Khan, Nauk, 12, 2080 (1959) 

e Vonnegut, B, J App Phys, 18, 593 (1947) 

7 Karasz, E H , Champion, W M , and Halsey, jun, A D,J Phys 
Chem , 60, 376 (1956) 


5 Young, G J, Chessick, J J , Healy, F H , and Zettlemoyer, A C 
J Phys Chem, 58, 313 (1954) 


* Eyring, H , and Wanlass, F M, Abstr Papers, Dw Colloid and, 
Surface Chem Amer Chem Soc (St Louis, Missouri March 1961 ) 


Production of ‘Active’ Magnesium Oxide 
by heating in Vacuum 


WHEN samples of precipitated magnesium 
hydroxide were heated ın air for a fixed period of 2 
hr at a succession of temperatures (T° C ) Gregg and 
Packer! found that the specific surface area S (de- 
termined by the Brunauer-Emmett-Teller method 
with nitrogen at — 183? C) when plotted against T 
gave the curve I reproduced in Fig 1. 

Conducting a similar experiment with starting 
material similarly prepared and having a simular 
specific surface (60 m? gm.-! as compared with 
56 m ? gm -), but heating ın vacuo, we obtamed curve 
II of Fig. 1 the temperature at which the maximal 
area was obtamed has been lowered from c 390° C 
to c 300° C and the maximal area has been raised 
from 190 m ? gm -1 to 340 m ? gm -!, which 1s unusually 
high for ‘active’ magnesium oxide 

This effect of heatıng in sir as compared with 
vacuum 1s qualitatively sumlar to that reported by 
Razouk and Mikhail? working with the mineral brucite, 
but their areas were considerably lower, and the 
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Fig 1 Caleination of magnesium hydroxide in air (curves I and 
III, see ref. 1) and en vacuo (curves II and IV, present work) 


200 


maximum was situated at a higher temperature (air, 
maximal area, 37 m? gm.-}, at 500? C , vacuum, 
maximal area, 124 m? gm -!, at 350? C) This 1s 
possibly due to the larger crystallite size of the mineral 
brucite as compared with precipitated magnesium 
hydroxide 
An explanation of the superior ‘activating’ effect 
of heating m vacuum must await the results of 
experiments now 1n progress in this laboratory, but 
ib ıs probably connected with the higher rate of 
decomposition n vacuo, and the reduction m sintermg 
because of the lower temperature required for nearly 
complete decomposition (see curves III and IV) 
R. VALVERDE 
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Catalytic Decomposition of Ethylene on 
Nickel 


THE mechanism of the hydrogenation of ethylene on 
nickel has been studied intensively for at least 
thirty years; but there ıs still little agreement as to 
the exact nature of the intermediates present on the 
metal surface durmg the reaction On the other hand, 
examination of the chemisorption and dissociation of 
ethylene on nickel in the absence of gaseous hydrogen 
has been shght and mostly confined to ambient 
temperaturesb? This is surprising as the products 
and mechanism of ethylene dissociation can play an 
important part in hydrogenation, exchange and other 
reactions 
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The decomposition of ethylene on nickel has been 
studied as a function of temperature m the range 
—30° C to 200°C 148 gm of high-purity carbonyl 
nickel were loosely pressed into pellets 1 in ın diam- 
eter, reduced in a stream of hydrogen at 400? C for 
6 hr and then evacuated at 400? C for 12 hr to a 
residual pressure of 1 x 10-99 mm Experiment 
showed that no hydrogen remained on the metal after 
this treatment. 6 mm of purified ethylene were then 
allowed to stand over the catalyst for a period of 
4 hr at each of the temperatures studied, the volume 
of the system being about 130 c c. At the end of this 
period, the eontents of the gas phase were condensed 
in a trap cooled i lhquid nitrogen ‘The non- 
condensable pressure was found to be due to methane 
The contents of the trap were analysed with a gas- 
chromatograph, using helium as carrier gas and a 
silica gel column The results are shown in Fig 1, 
in which the composition of the gas phase 1s plotted 
against the temperature of the catalyst. 
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Fig 1 Temperature-dependence of the products of reaction of 
ethylene (6 mm pressure) with nickel after 4 hr Gas concentra- 
ons O, CHa, ©, €,H,, 4,CH,, D, Ha 


At temperatures below 60° C., the products are 
ethane and hydrogen, obtained by self-hydrogenation 
of the ethylene This effect has been studied at 20° C 
by Rideal and Jenkins, who suggest that ethylene ın 
the gas phase reacts with chemisorbed hydrogen, 
obtamed by dissociative adsorption of ethylene. 


CH, = CH,— CH = CH + HH 
* * * * 


The self-hydrogenation of ethylene was further 
studied by Beeck?, who states that at —39? C. no 
ethane was produced. In the present work, however, 
appreciable quantities of ethane were found after 
reaction at — 30? C and the rate of self-hydrogenation 
was found to be measurable down to — 78° C. The 
quantity of hydrogen evolved on self-hydrogenation 
was always small and less than 5 per cent of the 
ethane produced. No C, higher hydrocarbons or 
polymerization products were detected at low tem- 
peratures, this result 1s at variance with that of 
Morikawa et al t, who found 29 per cent butane among 
the products at 0? C. Above 60? C , methane began to 
appear in the gas phase due to the cracking of ethylene 
and ethane present, the concentration of the latter 
decreased rapidly above 150° C and, at 200° C., the 
gas phase consisted entirely of methane. 

The overall composition of the adsorbed residues on 
the surface can be calculated m the form, (CH,)z, as 
shown in Fig 2 At 0? C, these residues have an 


November 18, 1961 


No 4803 


20 


10 


n= Hie 


0 = 
—30 0 30 60 90 120 150 
Temperature (? € ) 


180 210 


Fig 2 Temperature-dependence of overall composition of surface 
residues (CHn)zx 


average composition corresponding to (CH, 5)z, but 
the value of n decreases rapidly with imcreasing 
temperature as hydrogen ıs progressively removed 
from the surface These observations agree with 
those of Rideal and Jenkms?, who found that the 
residues had an average composition at 20? C approxi- 
mating to that of acetylene, or » = 1 However, 
Pickermg and Eckstrom?* found no infra-red evidence 
for the presence of C—H. bonds on the nickel surface 
under these conditions Sabatier? found that complete 
earbonization of nickel occurred with ethylene at 
300° C, but 1t appears from the present work that 
the metal surface 1s essentially free of hydrogen at 
200° C All adsorbed residues could be completely 
removed and the metal restored in activity by the 
reduction and evacuation procedure described here. 
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Role of Keto- Enol Tautomerisin in the 
Polarographical Reduction of Some 
Carbonyl Compounds 


DURING some polarographical investigations of 
certain o-amunoketones! and on the elumimation of 
Mannich bases? experimental data were gathered, 
which can be explained by the occurrence of keto-enol 
transformation Though considerable attention has 
been paid to the mechanism of polarographical 
reduction of carbonyl compounds’, no experimental 
evidence has been adduced for the participation of the 
keto-enol tautomerism in the reduction of the carbon— 
oxygen bond This follows from the fact that, 1n most 
cases examined, the keto form is the predommating 
form, and in buffered solutions used, establishment of 
keto-enol tautomeric equilibrium 18 fast However, 
the decrease of the limiting current of some keto acids 
has recently been interpreted‘ as being influenced by 
the keto-enol equilibrium m addition to hydration 
Experimental evidence for the role of enolization in 
the behaviour of substances like acetyl and acetonyl 
acetone’ 18 unconvincing On the other hand, ıt has 
been discovered that the enolate form participates 
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Fig 1 Dependence on pH of waves fo rphenyl vinyl ketone 
Britton-Robinson buffers, 1 x 10-*M phenyl vinv] ketone 
Curves starting at 1-6, -04 V, 7-11, -06 V, 12 and 13, 
—08V 200 mV (absc), saturated calomel electrode, h =56 em , 
tı = 808ec , m = 33 mgm /sec,, full-scale sensitivity, 2 0 “amp 


when anodic waves occur, corresponding to the 
formation of mercury salts, in alkaline solutions of 
enolizable ketones (Heyrovský, M , private commun1- 
cation)  Keto-enol equilibria were involved also in 
the complicated and, in some ways, questionable 
scheme derived for the reduction of thenoyl trifluoro- 
acetone 

Since the conditions for detecting keto-enol tauto- 
merism in solutions are unfavourable, we have 
focused attention on cases where the carbonyl com- 
pound 1s formed electrolytically at the surface of the 
electrode 

As an example of such an electrode process the 
reduction of phenyl vinyl ketone 1s first mentioned 
In this case (Fig 1) a two-electron reduction occurs 
first in two one-electron steps m acid solution, 
followed by waves at more negative potentials. The 
half-wave potentials of the latter are practically 
identical with those for propiophenone The partici- 
pation, of keto-enol tautomerism 1s deduced from the 
dependence of the height of this more negative wave 
on pH and buffer composition It 1s assumed that 
irreducible enol formed as a reduction product in the 
first two-electron step 1s transformed by an acid-base 
catalysed reaction into the reducible keto form The 
rate of formation of the keto form from the enol form 
governs the limuting current of the more negative 
wave, which acquires a kinetic character The 
assumed irreducibility of the enol form 1s m agreement 
with the behaviour of stilbenes Stilbene itself is 
reduced at —23 V and the mtroduction of a 


hydroxyl group could result (p* = + 030 V, oby = 
+ 0 25) in a shift of maximum by + 01 V. 

Hence the mechanism of reduction can be depicted 
as follows 


pH <2 
{ CHC — CH=CH, + e — C,H,C — CH=CH, 


| 


| H* 
11 


| 
OH 


2 C,H ,C—CH—CH, --— Dimer 
L OH 
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OH OH 


12 
ð -ô 
C,H,C——CH ——CH, 4- H*——C,H,C—CH— CH, 


| OH H 
f acid catalysis 
C,H,C=CH—CH,  . '€,H,—C—CH, CH, 
OH slow step OH* 


C,H,C—CH,*CH,+ e = C,H,C CH, CH, 
| 
OH+ 





OH 

OH 

| 

C,H,—C—CH, CH, 
2C,H,;C CH, CH, — 

| C,H,—C—CH, CH, 
OH 

OH. 


pH 4-6 Waves 1 1 and 1 2 identical as for pH < 2 
base catalysis 
C,H;—C=CH—CH,* me C,H; [C CH, CH, 


OH slow step 


slow step 


21 E CH, CH-H« |. -~ CH, C CH, CH, 


O H* 


C,H,C CH, CH, + e = C,H, 0 CH,CH, 


= 
l H 

and dimerization as in 2 | 

pH 6-9 





C,H,C CH—CH, 4- 2e 
| 


13 3 zj 
C,.H,C=--CH===-CH,+ 2H+ ——> C,H ,C—CH—CH, 
| O- OH 
base catalysis 
— C,H, C CH, CH; 
slow step Ó 


C,H, C=CH—CH, 
OH 


(=) 
— C,H, C CH, CH, 





232 C,H, C CH, CH, + 2e 
| 


(=) 


O— OH 


The factors governing the dependence of the lumit- 
ing current on pH are, 1n acid solutions, the rate of the 
acid.catalysed. ketone formation, ın medium pH- 
range, either the rate of the base-catalysed ketone 
formation or of the protonation of the ketone formed, 
and finally at higher values of pH, base catalysis of the 
ketone formation. 

Essentially the same explanation applies also 
for the dependence on pH of the limiting cur- 
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rents of acetophenone, when ıt is formed from 
C,H, CO CH,—X (X = halogen, NR,t, OR, SR, etc ) 
observed by Zuman and Horák? and Lund’ The 
enolate 10n C,H; CO CH,(-) formed ın the first step 
accepts a proton more quickly on oxygen than on 
carbon, and the polarographically mactive enol 
C,H; C (OH)—CH, 1s thus the predominating form 
in the first reduction step 

This enol 1s transformed either by an acid-catalysed 
reaction into the protonized form (21), when an 
merease of the one-electron wave with decreasing pH. 
IS observed, or by a base-catalysed reaction (2 1’), 
with subsequent protonation, of the ketone formed 
The rates of ketone formation and protonation bemg 
comparable, the resulting current first increases and 
then decreases with increase of pH (Fig 26). The 
decreasing part of this dependence, limited by the 
rate of protonation, 18 identical with that found for 
acetophenone Finally, the unprotonized keto form 
due to reaction catalysed by a base can be reduced 
in a two-electron step (2 3) at more negative potentials 

In accordance with this supposition the dependence 
on pH of the more negative wave ıs little affected by 
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Fig 2 Dependence on pH of limiting currents 
The more negative wave for phenyl vinyl ketone (la, 1b) com- 
pared w.th waves for propiophenone (2a, 2b) ia, 2a, one-electron 
wave, Ib, 2b, two-electron wave 
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Fig 2 Dependence on pH of limiting currents 
The more negative wave for w-propiophenone methoiodide 
(halved eireles) compared with waves for propiophenone (circles) 
1, One-electron wave, 2, two-electron wave 
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the nature of X in C,H; CO CH,—X, but depends both 
on substitution m the phenyl ring and on the methyl- 
ene group»? 

Ihe course of the reduction of phenyl vinyl ketone 
1s also consistent with the idea that the reduction of 
the protonized form leads to inactive C,H, CH(OH)CH. 
CH), while that of the unprotonized form leads to 
C,H, CO CH, CH; The mcrease in height of the 
wave would be a function of rate of proton transfers 
only, but this would scarcely explam the mcrease of 
the propiophenone wave in acid media 

The effect of keto-enol tautomerism on, the polaro- 
graphic curves of ketones formed at the dropping 
mercury electrode is bemg investigated further 
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Modification of the Properties of Flour 
Protein by Thiolated Gelatin 


RECENTLY, both Hird’s group! and Mecham et al ?:? 
have suggested that many characteristic properties 
of dough may be accounted for by postulating that 
the flour protems participate m sulphydryl-disulphide 
interchange reactions Sokol and Mecham‘ have 
pointed out, however, that there 1s as yet no direct 
evidence that such reactions do occur m dough 
Thus further evidence bearmg on this attractive 
hypothesis 1s desirable 

As a contribution to this question we have exam- 
ined the effect of directly addmg, to dough, protem 
contaiing sulphydryl groups For this purpose we 
have used gelatin with —SH groups ‘built in’ by the 
thiolation procedure of Benesch and Benesch’, com- 
paring this thiolated protem with normal gelatin 
which has a neghgible content of sulphydryl groups 

The effect on some of the physical characteristics 
of dough was examined by stretchmg the doughs 
on an extensometer, thus obtamung load-extension 
curves (cf Halton) Secondly, using these doughs, 
determinations were made of the content of hydroxy- 
proline 1a the gluten, as this msoluble protein com- 
plex 18 primarily responsible for the rheological be- 
haviour of dough Since there 1s about 14 5 per cent 
hydroxyproline in the gelatin and none in normal 
gluten, its presence would indicate an association m 
the gluten of flour proteins and gelatin 

Unyeasted doughs were made by mixing 28 gm. 
flour with sodium chloride solution (25 per cent) 
Gelatin, thiolated gelatin or other substances to be 
added were dissolved in the salt solution immediately 
before adding it to the flour After mixing, the doughs 
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were rested for 1 hr and then stretched on the ex- 
tensometer These operations were carried out at 
26 6°C Glutens were then washed from the doughs 
with warm water and hydrolysed with acid The 
neutralized hydrolysates were dissolved in 0:1 M 
ertrate buffer, pH 22, and then passed through a 
column of ‘Zeokarb 225’ to separate hydroxyproline 
from tyrosine, which interferes ın the determination 
Hydroxyproline was determined, in the appropriate 
fraction from the column, by the method of Neuman 
and Logan’ 

The extensometer measurements showed that with 
freshly prepared samples of thiolated gelatin the 
extensibility of the dough was increased and the 
elasticity decreased, as compared with the control 
doughs In the control experiments with normal, 
unthiolated gelatin no significant changes m the load- 
extension curves were observed  Followmg Benesch 
and Benesch, the preparation of thiolated gelatin had 
been passed through a column of ‘Amberlite 400’ to 
remove any N-acetyl homocysteine formed during 
the thiolation reaction It ıs to be presumed, there- 
fore, that the observed modification of the physical 
properties of dough were not due to traces of this 
compound but to protem sulphydryl 

As additional control expermments we have also 
made doughs containing mixtures of normal gelatin 
with respectively cysteine, homocysteime, partially 
hydrolysed N-acetyl homocysteme thiolactone, and 
determined the hydroxyproline content of the gluten 
from these doughs The results 1n Table 1 show the 
quantity of gelatin ‘bound’ per 28 gm flour, as 
calculated from the content of hydroxyproline 1n the 
various gluten hydrolysates 


able 


1 
C m to dough Gelatin added Gelatin ‘bound’ 


28 gm flour) to dough to gluten 
(mgm ) (mgm ) 

Normal gelatin 156 5 
Normal gelatin 156 5 
Thiolated gelatin 160 60 
80 38 

Gelatin and homocysteine 156 7 
Gelatin and cysteine 156 6 
Gelatin and partially hydrolysed 160 6 
N-acet;1 homocysteme thiolactone 160 8 


These results show that while a significant propor- 
tion of the thiolated gelatin becomes firmly associated 
with the gluten, this degree of binding 1s not observed 
with gelatm or with mixtures of gelatin and —SH 
compounds of low molecular weight The evidence 
at present 18 insufficient to decide whether this 1s 
due to interchange reactions leading to the formation 
of mixed flour protem-gelatin disulphides or whether 
it 1s due to the association of the tholated gelatin 
by other mechanisms, for example, by hydrogen 
bonding, or formation of insoluble disulphide gelatm 
Experiments are m progress which 1b ıs hoped will 
provide further evidence on this question. 
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Separation of Low Molecular Weight 
Peptides from Amino-Acids on 
‘DEAE-Sephadex’ 


MerxHops are now available for the separation of 
ammo-aeids from peptides, with a molecular weight 
greater than 1,000, by molecular sieving on cross- 
linked dextran gels? However, the separation of 
peptides of lower molecular weight from all their 
constituent amimo-acids is often difficult because of 
their simular physical properties Recently I de- 
scribed a method for the separation of neutral amino- 
acids from neutral peptides of low molecular weight 
on the anion exchanger ‘Dowex-l’ with ammonium 
acetate buffer pH 865 (ref 3) At this pH. the 
monoaminomonocarboxylic acids, which all have pK 
values for the ammo group greater than 90, are 
predommantly m the neutral form, whereas many 
peptides of these amimo-acids have pK values less 
than 8 3 and thus are predominantly m the anionic 
form (pK values from Cohn and Edsall‘) This 
method had the disadvantages that the aromatic 
amino-acids were strongly adsorbed on the resin, 
and that traces of amino-acids contammated the 
peptide fraction 

An improved method is now described using the 
anion exchanger “‘DEAE-Sephadex’, with colhdme 
acetate buffer and a pH gradient elution Rudloff 
and Braunitzer® used this buffer and “‘Dowex-]’ resin 
for the fractionation of peptides from a partial 
hydrolysate of hemoglobm ‘This buffer system has 
several advantages over the ammonium acetate solu- 
tion used in the earlier method. It gives better 
control of pH, 1s more volatile, and does not interfere 
with the estimation of ammo-acids and peptides by 
the nmhydrin reagent By using a pH gradient 
elution it 1s possible to separate neutral peptides 
from acidic amino-acids Mixtures of pyridine and 
acetic acid have been recommended as solvents for 
separation by molecular sieving on ‘Sephadex’ and 
'"DEAE-Sephadex' (ref 2) 

There are also advantages m using the diethyl- 
amuno-ethylether (DEAE) derivative of cross-hnked 
dextran gel rather than the quaternary ammonium 
derivative of polystyrene DEAE exchangers have 
a reasonably high capacity m the pH 8 region’ 
With 'DEAE-Sephadex' the functional groups are 
mainly inside the gel grains, and thus when they are 
charged, ions of opposite charge will be repelled 
from the grams Porath and Lindner? showed that 
aromatic compounds, which are strongly adsorbed 
on polystyrene resins and dextran gels, can be effect- 
ively fractionated on ‘DEAE-Sephadex’, since m- 
tumate contact with the strong adsorption centres 
18 avoided. Hence, a separation of aromatic ammo- 
acids from peptides should be possible on this 
material. 

To illustrate the use of this method, a mixture of 
a typical tripeptide, Dr-leucylglycylglyeme, and 
twelve common r-amuno-aeids was fractionated and 
the result is shown ın Fig 1 ‘DEAE-Sephadex’ 425 
(Pharmacia, Uppsala, Sweden, Lot No To7871M , 
particle size 100-270 mesh) was cycled with 05 M 
hydrochloric acid and 0 5 M sodium hydroxide and 
converted to the acetate form with 05 M acetic acid 
A column 20 cm x 1 em diameter was thoroughly 
equilibrated with 01 M colhdme (2,4,6,-trumethyl- 
pyridine) acetate buffer pH 855, prepared from 
water free from carbon dioxide The amino-acids 
were each approximately 25 mM and the peptide 
50 mM 1n the buffer with the pH adjusted to 8 45 
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Fig 1 Separation of Dr-leucvlglycylglycine from L-amino-acids 

on a column of 'DEAE-Sephadex' A25 (for details see text) 

O, total ninhydrin colour of fraction expressed as nM equivalents 

of leucine , 6, pH of fraction, Peak 1, lysine, 2, proline (as uM 

proline) , 3, alanime, glycine, valine, leucine , 4, serme , 5, phenyl- 

alanine , 6, tyrosine , 7, leucylglycylglycine, cystine , 8, glutamic 
acid, aspartic acid 


Cystine, which would be eluted with the peptide, 
was first partially oxidized to eysteie acid by treating 
10 ml of the mixture with 005 ml 30 per cent 
hydrogen peroxide and evaporating to dryness, «n 
vacuo, in less than 10 mm at room temperature 
The mixture was transferred to the column with 
1 5ml buffer A total of 20 ml of buffer was placed 
between the top of the column and the mixing 
chamber, which contained 150 ml buffer Elution 
was started and a gradient m pH established using 
01 M acetic acid until fraction No 45, when 10M 
acetic acid was used Fractions of 25 ml volume 
were collected at a rate of ll/hr The temperature 
was 30? C (room temp ) From each fraction 0 5 ml 
was analysed by the quantitative nmhydrin reagent, 
and the results expressed as leucine equivalents 
(umoles per fraction) The pH of each fraction was 
determined (some absorption of carbon dioxide 
occurred in the more alkaline fractions while they 
were in the collector, causing a slightly low value for 
the pH) The amimo-acid composition was determ- 
ined by paper chromatography 

The amimo-acids were eluted from the column in 
the order expected from the pK values of their 
amino groups! The aromatic ammo-acids were 
adsorbed to some extent but not so strongly as on 
the “‘Dowex-l’ resm Only fraction No 40 contamed 
both tyrosine and leucylglyeylglycine Ther separa- 
tion would be improved by re-running and taking 
smaller fractions. As the pH value of the eluant 
fell below 7 9 the peptide began to emerge. Cystine, 
because of its slightly acidic character, emerged with 
the peptide. It was possible to remove only 46 
per cent of the cystine by the oxidation procedure 
used More vigorous oxidation may damage other 
amino-acids*. However, cystine can be easily re- 
moved from most peptides by partition chromato- 
graphy When some other neutral peptides 
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DL-alanylglyeme, pr-alanyl-pr-alanme, pr-alanyl-pr- 
methionine, Dr-alanylglycylglyorme, glycylylglycine, 
diglycylglycme, glyci-r-leuecme and glycyl-r-trypto- 
phan) were chromatographed on this system, they 
also emerged when the pH value of the eluant fell 
below 80 No difficulty was experienced with the 
aromatic peptide glycylphenylalanine 

With the earher method? carbon dioxide was found 
to interfere with the separation, and the formation 
of carbammo-acids was suggested to explam the 
presence of a&mmo-acids m the peptide fraction 
However, using *DEAE-Sephadex' 16 was possible to 
separate leucine from glycylglycime with 01 M 
colhdme carbonate buffer pH 85 This matter 1s 
being mvestigated m greater detail Recently the 
separation of amino-acids and peptides on DEAE- 
cellulose with carbonic acid was reported?. 

I wish to thank Prof T F Dixon for his criticism 
of the manuscript, Dr R L M Synge for his interest 
and encouragement of this work, and S Kanason 
for technical assistance 
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Demonstration and Some Properties of 
Peroxidase in Pig Thyroid Gland 


ALTHOUGH it has been postulated by various 
authors!? that the thyroid contains a peroxidase 
which plays an essential part in the synthesis of 
organically bound iodine, the available data do not 
seem to be sufficient to prove its presence This 
communication submits distinct evidence for the 
presence of peroxidase 1n pig thyroid tissue, especially 
in 1t8 microsomes 

In this work an assay? employing guaiacol mstead 
of 10dide as a hydrogen donor was used, since this 
method is not only sensitive and convenient to 
carry out but also makes ıt possible to obtam the 
initial rate of reaction, which 1s difficult to measure 
using 10dide as a hydrogen donor Peroxidase activity 
in the preparation was expressed in terms of specific 
and total activity (see Table 1) 

It was found by this assay method that thyroid 
homogenate always revealed fairly strong peroxidase 
activity although the activity varied considerably 
from preparation to preparation The activity m the 
homogenate disappeared entirely after boiling for 
2 min. 

The distribution of peroxidase activity in the sub- 
cellular fractions 18 given 1n Table 1, which shows that 
both specific and total activity are greatest in the 
microsomal fraction Appreciable activity was also 
found in the nuclear and mitochondrial fractions, but 
this 1s thought to be attributable to unbroken cells and 
concomitant microsomes, respectively The activity 
due to contaminating hemoglobin in the particulates 
was estimated to be negligibly small on the basis of 
the measurement of the amount of hxemoglobm 
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Table 1 INTRACELLULAR LOCALIZATION OF PEROXIDASE IN PIG 


THYROID 


Pig thyroid slices were washed repeatedly with 09 per cent sodium 
chioride solution, blotted with filter paper, and a 10 per cent tissue 
suspension was homogenized m a 0 25 M sucrose solution using a Waring 
blender Sediments obtained by differential centrifugation were dis- 
persed uniformly ın phosphate buffer, pH 70 The enzyme assay svstem 
contamed 10 ml of 0 1 M phosphate buffer, pH 7 0, 10 ml of 01M 
guaiacol an adequate amount of the tissue fraction, 0027 ml of 
0 03 M hydrogen peroxide, and water to a final volume of 3 03 ml 

The over-all reaetion was followed by & Beekman spectrophotometer 
at 20°C by measuring the absorbance at 470 mg (ref 3) One unit of 
peroxidase activity 18 defined as an increase in absorbance of 1 0 per 
sec under the conditions specified above Specific activity refers to 
the number of units per mgm of nitrogen 














i | " 
| Specific Total 
activity activity 
Fraction Prepara- | (milli-units | (milli-units 
tion per mgm per gm 
l | nitrogen) | wet tissue) 
Homogenate | a | 125 | 250 
| b 95 102 
Sediment 700g, 10 min t 190 24 0 
(nuclei) b 95 31 0 
Sedimer.t 5,000g, 10 min a 16 3 121 
(mitochondria) b 23 6 113 
Sediment 80,000g, 30 min a 770 08 5 
(mrcrosomes) b 68 1 | 63 0 
Supernatant 80,0005, a 22 17 5 
0 min b 09 61 








c refera to experiments that started from pooled glands of seven pigs, 
b from ten pigs 


contained in the preparations and of the peroxidative 
activity of crystalline horse hemoglobin under the 
same conditions 

The microsomal peroxidase was found to have the 
following properties (1) The Lineweaver-Burk plot 
at a constant concentration of guaiacol (33 mM) 
was lmear in the range of the concentration of 
hydrogen peroxide, 03-003 mM Beyond a con- 
centration of hydrogen peroxide of 0 4 mM, distinct 
inhibition was observed, mcreasing with the increase 
in the hydrogen peroxide concentration The Line- 
weaver-Burk plot at a concentration of hydrogen 
peroxide of 0 27 mM was linear 1n the range of the 
concentration of guaiacol studied (64-09 mM) 
(2) The pH optimum was about 8 6 under the con- 
ditions of the standard assay system except m the 
case of pH. (3) The enzyme was inhibited by potas- 
sium cyanide, sodium azide, and sodium fluoride, ın 
such a way that the percentage mhibition versus the 
logarithm of the concentration of each reagent 
represented a sigmoid curve of the first order The 
concentrations for 50 per cent inhibition were 
22 x 10-5.M, 13 x 10-5 M and 5 8 x 10-3 M, respec- 
tively The inhibition by cyanide was caused, on the 
basis of kmetic study, by the competition with hydro- 
gen peroxide for the enzyme ‘These facts suggest 
that the enzyme ıs probably a hemoproteim, as are 
other known peroxidases (4) The enzyme was 
completely inhibited by thiouracei and 3-amino-1,2,4- 
triazole at a concentration of 2 mM, whereas ıt only 
partially mbibited by the same concentration of 
potassium perchlorate and potassium thiocyanate 

It was found that the microsomal peroxidase was 
rendered soluble by treatment with 1 per cent digi- 
tonin for 40 mm at 2° C This enzyme was further 
purified about two-fold by salting-out with ammonium 
sulphate between 40 and 60 per cent saturation. The 
purified enzyme revealed practically the same 
properties as the one bound m the microsomes. 

The partially purified enzyme preparation was able 
to catalyse, ın the presence of enzyrmeally generated 
hydrogen peroxide, the ineorporation of substrate 
amount of 10d1ide into thyroglobulin as efficiently as 
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thyroid particulate fraction did! It was also possible 
(unpublished observations of Dr M Suzuki of this 
Institute) for the enzyme preparation to catalyse the 
10dination reaction of tyrosine under the experimental 
conditions of Alexander? These results seem to show 
that the thyroid peroxidase dealt with ın this com- 
munieation eatalyses the peroxidation of 10dide and 
probably plays an important part in the hormone 
synthesis in thyroid tissue 
We thank Dr M Suzuki of this Institute for carry- 
mg out one of the experiments 
Torcuigo HosovA 
NosBuo UI 
Institute of Endocrinology, 
Gunma, University, 
Maebashi, Japan 
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Transaminase Activity in Arterial Tissue of 
the Rabbit 


Rinehart and Greenberg! observed a marked 
thickening of the mtima and deposition of lipid m 
pyridoxine-deficient monkeys Though the role of 
pyridoxine as an essential co-factor in fat and protein 
metabolism has been well established, the precise 
mechanism of atherogenesis in pyridoxine deficiency 
has not been elucidated Goswam: and Sadhu?! have 
adduced evidence tendimg to show that the hyper- 
cholesterolemuia of pyridoxine deficiency 18 not related 
to unpairment of formation of arachidonic acid. The 
possibility that atherogenesis may be a consequence of 
defective formation and mamtenance of collagen 
and elastic tissue brought about by decreased trans- 
aminase activity therefore gams added importance 
However, while the transamimase activities of several 
tissues, both under normal and pathological condi- 
tions, have been examined, very little work has been 
reported on the transaminase activity of arterial tissue 
The present communication reports the demonstration 
of significant transaminase activity 1n arterial tissue 

Adult male rabbits weighing approximately 1 kgm 
were killed, and different segments of arterial tissue 
dissected out, homogenized in a Potter-Elvehjem 
homogenizer at 0° C with disodium phosphate (0 1 M) 
buffer of pH 7 4, and centrifuged at 2,500 rpm for 
10 min ın the cold The supernatant was examined for 
transaminase activity Portions were incubated with 
different r-amuino-acids (glutamate, aspartate and 
alanme) as amino donor and «-keto acids (a-keto- 
glutarate, oxaloacetate and pyruvate) as amino 
acceptor. ‘The incubation muxture for the assay of 
enzyme activities consisted of 1 0 ml of crude extract 
(03mgm nitrogen/ml ), 02ml of 0 1 M ammo donor 
and 02 ml of 02 M ammo acceptor The samples 
were incubated for 1 hr at 37? C The protein was 
precipitated by boihng the samples for 10 min, 
cooling and then adding acetone to 5 ml volume The 
samples were centrifuged and 0 04 ml of the super- 
natant flud was taken for paper chromatographie 
determination of amino-acid in the reaction product 
(Table 1) 

High transaminese activity was noticed with 
aspartate + «-ketoglutarate and with glutamate + 
oxaloacetate No transaminase activities were noticed 
with glutamate + pyruvate, aspartate + pyruvate, 
alanine + «-ketoglutarate or alanine + oxaloacetate 
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TRANSAMINATION OF DIFFERENT IL-AMINO-ACIDS 
a-KETO ACIDS 


Amuno acceptor 
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Table 1 WITH 


Amino dono Amuno-acid formed 


Aspartate a-Ketoglutarate Glutamate 
Alanine a-Ketoglutarate Nu 
Glutamate Oxaloacetate Aspartate 
Aspartate Oxaloacetate Nil 
Aspartate Pyruvate Nil 
Glutamate Pyruvate Nil 


The variation in tiansamunase activity within the 
pH range 4 0-10 0 was examined using aspartate and 
a-ketoglutarate The optimum pH was found to be 
between 70 and 80, maximum transammation of 
the keto-acid was observed after 30 mın of mcubation, 
with no further increase thereafter. Agemg of the 
extract at room temperature (30° C ) for 4-6 hr or m 
the refrigerator for 4-5 days did not lower the trans- 
aminase activities appreciably 

The transaminase activity was found to be inhibited 
after pre-incubation of the extract (at 37°) with 
p-chloromercuric benzoate (10-4 M), mercure chloride 
(5 x 10-5M) and silver nitrate (5 x 10-5 M). But 
when incubated with cysteine, p-chloromercuric 
benzoate could not mhibit the transaminase activity 
Enzyme activity was unaffected by pre-meubation 
with deoxypyridoxine (10-* M), potassium cyanide 
(10 M), hydroxylamime hydrochloride (10-* M), 
2,4-dimtrophenyl hydrazine (10-* M), 8 0 oxiqumo- 
Ime (10-4 M) and penicillamine (10-4 M) 

Detailed work dealing with the co-factor require- 
ments, purification, kinetics and other properties of 
the transaminase system ın normal and atherosclero- 
tic arterial tissues will be reported elsewhere 

J am grateful to Dr J C Ray, director of this 
Institute, and to Dr A Narayanaswami for their 
interest in this work 

DHURJATI PRASAD CHATTOPADHYAY 

Indian Institute for Biochemistry 

and Experimental Medicine, 
P-27 Prmsep Street, 
Caleutta, 13. 
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Interaction of VC-CEstrone with Tryptophan 
in the Presence of Peroxidase 


In 1955, Stotz et al } discovered an cestrogen-sensi- 
tive peroxidase in rat uterus and later these workers? 
found that those tissues which had a high rate of cell 
renewal also had high peroxidase activity This 
enzyme may therefore play a significant part ın cell 
proliferation and growth, and ıt was thought of 
interest to investigate its effect on cestrogens, using 
initially the very stable and more readily available 
horseradish enzyme In prelimmary experiments? 1t 
has already been shown that cstrone and other 
phenolic cestrogens could mteract with protem and 
certain &mmo-aeids when incubated with peroxidase 
under aerobic conditions, and the present communica- 
tion deals with this reaction mvolving tryptophan 

(16—C)oestrone (4,000 c p m in 10 ugm ) dissolved 
in 5 ml phosphate buffer pH 7 4 was incubated under 
oxygen with tryptophan (3 x 10-* M), manganese 
chloride (10-5 M) and horseradish peroxidase (10 
ugm ), for 5 hr at 37° C with constant shaking, and 
the amount of radioactivity remammg in the aqueous 
medium after extraction with ether was determined 
This was repeated under various experimental 
conditions In addition, each ethereal fraction was 
examined for cestrone or 1ts metabolites by chromato- 
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Table 1 PERCENTAGE CONVERSION OF !*Q-(ESTRONE TO WATER- 
SOLUBLE ETHER-INSOLUBLE PRODUCTS BY PEROXIDASE IN THE 
PRESENCE OF TRYPTOPHAN UNDER VARIOUS EXPERIMENTAL 
CONDITIONS 
Percentage of added 
radioactivity remaining 
in aqueous medium 
after extraction 
with ether 
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Experimental conditions 


Normal incubation * 


MnCl, omitted 


e 
oo 
on 


Tryptophan omitted 


Peroxidase solution boned 


Anaerobic incubation 
Ineubated with KCN (10-3 M) 
Ineubated with sodium azide (10-? M) 
Ineubated with sodium iodoacetate (10-^ M) 
Incubated with catalase (100 ugm ) 
Kynurenine substituted for tryptophan 
MnCl, omitted and incubated with H40, 
(2 x 10-5 M) 
MnCl, omitted, kynurenine substituted for 
tryptophan ne incubated with H,05 


e LA 
me Oka ooPmPmLunaoww 
Ww Me gem Oo lOO c E 0 00 


[un 


(2 x 10° M 138 
Tryptophan added after incubation and solu- 

tion immediately extracted with ether 22 
“C-Cstrone added after incubation and 

solution immediately extracted with ether 20 


*Incubation mixture peroxidase, 10 ugm, cestrone, 10 gm , 
MnCl, 107^ M, tryptophan, 3 x 10-3 M,in b ml 


graphy‘ followed by autoradiography* The anaerobic 
incubation was carried out in an evacuated Thunberg 
tube. 

The results in Table 1 show that horseradish 
peroxidase, m the presence of tryptophan, 1s able to 
convert cestrone to water-soluble ether-msoluble 
metabolites in high-percentage yields No such 
products were formed, in the absence of this amino- 
acid and only unchanged. cestrone could be detected in 
the ethereal fraction, showing that tryptophan was 
directly involved in the reaction and was not merely 
acting as a carrier No water-soluble compounds were 
formed when tryptophan oi cestrone was added only 
after incubation and the solutions immediately 
extracted with ether, and there 1s evidence that the 
tryptophan molecule was altered during the 1eaction 
This was indicated by the yellow colour of the solution 
after incubation and the change in ultra-violet 
spectrum, and was confirmed by chromatography 

The reaction was dependent on manganese 10ns and 
was abolished under anaerobic conditions or on boiling 
the peroxidase solution Cyanide and azide, which 
are known to affect iron-contammg enzymes, were 
also found to be mhibitory, but iodoacetate, which 
combines with sulphydryl groups, had no effect 

The marked inhibition by catalase suggests that 
hydrogen peroxide ıs involved. in the reaction and 
although added hydrogen peroxide in the absence 
of manganese was not very effective, even at concen- 
trations above 2 x 10-5 M, the results agree with the 
findings of Knox and Mehler®, who showed that only 
slowly generated peroxide could be utilized efficiently 
for the breakdown of tryptophan by liver peroxidase- 
oxidase Kynurenine, an oxidation product of 
tryptophan, which is not known to generate hydrogen 
peroxide with peroxidase, gave only very low results, 
but with added peroxide the yield of water-soluble 
products was as high as with the parent amino-acid 

These results suggest that horseradish peroxidase, 
acting as an aerobic oxidase, can utilize tryptophan to 
generate hydrogen peroxide and that afterwards, 
behaving like a true peroxidase, 14 converts cestrone 
to metabolites which interact with this amuno-aeid or 
1ts oxidation products However, the final proof for 
this hypothesis must await the isolation and 1dentifi- 
cation of the water-soluble complexes and ıb 1s also 
hoped to determine their physiological activity 
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Auxin Activity in Ether-insoluble Fractions 
of Extracts of Rhubarb Petioles 


DunixG the past four years efforts have been made 
m this laboratory to evolve methods suitable for the 
purification of coleoptile growth promoters known to 
be present ın water-soluble, ether-insoluble fractions 
of plant extracts In previous work! ethanolic 
extracts from which ether-soluble compounds had 
been removed were chromatographed directly In 
the present work large quantities of elongating 
rhubarb petioles were extracted, and it was necessary 
to purify these ‘final ethanol extracts’ further Two 
of the most promising procedures are described here 

(1) Alumna column purification Very clean pre- 
parations are obtamed when the ‘final ethanol ex- 
tract’ 1s run through an alumina column It has 
not been possible to specify the exact conditions of 
experiment necessary to give an active extiact 
Fig 1 shows some of the properties of an active 
preparation The general trend of the results has 
been confirmed m independent experiments, and 1s 
similar in many ways to other work on so-called 
‘mterconvertible’ auxins!? Four identical chromato- 
grams were prepared , one was assayed directly (a), 
and selected zones on the others were eluted in 
ethanol and then re-chromatographed (b-e) Since 
the activity 18 highly labile, distilled water was chosen 
as the chromatographic solvent, because of its 
neutrality and speed of runnmg Relative to the 
original chromatogram, the eluates show greater 
activity, except in the case of the Ry 0 55-0 7 eluate 
(c), which hes between two sources of promoter(s) 
on the origmal strip Elution without re-chromato- 
graphy does not give a comparable release of activity. 
Thus, when segments of a chromatogram are placed 
in separate vials and treated with ethanol for 2 hr 
(as in the standard elution procedure), then the 
ethanol evaporated off and bioassay medium added, 
there 18 no enhancement (f) If the whole chromato- 
gram ıs eluted and re-chromatographed, there 1s 
enhancement (e) It may be suggested that losses 
during manipulation lead to an mcrease m pro- 
motion by diluting the origmal quantities to less 
than supra-optimal concentrations Alternatively, 
release of promoter(s) from precursor(s) may be 
involved. 

(2) Tert -butanol chromatography Active prepara- 
tions quite distinct from those described above can 
be obtamed consistently by applymg the ‘final 
ethanol extract’ to Whatman No 3 paper as a strip 
and chromatographing at 30°-35° C using tert -butanol 
as solvent. Much anthocyanin and other material 
18 retained in the Ry 0-0 5 region, while some stimu- 
lators are washed farther down the paper (Fig 2a). 
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Fig 1 Avena coleoptile straight-growth activity on chromato- 
grams (method as in ref 1) Vertical scales 1epresent section 
length as percentage of controls Responses outside fiducial 
limits of controls are blacked in Each chromatogram represents 
10 gm fresh weight of petioles «a, Assayed directly, b, c, d and 
e, assayed after zones 0 2-0 5, 055-07, 08-10 and 0-10 re- 
spectively had been eluted and re-chromatographed, f, see 
text All assays were carned out on the same occasion 





120! 120 
100 100 
120 
100 
100 
0 02 04 06 08 10 0 0204 06 08 10 
Fig 2 a, Tert -butanol chromatogram of final ethanol extract : 


b, o and d, are re-chromatographed eluates using distilled water. 

b, isobutanol/methanol/water, 80 15, c, and isopropanol/ 

0880,ammonia/water, 8 1 1, d, as solvents d represents 
16 gm , the others 10 gm fresh weight of petioles 


Th active zone can then be eluted and re-chromato- 
graphed with other solvents on Whatman No 1 
paper Histograms of activity for three solvents that 
have been commonly used in investigations of ether- 
msoluble auxins!? are shown in Fig 2b, c and d. 

Identification of two of the spots resolved by 1s0- 
propanol / ammonia / water was achieved usmg an 
extract of 8 kgm of petioles . 

Spot (1) Ry 0-025. Elementary analysis, titra- 
tions, 10n-exchange chromatography, and infra-red 
spectrum identified the material as the half ammonium 
salt of malic acid. Malic acid itself 1s not a growth 
stunulator in the assay system used (the medium 
contains citrate as part of the buffer solution), but 
the half ammonium salt, and ammonium (as phos- 
phate) are slightly active This particular spot may 
therefore be an artefact of ammomacal chromato- 
graphy 

Spot (u) This was located by its Ehrlich reaction 
(Fig. 2d) rather than its weak growth activity It 
was eluted and shown to co-chromatograph with 
27 X 10? uc aliquots of carbon-14 labelled trypto- 
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phan in a series of 21 different one-dimensional 
solvent systems 

When this žert -butanol method of purification was 
used checks were made to show that the ‘alumma 
auxins’ were absent There are other mdications 
that the two methods yield quite different substances 
For example, the ‘tert -butanol’ group do not show 
Ep shifts, or release of growth activity when zones 
of chromatograms run using water as solvent are 
eluted and re-chromatographed Agam, they are 
stable, and do not pass through an alumma column 

B E S. GUNNING 
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PHYSIOLOGY : 


Peroxide-like Substance in Alarmed 
Mice 

WHILE studying the production of an oxidizmg 
agent which could be extracted with butanol (here- 
inafter called ‘apparent peroxide’) in X-1rradiated 
mice, we found that some was produced without 
irradiation, merely by transferring the mouse some- 
what roughly to the small irradiation chamber 
(Work on irradiated and dummy-irradiated muce 
will be submitted to the International Journal of 
Radiation Biology) As this phenomenon may be of 
physiological interest we have made a few further 
observations on 1t 

The apparent peroxide was estimated with 
anaerobic leuco brilliant cresyl blue, approximately 
as previously deseribed!. The temporal sequence of 
experimental and control mice was randomized to 
eliminate secular effects Table 1 shows that merely 
lifting mice by their tails with rubber gloves (to 
avoid possible transfer of peroxide from the hands) 
produced a statistically significant difference im 
peroxide between six experimental animals and six 
controls. Table 2 shows the larger effect of lifting 
by the seruff of the neck with polythene-covered 
forceps. Fig 1 shows that the increase was maximal 
within 1 min after hftmg with forceps and that ıb 
fell to half the maximum in about 97 mmn 


Table 1 
Micromoles of peroxide/gm of mouse 
Not handled Lifted by tail 
0 13 0 24 
0 19 0 28 
0 23 0 25 
0 24 0 27 
0 28 0 25 
0 20 0 27 
Mean 0 21 0 26 


The difference 1n means would occur by chance about 1 in 50 times 
and 1s therefore significant 


Table 2 
Micromoles of peroxide/gm of mouse 

Lifted by scruff of 
Not handled neck with forceps 

0 23 0 35 

013 0 39 

027 0 33 

0 25 0 36 

0 24 037 

Mean 0 22 0 36 


The difference in means would occur by chance less than 1 m 1,000 
times and is therefore significant 
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Fig 1 Peroxide in alarmed mice as a function of time The 
figure beude the points are a value of the statistic ¢ between each 
experimental group (wavy line) and the untreated group (hort- 
zontal str ught Ime) The 5 per cent and 1 per cent levels of £ 
are 218 and 305 respectively The biological half-hfe of the 
peroxide is estimated bv interpolation to be 97 mın Each point 
represents a mean of seven mice The times were randomized 
in a Latin square 


The identity of the peroxide-hke substance or 
substances concerned 1s unknown. Adrenochrome, a 
possible though doubtful metabolite of adrenaline, 
has the necessary chemical properties ; but Table 3 
shows no mean difference between muce injected 
intraperitoneally with adrenaline and with saline, 
though both increase the apparent peroxide pre- 
sumably through alarm from the injection 


Table 3 
Micromoles of peroxide/gm of mouse 
Injected with Injected with 


saline adrenaline 
0 29 038 
0 29 0 34 
0 36 0 25 
0 33 0 22 
0 38 0 44 
Mean 0 33 0 33 


With adrenocorticotrophic hormone (Table 4) only 
a small mean difference above saline, statistically 
insignificant with groups of five mice, was found. 


Table 4 
Micromoles of peroxide/gm. of mouse 
Injected with 





adrencorticotrophic 
Injected with hormone 

saline (0 05 unit/mouse) 

0 95 0 38 

0 30 0 33 

0 25 n 24 

0 85 u 37 

0 24 031 

Mean 0 28 0 33 


The difference ın means would occur by chance about 1 in o tues 
and 1s not significant 


It 1s therefore possible that the present phen- 
omenon depends on some hitherto unknown com- 
ponent of the total response to alarm, involving 
perhaps autoxidation of unsaturated substances such 
as lmoleic acid to form hydroperoxides 

V J HORGAN 
J Sr L Pnuirror 

Medical Research Council 

Radiobiological Research Unit, 
Harwell, Didcot, Berks 


1Horgan, V J, Philpot, T St L, Porter, Barbara W., and Roodyn, 
D B, Bwchem J , 67, 551 (1957). 
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Evidence for Independence of Voltage of the 
Membrane Conductance of Rabbit Ventricular 
Fibres 


AT the present time the available evidence indi- 
cates that the prolonged repolarization phase of the 
cardiac action potential 18 associated with a drop in 
the membrane conductance to potassium ions (gx) 
which occurs during, or shortly after, the upstroke 
of the action potential and persists for the major 
part of the repolarization phase Noble’ has put 
forward a mathematical model which reproduces 
Purkinje-lke action potentials In this model, gx 
ıs an instantaneous function of the membrane poten- 
tial and falls when the membrane 1s depolarized 

We have previously shown?? that the displace- 
ment of membrane potential produced by hyper- 
polarizing current apphed durmg the repolarization 
phase of rabbit ventricular action potentials bears a 
linear relationship to the magnitude of the applied 
current This finding suggests that the 1onic con- 
ductance of the membrane does not change with the 
value of the membrane potential, as ıt should were 
1t to conform with Noble’s model 

The followmg experiment further affirms the mde- 
pendence of voltage of the ionic conductance of 
membrane action potentials of rabbit ventricular 
fibres The tissue was stimulated at a rate of 3 4 sec ~ 
Double-barrelled microelectrodes were used together 
with a current clamp and associated apparatus previ- 
ously described4 Hyperpolarizing current was passed. 
through the cell membrane via one barrel of the 
electrode, the other barrel recording the resulting 
potential change The current was started approxi- 
mately 50 msec before the upstroke of every fourth 
propagated action potential and terminated during 
the early half of the repolarization phase. A typical 
result 1s shown in Fig 1 A fairly accurate estimate 
of the hyperpolarization produced at any time is 
afforded by superimposing the crests of the two 
action potentials and measuring the potential dis- 
placement of the normal action potential and that 
occurring during flow of current‘. 

If the 10n1e conductances were dependent on volt- 
age then, during the hyperpolarization, they would 
assume new values, so that, at the break of the cur- 
rent pulse, the subsequent time course of potential 





Fig 1 Top trace current (hyperpolarizing) , calibration, 0 25 
pamp per large division Lower trace upper of the two, an 
action potential recorded before the application of current i 
lower trace action potential recorded during current flow The 
current pulse was started 50 msec before the upstroke of the 
action potential and terminated, as shown, during the repolar- 
ization phase Calibration 25 mV and 20 msec per large division 
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should differ from that of a normal action potential 
The outcome of the experiment 1s elearly shown m 
Fig 1, where the voltage displacement is close to 
90 mV. just prior to the break of the current. After 
the break of the current the membrane potential 
.returns within 10 msec to a time-course identical to 
that of the preceding normal action potential. 
Durmg this 10-msec. interval, a brief voltage spike 
may occur Its amplitude depends on the value of 
the current and the time of break of the current 
We believe that this spike is the result of a localized, 
non-propagated inerease in sodium conductance sub- 
Sequent to ‘reactivation’ produced by the preceding 
hyperpolarization However, even 1n these instances, 
the membrane potential returns to 1ts normal time- 
course after the spike 

These facts are m accord with the hypothesis that 
à sodium-carrying mechanism dependent on voltage 
exists in rabbit ventricular fibres, but that the sub- 
sequent decrease m gg, which normally follows the 
activation of such a sodium-carrymg mechanism, 1s 
mdependent of voltage 

lhis investigation was supported by the Life 
Insurance and Medical Research Fund of Australia 
and New Zealand. 

EDWARD A. JOHNSON 
J TOLE 


Department of Pharmacology, 
University of Sydney 
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Effect of .-Glutamic Acid on the Weight of 
Embryonic Chick Tibiotarsi cultivated 
in vitro 

IN a previous communication! the dose-response 
hne relating the final length of embryonie chick 
tibiotarsi cultivated «n vtro and the concentration 
of L-glutamine in the medium was described Further. 
more, ıt was shown that the presence of 25 mgm 
per 100 ml r.glutami:e acid m the medium had no 
effect on the position of the r-glutamine dose-response 
lne From this result ıt was argued that r-glutamie 
acid does not act as a precursor for L-glutamme in 
this system The purpose of the present communica- 
tion 18 to present additional results on the wet and 
dry weights of the same bones These results were 
not included ın the first communication since their 
discussion was irrelevant to the point at issue, and 
could have created confusion 

The experiment was a 2 x 3 factorial design ° 
l, 5 and 25 mgm per ml L-glutamine and 0 and 
25 mgm per 100 ml r-glutamie acid were incor- 
porated in all six treatment combinations in the 
chemically defined medium BGJb? Tho experi- 
mental error was reduced by utilizing a balanced 
incomplete block design for comparing six treatments 
in blocks of two, thereby exploiting the uniformity 
of the pair of bones from each embryo The bones 
were cultivated, using the floating lens paper tech- 
nique, at 37° C for six days im an atmosphere of 
humidified 5 per cent carbon dioxide in air The 
medium was renewed every second day At the 
end of the experiment the wet weight and dry weight 
of each bone were determined on a Cahn electric 
microbalance using the techniques described elso- 


NATURE 


VOL. 192 


November 18, 1961 


Table 1 ADJUSTED MEAN Loa WET WEIGHTS (MGM) AND MEAN 
Loa DRY WEIGHTS (GM) OF SEVEN-DAY OLD EMBRYONIC CHICK 
TIBIOTARSI AFTER CULTIVATION FOR 6 DAYS ON MEDIUM BGJb, 
IN THE PRESENCE OF VARIOUS COMBINATIONS OF L-GLUTAMINE 
AND I-GLUTAMIC ACID EAOH MEAN IS BASED ON FI: E OBSERVATIONS 


L-Glutamme (mgm per cent) 


L-Glutamie acid log wet weight log dry weight 
(mgm per cent) 1 5 25 1 5 25 
0 0032 0088 0305 1932 1979 2177 
25 0 102 0230 20403 2062 2104 2259 


Analyses of variance 
(Calculated using the methods of Kramer and Bradley, ref 4) 


Mean squares 


Source of variation DF log wet weight log dry weight 


Between eyes ( vt j à 0 0175 0 0164 
Between treatments (a 
Iam acid 1 0 0481* 0 0566* 
L-glutamine 
Tiner 1 0 24801 0 1463+ 
Quadratic 1 0 0105 0 0176 
Interaction 2 0 0020 ' 00011 
Intrablock error 10 0 0055 0 0093 


*005 > P »001, IP < 0001, 001 > P > 0001 


where? ‘The analyses of variance were done after 
all the data were converted to logarithms 

The adjusted means are shown in Table 1, together 
with the analyses of variance As with the results 
on length! there are highly significant lmear regressions 
of log wet weight and log dry weight on the logarithm 
of the concentration of L-glutamme in the medium 
The mean squares for r-glutamie acid are both signi- 
ficant at the P — 005 level Inspection of the 
adjusted means shows that the presence of r-glutamic 
acid has increased the wet and dry weights of the 
bones at all levels of r-glutamune Since the mter- 
action mean square ıs not significant ın either analysis 
of variance we may assume that the r-glutamine 
dose-response lines for both responses, in the presence 
and absence of r-glutamie acid, are parallel The 
vertical distance between these lines is an estimate 
of the logarithm of the ratio between the weight of 
8 bone in the presence of r-glutamie acid and the 
weight of a bone in the absence of r-glutamie acid 
These ratios, and ther fiducial limits of error 
(P = 005), have been calculated from the data m 
Table 1, and are found to be wet weight. 1:27 
(1 06-1 52), dry weight 1 30 (1 03-1 64) The corre- 
sponding ratio for the data on length ıs 1 03 (0 90— 
118) ‘The difference between the results for length 
and wet and dry weights is therefore considerable. 
Further statistical analysis showed that L-gluta- 
mic acid and r-glutamine had no significant effects 
on the dry weight/wet weight ratios of the rudi- 
ments 

lhe results demonstrate that the weights of 
embryonic chick tibiotarsi are increased by supple- 
menting medium BGJb with r-glutamic acid The 
increase 1s 27 per cent m wet weight and 30 per cent in 
dry weight Medium BGJb contains twelve essential 
amino-acids and L-glutamine’ Although r-glutamie 
acid can be synthesized by these rudiments from 
glucose? the amount produced m this medium appears 
to be insufficient to produce a maximal response 
In earher work on the effect of ammo-acid defic- 
lencies on the growth in wet weight of chick tibio- 
tarsi’ 1t was shown that r-glutamie acid could be 
omitted from medium 858, which contains 20 essential 
and non-essential amino-acids, without affecting the 
response m wet weight It seems likely, therefore, 
that when r-glutamie acid 1s omitted from medium 
858, some other non-essential ammo-acid can sub- 
stitute for ıt ‘This could be either by its conversion 
to L-glutamie acid, or through its having an identical 
physiological activity 
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We should not be dismayed that the results on 
length and the weights of the bones do not agree, 
since there 1s increasing evidence? that the elonga- 
tion of the chick tibiotarsus is caused largely by 
hypertrophy of the diaphyseal chondrocytes, and that 
mitosis and the secretion of matrix by the chondro- 
cytes play only a minor part. Thus L-glutamie acid 
probably produces its effects on the weights of the 
rudiments by stimulating mitosis and/or the secretion 
of matrrx, and has little connexion with the mech- 
anism of hypertrophy. The activity contrasts 
sharply with the effect of L-glutamme, which seems 
to be important for elongation as well as growth 
m weight 

Work on the nutritional requirements of whole 
animals has shown that L-glutamic acid 18 not required 
for adult rats, men, and roosters, it 1s required, 
however, for the optimum growth of young chicks, 
rats and mice, and for egg production by hens’. 
In all these investigations the basal diet contamed 
a minimal number of amino-acids The results de- 
scribed in this communication on the nutrition of an 
organ growing n vitro, on & chemically defined 
medium contaimng & minimal number of ammo- 
acids, are remarkably simular to the results on whole 
animals. 

This investigation was supported in part by US 
Public Health Service research grant C-161-60 
from the National Cancer Institute, Public Health 
Service. 


The Wistar Institute, 
Philadelphia 4, 
Pennsylvania. 
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Effects of Intraventricularly Injected 
Anti-N. Caudatus Antibody on the 
Electrical Activity of the Cat Brain 


Tr is well known that anti-tissue antibodies, when 
injected into an animal of the donor species, may 
exhibit the selective affinity for the homologous organ 
and produce certain modifications ın 1ts morphological 
and functional state! The damaging effects of anti- 
tissue antibodies have been demonstrated in different 
organs? However, no information could be found in 
the literature available concerning the physio- 
pathological events associated with an m vwo 
collision between anti-bram antibodies and the 
corresponding nervous tissue Bearing m mind the 
high complexity of morphological and functional 
organization of tho brain, a series of immuno-electro- 
physiological experiments has been undertaken to 
investigate the possible differential reactivity of 
various cerebral structures when exposed to the 
action of different brain region anti-sera The present 
communication, as & part of these investigations, 18 & 
preliminary report concerning only some of the effects 
of mntraventricularly administered anti-n. caudatus 
antibody on the electrical activity of various parts 
of the cat brain 
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Cats operated under ‘Nembutal’ anzsthesia were 
used. Surface and depth, "Teflon'-uisulated silver and 
stainless steel electrodes (0 005-0 01 ın im diameter), 
respectively, were implanted into various regions of 
the brain (frontal cortex, frontal white matter, n 
caudatus, hippocampus, hypothalamus, thalamus and 
brain stem reticular formation). Needle electrodes for 
the interior of the brain were introduced by means of a 
Horsley-Clarke stereotaxic instrument All electrodes 
were implanted into the left cerebral hemisphere, 
while the cannula was mserted into the right lateral 
ventricle, according to the method of Feldberg and 
Sherwood? Electrical activity was recorded through- 
out the experiment using a 12-channel Reoga-Alvar 
electroencephalograph Details regarding recording 
and stimulation technique have been published 
elsewhere* 

The cat n caudatus was carefully dissected, homo- 
genized, mixed with Freund adjuvant and injected 
subcutaneously into rabbits (1 0 gm of fresh tissue per 
kgm. body-weight) The y-globulin from the immune 
rabbit sera was separated by the method of Basset 
et al® Immune rabbit y-globulin was investigated by 
diffusion-gel® and complement fixation reaction’, in 
which the saline extract of n. caudatus tissue was used 
as antigen The reaction between n caudatus antigen 
and the corresponding immune rabbit y-globulin 
revealed 2-3 precipitin lines 1n the agar and a titre of 
1/128-1/256 in the complement fixation test N ormal 
rabbit y-globulin, taken prior to the rmmunuization, 
did not show any serological activity with antigen 
prepared from the n caudatus tissue 

The cats were divided into three groups the first 
(experimental group) was treated with immune 
rabbit y-globulin, the second (control group) received 
normal rabbit y-globulin, and animals from the third 
(control group) were injected with “physiological 
solution 1n order to evaluate the possible influence of 
volume of mjected fluid Two to three 1njections of 
03 ml daily, with an mterval of 60 mın between the 
injections, were administered on four successive days 
Total protein content of immune rabbit Y-globuhn 
injected into an animal of the first group was 46 08 
mgm , while that of normal y-globulin administered 
to an animal of the second group amounted to 
60 24. mgm 

Some of the results are illustrated in Fig 1. In both 
control groups no essential change m electi ical activity 
of various cerebral structures investigated could be 
noticed Records made in the course of normal 
y-globulin application, as well as the records taken at 
intervals within the period of one month following the 
last injection, were found to be fairly eomparable with 
the activity recorded prior to the y-globulin admunis- 
tration (Fig LA) However, in the experimental group 
of animals, mtraventricular application of anti-n 
caudatus y-globulin was followed by pronounced 
modification ın electrical activity The evolution of 
electrographic disturbances seemed to pass through 
three consecutive stages The first stage was charac- 
terized by the appearance of spikes and high-voltage 
sharp waves localized in the n caudatus. These 
transient irritative abnormalities become apparent on 
the third day of antibody administration, and disap- 
peared two to three days afterwards The second, 
also transient stage was characterized by slight general 
accentuation of background activity and by sporadic 
appearance of diffuse abnormalities consisting of 
bursts of 4-6/sec high-voltage waves, in all leads. 
Such activity outlasted the disappearance of spikes 
and sharp waves inn caudatus for several days The 














666 
A cat net3 
Ic rei ual ML en POL e Num 
Fwm | —————— se] 
nc Ae nl tere Vp apa tener arn, M mete ers ae et | 
bpp PUPA al VAS M Ao P IM la fe 1 
hyp ace ese senis. vH aem | 
thal were emer ree | 
rf re ee ee hore ra | 
—geatr 7 ————————— € —_- 





fc Meal mte 














A AMNIS ee W Ars I 


A eee | 


Arr Pm tae a 0 iq te PA Pe P ur nf | 





a b rs C 


l sec 


cal 
50 uv 


Fig 1 A, Records made (a) before administration, (b) following 
the third dax of injecting, and (c) eight days after the list injection 
of normal rabbit y-globulin B, Records taken (a) prior to anti- 
body application, (5) after the third day of injecting and (c) Seven 
days followmg the last intraventricular injection of antin 
caudatus y-globulin fe, frontal cortex, fum, frontal white niatter, 
ne n caudatus, ^p, hippocampus, Ayp, hypothalamus, thal, 
thalamus, rf, bram stem PEUT Lomna tion, for explanatıon, 
gee bex 


third stage was characterized by gradual slowing 
down, progressive decrease in the amplitude and 
almost complete disappcarance of spontaneous olec- 
trien] activity of the caudate nucleus within a month 
after antibody administration. (Fig. 1B). Such an 
evolution of electrographic abnormalities was reflected 
in modification of potentials in n. eaudatus evoked by 
acoustic stimuli, as well as in the change of activity 
propagated to n caudatus during seizures induced by 
electrical stimulation of the hippocampus It should 
be emphasized that no change im electrical activity 
of the caudate nucleus could be observed in animals 
treated with anti-hippocampus antibody (unpublished 
expoerimonts). 

In a previous paper’ 16 was found that lipids from 
various regions of cat brain lack individual specificity 
but are all highly organ-specific. That 1s why, m the 
present experiments, the saline extract of n. caudatus 
containing mainly protein components has been used 
as antigon in preparing the corresponding anti-serum 
N. eaudatus was chosen because 1t forms tho wall of 
the lateral ventricle and could be, therefore, easily 
attacked by the intraventricular route and thus 
brought into prolonged contact with antibody injected 
into the cerebrospinal fluid This, of course, could not 
be assured adequately if the antibody were admuinis- 
tered by a systemic route? Diffuse electrographic 
abnormalities reported here were also observed 
following intraventricular administration. of some 
other anti-brain region sera, such as anti-hippo- 
campus, and should be, therefore, considered as non- 
spocific manifestations However, the initial urritative 
phenomona, followed by a progressive decrease in 
electrical activity, strictly confined to n caudatus, 
strongly suggest that anti-n caudatus antibody has 
definite affinity towards the homologous nervous 
tissue. 
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Effect of Colchicine on Rat Liver Xanthine 
Oxidase 


CoLcHICINE has been shown to mhibit deoxyribo- 
nuciease and de-phosphorylation and de-amination of 
deoxyribonucleotides!. The beneficial effect of 
colchicine in gout 18 possibly due to the effect of this 
drug on purine metabolism, since human serum 
nucleotidase and guinea pig liver xanthme dehydro- 
genase are inhibited by the alkaloid—the last-named 
only when given in large doses?. The purpose of the 
present communication is to investigate the effect 
of colchicine on rat liver xanthine oxidase, and on 
the purified enzyme 

Male Wistar white rats on a well-balanced diet 
were used throughout this work Liver xanthme 
oxidase was determined from the oxygen uptake in & 
conventional Warburg apparatus at 37? C, using 
hypoxanthine as a substrate and air as the gas phase? 
The xanthine dehydrogenase activity was measured 
using the anaerobic reduction of the colourless dye 
triphenyltetrazolium chloride in a Thunborg vacuum 
tube as suggested by Villela* Pyrophosphate buffer 
(0 015 M), pH. 8 6, was used in both determmations 
The results were expressed m mm ? oxygen/gm dry 
weight/60 min for xanthme oxidase and in ugm 
formazan/gm dry weight/30 mun for xanthine 
dehydrogenase activity 

Colchicine (01 mgm /100 gm. body-weight) was 
admmustered by intraperitoneal mjection of an 
alcohohe solution (6 8 per cent) containmg 20 mgm 


Table 1 LIVER XANTHINE OXIDASE AND XANTHINE DEHYDRO- 
GENASE OF RATS INJECTED WITH COLCHICINE AND WITH THIO- 
COLCHICOSIDE 

Xanthine 
No. of rats Xanthine dehvdro- 
oxidase * genase* 
Conditions Xanthine (mm ° O,/gm (ugm form- 
Xanthine dehydro- dry weight In azan/gm 
oxidase Eenase 60 min ) drv weight 
in 30 min ) 
Normal 4 11 1,656 + 152 227 +86 
Aleohohe solution 
(control) 16 15 1,208 +328 15974451 
Colchicine (0 1 
mgm )t 12 739 + 231 56 6+ 22 6 
Thio-colchicoside 
(0 2 mgm )t 9 3 1,539 250 
Thio-colchicoside 
(G 4 mgm )t 2 3 1,343 242 


* Average values € SD, SD = yid- 
T Per 100 gm body-weight 
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Fig 1 Rat liver xanthme oxidase and xanthine dehydrogenase inhibition by colchueme, 

Left, an vtro mbibition of purified xanthine dehydrogenase activity Right, in vivo 

inhibition of liver xanthine oxidase activity The graph ın the upper part represents 
values of net oxygen uptake in mm ? oxygen/gm dry weight/60 min 
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Fig 2 Rat liver xanthine oxidase inhibition by colchicine in 
diet Dotted line of the curve represents the decrease of activity 
Abscissa ‘Time in days in which the rats were fed with colchicine 


of colechicme per 100 ml Blanks were performed 
by injecting a 6 8 per cent alcoholic solution Colchi- 
cine was administered orally ad libitum by adding 
colchicine (Houdé) to the diet (5 mgm /100 gm ) 

For wn vitro experiments purified liver xanthme 
oxidase was prepared by solubilization of the enzyme 
with butanol’ after the digestion of rat liver homo- 
genate (in 02 M Na,HPO,) with crude trypsin at 
pH 7-3. After precipitation with ammonium sulphate 
between 30 and 60 per cent saturation, the enzyme 
was adsorbed in Ca,(PO,), and eluted with 01 M 
pyrophosphate buffer, pH 8 6 

Experments sn viro with 5 x 10-7 mole of 
colchicine did not show any statistically significant 
difference in the activities of xanthine oxidase or 
xanthine dehydrogenase when rat liver homogenate 
in pyrophosphate buffer was used. However, with 
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purified enzyme, an mhıbıtory 

effect was obtamed even with 

10-? mole of colchicine (Fig 1, left) 

Values for normal rats and con- 

trols injected with alcohol as well 

as rats fed with colchicine are 

reported in Table 1 Astatistically 

significant inhibitory effect was 

observed with colchicine for the 

gs hver enzyme activity (for xanthine 

oxidase, ¿= 450, P «lI per 

cent, for xanthine dehydrogenase, 

t= 775, P < 1 percent) (Fig 1, 

right) When the drug was admin- 

istered orally the inhibition. was 
$50 noted in the first days (Fig 2) 

Thio-colchicoside (C,,H;0,,NS), 
a sulphur-containing analogue of 
colchicine without antimitotic ac- 
tivity, was used in some other 
prelimmary experiments but ap- 
peared to be without any inhib- 
itory effect (Table 1) 

The results reported indicated 
that colchicine has an inhibitory 
effect on liver xanthine oxidase and 
xanthine dehydrogenase activities 
when given to rats orally or m the peritoneum 
Although the liver homogenate protects this effect an 
vitro, the purified enzyme 1s inhibited with small doses 
of the drug. 

This investigation was supported in part by grants 
(to O R A. and E M) from the Conselho Nacional 


de Pesquisas. OTTILIA R AFFONSO 
EmĒmıLro MITIDIERI 
GILBERTO G VILLELA 
Biochemical Laboratory, 
Instituto Oswaldo Cruz, 
Rio de Janeiro 
1 Ebner, H, and Strecker, H, Eapenentia, 6, 388 (1950) 
3 Keeser, E, Arch Exp Path Pharm, 197, 187 (1941) 
®Villela, G G, and Mitidieri, E , Nature, 175, 208 (1955) 
4Villela, G G, Rev Bras Bol , 14, 455 (1954) 


5 Ke ost P , and Emberland, B, Arch Brockem Biophys , 58, 276 
955 


60 


Effect of Hydrocortisone on Uptake of 
Iron-59 in Incubated Rat Red Cells in vitro 


HYDROCORTISONE added to blood contaming reticu- 
locytes in a suitable substrate did not alter the rate of 
synthesis of hemoglobin and no evidence was obtained 
that ıt influenced the 1ate of ripening of reticulocytes 
This applied to various dosage-levels ın vitro and to 
plasma obtained from anumals which had been injected 
with large doses of hydrocortisone It was shown, 
however, that preliminary mmeubation of reticulocytes 
with hydrocortisone before the addition of iron-59 
reduces the amount of iron-59 which enters the reticu- 
locytes 

Reticulocytosis was induced in laboratory rats by 
intraperitoneal mjeetion of phenylhydrazine hydro- 
chloride  Frve days later, blood was removed by 
cardiac puncture and collected in heparin — Iron-59 
uptake was measured by incubating l-ml portions of 
blood with hydrocortisone sodium succinate (supplied 
by courtesy of the Upjohn Chemical Co ) in physio- 
logical salme About 04 pe of iron-59 as ferric 
chloride was added at various times, the cells 
meubated for a further 2 hr, washed 10 times with 
physiological salme and assayed with an EKCO 
scintillation counter. 
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In all instances the uptake of rron-59 m the presence 
of hydrocortisone was compared with the uptake in 
the presence of sodium succinate, because it has been 
shown that preliminary incubation itself reduces 
uptake It was found that the amount of iron-59 
entering the reticulocytes was not altered by pre- 
liminary incubation for up to 5 hr 1n the presence of 
hydrocortisone at concentrations between 0 0083 and 
0 500 mgm /ml of blood However, an increase m the 
concentration to 10, 15 and 20 mgm /ml resulted 
in & reduction of uptake of iron-59 which was propor- 
tional to the concentration of hydrocortisone. 

This effect of hydrocortisone 1s shown in the follow- 
ing experiment in which reticulocytes were incubated 
for different tumes with varying concentrations of 
hydrocortisone Blood samples of 1 ml. were incubated 
for 2 and 5 hr in the presence of 05 or 10 mgm. 
hydrocortisone IJron-59 was added and the uptake 
observed at 2, 4 and 6 hr Hydrocortisone did not 
influence the amount of iron-59 m the cells with 
only 2 hr meubation It was also without effect, 
compared with the controls, when the cells were 
incubated with 05 mgm /ml for 5 hr There was, 
however, a marked decrease in the total uptake of 
iron-59 after 5 hr incubation with 1:0 mgm hydro- 
cortisone and this effect was still further increased 
when the cells were suspended in saline instead of 
their own plasma 
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Fig 1 


Warburg experiments on 2-ml. blood samples 
showed a slight decrease in oxidative respiration in 
the presence of hydrocortisone sodium succinate, but a 
similar decrease was found m sodium succinate 
Incubation with 1 0 mgm /ml hydrocortisone resulted 
in & marked increase ın the rate of outward movement 
of potassium, but meubation with 05 mgm /ml 
hydrocortisone did not produce a significant increase 

Hydrocortisone m high concentration thus increases 
the pre-incubation effect already observed by Clark 
and Walsh!, although 1ts action on the reticulocytes 
is slow It also causes a change in certain perme- 
ability properties but no change 1n oxidative respira- 
tion It1s not known whether hydrocortisone operates 
by means of the same mechanism as pre-incubation, 
or whether some other mechanism 1s mvolved It may 
produce its effect (a) by causing the reticulocytes to 
mature more rapidly, thus decreasing the iron-59 
requirement, or (b) by altermg some components of 
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the reticulocytes so that less iron ean be accepted 
A reduction m oxidative respiration would have been 
expected if the effect were an mcrease 1n the rate of 
maturation of reticulocytes, because such maturation 
18 characterized by loss of the oxidative pathway On 
the other hand, there 1s evidence that hydrocortisone 
affects the permeability of reticulocytes. 

Reticulocytes therefore differed from rat liver cells? 
in their reaction to hydrocortisone because (a) hydro- 
cortisone must be used in high concentration before 
any effect 18 observed with reticulocytes, and (b) 
oxidative respiration of reticulocytes ıs not affected by 
hydrocortisone even in high concentrations These 
differences are probably related to differences in 
metabolism and structure of the two types of cell 

This work was supported by a grant from the 
National Health and Medical Research Council of 
Australia, 


New South Wales Red Cross 
Blood Transfusion Service, 
1 York Street, Sydney. 
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Action of Methyl Hydroxybenzoate on 
Nervous Conduction 


MxTEYL hydroxybenzoate and rs sodium deriva- 
tive are recommended by the BPC and by Martin- 
dale! as preservatives for creams, emulsions, lotions 
and ophthalmic solutions, and they are used to 
preserve local anesthetics During an investigation 
of the action of phenol on nerve fibies?:?, we examined 
the action of methyl hydroxybenzoate and its 
sodium derivative on conduction m fibres of the 
spinal roots of the cat, and also on the vagus and 
Sympathetic nerves 

These substances, dissolved in Krebs’s solution to 
form 01 per cent and 02 per cent solution, when 
appled directly to the spinal roots or to the vagus 
and sympathetic bundle in the neck, block conduc- 
tion in nerve fibres of all sizes, myelmated and un- 
myelinated The effect was typical of a local anæs- 
thetic m that small fibres were blocked before large 
and that the conduction block was reversible The 
blocking effect of a 01 per cent solution of methyl 
hydroxybenzoate was found to be simular to that of a 
0 05 per cent solution of procaine 

The substances are recommended as preservatives, 
as, according to Martindale, they are “mert and non- 
toxic" The results mentioned above were obtained 
with the weakest solutions recommended. by the 
BPC, the concentrations advocated bemg 01 
and 02 per cent methyl hydroxybenzoate and 
0 1-0 3 per cent of the sodium derivative 

The fact that m acute experiments conduction 
returned m fibres which had been blocked, following 
removal of the substance and washing the root or 
nerve bundle, cannot be taken to mean that no sub- 
sequent degeneration of the affected nerve fibres 
takes place Exactly this situation occurs with 
Phenol m non-aqueous solution Although electro- 
physiological techniques have shown recovery of 
conduction ın fibres which have been blocked by 
phenol, there 1s histological evidence of subsequent 
massive degeneration among these fibres! If methyl 
hydroxybenzoate causes similar effects, 1t 18 possible 
that the degeneration of a proportion of nerve fibres 
following the injection of local anesthetics m various 
painful states may account for the prolonged or 
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permanent relief of the pain that sometimes occurs 
Whether this ıs the explanation of the prolonged 
therapeutic effect of local anzstheties or not, 16 
remains ımportant to note that such recommended 
preservatives are not mert and that their presence 
should be taken into account both in experimental 
and m therapeutie situations 
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H/EMATOLOGY 


Alkali-resistant Hzmoglobins in 
Prosimian Primates 


PROSIMIAN Primates are a group of animals which 
share characterstics of behaviour, anatomy, bio- 
chemistry, cytogenetics, and physiology with the 
monkeys on one hand and the more primitive Insecti- 
vora on the other! We have been examining the 
hzemoglobins of a number of these animals One of our 
most interesting discoveries is the relatively high 
level of alkah-resistant hzmoglobin found in these 
animals 

Blood samples were taken from the femoral vems 
of anesthetized or tranquillized animals.  Hamo- 
lysates were prepared as described by either Jonxis 
and Huisman? or Singer et al ?. Tho alkali-denaturation 
tests were carried out by the method of Singer et al ? 
All samples were read. m & Coleman Junior spectro- 
photometer at 540 mp Fresh and stored samples 
gave essentially identical results 

The results given in Table 1 melude those from tests 
on individual adult and juvenile animals from a 
variety of genera of Primates Theso results are of 
some comparative interest, since we have found no 
significant amounts of alkali-resistant pigments m 
adult animals in the Anthropoidea There 18 a differ- 
ence in average amount of alkali-resistant pigment 
among the three major groups of Prosmans tested 
The Lemuriformes appear to have the highest average 
levels, 41-75 per cent, the Lorisiformes have levels 
between 8 4 and 52 per cent, and the single Tupai- 
iformes sample showed 9 per cent alkah-resistant 
hemoglobin The age of the animals apparently is 
not related to the amount of denatured pigment, since 
several in each group, except LTupaia ghe, were infant 
or juvenile animals This ıs m marked contrast to the 
higher Primates which have been examined Singer 
et al ? found, 1n new-born human beings, a high level 
of alkali-resistant hemoglobin (80 per cent), the level 
afterwards fell to the negligible value of 17 per 
cont at the age of 36 months Similar values have 
been found ın Macaca mulatta’ 

Electrophoresis on starch-gels of hemoglobin from 
the animals studied here, with Poulk’s discontinuous 
buffer system*, demonstrated at least two com- 
ponents in all the Lorisiformes and in most of the 
Lemuriformes One of these components may 
correspond to the alkali-resistant fraction we found 
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Table 1 
Alkali-resistant 
Animal o hæmoglobin 
tested n (per cent) 
INSECTIVORA TOTER "s 
Elephantulus rufescens 1 04 
PRIMATES 
Prosimil 
TA ones 
upme ghs 
oe : 2 
emur mongoz 2 755 68 1-82 3 
z PLUS 9 67 1 50 9-86 4 
catta 6 618 511-715 
2 variegatus i 44 0 
macaco 2 
Hapalemur griseus 1 67 3 sei 
Ter ores 
yelrcebus coucang 2 2 - 
Perodicticus potto 17 91 ^ 21 1-59 8 
Galago crassicaudatus crassicaudatus 18 36 5 25 3-59 1 
a rashes mago eae * b 86 0 32 0—46 8 
8enegalensv senegalenses 4 -~ 
Anthropoidea is TE 
Erythrocebus patas 1 21 
Pag comatus 9 03 01-05 
P doguera 40 02 0-6 5 
Macaca mulatta (fœtus) 2 820 75 9-87 6 
M mulatta (infant) 1 50 9 
M mulatta (adult) 5 03 0-1 4 
Cebus apella (infant) 1 10 8 
C apella (adult) 1 26 
Lagothriz lagotricha 2 26 2 4-27 
Ateles spp 2 06 05-07 
Pan troglodytes 1 02 


* Species identification in doubt The animals appear to be of the 
G crassicaudatus group, however, some authorities have called them 
G senegalensis zenzibaricus 


A detailed account of the hemoglobins of these 
Prosumians 18 ın preparation 

One elephant shrew (Elephantulus rufescens) of the 
order Insectivora was examined According to 
Polyak? Tupaca is closely related to this species. A 
level of about 0 4 per cent alkali-resistant hemoglobm, 
which 1s negligible, was found m our sample from an 
old animal 

The question of the nature of this alkali-resistant 
hemoglobm m the Prosimians 1s raised There 18 
httle doubt that in higher Primates, including man, 
this hemoglobin 1s the principal foetal pigment. The 
term foetal would be misleading, if not incorrect, 
when apphea to the alkali-resistant fraction of 
Prosimian hemoglobin. A possibility is that this 
hemoglobm m the Anthropoidea was originally a 
major eomponent of the respiratory pigment, as in 
the Prosimians, but gradually became confined to a 
shorter period in the animal’s hfe, until, ın the highest 
Primates, it 1s present only m the foetus and during 
the first few months of hfe This hypothesis requires 
an investigation into the physiological function of 
the alkah-resistant pigment in Prosimians 

Our work was supported by Research Grant 6053 
of the United States Public Health Service, Research 
Grant 12331 of the National Science Foundation, 
and the research fund of the Department of Anthro- 
pology, Yale University It ıs with pleasure that we 
acknowledge the assistance and encouragement of 
colleagues 1n various countries who helped us obtain 
the live animals used 1n this work 
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PATHOLOGY 


Interaction of the Carcinogenic N-Methyl- 
Nitrosourethane with Sulphydryl Groups 


In a preliminary communication I recently reported 
the production of lung adenoma in mice and squamous 
lung carcinoma in a rat, which was exposed to 
gaseous diazomethane Among other rats given 
N-methyl-N-nitrosourethane (NMU) by stomach 
tube, a carcinoma of the stomach developed after a 
single dose of this compound! 

Since this communication was published, more 
stomach tumours have been observed in the rats 
given NMU by stomach tube? Stomach tumours 
have also been reported in rats given NMU in 
drinking water continuously until death? More- 
over, when NMU was admunistored to adult rats by a 
short mouse-stomach tube, the animals developed 
osophageal squamous carcinoma?. Subcutaneous 
injections into mice gave rise to local sarcomata 
It 1s evident that NMU acts at the site of application 
and that ıt 1s able to produce tumours in various 
tissues This would qualify ıt to be considered a 
‘local’ carcmogen 

However, the evidence deseribed here indicates 
that the effective entity ıs not NMU but diazo- 
methane, which 18 formed when NMU interacts with 
tissues In 1895 von Pechmann‘ suggested that the 
toxie effects of NMU, which he observed on himself, 
might be due to diazomethane, formed from NMU in 
contact with tissues 

That this 1s really the case was qualitatively con- 
firmed in the followmg way NMU was added to 
tissue homogenates at 37° C and the mixture was 
covered with a laver of ethyl ether Rapid evolution 
of gas occurred, the gas bubbled through the layer of 
ether This indicated that the gas ıs not soluble in 
ether, hence ıb 1s not diazomethane Evidently, the 
diazomethane formed according to reaction (1) reacts 
immediately wiih tissue constituents, with evolution 
of nitrogen according to reaction (2) 


NO—N—CH, 
CO —+ C,H,OH + CO, + CH,N, (1) 
| 
OC,H, 


CH,N,—— CH, +N, (2) 


Expecting this to be an enzymatic reaction, ıt 
appeared convenient to study 1t in the Warburg 
apparatus, the likely final product bemg nitrogen 

The other gaseous product of the reaction, carbon 
dioxide, 18 conveniently absorbed by 10 per cent 
potassium hydroxide, placed in the usual way m. the 
middle well of the vessel Tissue homogenates were 
prepared in Sorensen’s phosphate buffer, pH 72 
(1 10), and introduced into the main compartment of 
the Warburg flask (3 ml) Solutions of NMU (1 100) 
were placed in the side-arm (0 5ml) (The solutions of 
NMU were freshly prepared from commercial N- 
methylnitroso-urethane by dissolving 16 ın 50 per cent 
ethyl alcohol, 1 20, this gave a clear solution which 
was then diluted further with distilled water 1 5) 
The effect of the buffer on NMU and of 10 per cent 
alcohol (05 ml) on tissue homogenates was tested 
concurrently each time The contents of the side-arms 
were added to the main compartment after 15 min 

equilibration at 385° C With tissue homogenates 
rapid gas evolution immediately followed the addition 
of NMU and was almost complete m 15 mm, the 
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decomposrtion of NMU m buffer solution was very 
slow and shght gas evolution persisted for many 
hours 

When heparinized rat blood and plasma were tested 
in this way, rapid evolution of gas from NMU 
occurred only in the presence of blood corpuscles 
The specific agent responsible for the decomposition 
of NMU ıs evidently cellular The reaction was not 
affected by cyanide, azide or fluoride, it was, how- 
ever, abolished by copper, indicating that SH-groups 
may be involved 

Indeed, when 1 per cent solutions of cysteine or 
glutathione m phosphate buffer at pH 72 were 
substituted for blood or tissue homogenates, the 
evolution of gas from NMU took place in the same 
way immediately after mixing This proved that the 
reaction 18 chemical rather than enzymatic Buotm, 
having sulphur in the ring, cystine, thioacetamide, or 
some 7epresentative cell constituents, such as glycine, 
tyrosine, guanine, pantothenic acid, etc, had no 
effect on NMU under the conditions tested 

The question arises Are some of the SH-cellular 
compounds directly involved in the carcimogenic 
action of NMU, diazomethane and possibly of certain 
other alkylating agents ? Diazomethane is known to 
be a very versatile reagent, it can methylate not 
only SH-groups but also any acidic or phenolic 
hydroxyls, ammo- and 1mmo-groups, ıt can add to 
doubie bonds, enlarge ring and carbon chains. form 
methyl branchmgs It can conceivably form mtra- 
and mtermolecular methylene-bridges 

Which of the multiplicity of possible reactions 15 
related to the caremogenie action of this compound ? 
The fact that decomposition of the strongly caremo- 
genic NMU takes place at the SH-groups supports 
the already existing evidence’ that these may be 
involved in the carcinogenic process However, if 
carcinogens combine with certain SH-compounds an 
vivo, the type of their binding ıs likely to differ 
fundamentally from that of non-carcmogenic agents, 
many of which are excreted as mercapturates Tho 
action of carcinogens 18 irreversible and compatible 
with the survival of the affected cells, the mteraction 
products possibly remain irreversibly an situ, and 
prevent the physiological replacement of some specific 
SH-compounds, the action of which they block 

Smee this communication was submitted for 
publication, Emmelot and Muizrahi* reported that 
cysteine can counteract the action of dimethyl- 
nitrosamine As the latter can act as a methylating 
agent (probably through the release of diazomethane 
after enzymatic oxidation)’, these results confirm the 
view based on the more direct evidence here roported, 
tha; certam sulphydryl compounds are mvolved in 
the action of diazomethane and probably also of 
other careinogens 

I wish to thank Miss A Mackmmnon for valuable 
technical assistance. 
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Antagonism between Antibacterial 
Drugs 


WHEN two antibacterial agents are combined, the 
effect of the combmation may equal the sum of the 
antibacterial effects of 1ts components (addition), it 
may exceed this sum (synergism), or ıt may be 
smaller (antagonism) 

According to Jawetz and Gunnison!?, the anti- 
biotic and chemotherapeutic drugs can be divided mto 
substances the effect of which ıs maimly bactericidal 
(penicillin, streptomycm, neomycin, and bacitracin) 
and substances that generally have only a bacterio- 
static action (chloramphenicol, tetracychne, erythro- 
mycin and sulphonamides) Combinations of bacteri- 
cidal substances often show synergism, but are never 
antagonistic Antagonism ıs also extremely rare 
when two bacteriostatic agents are combined But 
there 1s a chance of this type of interference when a 
bactericidal substance is combined with a bacterio- 
static one 

Recently a more up-to-date schema, which also 
provides data about the latest accessions 1n the field of 
antibacterial substances, was developed in our 
laboratory As a criterion of antibacterial potency the 
bactericidal action has been used This criterion was 
applied by means of replica tests?-?, the standard 
of measuring the bactericidal action of the separate 
drugs and their combmations bemg not the diameter 
of the replica inhibition zones, but the number of 
colonies developing in these zones The results have 
been arranged ın the form of a schema 

The schema is based on numerous results obtamed 
with some dozens of strains of Staphylococci, Entero- 
cocci, Salmonellae and cols-bacteriae More than 90 
per cent of all strains investigated showed reactions 
as laid down in the schema . With streptomycin, 
bacitracin, novobiocm and the neomycin-group of 
antibiotics we noticed a slightly higher frequency of 
deviations Our experiments confirm the conclusion 
arrived at by Jawetz and Gunnison that a fairly sharp 
distinction can be made between drugs acting vn vitro 
mainly bactericidally (mm the diagram enclosed by 
circles) and bacteriostatic drugs (ın the quadrangles) 
Experiments with combinations of the drugs men- 
tioned ın the schema revealed that ıt is possible to 
distinguish four groups of agents Group I (bacteri- 
cidal substances) nitrofurans (nitrofürantoin, furazo- 
lidone, furaltadone), polymyxins (ineludmg col- 
stin), streptomycin, neomyems (including kana- 
mycin and framycetin), and bacitracin, Group 2 
(bactericidal substances) penicillm, novobioem, van- 
comyein, ristocetin and amphomyem, Group 3 
(bacteriostatic substances) tetracyclines, chloram- 
phenicol and the erythromycin group of antibiotics 
(erythromycin, magnamyoein, spiramyem, oleando- 
mycm), Group 4 (purely bacteriostatic substances) 
the sulphonamides and cyoeloserme 

With regard to the combinations of these substances 
the following points are worthy of note 

As a rule a substance belonging to one and the same 
group (that 1s, drugs in the same circle or quadrangle 
in the diagram) can be combined with another one 
of the same group without any risk of antagonism 

Drug antagonism is also only rarely encountered 
combining one of the bactericidal substances of group 
1 with one of the substances of groups 2, 3 and 4 In 
these combinations the bactericidal agent generally 
strongly predominates and several of them even 
present clear cases of synergism (for example, 
streptomycin + penicillin, kanamycm + penicillin, 
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Fig 1 Schema showing presence and absence of drug antagonism 
in pairs of antibacterial substances 


and polymyem + chloramphenicol)*-!! Generally 
speaking, therefore, any drug from group 1 combines 
well with any one drug from the three other groups. 

A quite different reaction occurs when a bactericidal 
antibiotic of group 2 1s combined with a bacterio- 
static drug of group 3 In these combinations the 
weaker, that ıs the bacteriostatic, drug dommates, so 
here there ıs antagonism No such antagonism occurs 
when the drugs of group 2 are combined with those of 
group 4. Here the bactericidal drug predominates and 
sometimes there 1s even synergism (for example, 
penicillin + a sulphonamide!?) 

The different behaviour of the two groups of 
bactericidal substances (groups 1 and 2) 1s probably 
due to the different action of the drugs of these groups 
on growing and resting bacteria It 18 a well-known 
fact that penicillm can only destroy bacteria when 
they are in the growing stage The drugs of group 3 
cause bacteriostasis and thus render penicillin meffec- 
tive That the sulphonamides and cycloserine, which 
act also bacteriostatically, do not neutralize penicillin 
may be accounted for by the fact that a comparatively 
long space of time elapses before these drugs cause 
bacteriostasis. This interval lasts a few hours!3, 
which ıs amply sufficient to enable the relatively 
quick-acting penicillm to inflict irretrievable injury 
on the bacteria}, 

It ıs fairly safe to say that the bactericidal action 
of streptomycem, polymyxin and the nitrofurans 1s 
not to any large extent tied down to the growing 
stage of the bacteria}3-15,16 Consequently, the 
bactericidal effect of these drugs 1s little impaired by 
bacteriostasis caused by one of the substances of 
groups 3 and 4 

On the other hand, the impairment of antibacterial 
action that occurs when & drug belonging to group 2 
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18 combined with one from group 3 18 not so negligible 
The extent to which ıt affects the bactericidal action 
of penicillm ın combmation of this antibiotic with 
chloramphenicol, tetracyclime, and erythromycin, 
was made the subject of a closer investigation. This 
revealed that, with regard to Staphylococci, the 
antagonism between penicillin and the other anti- 
biotics manifests itself over a wide range of concen- 
trations, from at least 0 1 to 10 units of penicillin per 
ml. Varying the concentration of the bacteriostatic 
antibiotics from 1 to 100 times the mmimum mbibi- 
tory level did not cause the antagonism to disappear 
What we also found was that the antagonism only 
affects the bactericidal potency of penicillin, the 
relatively weak bactericidal potencies of chloram- 
phenicol, tetracycline, and erythromycm remaining 
unimpaired. In these cases, therefore, the type of 
antagonism encountered 18 strictly unilateral and only 
manifests itself in the reduced antibacterial action of 
one of the two components of the mrxture 
In the above instances the antagonism results m 
the antibacterial potency of the stronger component 
of the combination bemg destroyed or lowered 
Sometimes, however, it 18 the weaker component that 
18 robbed of 1ts effect by the other agent This type 
of antagonism occurs when, for example, procaine 
penicillin 1s combined with a sulphonamide Procaine, 
which 1s antagonistic to sulphonamide, cancels the 
action of this bacteriostatic, and, therefore, weaker 
agent But on the other hand, a sulphonamide 
cannot impair the effect of the bactericidal, and 
therefore stronger, substance penicillin Hence this 
weaker form of antagonism 18 also unilateral 
A. MANTEN 
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National Institute of Public Health, 
Utrecht, The Netherlands 
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New Renal Tubular Amino-Acid 
Transport System and a New Hereditary 
Disorder of Amino-Acid Metabolism 


WE have mvestigated the metabolism of ammo- 
acid in & kindred with familial nephritis and deafness 
Renal hypoplasia and photogenic epilepsy, both 
familial, and a third mdependent famihal disorder 
affecting L-prohne metabolism were also found in 
this kindred Familial nephropathy with deafness 
was recently reviewed}, but 1ts occurrence with these 
disorders was not described 

Chromatographical methods were used for qualita- 
tive?) and quantitative’ analyses of plasma and 
urme amimo-acids in the father, mother, and six 
offspring 1ncluding the male propositus, one male and 
four female sibs The following results were obtained: 
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Plasma Fasting r-prohne concentration was 
significantly elevated above the accepted normal 
range (15-34 mgm per cent)" on one or more 
observations, m the propositus and three affected 
female sibs (Table 1), consistent changes ın the con- 
centrations of other amino-acids were not detected m 
these subjects Plasma ammo-acids were normal m 
other kindred patients investigated 

Ure Three subjects with abnormal concentra- 
tions of plasma r-prolme also exhibited an amuno- 
aciduria involving glyeme, hydroxyprolme and 
proline, the latter two ammo-acids are not present m 
normal urme after the first few months of life’ A 
patient, with less abnormal plasma proline concentra- 
tion, excreted only glycine in excess (Table 1) The 
mechanism of the amino-aciduria has been investi- 
gated Fasting amino-acid renal clearance-rates were 
determined ın one affected female sib by the methods 
described by Cusworth and Dent?, before and after 
intravenous infusion of L-prohne (71 mgm /kgm.) 

Glyeme and hydroxyproline clearance-rates were 
greatly increased while them own plasma concentra- 
tions remaimed, normal, them clearance-rates were 
higher still when plasma proline concentration was 
further increased (Table 2) Urmary proline excretion, 
on the other hand, required an elevated plasma 
proline concentration 
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Table 1 FASTING PLASMA AND URINE PROLINE, HYDROXYPROLINE 
AND GLYCINE CONCENTRATIONS IN SIBLINGS WITH HYPERPROLIN/[ MIA 


Urine amino-acids (mgm 
anuno-acid/100 mgm total 
nitrogen 1) 


Plasma 
proline * 
(mgm 


Age 
Subject | Sex | (yr) 
per cent) 
k Proline 
CM 13 
SM i 12 
FM 


(pro- 
positus)t 
MM 


Hydroxy- 


proline | Glycine 


2,010 


Nr 


4,910 
489 
2.350 
613 
1,700 


AIO TF Sean 
goo 0o Hue 


Ld 





* Range of normal values (plasma) (refs 6 and 7) prohne, 1 5-3 4 
mgm per cent 

T Kange of normal values (urine) (ref 8) proline 0, hydroxyproline 
0, glycine 537-1,371 Adult values valid for children beyond infancy. 

i Patient has renal failure with reduced filtered load of amino-acids 


These results imply that glycme and hydroxyproline 
re-absorption in the renal tubule was impaired and 
that imcreased proline re-absorption (secondary to 
excessive filtration) was a determining factor for the 
amino-aciduria other amino-acid clearance-rates 
were not significantly affected in this work 

Six normal subjects were also investigated Fasting 
amino-acid clearance-rates were determined before 
(30-min periods) and after (consecutive 15-, 30- and 
30-min periods), separate acute (3 mm ) intravenous 
infusions of equimolar amounts of L-proline (71 
mgm /kgm, five subjects), hydroxy-r-prohne (82 
mgm /kgm, two subjects), and glyeme (48 
mgm /kgm., three subjects) Table 2 also presents 
results on one of the subjects who received all three 
infusions — r-prolne or hydroxy-L-proline infusion 
increased the clearance rates of the other two mem- 
bers of the triad Glycine infusion produced similar 
but less impressive results Clearance-rates of other 
amino-acids were relatively unaffected. Complete 
results on normal and affected subjects will be 
presented elsewhere 

These results suggest that glycine, r-prolmne, and 
hydroxy-L-proline share & common transcellular 
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Table 2 FASTING AMINO-ACID INFUSION INVESTIGATIONS 


Subject S M hyperprolnzemic 
Infusion L-Proline 
(71 mgm /kgm ) 
uv — ugm mln /173m ?,| Before After Before 
p ugm jml (control) |(45-75 mın )| (control) 
L-proline 
uv 
Glycine 
uv 
p 
Hydroxy-L-proline 
MU 
Dp 
0 49-116 
* Normal f 6), » glycin 
range (ref 6), proline 1534 glycine 10-23 ' 








transport system in the renal tubule, the system 
has higher preference for the two amimo-acids than 
for glycine 
The cause and significance of the hyperprolnemia 
m the affected patients is under investigation; 
investigations of the full pedigree indicate its 
inheritance by a recessive mode, independent of the 
other familial disorders 
This work was supported by grants from the 
United States Public Health Service (/2G—6742), and 
the National Heart Institute (774706), from the 
United Cerebral Palsy Research and Educational 
Foundation, and the John A Hartford Foundation 
One of us (C R S) was a McLaughlin Travelling 
Fellow and performed some of these mvestigations m 
the laboratory of Dr C E Dent, University College 
Hospital Medical School, London 
C R SCRIVER 
Montreal Children's Hospital, 
Montreal 25, Canada 
I. A SCHAFER 
M L. Erron 
Children’s Medical Centre, 
Boston 
! Marie, J , e£ al, Annales de Pedratrie, 36, 84 (1960) 
* Dent, C E , 1n Recent Advances ın Clinical Pathology, second ed , 238 
(Churchill, 1951) 
3 Efron, M L, Biochem J, 72, 691 (1959) 
* Moore, S, and Stein, W H, J Bol Chem ,911, 893 (1954) 
5 a S Spackman, D , and Stein, W H , Anal Chem , 30, 1185 
* Cusworth, D C, and Dent, C E, Biochem J , 74, 550 (1960) 
7 Efron, M L, and Server, C R (unpubhshed results) 
*Jagenburg,O R, Scand J Chn Lab Invest ,11, Supp 43 (1959) 
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Serological Relationships between the 
Nine-spined and the Three-spined Stickleback 


Is zoological literature we can find some publica- 
tions! ? in which the nme-spined stickleback, Pungztrus 
pungitius (L ), 18 considered as belonging to the genus 
Gasterosteus L But most contemporary zoologists 
consider that this species belongs to Pungitius 
Coste. This difference in attitude has encouraged 
me to undertake investigation on serological rela- 
tionships between the three-spined stickleback, 
Gasterosteus aculeatus L , and the nine-spined stickle- 
back, Pungweus pungiteus (L ) 

In my investigations I have applied the method 
proposed by Talev** based partly on his own 
observations and partly on the results of other work 

To get the antigen and ihe antiserum, I used 
sticklebacks collected from the Olechówka River (near 
Łódź on July 20, 1960) The whole length of the 


C 8 normal 


L-Proline 
(71 mgm {kgm ) 





C S normal C S normal 
Hydroxy-L-proline 


Glycine 
is mgm /kgm a 


(48 mgm /kgm ) 
Before 
(control) 


After 


After Before Afte 
(0-15 min ) (0-15 min ) (conteol) (0-15 mid ) 


0 
0 
8 


100. Pw 


bo 
e 


zs 


, hydroxyproline ^ —, (—) = 1mmeasurable peak (infused amino-acid) 


body of fifty-six specumens investigated was 42—57 
mm The sticklebacks, without food for 24 hr , were 
ground mto a mass after they had their heads cut 
off and their mtestines and ribs cut out I used 
this method because the small body of the stickleback 
does not permit one to get sufficient quantity of 
blood* necessary to produce the antigen and the 
antiserum I fixed the mass with Rmger—Lock’s 
tincture in the proportion 1.3; then I filtered it 
through mfusorial earth JI used the product of 
filtermg as an antigen and a vaccme to ummunize 
rabbits After the immunization I took blood directly 
from the heart of the rabbits Having cleared 
plasma! from the morphotie elements, I fixed ıt 
with Rmger—Lock’s tincture m the proportion 1: 1, 
thus obtaining the antiserum In a similar way I 
obtained the antigen from the nine-spined stickle- 
back. The nine-spmed sticklebacks (25 m number) 
were caught m the Bobrówka River, district of Low1cz, 
on 23 91960. The length of their bodies was 40-61 
mm. In applying serology to establish the relation- 
ships among species", I also prepared the antigens 
from grown three-spined sticklebacks collected from 
the Bobiéwka River (23 9 1960), the length of body 
bemg 45-53 mm, and from the young three-spined 
sticklebacks of this year (from the Olechéwka River, 
19 7.1960). the length of body bemg 25-30 mm 

In my work I apphed the ring precipitation tech- 
nique I diluted the antigens as well as the anti- 
serum with Ringer-—Lock’s tincture I used the anti- 
serum in constant concentration, 10: 5 To interpret 
the results obtained I apphed Boyden's method in 
whieh the positive reaction of the lowest concentra- 
tion of an antigen on an antiserum obtained for ib 
18 accepted as 100 per cent 

As seen from Table 1, the serological distance 
between Gasterosteus aculeatus L and Pungitius pun- 
guus (L ) 1s great and ıt amounts to 56 3 per cent 
The results obtamed by me are approximately the 
same as those obtained by Tahev when examming 
the degree of serological relationship of many genera 
in the Cottoidae and the Salmonidae? 


Table 1 
Antiserum against Gaster- 
osteus aculeatus L from the 
Olechówka Kiver in the con- 
centration of 1 5 
Antigens from 


The lowest 
concentra- Percentage 
tion of the scale 
antigen with Boyden 
positive (per 
Teaction cent) 
1 G aculeatus L from Olechówka River 1 800 100 
2 Q aculeatus L from Olechéwka River, 
Juv 1 300 375 
3 G cute L from Bobrówka River 1 800 100 
4 P pungii (L ) from Bobrówka River 1 350 437 
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The fact that identical 1esults are found for the 
same species taken from different fishmg places 
supports the application of serology to taxonomic 
mvestigations The non-typical reaction with antigen 
of young three-spined sticklebacks 1s also in agree- 
ment with work already published 

TADEUSZ PENCZAK 
Department of Taxonomic Zoology, 
University of Lódź, Poland 
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Biotin, a Growth Requirement for Four Soil 
Amcebe 


SUBSEQUENT to the publication of Adam’s defined 
medium for the growth of Neff's Acanthamoeba sp !, 
I attempted to grow Hartmannella rhysodes m this 
medium slightly modified m the concentrations of 
ammo-acids? A further modification of Adam's 
medium was also tried m which all the amino- 
acids used were natural isomers (n forms), except 
threonine, valine and serme which were used as 
racemic mixtures (DL forms), and the methionme 
concentration was halved (135 mgm /100 ml) All 
organic nutrients were obtained from the California 
Corporation for Biochemical Research (Los Angeles) , 
the ammo-acids used were ‘A grade’ except DL-190- 
leucine (‘C grade’) The culture methods have been 
deseribed previously? Both modifications of Adam's 
medium failed to support growth of this hartman- 
nellid amceba past the second or third serial culture 
using either glucose or sodium acetate as the carbon 
source When biotin was added (05 ugm /100 ml), 
satisfactory growth was obtained in serial cultures 
The average maximum yield for duplicate cultures 
in the defined medium, contammg 01 M glucose 
and grown at 30? C. on a rotary shaker, was 5 76 x 10° 
organisms/ml and the mean generation time was 
c 40hr This1s comparable to growth m the proteose 
peptone (Difco, Detroit)-glucose medium? Identical 
results have been obtamed with Neff’s <Acanth- 
amoeba sp , Acanthamoeba castellanu and Mayorella 
palestimensw m both modifications of Adam's medium 
with either glucose or sodium acetate as the carbon 
source Therefore all four soil amcebe appear to 
require biotin in addition to the vitamins already 
present m Adam's medium (thiamine and Bə) 

In order to establish whether biotin 1s a true 
requirement for the growth of these amœbæ or an 
artefact peculiar to the defined medium in my lab- 
oratory, I used ‘Avidin’ to bind biotm*‘ in the proteose 
peptone-glueose medium (PPG) deseribed previously? 
‘Avidin’ (Nutritional Biochemicals Corporation, Cleve- 
land, contaming c  1,000—2,000 umits/gm) was 
added to the PPG medium in & concentration of 
4 mgm/100 ml The ‘Avidmm’-treated medium 
(PPG-A) and the controls were filter-sterihzed All 
four soil amœbæ mentioned above were carried in 
serial cultures of the PPG-A medium Both the 
PPG medium and the PPG-A medium, supple- 
mented with enough biotin to saturate the added 
‘Avidin’ (10 ugm /100 ml ), were used as controls At 
each subculture of the serial cultures explants were 
made into both control media The PPG—A medium 
failed to support the growth of all four soil amoebx 
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past the second or third serial culture, whereas 
growth occurred m the explant controls The experi- 
ments were carried out m duplicate on a shaker? and 
in stationary, slanted test-tube cultures at 30° C 

At present ıb 1s not possible to explain the apparent 
lack of a biotin requnement in the defined medium 
described by Adam! for Neff's Acanthamoeba sp 
The observations given 1n the present report indicate 
that, m my laboratory, Neff's Acanthamoeba sp, as 
well as Hartmannella, rhysodes, Acanthamoeba castel- 
lanu and Mayorella palestenensis, require biotin for 
growth ın the defined medium and im the undefined 
proteose peptone-glucose medium 

This work was supported by grants from the 
Research Corporation (Brown-Hazen Fund) and the 
National Research Council of Canada 
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Effect of Ribonuclease on Shell Regeneration 
in Ariophanta sp. 


Ir 18 supposed that the process of shell growth 
in molluscs consists of two phases. During the first 
step there 1s the elaboration of a protem membrane, 
and in the second mmeralization. of this membrane 
takes place’, Wagge has suggested that m Helve 
aspersa, which can rapidly repair its shell if this be 
damaged, the regeneration of the shell ıs brought 
about by the amosbocytes, which first lay down an 
oiganie framework that later on becomes calcified 
Since ribonucleic acid ıs concerned with synthesis of 
protems*-4, which m this case form an mtegral part 
of the shell, we have tried to assess its role in the 
regeneration of the shell ın the snail Arophanta sp 
(Pulmonata) 

For expermental work adult snails were chosen, 
and mto each was injected 0 5 ml. of distilled water 
contammg 2 mgm of mbonuclease (Armour, cryst- 
aline) Prior to injection, the enzyme solution was 
placed in a water-bath at 70? C for 20 mm so as to 
destroy the proteolytic activity present ın the ribo- 
nuclease preparation. The control specimens received 
05 ml of distilled water only Pieces of shell (slightly 
less than 1 cm ?) about 2 cm away from the mouth 
of the shell were removed Eighty snails were used, 
of which 40 served as controls After injeetion, the 
animals were placed m glass bowls with wet filter 
papers at the top and bottom of the bowl so as to 
saturate the air with water vapour. They were not 
fed durmg the period of regeneration Observations 
were made on the nature of the regenerating pieces 
at intervals of 24, 48 and 72 hr, after which parts 
of the shells with the regenerating pieces in the 
centre were cut from the specimens treated with 
ribonuclease and from controls They were wiped 
dry and dehydrated ın an air oven. The area of the 
regenerated piece was measured by an occular 
reticule Later, the regenerated piece was carefully 
cut out and weighed From this, the weight of the 
regenerated piece per 1 cm.? was calculated for 
both the treated and the control speczmens. 

Examination of the regenerated shell showed that 
the process of calcification was considerably inhibited 
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ın specimens which had been treated 
with ribonuclease when compared 
with the controls even at the end 
of 72 hr The dry weight of the 
regenerated piece at the end of 
72 hr in treated snails was 5 63 + 
0 16 mgm per cm 2, whereas ın the 
controls ıt was 10 72 + 040 mgm 
per em ? 

According to Brachet? and Cas- 
person‘, there exists a correlation 
between ribonucleic acid and pro- 
tem synthesis, the former author® 
has shown that ribonuclease mhibits 
the incorporation of labelled phenyl- 
alanine into the protems. There- 
fore, 1t 18 possible that ribonuclease, by acting on the 
ribonucleic acid m the amcebocytes, inhibits the 
synthesis of protems which form the essential 
constituent of the organic framework of the shell 

The mineralization of this membrane 1s brought 
about by the amcebocytes which transport the calcium 
ions from the digestive gland and the shell Tho 
inhibition in the calcification of the regenerating piece 
in the specimens treated with ribonuclease may be 
due to the inability of the amcbocytes to transport 
the necessary amount of calcium ions to the region 
of repair, since ribonuclease, by acting on the ribo- 
nucleic acid of the amcebocytes, prevents the bmding 
of calcium ions at their cell surface A similar inbibi- 
tion m the uptake of calcrum ions by Elodea cells 
m the presence of ribonuclease was observed by 
Lansing and Rosenthal®. 

It 1s suggested that ribonuclease, by inhibiting the 
synthesis of protems which form an essential con- 
stituent of the shell and also by preventing the 
binding of calcrum ions at the surface of the amoebo- 
cytes which normally transport calcium ions to the 
area of repair, slows down the process of regeneration 

Grateful acknowledgment is made to the Depart- 
ment of Atomic Energy, Government of India, for 
financial assistance 
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Action of a Detergent 
(Dodecylbenzenesulphonate) on the 
Gills of the Trout 


In the course of our work on the detrimental effect 
of surface-active agents on fishes we examined 
changes mduced ın the gills of the trout by sodium 
dodecylbenzenesulphonate (DBS) We found a 
reduction of the epithelium accompanied by a loss of 
the mucous cells on the top of the gill lamma starting 
at a concentration of 5 mgm DBS/i The same 
amount causes the respiratory folds of the lamma to 
stick together An increasing destruction of epithehal 
cells follows the mse of concentration, until at 20 
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a, Untreated control, b, concentration of DBS, 5 mgm /!, length of action, 8 hr, 
c, concentration of DBS, 20 mgm /1, length o: action, 30 min 


mgm JDBS/l after 1 hr the epithelium 1s destroyed 
to such an extent that the position of the respiratory 
folds 1s recognized only by the more resistant pillar 
cells Multiple hematomas mark the destruction 

The deleterious action of DBS results in a 
diminished uptake of oxygen by the gills followed by 
death from suffocation when the concentration of 
DBS 18 strong enough or in case of prolonged action 
even m smaller amounts The deterioration of respir- 
ation might be accompanied by a similar mpairment 
of the salt balance and of the metabohsm of urea 
since the gills take part in both mechanisms | Dotails 
of this work will be published ın Archi fur Fischerer- 
wissenschafi, 11 (1961) 

O J ScHuID 


Physiologisch-Chemisches Institut der 
Universitat, 
Hamburg 
H Mann 


Institut fur Kusten-und Bmnenfischere1 
der Bundesforschungsanstalt f. Fischerei, 
Hamburg 


The Species of the Teleostean Genus 
Lebetus 


THe genus Lebetus (Gobudae) was founded by 
Winther! to melude two species, Gobius orca and 
G scorproides, described by Collett? m 1874 from 
examples dredged on the Norwegian coast, and 1s 
characterized by the absence of an anterior mem- 
brane to the pelvic fins, which are united ın the mid- 
line along their entire length. Lebetus occurs m the 
European Atlantic boreal region, being known from 
Iceland, Norway, the Skagerrak and Kattegat, the 
British Isles, and Brittany, but also extends into the 
Bay of Biscay and perhaps as far south as Gibraltar? 
These fishes are of small size (up to 38 mm total 
length?) and frequent rough grounds , 1n. consequence 
they are not often taken, and are reputedly rare. 
However, in the past three years, more than fifty 
individuals of the genus have been obtained m the 
course of dredging off the southern end of the Isle 
of Man This collection, together with earlier speci- 
mens from the same region and from several Scan- 
dinavian museums and the British Museum (Natural 
History), has provided considerably more material 
than has been available to previous workers on this 
genus 

Various characters have been used to identify the 
two species of Lebetus Holt and Byrne’ attached 
some importance to the coloration of the second 
dorsal fin On this basis ıt has been possible to 
separate the above individuals into two groups, 
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termed orca, where this fin has a thick black superior 
edge above bright white areas and wide oblique 
bands of yellow (grey when preserved), and scorp- 
vowdes, with a much thmner dark edge and four 
narrow lines of black and reddish orange across a 
predominantly hyaline fin The absence from my 
collection of female orca and mature male scorproides 
suggested connexion of the two coloration groups 
with sex and sexual maturity Table 1 shows that 
mature or developmg male scorpioides do not occur, 
and that female orca are unknown at any stage of 
maturation This distribution would seem to indi- 
eate that the orca coloration ıs the male livery of a 
species the females and immature males of which 
bear the markings of scorpordes 


RELATION OF SEX AND MATURITY TO COLORATION GROUPS 
No of males 


Table 1 


Group (mature and No of males No of females 
maturing) (immature) (all stages) 
orca 35 1 0 
Scorproides 0 10 32 


After reaching this conclusion, ib was discovered 
that such a view was put forward by Smitt® ın 1900, 
but was not accompanied by any details and appears 
to have been overlooked by later authors The 
hypothesis 1s further supported here by the fact that 
the known examples of orca are 180-300 mm in 
standard length whereas male scorp»owdes do not 
exceed 230 mm  Tánig?* has reported juvenile orca, 
but based his identification on meristic characters 
the validity of which is doubtful and 1s dealt with 
later Female sco)» podes attain the same maximum 
length as that of orca Incipient development of the 
orca pattern m the second dorsal fin can be noted 
among some of the immature male scorpvowdes The 
first dorsal fin 1n the orca fishes 1s a uniform yellowish 
grey edged with white, but ın scorpiordes 1s usually 
banded, with a dark spot on the interradial mem- 
brane between the fifth and sixth rays This second 
pattern 1s stated to be found in the breeding male of 
scorprordes*, in fact, ıt is well represented m adult 
females, and among male Lebetus occurs only m the 
immature Other aspects of coloration m which the 
two species have been regarded as differmg can be 
seen 1n both orea and scorproides groups 

Tests have also been made on other characters 
used in the past for distinguishing the two species 
Table 2 MEANS AND RANGES OF VALUES FOR CHARACTERS USED 
IN THE [DENTIFICATION OF L orca AND &8corpioides, DETERMINED FOR 


THE TWO COLORATION GROUPS <A LINEAR RELATION EXISTS BETWEEN 
Bopy MEASUREMENTS AND STANDARD LENGTH 


orca 8corpioides 
No of 


Characters used 
obs Mean Range 


in identification 


*Meristic 
No of first. dorsal 
rays 25 
No of second dorsal 


0 0 
obs Mean Range 


All 6 82 All 6 

articulated rays 25 92 8-10 31 90 7-10 
No of anal articu- 

lated rays 25 792 6-8 31 71 5-8 
No ofpectoralrays 52 18-20 60 15-21 
No of caudal 

branched  articu- 

lated rays 24 90 
No of scales ın lat- 

eral series 38 

Body proportions (in 

standard length) 
Depth at origin of 

pelvic fin 
Depth at origin of 

anal fin 23 65 
Depth (least) of 

caudal peduncle 

before origin of 

caudal fin 23 
Distance from snout 

to anus 22 19 


*British material only 


9-10 33 90 
25-29 41 


8-10 
25-29 


51-67 28 57 
59-7 3 26 66 


51-63 
57-7 5 


92-110 29 
17-20 18 19 


85-123 
18-19 
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Diagnostic features attributed to orca have been an 
extra ray in the first dorsal fin, rather more articulated 
rays m the second dorsal and anal fins, but fewer 
in the pectoral fin and fewer scales m lateral series? 
In body proportions orca has been regarded as con- 
sistently slimmer‘, and a supposed disparity m the 
position of the anus with reference to the middle of 
the body was utihzed in a key by Smitt? From 
Table 2 ıt 1s apparent that the two groups cannot be 
regarded as specifically distinct on these criteria 
The wider range and slightly lower means for fin ray 
counts in scorpioides are due to the occurrence m 
this group of all the smallest fishes, among which 
such variation 1s more pronounced 

Another distinguishmg character of L orca is the 
greater size of the first dorsal fin, which 1s beheved 
to differ from that of scorpvowdes ın bemg consider- 
ably higher than the body’, and higher than the 
second dorsal fin? In the present work, length of 
fin ray has been used as an index of height of fin 
With adults m both the orca and scorprodes groups, 
rays lI and III of the first dorsal fin are longer than 
any from the second dorsal fin, and greater than the 
depth of the body at the origin of the pelvic fins 
Iu length of ray II, there 1s little difference between 
the groups whereas for ray III and the other rays 
of the first dorsal fin, as well as 1n the second dorsal 
fin, there is a more or less pronounced divergence, 
orca having the longer rays This 1s very noticeable 
m the last three rays (IV, V, and VI) of the first 
dorsal fin and, together with corresponding growth 
of the interradial and posterior membranes, gives the 
fin a much greater spread ın the orca fishes 

Comparison of other characters, such as the pat- 
terns of sensory papille over the head and body, does 
not reveal any differences between orca and scorp- 
vowes Both ‘species’ have been recorded throughout 
the geographical range of the genus, and, ın so far 
as can be judged, display no ecological separation 

The two groups are thus different in coloration 
and in development of the dorsal fins, especially the 
first As mentioned above, orca consists entirely of 
males, almost all maturing or mature, and scorproides 
of females and 1mmature males The type specimens 
of Gobius orca and G. scorpioides (Zoological Museum, 
University of Oslo) have been examined, and are a 
male, maturing if not mature, and two females re- 
spectively Sexual dimorphism ın colour and length 
of fin ray 1s well known among teleosts, and has 
recently been discussed by Egami® for Japanese 
gobies It seems safe to conclude, therefore, that 
the two names apply to one and the same species, 
for which the name orca Collett 1874 ranks by page 
oe as the senior synonym to scorprordes Collett 

74 

A fuller account of this work, and a re-deseription 
of the genus and species, are intended for publication 
elsewhere 
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Manner of expressing Rate of Ribonucleiz 
Acid Biosynthesis 


ENRICHMENT of a medium supporting slow, bal- 
anced growth of bacteria (Aerobacter aerogenes’ or 
Salmonella typhamurvum?) 1s followed by a period of 
accelerating growth durmg which the ribonucleic 
acid (RNA) * protem ratio of the bacterial protoplasm 
mereases considerably It has recently been stated 
m papers from this laboratory! and elsewhere? that 
the rate of RNA synthesis during this adjustment 
period ıs even higher than ıt will be later when the 
new, high growth-rate 1s established (The phrase, 
‘rate of RNA synthesis’, refers to the rate of 
accumulation of total RNA, of which approximately 
80 per cent 18 ribosomal In the conditions of growth 
employed in the experiments bemg discussed, 
measurements of total accumulation are essentialty 
measurements of ribosome synthesis, since turnover 
is shght ) This assertion 1s based on the fact that 
when the logarithm of RNA per ml of culture 1s 
plotted agamst time, the slope immediately after 
enrichment of the culture 1s usually greater than that 
which will be maintained afterwards 

We wish to point out that the value obtamed from 
such a slope represents the amount of RNA made 
per hr per umt of RNA (dR/dt x R~) and 1s not 
necessarily a meanmgful expression of the rate of 
the biosynthetic process In fact, unless the synthesis 
of RNA 1s truly an autocatalytic process, this manner 
of expressing its rate can be quite misleading if 
alternatively, for example, one expresses the rate of 
RNA formation as the amount made per hr per unib 
of protein (dR/dé x P-), the data cited above (ss 
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Fig 1 Increase in ribonucleic acid (RNA) and protein (PROT) 


per ml of culture before and after enrichment 


The figure 1s idealized from data in the papers cited, and fulfils 
the following specifications (1) The growth-rate finally reached 
after enrichment 1s exactly double that before (2) The RNA 

protein ratio at the higher growth-rate 1s double that at the 
lower (3) The rate of RNA synthesis, expressed as the amount 
of RNA made per hr. per unit protein, increases instantly to the 
value characteristic of the higher growth-rate Actually, such 
a curve may be determined simply by the third of these speci- 
fications, together with the assumption that the rate of protein 
synthesis (dP/dt) 18 proportional to the RNA content of the 


culture 
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well as new experiments to be reported’) give no 
indication of an overshoot m the rate of RNA syn- 
thesis by a culture m accelerating growth Rather, 
the rate of RNA synthesis (expressed ın this manner) 
simply inereases, upon enrichment of the medium, 
to the value characteristic of the new growth-rate 

To illustrate our point we have drawn an idealized 
curve which describes the accumulation of RNA and 
protem in such an experiment (Fig 1) The rate of 
RNA synthesis, calculated per unit of RNA and per 
unit of protein, 1s given for three points (A) balanced 
growth before enrichment, (B) unbalanced growth 
mnmediately after enrichment , (C) balanced growth 
after adjustment of the culture to the new medium 
For purposes of comparison, each expression has 
been multiphed by a constant (c, or c;) chosen so as 
to yield values at pomt A of 1 It ıs evident that 
the two ways of expressing the rate of RNA synthesis 
give qualitatively different impressions of what 
happens to this process following enrichment of the 
medium Expressed per unit of protem, therate of RNA 
synthesis quickly increases to the new higher value, 
while expressed per unit of RNA 1t overshoots (1n this 
example by 100 per cent) The magnitude of the over- 
shoot depends on the absolute increase ın the growth- 
rate (over the range where RNA content of the 
bacteria 1s a function of the growth-rate) and on the 
rapidity with which the rate of RNA synthesis 
expressed per unit of protem reaches its new value 

Whether or not one concludes that RNA synthesis 
is faster during accelerating growth depends on how 
the kinetie data are expressed, and a choice between 
methods of expression must await elucidation of how 
RNA 1s made 

Our work is supported by the National Science 
Foundation under grant G-5887 Oneofus(D G F) 
is a National Science Foundation Predoctoral Fellow 

D G FRAENKEL 
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Effect of Temperature and Potassium 
Gibberellate on Phases of Growth of 
Algerian Ivy 


THE application of gibberellic acid to mature, 
fruiting shoots of Hedera was found’? to cause a 
reversion from the shrubby fruitmg form to the 
juvenile vinmg type of growth Our experiments 
have confirmed this response but indicate that ib 
depends on the maintenance of a sufficiently high 
temperature following treatment 

Plants of Hedera canairensis were treated in mid- 
summer in a 60° F minimum glasshouse with potas- 
sum gibberellate ın concentrations of 00, 0 18, 
091 and 18 mgm a plant, appled m capillary 
melting pomt tubes mserted in decapitated stems, 
using ten plants per treatment In 120 days, all the 
treated plants were juvenile, but only 30 per cent 
of the controls exhibited any juvenile characteristics 
Identical treatments were applied in a lath-house 
outdoors in January in uncontrolled temperatures 
in which the minima ranged from 38° to 55° F for 
most of the experiment Although the plants grew 
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Table 1 RESPONSE OF ALGERIAN JVY TO TEMPERATURE AND 


POTASSIUM GIBBERELLATE 


| | 











Juvenile Mean growth 
Tieatment Temper or trans- Adult of longest 
ature itional plants shoot (cm ) 
plants 
50? 0 24 27 5 
Potassium 60° 19 4 348 
gibberellate 70° 21 1 501 
| 4° 18 2 351 
50° 1 22 12 2 
60° 3 20 167 
Control 70° 6 18 | 191 
74° 6 155 


well, none of the treated plants had reverted to a 
definitely juvenile condition and all the untreated 
plants remained fully adult after 120 days 

Since these observations indicated considerable 
difference in the ability of gibberellins to promote 
reversions at different seasons of the year, the effect 
of temperature was determined experimentally 
Adult established plants, twenty-four m each treat- 
ment, were cut back to one shoot with one or two 
buds A patch of bark was removed and 1 mgm 
of potassium gibberellate was applied All plants 
were placed under 16-hr photoperiods at 1,000 ft -c 
using constant temperatures of 50°, 60°, 70° and 
74° F The reversions produced by the treatments 
together with shoot growth measurements are shown 
in Table 1 A few plants died and some of the forms 
classified as transitional had abnormal growth indi- 
cative of excessive concentrations of the chemical 

70° F was the best temperature for elongation 
of shoots Potassium gibberellate doubled the num- 
ber of bud breaks at all temperatures and was 
effective in increasing elongation of shoots at all 
temperatures Reversions were produced in all but 
the lowest temperatures Several mvestigators have 
observed that higher temperatures favoured the 
production of juvenile growth, mcludmg Fisher? in 
Ranunculus, Hudson and Williams? m Rubus, and 
Njoku* ın Ipomoea caerulea Doorenbos® observed 
reversions on Hedera followmg graftmg on juvenile 
understocks Stoutemyer and Britt? verified this 
effect but showed that 1t depended on sufficiently 
high temperatures The observation of Robbins 
that reversions were obtained with gibberelhn more 
readily ın summer than n winter may be explamed 
as a response to temperature 

J R Goopin 
V T STOUTEMYER 
Department of Floriculture and 
Ornamental Horticulture, 
College of Agriculture, 
University of California, 
Los Angeles 
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1 Njoku, E , New Phytol , 56, 154 (1957) 
5 Doorenbos, J , Proc Kon Ned Akad Wetensch , Ser C, 57, 99 (1954). 
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Effect of Gibberellic Acid, Kinetin and 
Other Substances on Seed Dormancy 


THE seeds of many plants, especially woody species 
from temperate regions, are dormant when harvested 
and require a period of chilling (‘stratification’) 
before they become capable of germmation As part 
of an investigation into the physiological basis of 
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seed dormancy, attempts were made to replace the 
chilling requirement by treatment with gibberellic 
acid and other substances known to break dormancy 
Gibberellic acid has been shown to stimulate ger- 
mination in several members of the Rosaceae}? and m 
various tree species?-5, 

The effects of gibberellic acid on dormant seeds of 
hazel, Kent cobs (Corylus avellana) and beech (Fagus 
sylvatica) have been examined, In germination exper!- 
ments seeds were sown on filter paper or cotton wool 
soaked in distilled water or gibberellic acid solution 
and kept in the dark at room temperature In 
unchilled nuts of beech and hazel only a few embryos 
were capable of gernunation, even after removal of 
pericarp and testa When treated with 100 mgm /l 
gibberellic acid, embryos and seeds germinated within. 
3 weeks Beech embryos responded to a concentration 
of 1 mgm /1 In both beech and hazel, intact nuts 
failed to germinate, even m the presence of 500 
mgm /l gibberellic acid 

It was also confirmed that gibberellie acid will 
stimulate germination of birch seed ın the dark’, but 
that ıt has no effect on dormant sycamore seed! 
Delayed epicotyl extension 1n acorns (Quercus petraea) 
was overcome by treatment with gibberellic acid. 

It has been shown? that although gibberellic acid 
will accelerate germination of embryos from dormant 
Rosaceous seeds, it fails to have any effect when the 
coat structures aro intact This observation was 
confirmed with seeds of apple (Malus sp ), varieties 
‘Stoke Red’ and *Medaille d’Or’, and rowan (Sorbus 
aucuparia) (See Table 1 ) Gibberellic acid stimulated 
isolated embryos to germinate but had no effect if 
the endosperm was left intact, even 1f the testa had 
been removed Concentrations as low as 1 mgm /l 
failed to stimulate germmation of embryos In all 
the seeds used, coat structures prevented a response to 
gibberellic acid, m the case of beech and hazel 1t was 
the pericarp, whereas in the case of apple and rowan 
15 was the endosperm plus testa which was effective 
This lack of response could be due to (1) failure of the 
acid to penetrate the coat structures, or (11) failure of 
embryos treated with gibberellic acid to overcome the 
retarding effect of the coat structures If alternative 
(11) was the case, then gibberellic acid only partially 
replaced the chilling requirement, since fully stratified 
seeds germinated despite the presence of coat struc- 
tures 
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Table 1 EFFECT OF GIBBERELLIC ACID ON APPLE AND ROWAN SEEDS 
Untreated Gubberellic acid 
(100 mgm 1) 
Apple var ‘Stoke Red’ (1956) 
seeds 


0 0 
minus testa, endosperm intact 0 0 
embryos 4 17* 
» chilled 10 weeks 
seeds 1 0 
minus testa, endosperm intact 1 0 
embryos 20 20 
Apple var ‘Medaille d'Or’ (1959) 
seeds 0 0 
embrvos 16 20 
» chilled 10 weeks 
seeds 18 — 
Rowan (1960) 
seeds 0 0 
embryos 1 17* 


No germinated out of 20 Apple after 1 week, rowan after 3 weeks 
* Significant effect at 99 per cent level of probability (using x? test) 


Hazel, beech and rowan seeds were treated with 
other germmation-stimulating substances potassium 
nitrate, thiourea and kinetin Nitrate had no effect 
on hazel, beech or rowan Thiourea and kinetin were 
both effective in stimulating germination in these 
species, although kinetin, at the concentration used 
(10 mgm /1 ), had no effect on intact seeds (see Table 2) 
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Table 2 EFFECT OF VARIOUS SUBSTANCES ON DORMANT SEEDS 
Gibberellic 
Untreated acd Kinetin Thiourea Pot nitrate 
(100 (10 (75 (2 
mgm/1)  mgm/l) gm/l) gm /1) 
2* 4 2 4 2 4 2 4 
Beech 
nuts 0 0 0 0 0 0 0 0 0 0 
seeds 0 0 5 16* 0 0 11* 18* O 1 
embryos 3 3 20* 20* 15* 16* 14* 15* 8 6 
Hazel 
nuts 0 0 0 0 0 0 0 0 0 
seeds 1 2 10* 20* QO 1 10* 19* 1 1 
embryos 2 9 20* 20* 4 18* 8 18* 4 6 
Rowan 
seeds 0 0 0 0 0 0 0 0 0 0 
embryos 1 1 9* 19* 16* 19* 5 9* 0 1 


2, No germinated out of 20 after 2 weeks, 4, No germmated 
out of 20 after 4 weeks 
* Significant effect at 99 per cent level of probability (using x? test) 


The effect of gibberellic acid on dormant seeds 
might be an indication that endogenous gibberellins 
play an important part m the chilhng process 
Kinetin and thiourea, however, both unrelated 
chemically to gibberellic acid, can also stimulate 
germination Interest ın the gibberellins lies in the 
fact that they have been shown to occur naturally in 
several seeds and that they promote other aspects of 
plant growth Also gibberellic acid will overcome 
‘physiological dwarfing’ in seedlmgs grown from 
unchilled embryos of Rosaceous seeds??? 

The work was carried out under the supervision of 
Prof P F Wareing, part of ıt while I was supported 
financially by a grant from the Agricultural Research 
Counei] 

B FRANKLAND 
Department of Botany, 
University College of Wales, 
Aberystwyth 
! Donoho, © W , and Walker, D R, Scwnce, 126, 1178 (1957) 
?^Nekrasova, T V, Finolopwua Rastenu, 7, 106 (1960) 


*Vaartaja,O Canad Dep Agric , Forest Biol Div , Bvmonthly Report, 
No 18, Part 2 (1957) 


‘Monin, J, Fourteenth Congrès des Societés savantes (1959) 

5 Villers, T A, and Wareing, P F , Nature, 185, 112 (1960) 
Philips, I D J, Ph D thesis, University of Manchester (1959) 
*Parton, L V, Contrib Boyce Thomp Inst, 18, 311 (1958) 


Bioassay of Gibberellic Acid using 
Excised Embryos of Avena fatua L. 


A NUMBER of bioassays have been described for the 
detection of the gibberellins A, to A,, particularly for 
gibberellic acid Almost every assay so far reported 
for gibberellic acid 1s of the type which utilizes shoot 
growth in intact normal, or more often dwarf, species 
of plants There is thus a need for alternative gib- 
berellin bioassays utilizing other physiological re- 
sponses This communication demonstrates that the 
germination response induced m embryos of A fatua 
L treated with gibberellic acid provides an extremely 
sensitive and rapid micro-test for the acid 

The method used by us for assaying chromato- 
grams, or small volumes of solution containing 
gibberellic acid, 1s as follows Non-dormant A fatua 
L seeds are allowed to imbibe water for about 15 mm 
to soften the testa Embryos are then excised with a 
sharp scalpel under a dissecting microscope leaving a 
thin layer of endosperm attached to the scutellum 
When dried at room temperature these excised 
embryos can be stored for several months without 
affecting their response 1n the bioassay Twenty-five 
dry embryos are placed on a standard sized paper 
(1 x 7/81n Whatman No 1 chromatography paper) 
which is then wetted with 025 ml of water (for 
chromatogram segments) or gibberellic acid (for 
assay of water solutions containing gibberellic acid) 
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Fig 1 Bioassay of gibberellic acid using the germination response 

of excised embryos of non-dormant A fatua L -—--, genetically 

heterogeneous population of seeds, germination recorded at 

1 , —, seeds from an inbred line, germination recorded 

at 20 hr Each point represents three replicates, each of 33 
embryos, S E ofall pomtsis < + 3 


Each paper 18 kept in a small covered dish ın a humid 
atmosphere at 20° C. 1n darkness. Each treatment 1s 
comprised of three such replicates Germiation per- 
centages are scored by counting elongated radicles 
at intervals after 12 hr 

Two typical dose-response curves of non-dormant 
embryos to solutions of gibberellic acid are shown m 
Fig 1 The optimal response to the acid hes between 
107 andl ppm It should be noted that concentia- 
tions lower than 10-? ppm (0 00025 ugm /repheate 
of 0 25 ml ) can be detected, and that up to 10-4 p p m 
there 18 a linear germination response to the log 
concentration of dose of acid There can be some 
advantage m using an mbred population of seed 
(solid curve) as opposed to a mixed population of 
seed. (broken curve) 

In our material, embryos which have not been 
after-ripened more than about 18 months show a 
degree of dormancy which, after maturation of the 
seed, decreases with period of after-ripening During 
this period there 18 a distinct shift in the pattern of 
reaction, embryos respond to a lower concentration 
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of gibberellic acid Also the time taken for germina- 
tion to occur decreases considerably Fig 2 represents 
the response of seeds after-rripened for 4 months It ıs 
apparent that the embryos show two responses to 
gibberellic acid with distinctly different concentration 
optima, the higher optimal concentration lying near 
50 ppm and the lower between 10-1 and 1 ppm 

Moreover, 1f seed 18 mature but not after-ripened the 
embryos show a response only to the high range of 
concentrations (10-3 to 50 ppm) An explanation of 
the physiological responses accounting for these 
differences has been presented m ref 2 The response 
to high concentrations of gibberellic acid 18 known to 
be due to the ability of the acid to eliminate the 
requirement for exogenous sugar in germination 

Accordingly, the assay procedure 1s simplified by 
using embryos which have after-ripened to the point 
where exogenous sugar need not be supplied How- 
ever, the dose-response curve of dormant embryos to 
the acid ın the presence of sugar is essentially the 
same as that of non-dormant embryos with the acid 
alone, with the exception that the time required for 
the assay is slightly longer for semi-dormant and 
substantially longer for very dormant seed. 

Kunetin and indole-3-acetie acid (IAA) show no 
positive effects in the test IAA induces some inhibi- 
tion of germination at concentrations of 1-10 ppm, 
which, however, 1s reversed by gibberellic acid The 
specificity of response of the embryos to different 
substances has not been otherwise investigated It 
would appear that the cultivated wheat and oat 
varieties are unsuited for use as bioassay material as 
their response to low concentrations of the acid 
disappears fairly soon after the seed ıs matured 

In conclusion, the followmg points show some 
advantages of the A fatua bioassay (1) The assay 
can be completed m less than 18 hr (2) Assay 
material occupies a small space with environmental 
conditions suited for routine laboratory testing, that 
18, & simple mcubato: (3) Because material can 
be accumulated without loss of activity, large-scale 
assays are quite feasible (4) Small volumes of 
solution (0 25 ml /replicate) together with low specific 
amounts (0 00025 ugm ) can be used for the assay 
This can be important when dealing with extracts of 
plant material with low specific activity 

J M NAYLOR 
G M SIMPSON 
Field Husbandry Department, 
University of Saskatchewan, 
Saskatoon 
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Occurrence of a Hyperglycemic Factor 
in the Corpus Cardiacum of an Insect 


ALMOST two decades have elapsed since Abramowitz 
et al‘ first reported the occurrence of a ‘diabetogenic’ 
factor m the sinus gland of a crustacean To the 
best of my knowledge the experiments described. here 
are the first to show that a substance with a similar 
effect occurs in the corpus cardiacum of an insect 
The corpus cardiacum was selected for investigation 
because of its analogy to the smus glands of Crustacea 
and its known content of biologically active 
materials?-* In view of the recent finding that the 
main blood sugar in isects is the non-reducmg 
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disaccharide trehalose*-? the effect of corpora cardiaca 
extracts on both reduemg and non-reducing sugars in 
the blood has been investigated 

All observations were made on the adult male 
cockroach, Pe»vplaneta americana, L , 4-5 weeks after 
the final moult Blood was removed from the cock- 
roaches by the method in ref 8 and tungstic acid 
filtrates prepared Part of this filtrate was used for 
determination of reducing sugar, obtamed by determ- 
img reducing value before and after fermentation 
with baker’s yeast Because trehalose yields glucose 
on hydrolysis ıt may be estimated as reducing sugar 
Non-reduemg fermentable values were obtained by 
hydrolysing a portion of the original filtrate with N 
hydrochloric acid at 15 Ib /in ? for 30 min , neutralizing 
the hydrolysate with N sodium hydroxide and treat- 
ing in the same manner as the unhydrolysed filtrate 
The reducing power of the hydrolysed filtrate after 
correction for reducmg power of unhydrolysed 
filtrate ıs considered to be a measure of blood 
trehalose These values are expressed as mgm per 
cent glucose equivalents Reducing power was 
determined by the method of Somogyi as modified 
by Nelson? 

The corpora cardiaca extracts were prepared by 
homogenizing a number of pairs of glands, from which 
the corpora allata had been removed, in a suitable 
volume of Pringle’s insect Ringer The extract was 
boiled for 5 mm and then centrifuged at 12,000g 
for 15 mn The supernatant was removed, diluted 
with Ringer solution to the desired concentration and 
stored ın a deep-freezer until required for injection 
Table 1 shows the effect of 10 ul of extract, equivalent 
to one-tenth of a pair of glands, on the level of blood 
sugar at different times after mjection The control 
animals received Rimger solution only It can be 
seen that except 1n two instances the level of reducing 
sugar was lower ın those insects which received extract 
than m the controls The effect of the extract on the 
trehalose content of the blood was very striking 
30 min after mjection 16 had risen 45 3 per cent and 
reached a maximum of 150 per cent 5 hr. after 
injection Thereafter the trehalose content declined, 
returning to the normal level 48 hr after mjection 
The figures for the control msects compare very well 
with those obtained for normal uninjected insects, the 
latter being 74 mgm per cent reduemg sugar and 
1,174 mgm per cent glucose equivalents of trehalose 
When older (3 months) cockroaches were used the 
trehalose concentration was found to be of the order 
of 1,400 mgm per cent glucose equivalents This 
figure 18 1n good agreement with that given in ref 10 
The extract was found to be effective even at a greater 
dilution than that used in the experiment described 
heie, an injection equivalent to one-five-hundredth 
of a pair of glands increasing the blood trehalose by 
30 per cent When used m a concentration of one 
pair of glands/mjection the mean moerease m blood 
trehalose was 152-5 per cent, which 1s comparable to 
that obtaimed with one-tenth pair of glands, suggest- 
ing that one-tenth of the active material contained in 
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Table 1 ErrECT OF CORPORA CARDIACA EXTRACTS ON BLOOD SUGAR 
Figures are mgm per cent glucose equivalents 


Time after Reducing sugar Trehalose 
injection No of Increase 
(hr ) insects Control Extract Control Extract (per cent) 
05 12 25 2 31 4 1,237 1,797 453 
1 12 703 318 1,225 2 683 1108 
3 12 297 417 1,293 2,558 978 
b 12 97 2 29 3 1,050 2,025 1500 
12 12 66 1 201 1,118 2,178 048 
24 12 43 4 32 3 929 1,941 109 0 
48 12 52 4 195 1,025 1,160 13 2 
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the corpora cardiaca 1s sufficient to elicit the maximum 
response 

In order to determine whether the hyperglycemic 
activity of the corpora cardiaca was specific to this 
tissue a number of other tissue extracts were prepared 
and tested for activity The extracts, prepared from 
approximately 25 mgm of tissue, were treated in the 
same manner as those of the cardiaca The results of 
this experiment are shown in Table 2 All values, 
except one for brain tissue, indicate that none of the 
extracts had any effect on the level of blood trehalose 
One of the values obtained for brain tissue was 
shghtly high and may have been due to traces of 
cardiaca tissue remaining attached to the bram The 
corpora allata were also exammed for hyperglyczemic 
activity, but because of the technical mmpossibility 
of completely removing the corpora cardiaca, the 
results were inconclusive 
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Table 2. EFFECT OF VARIOUS TISSUE EXTRACTS ON BLOOD TRE- 
HALGSE 
Figures are mgm per cent glucose equivalents 


Time 


(hr) No ofinsects Control Nerve cord Muscle Brain 
5 6 1,241 1,041 1,147 1,470 
5 6 1,119 1,218 1,069 1,263 


The results of this work clearly show that the 
corpora cardiaca of the cockroach contain & powerful 
hyperglycemic factor Perhaps this 1s the ‘insect 
adrenalin’ described in ref 3 

J E STEELE 

Pesticide Research Institute, 

Canada Agriculture, 
University Sub Post Office, 
London, Ontario 
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Inhibited Oviposition by Females of 
Gryllus assimilis (F.), induced by Radioactive 
Males, using L-Methionine-MethyI-'4^C 


THE taxonomy of North American field crickets of 
the genus Gryllus L. (until lately all referred to a 
single species, Acheta assumes F ) has presented 
considerable problems ın the past, and has recently 
undergone considerable revision!‘ 

In an attempt to help solve certain problems con- 
cerning speciation 1n this group of crickets, work with 
radioisotopes was initiated. using a laboratory 
culture of Jamaican Gryllus assumils (F ), sens strict , 
and r-methionme-methyl-4C From these initial 
experiments an unexpected and interesting result was 
obtamed Not only did the treatment cause apparent 
sterility of the males, but also imbibition of egg- 
laying by females mated with radioactive males 

The expermments reported here were carried out in 
the Department of Entomology and Plant Pathology, 
Macdonald College, Ste Anne de Bellevue, Quebec, 
in à greenhouse laboratory maintained at a tempera- 
ture of 80° + 1? F , and a relative humidity of 75 + 5 
per cent The radioactive isotope, in distilled water, 
at dosages ranging from 0 05 to 10 ue /ericket, was 
injected into the hemolymph of last-instar nymphs 
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of both sexes of G assymelis by means of an ‘Agla’ 
brand microsyringe (Burroughs Wellcome and Co 
Ltd) The needle was inserted laterally through the 
intersegmental membrane between the sixth and 
seventh abdominal segments 

At doses of up to 5 uc, the radioisotope had 
no deleterious effects on the insects and the nymphs 
metamorphosed to adult crickets and performed 
all functions of hfe quite normally, as did the 
controls which had been injected with equivalent 
quantities of distilled water alone Higher concen- 
trations of the radioisotope were lethal within 24 hr 

The nymphs injected with doses of 5 uc, or less, 
of the radioisotope all retamed their radioactivity 
after moultng The adult crickets thus obtamed 
were then placed in individual l-gallon, candy- 
jar breeding contamers, provided, where appro- 
priate, with oviposition cups after the manner 
described ın ref 5 All virgin females, both radio- 
active and normal (non-radioactive), began, on 
maturing, to lay numerous eggs whenever oviposition. 
cups were available This ıs usual m Œ assımılıs and 
certain other Gryllus and Acheta species, although 
parthenogenetic eggs have never been observed to 
develop Also, when normal (non-radioactive) males 
were mated with either normal or radioactive virgin 
females, normal oviposition occurred The eggs m 
both cases were viable, those from the radioactive 
females bemg also detectably radioactive as were 
first-mstar nymphs which later hatched from them 

However, when radioactive males, derived from 
nymphs injected with any dose of r-methionme- 
methyl-“C used, were mated with either radio- 
active or normal virgm females which had not yet 
begun laying, no oviposition occurred Repeated 
experiments all produced the same results Table 1 
shows the average fecundity of radioactive and normal 
females, continually associated with normal and 
radioactive males Figures for unmated virgin. 
females (all of which oviposited) are also given by 
way of comparison All radioactive individuals were 
derived from last-instar nymphs injected with L-meth- 
10n1ne-methyl-“C at a concentration of 1 ue /ericket 


Table 1 RESULTS OF MATINGS BETWEEN RADIOACTIVE (R) AND 
NORMAL OR NON-RADIOACTIVE (N) INDIVIDUALS OF Gryllus assimila 
(F ) FROM DECEMBER 22, 1960, TO FEBRUARY 1, 1901 


Average number of 


Matings 
5 Males 5 Females eggs per female 


R N 0 
R R 0 
N R 196 
N NV 126 
— R 128 
— N 90 


It would seem from the results indicated in Table I 
that the radioisotope produced sterility in the males 
since no eggs were produced by the females with 
which radioactive males were associated The urge 
to mate, however, was not impaired, the radioactive 
males mated as readily with both normal and radio- 
active females as did normal males, nor was the 
production of spermatophores inhibited Judgmg 
from the average number of eggs laid per female, ıt 
would seem that the radioisotope may have led. to an 
moerease 1n the fecundity of females whether they had 
mated with normal males or not This 1s indicated 
more clearly by the complete data than by the 
condensed table given here. It is also interesting to 
note that similar results have been obtamed by 
administering the radioisotope orally via the drinking 
vials Nymphs and adults were made radioactive by 
placing treated vials m the 1earmg jars for 72 hr 
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It has, of course, long been recognized that male 
msects can be sterilized by irradiation with X-rays 
and/or y-rays5-?, but the present experiments appear 
to give the first indication that sterihty may be 
induced by such a weak f-emutting radioisotope as 
L-methionme-methyl-4C 

The second pomt of interest is that, whereas in 
previous cases of sterility ın insects females have laid 
infertile eggs’, ın the case of Gryllus assımilıs no eggs 
are laid by females after mating with radioactive 
males, even though unmated females normally lay 
(nfertie) eggs That radioactivity alone does not 
produce this result 1s indicated by the fact that 
radioactive females, eithe: virgm or mated with 
normal males, oviposit normally, the implication 18 
that some factor inhibiting oviposition is passed to 
the females from the radioactive males by way of the 
spermatophores (which were found to be detectably 
radioactive) It seems unlikely that non-radioactive 
L-methionine would have this effect, although this 
possibility 1s being explored 

Insufficient 1s known about the mechanism inducing 
oviposition in insects to indicate what might have 
occurred in this case, but 1t could be postulated that 
some reaction which permits or encourages the pro- 
duction of eggs when normal spermatophores are 
received by the female 1s blocked by the presence of a 
substance or substances originating from the radio- 
active spermatophores That something of this kind 1s 
possible 18 indicated by the fact that inhibited females 
will begin to lay fertile eggs about 2 weeks after being 
mated with normal males  Simularly, such females 
isolated afterwards will begin to lay infertile eggs 
after about the same period. The fundamental 
question 1s posed What causes oviposition to occur ? 
Exactly what process is 1t that 1s inhibited by these 
hypothetical toxins from the radioactive spermato- 
phores ? 

Whether there 1s any likelihood of a successful 
outcome from an attempt to put the type of sterility 
induced by radiation m Gryllus assvmalas to practical 
use 1s doubtful Bushland and Hopkins’ used 
X-ray-steriized males of the screw-worm fly, 
Callitroga americana (C and P ), in the control of that 
insect in Florida, but this was made feasible because 
most females of this species mate only once Females 
of Gryllus assımlıs, on the other hand, mate 
frequently. The exact number of times has not been 
determined, but Spann” states that Kansas females 
of a related species (not G assimile although he uses 
this name) may mate about seven times daily Thus, 
even though a radioactive male should inhibit 
oviposition in many females, 1$ would not be long 
before the latter recovered and mated with normal 
males. 

A A ABDEL-MALEX * 
D K McE Kevan 
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è? Runner, G A, J Agrie Res, 6, 383 (1916) 
' Bushland, R C, and Hopkins, D E,J Econ Ent , 44, 725 (1951) 
° Bushland, R C, and Hopkins, D E,J Econ Ent , 46, 648 (1953) 
* Hassett, © C, and Jenkins, D W, Nucleonws, 10, 42 (1952) 
Spann, L , Trane Kansas Acad Scr, 87, 299 (1934) 


NATURE 


November 18, 1961 
MICROBIOLOGY 


VOL 192 


Survival of Rhizobium meliloti in Soil 
Culture 


IHE root nodule bacteria of leguminous plants 
(Rhizobium spp ) have repeatedly been observed to 
survive as long as 15-16 yr in various media’? 
Bisset® has explained this remarkable longevity as 
due to formation of endospores in a complicated lıfe- 
cycle 

The culture collection of this Laboratory meludes 
many cultures of È meliloti that have remained viable 
for much longer periods m a medium of loamy garden 
soil plus 05 per cent mannitol and some calcium 
carbonate, sterilized by autoclaving, the culture 
vessels are Freudenreich flasks that have been stored 
in darkness at room temperature, under which con- 
ditions the soul becomes air-dry within about a year 
During the autumn of 1960 I examined such cultures 
of twenty R meliloti strains, seventeen from lucerne 
and three from Medzcago lupulina Tho age of these 
cultures ranged from 30 to 45 years, the majority (13) 
bemg 38-40 years old 

A pure growth of R melilot. developed from all 
cultures within a week when small quantities of soil 
were transferred to slopes of glucose—asparagine agar 
plus lucerne seedling extract Plate counts on the 
same medium were rather erratic but suggested 
numbers from less than a hundred to about half a 
million per gm of soil, with no apparent correlation 
between age and density of bacteria 

Some pasteurization tests were made on soil 
suspensions (one part of soul in ten parts of sterile tap 
water) heated for 5-30 mun in a thermostati- 
cally controlled water-bath, duplicate portions were 
cooled rapidly and ten drops of suspension 
were transferred to slopes of agar medium that were 
watched for growth at 25° C for three weeks (1n some 
cases for six weeks, which made no difference) 
Eleven strams failed to grow after heating for 5 
min at 50°C The remauung nine showed somewhat 
inconsistent growth after heatmg for 5-20 min, 
one of them (L 21, aged 39 yr) even after 30 mm 
These strains, and fivé more, were tested at 60° C, 
all succumbed after 5 min, except L 21, which, in 
one instance, survived for 10 mm. The rhizobia in 
the soil are thus about as heat-sensitive as in agar 
cultures’, and according to this evidence they do not 
survive as thermoresistant endospores 

Nutman* found R trifolw frequently producing 
ineffective variants when grown in sterile soil To 
see if this had happened in the present cultures, 200 
isolated colonies were picked from the plate counts 
(20 colonies from each of 10 strains) and the isolates 
were tested for effectiveness on lucerne seedlings imn 
aseptic agar cultures All isolates formed normal 
nodules with red pigment, nodule-bearing plants 
were dark green and healthy-looking and contained 
2 7-4 6 per cent nitrogen m dry matter 8 weeks after 
inoculation, while the unmoculated control plants 
were dwarfed and yellowish, with 1 2-17 per cent 
nitrogen One isolate (from stram L 4, aged 44 years) 
was ineffective immediately after isolation but was 
normally effective when re-tested a couple of months 
later Formation of permanently ineffective variants 
m E meliloti thus seems to be quite a rare occurrence 

The collection includes no cultures as old as those of 
R melalote, but soil cultures of several other organisms 
proved viable at ages of 10-14 yr This applies to 
bacteria (R trifolu, R legummmosarum, Pseudomonas 
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aeruginosa) as well as actmomycetes (Nocardia, 
Streptomyces, Mucromonospora) and fungi (Trocho- 
derma, Pemeillrum, Aspergillus) 

Sterilized soil as culture medium thus seems to 
keep vegetative cells of R melilote alive and effective 
in a desiccated condition for periods approaching 
half a century, moreover, ıb preserves for more than 
ten years the viabihty of several other mucro- 
organisms that have never been claimed to form 
endospores 


No 4803 


H L JENSEN 
State Laboratory for Soul and Crop Research, 
Lyngby, 
Denmark 


! Fred, E B, Baldwin, I L, and McCoy, E, Root Nodule Bacteria 
ana T dad Plants (Univ of Wisconsin Studies in Science, 
Oo D, 


* Allen, E K , and Allen, O N , Ruhland's Handb d Pflanzenphysiol , 
8, 48 (1958) 

? Bisset, K A, J Gen Microbiol , 7, 233 (1952) 

t Nutman, P S, J Bacteriol , 51, 411 (1946) 


Inhibition of Lysozyme by *Suramin' 


It has been shown that a number of non-chaining 
bacteria form long chains when grown in the presence 
of ‘Suramuin’, the chains are rapidly split by filtrates of 
ordinary ‘short form’ cultures of the organisms It 
was assumed as a working hypothesis that separa- 
tion of bacterial cells ıs an enzymic process and 
that 'Suramm' acts by inhibiting the cell-separating 
enzyme? 

Detailed experiments showed that while Strepto- 
coccus faecalis, B  megatervum, Cl welchw and Cl 
sporogenes grow well in the presence of ‘Suramuin’ at a 
concentration of 1 gm in 40 ml (w/v), some chaining 
still occurs at concentrations up to 1 gm in 5,000 ml 
(w/v) The hypothesis of enzyme mhibrtion was con- 
firmed when ıt was found that the chain-splitting 
activity of the filtrates was indeed inhibited by 
‘Suramin’ at concentrations ranging from 1 to 15 ugm / 
ml (w/v) 

It 18 also known that chains of various aerobic and 
anaerobic rods (obtained by growth in magnesium- 
deficient medium) and chains of Streptococcus pyogenes 
can be split by lysozyme?? Preliminary experiments 
confirmed these findings and extended them to Cl 
sporogenes and. Streptococcus faecalis Relatively high 
concentrations of lysozyme were required to sphit the 
chains in the standard time of 30 min (20-100 pgm / 
ml w/v), the splitting was 1nhibited. by ‘Suramuin’ 

Evidence was afterwards obtained (to be published 
m detail elsewhere) that despite the similarity of effect 
between lysozyme and filtrates, splitting of chains 18 
not m fact caused by lysozyme but 1s due to an 
enzyme of bacterial origin—apparently released by 
lysozyme from the cells Since, however, 'Suramin' 
18 & powerful inhibitor of lysozyme ıt was thought 
interesting to give an account of 1t 

Crystallme lysozyme (Sigma Co) and 'Suranun' 
(Imperial Chemical Industries) were sterilized by 
filtration through sintered glass Lysozyme was 
assayed by estumating its ability to lyse suspensions 
of Mucrococcus lysodesktvcus (NCTC 2665) The 
organism was grown at 28° C on meat-extract broth 
agar for 48 hr and the cells washed three times with 
saline Suspensions of 10? cells/ml were made in 
saline-phosphate buffer pH 5 5, and falling amounts 
of lysozyme added Results were read after 30 min 
at 20? C taking 50 per cent clearing of the suspension 
on an EEL nephelometer as the end point 
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The results can be summarized as follows lysozyme 
caused clearing of the suspensions of Micrococcus 
lysodesktcus up to a concentration of 01 ugm /ml 
(w/v) ‘Suramin’ gave 50 per cent mhibrtion of lyso- 
zyme when present at equal weight Accepting the 
mass of lysozyme as approximately ten times that of 
‘Suramin’, inhibition occurred when ‘Suramin’ was 
present at a ten-fold molai excess 

In some experiments 'Suramin' was first left in 
contact with the bacterial cells, provided that 
‘Suramin’ was afterwards removed by washing the 
cells with saline no inhibition was observed In other 
experiments 'Suramin' was allowed to interact with 
lysozyme before the cell suspension was added, 
maximum inhibition was reached rapidly in 5-15 min 

We are indebted to the Rankin Research Fund for 
a grant towards the expense of this work 
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Dihydroxyacetone Production in 
Acetomonas 


It has already been shown! that a useful primary 
eriterion for differentiating Acetomonas strains from 
those of Pseudomonas is the ketogenie action of the 
former on glycerol which results in the production 
and accumulation of dihydroxyacetone Thus the 165 
strains of Pseudomonas studied all failed to show 
production of dihydroxyacetone, while 49 out of the 
50 Acetomonas strains produced ıt abundantly 

As regards the single anomalous Acetomonas strain 
(A suboxrydans NCIB 3734) ıt was tentatively 
suggested that this might not be an Acetomonas stram 
at all, but a mutated Acetobacter strain which had 
possibly lost the typical ability of acetobacters 
further to oxidize the acetic acid produced to carbon 
dioxide and water, for production of dihydroxy- 
acetone 18 much less common in Acetobacter than m 
Acetomonas ‘There was, however, no way of knowing 
whether ıt was originally dihydroxyacetone-nega- 
tive when first isolated or whether ıt has lost 
dihydroxyacetone positivity in the course of long 
sub-cultivation 

However, we now have definite evidence that the 
ability to produce dihydroxyacetone can be lost by 
‘mutation’ (in the broadest sense) m the course of 
laboratory sub-cultivation A strain of Acetomonas, 
isolated from cider, was strongly dihydroxyacetone- 
positive when first isolated Now, after sub-cultiva- 
tion on apple juice agar for some two years, this 
strain ıs completely dihydroxyacetone-negative. 
although ıt has retamed 16s original ability to produce 
deep brown to black water-soluble pigment on yeast 
extract/glucose/caleci1um carbonate agar 

It thus appears that production of dihydroxy- 
acetone from glycerol, if negative, 1s not so conclusive 
as formerly m suggesting that a strain is a pseudo- 
monad, but merely functions as a first presumptive 
indication to that effect However, even 1f dihydroxy- 
acetone-production 1s negative, the other thiec 
primary criteria) found always to be conclusive foi 
differentiating Acetomonas from Pseudomonas strains 
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amply suffice to prevent any possibility of confusing 
these two completely different types of bacteria 
J G CARR 
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CYTOLOGY 


Chromosome Preparations obtained 
directly from Peripheral Blood 


ABNORMALITIES of both number and morphology 
of the chromosomes of leukemic cells in man have 
been reported!?, All such work reported to date has 
been made on cells from marrow or from peripheral 
blood cultured «n vitro Such findings are open to the 
theoretical objection that any observed abnormality 
might have arisen durmg the culture process In 
order to obviate this possibility, we decided to 
attempt to take advantage of the situation in leu- 
keemia, where the bone marrow is abnormally active, 
and later developed a method, of making preparations 
without prior eulture? 

This method has now been successfully adapted for 
appheation to cells obtained directly from the 
peripheral blood in cases of leukemia where again 
abnormal numbers of cells, many of them ın division, 
may be found 

Venous blood (20 ml) was collected mto the 
dipotassium salt of (ethylene dinitrilo) tetraacetic 
acid The white cells were separated from the red by 
centrifugation at 400r pm at 0-4° The supernatant 
plasma and white cells were decanted and 0 72 pe 
cent sodium citrate was added for 10 mun After 
centrifugation at 1,500 rpm and resuspension of 
the leucocytes in 3 1 (ethanol acetic acid), the 
material was hydrolysed m N hydrochlorie acid at 
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Fig 1 Durect peripheral blood preparation Hyperdiploid meta- 
phase (24 + 1) in a male with acute leukemia The additional 
chromosome ıs shown at A 
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60° C for 4-6 min (depending on the specimen) and 
stamed with orcein 

It has been found that the dipotassium salt of 
(ethylene dinitrilo) tetraacetic acid used as an anti- 
coagulant has a colehiemne-hke action on chromo- 
somes, producing many well-differentiated metaphase 
plates There 1s thus no need fur previous administra - 
tion of colchicme or colcemid Very satisfactory 
preparations, suitable for both counting and, morpho- 
logical work, are bemg obtamed by this simple 
method 
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Surface Granulation in Myeloid Leucocytes 


Tue clinical use of eytotoxie drugs which have a 
more o1 less specific action on cells of the lymphoid or 
myeloid series has made more important the differen- 
tiation of one type of acute leukemia from another 
Any technique which points to distinct biochemical 
or physico-chemical differences between myeloid and 
lymphoid cells 1s therefore worthy of further study. 
This communication 1s concerned with distinct dif- 
ferences m these two types of cells revealed by certain 
effects of fixation. ‘These have not been reported 
before 

In 1957 McNary! described the application to blood 
cells of a histochemical stain specific for zme The 
stam contaims duiphenylthiocarbazone (dithizone) 
dissolved in absolute acetone, water, 1 N acetic acid, 
sodium potassium tartrate, and a complex-forming 
buffer (sodium thiosulphate, sodium acetate, potas- 
sium cyanide and glacial acetic acid) at pH 5 5 

After staining blood smears for 15 mm , neutrophil 
and eosmophil granulocytes, but not lymphocytes, 
show a golden-brown discrete ‘granulation’ in the 
cytoplasm which 1s easily seen with high-power 
magnifieation, provided a dry objective 18 used 
Viewed under oil immersion, or after mounting, the 
‘granulation’ is no longer visible ‘The same golden- 
brown granulation’ 18 produced if dithizone is left 
out of the stam 

Accentuation of this effect 1s obtamed with phase 
contrast and a dry objective x 45, the neutrophils 
contain numerous black dots and the lymphocytes 
contain none (Fig la) The black dots disappear 
when viewed through oil, and where the black 
‘granules’ were pieviously seen the cytoplasm now 
shows fine patchy areas which are paler than the rest 
of the cell (Fig 15) 

This phenomenon can be explained if the ‘granules’ 
are regarded as irregular elevations due to folding of 
the cell surface, resulting from the effects of pH and 
fixation Light passmg through a cell 18 altered in 
phase by an amount depending on the product of 
refractive index by thickness? These elevations would 
therefore appear black under phase contrast because 
the cell is thicker im this region Addition of oil with a 
greater refractive mdex than the cell would reverse 
the picture as there would be now less oil over tho 
elevations than over the rest of the cell In support 
of this concept, 1t 1s known that precipitant fixatives 
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Fig. 1. a, Blood smear showing two neutrophils 

(iconvsnared (N) and one lymphocyte with clear cytoplasm (L). 
nterstained with Leishman. Phase contrast x 450, b, Same 


field as in a but under oil immersion ( x 450). Disappearance of 
‘surface granulation’ 





containing acetic acid often produce considerable 
distortion of the cell’. 

Sodium thiosulphate in the presence of acetone, 
water and acetic acid is effective in producing neutro- 
philic ‘surface granulation’, but the change is depen- 
dent on pH and is best developed at a pH near 5:5. 
This was determined by testing freshly prepared air- 
dried blood smears against the various components 
of MeNary’s stain. Neither dithizone, sodium potas- 
sium tartrate nor potassium cyanide was necessary 
for the production of ‘surface granulation’. Absolute 
acetone, or acetone plus water, alone does not produce 
‘surface granulation’ although it adequately fixes 
blood smears. 

If blood smears are fixed first in methanol, formalin 
vapour, or osmium tetroxide vapour, neutrophils no 
longer show ‘surface granulation’. Neutrophils from 
the dog do not show ‘surface granulation’ under 
conditions which produce it in human neutrophils. 

The differences described here between human 
neutrophils and lymphocytes must reflect bio- 
chemical differences in cell proteins. These differences 
are being investigated in lymphocytic and granulo- 
cytic cells at various stages of maturation. 

This work was supported by a grant from the Anti- 
Cancer Council of Victoria. I am grateful to Dr. T. E. 


Lowe for his help. 
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ARCHAOLOGY 


Absolute Age of Pleistocene and Holocene 
Deposits in the Haua Fteah 


Tue general characteristics of the large coastal 
cave site known as the Haua Fteah, in north-eastern 
Libya, have already been described, together with a 
brief résumé of the most important results obtained 
up to 1952'*, A further season's work in 1955 pro- 
vided additional fossil human remains associated 
with Middle Palwolithic occupation débris?*^, enabled 
a much closer analysis of the stratigraphy, and, by 
opening up a wider area, made ible the excava- 
tion of a deep sounding into earlier cultural horizons 
than any hitherto examined, down to a total depth of 
42-5 ft. In the past six years a detailed programme 
of study of the cultural, paleontological and other 
collections has been carried out in this Department, 
and further samples for carbon-14 analysis have 
been processed. 

From an archeological point of view the site is 
now seen to offer a nearly continuous cultural succes- 
sion from a pre-Mousterian stage (provisionally 
labelled Libyan Pre-Aurignacian by analogy with the 
"Praeaurignacien" identified by Rust* in Syria) up 
to the present. The stratigraphy containing this 
guecession consists for the most part of remarkably 
regular horizontal layers, distinguished from one 
another by minor differences in colour and lithology, 
and ranging in thickness from about 6 to 18 in. (ref. 2). 
Mammal bones form a considerable proportion of the 
occupation debris and are the subject of a separate 
communication elsewhere*. The object of the present 
note is to make available, in advance, the principal 
data on which the absolute age of the cultural and 
biological succession is based, since these would 
appear to be relevant to other investigations being 
carried out elsewhere in the Mediterranean and 
adjacent areas. 

Carbon-14 age estimates were obtained by H. E. 
Suess, at the Washington Laboratory, from samples 
collected in 1952 (ref. 6), and by the late Hl. de Vries, 
from samples collected in 1955 (personal communica- 
tion). In the accompanying diagram (Fig. 1) these 

have been plotted against the cumulative depth 
obtained by adding together the maximum o 
depth of each layer. This device has been adopted in 
order to minimize the effects of localized denudation, 
and hence approximate as nearly as pgssible to the 
relative time-interval represented by each layer. 

It will be noted that as far baek as 28,500 before 
the present the points appear to approximate to & 
logarithmic curve representing a gradually decreasing 
ratio of thickness to time unit. This is not unexpected 
since the effects of compression by increasing over- 
burden, plus possible weathering in situ by percolating 
water, should in general lead towards progressive 
reduction in thickness. 

Below a depth of about 25 ft., however, this ten- 
dency seoms to be reversed by dates W85, GRO 2022, 
2023, and a preliminary reading for layer XXIX, 
GRO 2050 (de Vries, personal communication). Both 
Suess and de Vries, however, considered that these 
dates were best ed as minimum rather than 
absolute, owing to the well-known greatly in 
disturbance of small contaminations, etc., on readings 
of this great age. On the whole, therefore, the projec- 
tion of a line drawn from GRO 2586 through the mid- 
point between the readings for layers XX and XXI 
would seem to provide as reasonable a first approxi- 
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the closest typological homologue, tho Pre-Aurigna- 









according to most carbon-14-based estimates would 
. have occurred between 55,000 and 75,000 (refs. 8a, b, 
|. 13). 

Using the same gradient, an age of 38,000 would be 
indicated for the Mousterian-Upper Paleolithic inter- 
face at the Haua, which would compare with pro- 
vious estimates for the corresponding horizon at 
Shanidar (Kurdistan) of 35.000—40,000 (refs. 9, 10) > 
32,000 at Kara Kamar (Afghanistan) (ref. 10), and 
> 32,000 (ref. 12) (estimated 36,000, ref. 13) at 
. . lstallóskó (Hungary) On the other hand, a date 

_..< 39,500 (ref. 14) is indicated by the presence of a 
Mousterian horizon of this age at Tabun (Palestine). 
^ Again, the age of 14,000 indicated for the earliest 
Oranian at the Haua may be compared to 12,000 
ly established for the middle Oranian horizon 
aforalt (Morocco), whence the earliest Oranian 


cian of the Levant’, since the end of the Eemian _ 


35 Beo Balout, L., in Prehistoire de l'Afrique du Nord (Paris, 1955), 


at this site can be estimated as between 11,000 and 
15,000 on the stratigraphical context. . GUTEN. 
On the basis of these figures it may be said that tho. 
chronology suggested by the combined carbon-14 
readings and stratigraphy at the Haus Fteah is in. 
general agreement with available earbon-14 dates for 
the corresponding cultural events in not too distant 


id C. B. M. McBurney | 
Department of Archeology and Anthropology, 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 20 


CrBA FOUNDATION (at the Roval Institute of British Architects, 
66 Portland Place, London, W 1), at 5 pm —Prof E Katchalski 
(Weizmann Institute of Science, Rehovoth)  ''Synthetie Macro- 
molecules as Protein Models" (Thirteenth Ciba Foundation Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W C 2), at 5 30 p m —Discussion on “Electrical Accidents and their 
on Including the Legal Aspects", opened by Mr S J Emerson, 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
grave Square, London, S W 1), at 5 30 p m —Dr H Gysin "Triazine 
Herbicides, their Chemustry, Biological Properties and Mode of Action" 


UNIVERSITY OF LONDON (at King's College, Strand, London, W C 2) 
at 530 pm—Dr F A E Pran and Dr G F Elliott “Ballistic 
Missiles and Nuclear Weapons—Effects of Nuclear Weapons” * (Sixth 
of seven lectures in War Studies Further lecture on November 27 ) 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University 
College Gower Street, London, W C 1),at5 30 p m —Dr T Sorgenfre1 
(Copenhagen) ‘‘Tertiarv of North-West Europe” * (Further lectures 
on November 21 and 23) 


UNIVFRSITY OF LONDON (in the Large Lecture Theatre, London 
School of Hygiene and ‘Lrapical Medicine, Keppel Street, London, 
WC 1), at 530 pm—Prof C R Rao (Indian Statistical Institute, 
Caleulta) “Some New Tests ın Large-Sample Theory” * (Further 
lectures on November 24 and 27 ) 


INSTITUTION OF MECHANICAL ENGINEERS, INDUSTRIAL ADMINIS 
TRATION AND ENGINEERING PRODUCTION GROUP (at 1 Birdcage Walk, 
Westminster, London, S W 1) at 6 p m —Discussion on ‘Mechanical 
Handhng of Small Parts with special reference to Automatic Assembling 
Equipment" 


INSTITUTE OF METAL FINISHING (at the Northampton College of 
Technology, St John Street, London E C 1), at 6 15 pm —Mr L E. 
Probert and Mr J Rollinson "''Detection and Removal of Hydrogen 
Absorbed during Chemical and Electrochemical Processing" 


Tuesday, November 21 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savov Place London W C2), at 530 pm — 
Discussion on “The Precision Required in the Calibration of Industrial 
Instruments", opened by Mr P M Clifford and Mr A Felton , 


PARLIAMENTARY AND SCIFNTIFIC COMMITTEE (in Committee Room 
12, House of Commons, London, S W 1), at 530 pm Meeting of 
the General Committee Prof P B Medawar, FRS ‘The Impact 
of Biological Research on Advances in Medical Science” 


RESEARCH DEFENCE SOCTETY (in the Phvsiology Lecture Theatre, 
University College, Gower Street London, W C1), at 530 pm — 
Sir Hugh Linstead “On Tahing Account of Public Opinion” (Thir- 
teenth Stephen Paget Memorial Lecture) 


SOCIETY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
(at the Chemical Society, Burlington House, Piccadillv, London, 
W 1) at 6 30 p m —Annual General Meeting followed by the Retiring 
Chairman 8 address 


UNIVERSITY OF LONDON (at the London School of Hvgiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), at 
530 pm—Dr A R Harmison ‘‘Primary Hyperparathyroidism" * 
(Eleventh of seventecn lectures on “The Scientific Basis of Medieme” 
organized bv the British Postgraduate Medical Federation ) 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C1), at 530 pm—Prof K R 
Popper “Science and the Growth of Knowledge" * (First of four 
aad aba Memoria] Lectures Further lectures on November 23, 28 
an 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
WC1)at6pm —Prof D R Cox “The Role of Statistical Methods 
in Science and Technology"* (Inaugural Lecture) 





Tuesday, November 2| —Wednesday, November 22 


INSTITUTION OF GAS ENGINEERS (at Church House, Westmunster, 
London, S W 1), at9 30a m on Tuesday and 9 15a m on Wednesday 
—27th Autumn Research Meeting 


Wednesday, November 22 


FF ZOOLOGICAL SOCIETY OF LONDON (NUFFIELD INSTITUTE OF COM- 
PARATIVE MFDICINE) (at the Zoological Society, Regent's Park, 
London NW 1) at 10a m —Conference on ‘‘Artertal Diseases’ 


" GEOTOGICAL SOCIETY OF LONDON (at the Royal Institution, Albe- 
marle Street, London, W 1), at 2 p m —Svmposim on ‘‘Depth and 
Tectonics as Factors in Regional Metamorphism” 

UNIVBRSITY OF LONDON (at the Postgraduate Medical School of 
London Ducane Road London, W 12), at 2 p m —Prof G.H Lathe 
“‘Bile-Pigment Metabolism” * 

ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W C 2), at 230 pm —Miss Sylvia Crowe "Landscape and Civiliza- 
tion" 


NATURE 
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INSTITUTF OF FVEL fat the Roval United Service Tnstitution, White- 
hall, London $ W1) at 530 pm —Mr L E Reed and Mr 8 C 
Walhn “The Effect of Operating Conditions on the Performance of 
Different Tvpes of Oil Burners" 


INSTITUTION OF ELECTRICAL ENGINFERS, SUPPLY SFCTION (at Savoy 
Place, London, W C 2), at 5 30 pm—Dr A S Aldred ‘ Electronio 
Analogue Computer Simulation of Multi-Machine Power System Net- 
works”, Mr J Miles ‘“‘Analysis of Overall Stability of Multi- 
Machine Power Systems” 


BRITISH INSTITUTION OF RADIO ENGINEERS, COMPUTER GROUP (at 
the London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W C 1), at 6 p m —Symposium on * Adaptive 
Optimizing Control” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster London, S W 1) at6p m —Prof E Giffen "Reflections 
E ros v Mo Role in Engineering. Education” (James Clayton 

ecture 


SOCIETY OF CHFMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave 
Square London,S W 1) at6 15 p m —“Food 1 echnology in Norway". 
(The film and members’ impressions of the 1961 tour ) 


UNITED STATES INFORMATION SERVICE (in the American Embassy 
Theatre, American Embassy (Upper Brook Street entrance), London, 
W 1), at 630 pm —Three films from the series “Planet Earth’. 
"Research by Rochets", ‘Cosmic Rays" and “Radio Waves” * 


BRITISH PSYCHOLOGIĈAL SocIFTY, MFDICAI SFCTION (at the Roval 
Society of Medicine, 1 Wimpole Street London W 1), at 8 30 pm — 
Mr Murray Jackson, Mr Michael Fordham and Mr Kenneth Lambert 
"Jung's Later Work" (C G Jung Commemorative Meeting). 


Thursday, November 23 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 115 pm —Dr H 
Burns ‘Jeremy Bentham and Universit, College" * 


SOCIFTY OF CHFMICAL INDUSTRY MICROBIOLOGY GROUP? (at the 
Royal Society of Medicine, 1 Wimpole Street, London W 1) at 
2 pm —Meeting on ‘‘Industrial Cell Culture and Vaccine Production *, 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (at 10 Upper Belgrave 
Street London, S W.1) at 445 pm—Mr M N Parker and Mr 
James Dawson “Tug Propulsion Investigations'' 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 p m.—Prof Keith Runcom ‘‘Paleomagnetism”, 
Prof P Allen ‘‘Paleaotemperatures” 


UNIVERSITY COLLFGE, LONDON (m the Physiology Theatre, Gower 
Street, London W C1) atbpm —Dr B R Rabin "Some Aspects 
of Enzyme Catalysis" * (Further lecture on November 30 ) 


UNIVFRSITY OF LONDON (at the London School of Economies and 
Politica) Science, Houghton Street, London, W C2) at 5 pm —Dr 
George Taylor ‘‘Britain’s Botanical Power House" * (Further 
lecture on November 30) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place London, 
WC2) at 530pm —Mr F © Mclean, Mr H W Baker and Mr 
S H Colborn “The BBC Television Centre and Its Technical 

acilities" 


UNIVERSITY OF LONDON (at Queen Elizabeth College, Campden 
Hil Road, London, W8) at 530 pm —Prof Hermann Bond 
“Ideas of Special Relativity” * 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropica] Medicine, Keppel Street, Gower Street London W C1), 
at 530 pm—Prof I E Bush ‘Hormones of the Adrenal Corte,” * 
(Twelfth of seventeen lectures on “The Scientific Basis of Medicine" 
organized by the British Postgraduate Medical Federation ) 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University 
College Gower Street, London, W C 1),at 5 30 p m —Dr T Sorgenfrei. 
I AY of North-West Europe” * (Last of three Special University 
Lectures 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCURSION 
CIRCLE (at Savoy Place, London, W C 2), at 6 p m —Discussion on 
“The 57 Effects of an Electrical Current'' opened by Dr G S Brosan 


UNIVERSITY OF LONDON (at Wve College, Wye, near Ashford, 
Kent), at8 15 p m —Dr. H L Jensen (Denmark) “Recent Advances 
in Soul Microbiology" * 





Friday, November 24 


ASSOCIATION OF APPLIED BIOLOGISTS (joint meeting with the 
HORTICULTURAL EDTCATION ASSOCIATION, at the Royal Horticultural 
Society, Vincent Square, London, 8 W 1) at 10 50 a m.—Mceting on 
“Pests and Diseases of Ornamental] Plants" 


ROYAL ASTRONOMICAL SOCIETY (joint meeting with the ROYAL 
M*FTEOROI OGICAL SocIFTY, at Burlington House, Piccadilly London, 
W 1), at 415 pm —Gcophvsical Diseussien on “The Density and 
Composition of the Atmosphere Above 100 km ", Chairman Mr, 
J A Ratcliffe, FRS 


UNIVERSITY OF LONDON (in the Manson Lecture Theatre, London 
School of Hvgiene and Tropical Medicine Keppel Street London, 
WC) at 530 pm—Prof C R Rao (Indian Statistical Institute, 
Calcutta) “On Problems of Discrimination with Multiple Char- 
acters” * (Further lecture on November 27 ) 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square London S W 1) at 630 pm —Dr J R Catch: 
“The Productian of Organic Compounds Labelled with C-14 or Trl- 
tium" 


RoYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm-—Dr P B. Hirsch. "Seeing Atomic Defects in Metals” 


688 


Friday, November 24—Saturday, November 25 


BOTANICAL SOCIETY OF THE BRITISH ISLES (at the Linnean Society, 
Burlington House, Piccadilly, London, W 1) Conference on Local 
Floras and Annual Exhibition Mecting 


Saturday, November 25 


LONDON County COUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, S E 23), at 330 p m —Mr C M Mitchell 
“The Folk Life of the English People" * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LECTURER (preferably with an interest in theoretical 
or experimental plasma physics) IN PHysics—The Secretary, The 
Queen’s University, Belfast, Northern Ireland (November 24) 

JUNIOR LECTURFR (preferably with a registrable medical qualifica- 
tion) IN BACTERIOLOGY—The Registrar, Trinity College, Dublin 2 
{November 27) 

PHYSICS MASTER (graduate with a good honours degree)—The 
Head Master, City of Oxford High School, Oxford (November 30) 

RESEARCH FELLOW (with a postgraduate degree ın geophvsics, 
physics or geology, and preferably, though not necessarily, previous 
experience in seismological worh) IN SFISMOLOGY— The Secretary, 
The University, 38 North Bailey, Durham (December 1) 

ASSISTANT BIOCHEMIST (with a degree or equivalent qualification 
in chemistry, with experience in, or wishing to take up, clinical bio- 
chemistrv)—The Secretary, Welsh National School of Medicine 
(University of Wales), 34 Newport Road, Cardiff (December 2) 

LECTURERS IN PURE MATHEMATICS AND IN APPLIED MATHEMATICS 
—The Registrar and Secretary, King’s College (University of Durham), 
Newcastle upon Tyne 1 (December 4) 

LECTURER (with postgraduate experience m research coupled with 
a keen interest in teaching) IN PHYSICS at the Universitv of Hong 
Xong—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, Lon- 
don, S W 1 (Hong Kong and London, December 4) 

TECHNICAL OFFICER (with a recognized degree or National Diploma 
in Agriculture, and preferably experience in seed production) for 
SEED MULTIPLICATION—The Secretarv, National Institute of Agri- 
cultural Botany, Huntingdon Road, Cambridge (December 4) 

BURNETI-FLETCHER CHAIR OF HISTORY AND ARCHZOLOGY—The 
Secretary, The University, Aberdeen (December 9) 

LECTURER (with an honours degree ım electrical] or electronic 
engineering) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING— 
The Registrar, The University, Leeds (December 14) 

LEOTURER (with an honours degree in psvchology) IN PSYCHOLOGY 
at the University of Canterburv, Christehureh New Zealand—The 
Secretary Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S W 1 (New 
Zealand and London, December 15) 

LECTURER IN PsvcHoroGY at the University of Cape Town—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S W 1, and 
The Registrar, University of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa (December 20) 

LECTURER (preferably with qualifications in one or more of the 
following fields geomorphology, biogeography, and the geography 
of soils) IN GEOGRAPHY at the Universitv of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (New Zealand and London, December 30) 
ian IN PHYSICOS—The Registrar, The University, Hull (Decem- 

MARY GLENDINING CHAIR OF MEDICINE 1n the University of Otago, 
Dunedin, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (New Zealand and London, Januarv 15) 

CHAIR OF VETERINARY SCIENCE in Massey Agricultural College 
(University of New Zealand), Palmerston North—The Secretary, 
Association of Unrversities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (February 1) 

COMPUTER PROGRAMMER IN THE NUCLEAR PHYSICS RESEARCH 
LABORATORIES, to work with a research group studving high energy 
nuclear phvsies— The Registrar, The University, Liverpool, quoting 
Ref No CV/N/543 

LECTURFR (well qualifled, and preferably with industrial and teach- 
ing experience) IN MATHEMATICS—The Academic Registrar, Lough- 
her ey college of Technology, Loughborough, Leicestershire, quoting 

ef 39 

LECTURER (with a first degree or equivalent qualification 1n chemical 
engimeering, chemistry, mathematics or phvsics, and preferably some 
industrial experience) IN CHFMICAL ENGINEERING— The Academic 
Registrar, Loughborough College of Technology, Loughborough, 
Leicestershire, quoting Ref 31/G 

MASTER TO TEACH PHYSICS throughout the Schoo), with Sixth Form 
and University Scholarship work—-The Headmaster, King’s College 
School, Wimbledon, London, S W 19 

POSTDOCTORAL FELLOW and a POSTGRADUATE STUDENT IN CHEM- 
ISTRY for work on the fluorescence of aromatic hydrocarbons under 
ae ae of Dr B Stevens—The Registrar, The University, 

effie 

PROFESSOR OF THERMODYNAMICS at the University of Malava, 
Kuala Lumpur, to develop research m applied thermodynamics and 
io supervise courses already in eaistence— Department of Technical 
Co-operation, 26 King Street, London, $ W 1, quoting MAL/861/TCS 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (honours 
graduate in chemlstrv or biochemistry with interests in the isolation 
and chemistry of proteins and m studies of enzymes) IN THE 
PHYSIOLOGY DEPARTMENT—The Secretary, National Institute for 
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Research m Dairying (University of Reading), Shinfield, near Reading, 
quoting Ref 61/16 

SENIOR LECTURER IN MATHEMATICS, and a RESEARCH ASSISTANT 
IN MATHEMATICS—The Registrar (Department D), Bradford Institute 
of Technology, Bradford 7 


VoL. 192 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 


Great Britain and Ireland 


Department of Scientific and Industrial Research Forest Products 
Research Bulletin No 46 Identification of Hardwoods a Miero- 
scope Key By J D Brazier and G L Frankhn Pp vili+96+32 
plates (London HM Stationery Office, 1961) 10s net [258 

Fitzwillam Museum, Cambndge Annual Report for the vear ending 
31 December 1960 Pp 8--4plates Friends of the Fitzwilham Museum 
Fiftv-second Annual Report for the year 1960 Pp 8 (Cambridge 
The Fitzwilham Museum, 1961 ) {258 

Ministry of Housing and Local Government Essex Rivers and Stour 
Hydrological Survev, Hvdrometric Areas 36 and 37 Pp vt SG 


(London HM Stationery Office, 1961 ) 20s net 2 
Iron and Steel Institute — Bibliographieal Series, No 15b The 

Rolling of Iron and Steel (1955-1960) Pp 164 (London  Thelron 

and Steel Institute, 1961 ) 408 {258 


Philosophical Transactions of the Roval Society of London 
Series A Mathematical and Physical Sciences No 1036, Vol 254 
(24 August 1961) Avxially Symmetric Plastic Deformations ın Soils. 
By A D Cox, G Eason and H G Hopkins Pp 1-45 (London 
Royal Society, 1961 ) 148 [258 

Gateways Guide to Courses of Further Education m Middlesex, 
1961-1962 Part 2 General Interest and Recreational Courses 
Pp 52+4 plates (London Middlesex County Council Education 
Committee, 1961 ) [258 

NLL News, No 1 (August,1961) (A News-Sheet of the National 
Lending Library for Science and Technology ) Pp 4 (Boston Spa 
Ur a Lending Library for Science and Technology, DS tasg 

961 

Report of the Hydrographer of the Navy for the year 1960 Pp 

83 (4 plates), (London Admiralty, 1961 ) [258 


Other Countries 


Abhandlungen der Deutschen Akademie der Wissenschaften zu 
Berlin Klasse fur Medizin Jahrgang 1960, Nr 1 Chemische Muta- 
genese-Erwin-Bauer-Gedüchtnisvorlesungen I, 1050 Veranstaltet vom 
Institut fur Kulturpflanzenforschung Gatersleben der Deutschen 
Akademie der Wissenschaften 7u Berlin, 26-28, Jul, 1959 Heraus- 
gegeben von H Stubbe Redaktion H Bohme Pp vi-- 136 4-3 tafeln 
(Berlin Akademie-Verlag, 1960) 18 50 D M [258 

Deutscher Wetterdienst | Deutsches Meteorologisches Jahrbuch, 
Saarland, 1945-1955 Pp 88 (Offenbach a M  Selbstveralg des 
Deutschen Wetterdienstes, 1961 ) [258 

Dental Canes from the Nutritional Point of View By Alfred 


Aslander Pp 7 (Stockholm Alfred Aslander, Royal Institute of 
Technology, 1961 ) [258 
Canada Department of Mines and Technical Survevs Geological 


Survey of Canada Bulletin 76 Spores with Proximal Radial Pattern 
from the Devonian of Canada By D C McGregor Pp 1x+11+1 
plate (Ottawa Queen’s Printer, 1961) 75 cents [258 

Geological Maps of Canada Map 1092A Sevogle, Northumberland 
and Gloucester Counties, New Brunswick (Sheet 21 P/4 West Half) 
Map 2-1961 Rabbit River, British Columbia (Sheet 94M) Map 
5-1961 Dean Lahe, Ontario (Sheet 41J/3 ) Map 6-1961 Wakwekobi 
TOR Ontario (Sheet 41 J/6 ) (Ottawa Geological Survey of T. 

Forty-fourth Annual Report of the National Research Council of 
Canada, 1960-61, including the Annual Reports of the Medical Research 
Council and Canadian Patents and Development Limited Pp 48 
(NRC 6322) (Ottawa Queen’s Printer, 1961 ) [258 

Canada Division of Building Research National Research Council 
Canadian Building Digest No 20 Corrosion in Buildings By P J 
Sereda Pp 4 (Ottawa Division of Building Researeh, National 
Research Council, 1961 ) [258 

Vie Symposium International de Nematologie, Gand, Belgique, 
24-28 juillet, 1961—Résumés des Communications Pp 22 
(Bruxelles Munistére de l'Education Nationale et de la Culture et du 
Ministére de l'Agriculture, 1961 ) [258 

Canada Department of Northern Affairs and National Resources 
National Museum of Canada Bulletin No 174 (Anthropological 
Series, No 51) ‘Tsimsyan Myths By Marius Barbeau Pp v+97 
1 dollar Natural History Papers No 11 (July 24,1961) Placement 
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PROGRESS IN INDUSTRY 


A PAPER which was read by Mr. M Zvegintzov 
before Section F (Economics) at the Norwich 
meeting of the British Association on September 1 
examined some of the accusations which have been 
levelled against British firms—and even whole indus- 
tries—-as unprogressive or backward or obsolete, in 
contrast to those of other countries The paper also 
advanced some constructive suggestions for remedy- 
ing this position 1n so far as 16 can be substantiated 
A recent book by Michael Shanks, for example, 
roundly condemns the British economy as a stagnant 
society, and, although he may have picked out 
industries which are scarcely representative in regard 
to the proportion of employees with technical quali- 
fications—in the example quoted rt was 0 6 per cent— 
some of his more general charges have considerable 
substance Mr Shanks ıs by no means the first to 
point out that Britam should, by and large, be 
relying on bram-power for exports, and exporting the 
products which requixe scientific and technical skills, 
or even exporting her own trained man-power, rather 
than exporting the products of bulk production 
Reliance on the amateur and distrust of the special- 
ist are admitted weaknesses, and that m too many 
British firms promotion comes by nepotism rather 
than merit is unhkely to be challenged within 
the reservations which Mr Shanks rightly makes, 
even by those indisposed to accept his view that our 
class system ıs mainly responsible for all these 
weaknesses 

Mr ZAvegintzov begins by pointing out that the 
man-power outlook in Britain 1s extremely tight, but 
he anticipates a useful increase in the productive 
age-groups by 1985, when the population 18 expected 
to reach some 56 million What he stresses more 
particularly, however, 1s the need to take steps to 
re-deploy continuously for new demands the limited 
available man-power This he regards as a sine qua non 
to avoid a halt in the rise of the standard of living 
The expansion of world trade, the mmdustrialization of 
undeveloped countries and rising standards there and 
in the developed communities, all put the emphasis 
on a change ın the character of world trade, and this 
assumption 1s more or less implicit in the recent 
report which attempted to forecast the long-term 
demand for scientific man-power 

With this capacity for change must go flexibility 
and mobility Mr Zvegintzov ıs ruthless about real 
backwardness and unadaptabihty and looks un- 
equivocably to the elimination of such firms by the 
process of economic competition To attempt 
to preserve them by protective measures or restrictive 
practices would be disastrous and place an unjusti- 
fied strain on the limited resources of man-power 
in Britam, the critical problem is really how to 
translate the valuable craft tradition and accumu- 
lated experience which characterize a substantial 
proportion of the medium size or smaller firms, which 
constitute a significant proportion of British industry, 


mto a modern scientific idiom The aim, as he sees 
1t, should be to devise and supply to the craftsman 
the most modern and delicate tools whieh will 
enhance his craft, and this m turn involves further 
capital mvestment with saving m labour, and, even 
more important, educating the craftsman to demand 
these additions to his craft 

Acceptance of this challenge by scientist and tech- 
nologist as well as technician or craftsman and 
industrialist could well falsify some of the estimates 
made by the Committee on Scientific Manpower, 
although the question of technicians ıs still to be 
examined by ıt Mr Zvegintzov rightly points 
out that success here would go far to enable us to 
meet overseas competition, and that with a high 
craft tradition, using delicate instruments and high- 
precision tools for detecting, mitiatmg and mam- 
taining adjustments, very high standards as well as 
flexibility could be achieved without recourse to the 
further research and high expense which would be 
necessary for automatic production with low-grade 
labour Moreover, he visualizes the possibility of 
easy transfer of the habit of mind and inherited skill, 
which characterize craftsmanship, to other and 
perhaps new requirements as in the design and 
construction of scientific mstruments 

Perhaps the most important part of Mr Zvegint- 
zOv’s paper, however, 18 that in which he discusses 
the difficulties that attend innovation ım long- 
established and well-developed industries, and par- 
ticularly in deciding where further investigation or 
development ıs likely to be most worth while It 1s 
essentially a question of how much research and 
where, and Mr Zvegintzov lays particular stress on 
the importance of effective communication between 
science and technology on one side, and finance and 
commerce on the other He visualizes, for example, 
& detailed cost breakdown analysis, possibly with 
comparisons from other countries, to brmg out the 
features where the incidence of cost ıs considerable, 
followed by comparisons of this breakdown i a group 
of firms, and finally & joint study by technologists 
and cost-accountants to assess whether any scientific 
or technical mnovation, or even a complete re- 
orientation of operations, could remove or ease this 
incidence of cost 

In all this, close co-operation ıs imperative at 
working-level, alike between firms and between 
management and accountancy and the technologist, 
particularly if budgetary control techniques are not 
to confuse ends and means and impose rigid pro- 
cedures which ignore circumstances and stifle initia- 
tive This kind of analysis, Mr. Zvegintzov points 
out, has not been tried, though departments of 
economics or industrial management at universities 
in certam industrial areas would appear to be well 
placed to undertake ıt This 1s possibly due to the 
absence of finance for this type of experimental 
economies, and, 1f so, 16 should be easily remedied 1f 
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the Chancellor of the Exchequer’s new structure 18 
to stimulate expansion and development ın mdustry 
m Britam 

It 1s worth noting that something of this 18 fore- 
shadowed in a paper which Mr G S J. White con- 
tributed in January 1960 to the Journal of the Society 
of Dyers and Colourists Limiting himself specifically 
to the development of dyestuffs for textiles and 
Jookmg especially at the needs of the consumer, Mr 
White sought to assess the magnitude of the research 
effort which ıt 18 worth while expendmg on the 
discovery and development of new dyestuffs It 1s 
exactly this type of critical and realistic appraisal 
that is all-umportant if Britain’s limited resources of 
trained man-power are to be deployed where they 
offer the greatest prospect of benefit to the national 
economy, and 1t 1s at this pomt that Mr Zvegintzov's 
analysis links up with the importance of effective 
management 

It is indeed to the limitations of management, 
particularly ın smaller firms, that Mr Zvegmtzov 
attributes the lack of receptivity to new ideas, and 
he does not seem optimistic as to the possibility of 
overcoming such resistance otherwise than by the use 
of consultants This, m turn, he admits, depends on 
the initiative of managements 1f effective use 1s to be 
made of such consultants, but he sees ground for 
hope ın the expansion of the colleges of technology 
and of the scientific and technological faculties at the 
universities Apart from its direct educational 
influence, this expansion offers a potential source of 
consultants and contacts between mdustry and the 
frontiers of science and technology, which should 
create a much more favourable climate of opinion in 
industry, and for this reason alone every effort 
should be made to encourage the movement of staff 
between industry and the universities and colleges of 
technology 

How far the regional offices of the Department of 
Scientific and Industrial Research could assist ın this 
process may be open to debate, but, from the point 
of view of information service alone, there seems 
sound sense in Mr Zvegintzov’s plea that these 
regional offices should be strengthened and staffed 
with able men Moreover, there can be no doubt 
that the Research Associations could function very 
effectively here, and that their educational function, 
both from the point of view of formation and as a 
source of tamed staff, has been undor-estimated or 
overlooked in the past The Robbins Committee 
could well give more than a passing glance at the 
position and functions of the Research Associations 
in the organization for higher education in Britain, 
but meanwhile the Council for Scientific and Indus- 
trial Research should examine the contribution which 
the Associations could make ın such ways to mdustrial 
efficiency and development 

Mr Zvegintzov 1s indeed rather more optimistic as 
regards the future of the smaller firms, because he 
believes a new generation of management 18 coming 
into office which 1s much more alive to scientific and 
technological opportunities This is the more mpor- 
tant for, as he also contends, the rapid progress of 
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technological co-operation and even integration in 
Europe may present a more important feature of the 
Common Market than ordinary commercial com- 
petition Here the influence of the Research Associa- 
tions may be beneficial, though ıb 1s hkely to be 
weakest in the traditional industries where ıb ıs 
needed most Incidentally he comments here on the 
need for more research 1n the human sciences where 
industry still relies far too much on guess-work, but 
he suggests that for tho smaller and. more specialized 
firms & powerful stimulus to co-operation could come 
from their suppliers of materials or equipment, and 
from the users of some of thew products Most of 
these firms are bigger and, with wider contacts both 
at home and abroad, and thus may be better placed 
to know what is new and promising 

Whether in fact such firms may be willing to help 
with expert advice 1s a matter of opmion, and Mr 
Zvegintzov could be too optimistic on this point, 
though he suggests the possibility of joint studies 
under some co-operative tiade association Here 
the Common Market could help in providing a large 
pool of experience, and Mr Zvegintzov in fact sug- 
gests that entry mto the Common Market could 
provide the biggest single step for stimulating the 
unprogressive, though if, in fact, the operative 
factors are financial, the policy initiated by the 
Chancellor of the Exchequer at the end of July 
should be directed to that end Nevertheless, where 
the process acquires also much qualitative judgment, 
involving identification of needs, assessment—qual1- 
tatively and quantitatively—of advantages, and the 
establishment of priorities, 1b 18 more than a little 
doubtful how far the Exchequer ıs likely to be of 
direct assistance 

The changes recently recommended by the Plowden 
Committee should go some way, however, to facilitate 
the kmd of outlook that 1s required, and some of 
Mr Zvegintzov’s concluding words are strikingly in 
lne with that report | Continuous progress, he 
believes, can only come thiough enterprise and, bold- 
ness, which are only hkely when there 1s confidence 
in the future and assurance of contmuty The 
general climate of opinion is thus psychologically 
very important, and for this reason alone he con- 
demns the current ‘stop-start’ policy as extremely 
dangerous Furthermore, the inexorable consequences 
of entermg into scientific commitments cannot be 
ignored, and to msist that some co-ordination is 
needed between official scientific and economic 
organization 1s not to advocate 11gid plannmg on 
the Russian model 

Mr Zvegintzov himself leans to something on the 
lines of the French system of the Commissariat aux 
Plans, attached to the Prime Mmister’s Office, but 
he insists that above all development must come 
from withm industry itself There 1s no substitute 
for efficient self-management, and probably the wisest 
national policy for Britain ıs one that provides definite 
encouragement to the enterprising and efficient, 
removing obstacles and providing positive advice 
and even help, rather than one that attempts to 
stimulate the backward or unprogiessive 
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Much of Mr Zvegmtzov’s argument, ıt is true, can 
be traced m Sir Harry Pilkmgton’s Fawley Lecture 
of three years ago, Facing the Future in Industry" 
Sir Harry made the vital pomts about effective 
leadership, the choice of priorities, particularly in 
regard to the direction of research, and the real 
co-ordination of research, technical development and 
production, but it ıs hard to pomt to substantial 
progress ın many sectors of mdustry since that 
Lecture was given Nor does Mr Zvegintzov himself 
really face some of the issues that can arise m such 
an industry as shipbuilding or the machine tool 
industry, 1f the industry rtself really fails for ternal 
reasons to meet the challenge Is the Government 
to stand idly by if employers fail to seize their 
opportunities and make the necessary adjustments, 
or if trade unions cling to obsolete and restrictive 
practices that prevent full advantage being taken of 
technical advance ? 

Jt would be foolish to pretend that Sir Harry 
Pilkington, Mr Zvegintzov or Mr Shanks has pro- 
vided the answer to these problems, nor 1s 1t probable 
that they would claim to have done so They have 
indicated certain aspects of the problem which call 
imperatively for further and urgent examination and 
for some clear and constructive thinking ‘There are 
matters which the Minister for Science as well as the 
Chancellor of the Exchequer and their advisers should 
be examining, and there are others to which the 
Minister of Education should be giving attention 
But the major challenge 1s to industry itself, and to 
its co-operative organizations, both of employers and 
trade umons The situation is far too serious for 
either management or labour to rest content with 
putting the blame on others even for admitted mus- 
takes The need for efficient management 1s once 
again overwhelmingly demonstrated, with all that that 
implies regarding training and selection for manage- 
ment No less clearly, however, 1s demonstrated the 
need for thinking about production in terms of the 
techniques and possibilities of to-day, and not m 
terms of practices of a previous century, and m that 
the trade unions have at least as large a responsibilty 
as that of management 

The primary emphasis, moreover, must be on 
flexibility, imagination and information On mforma- 
tion, because ıt is only the free dissemination of 
information that prevents the duplication of effort 
which 1s so wasteful of resources—material and man- 
power—and provides the basis for sound judgment 
as to the objectives most worth while in research or 
in development That reason justifies the Committee 
of Public Accounts in pressing for more informative 
accounts from the Atomic Energy Authority, and 
the relevant passage ın the Committee’s Third Report 
for the Session 1960-61 * should not pass unnoticed 
The Committee fully appreciated that i16 1s necessary 
on security grounds to restrict the formation pro- 
vided by the Authority’s published accounts, but 
although the Public Accounts Committee was con- 
cerned in this instance more particularly with the con- 


No 4804 


* Third Report from the Committee of Public Accounts, Session 
1960-61 Pp 40 (London HMS0,1901) 2s net 


NATURE 


691 


trol of recoverable expenditure relating to reactor re- 
search and development, and the manufacture and sale 
of fuel elements, 16 1s clear that ıt 1s not satisfied that 
sufficient information 18 disclosed as to the Authority’s 
expenditure on iesearch and its distribution 

Imagmation is necessary, because on this factor 
depends very considerably the ability of Great 
Britain to exploit some of the possibilities of new 
techniques in automation and the electronic com- 
puter Some of these possibilities were mdicated by 
Dr B V Bowden m his evening discourse, “The 
Impact of Automation”, before the British Associa- 
tion at Norwich, when he hinted at possibilities of 
their use by the Exchequer ın economie controls 
The importance of 1magination both ın the use of 
such techniques and in tramıng a generation of 
scientists competent to use them was particularly 
well stressed by Prof R Courant in an address last 
year at the closing session of an international sym- 
posium arranged by the International Computation 
Centre m Rome and which has now been published 
in Impact 

Flexibility 18 also essential, because of the demands 
for adjustment and a new outlook which it makes at 
all levels There ıs the demand on education to 
provide men and women with minds alert to the new 
possibilities and equipped to use the new oppor- 
tunities There ıs the demand on management with 
which Mr Zvegintzov dealt, which involves not 
merely Zaemg present-day problems of development 
but also foreseeing the human and technical problems 
mvolved in expansion, m automation and in redun- 
dancy, and in the recrurtment of managers competent 
to deal with these problems in the future There is 
the demand made on manager and trade unionist 
alike to face these problems as they arise, and to 
adjust practices to new needs, developing habite 
of co-operation rather than restriction, and pre- 
paring “or change rather than shrnkmg from it 
orignormgit Solutions to these interlocked problems 
will not be found ın isolation, nor can the necessary 
policies be implemented without mutual under- 
standing and co-operation, and the task of creating 
in industry and in Britam generally the appropriate 
climate of opinion 18 one to which all possible efforts 
should already be directed 


COSMIC RADIO WAVES 


Cosmic Radio Waves 

By I 8 Shklovsky. Translated by Richard B. 
Rodman and Carlos M. Varsavsky Pp xvi-444. 
(Cambridge, Mass Harvard University Press; 
London Oxford University Press, 1960) 65s net. 


T of us who were fortunate enough to recerve 
a copy of Shklovsky's book when ıt was first 
published in Moscow ın 1956 realized that a significant 
contribution had been made to radio astronomy by 
this Russian scientist Now the value of the book, 
and the understanding of Shklovsky’s persona! 
contribution, has been greatly increased by the 
appearance of this English translation The author 
has himself revised the work to bring 1t up to date 
so far as the contributions to radio astronomy which 
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were presented at the Paris Symposium in 1958 
Even so, 1n view of the tremendous growth of the 
subject and the productive research of the world’s 
major radio telescopes since that date, ıt might be 
expected that the book would already be too old to 
be useful In fact, the book makes vivid readmg and 
will be an mspiration to all concerned with the 
problem of radio waves from the cosmos. 

The main reason for this timeless quality of the 
work ıs to be found ın the great theoretical contribu- 
tion which Shklovsky has himself made to radio 
astronomy About ten years ago radio astronomers 
m the West were under the mfluence of the radio 
star idea as an explanation of the origin of the radio 
waves from the local galaxy, by which & distribution 
of radio sources somewhat similar to that of the 
common stars was believed to be the probable origin 
of the galactic radio emissions. Shklovsky held that 
this view was untenable He believed that the main 
generally distributed radio waves from the galaxy 
had two separate origins, first, a ‘flat’ component 
closely concentrated in the plane of the Milky Way 
arising as an emission with thermal characteristics 
' from the free—free transitions ın the r0nized hydrogen 
gas m the plane of the galaxy, second a ‘corona’ or 
halo’ component, surrounding and enclosing the 
galactic system of stars and arising as synchrotron 
radiation from relativistic electrons moving in the 
interstellar magnetic field He believed that a few 
of the intense discrete radio sources of emission were 
supernove remnants lying m the plane of the galaxy 
(as exemplified by the already well-known case of the 
Crab nebula in Taurus), and that the majority were 
extragalactic. 

At first Shklovsky’s views received little attention, 
but during the past few years there has been clear 
observational proof that they provide a reasonable 
explanation of the emission both from the local 
galaxy and from the individual extragalactic nebule 
Shklovsky's explanation in this book of the analytical 
procedure by which he arrived at these conclusions 
from a study of the spectra and isophotes of the radio 
emission made by radio telescopes which confused 
the issue by their poor resolving power 18 a masterly 
example of scientific procedure which should be 
studied by all young research workers 

Another long section of the book which deals with 
the emission of lght and radio waves from the 
supernovz remnants still further exemplifies the 
fruitfulness of the conceptions of Shklovsky and his 
Russian colleagues The discovery of the polarization 
of the light from the Crab nebula, and (since the book 
was revised) of the polarization of centimetre radio 
waves from the nebula, provides firm observational 
support for these ideas that the emission arises as 
synchrotron radiation from the motion of high-speed 
electrons m the magnetic field of the nebula In due 
course these electrons move away from the nebula to 
form the electrons ın the corona of the galaxy and to 
become, with other energetic particles resulting from 
the explosion, the primary particles of cosmic rays. 

The scope of the book 1s specifically limited to the 
problem of the cosmic radio waves of galactic or 
extragalactic origm. The radio or radar astronomical 
aspects of the subject concerned with the solar system 
‘are excluded For all who are interested in the 
cosmos this book makes exciting reading, while for 
astronomers of all kinds and for those physicists who 
are concerned with the problem of the origin of 
cosmic rays the book will be an invaluable acquisition 

BERNARD LOVELL 
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THEODORE SCHWANN 


Lettres de Théodore Schwann (1810-1882) 
Éditées et annotées par Prof Marcel Florkm. Pp 
274 (Liège Société Royal des Sciences de Liége, 
Université de Liége, 1961) 250 francs 


HE ‘cell-theory’ 18 the story of the recognition 

of the cell as the essential unit ın the structure 
and function of the body. The first suggestion of 
this coming change occurred in the work, Dre Zeugung, 
which Lorenz Oken produced ın 1805, but the impor- 
tant dates aro 1838 and 1839, when Matthias Jacob 
Schleiden (1804-81) and Theodore Schwann (1810-82) 
enunciated in clear form the new ideas 

In the volume reviewed here a distinguished Liége 
professor and medical historian shows how the 
second of these two men, who was born at Neuss-am- 
Rhein, apparently failed to justify the high hopes of 
his evrher years He had shown great promise 
when he was working in the laboratory of Prof 
Johannes Muller m Berlin but in 1839 he became a 
teacher in Louvain and afterwards in Liége, and in 
Belgium he published nothing but a few unimportant 
treatises and a brochure accompanying the apparatus 
which enabled one to exist ın an irrespirable medium, 
it was shown ın the Universal Exhibition in. Paris in 
1878 

F G J Henle (1809-85) said that Schwann, during 
his five productive years, did enough for science to 
justify the entire hfetime of a great man He also 
noted that Schwann had been forced to lose much time 
studying systematic human anatomy when huis real 
forte was physiology, and, moreover, when the 
disputes about general anatomy were repugnant to 
his sensitive nature. 

At Louvam and at Liége the Roman Catholic 
Church was not concerned with the matter, for only 
at the end of his life did Schwann become a devotee 
to the faith, and he was unhampered in both his 
ideology and his religious experience 

In 1842 at Louvam he began an intimate diary or 
Tagebuch «nnerer Hreagnisse, part of which was pub- 
hshed m 1936 An unpublished part, of exceptional 
autobiographical interest, was produced hy Florkin 
in 1951, and there 18 also & sories of treatises by 
Schwann relatmg to his mner life 

Three periods can be distinguished in his story, 
namely, an ethical one, during which he strove for 
knowledge and the perfecting of self, a scientific 
one, which was rational and Promethean, and a 
mystical or metaphysical one, all three being charac- 
terized by intellectual eagerness Schwann’s con- 
temporuries and the generations separating us from 
him knew only his scientific output, considering 16 an 
intellectual oasis m the general drabness of a life 
devoid of emmence They were unaware that behmd 
the decorous existence of the famous and conscientious 
but unproductive faculty professor was being carried 
on an unceasing intellectual struggle 

Florkin enlarges on these three periods In the 
first he has much to recall about one Wilhelm Smets, 
in the second he recaptures the liberal Berlin atmo- 
sphere dominated by the powerful personality of 
Johannes Muller, and Schwann’s attempts to make 
biology a province of physics In an appendix to his 
ecposé of his cell-theory, Schwann disclosed a philo- 
sophy which rejected vitalism and sought the final 
cause of the universe in the actual properties of atoms. 
He affirmed the physico-chemical nature of hfe, this 
affirmation bemg his crowning achievement as a 
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scientist, taking him away from scientific mquiry 
and orienting him towards metaphysics It was at this 
period m 1838, in the course of an attack of conscience, 
that he renounced rationalism and the scientific 
method ın an attempt to know his Creator and thereby 
truth. 

Florkm forecasts that Schwann’s personahty will 
certainly stimulate various works, not only by his- 
torians of science but also by psychologists given to 
the 'characterology' of the scientific investigator and 
to that of the meanderings of the spirit of man 

Besides renewing biology by his discoveries and 
scientific theories, Schwann’s philosophic and 
rehgious pre-occupations, and the transfiguration 
of science into religious emotion which he sought m 
his theories, the intensity of his inner Ife and 
his long resistance to orthodoxy outlne a life at 
once sad and serene, untiringly devoted to the 
most exalted and moving aspirations of the human 
soul. As Edmond Scherer said of another great 
and lonely figure, Frédéric Amiel, Schwann was 
"de ceux qu'a touché de son aile lange des visions 
ineffables et des divines tristesses”’ 

KENNETH J FRANKLIN 


WEALTH OF THE FOREST 


Les Plantes Utiles du Gabon 

Essai d’Inventaire et de Concordance des noms 
Vernaculaires et Scientifiques des Plantes Spontanées 
et Introduites Description des Espèces, Propriétés, 
Utilisations Economiques, Ethnographiques et Artis- 
tiques Par André Raponda-Walker et Roger Sillans 
(Encyclopédie Biologique, Tome 56 ) Pp x-r 6144-53 
planches (Paris Editions Paul Lechevaher, 1961 ) 
250 NE 


O us who depend increasingly on ‘supermarket’ 
and slot-machine, one of the most interesting 
aspects of life m less sophisticated lands 1s the wide 
use made of local plants to supply daily needs Nearly 
every plant seems to have its use; this one as a cure 
for fever, the next providing fibre for fish-nets, a 
third giving wood for musical instruments Of 
interest, therefore, 1s a new book describing useful 
plants of that western part of equatorial Africa known 
as Gabon Dr Albert Schweitzer’s reference to this 
coast as the edge of the primeval forest comes to 
mind, and, although the vegetation of the coastal 
and riverme areas 18 now well known and is much 
altered by man’s activities, the vast area of the 
interior, mainly forest, remains inadequately recorded 
In a pleasant foreword by Prof Trocham, the book 

is described as the Joint product of a priest-botanist- 
ethnologist and a botanist-draughtsman-artist Dur- 
ing thirty years of missionary work m that country, 
the senior author, the Abbé Raponda-Walker, 
amassed the information on plants and their local 
names and uses which forms the bulk of the text 
The notes being placed ın the hands of R Sillans, he 
attempted, as 1s explained, to bring the material to 
hfe, to depiet the vegetation of the region as known to 
the inhabrtants and as ıt enters into their daily hfe 
The result 18 a book which 1s full of information for 
both botanist and ethnologist It opens with short 
introductory chapters on the history of botanical 
exploration m Gabon, on the climate and types of 
vegetation, and the vegetable products entering 
trade In the main part of the book, the plants which 
are put to use are described in turn, the genera being 
arranged alphabetically in their families. For each 


NATURE 


693 


species 1s given a short description, a note of 1ts use in 
native custom, and a list of vernacular names by 
which the plant 1s known among various of the 27 
tribes in the country The artist provides 52 full-page 
botanical drawings of important species In addition, 
the text 1s enlivened by figures and illustrative 
sketches Ifthe writer tells us that wood of Alstonia 18 
used for ceremonial masks, the artist employs his pen 
to show the masks worn by some tribal society in 
their fetish rituals The book 1s well mdexed, and 
nearly 8,000 entries in the index of vernacular names 
are a measure of the Abbé Raponda-Walker’s diligent 
observation 

Many plants described here are common also to 
forest country of West Africa to the north-west, and 
1b 1s possible to compare the uses of them ın Gabon 
with those so well described earlier by Dalziel, or 
in Irvine’s Woody Plants of Ghana (see p 695 of this 
issue) Others again are peculiar to the region of 
Gabon, rangmg ın economic importance from the 
great okoumé tree, Aucoumea klarneana, the timber 
of which constitutes the greatest wealth of Gabon 
to so small and nasty a plant as Aiaenidia of the 
arrowroot family, the leaves of which, thrown into the 
cooking-pot, cause discord in the household or 
village Ferns are among the plants of which use is 
made, and an unusual record 1s the weaving of the 
black shming rhizomorphs of a fungus into ornamental 
cords to wear on the body An appendix gives the 
vernacular names of recognized cultivars of some 
staple crops, including banana, cassava, and sugar- 
cane 

The useful plants of Gabon, as here presented, 
melude many mtroduced plants Some, like banana 
and maize, have long been adopted by the Gabonese 
and have become part of their hfe. Others have not 
penetrated farther than the trial-ground or mission- 
garden, and, although mention of this 1s made, their 
appearance at all in the main text as useful plants of 
Gabon may well be questioned To find meluded the 
Judas tree, Cercis sliquatrum, a Mediterranean plant 
1ll-suited. to the humid tropics, 18 as unexpected as 16 
may be misleading But this, and the mis-spelling 
of some botanical names, are minor blemishes in a 
work which contains much of value and of charm 

T A. RUSSELL 


FORMAL LOGIC IN RETROSPECT 


A History of Formal Logic 

By Dr I M Bochénski Translated and edited by 
Ivo Thomas Pp xxu+567 (Notre Dame, Indiana 
University of Notre Dame Press, 1961) 20 dollars 


N this monumental work, Prof Bochénski presents 

us with the results of some forty years of research 
Scholars are already aware of the merits of the German 
edition, published in 1956, especially the accuracy 
of the transcripts from Arstotehan texts Now we 
are enabled to have the outcome of this ‘labour of 
love’ m English, thanks to the University of Notre 
Dame Press, and a competent translator In the 
event, these pages are very much more than a 
source-book They will be consulted by logicians and 
histomans for many a generation maybe, before 
anything comparable appears again The decimal 
system of entries—both extracts and commentaries— 
of the original ıs maintamed with tmfiing exceptions, 
which makes reference easy within the volume itself, 
and to the German version 
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An introduction to the present edition has been 
added, which has as its mam object the slightly 
unusual one of augmenting the very brief (and perhaps 
inadequate) treatment of Abelard in the original 
It ıs good to have this, though one would have 
thought that a more appropriate place could have 
been found for ıt But we are left m no doubt that 
formal logic was well away 1n its scholastic form by 
the twelfth century 

In his own introduction, the author says plainly 
what he concerves his task to be, and how he intends 
to carry 16 out Logic did not develop continuously, 
rather it started at various places and at various 
times almost mdependently But, characteristically, 
men soon found that they were grappling with much 
the same essential problems, approaching them by 
different paths This concept sets the pattern for 
the whole book Thus we have ancient logic, scholas- 
tic logic, mathematical logic, and Indian logic The 
somewhat arid period of ‘classical’ logie 1s briefly 
1eviewed Before discussing these sections in greater 
detail, 16 1s clear that two figures stand out in bold 
relief, Aristotle and Frege, the rest grouped around 
them with the symmetry of an artist It 1s almost as 
uf Prof Bochénski had painted a new version of 
Raphael’s great picture, adapting the stance of the 
figures to subsequent history as the grand drama of 
the pursuit of reason unfolds 

Ancient logic (Part 2) shows the author at his best, 
and text ıs superb Here 1s the essence of the esoteric 
syllogism, displayed both m its intellectual power 
and its esthetic appeal Aristotle scarcely achieved 
corresponding success with modal syllogistics, and 
that probably explains why Prof Bochénski gives 
this subject relatively httle attention The criterion 
throughout 1s that of quality, and the extent to which 
origmal minds have been able to approach perfection 
of presentation and methodological rigour Included 
in this section are, of course, the Stoics and the 
Megarians, together with a host of commentators 
It 1s good to read such a vivid extract from the tree 
of Porphyry, with 1ts focus on extension and intension, 
and the principles of classification This was not an 
epoch of discovery, but the literature 1s valuable and 
its synthetic character mmportant Theophrastus, 
pupil and successor of Aristotle, receives more than 
honourable mention. In addition to his logic, we 
salute him as a pioneer ın meteorology 

Scholastic logic (Part 3) will be welcomed not only 
by logicians but also by medievalsts Naturally, 
there is a good deal here that stems from the Stores 
and the Megarians But imperfect as our knowledge 
of this period may be, 1t is one of supreme conse- 
quence since 1n fact such giants as Albertus Magnus 
and St Thomas Aqumas brought to Aristotelianism 
not only a new life but also gave mankind something 
to live for, and thus realized, for the time bemg in 
any event, the concept of philosophy as the serving- 
maid of theology This 1s not what is said in 80 
many words, but the author's mastery of his material 
18 such as to commend his scholarship to students of 
subjects sharing boundaries with those of formal 
logie 

Part 4 (classical logic) has already been mentioned 
With Part 5 (mathematical logic) we are brought 
right up to 1931, with Godel’s famous theorem, 
announced in that year The highlights here, as 
one would expect, are the works of Boole, Schróder, 
Frege, Whitehead and Russell 

Indian logie (Part 6) forms & survey of a branch of 
learning all too httle understood in the West Prof 
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Bochénski makes a pomt to the effect that had 
India produced a Plato or an Aristotle at the appro- 
priate point in history, a long stretch of time would 
have been saved in the working out of principles 
But this was not to be | Seen agamst the background 
of centuries, creative genrus acts somewhat lke a 
modern computer, solving almost m an instant of 
time some problem previously wholly intractable 
The bibbography is extensive, running to several 
thousand entries It has, for reasons of economy, 
been photocopied from the German, a sensible plan 
which will hurt nobody In addition, are a series of 
indexes, deahng with names, subjects and signs 
There has been nothing like this book before It 1s 
far from easy reading, but the planning 1s itself so 
logical, and the commentaries themselves so apt, that 
one 1s left with the impression of a veritable master- 
piece, set off by a frame and background at once 
wholly sympathetic and comely 
F I G RAWLINS 


FUNCTION THEORY AND ITS 
APPLICATIONS 


Lectures on the Theory of Functions of a Complex 
Variable 

By Prof G Sansone and Dr Johan Gerretsen Vol 1 

Holomorphic Functions Pp xvi+488 (Gronmgen 

P Noordhoff, Ltd, 1960 45 Dfi , 12 dollars, paper 

bound 48 75 Dfi, 13 dollars, cloth bound 


ODERN mathematics 1s in the process of 
becoming more and more abstract We are 

im general less interested in numbers than m spaces of 
objects having certam properties However, this 
process of abstraction necessarily moves more slowly 
in disciplines with physical applications ~ 

It 1s for this reason that Sansone and Gerretsen’s 
Lectures on the Theory of Functions of a Complex 
Variable, although a little old-fashioned, 1s bound 
to make a lot of friends, particularly among those 
who wish to learn function theory in order to use it 
The authors claim to address those mterested m 
advanced methods of analysis They rather 
quickly cover the foundations, including Cauchy’s 
theorem, and concentrate on what one can do once the 
basic theorems are proved ‘There ıs, however, a fair 
amount of theoretical stuff such as, for example, the 
Vitali convergence theorem, the Borel-Caratheodory 
mequality and the theory of integral functions of 
finite order Picard’s theorem for functions of 
infinite order and subharmonic functions are not 
covered Conformal mappmg, both theoretical and 
practical, 18 left for a second volume 

Among the practical topics which are covered are 
the inversion of power series, theta, elliptic, gamma, 
Legendre and the Riemann zeta functions, Laplace 
mtegral, Dirichlet series, as well as some other special 
functions but not Bessel functions 

The many applications include the Euler—Maclaurin 
and Poisson summation formule, and the analytic 
proof of the prime number theorem, asymptotic expan- 
sions of various kinds, use of the Bernouilli numbers, 
summability of power series, by the methods of 
Borel and Mittag-Leffler, and special series of many 
kinds, ineluding one for Euler’s constant 

The book should be very valuable to anybody who 
18 interested in function theory, mamly in order to 
use ıt The English ıs nearly always good ‘The 
term ‘“‘monotonously increasing functions” should 
appeal to many students W K Hayman 
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Woody Plants’ of Ghana with special reference to 
Their Uses 


By R F Irvme Pp xev+868+34 plates (London 
Oxford University Press, 1961) 105s net. 


$ re beautifully produced book, illustrated by 
142 full-page hne drawings and 34 plates, is 
primarily concerned with the useful properties of 
Ghana’s trees and shrubs It incorporates much 
of the material in Dalziel’s Useful Plants of West 
Tropical Africa, and supplements ıt with Dr Irvine’s 
own extensive knowledge of this subject There 1s a 
wealth of fascmatmg information on economic 
products and mediemal properties, both factual and 
fancied, for the ‘doctrine of signatures’ 1s implicit 
in much of African medicine This 18 ably supported 
by & comprehensive series of indexes and glossaries, 
and by an extensive collection of vernacular names 

The purely botanieal part of the book 1s less happily 
conceived Each species is accompanied by a short 
botanical description, but this is quite inadequate to 
enable the species to be identified and there are no 
keys, while the errors m nomenclature are numerous 
The citation of individual specimens seems unneces- 
sary in & book which 1s not primarily a taxonomic 
work, and it is surely pointless to cite unnamed 
species known only from incomplete specrmens when 
they have no known uses 

It 1s understood that this volume ıs to be followed 
by another on the herbs of Ghana It 1s suggested 
that much of the botanical detail might profitably 
be omitted, leaving the author free to concentrate 
on the useful properties where he 1s clearly an expert, 
and enabling the publishers to offer the book at a 
cheaper price W D CrAYTON 


Re-educative Treatment of Suppression Amblyopia 
Bemg an abridged English version of Jean Sédan's 
“Post Cure de l'Amblyope Rééduqué" By T Keith 
Lyle, Cynthia Douthwaite and Jill Wilkinson Pp 
xu+135 (Edimburgh and London E andS Living- 
stone, Ltd, 1960) 25s net 


HIS ıs an Enghsh version of Dr Jean Sédan’s 

well-known compilation of test types and pıc- 
torial exercises designed for use in the treatment of 
amblyopia associated with uniocular strabismus. 
Dr. Keith Lyle, who was responsible for the prepara- 
tion of this version, states in his preface that he 
has found Sédan’s methods of the greatest value 
in the work of the Orthoptic Department at Moor- 
fields Eye Hospital, London. 

Three types of exercise are represented In the 
first, the patient 1s required to detect misprints in 
test passages ın & variety of sizes of prmt In the 
second, he has to solve simple problems or detect 
errors in exercises presented in numerical, diagram- 
matie or pictorial form (Some of the pictures are 
delightfully French ) In the third, there 1s a number 
of special exercises intended for patients with 
eccentric fixation or related disturbance of spatial 
localization. 

It 1s unfortunate, perhaps, that no evidence as to 
the efficacy of these procedures 1s presented None 
the less, Sédan's methods would seem very well 
worthy of trial in the treatment of squint and related 
conditions in which systematic eye-exercises are 
prescribed Some of his material too, might find 
useful applieation in the study of other types of visual 
disorder, in particular the defects of perception 
which may result from injury or disease of the brain. 

O. L ZANGWILL 
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Inductive Frobability 

By John Patrick Day. (International Library of 
Philosophy and Scientific Method) Pp xvi+336 
(London Routledge and Kegan Paul, Ltd., New 
York The Humanities Press, 1961) 40s net. 


dil author of this book has performed a most 
valuabie service This consists essentially in 
treating his subject philosophically rather than in the 
more 'restrcted' sense as an essay in logic. That 
httle mathsmatical knowledge is required of the 
reader is neither here nor there the approach is not 
esoteric Probability as a concept ıs used by many 
professional people, but even ordmary mortals 
use 16 quite widely Much the same can be said 
of evidence The writer comments on the advantages 
and disadvantages of the jury system on balance, 
1t comes ou» on the right side, ın spite of the fact that 
sheer quantity of evidential material 1s & strain on the 
layman ‘This 1s only another example of our national 
inehnation to keep the expert m his place 

The scheme of the present volume comprises a full 
discussion of inductive probability, subject—predicate 
formule, functional formule and  determmants, 
theory of elimination, induetive 1ieasoning and 
inductive logic In spite of a commendable determ- 
mation to write clearly, the author seems occasion- 
ally to share with no less a person than John Ruskin 
a tendency to make meanings obscure by over- 
emphasis on detail Also, his use of the word ‘gener- 
ally’ (for example, on pp 51, 58, 72) 1s not altogether 
happy, supposedly he means ‘usually’ 

All ın all, scientists would do well to read this 
book carefully, both for its meticulous scholarship 
and for its discyphne Ther weighing up of what is 
true and what ıs likely to be true will be greatly 
helped, wath corresponding confidence im thew 
conclusions F I G RAWLINS 


Crystallizetion 
By Dr.J W Mullm Pp 1x+268 (London: Butter- 
worth and Co (Publshers), Ltd, 1961) 60s 


H.E first half of this book surveys ably, with much 
detail. the physical chemistry, properties and 
phase equilibria of crystals and solutions with some 
reference also to melts The final chapter summarizes 
i3 useful fashion the techniques and problems of 
sizing anc size analyses In between we have a 
chapter suznmarizing briefly the better-known theories 
of the mechanisms of nucleation and crystal growth 
It would be a superhuman task to render the htera- 
ture on these topics mto a single, readable chapter 
and the author might well have condensed his material 
yet more without loss As ıt stands, however, 1t 18 
slightly mcongruous to find 103 papers, presented at 
three symposia, dismissed in a single reference as 
“able summaries”, while an almost irrelevant reference 
to gas a sorption merits a whole paragraph and 
the beard of the late W H. Perkin a whole sentence 
It ıs particularly significant that the remaining 
chapters, treating re-crystallzation, dustrial crystal- 
hzation and equipment, are wholly qualitative. This 
characterizes the status of crystallization as a unit 
operation. Due to the difficulties involved and per- 
haps to the guarding of technical secrets, almost no 
quant:tatrve investigations of the process have been 
published The real utihty of this book depends to a 
large extent, therefore, on engmeering design data 
being made available for the process chemists and 
chemical engmeers for whom 1t 1s intended 
S H. BRANSOM 
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THE INSPIRATION OF SCIENCE* 


By Sig GEORGE THOMSON, FRS. 
Master of Corpus Christi College, Cambridge 


E are all well accustomed to science as the basis 
of technology, the source of the fundamental 
knowledge which 1t 18 our duty to apply to the service 
of man, but there 18 a quite different side to ıt and 
one not less m importance, that 1s science as truth, 
or at least one of the great aspects of truth, science 
as a human value—something which exists for 
itself and ıs self-justified as ıs music or painting, 
or indeed the human relations ‘This side should 
be an inspiration to all who are concerned with science 
in whatever form Surely we have reason to be proud 
that such an msignifieant creature as man should 
even be aware of his own insignificance? That he 
should be able to reckon up the countless billions of 
stars in the Galaxy and of galaxies in the universe 
and understand something of how they are made, 
that he should be able to measure the atoms and to 
determine their structure, that he should be able to 
understand even a little of the astonishing meanmeful 
complexity that goes to make hfe? But besides 
its emotional appeal science 1s the philosophy of our 
age, and we who practise it should spend a little trme 
m thinking of ıt from this pomt of view and seeing 
in what ways ıt differs from some of the older philoso- 
phies 
First of all physics relates to the outside world; 
1t requires that a consensus of opmion be possible 
between different observers, or in other words 
that the observations made by different people can 
be adjusted so as to be consistent with a rational 
theory One need not go into the complications of 
relativity, ıt 13 enough merely to consider the ditferent 
judgments of relative position which two people 
sitting ın an ordinary room will make and which are, 
normally at least, consistent with the furniture and 
the room being rigid objects and with hght going m 
straight lines It 1s m fact precisely this which 1s the 
justification for belevmg in an outside world 
the fact that one can describe ıt in a way that can be 
accepted by all observers Compare this outside 
world with the private world which each conscious 
person carries about with him. In this private world 
are dreams, emotions, pain and so on, thmgs which 
he may be able to explain by symbols to his fellow men 
but for which, in the last resort, they must take his 
word and which they cannot directly share 
Physics, like other sciences, 1s based on concepts 
which have names, things such as mass, temperature, 
energy, rays of light, electrons and so on It ıs these 
concepts which determine the stage to which physics 
has arrived because they determme what statements 
can in fact be made, and major advances in physics 
are, to a great extent, discoveries of the right concepts. 
Concepts are usually suggested by experiments, 
but they seldom remain directly tied to them, at 
least not to simple experiments Temperature 18 a 
good example Starting from sensations of warm 
and cold, which (m so far as they measure anything) 
measure a rather complicated mixture of the tempera- 
ture and conductivity of the substance m contact 


+ Substance of the first Thomson Lecture of the Society of Instru- 
ment Technology, delivered on October 19 


with the skin, temperature was early measured by the 
expansion of solids and hquids These expansions 
are not uniform, and the scale of temperature derived 
from one body 1s near to but not identical with that 
derived from another If temperature 1s to be a 
fundamental concept ıt must be removed from this 
dependence on the particular substance It ıs well 
known how this has been done, by makung ıt depen- 
dent on the ideal efficiency of certain heat engines, 
but this 1s not, of course, the way that anybody ever 
actually measures 1t 

Much the same kind of thing happens with space, 
spacial measurements, and most of geometry, depend 
on the assumption of rigid bodies to act as measuring 
rods or theodolites There are no rigid bodies, but ıt 
is possible to make satisfactory corrections for the lack 
of rigidity of the nearly rigid ones Some concepts 
are even less closely connected to experiments than 
these for example, that of molecular chaos It was 
a long time before this could be directly observed, 
yet the idea was most valuable to physics The 
same is true to an even greater extent of the concept 
of atoms, and one of the lessons of the history of 
science 18 that one should beware of the purism which * 
demands very close connexion between a concept 
and what ıs at the moment experimentally verifiable 
One of the most interesting things in theoretical 
physics 18 the way ın which certain concepts develop 
a usefulness far beyond that for which they were 
originally intended Atoms are a case in pomt— 
so are quanta which, starting from a theory of black- 
body radiation, are now fundamental to all physics 

But not all concepts conform exactly to Nature, 
they are approximations, but they are not to be 
despised on this account Take, for example, rays of 
hght , they are still more mportant in practical 
appheations of optics than are waves or quanta, 
although even m the time of Newton ıt was known 
that they were not the whole story Another example 
18 the use in physics of the concept of a surface as 
a mathematical discontinuity between two bodies, 
for example, solid and gaseous There 18 no such thing 
as a surface m this sense, speaking strictly, and ıt 1s 
certainly not mathematically smooth Atoms do not 
have sharp edges, there are vague regions round them 
in which they exert force, yet the concept of a surface 
1s of immense value not merely to engineers but also to 
most of classical physics Some concepts are absorbed 
by others, or perhaps one should say become tributary 
to them, for they still continue to be used, as the 
concept of mass has to that of energy 

There has been much discussion as to the ‘reality’ 
of certam concepts, for example of the electron I 
thmk sometimes this fails to realize how artificial 
are the concepts of ordinary life, of common-sense 
things Few people thmk it necessary to justify 
the 1dea of a chair or to ask whether it 3s real, yet 
1t 18 in fact a most complicated idea It ıs derived 
from a variety of different mmpressions, visual and 
factual, and 1s defined partly by appearance and 
partly use A chair seen by the engineer 1s a collection 
Of stressed material , seen by the botanist, if ıt 15 
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wooden, a collection of plant cells, seen by the 
housewife, something on which people can sit. While 
electrons are countable so that ın any given circum- 
stances they are a whole number, in a group of chairs 
there may be some broken ones of which it 1s doubtful 
whether they rank as chairs or not The chair ıs 
really a very vague idea, and 1f one must argue about 
reality (which perhaps should be considered a bad 
word) the electron’s claims are, I would say, better 
than the chair's 

Concepts are used to form hypotheses, theories, 
and laws which are statements of varying certainty 
about concepts It seems to me that the differences 
between these words lie more in the emotional 
attitude of the user than in anything else A law is 
some statement about concepts in which you 2eally 
beleve, a hypothesis 1s one about which you choose to 
remain uncertam I will just use the middle word 
‘theories’, the emotional content of which 1s some- 
where between the two All physics 1s based on 
experiment ultimately, and on the idea that exper- 
ments can ın some way be repeated By experiment 
I do not necessarily mean something 1n a laboratory, 
but merely somethimg that can be observed , for 
this purpose the explosion of a supernova is an experi- 
ment The first pomt that I want to make 1s that one 
cannot repeat an experiment unless one has some 
sort of theory, because repeating an experiment 
implies that the conditions are the same on the two 
occasions Now all the conditions are never the 
same life moves on, the planets are in different posi- 
tions, the apparatus 1s either made of the same bits 
of material (im which case ıt has been worn) or 1s 
made of different material, in which case how do you 
know it ıs effectively the same? The answer is, of 
course, to say that the relevant conditions must be 
the same 1f you wish to repeat an experiment. But 
who 1s to say which conditions are relevant and, which 
are not? This can only be done by a theory The 
theory need not be a detailed one, ıt may merely 
say ‘I believe that all that matters for the experiment 
I am now going to perform 1s the state of the objects 
on this table’ and this may well be true 1f you make 
some allowances for the gravitational direction of 
Earth But your experrment may go badly wrong if 
someone ıs makmg electrical disturbances in the 
next room. 'The theory must be sufficiently wide to 
give you an idea as to what matters 

Dr. K Popper has made the very good point that 
theories ın science exist to be disproved , they can 
never be proved Since they are general statements 
that something wil always occur, one can never be 
certain that a case of exception will not occur ; 
if ıt does occur the theory 1s disproved and ıs either 
abandoned or, if it has shown previous merits, 18 
somehow altered to fit the new evidence The great 
strength of science as compared with philosophy 1s 
that theories can be disproved or at least shown as 
madequate and that this can be done in @ manner 
which compels the assent of all, or almost all, reason- 
able people, ın short, that a consensus of opinion 1$ 
possible and one which appeais to be lasting ‘This 
consensus, philosophy never seems to have achieved, 
or at least only for short periods 

Personally, I think that the existence of technology 
18 an enormous support to theoretical physics m this 
way. It ıs mmpossible not to believe 1n the validity 
of theories which enable complicated machines 
like television sets to be made and operated by people 
who are wholly ignorant of the scientific principles 
which we scientists say they depend on It seems 
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to me psychologically 1mpossible not to believe that 
such principles have, in fact, a validity external to 
our minds It ıs not necessary for this purpose that 
the principles are absolutely true or extend over all 
conditions : 1t is possible that Maxwell’s equations 
do not apply in the interior of an atomic nucleus, 
but this does not detract from their validity for 
television 

Of course, the prestige of a theory goes up enor- 
mously if ıt can predict the unexpected. and rightly 
so The mere fact that a theory covers known 
experiments counts for very little, after all, ıb ıs 
possible to draw curves through any finite number of 
points ın an infinite number of ways, no one of which 
is m principle better than another Experiments 
can always be represented by empurical formule 
which need have no further validity whatever 
A theory must be esthetically satisfymg as well as 
fit the facts This 1s equivalent to saying that Nature 
In some way respects our esthetic judgment. In 
a senso I think 1t does, but this 18 very largely because 
our judgments of what is an esthetically acceptable 
theory are based on our experiments on theories of 
the past which have been successful In other words, 
we are assuming that Nature 1s somehow of a piece, 
and that we can hope to recognize theories which 
conform ta the pattern just as one might hope to 
recognize somebody’s handwriting in a few words 
though one has never seen those actual words written 
by him before I am not sure whether this implies a 
personification of Nature orwhether 1$ 1s a consequence 
of the way our brains work 

A good analogy of the relation between physical 
theories and external realities 18 given by an ordinary 
map of Hazth’s surface Like the map, the theory 1s 
either something on paper or in the mind of the 
physicist, just as the map may be in the mind of the 
traveller The concepts of physics correspond to the 
signs on th» maps denoting rivers, roads and the like. 
The making of such a map consists m translating 
Nature on to a piece of paper, and the use of the map 
involves reversing this process, reading the map, 
deciding, that 1s to say, that ono particular point 
on the mep is the place where you are standing, 
that the hill on your right 1s represented by a certam 
group of concentric contour lines on the map and so 
on All theories are approximate in practical applica- 
tion, ignoring small effects , just so, all maps leave 
out details. They may show hills and slopes but they 
wil not show molehils This, however, does not 
prevent them from being useful Again, every map 
of Earth on a flat piece of paper 1s necessarily dis- 
torted since you cannot bend a plane to fit a sphere 
Several kmds of maps are possible corresponding 
to the different methods of projection; some are more 
suitable for one purpose, some for another, but there 
1s none which 18 universally the best. Yet a map can 
ke right cr wrong , a map which shows Piccadilly 
Circus north of Oxford Street or Birmingham in the 
middle of Spain 18 definitely erroneous 

This apphes £o scientific theories They can be so 
badly wrong as to be useless "They can never hope 
to be completely night, with the rarest and doubtful 
exceptions Two quite different theories may be 
equally valid: compare for example, the thermo- 
dynamics and the kmetic theory approach to the 
properties of gases , they start from wholly different 
ideas vet arrive at practically the same conclusions, 
but for some purposes one 1s better than the other. 

The great authority of Lord Kelvin is often quoted 
to extol the mmportance of the quantitative, which 
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implies measurement, in physics He was, of course, 
right in urging its umportance ; but it should, I think, 
always be remembered that 1n the last resort we are 
trying to do somethmg qualitative The pure scien- 
tst 1s aiming at producing a theory which will be 
convincing and satisfactory, which will mske people 
feel that they understand, and which will predict 
something new and exciting The object of the 
applied physicist or engineer 1s also m essence quah- 
tative For example, if he 18 designing aeroplanes the 
question of top speed 1s very important and 1t can be 
measured. But speed, predicted or measured, 18 
important because of its qualitative Implications 
You desire an aeroplune which will get you to your 
destination before your friends are tired of waiting 
for you. or if it 1s for war, one which will return 
safely from its sortie having shot down the enemy. 
The quantitative predictions, important as they 
are, are really the means to the end, not the end 
itself 

I have spoken of a good theory being ssthetically 
satisfying because as we have seen & mere empirical 
formula 1s hopeless Comparatively lttle has been 
written on the esthetic side of science apart from 
mathematics Some of the same criteria apply here 
as do there for example, the theory must be general, 
simple and strikmg It should not involve arb:- 
trary constants or functions, unless indeed 1t can be 
shown that the constants which are mtroduced are 
related to something quite outside the theory itself 
for example, Maxwell’s equations and the velocity of 
hight But I am inclined to think that the most 
important feature in making one accept a new theory 
18 what I have already said, its general resemblance 
to the successful theories of the past 

The quantum theory has made, as we are all aware, 
an alteration of immense importance in our ideas 
of physics. It has replaced determinism by proba- 
bility The uncertainty primciple of Heisenberg 1s, 
T think, the first occasion on which seience has laid 
down hmits to knowledge as opposed to the familiar 
limits to what man can perform given by such 
principles as the laws of thermodynamics. It means 
an alteration in the sense in which Nature 1s rational. 
One cannot predict certaimties, one can only predict 
probabilities and ıt becomes a matter of some dff- 
culty to know what 1s meant by a probability when 
you deal with a unique event, an event which cannot 
be repeated—for example because the apparatus is 
changed or broken and 1s too complicated to re-make 
I am thmkung m particular of experiments on brains, 
animal or human. In more ordinary laboratory experi- 
ments one can use an apparatus or series of apparatus, 
each of which conforms to the same theory. This 
theory asserts that results a, b, and c are probable in 
calculable proportions, and by  prolongmg the 
experiment ıt ıs possible to verify the theory, 1f true, 
to any degree of accuracy required Each experiment 
1s really a quite separate one and the only feature in 
common 18 that you believe them to be representable 
by the same theory 

Recently Born has pointed out that quantum 
indeterminacy has wider implications than one might 
suppose Consider, for example, the Brownian 
movement In what possible circumstances can the 
motion of the tiny drops of butterfat seen in a 
microscope moving about im all directions in the 
liquid be regarded as determinate? Their motion in 
the view of nineteenth-century physics 1s controlled 
by the collisions they make with the molecules of the 
liquid, but who is to calculate the initial positions 
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of the molecules of the liquid and their collisions 
with one another ? To make the matter a little more 
definite let us imagine & more precise experiment 
Suppose that we have a Geiger counter divided into 
two halves by a grid and filled with gas at suitable 
pressure Let us introduce a single radioactive atom 
into this counter, at a known place The atom is 
supposed to stick to a wall of the counter as soon 
as 1b touches, as it eventually wil Now try to 
calculate 1n which half it willend up It will explode 
sooner or later and that half will be discharged giving 
an observable effect. To attempt to predict this, 
one would have to trace the zig-zag path of the atom 
diffusing through the molecules of the gas Ifyou 
try to consider the accuracy with which you would 
have to measure initially the positions and velocities 
of the millions of molecules concerned you will, 
I think, agree that to regard such an experiment as 
determinate is a misuse of language, even on the 
simplest assumptions such as assuming the molecules 
to act bke billiard balls. The motion ım each collision 
is sensitive to the position of the moving balls at 
the moment; 2a very small error in determining 
this will result ın a big change ın the direction and 
velocity of the balls after the collision, and so effect to 
a still greater extent all subsequent collisions The 
errors in fact are magnified enormously, and long 
before the process comes to an end with the active 
atom reaching the wall. the initia] accuracy required 
for prediction beeomes fantastic In the nineteenth 
century the physicist could say “yes, but 1n prineiple 
the motion is determinate”. Since Heisenberg we 
ean no longer do this ; the motion 18 indeterminate. 
But I want to point out that this conclusion depends 
very httle on the precise magnitude of h provided 
it 18 not absolutely and mathematically zero TI 
think that there are probably far more examples in 
practice of these truly indeterminate events than 
one 1s apt to suppose One may be too impressed by 
the smallness of h ‘Take, for example, aerodyna- 
mies, where one 18 concerned with turbulent motion 
set up as an instability, as when, owing to changed 
speed, the Jammar boundary layer of an aerofoul 
changes to a turbulent one. This may depend, of 
course, on roughnesses on the surface and therefore 
be determined by them, but ıt 18 quite likely if the 
surface 18 smooth that the mstabulity 1s triggered off 
by & fluctuation, in the kinetic theory sense of the 
term, and ıt 18 within limits indeterminate when and 
where this happens. Most cases of mstability are 
like this; they may become determinate because 
of some deviation from the ideal in the geometrical 
shapes, but if these are accurate enough there will 
come a time ın which wholly unpredictable miero- 
effects will set the instability off It seems quite likely 
that details of meteorology may be unpredictable m 
this fashion, and even quite major features may de- 
pend, on unpredictable events in the Sun. All physics 
can do 1s to predict probabilities, not merely for 
atomic events but also for many other classes even 
where large effects are concerned There are a great 
many trigger actions m Nature, especially where 
biology comes in. 

It 18 perhaps scarcely necessary to urge that the 
discovery of new effects 18 fully as umportant a test 
of the merits of a theory as the explanation of old ones; 
but some writers on thé philosophy of science seem to 
regard the mam duty of & theory as the proper 
ordering and correlating of known facts This seems 
to me an unmnagmative view In the past, theories 
have gone much beyond the known facts and pro- 
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foundly helped physics by domg so Maxwell’s 
equations connected the velocity of hght with the 
ratio of electrostatic and electromagnetic units, 
but they also suggested waves of very different 
lengths, some of which Hertz discovered, and the 
theory also inspired von Laue to try X-ray diffraction 
The idea that many crystals are formed by the close- 
packing of nearly spherical atoms was put forward 
by Pope and Barlow , their theory was wrong in 
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detail, but suggested to Bragg ideas now fundamental 
1n the study of crystals 

Imagination mdeed is one of the qualities which 
mark the great scientist Even a hint of ıt may lft 
a man out of the rut. There ıs only one quality which 
18 more 1mportant and that ıs enthusiasm, the feeling 
that science 18 the one thing that really matters and 
that to be allowed to spend one’s hfe 1n its purswt 
is the greatest possible privilege 


AND INDUSTRIAL RESEARCH 


ORGANIZATION, AUSTRALIA 


DIVISION OF FOOD PRESERVATION * NEW LABORATORIES 


HE Division of Food Preservation of the 
Commonwealth Scientific and Industrial Research 
Organization, Australia, has moved mto new labora- 
tories at North Ryde, New South Wales. This Division 
began 1ts work in 1932 ın laboratories situated in the 
Brisbane Abattoir, Queensland, where a branch 
laboratory 18 still maintained In 1938 the Division 
transferred its headquarters to laboratories in 
the Abattor at Homebush, New South Wales, 
but in twenty years outgrew the accommodation 
there 
The new laboratories are located on an elevated 
site, about eight miles from Sydney, ın an area 
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Fig 1 Aerial photograph of the new laboratories of the CSIRO Division of Food Preservation 





that 1s bemg preserved as a green belt tothe 
city. Eleven buildings with a total floor area of 
71,000 sq. ft are set in landscaped grounds about 
10 acres in extent The disposition of the build- 
mgs on the site was determined largely by a desire 
to provide for future extensions to mdividual build- 
ings without mterference with other buildings and 
services 

In the centre of the site (Fig 1) are the service 
facilities—workshops, stores, boier house, engine 
room, and canteen, and also a Taste-Testing Labora- 
tory, which has been carefully planned to provide a 
standard environment for sensory testig Flanking 
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Fig 2 Mural by Miss Eileen Mayo which decorates the foyer of the administrative building in the new laboratories 


these buildings to the east are a single-storey build- 
ing housing administration and the library, and the 
E W Hicks Meeting Room, named m honour of a 
pioneer member of the Division On the south side of 
the site 18 the Food Science Buildmg, which contains 
forty laboratories and accommodates the Physics, 
Chemistry, and Microbiology Sections, and also the 
Fresh Fruit and Vegetable Storage Section, and an 
Animal Products Section dealing with meat, fish, 
poultry and eggs The other technological Sections 
of the Division—Canning, Packagmg, Dried Foods 
and Frozen Foods—occupy the twenty-two labora- 
tories in the Food Technology Building, and also use 
the adjoining Food Processing Building, where there 
is an open processing area 130 ft x 50 ft, contaiming 
puot-scale equipment for the production of experi- 
mental packs of processed foods In a separate build- 
ing 1s a sulphuring room for work on the treatment of 
dried fruits with sulphur dioxide and a chemical 
processmg laboratory for operations involving volatile 
solvents 

The laboratory buildings have a central corridor 
with load-bearing walls ın brick, and reinforced 
concrete supporting piers at 12-ft centres on the 
external walls Alumiuum has been used for roofs and 
window frames, and also for the coloured enamelled 
spandrels, which are removable for access to the 
services running in perimeter ducts along the north 
and south walls Penetration of summer sunshine 
on the long north and south sides of these buildmgs 
18 controlled by contmuous concrete hoods and verti- 
cal pre-cast concrete fins The hoods also act as 
working platforms when access 1s required to the 
perimeter ducts 

The services available in the laboratory blocks 
are hot and cold water, distilled water, gas and 
alternating-current power, with compressed air and 
steam in some laboratories Fume cupboards are 
provided with mdividual exhaust fans, and im some 
sections separate fume rooms contaming two fume 


cupboards have been installed Water and gas are 
run in copper pipes, distilled water ın stainless steel, 
and sink wastes in polythene and glass pipmg ‘The 
hbrary, the taste-testing booths, and several special- 
ized laboratories are air-conditioned, while the 
remaining buildings are heated by hot-water 
radiators 

The buildings are lmked by an inte1nal road system 
and by covered footways which also provide overhead 
carriage for some services 

T'wo general types of layout have been used within 
the laboratories, according to whether the function 18 
predominantly chemical or biological, but officers 
were given considerable freedom in the detailed 
plannmg A variety of service rooms has been pro- 
vided, ranging from balance and mstrument rooms 
to a suite of preparation and sterilizmg rooms for 
microbiological work Many of the mternal partı- 
tions are removable to permit changes in layout, 
and bench units and service lines can be readily 
dismounted and re-used Laboratory bench tops are 
solid timber finished with a clear epoxy resin, while 
fume cupboards are finished m a white pigmented 
epoxy resin Natural wood finishes have been used 
extensively on laboratory furniture, and ın conjunc- 
tion, with the light-coloured walls the general effect 1s 
very pleasing 

In a wing of the Food Science Building are 31 
controlled-temperature rooms with a range of con- 
stant temperatures from —30? C to 50°C Four of 
these rooms are gas-tight for the storage of food m 
controlled atmospheres 

Immediately adjommg the Division of Food 
Preservation at North Ryde is the Bread Research 
Institute of Australia, a research association financed 
by the Bread Baking mdustry and the CSIRO 
jomtly, and this Institute houses a CSIRO Wheat 
Research Unit There is thus a useful central- 
ization of food research establishments at North 
Ryde 
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The Division of Food Preservation has a total staff 
of 150, of whom 78 are graduate research officers and 
experimental officers, and 49 are technical assistants 
The field of research in which these workers are 
engaged is the handling, preservation, processmg, 
storage and transport of meats, fish, eggs, fruits and 
vegetables More than half the resources of the 
Division are devoted to fundamental research 
seeking a deeper understanding of the properties of 
foods and the changes which they undergo durmg 
processing and preservation In addition, therefore, 
to technological projects on the preservation of 
foods by canning, dehydration, and refrigeration, 
the research programme meludes many projects 
in, the basic sciences 

Present chemical research is concerned with 
applications of gas chromatography to volatile 
constituents of foods, with anthocyanin and other 
flavonoid pigments in foods, and with reaction 
mechanisms ın the non-enzymatic browning of foods 
and 1ts control by sulphur dioxide Workers in muscle 
biochemistry are elucidatmg the effects of rigor 
mortis and freezing on the protem and other consti- 
tuents of muscle Theoretical work on physics, on 
heat- and mass-transfer across laminar boundary 
layers, are related to many problems encountered 
by food technologists Fundamental microbiological 
studies on the effects of water activity on microbial 
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growth and on the germmation and growth of bac- 
terial spores are designed to give precise formation 
on factors governing the control of micro-organisms 
which cause food spoilage and food poisoning Studies 
in plart physiology on the metabolism of carbo- 
hydrates and organic acids and on the properties of 
plant cell membranes are related to outstanding 
problems in the preservation of fruits and vege- 
tables 

The new laboratories were officially opened on 
September 18 by Dr. D A Cameron, Federal Minister 
for Health and for the CSIRO, m the presence 
of a large gathering of representatives of Govern- 
ment and university departments and the Australian 
food mdustry On the four days following, a Food 
Science Conference was held and was attended by 
250 Australian food scientists and technologists 
and a few overseas visitors. The programme included 
symposia on “Chemical Aspects of Food Processing”’ 
led by Prof C O Chichester of the University of 
Californa, Davis, on “Meat Quality’? led by Dr 
E. C Bate-Smith, Low Temperature Research Sta- 
tion, Cambridge, and on “Food Preservation and the 
Organization of Plant and Animal Tissues” led by 
Dr J B Biale, University of California, Los Angeles, 
and also panel discussions on public health aspects 
cf handling and processing foods and on trends in 
food research 


UNCONVENTIONAL METHODS OF ENERGY CONVERSION 


JOINT session of Sections A (Mathematics and 
Physics) and G (Engineering) of the British 
Association was held 1n Norwich to discuss the present 
situation with conventional methods of converting 
heat into electricity, the need for new methods, the 
principles of the new methods on which research 
18 1n progress, and the prospects for the future 
In the opening paper, Prof. T G Cowling (Univer- 
sity of Leeds) pointed out first that with the estab- 
lished methods of using solar energy indirectly, by 
fossil fuel or by water-power, the proportion of the 
incident energy which 1s utilized for energy con- 
version 18 extremely small This proportion 18 never- 
theless, up to the present, readily available The 
nuclear fission process 18 now well established, and 
can be controlled and made available satisfactorily 
The direct employment of solar energy 1s, however, 
difficult because, although 1 5 kW /m ? arrives from 
the Sun outside the Earth’s atmosphere, the problems 
of concentration mean that ıt 1s not readily available 
Even greater difficulties with availability of the 
energy apply, of course, to thunderstorms, and so far 
to nuclear fusion processes Thus, there are no new 
sources of energy likely to compete for some time 
with the existing sources For new methods of 
utilizing existing sources of energy, those of interest 
appear to be thermoelectricity, the thermionic diode, 
magnetohydrodynamics and the fuel cell The last 
of these was omitted from this session, and dealt 
with in a meeting of Section G on the followmg 
day 
Mr F H S Brown (Central Electricity Generating 
Board), m the second paper, considered the mocentives 
for establishing unconventional methods of energy 
conversion ‘The conversion of mechanical energy to 
electrical ıs now very efficient indeed, and the problem 


remaining with conventional methods 1s the conver- 
sion of heat to mechanical energy ‘This 15, of course, 
limited ultrmately by the efficiency of the Carnot 
cycle, though the best efficiency obtained 1s only 
about 70 per cent of this To raise the efficiency of 
the Carnot cycle requires an inorease in the tem- 
perature at which heat ıs fed into the cycle With 
present materials, no engme with highly stressed 
-noving parts can be operated continuously at a 
temperature much above 600? C Thus, although a 
fuel may be burned at 1,700? C , no such temperature 
can be fed into an engine continuously. In the 
internal combustion engine, the explosion produces a 
high temperature which falls rapidly durmg adiabatic 
expansion, thus lowering the mean temperature of 
the engine parts However, there 1s & limit in practice 
to the size of the internal combustion engine, ıb 1s 
expensive, and moreover, since it 18 of the recipro- 
cating type, ib suffers from friction, wear and noise 
to an unacceptable degree 

The steam cycle 1s thus more satisfactory, although 
it has a limiting temperature near 600° C The 
efficiency obtainable 1s about 40 per cent, and in 
this case, unlike the internal combustion engine, 
scaling up improves the performance obtainable 
The gas turbme involves again continuous exposure 
to the maximum temperature, the hmit of which at 
present is near 600° C ; but.a better performance 
can be obtamed compared with the steam cycle 
because of the lower pressure and the larger heat 
rejection at the mmimum temperature of the cycle 

Jt ıs clear that ıt would be very desirable to 
increase overall efficiency above 40 per cent, and the 
methods of achieving this could in principle be: 
(1) finding an intermittent process cheaper and more 
reliable than the mternal combustion engine, (2) 
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evolving better materials for use at high temperatures, 
for example, up to 1,700? C, (3) evolvmg a con- 
tinuous method which does not stress working parts 
at high temperatures 

In the third paper, Dr R G Siddall (University 
of Sheffield) described the work of Piof M W 
Lhrmg and himself on producing electricity directly 
from fast-moving plasmas Here the ionized gas of 
the plasma replaces the conductor in a dynamo, and 
moves through a magnetic field, converting its kinetic 
energy directly into electricity To obtam useful 
power, the plasma must have an electrical con- 
ductivity near 1 ohm-! em.-!, and it must move at 
several thousand miles per hour through a magnetic 
field of 10,000—20,000 cersteds Moreover, the path- 
length through this field to extract the energy must 
be many feet Ordinary gases would have too low a 
conductivity at any feasible temperature, but by 
‘seeding’ with & small proportion (say 1 per cent) of 
the vapour of an alkal: metal, temperatures near 
2,500° C would be sufficient The simplest scheme 
would be to preheat air, compress 16 and mix with a 
fuel, burn 1t at about 2,500? C , and expand through 
a nozzle to obtain the velocity Unfortunately, this 
would cool the gas almost to 1,000° C , to mamtam 
16 near 2,500? C after expansion would need a com- 
bustion temperature near 6,000° C Thus, more 
sophisticated schemes are necessary 

Three ideas due to Prof Thring are under investi- 
gation — First, continuous combustion at 2,500° C 
followed by expansion through a nozzle 1s used to 
produce the high velocity Secondly, short bursts of 
preheated oxygen and fuel seeded with potassium are 
injected periodically into the combustion chamber 
immediately before the expansion nozzle ‘This 
burning gas 1s swept along in ‘slabs’ by the mam gas 
stream These slabs are expected to retam their 
initial temperature during their passage through the 
magnetic field The second scheme involves obtaiming 
the high velocity without pre-compressing and ex- 
panding The combustion occurs at constant volume, 
in & chamber with inlet and exit valves which achieve 
pulsating combustion, so that agam the hot gas 
passes 1n slabs through the magnetic field 

The third idea utilizes shock waves produced suc- 
cessively at the opposite ends of a tube, so driving a 
plasma to and fro through the magnetic field This 
will generate power at each passage, and will produce 
alternating current It 1s thought that these methods, 
1f successful, will produce efficiencies of 50-60 per 
cent 

Mr P Dunn (Atomic Energy Research Establish- 
ment) described, first, the basic prinerples of the 
thermionic diode as an energy converter, using the 
analogue of the steam boiler to illustrate the electron 
evaporation from the cathode and collection at the 
anode He showed that for a given cathode operating 
temperature, the cathode work function should be 
below a maximum allowed value which 1s a function 
of the operating temperature, but that there is no 
optimum value He indicated the importance of low 
anode work function, and of mmimuizing the effects 
of space charge either by using very close-spaced 
vacuum diodes or by positive 10n neutralization of 
the space charge The former method 1s impracticable 
for generation of large amounts of power, though 1t 
18 valuable for space vehicles With cathodes operated 
at 1,400? K , present diodes give an output of 07 V , 
lamp /em ?, with an efficiency near 15 percent Higher 
outputs and efficiencies will be obtained, with higher 
cathode temperatures For use in a reactor, supposing 
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that the fuel elements could be run at temperatures 
up to 2,000° C, but not higher, a cathode with a 
work function less than 3 eV would be required 
This cannot be a metal, and none of the known oxides 
used as cathode materials 18 satisfactory at 2,000? C 
Uranium caibide has, however, a work function near 
3 eV, and may be useful both as cathode material 
and, suitably enriched, as the fuel element Using 
cesium vapour to give the positive ions, this should 
maintain a cesium coverage on the anode which 
would gtve a reasonably low anode work function It 
18 not certain yet whether the cesium would be 
adequately ionized in such a diode, and 15 1s known 
that there are considerable difficulties m using cæsium 
due to attack of other metals, glass and ceramics 
Thus other forms of 10n injection are under investi- 
gation 

The thermionic diode ıs conveniently used with 
fission nuclear power, as it 18 easy to obtain the 
required heat flux to the cathodes To produce a 
plasma jet would not be easy with a reactor Con- 
versely, with fossil fuel, 15 1s not difficult to produce 
such a jet, but the heat flux to a cathode 18 difficult 
to obtain The thermionic diode 1s suitable for 
‘topping’, m that the heat injected at the cathode at 
2,000° C is conveniently rejected at the anode at 
temperatures of 400—600? C , so that 16 could then be 
used ın & conventional steam cycle The thermionic 
diode therefore promises a useful step forward under 
the third heading above Incidentally, the high- 
velocity plasma cannot be used after the hottest part 
of the gas has cooled below about 2,000? C , so that 
this method could also be used for topping 

In the final paper, Prof D A Wright (University 
of Durham) discussed thermoelectricity as a means 
of generating power directly from heat He first 
outlined the basic prmeiples, showed why the per- 
formance of metallic thermojunctions was poor, and 
contrasted the possibilities with semiconductors. 
With the latter there are many complications, but 
the main requirements with the ‘broad-band’ type 
are that they should have a sufficiently high energy 
gap, dependmg on the required temperature of 
operation, that ıt should be possible to prepare them 
n-type or p-type, with a Seebeck coefficient « near 
+ 200 uV /deg C , and that they should then have 
& high electrical conductivity c and a low thermal 
conductivity K The usefulness of a material 1s, 
in fact, determined by the quantity zT, where 
z= a*oc|K and T ıs the absolute temperature It 
would be necessary to prepare the material reliably 
and repeatably, reasonably cheaply, with a high 
degree of uniformity of properties over every sample, 
from sample to sample, and from batch to batch It 
must be possible to make low-resistance reliable con- 
tacts, and the material must not melt or decompose 
m operation, the deliberately added impurities must 
not diffuse out, and impurities from the contacts or 
from the environment must not diffuse in 

One of the best materials so far is bismuth— 
antimony-telluride, which has a value of zT slightly 
greater than unity, but cannot be operated above 
150° C , because of 1ts low-energy gap With the hot 
junction at 150° C , cold junction at 0° C , a thermo- 
junction between p- and n-type material would give 
@ junction efficiency near 7 per cent Lead telluride 
ean be operated at 500° C, but with zT less than 
unity, so that the junction efficiency between 500° C 
and 0° C ıs about 12 per cent Unfortunately, the 
figures realizable m practice are lower than these 
because of resistance at contacts, temperature drop 
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at contacts, and, with fossil] fuels, problems of heat 
transfer to the hot junctions following combustion 
Progress 1n finding materials which can be operated 
at higher temperatures is slow because there are 
incompatibilities in the requirements To obtain 
higher energy gaps and so permit higher operating 
temperatures one needs compounds of lower atomic 
weight which, compared with bismuth and lead 
tellurides, tend to have higher thermal conductivities 
and lower values of the electrical conductivity for a 
given Seebeck coefficient Thus the trend 1s for 
materials which can be operated at higher tem- 
peratures T to have lower values of z, and 1n fact zT, 
than materials which can be operated only at low 
temperatures Indium arsenide containing gallium or 
phosphorus can be operated to about 700° C, but 
£I is only about 05 More promising are some com- 
pounds such as AgSbTe, and 1ts analogues formed by 
cross-substitution from the same columns of the 
Periodic Table These have lower thermal con- 
ductivity than ther mean atomic weight would 
predict Values of zT as high as 15 up to 700? or 
800° C seem likely to be attained with these com- 
pounds Materials which could be operated to 1,100° 
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or 1,200° C have so far lower values, for example, 
cerium sulphide, zT near 0 5, and nickel oxide, zT 
stil lower Thus the highest junction efficiency 
which 1s theoretically obtainable at present between 
1,200° C and 0° C is about 17 per cent, while the 
best actually obtained so far for this range is only 
about 6 per cent This 1s in & ‘cascaded’ system in 
which three or four stages are used, the heat from 
the first stage passing to the second and so on, and 
different materials bemg used in the different stages, 
to match the temperature involved 

To obtain useful performance for ‘toppimg’ in 
power generation, values of zT near unity would be 
necessary at temperatures up to 1,600? C, while for 
direct replacement of present generators operating 
up to 600? C , values of zT would have to exceed 4 
There seems little prospect at present of obtainmg 
values as high as this in either temperature-range 
Meanwhile, research 1s continuing, and this type of 
generator 1s useful in spite of low efficiency for the 
production of low power ın portable equipment and 
in remote situations where such a generatoi has to 
iun unattended for long periods 
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THE INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS 


HE ninth assembly of the International Council 

of Scientific Unions (ICSU) met in London 
during September 25-28 under the auspices of the 
Royal Society About 130 delegates attended, each 
iepresenting a particular scientific discipline or 
organization They came from al] continents, and all, 
to quote Prof A V Hill, were working scientists of 
the world If the Council were a political union, 16 
might be better known In his welcoming address 
Sir Howard Florey described it as a living example of 
voluntary international co-operation by scientific 
men themselves in the best use of science to serve a 
world. community, and in educating the publie about 
the real purpose of scientific knowledge and research 
Many changes in the modern world, although often 
described as social or economic, may stem more 
directly from the growth and applications of science 
itself To say, however, that science has now become 
so big that 1t 1s a matter for Governments alone 1s a 
dangerous half-truth, for freedom of thought and 
objective analysis are essentials which must be 
pieserved, unencumbered by an excessive bureau- 
cracy or by considerations of political expediency 
The principles and aims of science are not national 
but universal International co-operation is no 
longer just a matter of nomenclature, symbols or 
standards, we have reached a stage when measure- 
ments on a particular phenomenon may be useless 
unless made simultaneously at widely separated 
places We must also consider, for example, the 
effects of space research or of nuclear explosions not 
only on the future progress of scientific research on 
the cosmos itself but even more specifically on the 
world as a place for humanity or any other biotic 
community No observer at this assembly could fail 
to sense in this distinguished gathermg an underlying 
realization of responsibility by scientists themselves 
of all lands, to apply their knowledge and such 
influence as they may possess for the benefit of all 
mankind 


The International Council of Scientific Unions was 
established ın 1931 Its precursor, the International 
Research Council, had been set up in 1919 but proved 
unsatisfactory because ıt was restrictive, mm no sense 
fu:ly international, and because ıt allowed feelings 
engendered by the First World War to cloud rts proper 
function These mistakes were avoided after the 
Second World War, and the recent assembly re- 
affirmed its previously declared non-political philo- 
sophy by admitting to membership under the terms 
of its rules Hungary (Academy of Sciences), North 
Korea (Academy of Science, Phyongyang), South 
Korea (Academy of Science, Seoul), Ghana (Academy 
of Learning), Ceylon (Association for the Advance- 
ment of Science), and East Germany (Berlin Academy 
of Sciences) 

The Council has several objects It aims to co- 
ordinate the activities of the international scientific 
unions, and to be a co-ordmating centre also for the 
national organizations which are in membership It 
seeks to encourage scientific activity in fields which 
do not fall directly withm the scope of any existing 
organization, to enter through the national oiganiza- 
tions into relations with Governments and to maintain 
relations with the United Nations and its Specialized 
Agencies The Council consists of national members 
and scientific members There are now fifty-one 
national members, each representing the authoritative 
scientific organization in the country concerned—an 
academy, national research council or similar insti- 
tution or, in a very few cases where no appropriate 
body exists, the Government itself Fourteen inter- 
national unions are now members Of these, the 
general unions include astronomy (LAU), biology 
(IUBS), pure and applied chemistry (IUPAC), 
geodesy and geophysics (LUGG), geography (IGU), 
pure and applied physics (IUPAP), mathematics 
(IMU), and geology (LUGS), which was admitted at 
the recent Assembly The specialized unions include 
crystallography (IUCr), history and philosophy of 
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science (IUHPS), theoretical and applied mechanics 
(TUTAM), scientific radio (URSI), physiology (IUPS), 
and biochemistry (IUB) 

ICSU has neither the wish nor authority to inter- 
fere with the autonomy of these unions, nor to 
disturb the work which they are specifically designed 
to undertake The range of their work 1s enormous 
It includes the arranging of international symposia on 
matters of universal mportance, the preparation of 
reports by specially appointed commussions, and the 
instigation and organization of research which 
requires international collaboration For example, 
TAU has dealt with atomic time standards, and has 
helped astronomy and space research Through its 
activity, also, many astronomers have been enabled 
to obtain the use of instruments ın countries other 
than ther own IUGG has concerned itself with 
problems of Earth and 1ts atmosphere, such as earth- 
quakes and volcanoes, the atmospheric absorption of 
solar radiation, and the levels of oceans and the 
penetration of radiation mto them The data which 
it has collected are published and available to anyone 
In the future ıt will particrpate in projects of the 
International Committee on Geophysics (CIG) dis- 
cussed later IUPAC has recently published reports 
on nomenclature and terminology, on internationally 
agreed analytical standards, on problems of foods and 
fets, and in collaboration with IUPAP has laid. down 
a revised scale of atomic masses based on carbon-12 
TUBS has dealt with quantitative methods in pharma- 
cology and toxicology and with problems of cellular 
biology, embryology and genetics, and IUB has made 
a complete survey of known enzymes URSI has been 
considering the results of the International Geo- 
physical Year (IGY) ım relation to the ionosphere, 
problems of radio communications in space, and 
has given advice about the allocation of frequency 
channels. IUTAM has studied the problems of 
atmospheric pollution, and IGU has set up groups to 
deal with new world maps, erosion and coastal 
geomorphology, and the problems of humid tropics 
or arid zones 

The function of ICSU 1s to co-ordinate and integrate 
the work of the different disciplines, and to catalyse 
research ın fields not covered by the separate organiza- 
tions For the latter purpose, special commuttees have 
been set up, supported in the early stages by funds 
from ICSU, although each must later find support 
through the participating national organizations A 
strikmgly successful example was the International 
Geophysical Year, ın which 67 countries took part, 
some 2,000 observing stations bemg established, 57 of 
them in the Antarctic The results accumulated 
during this project are stil bemg analysed, but 
publication, will soon be complete In order to exploit 
this success, the International Committee of Geo- 
physics (CIG) was set up, with more than 60 national 
committees, the appropriate unions and the World 
Meteorological Organization taking part, to mamtain 
the operation of the World Data Centres, to ensure 
further mter-disciplinary co-operation and to arrange 
universal publication of the relevant scientific data 
Its future plans include a World Magnetic Survey, 
the study (1962-65) of Earth's Upper Mantle—a 
1,000-km crust, and ın 1964-65 the International 
Year of the Quiet Sun (IQSY) IQSY will obtain data 
on geomagnetism, aurora, airglow, the ionosphere, 
solar physics, cosmic rays and space research during 
a period of sun-spot mimimum, complementary to 
those obtained in the IGY period of sun-spot maxi- 
mum 
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Another special committee is SCOR, dealing with 
oceanographic research of all kinds There 1s the 
effect of circulation on the welfare and migration 
of the plankton, the spread of radioactive wastes, the 
study of surface waves in relation to the design of 
ships or to erosion, and new methods of studymg the 
sea floor More specifically SCOR has planned for 
1963-64 an Indian Ocean expedition, in which at least 
thirteen countries and more than forty ships are 
expected to co-operate, and for which a good deal of 
reconnaissance has already been completed The 
expedition will make measurements on marme 
geology, geophysics and bathymetry, physical, chem1- 
cal, and biological oceanography, and meteorology 
from the air-sea mterface to the upper atmosphere 
The results may lead to a better understanding of the 
natural factors which affect the large population 
living 1n countries bordermg on the Indian Ocean 

The Special Committee on Antarctic Research 
(SCAR), has contmued work along the lines of the 
IGY, mvolving a long-term programme of measure- 
ments at many stations on a variety of geophysical 
matters Twelve nations are at present taking part 
and the agreement by treaty to freeze all territorial 
claims for some thirty years shows a high degree of 
co-operation Advice sought from SCAR by several 
Governments has been freely given 

Another descendant of the IGY ıs the Special 
Committee on Space Research (COSPAR) which 
aims to use rockets or rocket-propelled vehicles for 
carrying out scientific research in the widest sense 
In the publie eye, space science 18 loaded with military 
and commercial interests and also provides some 
satisfaction to sensation-hunters It 1s most 1mpor- 
tant, however, to preserve ın proper perspective 
unbiased space research on a world-wide basis and to 
ensure that the top scientists concerned are main- 
tamed ın personal contact COSPAR, first set up by 
ICSU in 1958, had many problems in its first year. 
but under an agreed charter (1959) can now hope to 
perform a valuable service It 1s not concerned with 
technical problems of rockets or with manned space 
fights Ten of the mternational unions and 16 
national members are affiliated to 1t, and relations 
are maintaimed with the United Nations. the World 
Meteorological Organization. and the International 
Telecommunications Union, all Governmental bodies 
COSPAR ıs only Just beginning to achieve rts object, 
but two examples may serve to illustrate 1ts potential 
value Furst, if the science of radio astronomy and of 
space research itself 1s to be continued at all, some 
frequency bands must be kept free from interference 
The 21-em band has at present been exclusively 
preserved, but as Earth-to-Earth communication by 
satellites for commercial, military or other purposes is 
developed, larger parts of the spectrum will be 
claimed. COSPAR, with IAU and USRI, must explam 
and emphasize the need Secondly, space experiments 
ale now possible, or even in progress, which may for 
ever prevent some aspects of proper scientrfic research 
quite apart from their damaging effects on mankind 
The creation of a belt of needles, 1n the project “West 
Ford’ was considered as possibly hampermg or even 
stopping future work on both optical and radio 
astronomy For. these sound reasons, the ICSU 
Assembly agreed unanimously to invite COSPAR *'to 
examine any proposed experiments or other space 
activities that may have potentially undesirable 
effects on scientific activities and observations, to 
arrange for careful objective quantitative studies 
and to make available to unions, academies, and 
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at contacts, and, with fossil fuels, problems of beat 
transfer to the hot junctions followmg combustion 
Progress m finding materials which can be operated 
at higher temperatures 1s slow because there are 
incompatibilities in the requirements To obtain 
higher energy gaps and so permit higher operating 
temperatures one needs compounds of lower atomic 
weight which, compared with bismuth and lead 
tellurides, tend to have higher thermal conductivities 
and lower values of the electrical conductivity for a 
given Seebeck coefficient Thus the trend 1s for 
materials which can be operated at higher tem- 
peratures T to have lower values of z, and ın fact 27’, 
than materials which can be operated only at low 
temperatures Indium arsenide containing gallium or 
phosphorus can be operated to about 700° C, but 
zT ıs only about 05 More promising are some com- 
pounds such as AgSbTe, and its analogues formed by 
cross-substitution from the same columns of the 
Periodic Table These have lower thermal con- 
ductivity than thew mean atomic weight would 
predict Values of zT as high as 15 up to 700° or 
800° C seem likely to be attained with these com- 
pounds Materials which could be operated to 1,100° 
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or 1,200° C have so far lower values, for example, 
cerium sulphide, zT near 0 5, and nickel oxide, zT 
still lower Thus the highest junction efficiency 
which 1s theoretically obtainable at present between 
1,200° C and 0° C 1s about 17 per cent, while the 
best actually obtained so far for this range is only 
about 6 per cent This 1s ın a ‘cascaded’ system m 
which three or four stages are used, the heat from 
the first stage passing to the second and so on, and 
different materials bemg used in the different stages, 
to match the temperature involved 

To obtain useful performance for ‘toppmg’ m 
power generation, values of zT' near unity would be 
necessary at temperatures up to 1,600° C , while for 
direct replacement of present generators operating 
up to 600° C , values of zT would have to exceed 4 
There seems little prospect at present of obtamung 
values as high as this in either temperature-range 
Meanwhile, research 1s continuing, and this type of 
generator 1s useful in spite of low efficiency fo1 the 
production of low power m portable equipment and 
in remote situations where such a generator has to 
1un unattended for long periods 

D A WRIGHT 


THE INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS 


HE ninth assembly of the International Council 

of Scientific Unions (ICSU) met in London 
during September 25-28 under the auspices of the 
Royal Society About 130 delegates attended, each 
iepresentig a particular scientific discipline or 
organization They came from all continents, and all, 
to quote Prof A V Hill, were working scientists of 
the world If the Council were a political union, 16 
might be better known In his welcoming address 
Sir Howard Florey described 1t as a living example of 
voluntary international co-operation by scientific 
men themselves ın the best use of science to serve a 
would community, and in educating the public about 
the real purpose of scientific knowledge and research 
Many changes ın the modern world, although often 
described, as social or economic, may stem more 
directly from the growth and applications of science 
itself To say, however, that science has now become 
so big that ıt 1s a matter for Governments alone 1s a 
dangerous half-truth, for freedom of thought and 
objective analysis are essentials which must be 
preserved, unencumbered by an excessive bureau- 
cracy or by considerations of political expediency 
The principles and arms of science are not national 
but universal Inteinational co-operation is no 
longer just a matter of nomenclature, symbols or 
standards, we have reached & stage when measure- 
ments on a particular phenomenon may be useless 
unless made simultaneously at widely separated 
places We must also consider, for example, the 
effects of space research or of nuclear explosions not 
only on the future progress of scientific research on 
the cosmos itself but even more specifically on the 
world as a place for humanity or any other biotic 
community No observer at thus assembly could fail 
to sense ın this distinguished gathering an underlying 
realization of responsibility by scientists themselves 
of all lands, to apply ther knowledge and such 
influence as they may possess for the benefit of all 
mankind 


The International Council of Scientific Unions was 
established ın 1931 Its precursor, the International 
Research Council, had been set up in 1919 but proved 
unsatisfactory because ıt was restrictive, ın no sense 
fully mternational, and because it allowed feelings 
engendered by the First World War to cloud 1ts proper 
function These mistakes were avoided after the 
Second World War, and the recent assembly re- 
affirmed 1ts previously declared non-political philo- 
sophy by admitting to membership under the terms 
of its rules Hungary (Academy of Sciences), North 
Korea (Academy of Science, Phyongyang), South 
Korea (Academy of Science, Seoul), Ghana (Academy 
of Learnmg), Ceylon (Association for the Advance- 
ment of Science), and East Germany (Berlin Academy 
of Sciences) 

The Council has several objects It aims to co- 
ordinate the activities of the international scientific 
unions, and to be a co-ordinating centre also for the 
national organizations which are m membership It 
seeks to encourage scientific activity in fields which 
do not fall directly within the scope of any existing 
organization, to enter through the national organiza- 
tions into relations with Governments and to maintam 
relations with the United Nations and its Specialized 
Agencies The Council consists of national members 
and scientific members ‘There are now fifty-one 
national members, each representing the authoritative 
scientific organization 1n the country concerned—an 
academy, national research council or similar insti- 
tution or. ın a very few cases where no appropriate 
body exists. the Government itself Fourteen inter- 
national unions are now members Of these, the 
general unions include astronomy (IAU), biology 
(IUBS), pure and apphed chemistry (IUPAC), 
geodesy and geophysics (IUGG), geography (IGU), 
pure and applied physics (IUPAP), mathematics 
(IMU), and geology (LUGS), which was admitted at 
the recent Assembly The specialized unions include 
crystallography (IUCr), history and philosophy of 
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Governments the facts and analyses needed by them 
for making wise and proper decisions concerning the 
proposed experiments’ It further appealed to a! 
Governments planning to launch space expermments 
which could possibly affect other scientific research 
adversely to make available to ICSU the information 
and data about the proposed experiments in sufficient 
time to ensure their proper consideration 

ICSU has other commitments The Federation of 
Astronomical and Geophysical Services (FAGS) 
provides an international time bureau, a gravimetric 
bureau, and Earth tide service and a central ursigram 
service for the transmission of coded ionospheric, 
solar and geomagnetic data The Jomt Committee on 
Radioactivity (JCAR) provides standardization of 
radioactive isotopes, and 1s linked. with the Interna- 
tional Atomic Energy Agency The ICSU Abstracting 
Board has done much to co-ordinate abstracting in 
both physics and chemistry Funds are also to be 
sought so that a revised set of bathymetric charts of 
the oceans can be pubhshed An international 
committee has recently been set up to examine the 
teaching of science at university level 

The London assembly took an important decision 
to initiate a world-wide programme for studying the 
biological basis of human welfare The physical and 
biological condition of the surface of Earth 1s under- 
going a more rapid and extensive change than might 
ever have been expected Much of this change 1s due 
m one way or another to the development and 
application of physical and medical science. Desirable 
as much of this may be, some of the influences may 
lead to serious changes in the frequency of certain 
genes Higher levels of radioactivity, too, although 
at an apparently significant dose-level, may m the 
long term be harmful to the progeny of man or 
animals oi plants We need not only to investigate 
these problems, but also to educate the public on 
how to preserve satisfactory world conditions 
ICSU has therefore resolved to study, through the 
Unions of Biology, Biochemistry and Physiology, the 
effect on living communities of changes in natural 
environment, and the augmentation through basic 
research of natural resources and the reduction of 
losses and waste It ıs hoped to examine the somatic 
and genetic variation mduced by environmental 
factors on man and other organisms, at the individual 
and. population levels, and to find the best means for 
the preservation of biotic communities which are in 
danger of destruction or transformation In planning 
this programme it 1s intended in the first place to 
restrict 16 to clearly defined small projects of limited 
scope which can only be done by international co- 
operation ‘The work will be basic ın character and 
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although 16 will be co-ordinated with related activities 
of a more applied kind being carried out by such 
bodies as UNESCO, FAO, WHO, or IUCN , 1t will 
mvolve no duplication 

It 18 not surprising that after a period of such 
ferocious development the question has been raised 
whether the structure and mechanism of ICSU as 
laid down thirty years ago needs some revision The 
great activity of the separate international unions 
may have concealed the importance of the national 
&caderues Yet these latter have a vital part to play, 
especially to prevent a too extensive fragmentation of 
science, and through interdisciplmary integration to 
preserve science as a whole They, too, by contact 
with Governments, are primarily mvolved in the 
search for funds The whole structure must be 
designed to allow for this, and to ensure a satisfactory 
geographical distribution of members while still 
preserving both efficiency and flexibility Also, one 
cannot escape the fact that this enormous growth of 
activity requires a larger central secretariat ın the 
headquarters which are shortly to move from The 
Hague to Rome Yet policy must always be decided 
by scientists themselves, and bureaucracy must be 
Irmited to the essential minimum More money 18 
needed. The Assembly agreed to double the subserip- 
tions of National Members and to ask for additional 
voluntary contributions UNESCO, an inter-Govern- 
mental organization, has certam overlapping interests 
with ICSU, but a mutually beneficial arrangement has 
been mazntained, and UNESCO has continued to 
transfer funds to ICSU for use by the umons and 
special committees which are carrying out work m 
which it has a direct interest and on which ıt 
frequently seeks advice 

The ICSU Assembly has appointed a special com- 
mittee to examine all these problems of structure and 
operation in the near future Dr E W R Steacie, 
who succeeds Sir Rudolph Peters as president, 
will have charge of this committee. The next 
general assembly is planned for 1963 or 1964 in 
Zurich 

The spirit of ICSU to-day can still be expressed by 
the resolution of the 1946 assembly, also held in 
London, acknowledgmg the duty of scientific workers 
(a) to maintain a spirit of frankness, honesty, integrity 
and co-operation and to work for mtemational 
understanding, (b) to promote the development of 
science in the way most beneficial to mankind and to 
exert their mfluence as far as possible to prevent its 
misuse, (c) to serve the community not only by their 
specialized work but also by assisting so far as they are 
able in the education of the public in the purposes and 
achievements of science H W THOMPSON 


OBITUARIES 


Mr. B. B. Osmaston, C.I E 


B B Osmasron, known to many in India as 
"B B", was born at Yeldersley Hall, Derbyshire, m 
1867, the nmth of a family of fifteen, two of whom 
survive him He was educated at Cheltenham and 
at the Royal India Engmeering College at Coopers 
Hull, where those entering the India Forest Service 
were then trained He passed. 1n and out first of his 
year at Coopers Hull, and was made a Fellow of the 
College He jomed the Forest Service m India ın 
1888, and served in the United Provinces (including 


Dehra Dun Forest College), Bengal, the Andaman 
Islands, a short time in Burma, and finally retired 
as chief conservator of the Central Provinces, bemg 
appomted CIE 

After retirement he lived with his family for some 
time av Srinagar in Kashmir, and for the rest of his 
hfe he hved at Oxford 

In 1892 he married Catherme Mary, daughter of 
General and Mrs Hutchinson, and they had sixty- 
eight years of married life together Hus wife died 
in 1960 but two sons and three daughters survive 
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him, one son having been killed in the First World 
War 

He was keen on any natural science subject which 
he took up chemistry, botany, spiders and, above 
all, ornithology He loved birds from boyhood, and 
he was very familiar with the habits and songs of 
Indian birds 

Mr Osmaston’s life in the jungle inevitably brought 
a large share of excitement and adventure in the 
form of encounters with dangerous wild animals, but 
one of the most exciting occurred within three months 
of his arrival in India, and 1s well worth recording 
again He was posted to the distiict of Jaunsar in 
the hills, where there had been a man-eating tigress 
taking a toll of human life for ten years Mr 
Osmaston, then aged twenty-one, and a forest student 
named Mr Hansard, decided to try to stalk the 
tigress in the heat of the day, when, they felt sure, 
she would be lying up ın some secluded, place They 
went cautiously down a steep ravine which was 
covered, with thick scrub one of them on each side 
of the steep banks bordering the small stream They 
had not been going for more than five minutes when 
Mr Osmaston heard a scuffle and a terrible noise of 
growling, mixed ‘with cries and groans above him 
The tigress had stalked the stalkers, and had pounced 
on Mr Hansard from behind Mr Osmaston, who 
had never before seen a tiger outside a zoo, had to 
risk a shot at the tigress while she was maulmg Mr 
Hansard The shot made the tigress let go her hold, 
and the second barrel discharged at her as she came 
headlong down the bank towards him finished her 
off Mr Hansaid’s hfe was saved, though he had been 
badly mauled, and the scourge of the countryside 
was dead Mr Osmaston had, achieved what many a 
famous hunter had tried to do during the previous 
ten years 

His adventures included an encounter on foot with 
the rogue elephant which had caused the death of 
Mrs Anson, an exciting escape from drowning when 
shooting some rapids ın a canoe, navigating a small 
launch by compass and map without previous 
experience in order to find a certain unmhabited 
island 1n the Andamans which was 1eputed to be the 
only habitat of some very rare hornbils This 
adventure included the onset of a storm resulting in 
the loss of the landing boat while the party was 
ashore, which necessitated a dangerous swim m rough 
water infested with sharks, back to the launch, which 
was anchored in deeper water 

These few incidents serve to show Mr Osmaston’s 
adventuious spirit He was abstemious and thrifty 
all his life, and his disregard for personal comfort and 
safety took him to many strange and interesting 
places, and he had very wide knowledge of all things 
to do with hfe 1n the jungle 

After retirement he participated in two strenuous 
expeditions m pursuit of further knowledge about 
birds, the first to Ladakh at very high altitudes, and 
the second in Africa Both these expeditions were 
undertaken in the company of his good friend 
Admiral Lynes, another keen ornithologist 

By his death, at the age of nmety-three, the world 
has lost a very courteous, charming and adventurous 
personality 


Dr T P Colclough, C.B.E. 


Tom ConcLouGH, as he was known to ferrous 
metallurgists, who died on September 22, aged 
seventy-six, was one of those rare personalities who 
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commanded. respect in both industry and research 
He was educated at the Universities of Manchester 
and. Sheffield, and awarded the D Sec of Manchester 
and the D Met at Sheffield He entered the Brown— 
Firth Research Laboratories m 1916 under W H 
Hatfield and in 1920 became chief chemist at Park 
Gate Iron and Steel Co, Ltd He was appomted in 
turn chief metallurgist, open-hearth manager and 
technical officer In 1929 he became technical 
director of H A Brassert and Co and was dnectly 
concerned with subsequent developments at Corby, 
Ebbw Vale and other steel works His capacity for 
sensing the direction of developments in won and 
steel contributed to an international reputation 
covering Germany, Austria Turkey, Chma and New 
Zealand, 

During the Second World War he was technical 
adviser to the Iron and Steel Control of the Ministry 
of Supply, and was appointed C B E for his services 
m 1947 In 1945 he continued m this field as tech- 
nical adviser to the British Iron and Steel Federation, 
which post he held at the time of his death His 
post-war travel ranged from work with the Control 
Commission in Germany at the end of the War, to 
advise the Durgapur works in India andthe R 1 S C O 
works in Southern Rhodesia He was the leader of 
British Iron and Steel Federation missions to the 
USSR, Poland and Yugoslavia 

Research was not forgotten amid this industrial 
activity, for he participated in the work of the 
British Iron and Steel Research Association, and 
from 1950 served as a member of 1ts Council He was 
awarded the Bessemer Gold Medal of the Iron and 
Steel Institute in 1954, and elected an honorary vice- 
president of that Institute in May 1960 

Until recently he delivered an annual lecture in 
the Department of Metallurgy at Manchester, which 
was always received with eager concentration by the 
students He had the power to hold the attention 
and stimulate his audience which scarcely changed 
with advanemg years In these days of specialization, 
his combination of forward thinking with the neces- 
sary restrictions of practice was as welcome as ıt 
was unusual C R Torrie 


Dr. E. McKenzie-Taylor, C.I.E , M.B.E. 


Dr E MoKrxmwzu-TAYLOoR died at his home at 
Basildon on October 17 He was a North-country 
man and received his early training at Armstrong 
College, Newcastle upon Tyne, before the First World 
War, for a short time he was a demonstrator in 
agricultural chemistry there His first appointment 
elsewhere was as lecturer 1n agricultural science at the 
Harper Adams Agricultural College From there he 
moved to the East Anghan Institute of Agriculture at 
Chelmsford, where he became head of the Department 
of Agricultural Chemistry, and as such was concerned, 
primarily with analytical work connected with 
agricultural problems 

After service in the Royal Artillery durmg the 
First World War, he returned to Chelmsford until 
1921, when he was appointed senior chemist to the 
Cotton Research Board of the Egyptian Munistry of 
Agriculture Here, with A C Burns, he carried. out 
important work on the daily and seasonal changes in 
soil temperature and on other factors mfluenemg the 
yield of cotton In particular, they investigated the 
steady decrease which had been experienced ın the 
yield of cotton in Egypt durmg the previous quarter 
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of a century, under intensive irrigation by free flow 
from the Nile 

MeKenzie-Taylor returned to Great Britam in 1926 
and was appointed University lecturer in agricultural 
chemistry ın the School of Agriculture at Cambridge, 
a post which he held until 1930 In that year he 
became director of irrigation research and land 
reclamation in the Panjab Here again he apphed his 
active mind to the soil problems connected with 
irrigation With his colleagues he was concerned to 
elucidate the mechanism of increasing salinity of the 


NEWS an 


Royal Society Awards Royal Medals 


HM Tar QUEEN has approved recommendations 
made by the Council of the Royal Society for the 
award of the two Royal Medals for 1961 as follows 
to Sir Wilfrid Le Gros Clark, Dr Lee's professor of 
anatomy in the University of Oxford, ın recognition 
of his outstanding contributions to neuroanatomy 
and primate morphology, which he has combmed, to 
piovide new knowledge of human evolution, to Prof 
C F Powell, Melville Wills professor of physics in 
the University of Bristol, ın recognition of his pioneer- 
ing work on the development of photographic emul- 
sion technique in the investigation of cosmic rays 
and the outstanding results derived therefrom on the 
elementary particles ın cosmic radiation 


Experimental Physics in the University of Sussex 
Prof K F Smith 


Dr K F MITH, at present lecturer in the 
Cavendish Laboratory, Physics Department, Univer- 
sity of Cambiidge, has been appomted to the chan 
of experimental physics in the new University of 
Sussex at Brighton Prof Smith was born in 1923 
and went to Colfe’s Grammar School at Lewisham 
(London) In 1942 he went to Cambridge with a 
minor scholarship to Sidney Sussex College His 
studies were interrupted in 1945 by work on atomic 
energy, first in Canada and then at the Atomic 
Energy Research Establishment at Harwell In 1948 
he returned to Cambridge and began to build an 
apparatus foi measuring nuclear spins, using the 
molecular-beam method, developed by O Stern and 
further by I I Rabi, but not previously used m Great 
Britain He aimed m particular at the study of 
unstable. that 1s, radioactive nuclei, of which only 
very minute quantities can be obtained In sub- 
sequent yeais he and his students developed various 
ingenious ways of recording the faint trickle of atoms 
that pass through the severe scrutiny of narrow slits, 
two inhomogeneous magnetic fields and a radzo 
frequency field which causes the spin of the atom to 
change direction Research Fellow of Sidney Sussex 
College since 1950, Senior Exhibitioner in 1952, Dr 
Smith became a demonstrator in the University of 
Cambridge ın 1953, and lecturer in 1958 He spent 
a year’s sabbatical leave in 1958 as an associate pro- 
fessor at Berkeley, California He will be followed to 
Brighton by the good wishes of the molecular-beam 
fraternity everywhere 


lodine-13] ın Milk in Britain 


RESULTS are now available foi measurements, 
made by the Agricultural Research Council Radio- 
biological Laboratory, of 10dme-131 in milk duimg 
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surface soil ın irrigation aieas, the possibility of the 
influence of a rising watei -table on 15, the difficulties of 
removing the accumulating salts, and the significance, 
In connexion with ‘water duties’, of using extra water 
to leach them out 

Durmg the Second World Wai, McKenzie-Taylor 
became director of mulitary engmeering research, 
GHQ India, where he held the rank of brigadier 
After returning to England on retnement, he had, 
since 1952, acted as agronomist to Rotary Hoes Ltd 

H H XNricHOLSON 


d VIEWS 


the week ending November 11 The method of 
sampling was the same as that already described (see 
Nature, November 11, p 504) Milk 1s collected daily 
from 23 sites in different parts of England, Wales, 
Scotland and Northern Ireland In addition, on one 
day 1n each week country-wide samples are provided 
by more than 200 depots which together handle 
more than 40 peri cent of the total milk produced 
throughout the United Kingdom The mean results 
of the daily samples are shown in Table 1 


Table 1 
Week uue Todine-131/litre 
October 15-21 114 
October 22-28 158 
October 29-—November 4 197 
November 4-11 117 


The survey of 1odine-131 ın mulk throughout the 
United Kingdom has been in progress foi 8 weeks 
and an analysis of the combined results of the daily 
and country-wide sampling now enables the overall 
situation to be assessed 1n terms of the recommenda- 
tions made by the Medical Research Council It was 
stated that the acceptable radiation dose would not 
be exceeded for fants under one year of age, the 
most susceptible age group of the population, unless 
the average concentration of 10dine-131 m milk 10se 
above 130 puc /litre over a period of one year, or 
higher concentiations were maintamed for corre- 
spondmgly shorter periods This 1ecommendation 
took into aecount the likely extent of variations m the 
contamination oflocalmilksupphes The significance 
of the quantity of 1odine-131 which has so far entered 
milk ean thus be assessed by comparing 16 with that 
which would give 11se to the annual average specified 
by the Medical Research Council Table 2 shows that 
in different regions of the countiy, between 9 and 
20 per cent of the specified annual total had been 
reached on November 11, the country-wide average 
being 14 per cent 
Table 2 SUMMARY OF RESULTS OF DAILY AND COUNTRY-WIDL 
SAMPLING OF MILK FOR IODINE-131 DURING EIGHT WEEKS, SEPTEM- 

BER 16—-NOVEMBER 11 


Percentage of 
quantity which 


Average would give rise to 
Zone contamination annual average 
(upe /litre) specified by the 
Medical Research 
Council 
1 Northern England 108 19 
2 North-West England 908 12 
3 Hast and East Midland 79, 9 
4 West Midland 106 13 
5 Wales 165 20 
6 South and South-East England 94. 11 
7 Mid-Western England 100 12 
8 Far-Western England 133 16 
9 Scotland 157 19 
10 Northern Ireland 104 19 
Countrv-wide mean 115 14 
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The highest values have been found in Wales, 
Northern Ireland, Scotland and far-western Eng- 
land, but even these would not lead to the annual 
average specified by the Medieal Research Council 
unless they contimued for at least a further seven 
months or more Regional differences can result not 
only from climatic and geographical factors but also 
from differences in the diet of cattle The quantity 
of 1odine-131 which they consume depends primarily 
on the quantity of fresh grass which they eat, thus, 
recently deposited fission products enter mulk less 
readily when, owing to the onset of winter, cattle 
are provided with increasing quantities of other 
foods In 1958, after the previous series of weapons 
trials in the Arctic, this effect was marked from the 
middle of November onwards, and results from 
Scotland suggest that ıt 1s occurring again It cannot, 
however, be assumed that the contamination of milk 
will deerease steadily m. the future, because for some 
weeks after the detonation of nuclear weapons the 
rate of deposition may vary widely depending on 
meteorological factors A careful watch will there- 
fore be maintained so long as appreciable levels of 
contamination remain 


Paul Instrument Fund Grants 


AWARDS of grants by the Paul Instrument Fund 
Committee have been made as follows £44,500, with 
the possibility of an mcrease to £52,000, to Di V E 
Cosslett, University lecturer ın physics, University of 
Cambridge, to design and construct a very high 
voltage electron microscope and to explore its apph- 
cations in biological and metallurgical research, 
£1,000, in supplement of a previous grant, to Prof. D 
Gabor, professor of applied electron physics m the 
Imperial College, University of London, and Dr D 
Jones, for work on the development of an electron 
interference microscope, £3,500 to Mr D W Hill, 
research department of anesthetics, Royal College of 
Surgeons of England, for the construction of an mfra- 
red gas or vapour analyser using interference filters, 
£2,500 to Dr N Kurti, reader in physics and senior 
research Fellow, Brasenose College, Oxford, for the 
construction of a nuclear thermometer for use in the 
muicro-degree Kelvin temperature-range, £1,500, in 
supplement of a previous grant, to Dr J H. Sanders, 
University lecturer and demonstrator m physics, 
Clarendon Laboratory, Oxford, for the construction 
of an optical maser The Paul Instrument Fund 
Committee, composed of representatives of the Royal 
Society, the Institute of Physics and the Physical 
Society and the Institution of Electrical Engineers, 
was set up m 1945 “to receive applications from 
British subjects who are research workers m Great 
Britain for grants for the design, construction and 
maintenance of novel, unusual or much improved 
types of physical mstruments and apparatus for 
investigations in pure or applied physical science”. 


Department of Technical Co-operation 


In a written answer in the House of Commons on 
November 14, the Secretary for Technical Co-opera- 
tion stated that of the expenditure on overseas 
information services, 32 per cent was attributable to 
the British Council, 35 per cent to the British Broad- 
casting Corporation, 13 per cent to the Central Office 
of Information and 20 per cent to overseas depart- 
ments The Department had taken over 87 admin- 
istrative and advisory staff from other Departments, 
including 31 from one of the Overseas Departments, 
155 executive staff, and 306 ancillary staff With four 
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exceptions, the staff had been previously employed 
on work which had been transferred with them He 
was now considering how the Department's ability to 
help with advice on the economic aspects of develop- 
ment could be strengthened 
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Technical Colleges and Schools in Britain 


In reply to a question in the House of Commons 
on November 16 regarding the number of technical 
colleges and schools m Great Britain, the Minister of 
Education, Sir David Eccles, said that m England 
and Wales there were 761 grant-aided major estab- 
lishments, 232 maintained secondary technical schools 
and 6 durect-grant secondary technical schools 
Students 1n the two latter numbered 97,039 and 838, 
respectively, in January 1961 In the 1959-60 
sessions, 112,768 students attended full-time courses 
in the major establishments, 10,038 sandwich courses, 
501,003 part-time and 784,584 evenmg courses In 
the 92 major establishments ın Scotland, there were 
12,549 full-time students, 35,609 part-time and 
52,696 evening students Construction 1s ın progress 
on 126 major projects in England and Wales and 18 
in Scotland, and 217 further projects 1n England and 
Wales and 25 in Scotland have been approved. 


High-flux Reactor at Petten 


THe high-flux materials testmg reactor at the 
Petten research centre of the Reactor Centrum 
Nederland became critical for the first time on 
November 9 This is the second reactor to become 
critical at Petten synce September 28, 1960, when a 
low-flux reactor was put mto operation The nuclear 
part of the high-flux reactor was designed and 
delivered by the U.S firm of Allis-Chalmers Manu- 
facturing Company, the remaiming part having been 
built in co-operation with several Dutch companies 
Most components, also those delivered by Alls- 
Chalmers, were manufactured by Dutch mdustries 
The reactor, which ıs essentially similar to the US 
Oak Ridge research reactor, ıs intended for the 
testing of materials The neutron beams emitted by 
the reactor can also be used for carrying out neutron 
physics research and for the production of radio- 
isotopes During the forthcoming months the reactor 
will be operated at low power Afterwards the power 
will be gradually mcreased up to the maximum level 
of 20,000 kW = It 1s expected that this level will be 
reached ın the spring of 1962 In the meantime, the 
reactor vessel, in which the actual core of the reactor 
1S situated, will be replaced by a new one, which has 
been manufactured ın the United Kingdom 


Digital Computation at King’s College, Newcastle 

upon Tyne 

A NEW automatic digital computer has been ordered 
by King’s College, Newcastle upon Tyne, to replace 
the Pegasus computer m the Computing Laboratory 
The new computing system 1s based on the KDF 9 
machine manufactured by the English Electric Com- 
pany A grant towards the cost of the machine has 
been promised by the University Grants Committee, 
while the balance remains to be found by the College 
The new system is capable of very high speeds of 
calculation and has facilities for storing large quan- 
tities of mformation on magnetic tape Results in 
both numerical and alphabetical form can be printed 
at speeds up to 600 lines per mm On some problems 
the new machine will operate at about one hundred 
times as fast as the existing machine, and will greatly 
assist many research projects ın both pure and 
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applied science not only for the University but also 
for mdustry It will permit also the trammg of many 
students m the techniques and applications of auto- 
matic computing At the present time, computing 
systems are being ordered ın increasing quantities for 
both scientific and commercial applications, and the 
machines are bemg bwilt faster than people are bemg 
taught how to use them There 1s thus great need 
for enlarged traming facilities of the kind the Com- 
puting Laboratory can provide 
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National Research Council of Canada 


THE recently published forty-fourth annual report 
of the National Research Council of Canada outlines 
the scope of work carried out during 1960-61, ım- 
cluding the provision of 7 1 million dollars to support 
pure research 1n the universities (mcluding 775 grants, 
550 scholarships and fellowships) and an additional 
23 muilhon dollars through the Medical Research 
Council (Pp 48 NRC 6322 Ottawa Queen's 
Printer, 1961) The National Research Council 
employs 670 scientific research staff (cluding 130 
postdoctorate fellows) and 953 personnel, and operates 
five laboratory divisions covering the fields of applied 
biology, applied chemistry, pure chemistry, applied 
physics and pure physics, and also controls the four 
engineering divisions, mcluding buildmg research, 
mechanical engmeermg, the National Aeronautical 
Establishment, and radio and electrical engineermg 
as well as two regional laboratories, one at Hah- 
fax and the other m Saskatoon Durmg 1960-61 ıt 
sponsored thirty-six associate committees, operating 
in such diverse fields as the control of hospital 
infections, experimental psychology, plant breeding, 
radio science, and soil and snow mechanics, and 
dealt with 14,500 technical mquines from Canadian 
industries The outstanding event of the year was the 
establishment of the Medical Research Council as an 
autonomous body associated with the National 
Research Council The report also includes the annual 
reports of the Medical Research Council and Canadian 
Patents and Development, Ltd 

The Review of the National Research Council, 
Canada, for 1961 (Pp 377 NRC No. 6421. Ottawa 
National Research Council, 1961. 75 cents), describes 
the work of the Council to March 31, 196], and 
besides reports of the directors of divisions and heads 
of sections includes accounts of the work of the 
Council’s committees and the first review of the work 
of the Medical Research Council 1960-61  Lasts of 
publications durmg the period are appended to the 
several reports of divisions, etc, and with the 
directory of staff and list of staff serving on outside 
organizations the Revzew 18 a comprehensive reference 
work on the two Research Councils, supplementing the 
information given in the annual report for the period 
and in the report on university support 


Safety in Mines Research 


THE annual report of the Safety m Mines Research 
Establshment of the Ministry of Power for 1960 
gives & concise yet easily readable account of the 
wide range of work undertaken by the Establish- 
ment (London HMSO Pp 72 + 4 plates. 5s net) 
Within the main body of the report sections are 
devoted to explosives and blasting devices, explosion 
hazard, fire hazard, rescue apparatus, engineering 
and metallurgical research, dust measurement and 
the pneumoconiosis hazard, investigation of mmmg 
incidents, examunatijon of equipment after mune 
service and testmg services. Special attention 1s 
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bemg paid in the field of coal dust explosions to the 
use of stone-dust barriers and a full-scale explosion 
gallery ıs to be built at the Buxton laboratories 
Most coal dust explosions underground are muitiated 
by the ignition of firedamp, accordingly, the work on 
layering of firedamp and its accumulation has been 
extended together with an exammation of preventive 
and remedial measures At the same time research 
on the frictional ignition of gas, particularly between 
metals and rock, is in progress Ignitions of gas due 
to shot-firmg are very few compared with the tens 
of millions fired each year; but such ignitions are 
always serious, present work in this field ıs concerned 
with the safety of milhsecond-delay firing and with 
improved methods of testing explosives Much of 
the work described in the report will be of mterest 
to many fields of mdustry other than the coal 1ndus- 
try not only m connexion with explosion and fire 
hazards but also m connexion with breathing 
apparatus, engineermg and metallurgical research, 
dust measurement and pneumoconiosis 


Wool Research Colloquia in Australia 


A NEW series of one-day meetings has been m- 
augurated in Australia to discuss particular aspects 
of wool research. They are bemg organized by the 
Commonwealth Scientific and Industrial Research 
Organization Wool Research Laboratories, and mvita- 
tions are extended to those research workers in 
university and CSIRO laboratories who are 
working on the subject under consideration Wool 
Research Colloquium No 1, which was held at the 
Division of Protem Chemistry, CSIRO, Parkville, 
Victoria, on September 20, was convened by Dr 
R D B Fraser Wol structure was considered at 
this meeting under the headings of molecular struc- 
ture, chemical structure, biosynthesis and physical 
properties and structure. Wool research scientists 
from several States of the Commonwealth attended 
the meeting Prof H Fraenkel-Conrat, of the Virus 
Laboratory, University of California, who had been 
in Melbourne as guest lecturer durmg a series of 
lectures ın protem. chemistry, and Mr I K Walker, 
director of the Dommion Chemical Laboratory, 
Wellington, New Zealand, were guests at the Col- 
loquium "These meetings will be a permanent feature 
and they are intended to provide specialist discussions 
on major aspects of the CSIRO wool research 
programme 


Research and Education in Physics 


AN international seminar for research and educa- 
tion in physics, co-sponsored by the International 
Atomic Energy Agency, the United Nations Educa- 
tional, Scientific and Cultural Organization and the 
Central Commuttee for Swedish Technical Assistance, 
1s to be held as a one-year course at the Institute of 
Physics, Uppsala, during September 1, 1962-July 1, 
1963. The arm of the seminar ıs essentially to pro- 
vide possibilities for individual participation m 
qualified expermnental research work m one of 
various fields of physics (for example, solid-state 
physics, X-ray physics, nuclear physics, atomic 
physics, etc) under the guidance of experienced 
scientists An mtroductory course in the operation 
of, and the coding for, a modern computer, IBM 1620, 
wil be given ‘The semmar wil be open to non- 
European students and scientists, mamly from 
developing countries, who are working mm the above- 
mentioned subjects and who are connected with the 
teaching and/or research of a university or national 
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laboratory, and who are not less than twenty yeais and 
not more than forty years of age Application forms 
and further information ean be obtained from the 
International Seminar, Institute of Physics, University 
of Uppsala, Uppsala, Sweden 


University News Belfast 


THE following appomtments to lectureships have 
been announced Dr R H J Sellin (civil engimeer- 
ing), F J Smith (apphed digital mathematics 
computing), Dr Uno Opie (applied mathematics) 


Bristol 


Tue following appomtments to lectureships have 
been announced C Andrew (mechanical engmeer- 
mg), Dr R Bmks (organe chemistry), J S E 
David (vetermary surgery—diseases of reproduction), 
Dr R P Mercier (theoretical physics), Dr J G C 
Milne (physics), D B Peacock (bacteriology) 


Cambridge 


Tue following elections at Churchill College have 
been made Fellowships, J A Pateman, University 
lecturer in genetics, and C K Phillips, deputy 
treasurer of the University, Junior Research Fellow- 
ship, J S Gibson, of the University of Sheffield, ın 
genetics, Extraordinary Fellowshyp, Prof Jacques 
Barzun, professor of history, Faculty of Political 
Science, provost of Columbia University for 1962-63, 
and, Prof Kenneth J Arrow, professor of economics 
and statistics, Stanford University, for 1963-64, 
Overseas Fellowship, Dr P W Anderson, of the Bell 
Telephone Laboratories 


Ibadan 


Tue Calendar 1961-62 of the University College, 
Ibadan, Nigeria, lists the officers, standing commit- 
tees, prinerpal standing boards and committees of 
the Senate, honorary associates and the staff of the 
College (Pp 110 Ibadan The University College, 
1961) Besides particulars of entrance regulations, 
courses of study, scholarships and, prizes, there are 
notes on the Department of Extra-Mural Studies, 
Institute of Education, Institute of Child Health, 
and the Nigerian Institute of Social and Economic 
Research A hst of graduates for 1961 1s also included, 


London 


Pror K Q Dewnsiex, professor of chemical 
engineermg at the Imperial College of Science and 
Technology, has been appointed to the Courtaulds 
chair of chemical engmeering tenable at that College 
The following titles have been conferred professor 
of geography, on Dr W R Mead m respect of his 
post at University College, professor of organic 
chemistry, on Dr L N Owen in respect of his post 
at the Imperial College of Science and Technology, 
reader in anatomy, on Mr D W James im espect 
of his post at University College, reader in chemistry, 
on Dr C A Vernon in respect of his post at Univer- 
sity College 


Miami 


Dr Cart H OPPENHEIMER, formerly of the 
University of Texas Marme Institute at Port Aransas, 
has been appointed research associate professor at 
the Institute of Marine Science, University of Miami, 
where he is at present head of the microbiology 


group 
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Announcements 


Pror J B S HALDANE, formerly professor of 
biometry m the University of London and later 
research professor in the Indian Statistical Institute, 
from which post he has recently resigned, was awarded 
this year the Kimber Gold Medal for genetics of the 
US National Academy of Sciences He has also 
received a Premio Feltrinelli for biological sciences of 
the Accademia dei Lince, Rome Prof Haldane 
attended a special meeting during the summer of the 
Physiological Society held in Oxford to commemorate 
the centenary of the birth of his father, J S Haldane, 
and received an honorary doctorate of science from 
the University He expects to take charge of a small 
laboratory for research im genetics to be set up by 
the Council for Scientific and Industrial Research, 
India 


Dr Leo L BERANEK, president of Bolt Beranek 
and Newman, Inc, of Cambridge, Mass, has been 
presented with the Wallace Clement Sabine Award 
of the Acoustical Society of America for his “inter- 
nationally recognized achievements in all phases of 
architectural acoustics’? The Pioneers of Undei- 
water Sound Award has been presented to Dr 
Albert B Wood, of the Admuralty Research Labora- 
tory ın Teddington, Middlesex, “for nearly half a 
century of original work m physics and for decades 
of pioneering leadership ın underwater sound” 


Dr F Rareu KorrER has been appointed 
chief of the newly established, High Voltage Section 
of the Electricity Division at the National Bureau of 
Standards, US Department of Commerce Since 
1955, Dr Kotter has been working on standards of 
inductance and capacitance at the Bureau 


Dr Tuomas R LAWRENCE has been appointed to 
the National Bureau of Standards, US Department 
of Commerce As a member of the Engineering 
Metrology Section, Dr Lawrence will investigate the 
applicability of the hebum-neon gaseous optical 
maser to precision measurements of length 


Tue Systematics Association 18 organizing a lecture 
on “The Systematics of Man", to be delivered by 
Dr B G Campbell at the British Museum (Natural 
History) on February 8 Further information can be 
obtamed from Mr Norman Tebble, Systematics 
Association, British Museum (Natural History), 
Cromwell Road, London, S W 7 


AN international symposium on the growth and 
development of the lower archegoniate plants will be 
held in the rooms of the Linnean Society of London, 
Burlington House, Piccadilly, London, W 1, durmg 
April 5-6, 1962 Further formation can be obtained 
from the General Secretary of the Society 


Errata In the article entitled “The Mechanism 
of Action of Liver Alcohol Dehydrogenase” m Nature 
of October 7, p 47, the following corrections should, be 
made Table 1 4$9,,- 09sec pM’, ız = 10,500 
sec uLM?, Kg; = 6060 pM, m Fig 1 22 uN 
LADH 1n (3), (6) and (7), col 1, line 5 from bottom 
of p 49, (pK = 8 6) 

Dr D B E STROUD, writing ın connexion 
with the article ‘“Mannosyl-p-Glucosamine Hydro- 
chloride Jsomers” (Nature, 191, 142, 1961). 
states that the optical rotation [«]?? + 55° quoted 
on p 143, three lines from foot of col 2, 1efers to the 
original mixture of fractions A + B, and not to 
fraction B 
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WATER POLLUTION RESEARCH IN GREAT BRITAIN 


FURTHER stage in the development of the 
Water Pollution Research Laboratory of the 

Department of Scientific and Industrial Research 
was marked by two open days at Stevenage on October 
11-12, when interested members of the public 
could see a wide range of work in progress and also 
inspect the new wing which came into use during the 
summer 

The new west wing, designed by the Ministry of 
Works, provides an additional floor space of nearly 
20,000 sq ft and comprises four pilot-scale labora- 
tories, with several smaller laboratories and offices 
(Fig 1) One of the pilot-seale laboratories rises 
through three storeys and the others are two storeys 
m height, giving adequate headroom for treatment 
equipment of all kinds The construction 18 1n load- 
bearing brickwork, which facilitates the fixing and 
support of apparatus A full range of services is 
provided, and the keynote 1s flexibility 

The fact that this new wing has become necessary 
—it is already almost fully oceupied— only seven 
years after the Laboratory moved to Stevenage from 
1ts temporary headquarters at Watford 1s a sign of 
the increasing need for research into all aspects of the 
pollution of water Three recent Acts, the Clean 
Rivers (Estuaries and Tidal Waters) Act, 1960, the 
Rivers (Prevention of Pollution) Act, 1961, and the 
Public Health Act, 1961, have extended, control over 
the discharge of wastes into rivers and estuaries, and 
the field of pollution prevention and control is now a 
very active one, in which local authorities, river 
boards and mdustry are all closely concerned 

In order that the work of the Laboratory can be 
more closely applied in Scotland, an out-station has 
recently been established at East Kulbride, near 
Glasgow This station carries out its own local 
research and can also call on the resources of the main 
laboratory at Stevenage when necessary 

The funetions of the Water Pollution Research 
Laboratory are, broadly, to study and improve 
methods of treating  polluting 
liquids, mecluding both domestic 
sewage and trade effluents, and to 
study the effects of pollution on sur- 
face waters The scope and variety 
of the work mvolved are so great 
that only a few examples can be de- 
scribed Two subjects of wide 
general interest may be mentioned 
first 

The survey of the Thames Est- 
uary, which was started in 1948, 1s 
now nearing completion Its prm- 
ary object was to provide informa.- 
tion for the guidance of the Pippard 
Committee, the report of which 1s 
now with the Minister of Housing 
and Local Government and 18 ex- 
pected to be published shortly 
Analytical records collected by the 
London County Council during 
some sixty years, supplemented by 
detailed surveys made by the 
Laboratory staff, have been used to 


study the complex relationships between dissolved 
oxygen, temperature, pollutional load, freshwater 
flow and other factors A theory of miximg devel- 
oped at the Laboratory has enabled predictions 
to be made of the effect of changes m the pollu- 
tional load on the condition of the estuary water 
It has given good results when applied to changes 
known to have taken place in the past Fresh 
problems have presented themselves as the survey has 
proceeded For example, the role of nitrates as a 
reserve of oxygen, the rate of nitrification of polluting 
matter, and the effect of synthetic detergents on the 
rate of settlmg of suspended solids have all required 
special study before the complete picture of conditions 
m the estuary can be built up 

The second subject of general interest ıs the search 
for synthetic detergents which can be broken down 
biologically in sewage treatment works and will not 
produce the familiar and objectionable foam on 
rivers  Durmg recent years the Laboratory has 
tested 74 new materials for manufacturers on a 
repayment basis It has also collaborated m the 
‘Luton experiment’, n which a ‘soft’, straight-cham 
detergent, sodium 'Dobane JN’ sulphonate, has, 
since 1958, been distributed by the manufacturers ın 
Luton and the surrounding district instead of the 
normal ‘hard’ detergent An extensive programme of 
samplmg at Luton sewage treatment works and m 
the River Lea has shown a reduction of about 40 
per cent in the surface-active material entering the 
river ‘This ıs rather less than expected on the basis 
of laboratory experiments, a result which may be 
due to the unusual method of treatment used at 
Luton, consistmg of high-rate activated sludge 
treatment followed by high-rate biological filtration. 
A greater reduction of the new material has been 
observed at some other sewage works m the area, 
and this disparity between different methods of 
treatment ıs being further examined in the Labora- 
tory 
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Fig 1 ‘The Water Pollution Research Laboratory  Pilot-seale laboratories in the new 


west wing 
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Treatment of Sewage and Industrial Wastes 


Little mformation has hitherto been available on 
the relative merits of the various filter media used 
m the biological filtration of sewage Smee April 
1959 a portion of the Stevenage domestic sewage 
has been treated on a battery of eight small filters 
filled with two different sizes (nominally about 1 in 
and 24 ın ) of four different media (clmker, blast- 
furnace slag, broken rock and rounded gravel) With 
the exception of the gravel which, ın the smaller size, 
zave some ponding trouble durmg last winter, the 
smaller media have consistently produced better 
effluents than the larger media The media with the 
larger surface area per unit bulk volume, namely, 
the clinker and slag, gave better results than those of 
more regular shape, namely, the broken rock and 
rounded gravel ‘These relative efficiencies of treat- 
ment appled not only to the removal of biochemical 
oxygen demand but also to the reduction m bacterial 
counts 

Investigations into the activated sludge process 
have been principally concerned with the efficiencies 
of various methods of aeration The work has 
suggested ways ın which the efficiencies (on a basis of 
oxygen put into solution per unit of power supplied) 
accepted ın normal sewage treatment practice could 
be considerably improved by such means as altering 
the geometry of the aeration tanks Whether the 
gain in efficiency would be outweighed by other 
disadvantages such as increased capital cost would 
depend on local conditions 

Interesting fundamental studies have been started 
on the kinetics of the activated sludge process, to 
determine the relative importance of the method and 
intensity of aeration, the level of dissolved oxygen 
and the concentration of sludge maintamed in the 
tanks, the degree of turbulence and longitudinal mıx- 
ing and other variables 

There 1s an increasing demand for investigations 
into methods of pre-treating specific mmdustrial wastes, 
and this work is done by the Laboratory on repay- 
ment Recent and current work of this nature 
includes the removal of ferrocyanide from engineering 
wastes, the electrolytic oxidation of cyanide, the 
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bacterial oxidation of thiocyanates, the use of beds 
of ealeined magnesite to neutralize acid wastes, and 
the treatment of washings from cattle sheds and 
other farm premises—this last bemg a growing 
problem which sometimes causes difficulty at small 
sewage works 


River Pollution 


A large part of the work on iivers ıs devoted to 
assessing the relative effects of surface aeration, 
photosynthesis and plant respiration on the oxygen 
balance As a positive step towards increasing the 
oxygen content of a polluted river, experiments are 
being performed on air entrainment mn a Venturi tube, 
which could be inserted in an effluent pipe near the 
point of discharge to a rrver The method 1s simple 
and, on the laboratory scale, has shown promising 
results 

Work on the toxicity to fish of ammonia and other 
chemicals has continued, and the effects of mixtures 
of toxic substances are now being examined 


Measurement Techniques 


It 1s inevitable that a laboratory such as this should 
from time to time find that existing standard methods 
of analysis and measurement are unsuited to 1ts needs 
in many specialized lines <A valuable part of its 
work is therefore the improvement of old methods 
and. the development of new Among its contribu- 
tions 1n this way are the improvement of established 
methods for determining nitrites and nitrates, the 
introduction of new techniques for assessing organie 
carbon and for the separation of radioactive strontium 
and, barium, and the design of automatic sampling 
equipment for sewage, and recorders for dissolved 
oxygen and suspended solids. 


The work of the Water Pollution Research Labora- 
tory is thus seen to be a judicious combination of 
fundamental mvestigation and practical application 
for the benefit of the man on the job On the impres- 
sive evidence put forward during the open days, ib 
seems to be doing this work very well indeed 

F E Bruce 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION, AUSTRALIA 


HE thirteenth annual report of the Common- 

wealth of Australia Scientific and Industrial 
Research Organization for the year ended June 30, 
1961, besides being a general review and a brief survey 
of some of the more important developments arising 
during the vear out of the research being carried out 
by the Organization, includes a lst of papers pub- 
hshed during the year and details of the membership 
of the Advisory Council, the State Committees and 
staff* Total expenditure amounted to £9,603,963 
and the Treasury appropriation to £7,571,104, of 
which £1,058,246 was ın the anımal research lab- 
oratories, £886,518 on plant research, £334,613 on 
food preservation, £396,600 on forest products, 
£856,192 on the chemical research laboratories, 


* Commonwealth of Australia Thirfeenth Annual Report of the 
Commonwealth Scientific and Industrial Research Organization for 
the vear ending June 30,1961 Pp i:i+150 (Melbourne Common- 
wealth Scientific and Industrial Research Organization, 1961 ) 


£246,683 on fisheries and oceanography, £767,705 on 
the National Standards Laboratory, £451,278 on 
radio physics, £574,252 on wool research, £280,904 
on fuel research, £333,237 on land research and 
regional survey, £51,700 on research association 
grants and £95,069 on overseas research studentships 
While since 1950 the total budget increased from 
£2 7 million to £9 6 million, the research staff only 
inereased from 750 to 880, and the Executive believes 
that this increase in staff is quite msufficient 

The giant radio telescope being erected at Parkes 
for the Division of Radiophysies 18 structurally com- 
pleted and is in fact now available full time for 
research The Controlled Environment Research 
Laboratory 1s scheduled for completion early in 
1962 

Among the research developments noted in the 
review are a new method of stimulating the germma- 
tion of legume seeds by exposing water-soaked seeds 
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to low concentrations of carbon dioxide, a practical 
and economic means of controlling posthitis im 
wethers by implanting under the skin small pellets 
of the male hormone, testosterone; progress in 
work on worm parasites of sheep and cattle, and 
evidence that selection of cattle for their resist- 
ance to ticks may be a highly satisfactory means 
of mmimuizing losses due to tick infestation Cod- 
lng moth infestations have been found to depend 
largely on the larve which over-winter in an 
orchard, and these, 1n turn, on the amount of cocoon 
shelter available in the orchard This can be 
reduced by adequate management, and, ıf trap 
bands are provided to which the overwmtering 
individuals are attracted in large numbers and 
destroyed by special toxic deposits, relatively few 
insecticidal treatments are needed in the followmg 
season Work at Katherme has shown that nitrogen 
in a form available to plants concentrates just under 
the soil surface during the dry season and the greatest 
loss occurs during the wet season, owing to leaching 
by rain 

It has now been demonstrated that when the 
appropriate fertilizer dressings to overcome de- 
ficlences 1n nitrogen, phosphorus, potassium, sulphur, 
ealeYum, zinc and molybdenum are applied to the 
infertile coastal lowlands of southern Queensland, 
pastures can be grown on these soils which grow and 
fatten cattle at stocking-rates of a beast to 1 5 acres, 
with annual live-weight increases of 300 lb per 
beast Investigations on the role of elements in plants 
have shown that manganese deficiency inhibits a 
reaction involved ın the evolution of oxygen durmg 
photosynthesis and also that manganese 18 a con- 
stituent of normal chloroplasts Studies on the life- 
habits of the freshwater snail Lymnea tomentosa, 
which infests grazing lands, have revealed great diffi- 
culties in applying effective control measures, as if 
the population 1s drastically reduced each surviving 
snail will harbour so many liver flukes that the end 
result ıs much the same Spoulage of dried prunes 
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of high-moisture content has been prevented by 
hot-filling the prunes into lamimate bags 

A direct-reading tester for mereasing the regain 
of woal has been developed, consisting of a hot-air 
blower to dry the wool and a balance which indicates 
regain directly Evidence has been obtained that 
substantial numbers of freezmg nuclei occur at 
altituaes of 50,000-60,000 ft, and work has been 
completed on a recorder, designed to operate for 
periods up to 12 months, to provide continuous 
records of water-level m streams, dams or bores for 
gauging purposes, or of rainfall, temperature, humid- 
ity, wmd speed or evaporation A process has been 
devised for production of pure thorium by converting 
thorium carbide to volatile thorium iodide and 
depositing thorum metal from this on to a heated 
surface. A new cyclone elutriator, the 'Cyclosizer', 
developed for precise separation of solid particles m 
the subsicve ranges, 1s based on the stable flow 
patterns and high centrifugal forces obtainable in 
hydraulic cyclones of suitable dimensions 

A thorough exanunation has been made of resist- 
ance measurements to establish clearly the possible 
limits of accuracy using both direct and low-fre- 
quency alternating current, and fundamental mvesti- 
gations of cell wall organization of the tissue elements 
of woci and of the pits between them has demon- 
strated that m hardwoods the initial penetration 
path is through the vessels and then via the pits to 
the ravs and adjacent fibres or vertical parenchyma 
In softwoods the path 1s from tracheid to tracheid, or 
tracherd to parenchyma, through the pits A notable 
advance in the metal-staining technique for the 
electronmicroscopy of wool has revealed further 
structural details within the microfibrils and a resolu- 
tion ot 1 in 4,000 has been achieved with a mass 
spectrometer constructed at the Chemica] Research 
Laboratory, while new techniques, involving 
an optical filter of narrow band-width, have provided 
photographs showmg the velocity distribution in 
selected areas of the solar chromosphere 


SCIENTIFIC RESEARCH IN NEW ZEALAND 


HE report of the Department of Scientific and 

Industrial Research, New Zealand, for the year 
ended March 31, 1961*, includes the Munister’s 
Statement, the report of the Council of Scientific 
and Industrial Research and that of the Secretary, 
while the third annual report of the Ross Dependency 
Research Commuttee 18 appended Lists of publica- 
tions during the year are given under the respective 
branches of the Department together with lsts of 
projects in hand. 

Expenditure during the year amounted to 
£1,963.486 net. of which £201,421 was on the 
Dominion Laboratory, £225,114 on the Dominion 
Physical Laboratory, £131,777 on the Grasslands 
Division, £124,885 on the Geophysics Division, 
£114,532 on the Geological Survey and £111,986 on 
the Soil Bureau The Couneil again points out that 
New Zealand 18 still lagging behind in the application 
of science and the scale of research, and her expend1- 
ture in 1959-60 of about £3 98 mullion on scientific 


* New Zealand Report of the Department of Scientific and Indus- 
trial Research for the year ended 31 March, 1961 (H 34) Pp 87 
(Wellington Government Printer, 1961 ) 


work ar 0 32 per cent of the gross national produc 
compares with 23 per cent in Britain and 27 pe 
cent m the United States m 1957-58 Professional 
staff at April 1 was 401 compared with 390 m 1959-60, 
total staff bemg 1,121 and 1,067, respectively, and 
the Seeretary refers to a loss of 30 professional staff 
during the year, overseas, nearly all experienced 
scientists, although the overall calibre of the Depart- 
ment’s staff has substantially 1mproved over the past 
decade. During the past five years MSc graduates 
in physics 1n New Zeuland universities have averaged 
10, in chemistry 21 and m mathematics 13, but 
about nalf those obtaining first-class honours accept 
posts overseas and do not return The Secretary 
stresses the importance of being able to attract 
scientists of high quality and indicates some of the 
factors, besides adequate salary, which are important 
In 1960 the establishment of two senior research 
fellowsnips tenable ın the Department's laboratories 
for up to two years was approved and two fellowships 
have now been awarded The Council ıs gravely 
concerned, however, that no action has been taken 
towards securing the 40-50 mcrease 1n staff per annum 
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over the next five years which ıs required to 1mple- 
ment fully the Department’s present programme of 
work 

After discussions with the University Research 
Committee and the chairman of the new University 
Grants Committee the Council proposes to termmate 
the present type of research grant made to the 
universities by the Department From the end of 
the present financial year the Department will 
sponsor and provide funds for research units in 
universities 1n. fields of study deemed essential in the 
national mterest, and m which an outstandmg man 
is stationed in the university, and by entermg into 
research contracts with universities Grants to 
research and allied institutions in 1960-61 amounted 
to £176,862, of which £33,810 wag to universities and 
agricultural colleges and £91,376 to research associa- 
tions 

The Counceil’s recommendation for the estabhsh- 
ment of a new Wool Research Organization as an 
meorporated research association with an annual 
income of £100,000, half from the New Zealand Wool 
Board and half from the Government has been 
approved, and the new buildings for the Meat 
Research Institute were completed durmg the year 
The Council has decided to contmue New Zealand’s 
scientific programme in Antarctica at about 1s present 
level (£86,606 ın 1960-61), and topographical and 
geological survey work will be contmued until the 
reconnaissance of the Cape Adare-Beardmore section 
is complete Some concern 18 expressed as to the 
effect of delay ın developmg the Institute of Nuclear 
Sciences on the research programme in this field 

Points in the research work completed durmg the 
year noted m the Secretary's report include the com- 
pletion of the first volume of the new Flora of New 
Zealand; the high yields now bemg obtained with 
Aotea wheat, bred at the Crop Research Division 
and released in 1957, the marked difference m the 
distribution of radioactive selenium in plants, the 
variation of the nutrate-levels and of sodium, 
potassium, calclum, manganese, alummrium, copper, 
titanium, iron. zinc, sulphate and phosphate m rye- 
grass plants, and the study of the systematics and 
taxonomy of bacterial plant pathogens 
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The Fruit Research Division’s spple-varrety col- 
lection has led to the selection of the Canadian 
variety Spartan and a local seedling, Red Fresca 
for extensive commercial trial, and satisfactory drymg 
of tobacco leaf has been obtamed by two methods 
which enable a kiln to be loaded with much less 
labour and permit the use of smaller kilns A study 
has been made of the Adelie penguins breeding at 
Cape Royds, Ross Island, and a set of 54 soils 
selected representing a range of New Zealand souls 
for agricultural, forestry and highway purposes 1s 
being examined comprehensively by chemical physical 
and biological tests 

An intensive mineralogical study of volcanic ash 
showers has been commenced, and the four-mile 
geological map project commenced in 1956 to be 
completed ın 1964 has already indicated areas merit- 
ing more detailed examunation. A rugged tester, m 
which the sample 18 dried for 5 min in hot air and 
weighed on scales calibrated directly in water content 
(corrected for buoyancy) has been developed by the 
Dommion Laboratory, and 20 of these machines are 
now m use in scourmg works and freezing works 
throughout New Zealand for controlling the drymg 
of wool A fotal heart-rate recorder has been con- 
structed using a heart-sound pick-up which delivers 
this conglomeration of sounds to a system specially 
designed to deal with a foetal pulse which may be 
mostly even below the level of background noise 
Investigations of the variation in the essential oil 
derived from samples of Pinus radiata have been 
mitiated, and an instrument developed for rapidly 
and accurately determming the density of a wood 
sample taken from a hving tree, utihzmg a very 
narrow beam of beta-radiation from a strontium-90 
source <A novel type of navigation light for merkmg 
narrow channels has been developed which can be 
used when the configuration of the land in line with 
the channel will not permit the use of more than 
one light. An emergency wheat-testing service pro- 
vided by the Wheat Research Institute avoided 
substantial loss durmg the 1961 wheat harvest 
A survey of currents in McCurdo Sound established 
that at least in summer there 1s a definite movement 
of water towards the Antarctic Ice Shelf 
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FOOT-AND-MOUTH DISEASE 


N a report issued by the Research Institute (Animal 

Virus Diseases), Pirbright, Surrey *, the director, 
Dr I A Galloway, describes the investigations made 
into foot-and-mouth and related virus diseases over 
the past five years 

The reseaich programme of the Institute 1s con- 
sidered ın relation to foot-and-mouth disease in 
Britain, and, 1n turn, as a world problem In Britain, 
periods of relative freedom from the disease (or at 
least of low incidence) are interrupted by times when 
as many as 200 farms may become infected m one 
month These periods of higher incidence do not 
generally last more than three or four months, and 
the number of animals mvolved in relation to the 
animal population of the country remains less than 
half of 1 per cent It is generally agreed that a 
vaccination programme against the disease in a 
country where it 1s endemic 1s unlikely to reduce the 


* Research Institute (Animal Virus Diseases), Pirbright Report for 
the years 1956-1960 Pp 52 (Pirbright, Surrey Research Institute 
(Animal Virus Diseases), 1961) 28, 0d 


incidence much below this figure If, therefore, the 
disease were allowed to become endemic in Britain, 
and vaccination were decided on, the ultimate goal 
which could reasonably be achieved would be an 
incidence equivalent to that which now obtams At 
that point, a slaughter policy would undoubtedly be 
invoked to attempt to achieve eradication of the 
disease If the situation in the European countries 18 
considered, ıt 18 seen that, ın spite of an increasing 
extension of vaccination since the 1951-52 epidemic, 
the incidence of the disease, though greatly reduced. 
i8 still somewhat higher than in Britam Some 
countries are applying, and others considering, limited 
slaughter of infected animals as a further step towards 
eradicating the disease Outside Europe, in endemic 
areas, effective control of the disease 1s still some way 
off, and ıt 1s here perhaps that the new improved 
vaccines have the greatest part to play, if the cost 
of the vaccination campaign can be reduced and the 
efficiency of the vaccine increased Assistance m 
reduction of the ıncıdence of the disease elsewhere 
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than m Britain 18 at present the greatest contribution 
which ean be made towards the control of the disease 
within the country 

A considerable proportion of the research effort at 
Pirbright has always been directed at improved 
methods of immunization against the disease. The 
period. under review has seen a new bias on work on 
Immunization The development of live modified 
stram vaccines received a new impetus by the 
demonstration by Skmner m 1951 of the possibility 
of infecting unweaned mice and, m 1954, of passagmg 
virus ın day-old chicks and chick embryos — Serial 
transfers, repeated sometimes many hundreds of 
times, have the effect of reducing the capacity of the 
virus to produce visible signs of the disease in the 
cattle moculated By multiplymg in the anmal, 
however, the virus would stimulate the defence 
mechanism of the host and so produce a sohd long- 
lasting Immunity Such vaccines are used in many 
other diseases, for example, in rinderpest, rabies, 
African horse sickness, blue tongue, and in yellow 
fever and also in smallpox in man Workers develop- 
ing such strams aim at the pomt at which the virus 
will ‘infect’ the animal but produce no clin1cal signs 
The yellow fever vaccine moculated in man is an 
example of a live virus vaceme which has reached this 
pomt With most live vaccines, the ideal 1s not 
attained, and a compromise between slight mnfectivity 
in the sense of producmg the clinical disease on 
one hand, and a capability which falls short of the 
maximum ın producing immunity on the other, has 
to be accepted This has been true m developing the 
strains in foot-and-mouth disease and the problem 
has been made more difficult by the demonstration 
that not all strains become attenuated or lose virulence 
at the same rate On the other hand, there has been 
hittle mdication of difficulty ın some other ways, 
for example, there has been no restoration of virulence 
and no spread to normal animals in contact with 
those vaccmated Limited experiments on preg- 
nant animals have indicated no unfortunate sequel, 
and young animals have been successfully vacem- 
ated. 

The variation in behaviour of viruses has made the 
development of suitable strains for each of the seven 
types of virus now known a complicated operation, 
especially when several different strams of one type 
have had to be developed to explore the possibilities 
of different methods of attenuation Nevertheless, 
strains of six of the seven types have reached the 
point at which tests for non-infectivity in cattle have 
been sufficiently encouraging to warrant investiga- 
tions on the immunity produced These tests at 
Pirbright have now involved approximately 2,000 
animals 

The qualified successes obtained under experimental 
conditions at Pirbright led to the next phase in 
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development of these strams Since the step from 
the laboratory to field conditions might not be without 
risk, 16 was considered that first trials outside the 
laboratory should be conducted m areas where the 
disease was endemic The Institute has had the 
wilhng and enthusiastic co-operation of the Govern- 
ments of countries in South and East Africa in a series 
of trials These experiments have indicated the 
potential usefulness of suitable strains in such 
animal populations while, at the same time, bringing 
to hght many of the suspected difficulties inseparable 
from immunization of a mixed population with 
possible previous experience of the disease Some 
of these experiments, notably those in South Africa, 
have involved tests of live attenuated vaccine on a 
scale which has not been undertaken with any other 
agert of this type, 1n respect of severe challenge with 
fully virulent material Even under these conditions, 
70 per cent protection was obtained and subsequent 
use of the vaccine m an infected area resulted in an 1n- 
eidence of less than 1 per cent on vaccinated farms, 
while, on unvaccinated farms, the incidence was 
between 60 and 70 per cent These observations are 
essentially prelimmary, many problems require 
investigation 

The problem of the use of inactivated vaccines has 
not been neglected ^ Frenkel-type vaccine in which 
virus 18 grown 1n culture of cattle tongue epithelium, 
adsorbed on alummium hydroxide and inactivated 
with formalin and mild heat, has been a useful agent 
and will continue to play a most mmportant part ım 
the contiol of the disease as it has done in Europe 
and. to some extent, in South America Extensive 
tests of this type of vaccine have been carried out at 
Pirbright and several large batches have been pre- 
pared and tested for safety and potency Other 
possible sources of tissue m which virus may be 
grown, such as kidney, are bemg mvestigated, since 
kidneys present a more easily obtamable source of 
tissue than cattle tongue epithelium 

Foot-and-mouth disease must be considered as a 
world problem Part of the work at Pirbright, there- 
fore, has been directed towards the assessment of the 
world situation, particularly in regard to the preval- 
ence of the disease and the distribution of the mmmuno- 
logical types of virus Earlier reports have referred 
to the discovery at Pirbright of four new types— 
SAT 1, SAT. 2 and S A T. 8 from Africa, and 
Asia l ın many countries m Asia In the past twelve 
years considerable progress has been made m determ- 
ining the broad outlines of type distribution. The 
mternational umportance of this work was recog- 
nized when, in 1958, the Institute was nommated 
by the Food and Agriculture Organization of 
the United Nations to undertake the functions of 
World Reference Laboratory for Foot-and-Mouth 
Disease 


APPLIED GEOGRAPHY 


HE application of geography to the study of a 

wide range of problems has made remarkable 
progress in recent years, partly during, and partly 
because of, the Second World War Geography made 
a substantial contribution to the British War effort 
both in the planning of campaigns and in the re- 
organization of the nation’s economy, and smece the 


War geographers have been active in the field of 
planning Some of the fruits of these efforts can now be 
seen in the increase m the number of geographers who 
act as advisers m various fields, ranging from problems 
of conservation to aspects of medical geography 

there 1s also the evidence of the results achieved by 
those who have been largely employed in the study of 
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the application of geography ın Britain to national, 
regional and county affairs durmg recent years 

At the recent meeting of the British Association for 
the Advancement of Science a whole morning was 
devoted, largely by the geographers of Section E, to 
the planning problems of Britam and to those of 
East Anglia m particular The future administrative 
organization of Norfolk and Suffolk 1s at the moment 
under review by the Boundary Commission, and dur- 
ing the course of the meeting geographers saw, in the 
field, the significance of the desire of the rapidly 
growing and increasingly industrialized city of Norwich 
to expand mto its adjoming county areas Others 
were shown the changing landscape of Thetford, where 
residential and mdustrial developments are designed 
to absorb part of the overspill of Greater London 

Among the speakers m the planning symposium 
were Mr J R. James, deputy chief planner, Ministry 
of Housing and Local Government, and the principal 
research officer of the Mmistry, Dr E C Willatts, 
who introduced & new map, at the scale of 10 miles 
to the inch, showing the major post-war developments 
m England and Wales that have resulted from, or 
are affectmg, land plannmg! These developments, 
including the establishment of National Parks, the 
building of electrical and nuclear power stations, the 
construction of motorways, the creation of ‘new towns’ 
and the extension of other towns, are indicative 
of both the scale and scope of post-war changes They 
show, too, how the regional geography of Britain 18 
in process of bemg transformed by the technological 
revolution which, in its geographical aspects, was 
the subject of Prof S. H. Beaver’s presidential address 
to Section E ? 

In the siting of many of these new developments 
geographers have sometimes played a significant part 
An assessment of the scope of geographical inquiry 
and of the fields in which geographers are capable 
of makmg important contributions was made by 
Prof L. Dudley Stamp in a small book, published in 
1960, Applied Geography? Such a book could have had 
no better author than Prof Stamp in view of his own 
great efforts m many of the fields of which he writes. 
these activities have mceluded the Land Utilisation 
Survey of Britain, carried through under his direc- 
tion during the ’thirties, a particularly difficult 
and trymg period for British agriculture’; the 
investigations of the Scott Committee, of which he 
was vice-chairman, into the use of rural land in 
Great Britam ®, and his later work as an adviser to 
the Mmuster of Agriculture on these problems, his 
initiative in establishing an organization for a 
World Land Use Survey under the auspices of the 
International Geographical Union’, and his work on 
the geographical background of many new develop- 
ments oversea both within and outside the tropics 

Some of Prof Stamp’s topics have been further 
discussed by other geographers in the recently issued 
proceedings of the Anglo-Polish semmar held in 
Nieborów, Poland, in September 1959, and attended 
by twelve British and seventeen Polish geographers 
The volume, Problems of Applied Geography, has 
been published m Warsaw by the Institute of 
Geography of the Polish Academy of Sciences, which 
organized the seminar im collaboration with the 
Institute of British Geographers, with the generous 
support of Unesco and of the British Council. limited 
supplies of the volume are available for sale m 
Britam’ The seminar, like that organized a year later 
for the exchange of views between American and 
Pohsh geographers’, included a series of papers— 
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six British and five Polish—which served as & basis 
for discussions between the delegations and was 
followed by a comprehensive tour of both agricultural 
and industrial areas of Poland 

While most of the six British papers have nothing 
strikmgly original about them, they form a valuable 
and up-to-date summary of the special problems of 
Britam to-day as seen by a group of geographers 
As with the Polish delegation, the British team 
emphasized the achievements and experience of the 
theory and practice of planning in 1ts own country, 
while suggesting that many of its conclusions are of 
use to all concerned in the application of geography 
to the study of physical, social and economic problems 
m contemporary society M J Wise’s paper outlines 
the basic problems of national planning in Britam, 
including the optimum use of resources, the re- 
development of the older industrial areas, the restric- 
tion of the growth of conurbations, and the regulation 
of population movements, and A A L Caesar 
shows how these problems vary between regions. 
H C K Henderson describes the basis of the pre-war 
Land Utihsation Survey of Britain and indicates how 
its work has been used ın the planning of agricultural 
land use S H Beaver describes the reclamation of 
industrial waste-land for agricultural and other 
purposes, illustrating his paper by a series of carefully 
chosen examples he shows that the area of land ın 
Britain that cannot be reclarmed—less than 1,700 
acres & year—is minute compared with the loss of 
agricultural land to urban development It 1s this 
contmuing urban encroachment on the countryside 
that A. E. Smaules in his paper on perhaps the most 
distinctive feature of British economy and society— 
the urbanization of Britain—sees as the crux of the 
physical planning problem of Britain to-day Finally, 
K. C Edwards, who, as president of the Institute of 
British Geographers, was leader of the delegation, 
discusses the ‘new towns’ of Britam, the results of 
which, he finds, though ‘‘modest in scale and often 
despairmgly slow m realization, at least encouraging" 

The Polish contributions have special value because 
so little information 18 easily available about modern 
Poland, eertamly ın English They have been 
deliberately designed to match the British papers 
thus the importance in Poland of regional planning, 
land use and urban geography are discussed by K 
Dziewonski, J Kostrowieki and L Kosmski respec- 
tively The two other Polish essays are of a very 
different type, describmg the preparation of a 
geomorphological and hydrographic map and an 
mvestigation of local climate the melusion in the 
symposium suggests that there 1s 1n Poland a greater 
appreciation of the significance of such detailed 
and specialized studies m practical affairs than has 
so far been the case 1n Great Britain, where research 
of this nature would, to most administrators and 
planners, seem not only academic but even irrelevant 

But what will strike readers of this volume most 
forcibly will be the fundamental contrasts between 
the British and Polish attitudes towards planning 
and between the nature and scope of the planning 
envisaged for the two countres In Bnmitain the 
problems are those of adjustment and reconciliation 
rather than those of development—the transform- 
ation of the population pattern and economic 
organization developed m one industrial age to what 
18 required ın another, and greatly different, age of 
new and rapidly advanemg technology Poland 1s 
concerned with the fundamental development prob- 
lems that call for comprehensive and large-scale 
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regional planning as a basis for the reconstruction 
and expansion of the national economy, and 
Dzewonski’s paper shows that the methods and 
results of geographical research m Poland have exerted 
very considerable influence on the methods and 
results of planning For this there 1s not, and prob- 
ably never will be, any exact British parallel, but 
Polish experience does heavily underline the diversity 
of the ways m which the work of geographers can 
be used for the nation’s good, if they are given the 
opportunity and the encouragement 

International seminars of this type broaden the 
minds of those participating and at the same time 
help to create deeper understanding and friendship, 
while the circulation of the report of the proceedings 
will be of lasting value to all who are interested in 
apphed geography and who are concerned that ıt 
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should have the closest possible connexion with life 
and society. Rosert W STEEL 


! The ma» prepared by the Ministrv of Housing and Local Government 
is being published by HM Stationery Office 

2 “Technology and Geography”, to appear in The Advanrement of 
Sevence, December 1961, and summarv m Nature, 191, 986 (1961) 

*Stamp, L Dudley, Apphed Geography (1960) 

4 See especially Stamp, L. Dudley, The Land of Britain Its Use and 
Masuse (1948) 

5 Report of the Committee on Land Utalisation in Rural Areas (Cmd 
6378) (H M 8 O , London, 1942) 

‘Four of the World Land Use Survey's reports have so far been pub- 
lished, the most recent being Niddne, D L, Land Use and 
Population ın Tobago (Geographical Publications Bude, 1961) 

7 Problems of Applied Geography, Geographical Studies No 25, 
Polish Academy of Sciences, Institute of Geography (Warszawa, 
1961) Pp 148, with photographs, maps and diagrams 
Copies (price 25s ) can be obtained from the treasurer of the 
Institute of British Geographers, Dr H € K Henderson, Birk- 
beck College, Malet Street, London, W C 1 

? See Hartshorne, R, ‘‘The American-Polish. Geographical Seminar 
and Excursion, 1960", Geog Rev, bl, 443 (1961) 


GAS CHROMATOGRAPHY IN MEDICAL RESEARCH 


HE Gas Chromatography Discussion Group of 
the Institute of Petroleum held an informal 

symposium on September 26, at the Royal College of 
Surgeons of England in London 

In welecommg the members of the Group, Prof 
R F Woolmer, on behalf of the President and 
Council, explained that, apart from surgery, the 
College research and teaching also covered such 
associated fields as physiology, biochemistry, dental 
science and anesthetics It was appropriate that a 
symposium concerned mainly with the aspects of gas 
chromatography m medical research should be held 
at the College, as they believed 1n co-operation and a 
full exchange of ideas with other workers 

In the opening paper, Dr A T James described 
the development and operation of a simple detector 
for the contmuous automatic determination of the 
radioactivity of carbon-14 and tritium Attention 
had been directed to automatic determination because 
of the obvious disadvantages of the previously used. 
discontinuous methods Problems of stability at 
column temperatures as high as 200° C had led to 
combustion of the eluted material to carbon dioxide 
and water, and the measurement of the radioactivity 
at room temperature The detector consisted of a 
4 x ın copper tube, plated mternally and having 
a central tungsten wire electrode Rhodium plating 
reduced the taihng exhibited by tritiated materials 
Argon or helium was used as carrier gas, and carbon 
dioxide was bled into the feed to the detector to give 
a concentration of approximately 5 per cent 
Chromatograms obtamed with conventional detectors 
and the radioactivity detector were shown to super- 
impose extremely well An integrated record could 
also be produced 

The next paper, on gas-liquid radiochromatography, 
by Dr S Popják, confirmed the disadvantages of 
discontinuous procedures for radioactivity measure- 
ments The advantages of contmuous monitoring 
over fraction collection had been evident over a period 
of three years using a scintillation counter In the 
method described, carrier gas and eluted fractions 
were passed through a liquid semntillator 1n a specially 
designed apparatus, and the radioactivity measured 
by scintillation counting Two isotopes could be 
measured simultaneously Full details of the con- 
struction of the apparatus, 1ts method of operation 


and the associated electronic circuitry were given. A 
stepped record superimposed well on chromatograms 
obtained with a gas density balance ‘The efficiency 
of counting was of the order of 40-50 per cent for 
carbon-14 compounds, and 15-21 per cent for tritiated 
compounds 

Under the title of “Peak Symmetry ın Gas-Sohd 
Chromatography", Mr. C G Scott described recent 
work concerned with the properties of two active solid 
systems giving symmetrical elution peaks for hydro- 
carbons at column temperatures below the boiling 
pomt of the eluted component When alumina is 
modified with sodium hydroxide, the energy of 
adsorption decreases to a constant value, at which 
stage symmetrical elution peaks are obtained Such 
peaks can also be obtamed from columns packed with 
solid organic crystals, although, to mcrease surface 
area, and so reduce column lengths, the compounds 
are best deposited on ‘Celte’ It had been found 
that heats of adsorption were of the same numerical 
magnitude as the heats of vaporization Entropies 
of adsorption were calculated for n-heptane, benzene, 
iso-octane and cyclohexane, and values obtained for 
the first two compared with those obtained by 
Kemball for adsorption on mercury 

Mr D W Hill and Dr R P W. Scott described 
recent developments 1n the design of compact cathode- 
ray tube gas chromatographs Apart from the high 
speed of analysis for vapours containing anzsthetics, 
the apparatus should be compact for easy transport 
and use in an operating theatre, and be capable of 
giving rapid repetitive results The instrument 
was designed around a 6-m_ square, long-per- 
sistence tube having a 20-30 sec scan, and con- 
tained its own pump An additional port in the 
sample mjection system allowed a 100 1 gas dilution 
without the high losses of argon given by 'sphtter 
svstems’ The micro argon detector had been 
modified to reduce the effects of electron capture so 
that the strongly electron-capturmg halothane 
(2-bromo-2-chloro-1,1,1-trifluoroethane) gave a posi- 
tive peak Column packings for the separation of 
typical anesthetic mixtures were mentioned The 
quantitative response of the argon detector was 
dependent on temperature, and therefore the use of 
a thermostat or compensation was necessary <A 
simple thermistor compensator unit was described 
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Dr R A Butler presented a paper entitled “‘Parts 
Per Muon and All That” in which he first described 
his work on anesthetics, mdicating the mmportance 
of knowing the concentration of anesthetics in tissue, 
the rate of its elimination from the tissue, and equih- 
brium values of the various substances used He 
queried the accuracy of calibration standards made 
from volatile substances, and consequently the 
accuracy of a detector calibration using such 
standards He felt that some absolute figures often 
quoted in papers were at the least rather optimistic, 
and his paper was obviously designed to stimulate 
@ discussion on the quantitative aspects of gas 
chromatography It was unfortunate and disap- 
pointing that 1t failed to do so 

A contribution by Dr T R Phillips deseribed how, 
during the analysis of Arcton 12 (dichlorodifluoro- 
methane) in Arcton 11 (monochlorotrifluoromethane), 
the calikration of the apparatus had to be carr'ed out 
with synthetic mixtures of the substances and the 
samples taken at a fixed pressure The sensitivity 
of the apparatus for Arcton 12 expressed as peak- 
height/partial pressure was shown to vary with the 
total pressure of the sample and with the partial 
pressure of Arcton 11 It was thought that this 
effect could occur in other systems where a small 
amount of a weakly retamed substance was being 
analysed in the presence of excess of a more strongly 
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retained one Dr Phillips’s suggestion that the 
effect would not be observed if integration of the 
peak were used mstead of the measurement of peak 
height was confirmed by other contributors to the 
discussion 

The concluding paper on electron capture was given 
by Mr N L Gregory He described a detector to 
which a potential of only 10-20 V was applied and 
which utilized recombination effects to measure 
compounds having an affinity for free electrons It 
was extremely sensitive to halogenated compounds, 
a typical application being to the detection and 
determination of insecticides in foodstuffs Another 
application was to the determunation of tetraethyl 
lead ın gasoline, there bemg no response to the 
hydrocarbons present Apart from halogenated 
compounds, polycyclic aromatic hydrocarbons, un- 
saturated fatty-acid esters and quinones were also 
good electron acceptors The possibility of the 
affinitv of organic compounds for free electrons in 
biochemical processes was mentioned 

Members of the Group were also privileged to view 
apparatus, watch demonstrations, and discuss gas 
chromatographic techniques with workers m various 
departments of the College, and also ın the adjoining 
Nuffield College of Surgical Sciences This was much 
appreciated by those present. 
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C E H KNAPMAN 


INDUSTRIAL TRAINING IN EUROPE 


PEAKERS from Belgium, Holland, Sweden and 
Switzerland jomed colleagues from Britam at the 

annual conference of the British Association for 
Commerical and Industnal Education which was held 
at the University of Nottingham durmg September 
14-16, when an examination was made of education 
and trainmg on the content of Europe, with partı- 
cular reference to the effects of economic integration 
The theme of the conference 1s of special significance 
since free movement of labour among Common 
Market countries may lead to standardization of 
systems of education and tramuing, or at least a 
levelling up of standards 

One common thread ran through all the papers 
—the need to direct more attention to general educa- 
tion in modern schemes of tramung All the countries 
present are now beginning to examine their tramimg 
systems from this point of view 

Among the contributors were Monsieur R Grand- 
bois, inspector-general of the French Mumustry of 
Education, who stated that all differences concerning 
apprenticeships are a consequence of the past They 
are the result of local habits and customs; they 
represent the embodiment of a way of life, the out- 
come of an evolution both social and admmustrative. 
All the similarities are either a consequence of the 
present or a result of the pressure of thmgs to come. 
The various systems of apprenticeship have evolved 
slowly to thei present-day form and crystallized 
behind mnumerable frontiers and in confined sur- 
roundings, but they are now and will henceforth be 
subjected to influences for which barriers and remote- 
ness do not exist It can be assumed that the appren- 
tices of to-morrow will have to be educated m much the 
same way whatever the country to which they belong 

Monsieur G C M Hardebeck, secretary of the 
Bemetal Foundation in Holland, believes that more 


attention must be directed to general education 
because ıt 18 our responsibility not only to give 
young people the necessary technical trammg but 
also to prepare them to live in a democracy 

In his paper, Mr H A Warren, principal of the 
South-East London Technical College, explained how 
in Great Britam at a time m the 1930's, when thou- 
sands of man-hours were being idled awav in un- 
employment, the young apprentice was asked to work 
48 hours a week and in addition, three evenings at 
college and two more on homework A few milion 
pounds extra expenditure on day release at that 
time would have meant that Britain to-day would no 
longer be suffering from a lack of skilled man-power 
Warren suggested that the wholly evening course, 
except for recreation or for advanced refresher course 
studies, 1s as out of date as the steam locomotive ; 
despite this, Britain has the admmustrative arrange- 
ments which, to meet the challenge of the changing 
nature of skill, stand out as far superior to anything 
m continental Europe ‘Nowhere in Western Europe 
is the sandwich course at the CA T [college of ad- 
vanced technology] level and standard growmg to 
full and recognized stature as ıt 1s ın Britain”’ 

The pattern of mdustrial education might have 
been greatly strengthened had the City and Guilds of 
London Institute been entrusted also with the 
General Certificate course at least up to the Ordmary 
Level of the General Certificate of Education 

The British system 1s weak because of its lack of 
incentive Since no end-of-apprenticeship tests are 
insisted on, the studies for apprentices m a technical 
college are voluntary both ın the sense of attendance, 
and in the sense of acquiring a qualification When, 
in addition, httle recognition will accrue in wages or 
promotion, the student not unreasonably asks him- 
self why he 1s pursumg his studies 
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Prof G Dunand of the International Labow Organ- 
ization showed how economic mutual penetration 
has been practised tn Europe on a minor scale for 
centuries For such exchanges ıt was accepted and 
convenient to use maimly one language, Latin, 
and later French, and more recently Enghsh, and also 
German in Eastern Europe The universal use of 
French or English for European relations has, how- 
ever. been mereasingly questioned since language 
has become an essential element of conscious nation- 
hood and indeed nationalism Nowadays, supremacy 
would not readily be granted to the language of any 
one of the great powers, as, for example, English or 
Russian. Hence the multiplication, m particular 
since 1919, of bilingual treat'es and multi-lingual 
international conferences, which have given birth 
to the profession of conference interpreter and to an 
extraordinary development of translation for mter- 
national relations 

From this lustorical review, Dr O G. Pickard, 
principal of the Ealing Technical College and School 
of Art posed the question. “Do we then ask the 
schools to devote less attention to French and take 
up other languages in 1ts place ?” This has been tried, 
durmg the interim period of the two World Wars 
there was a determined attempt to introduce a 
great deal of Spanish to English schools for commercial 
reasons in place of French The immediate result 
of this attempt was to antagonize the teachers of 
French all over Britam, who clearly saw their 
vested interest in the teachmg of this language 
threatened by the proposals to introduce Spanish 1n 
its place 

So far as the schools are concerned, the question 1s 
“whether a third foreign language should find a place 
in the school curriculum so that ıt might be possible 
for school children to learn say, French, German and 
Russian, or French, Spanish and Swedish, as a 
normal practice during their school careers With 
the growing close association between the economy 
of Britain and that of Western Europe, 1t may be 
necessary to do much more language teaching in 
schools than has been the practice hitherto [1n Britam] 


No 4804 


PERUVIAN 


HE appearance of Part 4 of Charles Schwein- 
furth’s Orchids of Peru* marks the completion 
of a task which has nocessitated continuous and 
concentrated research over a period of many years 
At last we now have a, comprehensive modern account 
of the orchids of an Andine country, a region which 
18 not only one of the richest m orchids in the world, 
but which 1s the original home of the parents of many 
of our finest cultivated orchid hybrids This excellent 
account will not only be of service to students or 
visitors wishing to identify Peruvian orchids but will 
also facilitate the study of orchids from the neighbour- 
ing Andine countries of Bolivia, Ecuador and Colom- 
bia which have many species in common with Peru 
This final part contams among others the rmportant 
genera, Odontoglossum, Ma4lton:a and Oncidvum (includ- 
ing Cyrtochilum), the last-named being represented by 
more than 70 species Like the three preceding 


* Chicago Natural History Museum Fieldiana Botany Vol 30, 
No 4 Orchids of Peru By Charles Schweinfurth Pp v--787-1005 
(Chicago, IN  Clucago Natural History Museum, 1961) 4 50 dollars 
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This in turn may lead to a lengthening of the secon- 
dary school course as happened on the Continent 
where 1t 1s unusual for the secondary school course for 
the grammar school stream to finish before 19 or 20 
years of age". Neither the schools nor the Mmistry 
of Education have taken kindly to this particular 
view The place for teaching the less common 
languages mav be in further education 

Dr M B Brodie of the Administrative Staff 
College. Henley, and Dr. Walter Goldberg of the 
Gothenburg School of Busmess Administration, 
Sweden, were both concerned with managemont 
development Brodie stated that businesses which 
expand and grow more complex in character require 
relatively more managers While quantitative 
estimates must be cautious, since they are likely to 
transpose present-day notions and assumptions too 
readily to the future, one estimate which attempts to 
allow for qualitative changes suggests an increase 
of about 50 per cent in the number of executives 
needed over the next ten years 

Throughout Europe, the shortage of staff of calibre 
for teaching and for research 1n managment 1s wide- 
spread and serious Weakness on the staff side 
cannot but jeopardize the whole quality and charac- 
ter of any programme “The limitations of educational 
ventures run with second-rate staff are too manifold 
to need enumerating ” 

Dr Goldberg gave details of mmportant Swedish 
developments ın the field of management education. 
In 1957, for example, an mvestigation showed that 
the relative number of academically trained top-level 
managers since 1944 had increased from 58 5 to 84 5 
per cent in industry, and from 43 to 545 per cent 
in other enterprises Sweden proposes to increase its 
intake of students in business schools to 700 in 1970— 
more than double the 1955 figures of 325 

All the papers have been brought together in a 
publication, Continental Comparisons, which can be 
obtamed from the British Association for Commercial 
and Industrial Education, Publications Depaı tment, 
26a Buckmgham Palace Road, London. S W 1, price 
10s 


ORCHIDS 


parts, Part 4 1s well illustrated, containing thirty- 
three charming lme drawings and one half-tone 
plate of representatives of all the more important 
genera, thus bringing the number of illustrations in 
the whole work to 194 Of special interest are the 
three pictures of the remarkable alpme genus Tel- 
pogon most members of which are found only above 
2,000 m altitude 

Closer examination of the text m all these parts 
shows, however, how much more collecting 1s neces- 
sary in Peru before a really satisfactory final account 
of its orchid flora can be prepared The author has 
in many cases not seen any specimens of the species 
dealt with, having had to be satisfied with desorip- 
tions or photographs of the origmalspecrmens scattered 
in various herbaria Here then is an evident field for 
future work, since 1b cannot be doubted that with 
really good field collections available many of the 
outstanding problems could be solved and & more 
complete account given even of those species which are 
comparatively well known V S SuwMERHAYES 
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AGE OF THE BASALT FLOW AT OLDUVAI, EAST AFRICA 
By Pror G. H. R. von KOENIGSWALD 


Geological Institute, State University of Utrecht 
AND 


Pror W GENTNER and H. J. LIPPOLT 
Max-Planck-Institut fur Kernphysik, Heldelberg 


HE site of Olduvai ın Tanganyika, East Africa, 

18 known all over the world because of 1ts remains 
of early man, the sequence of human industries and 
rich associated fauna, and we are all greatly impressed. 
by the research, performed under difficult conditions, 
by Dr and Mrs Leakey Four different beds have 
been distinguished Bed I ıs underlam by a massive 
flow of basalt, and it should be possible to obtain 
here an age determination by means of the potassrum- 
argon method We are greatly indebted to Mr S E 
Ellis of the Mimeralogical Department of the 
British Museum (Natural History), who kindly gave 
us a rock specimen for that purpose (BM 1947/211- 
collected by K P. Oakley) This sample 1s called here 
OI As many mplements at Olduvai are executed 
m basalt, we used two pebble tools from Bed I (col- 
lected by v Koenigswald, 1951), 1n order to t1y to get 
information for Bed I, these are the samples O II 
and O III 


Table 1 Sis gabe gh ARGON AGES OF BASALT SAMPLES FROM OLDUVAI 


Ag = 474 x 102? a3, ay = 068 x 10-1? qa- 
Ar Aet Age with 
Sample Weight 40 4 potassnim- 
(gm ) (107 = (percent) (per cent) argon 
c c [gm ) (10* a) 
OI 0 62 0 58 88 6 
0 51 0 60 879 113 13:01 
051 0 57 90 6 
O II 0 51 191 70 9 
071 1 93 69 6 217 225 +016 
0 51 194 724 
O III 0 52 0 93 898 
60 0 86 893 1607 14401 
0 61 0 96 88 0 
0 69 0 92 87 9 


If we try to establish the age of Bed I with the help 
of the fauna, we find that Elephas planifrons and 
Stegodon, typical for the Villafranchian of Africa, are 
missing. There are many archaic types still present 
such as Dinotherrzum and Mastodon, but the dominant 
species among the elephants ıs Elephas recki, repre- 
senting the same evolutionary stage as Elephas 
antıquus m Europe Beds I and Il have many species 
m common which do not occur higher up According 
to Hopwood ın ref 1: “There is no faunistic evidence 
to suggest that the lower part of the Olduvai series 
18 of Lower Pleistocene age". Leakey expressed the 
opinion that Olduvai "extends from the beginnmg 
of the Mindel to the very end of the Riss glaciation”’ 
(ref 1, p 160) After the discovery of Zinjanthropus, 
however, Leakey included Bed I in the Lower 
Pleistocene, the Villafranchian Considering the 
various views expressed without further discussion 
we expect that Bed I has an age of 0 4-0 8m yr (ref 2) 
and 0 1-0 8 m yr (ref 3) respectively 

The basalt bed, however, has a considerably higher 
age determined by using potassium-argon. The 
analysis has been carried out on stony material 
reduced to small pieces. The average diameter of the 
fragments of the rocks was about 08 mm, which 
guarantees sufficient homogeneity 


The basalt below Bed I has an age (determmed using 
potassium-argon) of about 1 3m yr The pebble tools 
from Bed I are not younger but older, and therefore 
not suitable for our purpose ‘The age of O III, 
however, 18 only a little higher than that for O I 
and might be regarded as confirming the figures for 
OI 

We see that the age determined with potassium- 
argon 1s about 0 5 m yr higher than we had expected 
them to be There are three possibilities for this 
(a) The age determined with potassrum-argon 1s too 
high, because the amount of argon-40 (rad) 1s accumu- 
lated by mherited argon This cause can only be 
excluded by further work on distant samples (b) The 
sedimentation at Olduvai did not start directly after 
the formation of the basalt flow but considerably 
later (c) Bed I has an age of about 1:0 m yr and 
the former estimates were not correct 

It 18 not easy to say which of the three alternatives 
may give us the right solution Adopting the last 
suggestion we would be forced to revise considerably 
our ideas about the duration of the Pleistocene, which 
might be necessary, but should only be done 1f more 
age determinations of Pliocene and Villafranchian 
rocks are available Therefore, it seems likely to 
us for the time being that a time-interval does exist 
between the basalt and the formation of Bed I 

Just after Gentner and Lippolt had finished their 
report on these measurements, an article was pub- 
lished by Leakey et al‘ on the age of Bed I at 
Olduva: Their figures, based on biotite, oligoclase 
and anorthoclase crystals from various tuffaceous 
intercalation are higher (16-19 m yr) than ours, 
though their samples are geologically younger We 
thus wonder where this discrepancy comes from 

We can exclude that this 1s conditioned by the 
technique of measuring, since we are m good agree- 
ment with the age determination of a late Trinil 
basalt from Java measured by Evernden e£ al, 
Both laboratories obtained an age of 05 m yr for 
this sample, which may be used to date the Prthecan- 
thiopus erectus 

Thus the difficulty comes from the sample itself 
In connexion with another problem, we investigated 
different Pleistocene samples (biotite and sanidine) 
originating from tuffs and found that their 
ages, determined with potassium-argon, do not 
necessarily have to agree with the geological sequence, 
but may be too high because of mherited argon 
There 18 every appearance that this error may be 
present just in tuff minerals of low ages 

Furthermore, we have some sedimentological and 
palzontological questions concerning an extended 
time-scale 

For the top of Bed I the average age is given as 
1 23 m yr, for the lower part as 175 m yr Conse- 
quently, the total of Bed I should have been formed 
during & period of (at least) 050 m.yr. One might 
expect that such a long period should be subdivided 
by fauna, sedimentation, dry and wet periods, 
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industry; nothing of that kind has been observed 
Bed I is about 30 m thick, which would mean an 
average rate of sedimentation as low as 006 mm 
per year Where are the sediments to support this ? 
By such a slow rate of sedimentation every bone 
would completely disintegrate before it would have a 
chance to survive as a fossil, but Bed I contains a rich 
fauna. Certain places might have been temporarily 
dry, to allow occupation sites, but no soil horizons 
have been formed or marked disconformities 
Does not the preservation of the bones and the 
general unity of fauna and industry through the 
whole of Bed I give the impression of a ‘normal’ 
sedimentation ? 

Perhaps there ıs a marked time-interval between 
Bed I and Bed II If we look at this new time scale, 
the top of Bed I ıs estimated to be 1 23 m yr old 
According to the same authors a post-Chellean IT 
tuff in Bed IT has yielded a date of 0 36 m yr If we 
estimate the bottom of Bed II to be 0 50 m yr. old, 
the supported interval would last nearly 075 m yr 
Here again we might ask why the faune of Beds I and 
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II are roughly the same, having m common even 
archaic types of elephants, and why both beds, 
possessing the same grey colour, seem to rest con- 
formably on each other Where are the soils or 
zones of weathering which would certainly have been 
formed during this considerable interval of time and 
should separate the beds ? 

As the lower part of Bed I 1s said to have an age ot 
175m yr the whole Pleistocene Period would have 
lasted well over 2 00 m yr This 18 more than double 
of what we, cautiously and with good reasons, have 
estimated 

Having considered the many unanswered sediment- 
ological and paleontological questions which make 
Olduvai a difficult test case, we prefer, as stated 
here to be cautious until more dates for the lower 
Pleistocene are available 


1 Leakey, L 8 B , Olduvat Gorge (Cambridge Univ Press, 1951) 

*Zeuner, F E, The Plewstocene Period (Hutchinson, 1959) 

* Emiliani C , Mayeda, T , and Selli, R , Bull Geol Soc Amer , 72, 5, 
679 (1961) 

t Leakey, L 8 B, Evernden, J F, and Curtis, G H , Nature, 191, 
479 (1961) 


THROMBOCYTOSIS EVOKED BY EXERCISE 


By H. S. S. SARAJAS 


Institute of Physiology, University of Helsinki 


HE mechanism(s) responsible for the rapid, 

over-all inerease m hemostatic activity im 
association with physical, emotional and other stress 
situations!-* has not been ascertained? Admittedly, 
the plasma fibrinogen content has been said to be 
elevated in such circumstances’, but judgmg from 
Selye’s survey? this response generally takes several 
days to reach maximum This 1s in accordance with 
later work by Rizza*, who found that acute exercise 
in human subjects does not raise the plasma-levels 
of fibrinogen, prothrombin, Christmas factor or 
Factor V However, m the two normal subjects 
exammed, Rizza observed some increase in the 
activity of the antihemophilic globulm and was 
inehned to believe that the hypercoagulability associ- 
ated with exercise might possibly be traced to this 
change Similar increase m the activity of the anti- 
hemophiulic globulin has been found after adrenaline 
infusions® On the other hand, ıt has been mentioned 
that the platelet count 1s also increased ın stressful 
situations’, but according to the evidence given by 
Selye? this response 1s not wholly consistent While 
moderate, short-term exercise has been found to raise 
the platelet count’ ®, 1t appears that following pro- 
longed? as well as brief, strenuous exercise! no 
appreciable changes occur in the platelet count 
Gerheim and Miller! expressed the opinion that “‘the 
greatly mereased circulation velocity during exercise 
may destroy enough platelets to mask a moderate 
mcrease m numbers" 

It seems possible, then, that the hypercoagulability 
associated with exercise and related conditions 1s 
ascribable to thrombocytosis rather than to any 
increase in the levels of the coagulation factors m 
the plasma At all events, however, the question 
remains what 1s the ultimate mechanism of the 
thrombocytosis that seems to prevail in stressful 
situations It has been conjectured that the leuco- 
cytosis known to accompany exercise and related 
conditions 1s effected mainly by the concomitant 
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increase m eirreulation!?-4 Conversely, the reversible 
hypothermic leucopsnig (associated with thrombo- 
cytopsenig and bleeding tendencies) has been traced 
to the reversibly retarded circulation inherent in 
hypothermia!5 To our knowledge, nevertheless, no 
attempts have been made to substantiate or quanti- 
tate the possible role of the hemodynamic changes m 
the establishment of these corpuscular blood changes. 
Hence, we have examined the relevant hematological 
changes in human subjects undergomg graded mus- 
cular exercise as well as the relation of the changes 
to those in cardiac output and allied parameters 

The counts of erythrocytes, leucocytes and throm- 
bocytes (Fonio's method , counted per 2,000 red cells), 
including the hematocrit readings, were determuned 
from the capillary blood and, ın a part of the tests, 
also from the venous blood For work-loading, a 
bicycle ergometer and marching were employed. 
The cardiac output was determmed by using the dye- 
dilution technique, and from the dilution curves 
mean circulation time was reckoned From the 
circulation time, agam, ‘relative circulation velocity” 
was derived (1nverse value of the circulation time) 

The results obtamed, with special reference to tho 
platelet and circulatory changes, may be outlined as 
follows 

In the eight subjects studied, hght muscular 
exercise lasting for some 10 mun and capable of 
raising the cardiac output by 50-200 per cent resulted 
im an appreciable and consistent rise of the platelet 
count m the capillary blood. The figures obtained 
before and immediately after the exercise wore 
123,000—243,000 per mm ? and 168,000—270,000 per 
mm ?, respectively The percentage increments were 
9-37, and the greatest numerical increment recorded 
amounted to 58,000 per mm? The platelet count in 
the venous blood showed a comparable mcrement, 
even if the figures were somewhat higher throughout 
The ‘relative circulation velocity’, derived from the 
mean circulation time, was in all cases mcreased in 
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direct proportion to the increments in the cardiac 
output Of special mterest 1s the observation that 
the mcrements in the platelet count and in these two 
circulatory parameters were fairly commensurate 

More strenuous exercise of about 18 min duration 
(testing the physical working capacity by Sjóstrand's 
method) in the same subjects yielded a mure 
pronounced increase of the platelet count m the 
capillary blood, the resting values were 138,000- 
291,000 per mm, whereas after the work-load 
was imposed the figures were 210.000-348,000 
per mm.3 The highest numerical increment was 
107,000 per mm ?, and the percentage increments 
varied from 17 to 60 The recovery studies performed 
in this group of tests revealed that after 15 min rest 
the platelet count had actually returned to the pre- 
exercise level (113,000-261,000 per mm °) 

Ten miles marching within some 90 min resulted in 
considerably different changes In the ten subjects 
studied there were no marked alterations in the 
platelet count ın the capillary blood, m eight ind1- 
viduals the platelet count showed mcrements of 2-22 
per cent, whereas in two mstances the count tended to 
decrease (4 and 8 per cent) After a 90-min recovery 
period the platelet count remaimed substantially 
unaltered ın most mstances. Yet, ın three cases 1b was 
found to be increased no matter what the response 
to the work-load was 

In this connexion ıt may be mentioned that the 
changes m the leucocyte count after these different 
work-loads and recovery periods were the same in 
direction as, but usually relatively greater than, 
those ın the platelet count There was a good 
correlation between the increments in the leucocyte 
count and those m the changes m circulation exam- 
med The hematocrit values usually rose but only 
shghtly, the greatest mcrease encountered was 55 
vol per cont The small degree of hemoconcentra- 
tion indicates that the increased counts of platelets 
and leucocytes cannot be accounted for by the con- 
current hemoconcentration 

These preliminary results suggested the tentative 
conclusion that the leucocytosis and even throm bo- 
eytosis that accompany at least light and moderate 
short-term exercise are actually effected by the con- 
comitantly accelerated circulation The source of the 
leucocytes and platelets which appear to be released 
into the circulation may be the pulmonary vascular 
bed, particularly 1ts venous side, which 1s known to 
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remove and discharge leucocvtes!?/!9 and platelets!’ on 
changing eireulutory conditions. But also, similar 
release may occur 1n the peripheral vascular compart- 
ments in general, as suggested by the biomicroscopic 
observations on the microcirculation m hypothermic 
subjects (cf Sarajas!5) Moreover, since the work-of 
Eberth and Schimmelbusch, ıb 1s known that on accel- 
eration of circulation leucocytes and platelets enter 
into the axial flow ın increasing numbers (cf Koller’) 
Especially durmg prolonged and brief, strenuous 
exercise other factors, such as an altered fragıhty 
and adhesiveness of these cellular blood elements, 
may come into play, and this would explain the 
slight and inconsistent leucocyte and, platelet changes 
encountered ın our marching tests 

The clear-cut and consistent rise in the platelet 
count, as observed 1n the present tests with light and 
moderate exercise of short duration, makes 1t evident 
that the hypercoagulability im association with 
exercise!i-? ıs possibly related to a thrombocytosis 
and that this thrombocytosis 1s occasioned by the 
concomitant circulatory activation The same 
mechanisms may be responsible also for the hyper- 
coagulabihty said to accompany other stressful 
sibuations?-1 

Finally, the question arises whether the thrombo- 
cytosis and hypercoagulability of this origin operates 
particularly in the establishment of coronary throm- 
bosis, which 18 known to be precipitated by states of 
emotional and physical stress 
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MODIFIED CUVETTES FOR PHOTOELECTRIC SPECTROPHOTOMETRY 
By Dk MALCOLM H. SMITH* 


John Harrison Laboratory of Chemistry, University of Pennsylvania, Philadelphia 


ITH the development of photoelectric spectro- 

scopy to the point where even colormetric 
techniques come closer and closer to being true 
spectrophotometry, the conventional vessel in which 
most solution measurements are made, and to which 
most optical coefficients are referred, has become the 
optical cuvette with 10 mm light path It 1s the 
purpose of this article to report a new approach to 
the problem of making spectral observations over an 
extended wave-length range, with convenience and 
accuracy, using modified cuvettes of this type The 
discussion 18 centred around the use of hemoproteim 


* Present address Molteno Institute, Downing Street, Cambridge, 
England 


solutions, for the analyses of which this technique 
was evolved It is stressed, however, that the 
principle is of the widest application and may be 
used over the whole of the spectrum wherever 
solutions are to be examined, whenever the solution 
would normally have to be diluted at some stage of 
the spectral exammation 

]t is often possible to arrange to dilute a solution 
so that it gives a conveniently measurable optical 
density over the whole of the wave-length range to be 
studied There are occasions when this 18 not feasible, 
however For example, many hxzemoproteins (other 
than cytochromes) have relative extinctions at the 
ultra-violet, near ultra-violet, visible, and near mfra- 
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«— Reservoir 
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<- Optical cuvette 


Fig 1 General purpose cell Optical path in plane of paper 


red maxima of roughly 30, 100, 10 and 1, a range 
which 1s too great for the spectrophotometer to cover 
with accuracy, and certamly not with suitable clarity 
m the overall spectrum The desired result can only 
be obtamed by starting with a solution which is of 
sufficient strength to resolve adequately the lowest 
peaks of the spectrum, and then reducing the optical 
density m order to resolve peaks which would other- 
wise be too intense This may be done in only one of 
two ways by diluting the solution (assuming that 16 
still obeys Beer’s law), or by reducing the optical 
path of the original solution. 

Dilution, as a routine answer, may be criticized on 
numerous grounds Beer’s law may not be obeyed 
by the solution; the process of dilution is tıme- 
consuming and mconvenient, mere duution may 
upset equilibria in the expermmental solution so that 
a special dilution medium may have to be prepared, 
dilution may 1n itself be undesirable where only small 
volumes of material are available to start with 
There remains the possibility of a mechanical reduc- 
tion of the optical path of the starting solution 
Three methods are available 

(1) The use of an adjustable cell These are expen- 
sive, need relatively large volumes of solution as 
compared with the standard cuvette, and must be 
provided with a reservoir to take the overflow when 
the path-length 1s reduced In addition, they are 
difficult to rinse adequately, and once rinsed they 
are difficult to dry adequately 

(2) The use of a second cell with a shorter path-length, 
for example, a 1-mm cell This ıs certamly much 
more satisfactory than (1) There are stil dıs- 
advantages, however In the first place, with cells as 
narrow as 1 mm, capillary effects make emptying 
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and filing the cell rather a problem This means 
using a hypodermic syringe to get the solution m 
and out of the cell This is reasonably satisfactory, 
but the very fact that a second cell ıs employed more 
than doubles the actual manual operations mvolved 

(3) The use of a block of surtable material, for 
exemple, silica, inserted «nto the cell In this case, 
the cell has to be partly emptied before mserting the 
spacer or else there ıs an overflow | Furthermore, the 
amount of fluid to remain 18 rather critical, both to 
avoid overflow and to provide sufficient depth of 
fluid to cover the hght beam 

It might seem that, as between (2) and (3), (2) 1s 
the more satisfactory Nevertheless, ıt was felt that 
in principle (3) was the right approach, and steps 
were therefore taken to remove the disadvantages 
mentioned above The devices which evolved enable 
rapid and convenient scanning of extended wave- 
length ranges without the necessity of diluting the 
solutions, or even of removing them from the cuvette 
The descriptions are of actual models which have 
been ın use for more than a year Possible modifica- 
tions suggested by this experience are noted where 
appropriate 


(a) General Purpose Cell 


This 18 the standard cuvette modified to permit the 
rapid, msertion of a spacer without overflow, and 1s 
made by fusmg a reservoir on to the end of the cuvette, 
as shown ın Fig 1. The exact dimensions of the 
reservoir may vary with the design of the spectro- 
photometer, and any optically suitable material may 
be employed for the cell as a whole, namely, ‘Pyrex’, 
silica, ‘Perspex’, etc The prototype, intended for 
use with the Beckman DK-1 recording spectro- 


set 


Fig 2 Gas-tight cell Optical path at right angles to plane of 
paper 
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photometer, was of ‘Pyrex’ glass and had a reservoir 
which was squared-off parallel to the sides of the 
cuvette The reservoir would take up about 2 ml of 
flud A later model of silica has a reservoir of 
greater cross-sectional area which will take up a full 
For these cells a silica spacer of the conven- 
tional type, that 1s, a block of silica 9 x 9 x 45mm, 
was adapted by addmg a cap of ‘Teflon’ to 
provide a handle for withdrawing the spacer- though, 
again, any optically suitable material may be utilized 
This was done by making a tight push-fit with the 
spacer into a piece of ‘Teflon’ tubing of the appropriate 
(It may be noted m passing that 
the complete unit 18 very similar m principle and in 
form to the cups used in eolorimeters of the Klett 


4 ml 


internal diameter 


type ) 


(b) A Gas-tight Cell 


The idea of attaching an optical cuvette to a gas 
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that the shaft could be raised or lowered easily, and 
yet would not move from the set position even with an 
internal vacuum 

If only the vacuum from a water pump 18 employed. 
the ‘Teflon’ stopcock and the rubber O-rings will 
maintain the desired gas pressure for a considerable 
time Hence, one can avoid the use of sealing 
grease, thereby eliminating possible contamination of 
the solution, and making for quieker and easier 
cleaning In principle, one should be able to use the 
cell at much lower pressures, at least down to 0 1 mm. 
of mercury, but 1t does not seem possible to quote a 
lower limit at present owing to individual variations 
among ‘Teflon’ stopcocks 

With the complete cell one can, for example, 
determine the spectrum of oxyhemoglobin from 
350 to 700 my 1n one operation, followed immediately 
by the spectrum of deoxygenated hemoglobin over 
the same range, produced by adding a little sodium 
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reservoir, or tonometer, for observing reactions with dithionite from the side-arm Both spectra can be 


gas mixtures goes back at least to 
Conant’s work! in the late 1920’s 
Since then, the use of a Thunberg 
tube with a sealed-on cuvette has 
become standard, since this enables 
further reagents to be added during 
the course of the experiment if 
necessary. The most sophisticated 
designs of this type appear to be 
those of Kein and Wang? and of 
Rossi-Fanelh and Antonin’, which 
meorporate a mobile spacer The 
spacer, however, 18 not readily 
controllable from the outside, 
particularly once the unit i8 m 
suu m the  spectrophotometer 
The device described here incor- 
porates a spacer which may be 
raised or lowered at will from the 
outside It consists (Fig 2) of a 
standard ‘Pyrex’ cuvette to which 
1s sealed a glass bulb of about 70 
ml internal volume A side-arm 
bulb of about 2 ml volume ıs 
provided for adding further re- 
agents, and a two-way “Teflon’ tap 
controls filing and evacuation of 
the whole unit À standard spacer 
of the type mentioned above was 
pushed into a length of ‘Teflon’ 
tubing suspended from s cross- 
piece at the bottom of a stainless 
steel shaft. The “Teflon’ was free 
to swing on the cross-piece and this 
provided the slight amount of play 
necessary to ensure that the spacer 
never became jammed ın the 
cuvette through error in the align- 
ment of the spacer assembly ‘The 
stainless steel shaft passed through 
an ‘Asco’ gland (A F Smith Co, 
Rochester, NY) fitting into a 
standard ground glass jomt at the 
top of the reservo The ‘Asco’ 
gland 18 & ‘Teflon’ stopper which 
forms a gas-tight seal, outside and 
mside, by means of rubber O-rings 
The inner O-ring may be tightened 
against the shaft by means of an 
adjusting device The pressure 
on this O-rmg was so arranged 
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Fig 3 Traces obtained using the general purpose cell in conjunction with a recording 

spectrophotometer Spacer inserted at about 460 mæ m each case Ordinates optical 

density Abscisse wave-length in mz (1) Human oxyhemoglobin, (2) acid met- 

hemoglobin from (1) + solid potassium ferricyanide, (3) nitrite methemoglobin from 
(2) + sohd sodium nitrite 
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taken under nitrogen, so reducing the hability of 
oxidation, and this can be replaced by carbon 
monoxide to give the carbon monoxide~hemoglobin 
spectrum without disturbing the solution The same 
sequence of operations would be considerably longer 
and more cumbersome to carry out by the usual 
procedures, and there would be much greater risk of 
artefacts due to the presence of oxygen and the 
mechanical agitation involved 


No 4804 


Practical Points 


With both types of cuvette, the use of standard 
spacers, rather than spacers designed specifically for 
the purpose, meant that the rise and fall of the spacer 
had to be carefully checked to ensure that 1b would 
enter and leave the hght beam completely This was 
done by moving the spacer slowly into the light beam 
and. observing the resultant optical density changes 
The hmz:its of the beam can be very accurately noted 
in this way, and were recorded for further work by 
marking the cuvettes themselves Also as a result 
of using standard spacers, in both cells the spacer 
would no longer go to the bottom of the cuvette and 
a minimum volume of 2 5 ml of solution was required 
Ideally, one would use longer than normal spacers, 
which would obviate the need for an added ‘handle , 
and would make possible the use of the cells with very 
small volumes, that is, & minimum of about 1 ml of 
fluid if the cells were raised relative to the lght 
beam 

Fig 3 shows an actual unretouched trace which 
demonstrates the capabilities of this technique when 
used in conjunction with a recording spectrophoto- 
meter Three successive spectra were recorded 
oxyhemoglobin, methemoglobm formed by the 
addition of a little sohd potassium ferricyanide, 
and mitrite methemoglobin formed by the further 
addition of a httle solid sodium nitrite The traces 
were recorded, using the standard cuvette in a Beck- 
man DK-1 recording spectrophotometer At the 
pomt where the optical density was rising sharply m 
the region of 460 mu the cell compartment cover was 
quickly removed and the spacer inserted, the cover 
then bemg replaced The very smooth transition, 
and the ease with which the complete spectrum may 
be visualized, should be especially noted Similar 
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results were obtained with the gas-tight cell, save 
that ıt was unnecessary to move the cell compartment 
cover The exact procedure to be adopted when 
inserting the spacer will depend on the mstrument 
being used, and its position in relation to outside light 
sources With the DK-1, as used in this work, it was 
possible to have the compartment cover partly open 
the whole time without being able to detect stray 
hght in the machine In less-favourable situations, 
the cell could easily be handled through a black eloth, 
or placed under a hght-tight box standing over the 
cell compartment 

Both cells have been in fairly continual use for 
about a year without showmg any signs of scratchmg 
to either cuvettes or spacers — Neither has there been 
the slightest difficulty with bubbles adhering to the 
optical faces In the orginal gas-tight cell, the ‘Asco’ 
gland used was a size 24/40 with 6-mm bore and 
standard taper, the smallest then available A 10/30 
gland with standard taper and 6-mm. bore is now 
available, and this is a most convenient size Apart 
from this, two immediato modifications, m prineiple 
rather than design, have been suggested m use The 
primary one 1s that the useful range of the cells 
would be enormously extended in both the ultra-violet 
and mfra-red regions if silica cuvettes were employed 
Qn conjunction with silica spacers) There is no 
serious difficulty 1n doing this, and a standard general 
purpose cell has already been constructed in this 
material Secondly, the usefulness of the cells could 
be further extended by the provision of spacers with 
9 mm optical path m one direction, and 8 mm 
optical path at right angles In the case of the 
hemoproteins mentioned here, the 8-mm spacing 
would enable one to examine the protein band around 
280 my at a more suitable optical density in a con- 
tinuous sean from 700 my down to 220 my 

The devices described here were developed and 
constructed durmg tenure of National Science 
Foundation grant G 7657 and US Public Health 
Service grant A 3187 (C3), and ıb ıs a particular 
pleasure to acknowledge the interest and encourage- 
ment of Prof Philip George 
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EVIDENCE FOR THE PHOTO-ASSOCIATION OF AROMATIC 


HYDROCARBONS 
By Dr. B 


IN FLUID MEDIA" 
STEVENS 


Department of Chemistry, University of Sheffield 


HE pattern of smglet and triplet z-electron 

energy stages of an aromatic molecule A (1%) 
shown in Fig 1b closely follows that for an atom 
with ground state 48 A logical development of this 
pattern should lead us to expect the existence of 
an electronically excited dimeric state A.* in fluid 
media (Fig 15), corresponding to the stable excited 
diatomic molecule formed collisionally from excited 
and unexcited atoms of an inert gas’, for example 


He* + He — He,* — He + He + hy (continuum) 


* Presented at the Fifth European Symposium on Molecular Spec- 
troscopy, Amsterdam May 1961 


(the asterisk denotes electronic excitation) More- 
over, the radiative relaxation of the photo-associated 
species A,* to a dissociated ground state (process 
4 of Fig 1), lke that of its diatomic counterpart, 
should be accompanied by a structureless emission at 
longer wave-lengths than the corresponding molecular 
fluorescence, whereas the reverse process of absorp- 
tion. will be limited by the extent to which association 
occurs in the ground state 

Such an emission was first reported by Förster and 
Kasper? as a broad, blue, structureless band, which 
replaces the violet, structured fluorescence of dissolved 
pyrene as its concentration 18 increased No cryo- 
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Fig 1 Electronic energy-levels of aromatic hydrocarbon A in 
monomeric (a) and dimeric (b) forms Radiative and non-radiative 
transitions are indicated by solid and dashed lines, respectively 


scopic evidence was obtained for the association of 
unexcited molecules even m the most concentrated 
solutions and the molecular absorption spectrum 
remains unchanged over the range of concentrations 
investigated Simce the absorbmg species 1s mono- 
meric the operative processes may be represented by 
the scheme 


1 3 4 
A + hy— A* + A— A.* — (A5) + Av (blue) 
l2 (structureless) 
A + hy (violet) 
(structured) 


where the asteiisk denotes an electronically excited 
state and the processes are numbered according to 
Fig 1 The rate constant? for process 4 is ~ 109 
sec ~! although a small component of the blue emission 
with a lifetime of ~ 10-3? sec has been observed in 
degassed solutions’ 3,4-Benzpyrene' and a few other 
pyrene derivatives? show a similar effect to a smaller 
extent 

If the absence of dimer emission 1n other aromatic 
systems 18 due to the relatively high probabuity of 


Table 1 EVIDENCE FOR EXCIMER FORMATION IN AROMATIO HYDRO- 
CARBONS 
Sensitized 
Delayed delayed 
Molecule Emission fluor- Self- fluor- 
(process 4) — escence quenching escence 
(process 5) (process 6) (process 7) 
Benzene No Yes 
(ref 2) (ref 10) 
Naphthalene es 
(ref 10) 
Anthracene No Yes Yes 
(ref 2) (refs 7,8) (refs 10,16) 
Phenanthrene No Yes 
(ref 14) (ref 14) 
Fluorene Aes 
(ref 7) 
Carbazole Yes 
(ref 7) 
Naphthacene No Yes 
(ref 8) (ref 11) 
Pyrene Yes Yes Yes 
(ref 2) (ref 6) (ref 8) 
3,4-Benzpyrene Yes 
(ref 5) 
Perylene Yes Yes 
(ref 6) (ref 15) 
1,12-Benzperylene Yes 
(ref 8) 
Coronene Yes 
(refs 12,15) 
Anthanthrene Yes 
(ref 8) 
9,10-Diphenyl- 
anthracene No No No 
(ref 8) (ref 8) (refs 13,15) 
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competing processes, the evidence for photo-associa- 
tion must be based on these processes which include 

(a) dissociation (process 5) proposed? to account for 
delayed fluorescence observed in the vapours of a 
number of aromatic compounds recorded m Table 1 


A*t > A* +A (5) 
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In each case the spectrum of delayed fluorescence 18 
identical with that of the molecular fluorescence 
origmating from the lowest excited molecular singlet 
state A *, but the lifetime 1s about 10-3 sec , the ratio 
of delayed to total fluorescence intensities increases 
with the pressure of the vapour, and the small 
temperature dependence of the delayed component 
hfetime ıs incompatible with a mechanism in which 
the fluorescent state ıs thermally re-populated from 
the lowest triplet level The absence of dimer emission 
under these conditions indicates that its radiative 
hfetime 1s at least 10-? sec and 1s probably at least 
ten times longer A simular effect reported by 
Kautsky? in 1935 for very dilute solutions of a number 
of dyes, hamatoporphyrin and chlorophyll, was inter- 
preted in the same way 

Since process 5 requires an activation energy, 1b 18 
less predominant at room temperatures than. 

(b) internal conversion (process 6) which leads to 


4A,* — (A) > A +A (6) 


the overall self-quenching of fluorescence ın solution? 
exhibited by several of the aromatic hydrocarbons 
listed in Table 1 In the vapour phase process 5 1s 
dominant in the majority of cases investigated under 
the conditions of observation, however, a quantitative 
treatment! of the simultaneous self-quenching and 
delayed fluorescence observed in anthracene vapour 
has shown that processes 5 and 6 are mutually com- 
petitive, which suggests that photo-association 1s an 
essential step in the self-quenching mechanism A 
value of 76 kcal/mole obtaimed!? for E,-E,, the 
difference ın activation energies of processes 5 and 6, 
provides a lower limit to the heat of photo-association 
m this case, and since the rate constant for process 
6 ıs ~ 10? sec — at 220° C (ref 13), the excited 
dimeric state of anthracene should have a lifetime of 
at least 10-3 sec with respect to internal conversion 
in solution at room temperature The remarkable 
duration of this electronically exeited. species should 
promote 

(c) efficient energy transfer to an acceptor B 
(process 7) 


A,* + B— (4) + B* (7) 


which has been proposed to account for the identity 
of the anthracene vapour fluorescence spectrum and 
the delayed fluorescence spectrum of phenanthrene 
vapour containmg not more than 10-4 mm (about 
10-8 mole/l) of anthracene If the lifetime of 
phenanthrene in its photo-associated state 1s z 10-3 
sec, this concentration of anthracene acceptor 18 
sufficient to account for the effect observed, which 
provides an upper limit of 5 4 keal /mole for the heat 
of formation of the phenanthrene dimer Further- 
more, the efficiency of process 7 in this case 18 con- 
sistent with the conservation of overall spin angular 
momentum which 1s only possible if the photo- 
associated donor 1s in a singlet state The pyrene- 
sensitized delayed fluorescence of naphthacene vapour 
present 1n trace quantities requires a similar interpre- 
tation? since delayed fluorescence has not been 
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observed from naphthacene vapour alone where 
self-quenching 1s extremely efficient! In this case 
the difference in energies of pyrene and naphthacene 
molecules in their lowest excited singlet states pro- 
vides an upper limit of 15 2 kcal /mole for the heat of 
photo-association of pyrene 

If these competing processes are acceptable criteria 
for the formation of an excited dimeric species by the 
collisional process 3, the failure of 9,10-diphenyl- 
anthracene to exhibit either delayed fluorescence in 
the vapour phase? or self-quenching 1n solution!* sug- 
gests that the photo-association of this non-planar 
molecule ıs sterically hindered However, the 
observations listed m Table 1 indicate that the 
photo-association of planar aromatic molecules 1s of 
general occurrence, and, despite the absence of direct 
evidence ın the majority of cases, 15 must be concluded 
that in fluid media the stable form of planar aromatic 
molecules in their excited singlet states 1s dimeric 
The term ‘excimer’ has been proposed! to distmguish 
this state from the excited dimer of certain dyes which 
13 produced by absorption from a stable dimeric 
ground state!® and which has the quite different 
properties shown in Table 2 Excimer formation, 
like triplet state population, 1s not necessarily limited 
to aromatic systems 


Table 2 PROPERTIES OF EXCIMER AND EXCITED DIMER 


Excımer Excited dimer 
Ground state dissociated stable at room temperature 
Dimerization follows act of hight precedes act of light absorp- 
absorption tion 
Radiative forbidden allowed * 
relaxation 
Corresponding not observed increases with concentration 
absorption 


* According to intensity of corresponding absorption (ref 16) 


Although photo-association appears to be of general 
occurrence unless sterically hmdered, the intermole- 
cular binding forces will depend on the electronic 
properties of the molecules involved and may be of 
less general origin A resonance splitting of the two- 
fold degenerate electronic levels of identical molecules 
m a parallel sandwich configuration has been treated 
by Ho1jtink!’, who concludes that the stable state 1s a 
singlet with an energy some tenths of an electron-volt 
below that of the corresponding state of the monomer, 
and that owing to 1ts centre of symmetry the radiative 
relaxation to a dissociated ground state is orbitally 
forbidden, these conclusions are in qualitative agree- 
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ment wth the experimental observations although 
the symmetry restriction requires a strictly parallel 
configuration of the aromatic planes which ıs unlikely 
to persist for 1 msec m the vapour phase or even m 
solution at room temperature 

An explanation of excimer emission m solution with 
k, ~ 105 sec -! and delayed fluorescence 1n the vapour 
where As ~ 10? sec -? appears to require at least two 
states of the pyrene excimer between which interaction 
18 weak or dependent on temperature Murrell has 
shown (in & private communication) that the charge- 
transfer state A+A- of pyrene, corresponding to an 
interplenar distance of < 35 A, hes below the first 
excited singlet state of the monomer, ın which ease 
configuration. interaction with the resonance state may 
be responsible for the exceptional radiative properties 
of this excimer in solution A third possibility 18 the 
doubly excited state suggested by HoiJtink (private 
communication) to explain the remarkable resistance 
to radiative relaxation exhibited by excimers in the 
vapour state, Colpa!? has pointed out that a doubly 
excited dimeric singlet state correlates with two 
molecular triplet states, and smce the lowest excited 
singlet energy of molecules such as anthracene and 
naphthacene ıs almost exactly twice that of the 
corresponding triplet-level, the doubly excited state 
could be populated by a diabatic process following 
the collision of molecules ın the ground and excited 
singlet states. 
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STRUCTURE AND PROPERTIES OF THE FLAVOH/EMOPROTEIN, 
CYTOCHROME b; (L(+)-LACTATE DEHYDROGENASE OF BAKER'S 
YEAST) AND OF HAEMOPROTEIN, FLAVOPROTEIN 
AND APOPROTEIN DERIVATIVES 


By Pror R K. MORTON 


Department of Agricultural Chemistry, Weice Agricultural Research Institute, 
University of Adelaide 


YTOCHROME 6, was first observed ın 1942 by 
Bach, Dixon and Keilmn!, and was partly 
purified by Bach, Dixon and Zerfas?:?, who found that 
the cytochrome was closely associated with the 
lactate dehydrogenase of aerobic baker’s yeast 


In 1954 Appleby and Morton‘ reported the purifica- 
tior. and crystallization of cytochrome b, and showed 
thao ib was identical with yeast L(+ )-lactate-cyto- 
chrome c reductase (L(+)-lactate dehydrogenase) 
The crystalline enzyme was found to be a flavo- 
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Table 1 NOMENCLATURE OF DERIVATIVES OF CYTOCHROME 6,* 
L(+)-Lactate-cytochrome c Principal absorption bands 
Name Non-protein groups reductase activity (my) Other properties 

Type I cytochrome 5, DNA Active a, 557, f, 528, y, 423 5, Crystalline, molecular weight, 
FMNf uv, 265 172,000 
Protohem 

Type II cytochrome 5; FMN Active a, 557, B, 528, y, 423 b, Crystalline 
Protohem uv, 269 5 

Type III hemoprotem-550 DNA Inactive a, 550, B, 521, y, 415, Crystallme, reduced by cyto- 
Ferro-porphyrin c uv, 257 chrome c reductases, oxidized 

by eytochrome c oxidase 
Type IV hemoprotein-557 Protohem Inactive a, 557, B, 528, y, 423 5, Poorly crystalline, slightly 
uv,27 autoxidizable 

Type V flavoprotein DNA (?) Inactive Oxidized, 445, 375, 
FMN uv, 266 

Type VI apoprotein DNA Inactive uv, 260 ma 


* The full name for protein derivatives should melude reference to the parent material—thus ‘type III cytochrome 5b,-hxmoprotein-550' 


+ Riboflavin phosphate 


heemoprotem since 16 contamed equimolecular amounts 
of riboflavin phosphate and of protohem as pros- 
thetic groups" In addition, the enzyme contained 
a constant proportion of a deoxyribonucleic acid 
(DNA)??? of small molecular weight as estimated by 
end-group analysis? 

The DNA-contaming cytochrome 6, 1s regarded 
as the naturally occurrmg form of the enzyme, and 
is now known as type I-cytochrome b, (ref 10) 
(Table 1) The enzymic 11, chemiegl*Á7-9?:321? and 
physico-chemical4:#+11,13,14 properties of crystalline 
type I cytochrome b, have been described The 
enzyme 1s homogeneous with respect to sedimentation 
as indicated by boundary analysis! of sedimentation 
patterns of the enzyme ın lactate-pyrophosphate- 
ethylenediamine tetraacetate buffers, and by sedi- 
mentation patterns after treatment with 2 6 M and 
5 M urea!s-15 Only a single protein component has 
been detected by moving-boundaiy electrophore- 
Although the possible existence of a flavo- 
protein. and a separate hemoprotem in crystalline 
type I cytochrome b, was recognized by Appleby and 
Morton‘, continued work since 1954 has produced 
no evidence for this hypothesis Boer ef al !9 used 
8 non-crystalline prepaiation and confirmed the find- 
ing of Appleby and Morton‘ that cytochrome 5, 1s a 
flavohemoprotem identical with yeast L(+ )-lactate- 
cytochrome c reductase 

Further information concerning the structure and 
properties of cytochrome b, has been obtamed by 
modification of type I cytochrome b, A series of 
derivative proteins have been prepared, some in the 
crystalline state Table 1 grves the nomenclature 
adopted for the vax10us modified proteins so obtamed 
Both the hemoprotem and flavoprotein derivatives 
are inactive as lactate-cytochrome c reductases, as 1s 
the apoprotem (the protem derivative free of both 
prosthetic groups) Lactate-cytochrome c reductase 
activity has been re-established by the re-combina- 
tion of riboflavm phosphate with the hemoprotem 
derivative and by the stepwise addition of protohæm 
and of riboflavin phosphate to the apoprotem, 
either alone 1s ineffective The two prosthetic groups 
are attached at the active centre of the one protein, 
the presence of both groups 1s essential for enzymic 
reduction of cytochrome c It ıs concluded that reduc- 
tion of cytochrome c by the native enzyme involves 
intra-molecular electron transfer from the flavin 
to the hem prosthetic group 

For these investigations, twice-crystallized type I 
cytochrome b, was the usual starting material Unless 
otherwise specified, all solutions contained 01 mM 
ethylenediamine tetraacetate, and all work was 
carried out under anaerobic conditions at 0-2° C, 
with de-aerated solutions equilibrated with oxygen- 
free nitrogen Solutions were usually prepared by 


S181,8,14 


dissolving crystals of type I cytochrome b, ın 0 5 M 
sodium lactate-0 04 M sodium pyrophosphate-0 l 
mM ethylenediamme tetraacetate, pH 68, the 
protein concentration was 15-25 mgm /ml Enzymic 
activities were estimated at 25°C and as described 
by Appleby and Morton’, and by Morton and 
Shepley”, rates bemg calculated from changes in 
optical density due to the enzyme during the first 
minute  Protem concentration was calculated from 
the optical density of the reduced form of the pig- 
ment? or by the method of Lowry et al." Fluoros- 
cence was observed visually on madiation with a 
‘Hanovia’ lamp at about 360 mp, o1 measured with 
an EEL fluormeter 

Orystallne forms of type I cytochrome b, ‘The 
ferrocytochrome is regularly obteined as crystals 
which appear as shallow bipyramids belongmg to the 
tetragonal system®5 Crystals have also been obtained 
by precipitation with acetone, according to the con- 
ditions, each of the crystalline forms shown in Fig 1 
may occur The crystals shown ın Fig 1B appear to 
be macles (hemitropes), formed by co-crystallization 
of the protem and salt developing on a common 
crystal face The ferricytochrome has also been 
obtamed as tan-coloured bipyramuds, in contrast to 
the pink-coloured crystals of the ferrocytochrome 
The crystals of the oxidized enzyme give solutions 
which are burgundy red when concentrated and 
brown when dilute, the absorption spectrum of.a 
concentrated solution shows a band 11sing from about 
620 my to a maximum at 533 my, with a minimum 
at 510 my, and a distmetive shoulder at 563 mp 
The peak at 532-535 mp and the shoulder at 
563 mp are seen as absorption bands in a muero. 
spectroscope 

The distinctive crystalline forms of type I cyto- 
chrome b, depend on the presence of the DNA, flavin 
and hem group in the protem , dissociation of any 
one of these will either prevent crystallization under 
the conditions used or change the crystalline form 
obtamed. By suitable treatments which destroy 
enzymic activity, but which leave the prosthetic 
groups intact on the protem, enzymuically mactive 
crystals of cytochrome b, have been obtained 

Orystallane type II cytochrome b, The deoxyribo- 
nucleic acid of native cytochrome b, has a marked 
influence on the electrophoretic mobility, the sedimen- 
tation coefficient, and the dependence on concentra- 
tion of the sedimentation coefficient of the enzyme!:15 
However, removal of the deoxyribonucleic acid by 
salt-precipitation of the protein does not interfere 
with the dehydrogenase activities of the protein? 
Crystallization of the resultant type II cytochrome b, 
as large bi-pyramidal prisms belonging to the hex- 
agonal system has been described by Morton and 
Shepley!? Type II cytochrome b, has equimolecular 
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Fig. 1. Different crystalline forms of type I cytochrome b, 
obtained by acetone precipitation; the forms vary according to 
the conditions used for preparation. A, x 200; B, x 200; C, x 300 


proportions of riboflavin phosphate and of protoh:em 
and similar specific activities to type I cytochrome 
b, (refs. 10 and 11). 

The occurrence of cytochrome 6, as a crystalline 
protein, which may be obtained in a number of charac- 
teristic crystalline forms, each having equimolecular 
proportions of protohem and of riboflavin phosphate, 
strongly supports the extensive physico-chemical 
evidence for the homogeneity of the protein ; for- 
tuitous association of a flavoprotein enzyme and of a 
separate hemoprotein in cytochrome b, obtained by 
so many different purification and crystallization 
procedures becomes so improbable that this hypo- 
thesis may now be dismissed. 

Cytochrome b, - hemoprotein - 550 (type III hamo- 
protein). This is an enzymically inactive, flavin-free 
derivative of the enzyme. It was obtained from 
recrystallized type I cytochrome b, fortuitously, by 
acetone precipitation under conditions to be de- 
scribed elsewhere!*, as somewhat irregular crystalline 
plates. 

The absorption spectrum of both the reduced and 
oxidized forms are remarkably similar to those of 
horse-heart and of yeast cytochrome c, but the spectra 
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differ eonsiderably in the ultra-violet region, largely 
due to the DNA-component of type III hemoprotein. 
The extinction coefficients, expressed per mole of 
protein-bound hem, are substantially the same for 
the x-. B- and y-bands of the enzymically reduced 
cytochrome c and the type III hemoprotein. The 
type III hæmoprotein derivative resembles cyto- 
chrome c in the following chemical properties: the 
pyridine hiemochromes are qualitatively identical 
for the x-, B- and y-bands ; the prosthetic group is not 
split by acid-acetone or acid-methylethylketone ; 
treatment with silver sulphate in acetic acid causes 
distinctive changes in spectra, consistent with cleav- 
age of thio-ether bonds, although the reaction 
products have not yet been identified. Like cyto- 
chrome 2 it is not autoxidizable at pH 7 and does not 
combine with carbon monoxide ; it is reduced by 
ascorbic acid and by cytochrome b, (lactate-cyto- 
chrome ¢ reductase); the reduced hsmoprotein is 
oxidized by cytochrome c oxidase from heart-muscle. 
However, whereas horse-heart cytochrome c has an 
isoelectme point of 10-2, type III hemoprotein-550 
has similar electrophoretic mobility to type I cyto- 
chrome 6. It migrated very slowly in 12 hr. on electro- 
phoresis at pH 6-8 in 0-3 M sodium lactate—0-05 M 
sodium  pyrophosphate-0-] mM ethylenediamine 
tetraacetate, pH 6-8, ionic strength 0-63, as a 
single component. The sedimentation coefficient 
was 34 Svedbergs (at 1-3 mgm. protein/ml.), 
and thus approximately half that of type I cyto- 
chrome b. 

In view of the remarkable similarity to cytochrome 
c, including reduction by cytochrome c-linked de- 
hydrogenases, and the available chemical evidence, it 
is tentatively concluded that cytochrome b,-hsmo- 
protem-560 is a derivative of type I cytochrome b. 
containing at least one thio-ether bond from the 
protein to the ham prosthetic group. It is likely that 
(a) reactive sulphydryl groups of cytochrome b, 
were exposed, possibly arising from cleavage of 
disulphide bonds in the original material; (b) these 
sulphydryl groups attacked the vinyl side-chains of 
the protohzm prosthetic group during acetone treat- 
ment of the protein, forming a thio-ether bond to the 
protein. This work will be described elsewhere’, 
since it provides a possible model for physiological 
formation of cytochrome c from a protoh#moprotein 
precursor. The formation of type III hemoprotem 
gives further support for the importance of highly 
reactive sulphydryl groups in cytochrome b,?1?.1, 
Moreover, the similarity of the absorption spectra of 
cytochrom c and of type III hemoprotein in the 
visible and near ultra-violet regions shows that similar 
amino-acid residues are co-ordinated with the iron 
atoms of the hem residues in cytochrome c and in 
cytochrome b.. Whereas cytochrome b, has two flavin 
and two hem groups per molecule, and à molecular 
weight of 172,000 (refs. 14 and 19) hwmoprotein 
550 appears to have one hem group per 
moleeule, &nd probably has à much lower molecular 
weight. 

Cytochrome b, - hamoprotein - 551 (type IV hemo- 
protein). This modification of type I cytochrome 5, 
was obtained by removal of the flavin group of the 
enzyme by ammonium sulphate precipitation at pH 
3.2. Loss of enzymic activity was proportional to the 
amount of riboflavin phosphate removed in the 
supernatant. The final product had about 0-02 times 
the amount of flavin in type I cytochrome b,, and 
was correspondingly inactive with cytochrome c, 
ferricyanide, and dyes as acceptors for the dehydro- 
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- maxima at 557, 528, 423-5 and 350 my; it does not 





denaturation during the preparation. Rather poor 
crystals, which appeared as rectangular plates, were 
obtained by slow precipitation of this hæmoprotein 
with acetone. The sedimentation coefficient (1-3 
mgm./ml.) was 7:94 Svedbergs; only a single protein 
component was detected on sedimentation. The 
prosthetic group is protohem, as in cytochrome b}. 
As shown here, enzymic activity of the enzymically 
inactive hamoprotein is partly restored by recombina- 
tion with riboflavin phosphate. 

Cytochrome b,-hemoprotein-557 is probably closely 
related to a hemoprotein which was crystallized by 


que Okunuki and co-workers in 1957 2°. The latter mater ial, 


however, was highly autoxidizable; ; the effeet of 


|... carbon monoxide was not reported. Although widely 


quoted as evidence for the existence of separate 
flavoprotein and hemoprotein (‘cytochrome 6,’) 
‘moieties in L( + )-lactate-cytochrome c reductase of 
yeast, it is clear that the material obtained by 
Yamashita et al. was a derivative of native cyto- 
chrome b, obtained by denaturation of the enzyme 
during isolation*:!!. 
Cytochrome b, - flavoprotein (type V flavoprotein). 
The lability of the flavin group of cytochrome b, 
creates considerable difficulty in selective removal of 
the ham group without simultaneous depletion of 
riboflavin phosphate. However, it was found that the 
hem group was quantitatively removed without 
extraction of the riboflavin phosphate by the follow- 
ing procedure. About 5 mgm. of freshly prepared 
erystals of type I cytochrome b, were dissolved in 
approx. 3 ml. of 0-1 M potassium cyanide at 0° C., 
and acetone pre-cooled to — 20? C. was slowly added 
to the solution at — 2? to — 5? C. until all the protein 
“was precipitated. The yellow precipitate was washed 
with 60 per cent (v/v) acetone at — 15? C. and 
dissolved in about 2 ml. of 0-1 M sodium lactate, pH 
1:6. Some insoluble protein was removed by centrifug- 
ing. The solution was dialysed against 0-1 M sodium 
lactate - 0-05 M sodium pyrophosphate - 0-1 mM 
ethylenediamine tetraacetate for 4 hr. Some insolu- 
ble protein was removed by centrifuging. Application 


- of this procedure for removal of the prosthetic group 
ORE of other hemoproteins is being examined. 


~The flavoprotein derivative so obtained has 1 
mole of riboflavin phosphate per 80,000 gm. as does 


- native cytochrome b,; however, the flavin group of 
the derivative, unlike that of native cytochrome b,, is 


fully fluorescent. The absorption spectrum of the 
type V-flavoprotein shows maxima at 266, 375, and 
445 mu; there is a slight shoulder at 418 my, 
probably due to contaminant hem material. These 
maxima correspond with those observed in the 
difference spectrum between native cytochrome 6, 
and a preparation treated so that the hem group 
was reduced but the flavin oxidized; a similar 
difference spectrum was found by Hasegawa and 
Ogura}, 

The type V flavoprotein wss enzymically inactive 
. with lactate as substrate and with cytochrome c, 
ferricyanide, or 2: 6-diehlorophenol indophenol as 
.. &eceptors; enzymic activity was not restored by 
^ incubation at 0° C. with protohemin. The material is 
eadily denatured with simultaneous dissociation of 
he flavin group. 
Cytochrome b, - apoprotein (type VI - apoprotein). 
Ht eAeoua removal of both the flavin and ham 





-ohiesiiopeotain “has | abearplión GE | 
type I cytochrome b, crystals with acid-acetone at 
- . eombine significantly with carbon monoxide; and is — 40 to — 60? C. The colourless apoprotein has a 


only slightly autoxidizable, indicating a minimum of single absorption peak at about 260 my. 
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prosthoti 


Although 
there was considerable amount of denaturation, some 


of the protein was readily soluble in dilute lactate- ^. 
pyrophosphate buffer. With this material recombin- 


ation of flavin and hem groups partly re-established | 
enzymic activity, but a fraction of the protein only 
soluble in more concentrated buffer was completely 
inactive. 

Restoration of lactate dehydrogenase activity in 
hemoprotein-557 and in apoprotein from cytochrome by. 
Table 2 shows that the inactive, type IV hemo- 
protein-557 may be re-activated by incubating with 
riboflavin phosphate. The resultant protein catalyses 
reduction of cytochrome c, ferricyanide, 2 : 6. 
dichlorophenol indophenol and phenazine metho- 
sulphate. Whereas about 12 per cent of the ferri- 
cyanide reductase activity of type I cytochrome b, 
was recovered, addition of the flavin group restored 
only about I per cent of the cytochrome c reductase 
activity. Thus, as compared with reduction of 
ferricyanide, reduction of cytochrome c involves 
a more specific orientation of the two prosthetic 


groups. 


Table 2. RESTORATION OF LACTATE DEHYDROGENASE ACTIVITY OF 
TYPE IV HAEMOPROTEIN-5607 
Hwmoprotein-557 
Acceptor Hamoprotein-557 plus riboflavin 
phosphate 
Cytochrome c 20 126 
Ferricyanide « 10 1,040 


2 : 6-Dichlorophenol 

indophenol 7 90 
2 : 6- Dichlorophenol 

indophenol plus 

phenazine methosulphate 10 140 


The hemoprotein solution was incubated with riboflavin Ne jared 
(approx. 3 moles per 80,000 gm. of protein) at pH 7, and at 0? C., for 
about 2 hr. Activities were estimated as deseribed by Morton and 
Shepley (ref. 10); they are given as «moles of acceptor reduced per 
hr. per ml, of solution of hamoprote¢in. 


Further information concerning the functions of 
the two prosthetic groups was obtained from attempts 
to re-establish activity with a type VI apoprotein. 
The inactive material was incubated at pH 7-5 with 
either 1-5 moles of protohamin per 80,000 gm. of pro- 
tein or with 3 moles of riboflavin phosphate per 
80,000 gm. of protein, or successively with each of 


these for 6-8 hr. at 0? C. At the end of this period 
(about 16 hr.) activities of the various materials, au 


alone and in several combinations, were tested. | 

The apoprotein-hemin and apoprotein-flavin incub- _ 
ates were inactive. Moreover, there was no reduc- . 
tion of any acceptor in the presence of lactate when ' 
portions of both the apoprotein-hemin and the 
apoprotein-flavin preparations were added to the 
reaction mixtures. However, the preparation which. 
had been incubated with hemin for 6 hr. and after. 
wards with riboflavin phosphate showed a con- . 
siderable activity with each acceptor. Fig. 2 shows the — 
restoration of activity with cytochrome c as acceptor; 
similar results were obtained with ferricyanide and 
2 : 6-diehlorophenol indophenol. 
activity was found in the preparation in which the 
addition of hemin followed the addition of riboflavin 
phosphate. In a separate experiment, ib was shown 


that some activity was recovered after incubation ` 


with both hemin and riboflavin phosphate at the - 
one time. 


Significantly, no ` 
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Fig 2 Restoration of lactate-cytochrome c reductase activity 

of type VI apoprotein by successive incubation with protohem 

and riboflavin phosphate Activity tests were carried out as de- 

scribed by Morton and Shepley (ref 10), approximately 5 pgm 
of protein were used in each test 


The recombination of the apoprotem and hemm 
forms a hemoprotein with an absorption spectrum 
which closely resembles that of type IV hemoprotein- 
557 The re-activated protem formed by the further 
addition of riboflavin phosphate differs from the 
native type I cytochrome b, m that ıb ıs strongly 
fluorescent, and only a portion of the added hemm 
is reduced by lactate This is consistent with the 
finding of about 1 per cent of the cytochrome c 
reductase activity of cytochrome b, m the recombined 
material In view of the established lability of cyto- 
chrome b,*:7, and the rather drastic conditions needed 
for the removal of the hem group from the enzyme, it 
is unlikely that recovery of activity can be further 
increased Details of these and related investigations 
will be reported elsewhere?” 

Selective «nhabwaon of lactate-cytochrome c reductase 
activity of cytochrome b, Of a number of compounds 
recently tested by Hallett and Morton?*, most (such 
as arsenite and p-chloromereuiibenzoate) caused 
similar imhibition of enzymic reduction of ferri- 
cyanide and of cytochrome c catalysed by type I 
cytochrome b, However, amytal at about 26 mM 
concentration caused a substantial inhibition of 
reduction of cytochrome e but had no simular effect 
on reduction of ferricyanide Although the possibility 
of combination of amytal with cytochrome c has not 
been elimmated, this seems most unlikely This 
selective inhibition supports kinetic studies of 
Armstrong and Morton!*:15 showmg that the reduction 
of ferricyanide and of cytochrome c mvolves different 
mechanisms 
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Discussion 


Warburg and Chmistian** m 1932 isolated the 
first flavoprotem enzyme, and these workers, and 
Theorell*5, showed that the flavin group could be 
removed under acid conditions with loss of enzymic 
activity, which was recovered by recombmation of 
flavin with the apoprote:n 

The acid-acetone treatment developed by Hull and 
Holden?* for preparation of globin from hemoglobm 
was used by Theorell?? m 1940 to remove the hem 
prosthetic group of peroxidase Recombination of 
apoprotein and hemi was accomplished after mcu- 
bation at room temperature for some hours, with 
recovery of enzymic activity??. 

In the case of cytochrome b,, an enzyme discovered 
in 1942 by Drxon!-’, activity has now been shown to 
depend on the presence of both flavm and hem 
prosthetic groups Since apoprotem-hemm material 
added with apoproteim-flavin material ıs mactive, 
arguments for a flavoprotem-hemoprotem pair m 
cytochrome b, (ref 4) can be dismissed 

Kinetic", mhibitor®’, and reactivation”? investiga- 
tions are consistent and confirm that reduction of ferri- 
cyanide (an artificial acceptor) and of cytochrome c 
proceed through different pathways, as proposed m 
19555 However, enzymic activity with any acceptor 
depends on the presence of the two prosthetic groups, 
which so clearly interact, and not on either group 
alone 

Cytochrome b, of yeast mitochondria 1s a distinctive 
type of dehydrogenase, having two molecules of 
riboflavin phosphate and two molecules of protohem 
per enzyme molecule, together, riboflavin phosphate 
and protohem constitute the essential prosthetic 
group of th:s enzyme 
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RESOLUTION OF PATHOLOGICAL HUMAN GAMMA-GLOBULINS 
BY STARCH-GEL ELECTROPHORESIS 


By J. P BINETTE and K SCHMID* 


Massachusetts General Hospital, Boston 14, Mass. 


HE heterogeneity of the 7S normal human 

y-globulins has been demonstrated by several 
techniques, including electrophoresis, convection, 
chromatography and biological assays!-7 On starch- 
gel electrophoresis employing the continuous buffer 
system of Smuthies?, the y-globulins are known to 
migrate towards the cathode as a broad zone In the 
discontinuous buffer system described by Poulik? 
most of these globulins move in the opposite direction 
The y-globulins of pathological human sera, analysed. 
by the ‘contmuous’ gel electrophoresis technique, 
have been shown to migrate essentially as a single 
zone located in different positions within the area of 
the normal y-globuhns!?.1: 

We report here the resolution by starch-gel electro- 
phoresis of the y-globulins of certain pathological sera 
into several distinct bands 

The principal results of this work are presented m 
Fig 1 The distribution of the y-globulins of the five 
representative pathological sera differed significantly 
from one other In the continuous borate buffer 
system these globulins of four of the five specimens 
migrated towards the cathode like the normal 
Y-globuhns. The first pattern (Fig la) shows the 
starch-gel electrophoretic analysis of the serum from 
a patient with cancer of the ovary and widespread 
metastasis The remarkable finding ıs that the 
Y-globuhns separated mto seven bands ‘The next 
pattern (Fig. 1b) represents the gel electrophoresis 
of the serum of a patient with probable chronic 
myeloid leukemia The y-globulins resolved into 
three zones of which the middle one appeared to be 
further separated mto four sub-bands ‘The pattern 
of the serum of a patient with hypergamma-globulhn- 
smi& of four years duration but without clinically 
detectable disease 18 shown in Fig le The y-globulin 
zone appeared very dense compared with that of 
normal serum (Fig. LN) although their areas were 
about equal The y-globulins of another patient with 
unknown diagnosis displayed a similar pattern with 
three narrow heavy bands superimposed The 
y-globulins of a further patient (Fig 1d) moved as a 
single rather narrow band to the cathode side of the 
normal y-globulin area Comparable findings have 
been reported earler!? The fifth specimen was 
obtained from a patient with chronic normochromic 
normocytic anemia of sixteen years duration It 
was interesting to observe that the y-globulins 
migrated towards the anode, that 1s, 1n the direction 
opposite to that of the movement of the normal 
Y-globulms, and exhibited a pattern (Fig le) charac- 
terized by a very intensely coloured band in the 
slow a (Se) region (It 18 worth mentioning that 
this patient 1s not unusually prone to infections and, 
therefore, must still have the benefit of antibody 
protection ) In addition, there were three minor 
zones distributed almost equally between the slot of 
application and the major y-globulin band mentioned 


* Established investigator of the Helen Hay Whitney Foundation, 
New York 





Fig 1  Starch-gel electrophoretic analysis of five pathological 
sera (a-e) For comparison the corresponding pattern of normal 
human serum (AN) is included, and the pos tions of the y- (y) and 
slow d@a- (Sag) globulins and transferrin (8) are given The two 
arrows indicate the directions of movement of the proteins 
‘A’ points to the slots of application The starch-gel electro- 
phoresis was performed ın the cold room at 3° In pH 8 6 borate 
buffer at 20 m amp for 17 hr The part of the patterns that 
shows the transferrin-pre-albumin region 1s not reproduced 


Use of the discontinuous system of buffers led. to 
the following findmgs The y-globulins of serum la 
entered the anodic side of the application slot and 
again separated into four bands which were located 
in the Sa, region It appeared that additional 
y-globulm bands were present in the haptoglobin 
area Only traces of protem moved towards the 
cathode Under the same conditions normal y-globu- 
lin (Cohn’s Fraction II) formed a broad zone in the 
Sas,-haptoglobm area and further bands in the post- 
albumin region’? The y-globulins of serum le dıs- 
played a pattern which was very similar to that 
observed in the contmuous buffer system, except 
that a relatively smaller amount of protem seemed to 
be present, probably because the normal y-globulins 
of this serum moved m the opposite direction The 
y-globulins of patient ld migrated as in borate buffer 
towards the cathode, but a separation took place 
which led to one mmor band preceding and two 
following the main zone Moreover, additional lines 
were observed ın the haptoglobin region The y-globu- 
hns of patient le displayed a pattern which was essen- 
tially the same as the protem distribution observed 
in the continuous system ‘Thus, judging from the 
behaviour of the y-globulins of this limited series of 
sera, and as pointed out earher by Poulk!, the 
discontinuous buffer system leads to a higher resolu- 
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tion than that resulting from the continuous system 
Further, all y-globulin bands obtamed by the dıs- 
continuous system were located closer to the albumin 
zone as noted previously? Nevertheless, certain 
pathological y-globulins (1b, c, d) still migrated 
towards the cathode 

Paper electrophoresis at pH. 8 6 m citrate barbitur- 
ate buffer of the sera mvestigated demonstrated in 
each case a significant merease of the proteins which 
migrated with mobilities corresponding to those of 
the y-globulms The increase over the normal value 
was 23-34 relative per cent As judged by ultra- 
centrifugal analysis the 7S-globulms of the same sera 
varied between 30 and 40 per cent The 19S-com- 
ponent appeared approximately normal in concentra- 
tion Abnormal plasma proteins with sedimentation 
coefficients of 10 and 148, respectively, were observed 
1n one case (1e) only 

The present starch-gel electrophoretic investigation 
on pathological y-globulms demonstrates that this 
procedure offers an advantage over paper electro- 
phoresis 1n that certain abnormal Y-globulins ean bo 
resolved into several bands ‘This resolution seems 
to indicate that these pathological y-globulins 
display a discontmuous spectrum with respect to 
apparent mobility m contrast to the contmuous 
spectrum of the normal y-globuhns If the mobility 
of the 7S-y-globulins may be related to the net 
charge of these molecules, then this observation 
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can be inteipreted to mean that certam patho- 
logical y-globuhns are synthesized in such a way 
that they carry relatively unlike electrostatic net 
charges 

This work was supported by grants from the 
Tally Research Laboratories, Eli Lilly and Co, and 
from the National Institutes of Health [.4—3456(C1)], 
United States Public Health Service 

Note added wn proof After this communication 
had been submitted, an article by Owen, Got and 
Silberman (Cl Chum Acta, 8, 605, 1958) came to 
our attention, m which the heterogeneity of the 
y-globulins of patients with myeloma is described 
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GAMMA-GLOBULIN AND ACQUIRED IMMUNITY TO HUMAN 
MALARIA 


By Da S COHEN 
Department of Immunology, St Mary's Hospital Medical School, London, W 2 
AND 
Dr | A McGREGOR and S CARRINGTON 


Medical Research Council Laboratories, The Gambia, West Africa 


ALARIAL infection 18 followed by the develop- 
M ment of immunity which ıs specific foi the 
homologous parasite, but meffective agamst hetero- 
logous strains and species! The epidemiological 
effects of acquired immunity ın man are seen among 
the mhabitants of hyperendemie malarious regions 
who show a consistent pattern of susceptibility to 
infection Infants born ın such regions are relatively 
resistant durmg the first three months of life and 
thereafter all children suffer severe and recurrent 
attacks of the disease Clinical malaria, becomes 
comparatively mfrequent m later childhood and 
among adults 1s rarely seen ın acute form>®, 

The response of phagocytic cells m malarial mfec- 
tion was shown m early histological work’, and for 
many years resistance to the disease was considered 
to be exclusively cellular m nature In 1937, Cogge- 
shall and Kumm® demonstrated the passive transfer 
of malarial immunity in rhesus monkeys and so 
established the presence of protective antibodies 
However, the therapeutic effect of large doses of 
inmune serum was evident only against minimal 
numbers of parasites and has not been demonstrated 
convincingly in man The belief is therefore still 
prevalent that circulating antibodies play a relatively 
unimportant part in acquired malarial immunity? 


Passive Transfer of Human Malarial Immunity 


In this investigation the role of circulating antibody 
in malarial :mmumty has been studied m subjects 
livmg in The Gambia which 18 a hyperendemic area 
of West Africa The therapeutic effect of y-globulin 
prepared from the serum of apparently rmmune 
adults has been tested m young African children 
suffermg from severe clinical malaria with dense 
parasitemia The y-globulin prepared by chromato- 
graphy on columns of diethylammoethyl cellulose! 
was homogeneous on electrophoresis and m the 
ultracentrifuge appeared as a main peak with a sedi- 
mentation coefficient (S°,,,7) = 678, an additional 
heavier component (10S) comprised less than 5 per 
cent of the total protem The remainder of the 
protein eluted from the columns (referred to here 
as y-free serum) was shown by serological tests to 
contam abour 70 mgm "S y-globulin and 20 mgm 
198 y-globulin/gm total protein 

Twelve children aged 4 months—24 years (weight 
5 4-12 6 kgm.) admitted with a clinical diagnosis of 
mahgnant tertian malaria and an muitial parasitemia 
of 10,000-230,000/e mm received y-globulin by 
intramuscular injection at intervals of 8—24 hr for 
3 days The total dose was 1 2-2 5 gm /child which 
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Fig 1 Trophozoite counts (mean and range shown on & logarith- 

mic scale) and average maximum daily temperatures in 12 chudren 

with acute Plasmodium falecparum malaria treated with 1mmune 

y-globulin The time-scale refers to davs after the first y-globulin 

injection Vertical lines below indicate approximate times of 
expected schizogony 


was equivalent to 10-20 per cent of the recrpient’s 
own. y-globulin 

The infections were predominantly synchronous 
and y-globulin therapy was usually started when the 
peripheral blood contamed a high density of young 
ring forms Blood examinations were madé at 12- 
hourly intervals and the course of parasitemia ıs 
shown in Fig 1 By the fourth day after the incep- 
tion of treatment parasite counts were always less than 
1 per cent of the initial values, by the ninth day 
trophozoites were not detectable in 8 out of 12 cases 
and the maximum count was 80/emm (Fig 1) The 
fall in parasitemia was accompanied by progressive 
alleviation of clinical illness although temperatures 
did not usually return to normal before the seventh 
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day (Fig 1) No alterations m parasite morphology 
have been observed durmg treatment; however, in 
malignant tertian infections only immature parasites 
are detectable in peripheral blood The inmune 
y-globulin appears to be effective both against 
Plasmodium falcvparum and P malariae (Fig 2), 
but probably has no action agaimst gametocytes 
(Fig 3) 

Two children aged 2-3 years failed to respond to 
the injection of 12 gm y-globulm They had been 
admitted with pneumonia and measles respectively, 
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Fig 2  Trophozoite counts of Plasmodium falcwparum and P 

malariae in a child with a mixed infection treated with Immune 

y-globulin, arrows show times of administration of y-globulin by 
intra-muscular injection 
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Fig 3  Trophozoite and gametocyte counts ın a child with acute 

Plasmodium falciparum malaria treated with immune y-globulin 

Arrows show time of administration. of y-globulin by intra- 
muscular injection 
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Fig 4 Mean trophozoite counts (logarithmic scale) ın four gioups 
of children with acute Plasmodium falexparum malaria The 
treated children received either (1) y-globulin prepared from blood 
donors in Great Britain, or (n) serum prepared from Gambian 
adults and containing 7 per cent 7S y-globulin and 2 per cent 19S 
y-globulin, or (ni) y-globulin prepared from Gambian adults 


and in both P fale«parum parasitemia of relatively 
low density (8,000 and 16,000/emm) was an 
incidental finding Failure in these cases was prob- 
ably due to madequate dosage since 3 children of 
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Fig 5 Plasma elimmation of ™J-albumin and !**T-y-globulin in 
an unprotected adult Gambian and ın a similar subject who had 
received ‘Pyrimethamune’ (25 mgm /week) for 6 years 


comparable weight (10-12 kgm ) responded to the 
mjection of 1 8-25 gm y-globulin 

In further experiments, 7 children with acute 
P falevparum malaria received the y-free fraction of 
Gambian serum (0 8-14 gm) A single batch was 
used ın all experiments and no child has developed 
signs of serum hepatitis In addition, 4 children 
received y-globulin prepared from the sera of blood 
donors in Great Britain (Lister Institute, Elstree, 
Herts ) and 2 were kept under observation without 
anti-malarial therapy Trophozorte counts usually 
decreased in all these children However. the response 
was irregular, and between the fourth and tenth days 
the mean trophozorte counts were considerably greater 
than those observed after treatment with adult 
African y-globulm (Fig 4) 


Table 1 TURNOVER DATA (MEAN AND RANGE) IN ADULT SUBJECTS INJECTED WITH LABELLED ALBUMIN AND y-GLOBULIN 










- Intra- Turnover-rate 
Total gm vascular | Distribution 
Subjects No protein (per cent) pool ratio Per cent I-V 
(gm ) pool/d gm/d mgm /kgm /d 
Albumin 
Unprotected Gambians | 4 81 6 86 13 108 91 170 
(7 6-8 7) (3 1-4 2) (61-110) (1 2-1 4) (8 6-12 3) (6 8-12 0) (150-222) 
Protected Gambians 5 83 41 9 12 10 5 9 4 176 
(7 8-8 6) (3 8-4 3) (86-102) (1 1-1 5) (71-143) (67-123) (124-241) 
W Africans in Great 4 86 46 113 13 10 4 117 159 
Britain (8 4-8 7) (4 2-4 9) (108-115) (1 1-1 5) (99-110) (114-12 2) (149-177) 
Europeans in Great 11 78 45 123 14 104 127 185 
Britain (ref 12) (7 2-8 4) (4 1-5 8) (95-145) (1 1-1 2) (9 1-12 1) (105-171) (136-257) 
y-Globulin 
Unprotected Gambians 5 86 27 66 08 13 5 88 169 
(8 3-9 2) (2 2-2 9) (57-82) (0 7-1 0) (11 8-15 7) (7 9-9 7) (139-203) 
Pregnant unprotected 
Gambians 1 76 18 50 08 96 48 84 
Protected Gambians 5 83 21 47 07 115 52 98 
(7 8-8 6) (1 5-2 4) (30-67) (0 6-0 8) (8 5-15 4) (4 6-5 7) (80-113) 
W Africans in Great 4 86 18 45 08 82 37 5 
Britain (8 4-8 7) (1 6-2 0) (38-55) (0 7-0 9) (7 8-9 8) (2 7-4 3) (42-57) 
Europeans in Great 5 1 3 i 51 21 
Britam (ref 11) (1 0-1 1) (28-44) (0 6-0 9) (4 0-5 7) (1 5-2 4) (18-28) 


Distribution ratio = ratio extra- to intra-vascular protein mass 
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Fig. 6 Comparison of the average rates (and range) of albumin 
and y-globulin synthesis 1n malarious and non-infected Africans 
and ın healthy Europeans living ın Great Britain 


Y-Globulin Synthesis in Relation to Malarial 
Infection 


The distribution and turnover of separate plasma 
protein fractions can be measured simultaneously by 
using two isotopes of 1odine (iodine-131 and 1odine- 
125) having different y-emission spectra! Using 
this method, rates of albumm and y-globulin synthesis 
have been measured in apparently healthy Gambian 
adults exposed to malarial infection but not showing 
detectable parasitemia — Similar studies were carried 
out on 5 Gambian adults who had received an anti- 
malarial prophylactic weekly for 4-5 years (Fig 5) 
and also on 4 West African medical students who had 
suffered from malaria in childhood, but had been 
resident in England for 3-10 years The experimental 
procedure has previously been described}! +1", results 
were analysed according to the method of Matthews!? 

The rate of albumin synthesis was similar in the 
three groups of Africans and within the range for 
healthy Europeans On the other hand, the rate of 
y-globulin synthesis in unprotected Gambians was 
about 7 times that observed 1n Europeans, protection 
by anti-malarial therapy considerably reduced the 
tate of y-globulin synthesis (Table 1 and Fig 6) The 
rapid turnover of y-globulin m unprotected adults 
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cannot be attributed to the selective catabolism of 
isotopically labelled malarial antibody since y-globu- 
hns prepared from European and adult Gambian 
donors have identical elummation-rates (Fig 7) 
Considerably less y-globulin was synthesized by an 
unprotected subject who was three months pregnant 
at the time of study (Table 1), this findimg 1s of interest 
m 1elation to the increased susceptibility to malarial 
infection described ın pregnant women living in 
hyperendemie areasi*!5 

West Africans resident for some years in the 
United Kingdom synthesized less y-globuhn than 
Gambian subjects mamtamed on anti-malarial 
therapy (Fig 6), this difference must be attributed to 
environmental factors other than malarial mfection 
After several years in Great Britain, West Africans 
continue to synthesize y-globulin at almost twice the 
rate observed in healthy Europeans, this may be 
due to environmental mfluences of early life or to 
genetically determmed differences m y-globulin 
metabolism. 


Mechanism of Acquired Malarial Immunity 


The preparation of y-globulin from pooled sera of 
apparently hyperimmune donors and the use of 
susceptible children as 1ecipients likely to have been 
exposed to homologous parasite strams, have pro- 
vided optimum conditions for demonstrating the 
potency of naturally occurrmg malarial antibodies 
active against Plasmodium falcwparum and probably 
also against P malariae The results show that the 
mechanism of acquired malarial immunity 18 basically 
similar to that observed with many other infections, 
being primarily dependent on the presence of pro- 
tective antibodies which are associated with "7S 
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Fig 7 Comparisonin two unprotected African adults of the plasma 
elimination of y-globulin prepared from European and Gambian 
donors and labelled with 10dine-125 and todine-131 respectively. 
@, European y-globulin, O, Gambian y-globulin 
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considered in relationship to the cycle of parasite 
development as well as the absence of morphological 
changes m the parasites of peripheral blood, suggest 
that antibody acts either on mature imtracellular 
forms or on merozoites liberated from red blood 
cells Protection 1s of limited. duration and a treated 
subject was again susceptible three months after 
receiving y-globulin Other fractions of immune 
serum including 198 y-globulin did not appear to have 
a protective effect nor did the y-globulin of European. 
blood donors 

These findings support the hypothesis that the 
relative resistance of infants born m hyperendemic 
areas is due to passive transfer of protective anti- 
bodies from the mother This process may, however, 
be rendered relatively meffective by partial loss of 
malarial immunity during pregnancy4!5, which 
appears to be associated with a reduction in the rate 
of y-globulin synthesis Other factors, such as 
selective vector biting!*, deficiency of p-amuno- 
benzoic acid in milk-fed infants!7:1? and the presence 
of a high proportion of foetal hemoglobin in circulat- 
ing red cells!? may contribute to the suppression of 
malarial infection during early life 

In areas of hyperendemic malaria, immunity 1s 
established only after long exposure to intense infec- 
tion This slow response 1s probably attributable 
both to the mherently poor antigenicity of the 
parasite and to the serological diversity of naturally 
occurring plasmodia Acquired immunity 1s associ- 
ated with hypergammaglobulinemia*>*! and with a 
striking increase in the rate of y-globulin synthesis 
Protection of Gambian adults against malaria over a 
period of several years reduced the average daily 
synthesis of y-globulin by 3 5 gm , which ıs more than 
the total daily production in healthy Europeans 
Since plasmodial infection leads to the production of 
complement-fixmg antibodies? and  precipitins®, 
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neither of which 1s species specific, it 1s hkely that a 
considerable part of the y-globulin synthesized in 
response to malaria 18 not protective antibody 

We wish to thank Sir Charles Harmgton, whose 
interest led to the initiation of this work, and Prof 
R R Porter for much helpful discussion We are 
grateful zo Dr D Harling for clinical supervision of 
patients, Dr W d’A Maycock for supplies of U K 
y-globulin and Miss Margaret Polley for serological 
estimations of 19S y-globubhn One of us (S C) 1s 
in receipt of a Medical Research Council grant 
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MOISTURE EXPANSION RELATIONSHIPS FOR A FIRED 
KAOLINITE-HYDROUS MICA-QUARTZ CLAY 


By Dr W. F. COLE 


Commonwealth Scientific and Industrial Research Organization, Division of Building Research, Victoria, Australia 


N carrying out a detailed study of the moisture 
I expansion characteristics of a clay containing 30 
per cent kaolimte (poorly organized), 30 per cent 
hydrous mica (poorly organized) of the followmg 
approximate composition 


[Sre eA, 20] [Ale ,4Fe, 16M8o 04] 
Ko os Na 15H30, 42] O4,,(OH), 


35 per cent quartz, 2 per cent hematite, and 1 per 
cenb anatase, I have estabhshed relationships that 
might be found useful m interpreting the results 
from other clays and clay products 

The curves of moisture expansion versus firing 
temperature for specimens exposed to air for 90 days, 
and for specimens autoclaved at 220 lb /sq in for 
2, 8, 30 and 200 hr (measurements beginning from 
the same datum, specimens removed from the 
muffle at 300° C and cooled for 2 hr in a dry desic- 
cator before imttial measurement) show that the 
autoclave expansion curves parallel the natural 
expansion curve and that at a firmg temperature of 


&o 30 


about 1.000° C all have a maximum in expansion 
If, however autoclave expansion is plotted duectly 
against natural expansion (Fig 1), non-linear relation- 
ships exist over the firing range 950-1,200? C for all 
periods of autoclaving, and the points below and 
above 1 000° C separate mto two curves for 30 and 
200 hr of autoclavmg (Linear relationships exist 
if autoclave expansion is plotted against the log of 
natural expansion) The non-lnear relationship 
expresses the fact that for this clay the ratio of auto- 
clave expansion to natural expansion varies widely 
with firing temperature, and implies that there must 
be several reactive components produced over the 
range of firmg temperature covered by the specimens 
Mineralogical analysis has established that these 
reactive components are amorphous matter, glass, 
and anhydrous clay minerals Amorphous matter, 
which ıs responsible for the coineident moisture 
expansion peak at about 1,000° C in autoclaved and 
naturally exposed specimens, is equally reactive to 
water vapour in the air or to steam under pressure, 
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but anhydrous clay minerals and glass are far more 
active to steam than to water vapour in the air 
Thus, for fired clay samples contammg varymg 
amounts of amorphous matter, anhydrous clay 
minerals, and glass, non-linear relationships must 
arise between autoclave expansion and natural 
expansion Furthermore, the nature of the anhydrous 
clay minerals and of the glass will determine whether 
the autoclave and natural moisture expansion peaks 
occur at the same temperature 

It 1s well known that both natural moisture expan- 
sion’? and autoclave moisture expansion?-5 increase 
rapidly at first but ın the later stages the increases 
are much slower The mteresting feature of the new 
results is that a plot of natural ex- 
pansion against logarithm of time 
(Fig 24) 1s hnear for all firmg 
temperatures from 800 to 1,200° C 
and exposure times from 4 hr to 90 
days A plot of the autoclave ex- 
pansions against the log of the time 
of autoclaving (Fig 2B) shows also 
that a linear relationship exists 
for specimens fired at 1,000—1,150? 
C for autoclave times for 2-200 
hr Similar relationships can be 
found. from the data in the litera- 
ture’, if plots are made against log 
time rather than agamst time 
However, data on other clays from 
the Division® suggest that at times 
longer than those investigated here 
the logarithmic relationship breaks 
down and that the complete curve 
of expansion against logarithm 
of time 18 frequently S-shaped 
Consequently caution is needed 
in using the log-time or any other 
time relationship ın predicting 1 
future values of moisture expansion 
from known results 

Weight measurements made at the same time as 
expansion measurements show that as the tempera- 
ture of the natural moisture expansion peak ıs 
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Fig 1 Autoclave moisture expansion on a drv basis after 2 8, 30 

and 200 hr of autoclaving versus natural expansion after 90 days 

of exposure for specimens fired at 950-1,200° C The results for 

specimens autoclaved for 30 and 200 hr after being fired at 950, 

975 and 1,000? C form i eurves which are shown by 
otted lines 
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approached from low firmg temperatures, progres- 
sively less water 1s required to produce unit expansion, 
but that at temperatures beyond that of the moisture 
expansion peak the same weight of water produces 
the same amount of expansion The same 1s true for 
specimens expanded ın the autoclave Furthermore, 
the amounts of water per unit expansion for specimens 
fired above the temperature of the moisture expansion 
peak are much the same for the natural (1 52 per cent 
increase m weight for a 1 por cent increase in length) 
and autoclave (1 92 per cent increase ın weight for a 
l per cent increase in length) expansion, that 1s, the 
moisture absorbed in the two processes must be held 
in the same way However, there 1s a small amount of 
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Fig 2 A Natural moisture expansion for specimens fired at 
300—1,200? C plotted against the logarithm of time of standing in 
ar Data for temperatures of 1,000? C or less are represented by 
full lines, data for other temperature by dotted lines 
B Autoclave moisture expansion after drying at 110? C for speci- 
mens fired at 925-1,200° C plotted agamst the logarıthm of the 
time of autoclaving Data for temperatures of 1,000? C or less 
are represented by full lines, dou for other temperatures by dotted 
ines 
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water taken up in the autoclave which must be pre- 
sumed to cause no expansion. at all 

When specimens were desorbed up to a temperature 
of 500° C by re-heating, they lost weight and con- 
tracted, but at about this temperature those that 
were low-fired (600—900? C) showed an expansion 
with loss in weight which was not reversed until 
much higher temperatures of re-heatmg were reached 
The magnitude of the expansion depended on the 
original temperature of firing and was only zero at a 
firmg temperature of 950? C, that ıs, when the 
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anhydrous mica was destroyed Thus the expansion 
ean be associated with the dehydration of the mica 
mineral regenerated from the anhydrous form by 
waver sorbed after firmg 


1Hosking J S,and Hueber, K V , Nature, 184, 1373 (1959) 


?Narrs, A W , Vaughan, F , Harrison. R , and Seabridge, K C J, 
Sixth Intern Ceramic Congress, Wiesbaden, 63 (1958) 

s e o D. A, Congrès Céramique International, Zurich, 191 

‘Smith A W , Trans Brt Ceram Soc , 54, 300 (1955) 

' Hosking J S,and Hueber, H V , Nature, 182, 1142 (1058) 
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VISUAL EFFECTS OF NON-REDUNDANT STIMULATION 
By Pror D. M. MacKAY 


Department of Communication, University College of North Staffordshire, Keele 


PTICAL fields modulated randomly with respect 

to space and time (‘visual noise’) appear to 
offer a powerful new tool for the mvestigation of 
visual perceptual processes In earlier worki? I 
have described the use of such ‘non-redundant’ 
stimuli to shock-excite the visual svstem during the 
inspection of reguler spatially repetitive patterns, 
so as to reveal the ‘complementary image’ that 18 
generated imn the visual system by such patterns 
The present article 1s intended. as an interim report 
on a wider range of new visual phenomena revealed 
by the same technique It 1s not concerned with 
exposure to random fields as a form of ‘sensory 
deprivation’, which has mteresting effects in a differ- 
ent category? 

A typical source of ‘visual noise’ 18 offered by a 
de-tuned television 1eceiver with high gam Most 
readers will be familiar with the ‘snowstorm’ effect 
thus produced on the screen An alternative, which 
gives greater flexibihty* is to make up a cmé film- 
loop from successive samples of a random distribution 
of white (or black) spots (Photographs of sandpaper, 
or sprinkled confetti, are remarkably adequate) 
With any such source, the followmg effects may 
readily be observed 

(1) Discontinuity between foveal and perrpheral 
fields The normal impression first created on inspec- 
tion of visual noise 18 that of a homogeneous field of 
‘particles’ in violent agitation Individual ‘particles’ 
can be followed for a second or more m pseudo- 
Brownian motion On prolonged mspection, however 
(especially 1f monocular), the foveal area of the field 
is clearly distinguishable from the remainder Its 
motion 1s more coherent, as of a liquid boiling up 
from a restricted central source, and its average 
amplitude of pulsation 1s greater than that of the 
peripheral field As the gaze 1s directed to different 
regions of the random stimulus, the ‘boiling’ foveal 
area can be clearly identified by the fact that ıt 
tiavels with the eye 

(2) Monocular versus beunocular viewing Con- 
siderable theoretical interest attaches to the contrast 
between monocular and bmocular excitation Most 
subjects spontaneously report that the monocular 
field appears the more densely populated, and 
semtillates more rapidly With two eyes the field 1s 
seen as less ‘sparklmg’, the motion more ‘oily’, the 
‘particles’ fewer and more persistent On most 
theories of bmocular fusion ıt would not have been 
expected that the simultaneous and identical exci- 


tation of corresponding retmal areas should reduce 
the apparent density and frequency of what 1s 
perceived 

(3) Effect of intensity One 1s led to ask whether 
simply halving or doubling the intensity of stimula- 
tion could produce the same effect as changing from 
bmocular to monocular viewing or vice versa But 
in fact rather the opposite 1s the case At weak 
intensities the ficld appears much more ‘oily’ and 
1s traversed by wriggling, mterlocking snake-like 
shadow-patterns that may each extend over much 
of rs area At the normal mtensity of a television 
screan, however, a change by a factor of 2 (or more) 
makes little difference Bmocular fusion here involves 
clearly more than the central summation of retinal 
impulses from ‘corresponding points’ This is in 
line with the discovery by Jungs and others of 
separate cortical representations of each retina (in 
the cat) 

(4) Steady ralluminahion wm one eye It might be 
suggested that the occlusion of one eye causes centil- 
fugel feedback, to both retine, which enhances 
the sensitivity of the unoccluded eye As a partial 
test of this hvpothesis the unused eye can be flooded 
with uniform illumination adjustable m brightness 
ahove or below the average level of the random source 
The effect, however, is negligible, and not at all 
comparable with that of using both eyes to view the 
source. 

(5) The 'frame-adhesvon' effect One of the most 
pleasing effects occurs when a portion of the random 
feld 1s ‘framed’ withm a movable contour such as 
the outline of a loop of wire When the wire frame 18 
moved and followed with the eye, the whole assem- 
blage of ‘Browman particles’ within it (and those 
immediately outside) are unmistakably seen to move 
with it If the motion of the frame is rapid and oscil- 
latory, the particles show a kind of mertua, lagging 
beh:nd and swirling just as 1f immersed m a fluid 

When however, & stationary object such as a 
finger-tip ıs placed within the framed area, practically 
the whole 1s suddenly stabilized, ‘adhering’ to the 
finger-tip If the finger 1n turn 1$ moved, ıt appears 
to be ‘pursued’ by a swarm of particles 

That the unteractions concerned are central, rather 
than retinal, can be seen by presenting the noise to 
one eye and the frame to the other, when the effects 
are much the same, apart from a somewhat moie 
noticeable trme-lag ın the couplmg between frame 
and noise field 
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(6) Complementary wnages As already reported! 
the effects of superrmposmg random noise on spatially 
repetitive patterns aie especially strikmg When a 
source of noise is viewed through a transparency 
such as Fig 1, the otherwise chaotic disposition. of 
the ‘particles’ is at once organized mto one or several 
superimposed geometrical figures (the “complementary 
mage’ (ref 1)) the principal directions of which run 
at right angles to the lines of the repetitive pattern 
A sundar but transient reorganization’ is seen if 
the random source is viewed alone, immediately after 
mspection of the repetitive pattern 

The phenomenon is extremely tolerant of the optical 
definition of the random source Even with a thin 
sheet of paper between the pattern and the television 
screen, the complementary image 1s clearly visible 
An impression of a typical figure complementary 
to the stimulus of Fig 11s shown m Fig 2 If the 
stimulus figure is a ‘grid’? formed by superposing 
sets of parallel limes at ight angles, the comple- 
mentary image lines run diagonally 

The complementary figures so generated are gener- 
ally seen in motion With Fig 1, for example, the 
subject typically reports two or more superimposed 
‘rosettes’ of the type of Fig 2, which may be seen as 
contra-rotating, or all rotatmg clockwise or anti- 
clockwise, more or less at wil If Fig 1 ıs itself 
rotated, the complementary mage rotates in the 
opposite direction 

When Fig 3 1s used, a petalloid radial comple- 
mentary mage is seen, with strong radial streammg 
along the petals In addition, however, there js & 
slow and steady rotation of the noise field, with an 
angular velocity, varying with the radius, of 
approximately one radian a second This turns out 
to be a quite distmet phenomenon, not dependent on 
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Fig 3 


spatial repetitiveness , for if visual noise is viewed 
through even a single annular aperture, it is stil 
seen to rotate in each duection alternately 

(7) Implications It 1s not my purpose here 
to advance interpretations of the phenomena de- 
scribed, on which we are working at present , but if 
they demonstrate anything clearly, ıt would seem 
to be the strong synthetic element in perception, 
which is present even when ‘associations’ m. the 
usual sense might be expected to be absent What 
1$ seen under excitation by 1andom noise bears only 
an approximate relation to the stimulus Instead, 
even against a blank background, 1t seems to be a 
fanly strongly structured synthetic ‘imitation’— 
that 1s, a distribution of activity matched presumably 
m respect of certain statistical features, but suffi- 
ciently well structured for changes in rts position 
to be ieadily attributable and easily perceived 
(Exp 5) With a background of a regularly periodic 
nature, the structure seen bears still less resemblance 
to that of the stimulus 

The foregomg are only samples of the new data 
revealed by this way of ‘shock-exeiting’ the visual 
system, which will be discussed more fully elsewhere 
The present article is mtended mamly to direct 
attention to the power and potential value of this 
elass of stunulus In communication engineering, 
random noise 1s often used as a ‘neutral’ test-signal 
to reveal the characteristic modes of response (reson- 
ances and the like) of an information-system In 
the study of the visual system ıt seems clear from the 
foregomg examples that visual ‘noise’ offers a tool 
with a corresponding ability to uncover some charac- 
teristic modes of response of perceptual mechanisms 
Formally, ıt can be regarded as the neutral member 
of a family of strmul at the extremes of which are 
stroboscopic ulumination (spatially uniform, tem- 
porally periodic) and ow parallel-lne patterns 
(temporally uniform, spatially periodic) At each 
of these extremes characteristic responses are also 
evoked?*, and ıt can scarcely be doubted that all 
three classes of phenomenon have something to 
contribute to our theorizing about perceptual pro- 
cesses 


1 MacKay, D M , Nature, 180, 849, 1145 (1957) 


*MacKay, D M, "Interactive Processes m Visual Perception’ —in 
Sensory Communication, edit W  Bosenblth (Massachusetts 
Institute of Technology, 1961) 


* Held, R , and White B , Sevnce, 130, 860 (1959) 


‘Wilson, J P, “The Response of the Visual System to Spatially 
Repetitive Stimul" (Ph D Thesis, University of London, 1960) 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


Presence and Correlation of Fine Structure 
in Jovian Decametric Radiation 


JUPITER’S non-thermal emission in the decameter 
region of the spectrum takes the form of sporadic 
radio noiso storms having durations rangmg from 
minutes to several hours! Observers agree that the 
storms show fine structure, 1n part composed of bursts 
which typreally have durations ranging from several 
tenths of a second to several seconds However, 
there has not been agreement as to the presence of 
still finer structure or the intrinsic origin of any of 
the fine structure 





on I9 nights up to August 1 exhibited various degrees 
of corrolat:on, mcluding 6 mghts on which correlation 
was essentially perfect, without amplitude distortion 
Correlation tended to improve through the Jupiter 
observing season from March onwards, suggesting 
that the phase with respect to Jovian opposition 
(Jwy) o1 to the terrestrial season (summer) may be 
significant 

A small portion of a storm with correlated events 
(July 18) 1s reproduced m Fig 1 (the New Haven 
reearver was not functioning during this run) Storms 
with simular portions of closely correlated events 
were observed on June 5 and July 11, 20, 27, and 30 
No form of 1onospheric effect 1s known that preserves 
its correlation over 100 km , accordingly we conclude 
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Fig 1. A 20-see portion of the high-speed recording of the Jupiter storm o? J uly 18, 1961, showing close correlation of fine- 
structure events received at Middletown (3) and Pomfret (2) Seo by 30 and 100 km, respectively from the Bethany 
ation 


In 1956 Kiaus? and Gallet? reported very short 
bursts having durations of tens of msec or legs, 
which they associated with Jupiter, but other 
observers!” have been unable to confirm this 
As for the origin of fine structure, radio sources of 
angular size much greater than Jupiter often show 
pronounced ionospheric seintillation with components 
occasionally as short as several seconds®? , the 
Jupiter source must be expected to show at least 
sunuer effects Recordmgs made by Gardner and 
Sham: on three nights in 1956, using receivers spaced 
25 km east-west, indicated little correlation of the 
noise fine structure over this base-line, the lack of 
correlation suggesting that ionospheric irregularities 
might account for much 1f not all of the burst struc- 
ture On the other hand, a spaced-receiver observa- 
tion by us im 1958 (ref 10), while confirming the 
existence of considerable amplitude distortion, showed. 
80 per cent correlation ın the time of arrival of bursts 
at stations separated, by as much as 30 miles east-west 
Florida—Chile observations in 1960 by A G Smuth and 
Carr! also mdicated partial correlation over a very 
long base-line, suggesting the realty of some intrin- 
sic fine structure 

To resolve these questions a new series of base- 
lme correlation observations was mitiated by us im 
March 1961 Four identical crystal-controlled 
total-power receivers working at 22 200 Mc /s with 
6 ke /s band-width were fed with identical antennas 
The locations chosen were the Yale Observatorv’s 
Bethany Observing Station (central site), Hendrie 
Hall at New Haven (15 km south of Bethany), 
Van Vieck Observatory at Middletown (30 km east 
of Bethany), and Pomfret School (100 km east of 
Bethany) The audio outputs of the receivers were 
transmitted to Bethany on telephone lines During 
Jupiter storms ali four channels plus timmg marks 
were recorded on a high-speed photographic recorder 
with a time constant of 30 msee Records obtamed 


that fine structure such as that of Fig 1 1s character- 
istic erther of the source at Jupiter or of the intor- 
planetary medium, but that this mtrinsic structure 
is often largely obliterated by local ionospheric 
effects 

During this observing season we noted the presence 
of numerous correlated fine-structure components 
having durations of hundredths rather than tenths 
o? seconds In comparison, our observations during 
1960 showed no events havmg durations less than 
Olsec We must regard this extreme fine structure 
a3 real. in view of tts correlation over long base-line 
and association with Jupiter storms (not present 
before or after) Thus the occasional existence of 
Jupiter bursts of extremely short duration as reported 
by Kraus and Gallet seems to be confirmed 

The co-operation and assistance particularly of 
E Milone of Yale Observatory, Dr F Zabriskie of 
Van Vleck Observatory, J McCullough of Pomfret 
School, and financial support from the National 
Science Foundation are gratefully acknowledged 

JAMES N DOUGLAS 


HARLAN J SMITH 
Yale Observatory, 
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GEOPHYSICS 


Confirmation of Outer Atmospheric 
Asymmetry postulated to explain the 
False Zodiacal Light 


In 1952 and afterwards!, I suggested that the 
false zodiacal light—an early mornmg pyramid of 
light above the western horizon, resemblmg the 
zodiacal light which at that time would be on the 
opposite side of the sky—mught be explained :f 
Earth's gaseous tail were driven off mainly from the 
western twilight rim of the globe I can now point to 
some recent findings that support this idea‘. 

A terrestrial gaseous tail has been repeatedly 
postulated (by Lomonosov ın 1753, Houzeau in 1888, 
Evershed m 1902, Astapovich®, Fesenkov?, Divari‘, 
and many others) to explain the counterglow or 
gegenschein, an antisolar lummosity with a variable 
brightness and a gaseous emission spectrum 
(Karimov?, Tikhov), which Soviet parallax measure- 
ments place at an apparent distance of ~ 20 Earth 
radu The gases forming such a tail could only be of 
atmospheric origin, presumably solar radiation 
pressure carries off atoms or molecules thermally 
expelled in high trajectories from the underlying 
denser atmosphere I pictured “the solar heating 
steadily unwimdmg a ribbon of gas from the upper 
atmosphere mto the ecliptic plane" (ref 2, p xvni) 

The false zodiacal light, observed and named by 
Divari and Fesenkov in 1946 (ref 6, p 22) but 
previously described by Sykes? and by Schmid’, is, 
presumably & luminosity m the lower part of the tail, 
below the counterglow The counterglow luminescence 
18 thought to be excited by solar corpuscular emission 
in the region beyond the terestrial magnetosphere 
(Astapovich®) To-day one may suspect that the 
nearer luminosity of the false zodiacal hght 1s con- 
nected with the van Allen radiation, though other 
theories are possible!:?:6 

Most remarkable is the asymmetry of the false 
zodiacal hght ıt 18 seen im the western sky as & post- 
midnight opening-out of the counterglow ellipse, but 
i6 18 never seen in the eastern sky If the gaseous tail 
itself 18 asymmetric, the reasons could be that (a) 
the rotation of Earth assists the solar radiation 
pressure at the evening twilight rm of Earth, but 
opposes ıt at the morning twilight rm, (b) at the 
evening twilight rım the atmosphere has been heated 
by the Sun, so that the supply of thermally accelerat- 
ed exospherie particles, that 18, the density of the 
exterior atmosphere, would here be significantly 
greater than on the morning rum (ref 2, p xv1) 

Pomt (6) 18 now confirmed by the exospheric 
densities calculated from the orbital behaviour of 
artificial satellites Begmnmg at ~ 200 km height 
above the terrestrial ellipsoid, there 18 a mmrimum of 
density at 6 hr true local time and a maximum at 
14 hr The difference between maximum and mını- 
mum steadily imereases with altitude, and at 1,700 
km, according to the model used by Romer’, rt 
exceeds two orders of magnitude At 18 hr the 
pressuie remains high, at 700 km height the supply 
of gas particles ıs ~ 7 5 times greater on the evening 
rim than on the morning rim of Earth (ref 4, Fig 4), 
ab 1,700 km itis ~ 12 times greater (ref 5, Fig 2) 

The exterior atmosphere 18 chiefly maintained by 
solar energy absorbed and stored at lower (F-layer) 
levels This explains the lag of the density maximum 
toward the afternoon and the contmumg higher 
density m the evening 
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The false zodiacal ight, seen only in the west, must 
not be confused with the zodiacal twilight®*—the 
atmospheric component of the ordmary zodiacal 
hght—which according to Divari’s specific finding 
appears with equal intensity on the western and 
eastern horizons Moreover the zodiacal twilight 18 
concentrated toward the horizon, while the false 
zodiacal light, openmg out from the counterglow 
(Divari$, Fig 10), 1s strong at higher angles of 
elevation 

It 18 also obvious that the false zodiacal hght, 
extending from the counterglow, 1s unrelated to the 
cosmic dust-cloud component of the ordinary zodiacal 
light Aside from the nearness, the variability and the 
emission spectrum of the counterglow as demon- 
strated by the Soviet authors, there 1s Roach and 
Rees’s demonstration! that the counterglow and the 
cosmic zodiacal hght he m shghtly different planes 
The former 18, as expected, in the ecliptic, while the 
cosmic dust cloud 18 symmetrical with a plane through 
the Sun determined mainly by Jupiter’s gravitation" 
{Long-lasting confusion has been caused by the 
reports of those who profess themselves unable to find 
the slightest asymmetry or variability of the zodiacal 
light with respect to the ecliptic These reports may 
be dismissed as pointless, because there is no imagin- 
able reason why the zodiacal dust cloud around 
the Sun should he precisely m the ecliptic, which 
1s merely the orbital plane of the Earth ) 
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BIOFHYSICS 


Extendability of Tendons undergoing 
Contraction-Relaxation 


EQUILIBRIUM melting of tendons! and collagenous 
tissues? follows the theoretical behaviour expected 
for a first-order phase transition Thus, the ordered 
crystalline regions of polypeptide chams disintegrate 
mto randomly oriented coils of the amorphous phase 
Rat-tail tendons subjected to melting by lyotropie 
agents undergo rapid contraction followed by relaxa- 
tion to rupture, and these physieal events aro easily 
measured characteristics of the melting process 
Stress-stram curves of thermally shrunk tendons 
have been shown to obey equilibrium elastic theory 
for amorphous polymers’, for example, stress 18 
proportional to (a-—a-*), where a is the stram This 
communication deals, however, with a kinetic analysis 
of melting of rat-tail tendons m concentrated aqueous 
urea at pH 7 0 and 37°C 
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When the velocity of length-time observations 
(Fig. 1) was analysed kinetically, equation 1 was 
found to agree with the data The terms involved are 
d.Ljdt, the velocity of change of length at any time (t), 
(dL/dé)-, the initia] velocity of contraction, (dLjdt)r, 
the termmal velocity of relaxation, and Ker, the 
specific rate-constant 


Log [d L/dt — (dL/dt)y] = log [(d.L/dt). — 
(dL/dt)r] — Kert (1) 


Temperature had a pronounced influence on the rate 
process, but 16 systematically followed equation 2 


The resistance to disruption of agemg tendons m 
10 M urea solution, furthermore. increased according 
to equation 3 
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Log (time-to-break) = C + D(age, or weight 
of animal) 


(3) 


Generally, 16 1s believed that the attack on collagen 
by urea breaks stabihzimg hydrogen bonds* A com- 
plication in the selectiveness of this protein—urea 
interaction 18 that a condensation can occur between 
free amino groups of the protein with a slight amount 
of ammonium cyanate which exists 1n equilibrium with 
aqueous urea® This should not, however, mterfere 
with hydrogen bond rupture, in fact 16 could promote 
it by assisting to liberate one conjugor (amine side- 
chains of lysme or hydroxylysine) from a previously 
existing hydrogen bond with those groups It has 
also been shown that aqueous urea condenses with 
long hydrocarbon side-chains to form ‘adduct’ com- 
pounds? Since collagen in tendons has few such long 
hydrocarbon side-chams, ıt does not appear that 
adduction of urea presents any great complication 

Accepting that action of urea results ın rupture of 
secondary, tertiary, and highei -order —OH stabilizmg 
bridges‘, we mvest:igated next how this depolymeriza- 
tion influenced tendon elasticity To answer this 
question experiments were conducted in which the 
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LENGTH 
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[————————— ———— — —4 


TIME 


Ex 1 Changes in length of rat-tail tendon produced by 10 M 
urea, pH 7 0 at 37°C The five characteristic regions are (1) 
initial Jengthemng of ‘dry’ tendon as solution is added, (2) period 
of contraction, (3) point of maximum-contraction, (4) per'od of 
relaxation, and (5) rupture Initial length L,, actual length P, 
maximum contraction Lmax, and (fime-to-break Tg are also 
clearly identified The dotted Ime displacement ( AL’) 13 the 
periodically induced momentary-strain 
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MOMENTARY - STRAIN 





100 
o 5 lO I5 20 25 30 35 40 
CONTRACTION - RELAXATION TIME (Minutes) 


L’ 
Fig 2 Dependence of momentarv-stram (1 + A) on time of 
eontraction-relnxation 


momentary extension of a tendon was measured by 
adding and removing a weight. A change m length 
(AZ’), Wlustrated m Fig 1, was determined periodic- 
ally and superrmposed on the contraetion-relaxation 
sequence Fig 2 shows a plot of stram (1 + AL'//L) 
as a function of contraction—relaxation time 

Figs 1 and 2 reveal that a tendon becomes more 
easily extendable as a result of the action of urea 
which also produces shortemng and re-extension 
Maximum extendability occurs near the point of 
maximum contraction, and ıt decreases with subse- 
quent lensthening of the tendon It ıs obvious, 
therefore, that extendability and contraction— 
relaxation are inversely related 


a 
The change of strain with time ài (AL/[L) was 


evaluated and plotted as a function of time Numer- 
ous graphs of these data suggested that there was a 
semi-loga~ithmic relationship between velocity of 
strain and time A final graph was made of the 
difference between velocity of strain at time (/) and 
that constant velocity of stram which characterized 
the relaxation period A linear relationship was 
observed with this function, and equation 4 was 
derived on the basis of these numerical analyses 


d d 
Log ls: (ALL) - 4. (AL (L) | = 


d d 
log | (ALL). - (AL/IL | — Ket (4) 


These measurements of the rate of increased tendon 
extendability during contraction support the mter- 
pretation that the latter reflects a crystallino/ 
amorphous phase transition, or melting It 1s not 
clear, however, why extendabihty and re-extension are 
imversely related because the tendon 1s continuing to 
degrade to the point of rupture A maximum degree 
of shorsening would appear to be theoretically 
possible but this may not be realized due to possible 
independence of (d L/d£). and (dL/dt), Consideration 
of factors responsible for meomplete shortening and 
relaxation might lead to a better understanding of the 
lanetie mechanism of contraction-relaxation Finally, 
this could give a more precise explanation of effects of 
agemg on rate of tissue dissolution such as shown by 
equation 3 
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METALLURGY 


New Ternary R-Phases with Silicon 


THe R-phase was first found! in the chromium- 
molybdenum-eobalt ternary system. Its crystal 
structure bas been determined by Shoemaker et al 2 
Additional R-phases were later found m the molyb- 
denum-manganese-cobalb and  molybdenum-man- 
ganese—iron ternary systems’, as well as in the 
titanlum—manganese binary system! Recently, ın 
the investigation of several ternary systems with 
silicon @ number of new R-phases have been identified 
Table 1 gives the approximate composition and the 
lattice parameters of these new R-phases 


Table 1 COMPOSITION (APPROXIMATELY) AND LATTICE PARAMFTERS 
OF NEW R-PHASES 


Annealing 
Alloy temperature e(A) a(A) cla 

T1,Mn4 S81; 1,000 19 23 10 87 177 
Nb,Mn;St;, 1,000 19 28 10 89 177 
Ta,Mn;,Su, 1,000 19 19 10 86 177 
Mo,Mn;481l;; 1,000 1918 10 85 177 
W;,Mn;gS15 ,000 19 92 10 86 177 
Vs;FeqS1gg 1,100 19 23 10 79 178 

a5 COll 1,100 19 14 10 78 178 
Vas Naois 1,100 19 10 10 82 177 


It ıs interesting to note that ın all alloys as yet 
known to consist of the R-phase one of the com- 
ponent elements has a relatively large co-ordmation 
number 12 atomic radius m relation to that of the 
others For example, in all the R-phases hsted in 
Table 1, the ratio of the co-ordmation number 12 
radu of the two transition elements les between 1 07 
and 112 In the case of the ternary R-phases with 
manganese and silicon the concentration of the 
element with the large atomic radius needed 1n order 
to stabilize the R-phase may be quite small, for 
example, 2 a/o titanium, 5 ajo niobium or tantalum, 3 
a/o molybdenum or tungsten However, the amount 
of vanadium required ın the ternary systems with iron, 
cobalt or nickel and silicon 1s very much larger 

It has now been established that the unidentified 
phases previously designated as I, III and V co-exist- 
ing with the c-phase in the vanadimm-3ron-silicon, 
vanadium—cobalt—silicon and vanadium-—nickel-silicon 
Systems? are identical with the corresponding R- 
phases listed above Previously unidentified phases 
IIl and IV also co-existing with the c-phase m the 
vanadium—iron-sulicon and vanadium-—cobalt—silicon 
systems have now been identified as havmg the «-Mn 
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structure An«-Mn phase also occurs 1n the vanadium— 
nickel-silicon system Details of these phase relations 
wil be published 

This work was supported by the US Army 
Research Office, contract number DA-11-022-ORD- 
1175 
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«Manganese Phases containing 
Technetium-99 


IHE existence of a-manganese phases in the zır- 
conlum—technetium, niobium-technetium and molyb- 
denum-technetium systems was recently reported 
by V B Compton et al! Durmg the course of ow 
investigation of alloy phases involving technetium-99 
with transition metals, a-manganese phases were 
found in the binary systems seandium-technetium, 
titanrum-technetium, hafnium-technetium and tan- 
talum-technetium Pertinent information is given 
m Table 1 The alloys were made by arc-melting 
transition metals of high purity with technetium-99 
X-ray data were obtained from specimens m the 
as-cast condition with a powder camera of 114 6 mm 
diameter using filtered copper radiation 


Table 1 LATTICE PARAMETERS OF SEVERAL a-MANGANESF PHASES 
CONTAINING 'TECHNETIUM-99 


X-ray data 
Alloy composition, 


System atomie per cent a, (A) 

Sc-Te 875 Tc, 125 Sc 9509 + 0001 
Ti-Te 875 Te, 125 T1 9579 + 0001 
Hf-Te 87 5 Tc, 125 Hf 9 608 + 0001 
Ta-Te 88 3 Te, 16 7 Ta 9 565 + 0001 


Crystal structure and lattice dimensions of tech- 
netium-99 have already been reported by R C L 
Mooney?, using à microgram specimen He found a 
hexagonal close-packed structure with a, = 2 735 
+ 0001 A.c, = 4388 + 0001 À, cja = 1604 In 
the present mvestigation lattice dimensions of 
technetium-99 were obtamed from an annealed 
needle of high-purity technetium-metal The dimen 
sions are as follows a, = 2743 + 0001 Å, & = 
4400 + 0001 A, and c/a = 1604 Since Mooney 
reported a slight impurity ın his mixed sample, the 
lattice parameters reported here are probably more 
accurate 

This work was performed under the auspices of the 
US Atomic Energy Commission 
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A Cold Crucible for High-Temperature 
Melting Processes 


EXPLORATORY research in the solid-state field has 
resulted in the development of à new melting tech- 
nique for the processing of silicon. Although this 
method has been associated primarily with the 
purification of silicon and its growth as single crystals. 
it has important applications in the more general field 
of metallurgy. 

In our earlier work!, à container was made from a 
silver tube by pressing a longitudinal dent into its 
surface for most of the length. This silver ‘boat’ was 
internally water-cooled and contained a silicon bar 
in the depression. When power was applied to a short 
radio-frequency coil surrounding a small part of the 
boat, a narrow molten zone was formed in the bar. 
This zone was traversed along the bar to zone-refine 
the silicon and leave only the impurity boron, which 
does not segregate appreciably in silicon. The silver 
boat acts as a radio-frequency transformer, and 
eurrent is induced into the silicon bar from the silver 
underneath it, as well as from the primary coil above 
it. The liquid silicon does not wet the cold silver 
surface; it should be emphasized, however, that 
melting is complete, without any skin or shell of solid 
silicon. 

The results of pinch effect caused by mutually 
opposing electric currents can be observed following 
changes in the power setting or movements of the 
coil. Partial levitation of the melt can be obtained 
with suitably designed coils, particularly at a frequency 
of 500 ke./s. or lower; but at frequencies of 2 Mo./s. 
and above, these magnetic effects are very much 
reduced. 

Another form of horizontal boat which has certain 
advantages in special eases can be made by using 
several straight parallel tubes mounted in a semi- 
circle and closely spaced, so that the melt is confined 
in the boat by its surface tension. 

The growth of silicon single crystals has been 
accomplished in the past by pulling from silica 
crucibles or by means of a crucible-free method (see, 
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Fig. 1, A silicon single crystal grown from a cooled silver crucible 


NATURE 


145 


for example, ref. 2). The methods suffer from some 
disadvantages; in the former method, oxygen is 
introduced into the growing crystals due to chemical 
reaction between molten silicon and silica; in the 
latter procedure the density of dislocations tends to 
be high, and the diameter of the crystal is limited in 
size. Some attempts were made to grow single crystals 
horizontally in the silver boat, but these failed mainly 
on aecount of the large temperature gradient at the 
solid/liquid growing interface. 

In order to obtain a more favourable thermal 
symmetry and a correct temperature distribution for 
the growth of single crystals, several novel types of 
crucible? have been designed. In one particular 
form (Fig. 1) à number of tapered and water-cooled 
silver tubes is arranged vertically, and curved inward 
at the bottom to join at their narrow ends and form a 
basket. This crucible is water-cooled internally, and 
mounted inside a radio-frequency primary coil which 
has the shape of an upturned skep. Power is induced 
through the spaces between the tubes, and also by 
induction due to the current which flows circum- 
ferentially in each tube. The tubes are placed suffi- 
ciently close together to prevent the melt, when 
formed, from escaping. Again it is important to note 
that melting is complete, and that no thin skin of 
silicon remains as in ‘skull melting’. 

Single erystals of silicon which are oxygen-free and 
dislocation-free have been grown by the Czochralski 
method from crucibles of this and similar types, using 
silicon which was obtained by the thermal decomposi- 
tion of pure silane gas‘. Life-times up to 1 msec. 
have been measured and resistivities greater than 
1,000 ohm cm. have been preserved. Electrical and 
radiochemical tests have not detected the presence of 
silver in these crystals. 

The cold-metal crucible has been also successfully 
used as a non-contaminating container for the 
melting and processing of such materials as ferrites 
and allied oxides, rare earth metals, molybdenum, 
titanium, uranium and boron; it is not restricted to 
high-temperature melting applications only. 

We wish to acknowledge the work of Mr. F. J. 
Raymond, who is a co-inventor, and also other 
assistance given by colleagues of Standard Telecom- 
munications Laboratories, Ltd., who are associated 
with this project. We thank the management of these 
Laboratories for permission to publish this communi- 
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RADIOCHEMISTRY 


Organic Extraction from Fused Uranium 
Chlorides 


FvsED plutonium and uranium chlorides may be 
a good nuclear fuel for a fast breeder reactor!-*, 
The aim of the present work is to investigate some 
chemical properties of fused chloride components, 
in particular, the presence of dissociated or associated 
or non-ionie molecules, and the possibility of using 
the liquid salt-liquid organic extraction. Some recent 
results concerning the extraction processes with fused 
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salts are presented in ref, 5. In the present investiga- 

tion the salt phase contains: diluent (nuclear non- 

active): eutectic mixture of KCl-CuCl, 1 : 2 molar 

ratio, and fissionable material: uranium tetrachloride 

- (prepared by the reaction, uranium dioxide + carbon 

tetrachloride at 450? C.) with a concentration of 

uranium tetrachloride of 1-5 per cent w/w. The salts 

"were dried under vacuum by heating and fusing in 

. the presence of dry hydrochloric acid and dry argon, at 

;,& temperature of 180? C. The organic phase contains: 

diphenyl! as diluent and one of the following extract- 

ants: tri-n-octylamine (TOA), tri-n- butylphosphate 

(TBP), di-n-butylphosphorie acid (HDBP); dried in 

vacuum by heating. All components of fused salts 

- were used as labelled atoms: copper-64, potassium-42, 

o ehlorine-36, uranium enriched, registered by suitable 

radiometry x, B, y. The extraction process was 

carried out in & small volume, 1:6 ml., in 180? C., for 

055580. min. (15 min. with shaking): after separation of 

< both phases (using different solidification tempera- 

> ture) they are dissolved: salt phase in nitric acid 

_ solution, organie phase in toluene or benzene. All 

operations were performed in glove boxes with dried 

atmosphere. The distribution ratio offs for 

- -each metal is measured as ratio of total radioactivity 

^« of organic phase to salt phase (the volume ratio of 

the two phases is approximately 1). The results sre 
shown in Fig. 1. 


The experimental distribution ratios are as follows: 


TBP HDBP TOA 
Ag T Uy Xs 


> ane” > qHPBP 
ki ; On 
potassium: «ië? > a^ 

TOA TOA TOA 
TOA: aA x UR S 


2 
, ‘ TBP TBP TBP 
IBP: d.i c» ee 


From these resulta, it may be concluded that: 
. im fused chlorides there are cations K+ and Cut; 
non-ionic molecules, CuCl, Cu,Cl, and potassium 

chloride; anions, Cu,Cl,, UCI,-. 

For the CuCl-TOA extraction system, with a 
rni dl concentration of TOA: 0-1.M < concentration 
TOA x 0-3 M, the ratio of molar concentration, 
r/TOA | in Tue. saa i ie is ea 1: 3, 







uranium: 





copper: " gio A 
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< Ux extraction. the extractable. species is an ion-pair, 
namely, [TOACu*] [UCH]. | 









he formula [ u+] [CuCl]. 
r uranium totrachlorido TOÀ 








M. TAUBE DT 

Z. BORKOWSEA. e 

Department of Radiochemistry, ; 

Institute of Nuclear Research, 

Warsaw. 

! Goodman, ©., Greenstat, I. L., ef al., Massachusetts Institute of 
Technology, Report No. 5000 (1957). 

* Scatchard, G., et al., Massachusetts Institute of Technology, Report 
No. 5001 (196 60). 

2 Bulmer, L F., et al, ORNE Report C P-56-8-204 (1956). 

3 Taube, M., Nukleonika {in the press), 


* Gruen, D. M., ef al, Second Intern. Conf. Atom. Energy, Geneva, —.— E 
87, 112 (1958). 





A Simple Microdiffusion Technique for 
the Radioiodination of Proteins 


A NUMBER of methods for the radioiodination of 
proteins and amino-acids have been deseribedb?, ^. 
Some have relied on transfer of elemental iodine | 
from an oxidizing medium by extraction with an ^. 
organic solvent ; in others oxidation of iodide to. ož = 
iodine has been effected in the presence of the material /— 
to be iodinated with the associated risk of damage to 
the latter by the oxidizing reagent in the mixture. ESOS 

Many of these techniques are somewhat eumber-. . 
some; moreover, some are such that little confidence . 
can be felt either in the purity and integrity of the 
product or in the safety of the experimenter. 

Faced with the task of labelling insulin with iodine- 

131 at high specific activity (^ 100 moe./mgm.) we — 
have used Conway's microdiffusion technique’, using 

in the first instance No. 2a diffusion units and more 
recently modified cells of smaller {~ 1 em.). diameter. 

The technique has also been successfully applied to 

the radioiodination of beta- and gamma.globulins, 
albumin and tyrosine. SOS 

The material to be iodinated, dissolved in 0-2 M 
borate buffer (pH 8-0), is placed in the central chamber = 
of the unit; radioiodine diluted with the desired 
amount of inactive carrier is placed in the outer ž = 
compartment together with an appropriate volume = 
of acidified dichromate. Diffusion of iodine vapour . 
into the central compartment is largely complete in | __ 
a matter of 2 hr. (80-90 per cent is a typical 
recovery in most cases) although the exposure may be. ^. 
terminated at any desired time by addition of excess — 
alkali to the outer chamber. Adequate distribution. of 
iodine through the protein solution is effected either © 
by agitation of the unit or by use of a small magnetic 
stirrer in the central compartment. 

The maximum permissible volume of the oxidizing 
mixture is critically dependent on the weight of 
carrier iodine available for transfer. Where ugm. 
quantities of protein are to be iodinated, adequate 
transfer-rates of the pgm. amounts of iodine usually 
desired in these circumstances can only be obtained 
using oxidizing mixture volumes of a few microlitres. 
This places a lower limit on the amounts of protein 
of less than 5 ugm., which may conveniently be used, 
and hence indirectly on the specific activities which 
may be obtained with tolerable starting amounts of 
iodine-131. Nevertheless, specific activities of the 
order of 100 mc./mgm. insulin can readily be achieved 
using about 3-5 mo. iodine-131. 

Radiochemieal purity of the iodinated protein has 
been cheeked by electrophoresis and, in the case of 
insulin, by ehromatography in a SODODUBEY butanol/ 
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acetic acid solvent system* No loss of biological 
activity of the iodmated insulin was observed usmg the 
rat epididymal fat pad bioassay technique. 

Overall recovery of radioactivity in the final 
product has been of the order of 25 per cent. Though 
this implies considerable wastage of 10dine-131, ıt 
has been felt that the advantages in this method of 
the mildest possible oxidative environment for the 
protem and the minimal radiation damage to which 
the latter 1s exposed compared with other techniques 
merit its application m many circumstances 

R N BANERJEE* 
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London, W 1 
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CHEMISTRY 


Pyrolysis and Gas Chromatography for 
the Detection of the Benzene Ring in 
Organic Compounds 


In a systematic investigation concerning the 
correlation between structure and pyrolysis products, 
1b was found that pyrolysis of compounds eluted 
from gas chromatographic columns could be used for 
the detection of the benzene ring when present in 
organic compounds 

A conventional gas chromatograph was used in 
the experiments The top of the column was pro- 
vided with a heated quartz tube filled with ‘Chromo- 
sorb’ (about 2 gm ) Silicon oil was used, as stationary 
phase 

The quartz tube was connected to a short thick- 
walled glass capillary with silicone rubber tubmg The 
capillary was closed with a serum-cap and the carrier 
gas was led into the column through a side tube just 
behind the serum-cap The quartz pyrolysis tube was 
surrounded by a small furnace of which the tempera- 
ture was measured with a thermocouple between the 
wall» of the furnace and the pyrolysis tube The 
compound under investigation was injected through 
the serum-cap in the usual way on to the hot 'Chromo- 
sorb’ Of liquid compounds 1 pl was imjected Of 
solid compounds 5-10 ul of a solution of the com- 
pound m methanol was used 

Some 100 different aromatic compounds contaming 
a benzene ring were tested, and experiments with 
benzyl alcohol, benzylbenzoate and benzyl phenyl- 
acetate are shown in Fig 1 as characteristic examples 
It 18 seen that two peaks are present in the chromato- 
grams One peak was identified by infra-red spectro- 
scopy as benzene, the other as toluene ‘This 
behaviour 1s characteristic for compounds that 
contain the benzene ring and. a side-chain or groups 
such as —OCH, or —OOCH, ‘The formation of 
toluene in these cases may be explamed on the 
basis of free radical mechanism in which methyl 
radicals are formed from the —OCH, and —OOCH, 
groups respectively This 1s made evident by the 
following experiment When a saturated solution 
of benzoic acid in methanol 1s pyrolysed a small 
toluene peak is observed following a large benzene 
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Fig 1 Chromatograms of pyrolysis products of benzyl aleohol 
benzyl benzoate and benzyl phenylacetate 
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Fig 2 Chromatogram of the pyrolysis products of anisole 
peak When, however, a saturated solution of 


benzoic acid in chloroform instead of methanol is 
pyrolysed no toluene peak ıs found A small peak with 
the correct retention time of chlorobenzene now 
appears next to benzene For the compounds tested 
the ratio of the peak areas ıs a typical constant for 
the compound which 1s pyrolysed when the experi- 
mental conditions are kept identical (Table 1)- 

The result of the pyrolysis of anisole 18 shown in 
Fig 2 The formation of phenols was always observed 
in the pyrolysis of compounds contaming the C,H,O- 
group such as salicylic acid (pyrolysed in methanol 
solution), p-cresylacetate, anisole and others 

The formation of benzene and simple benzene 
derivatives on pyrolysis of aromatic compounds was 
thus found to be & very general reaction for these 
compounds Although it 1s known that benzene 
can be synthesized from simple aliphatic compounds 
by pyrolysis, no benzene peaks were observed when 
aliphatic compounds were tested under normal 
conditions Aromatization clearly is negligible under 
the conditions used 

During the experiments recorded here separate 
series of tests on minute amounts of simpler organic 


Table1 RATIO OF PEAK AREAS AT PYROLYSIS TEMPERATURE 550°C 


Area of toluene peak 


Compound Area of benzene peak 


Toluene 

Toluene 

Toluene 

Benzyl aleohol 

Benz l alcohol 
Benzv]l alcohol 
Benzyl phenvlacetate 
Benzyl phen. lacetate 
Benzvl benzoate 
Benzyl benzoate 
Antsole 

Dioctyl phthalate 
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compounds such as aliphatic alcohols, amines, acids 
and esters were pyrolysed and analysed in the way 
described From all these compounds characteristic 
chromatograms of the pyrolysis products were 
obtained which made it possible to differentiate 
between compound groups, individual members of 
homologous series and between isomers such as 
normal- and 1so-alcohols 

It 18 believed that a valuable technique for 1denti- 
fication of the small amounts of material elutmg 
from gas chromatographic columns can be based 
on this method of pyrolysis 

The method does not seem to be restricted to 
volatile compounds? 

J H Dxont 
Central Institute for Nutrition 
and Food Research TNO, 
Utrecht 


1Janak, J , in Gas Chromatography, 1960 Proc Third Symp , edit 
by Scott, R P W , 309 (Butterworths, London, 1960) 


A Coating with Antifouling Properties from 
the Reaction between Cuprous Oxide and 
Sodium Silicate 


FILMS prepared from dispersions of zme dust m 
sodium silica media of a high silica ratio of about 
Na,0 §10,/1 38 by weight (Pass, A , and Meason, 
M J F, private communication) have been reported 
to become substantially insoluble in water withm a 
few hours without the aid of curing agents previously 
needed to produce satisfactory air-drying zine silicate 
paints! The mechanism of the formation of these 
films 1s only partially understood, and in the course 
of work undertaken to elucidate ıb, changes in 
viscosity occurrmg when zinc and other pigments 
are dispersed in silicate media are being examined 

Various pigments were dispersed m aqueous solu- 
tions contaming 16 6 per cent of sodium silicate 
having an Na,O 810, ratio of 1 * 3 55 by weight, and 
the changes ın viscosity of the dispersions with time 
were measured at a shear-rate of 54 sec -! using a 
Couette co-axial cylinder type viscometer 

Fig 1 shows curves which illustrate the viscosity/ 
time relationships characteristic of the two main 
groups of pigments which were studied Dispersions 
of non-reactive pigments such as tale, micaceous 
hematite, titanium dioxide and iron oxide decrease 
in viscosity with time due to an improvement in 
dispersion brought about by the action of the visco- 
meter Films produced from these dispersions will 
only become insoluble in water on long exposure 1n air 
or by the application of heat or curing agents In 
contrast, the viscosity of dispersions of some other 
pigments including zinc dust, cuprous oxide and 
mercuric oxide increases gradually with time evidently 
because the pigments react with or cause a reaction 
m the medium Of particular mterest was the in- 
dication that, as with zinc, films of cuprous oxide 
in sodium silicate media of a high silica ratio might 
cure unaided at room temperature and this has 
been confirmed by experiment 

The proportion of cuprous oxide 1n the dispersion 
and the Na,O S10, ratio m the medium can be 
varied over quite a wide range, and the film will still 
become insoluble in water within, at most, an over- 
night drying period Methyl cellulose, bentonite, 
micronized mica and similar viscosity control agents 
can be included to improve the application and film- 
forming properties of the dispersion A typical com- 
position having satisfactory film forming and curing 
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Fig 1 Viscosity at constant shear-rate as a function of time 


A, Talc, ©, cuprous oxide, @, zinc dust, A, mucaceous 

hematite The quantities of pigment added to 120 ml of sodium 

silicate solution were 50 gm, 225 gm, 450 gm and 300 gm 
respectively 


properties ıs made by dispersing 225 parts by weight 
of cuprous oxide and one part of methyl cellulose in 
140 parts of an aqueous solution containing 18 6 per 
cent of sodium silicate having an Na,O 810, ratio 
of 1 38 

Films of this composition and of variants of 1t 
have shown no fouling during a period of 95 weeks 
immersion in Sydney Harbour, Australia The most 
abundant macrofoulmg organisms recorded at this 
severe exposure site are Balanus (Balanus) amphi- 
irite var cwratus Darwin, Bugula avicularia L, 
Bugula neritina L , Hydroides norvegica Gunnerus, 
Spirorbis sp , Watersvpora cucullata (Busk), Conopeum 
reticulum (Linne), Mytilus planulatus Lamarck and 
Crassostrea commercials Iredale and. Roughley, and. 
settlement of at least three of these species took place 
on inert control panels durmg each month of the 
immersion period (ref 2 and Wisely, B, private 
communication) The average fouling-free life of 
46 commercial paints immersed along with the 
siheate compositions was 26 weeks (Laurie, H A, 
private communication) 

There are mdications that the melusion of zinc 
dust up to the extent of about 10 per cent of the 
cuprous oxide content of such dispersions may pro- 
long the foulmg-free life of the film by depressing 
the solution-rate of the copper in the early stages of 
immersion 

We thank the Department of the Navy, Australia, 
for the use of its immersion facilities m Sydney 
Harbour and Mr. H A Laurie for the periodic 
examination of panels The work forms part of a 
programme sponsored by the Department of the Navy, 
and this communication 1s published by permission 
of the Chief Scientist, Department of Supply, 
Austrahan Defence Scientific Service, Melbourne, 
Victoria, Australie 
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Defence Standards Laboratories, 
Maribyrnong, 

Victoria 


1US Patent 2,509 875 
1 Wisely, B, Austral. J. Mar Freshwater Res , 10, 30 (1959) 
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Evolution of Hydrocarbons from Impure 
Titanium Getters 


WHEN titanium getters are heated and evaporated 
m vacuum hydrocarbons are formed from carbon and 
hydrogen impurities in the metal! The evolution of 
hydrocarbon gases from two grades of titanium has 
been investigated in this laboratory with an 
‘Omegatron’ mass spectrometer and found to be 
related to the partial pressure of hydrogen in the 
system and the carbon impurity ın the getter 

Two grades of titanium were used having the 
following chemical analyses and termed here grade A 
0 055 per cent carbon, 0 0065 per cent hydrogen and 
grade B 0007 per cent carbon, 0016 per cent 
hydregen Getter filaments were made by twisting 
together a titanium wire of 1mm diameter and 5 em 
long with three tungsten wires each of 05 mm 
diameter The getter filaments were mounted within 
glass cylinders (85 cm diam x 8 cm high) inside 
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the stainless steel vessel of a bakeable high-vacuum 
plant The vessel was exhausted by a diffusion pump 
charged with silicone 704 and fitted with a Iiquid- 
nitrogen trap All the vacuum seals were made with 
metal gaokets and after baking the system an ultimate 
pressure of 10-8 torr was obtained To raise the 
partial pressures of the gases evolved by the getter, 
and thereby aid their detection by the 'Omegatron' 
spectrometer, the speed of pumping the vessel was 
lhmited to 101 /sec by a diaphragm in the mouth of 
the liquid-nitregen trap 

When either grade of titanium was evaporated in 
high vacuum the principal hydrocarbon gas formed 
had a mass of 15 (CH,) However, when the titanium 
was volatilized in hydrogen at a pressure of 10-7-10-* 
torr (nitrogen equivalent) the predommant hydro- 
carbon formed had a mass of 16 corresponding to 
the saturated compound of methane Subsequent 
experiments were then made with hydrogen leaked 
into the vessel during pre-heating of the getter, 
evaporation of titanrum and after film deposition 
Mass spectra were recorded of the atmosphere in the 
system durmg each of these three stages A typical 
experimens was completed m a total time of 70 min 
with a pre-heating time of 40 min and an evaporation 
time of 15 mm 

To ensure that impurities m the tungsten heater 
did not influence the experiments bare tungsten 
filaments were heated 1n the same manner as titanium- 
loaded filaments, and the resulting mass spectra 
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showed that neghgible amounts of hydrocarbon gas 
were evolved 

To find the relation between the partial pressures 
of hydrogen and hydrocarbon gas in the titanium 
experiments, the peak heights of atomic hydrogen, 
diatomic hydrogen and. methane in the mass spectra 
were measured Corrections were made to the 
measured, values for variations m rate of evaporation 
during film growth and for changes 1n hydrogen con- 
centration durmg the recording of the mass-spectra 
The hydrocarbon evolution during the pre-heating 
and evaporation of the getter indicated that it 
followed the law of mass action if one assumed a 
simple equation of the kind C + 2H + H,= CH, 
Thus by plotting methane concentration [CH,] as a 
function of [H?][H.], Figs la and lb were obtamed 
for the pre-heating and evaporation stages respec- 
tively and empirical hnes drawn through the points 
showed an approximately linear relation between 
[CH4] and [H?][H,] The plotted values are divided 
into two groups in each graph, dependent on the 
carbon content of the getter metal The partial 
pressure of hydrocarbon gas measured durmg the 
post-evaporation stage (Fig 1c) did not show a 
dependence on the carbon impurity in the titanium 
Also, the curve following the values in Fig 1c departs 
more markedly from a linear relation between [CH,] 
and [H?][H.] and the mass action law 1s not con- 
sidered to apply 

During pre-heating the reversible chemical reaction 
between carbon and hydrogen must occur at the 
surface of the hot titanium However, when evapora- 
tion begins it 1s uncertain whether the reaction can 
still proceed at the high filament temperature 
(> 1,625° C) It ıs possible that the reversible 
reaction now occurs at the surface of the condensmg 
titanium film At the pressure of operation (~ 3 x 
10-* torr) hydrogen molecules strike the titanium film 
ab a rate of 45 x 1014 molecules sec -! cm -? and 
rough calculations of the rates of arrival of titanium 
atoms give values between 1 5 and 50 x 104 atoms 
sec -1 cm -? Thus the ratio of mmpingimng titanium 
atoms to hydrogen molecules varies from 3 1 to 
10 1 The heat released at the surface by the con- 
densing titanium and the heat radiation from the 
getter filament may both be responsible for a revers- 
ible reaction at the getter surface 

Although there are many aspects of the foregoing 
work which are unsatisfactory, for example, the sole 
consideration of methane production ignoring other 
hydrocarbon species, 16 does show that metal film 
getters will only be completely effective mn the sorption 
of hydrogen if they are prepared free from carbon 

Acknowledgments are made to Mr Elwell, 
Division chief analyst of Imperial Chemicals In- 
dustry, Metals Division, and to Mr. Webb, chief 
analyst of Johnson Matthey, for their kind assistance 
in the chemical analysis of the titanium used ın. these 
expermunents The experimental work reported here 
was sponsored by C T R Division, Atomic Energy 
Research Establishment, Harwell 
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Detection of Carboxyl Groups in Conjugation 
with the Porphyrin Ring System 


THE band positions in the visible region of a 
porphyrin spectrum are influenced bv the electrophilic 
nature of the substituents conjugated with the 
porphyrm ring system, the more electrophilic the 
substituent the farther the absorption maxima he 
towards longer wave-lengths Thus, when a reagent 
reacts specifically with a particular group to produce 
a derivative which has significantly different electro- 
philic characteristics, a corresponding change in the 
spectrum is observed, and this change indicates the 
presence of the group in question For example, 
porphyrins with carbonyl groups conjugated with the 
ring system react with hydroxylamme to produce 
oximes which have thew absorption maxima at 
wave-lengths shorter than those of the original 
carbonyl compounds. Such a spectroscopic change 
indicates the presence of a carbonyl group m conjuga- 
tion with the tetrapyrrolic rmg system Methods of 
this type, which require only a trace of material, have 
played an important part m the structural determ- 
ination of naturally occurring porphyrms 

My recent work has required a sunilar procedure 
for the detection of a carboxyl group in conjugation 
with the porphyrin rmg system. It has been argued 
that smce the position of the absorption maxima of 
porphyrins 1s dependent on the electrophilic nature of 
their substituents, the visible spectrum of a carboxylic 
acid, when in conjugation with a tetrapyrrole rmg 
system, should be different from that of its anion 
Since the spectra of porphyrins in alkehne solution 
ae often ul-defined, 1t has been found advantageous 
to carry out the present investigation on a series of 
pyridine hemochromes (ferrous complexes of por- 
phyrins, co-ordinated through iron to pyridine) 
These derivatives have well-defined two-banded 
spectra in alkaline media, and the position of the 
longer wave-length band (a-band) is particularly 
sensitive to changes 1n the electrophilic nature of the 
particular substituent conjugated with the porphyrin 
ring system However, hemochromes are stable 
only m alkaline solutions, and to provide a spectrum 
which would approximate that of the un-1omzed acid, 
the methyl ester was used mstead of the free acid, 
which under the alkaline conditions would be 1omzed 

The pyridine hzemochromes have been prepared by 
dissolving the porphyrin iron complex im pyridine 
01 N sodium hydroxide (1 1) and reducing the 
mixture with sodium dithionite. Table 1 records the 
a-band position of pyridine hzemochromes derived 
from porphyrins contaming a conjugated carboxylic 
acid group and compares them with values obtained 
from the corresponding methyl esters A difference of 
more than 10 mu between these values is observed, 
which provides a reliable diagnostic test for the 
presence of a carboxylic group in conjugation with 
the tetrapyrrolic rmg system 
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Table 1 
Compound a-Band of pyridine heemochrome (mz) 
Acid Ester 

2-Carboxyl-deuteroporphyrin* 540 568 
2-CarboxyI-4-viny]-deutero- 

porphyrin * 555 567 
2,4-Ihcarboxyl-deutero- 

porphyrin* 554 567 
4-Acrylic acid-deutero- 

porphyrin (ref 2) 561 572 
Rhodoporphyrin (ref 3) 558 b66 
Porphyrin a seid (ref 4) 560 572 


* These compounds were prepared by oxidation of the corresponding 
formyl porphyrin, using Jones's reagent (ref 5 
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Fischer and Orth! quote a value of 563 my. for the 
a-band of a hemochrome derived from rhodo- 
porphyrin In view of the values reported here their 
result appears anomalous and seems to approximate 
that of the ester rather than of the acid 

P S CLEZY 

Department of Organie Chemistry, 

University of New South Wales 


1¥ischer, H and Orth, H , Die Chemie des Pyrroles, 2, Part 1, 533 
(Akademische Verlagsges , Leipzig, 1937) 

? Fischer, H , and Beer, L, Z physiol Chemie, 244, 31 (1930) 

3 Conant, J B,Hyde,J F , Moyer, W W,and Dietz, E M,J Amer 
Chem Soc , 58, 359 (1931) 

4 Morell, D B , Barrett, J , and Clezy, P 8 Biochem J., 78, 793 (1961) 

6 Barrett, J , and Clezy, P S, Nature, 184, 1988 (1959) 
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Examination of Side-Chain Interactions 
in Poly-L-Tryptophan 


WEHE hypochromism has been examined quanti- 
tatively by Tinoco! for polynucleotides and Imahor1 
and Tanaka? have reported decreased extinction of 
the peptide absorption band at 1900 A ın poly-r- 
glutamic acid in the helical conformation, 1t was of 
interest to examine interactions of the aromatic side- 
chains of poly-r-tryptophan The results of absorp- 
tion and fluorescence studies of the polyamino-acid 
comparod with a suitable model for the monomer are 
discussed in this communication 

Poly-r-tryptophan, having an average molecular 
weight of 17,800, was suppbed by Dr Michael Sela 
Acetyltryptophan 1s commercially available and 
tryptophan ethyl ester was prepared by a modification 
of the method of Brenner and Huber? Solvents were 
distilled prior to use except for dimethylformamide, 
which was ‘Spectroquality’ reagent purchased from 
Matheson, Coleman and Bell Absorption spectra 
were taken with a Cary recording spectrophotometer 
model 14, and intensities of emitted hght were 
measured with the Aminco-Bowman fluorometer with 
the monochrometers set at constant excitation and 
emission. wave-lengths 

The hmuted solubility of polytryptophan did not 
permit examination over a wide range of solvent 
polarities In this work the solvents used were 
dimethylformamide, dimethyl sulphoxide and n- 
butylamine/water (9 1 by vol) Poly-r-tryptophan 
absorption obeys Beer's law m these solvents over the 
twenty-fold range of concentration studied The 
absorption maxima and ther extinction coefficients 
are shown in Table 1 togother with the results of 
Hurd and Bauer‘ for polytryptophan (average 
molecular weight 4,000) ın ethanol 

The total areas under the absorption curves as a 
measure of the oscillator strength, f, were determined 
after extrapolation below 2600 A, where accurate 
measurements were not obtamable because of solvent 


absorption The f’s are very nearly the same for 
Table 1 ABSORPTION MAXIMA AND EXTINCTION COEFFICIENTS OF 
N-ACETYL- AND POLY-TRYPTOPHAN 
Solvent N-Acetyltryptophan Poly-L-tryptophan 
Amax ) ex 10-* Amas (A) &x 107? 
Dimethylformamide 2830 5 99 2830 584 
2910 5 35 2910 5 18 
Dimethyl sulphoxide 2835 5 68 2835 574 
2910 5 16 2910 515 
n-Butylamine/water 2840 5 58 2840 5 43 
(9 1 by volume) 2915 5 07 2915 5 10 
Ethanol 2895 (ef 5) 5 62 2820 5 49T 
2905 4 90 2905 4 68 


* TCRO values are the average of 10-15 determinations and are 
+00 

+ Values from Hurd and Bauer (ref 4) for polytryptophan, the 
average molecular weight of which 1s 4,000 
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acetyl- and poly-tryptophan m the solvents used in 
this investigation Similarly, temperature variation 
between 25° C and 80° C had no exclusive effect on 
the absorption spectrum of the monomer or polymer 

Although there are no significant differences 
between the absorption properties of acetyl- and 
poly-tryptophan, tryptophan-tryptophan interactions 
may be detected more readily by the fluorescence 
properties of the aromatic amino-acid side-chain 
Emission intensities ın the 3400 A region were 
measured for solutions having optical densities of 
0 050-0 250 at the absorption maximum In all 
solvents, the polymer was consistently 35-45 pei 
cent less fluorescent than either acetyltryptophan or 
tryptophan ethyl ester in the same solvent. The 
decreased fluorescence of the polymer may be a 
reflexion of quenching as a consequence of the high 
local concentration of the aromatic groups. 

The absence of hypo- or hyper-chromue effects ın 
the ebsorption of polytryptophan suggests that 
either the transition moments of the freely rotating 
aromatic side-chams are not oriented or interactions 
between identical transitions cannot be detected by 
absorption studies ‘The present work also indicates 
that the high quantum yield of some tryptophan- 
containmg proteins is not expleable in terms of 
tryptophan stacking as has been suggested? Borrow- 
ing from or lending energy to other groups in the 
protem may account for unusual fluorescent proper- 
ties of some albumms as recently reported by Weber’ 
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Absence of Correlation between Odour 
and Molecular Vibration 


In 1928 Dyson! proposed a relationship between 
odour and molecular vibration This hypothesis was 
worked out in more detail by Wright?-®, who corre- 
lated the odour of a compound with its low-frequency 
vibrations (below 800 em -1) 

Wright postulates that odour-perception 18 caused 
by the interaction between the odorous molecule and a 
pigment molecule present in the olfactory cell. The 
former 18 attached to the latter by “forces of 
adsorption, or something of the sort"* The pigment 
molecule 1s permanently m an excited electronic state 
and can only fall back to 1ts electronic ground-state if 
the relevant selection rule 1s relaxed by a perturbation 
due to the odorous molecule m “‘a process akin to 
Fermi-resonance’’*. This perturbation 1s thus assumed 
to occur only 1f the odorous molecule and the 1eceptor 
molecule have one or more identical vibration 
frequencies The electronic transition then triggers an 
electrical process ın the cell membrane Leaving the 
electronic transition and its selection rules out of 
discussion in this communication, we will now 
examine the vibrational mteractions more closely 

It 1s easily seen that no correlation can be found 
between the vibrations of a free molecule and its 
odour if the molecule forms a complex with the 
receptor molecule, as the vibrational frequencies of 
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the complex are never the same as those of the 
constituent parts As a consequence any molecule 
attached to the pigment molecule would give rise to 
odour-perception if the mechanism proposed by 
Wright apphes 

A second possibility exists in very weak interactions, 
which, for example, give rise to coupling of vibrations 
of molecules in crystals As the perturbation 18 weak, 
1b 18 very questionable, however, whether it can 
change the selection rule for the electrome transition 
The stroagest objection to this vibrational coupling 
lies in the odours of hydrogen sulphide and deuterium 
sulphide ‘There are no grounds to believe that these 
compounds behave differently from all other sub- 
stances From the fact that the vibrational (and also 
rotational) frequencies of hydrogen sulphide and 
deuterium sulphide are completely different, 1t follows 
that there should be a distinct difference between the 
odours of these two compounds 

In an experiment similar to that described by 
Wright as inconclusive, the odours of hydrogen 
sulphide, deuterium oxide and deuterium sulphide 
were compared The fundamental frequencies’ of 
hydrogen sulphide, deuterrum oxide and deuterrum 
sulphide are hsted ın Table 1 As an imfluenee of 
molecular rotations cannot be excluded, the rotational 
constants*:9 are also given 
Tahle 1 THE FUNDAMENTAL FRFQUENCIES AND ROTATIONAL CON- 


STANTS IN CM — OF DEUTERIUM SULPHIDE (D,8), DEUTERIUM OXIDE 
(D,0) AND HYDROGEN SULPHIDE (H,S) 


Ds D,0 H,S 
va 934 1179 1,290 
9 1,892 2.666 2,011 
Ys 1999 2.789 2,684 
A 5 47 15 38 10 39 
B 4 49 7925 9 04 
C 9 44 4 83 4 72 


Judged from the vibrational frequencies, the odours 


of hydrogen sulphide and deuterium sulphide should - 


be quite different, deuterium oxide should have an 
odour falhng between that of hydrogen sulphide and 
deuterrum sulphide ‘The rotational constants also 
mdicate that the odours of hydrogen sulphide and 
deuterium sulphide would be different 1f molecular 
rotations play a part. 

The odour of deuterrum sulphide was tested ın the 
following way Deuterium sulphide was synthesized 
by adding anhydrous aluminium chloride to a solution 
of sodium sulphide in pure deuterium oxide The trace 
of gas (the smell of which was near the threshold of 
detection) was kept in a stoppered bottle which was 
opened only long enough for each person to recognize 
the odour. As the deutermm in deuterium sulphide 
exchanges very rapidly, especially when in contact 
with the mucous membrane of the nose, this mem- 
brane was thoroughly ‘deuterated’ mmmediately before 
each experiment by spraying deuterium oxide mto the 
nose, especially in the region of the olfactory epi- 
thehum Recognition of the odour of p-dichloro- 
benzene before and aftor deuteration showed that this 
treatment does not affect the observer's sense of 
smell. The four observers all agreed on the following 

(1) Deuterium oxide 1s odourless (2) Deuterium 
sulphide cannot be distinguished from hydrogen sul- 
phide (3) The intensity of the smell of deuterium 
sulphide 1s independent of the precautions taken to 
ensure that no hvdrogen-deuterium exchange takes 
place This proves that the actual odour of deuterium 
sulphide was smelt and not that of traces of hydrogen 
sulphide which mav have been present 

This experiment thus seems to indicate that odour- 
perception is not hnked with the vibrations of the 
free molecules 
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If relaxation of the selection rules for an electronic 
transition 18 assumed to trigger the nerve impulse, 1t 18 
very plausible that the formation of a weak complex 
with the accompanying redistribution of charge in the 
participating substances ıs the first step 1n the process 
of odour-pereeption It is clear that there are other 
less-complicated processes, such as induction effects, 
which are able to trigger nerve impulses after complex- 
formation Unfortunately little is known at present 
about the pigment molecules m the olfactory cells. 
Jt seems fruitful, however, to mvestigate the possi- 
bihty of correlations between odour and molecular 
properties such as electron distribution. 
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Large-Scale Polymer Column 
Fractionation 


THE gradient elution method for polymer fraction- 
ation was introduced by Wilhams!-3 To fractionate 
larger amounts of polymer, a scaled-up apparatus 
was necessary Previous experience in column design 
in this laboratory advised agaist an increase in the 
dimensions of a single column to avoid difficulties in 
temperature control and channelling. Consequently, 
an apparatus was built with &x parallel columns, 
each 1l m in length and 25 em in inside diameter 
A sketch of the multicolumn unit 1s shown in Fig 1 
The upper ends of the alummium columns are welded 
to the bottom of & common solvent-mixing contamer 
The metal container 18 7 litres ın capacity and 18 fitted 
with a heater, regulator, stirrer, and sight glass The 
solvent mixture 1s heated to the proper temperature 
for the desired column temperature gradient The 
lower ends of the columns are connected to a common 
outlet and immersed in a water thermostat The 
temperature gradient along the msulated columns 1s 
found to be nearly linear, as measured by four evenly 
spaced thermocouples The apparatus is charged and 
operated similarly to single columns previously 
deseribed'-? "Two ganged ‘Mmipumps’ (Milton Roy 
Company, Philadelphia, Pennsylvania), each with 
an adjustable 12-120 ml /hr pumpmg capacity, 
regulate the rate of withdrawal of polymer solution 
from the common outlet The pumps also replenish 
the solvent at the head of the column at the same 
rate, thus establishing the solvent gradient and 
degree of fractionation The evaporation of the 
solvent for recovery of fractions 1s done automatically, 
wn situ, using a rotary vacuum evaporator, fitted with 
a nitrogen inlet, vacuum line, and water-bath. A 
low evaporation temperature coupled with the 
nitrogen ensures polymer stability 
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Fig 1. Multi-column unit 


As an example of apparatus performance, Table 1 
gives results on the fractionation of 34 gm. of 
‘Vistanex LM-MS', a commercial polyisobutylene 
The columns were packed. with glass beads, average 
diameter 01 mm The non-solvent employed was 
acetone, the solvent benzene The temperature 
decrease down the column was from 50? to 28°C Ata 
throughput of 80 ml /hr, the fractionation required 
eight days Polymer recovery was 95 per cent The 
molecular weights were determined by viscosity 
measurements in carbon tetrachloride at 30° C and 
evaluated according to the relation given by Fox and 
Flory! Table 1 shows good fractionation 1n light of 
the low degree of original inhomogeneity. for the 
unfractionated polymer, Mu/Mn=26 As the 
apparatus requires little attention after starting up, 
fractionations require appreciably less effort than 
conventional precipitation methods and no more 
time than single-column operation Successful 


Fraction Gm (per cent) (7) Molecular weight 
A 0 3026 0 89 0 035 1,15 
B 11217 3 28 0 058 2,500 
C 1 6848 4 93 0 103 5,700 
D 2 8666 8 38 0 155 10,300 
E 2 8142 8 23 0 219 17,100 
F 2 1895 6 40 0 233 18,800 
G 2 0337 5 95 0 27 24,200 
H 2 1108 6 17 0 340 31,500 
i 2 4199 7 08 0 367 36,500 
J 3 6250 10 60 0 411 43 100 
K 2 05418 5 95 0 481 54,400 
L 21725 6 35 0 550 66,100 
M 2 0653 6 04 0 628 &0 500 
N ] 7823 521 0 730 100,000 
Q 2 1330 6 24 0 834 122 000 
P 0 7442 218 0 982 155,000 
Q 0 3314 099 1 029 166,000 

32 4323 94 87 
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fractionations have been made with sample sizes of 
30-50 gm, depending on polymer molecular weight 
and type 
MANFRED J. R CANTOW 
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BIOCHEMISTRY 


Determination of the Biological Availability 
of Methionine and Cystine 


THERE 18 no adequate method to determine the 
biological availability of the sulphur-containmg 
amino-acids in the chick, but Schweigert and Guth- 
neck! have described a technique for the rat A 
method has therefore been developed for the bio- 
assay of methionine using White Leghorn chicks at 
11-18 days of age it can readily be modified to 
determine methionine plus cystine in terms of 
methionine equivalence By difference an indication 
can be obtained of available cystine The basal 
ration contains (per cent) 48 6 maize starch, 35 ex- 
tracted soybean meal, 5 dried whey, 5 beef tallow, 
6 mineral and vitamin mixture’, 0 2 choline chloride 
and 02 glycme All supplements to this ration 
replace part of the maize starch Where test materials 
are calculated to contribute less ‘metabolizable’ 
energy than starch additional tallow 1s meluded to 
correct for the difference 

It was first established that methionine was the 
only amino-acid limiting growth and food utilization 
This was accomplished by supplementing the diet 
with all other amino-acids singly and in various 
groups all in the presence of sufficient methionine 
to correct the known deficiency In no case was any 
growth improvement observed, but 1t was shown that 
part of the methionine deficiency could be satisfied 
by r-eystine A standard supplement of 0 4 per cent 
L-cystme was therefore included in all diets to elim- 
inate the effect of any cystine ın test proteins When 
the methionine deficiency was corrected, chick growth 
was limited only by the protem-level of the diet 
A rolatively low protein-level was chosen since this 
tends to maximize the response to methionine supple- 
ments when these are expressed as a proportion of 
the protem 

In the presence of excess L-cystme the growth 
response to additions of methionine 18 essentially 
lmear on a logarithmic dose basis within the range 
of 0 01-0 1 per cent of the diet. Similarly, in the 
absence of added cystine the linear range 18 approx- 
xmately 0 04-0 2 per cent (Fig 1) These are the 
potential ranges for the bio-assay of methionine and 
methionme plus cystine respectively. 

In order to satisfy the requirements for a bio-assay 
procedure it has been established that chick growth 
18 a function only of the methionime or cystine con- 
tent, that a constant growth response i8 obtained 
on repeated assay and that a hnear and parallel 
response is obtained on the inclusion of graded 
amounts of standard and test materials in the diet 
Using this technique, assays of biologically available 
methionine and cystme have been made on several 
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Fig 1. Growth response of male White Leghorn chicks to 
graded supplements of DrL-methionine O, DL-methionine, 
x, DL-methionine plus 0 4 per cent r-cystine 


2 00 


soybean samples (Table 1) The second experiment 
quoted refers to three extracted soybean meals 
obtained from the samples examuned for protem 
quality in animal feeding-stuffs by the Agricultural 
Research Council The values for both available 
methionine and cystine are uniformly high in relation 
to chemical determmations. These samples had 
received varying heat treatments but none was shown 
to exhibit more than slight urease activity On the 
other hand, a somewhat lower availability of these 
amino-acids was found in C-1 assay protem This 
agrees with the observations of Turk et al? and 
Ousterhout et al^ and also with our preliminary 
results, which suggest low availability of cystine in 


Table 1 ASSAYS OF AVAILABLE MFTHIONINE AND METHIONINE PLUS 
CYSTINE (BASED ON LIVF-WLIGHT DATA) 
In all cases evstine is expressed as methionine equivalence Chemical 
determinations by a Moore and Stein technique The hdueil limits 
are quoted at 5 per cent level of probability All values expressed as 
gm /16 gm nitrogen 


Methionine 4- 
Methionine cystine Cystine 
Assay Fiducal Assay Fiduclal (by differ- 
hinuts limits ence) 
Experiment 1 
C-1 assay protein 0 97 1 22 1 68 214 071 
(soybean, 14 1% N) 0 74 136 
Chemicill determined. 1 39 — 102 
Avatlibility (per cent) 70 — 69 
Experiment 2 
Sovbean 22 1861 2 11 3 30 4 27 1 69 
(8 01% N) 1 23 2 62 
Sov bean 23 1 74 2 30 316 408 1 42 
(8 24% N) 1 33 2 51 
Sovhbe in 24 1 44 1389 2 97 3 81 1 53 
(7 81% N) 1 09 230 
Mean of three samples 160 314 1 54 
Chemically determined 178 — 180 
Availability (per cent) 90 — 86 


Table 2 EFFECTS OF L-GLUTAMIO ACID AND AN AVMINO-ACID MIXTURE 
ON THE RFSPONSE TO GRADED SUPPLEMENTS OF DL-METHIONINE 
Amino-acids added sgo that the total nitrogen is approximatelv equal 
to that of test protems Fiducial limuts at 5 per cent probability 


Relative potency * per unit DL-methionine 
In presence 
of0 4 percent Fiducial In ahsence TFiducial 


L-cvstine linuts ofevstine limits 
Methionine 0 98 1 23 0 92 112 
+ L-glutamic acid 0 78 0 75 
Methionine + amino- 0 92 116 101 1 23 
acid mixture 74 0 83 


0 
* Computed according to Fimney (ref 8) 
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‘underheated’ soybean meal samples (high urease 
activity) 

In view of the observations of Fisher e£ al.5 ıt was 
considered necessary to examune the possible effect 
of additional amimo-acid melusion on the response 
to standard supplements (Table 2) Neither supple- 
ments of L-glutamie acid nor a complete amino-acid, 
mixture® significantly modified the growth pattern 
This shows that under the conditions of this experi- 
ment alteration of amimo-nitrogen or essential amino- 
acid status did not alter the response to methionine 
supplements 

Thanks are due to the Agricultural Research 
Council for financial support and to J. G. Rowell, 
Agricultural Research Council Statistics Group, 
Cambridge, for assistance with statistical computa- 
tions 
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Cation Toxicity and the Stability of 
Transition-Metal Complexes 


DEsPITE the many important contributions that 
have been made to the hterature during the past 
century. no completely satisfactory theory of cation 
toxicity has been formulated Blake! first concluded 
that there was a correlation between depiee of toxicity 
and atomic weight (hence ‘heavy-metal’ poisons) 
Matthews? and Jones? later pointed out a relationship 
between metal ion toxicity and the ‘solution pressure’ 
(standard electrode potential) of the corresponding 
metals ^ Seifriz* considered various other chomuical 
properties of the ions in his attempt to find a satıs- 
factory chemical explanation for tho relative toxicity 
of cations Shaws*-*, basing his arguments on results 
obtained with enzymes, postulated that metal ions 
killed aquatic organisms by combining with an 
essential group (probably —SH) on a key enzyme. 
Correlation with metal sulphide msolubihty was 
demonstrated An attempt was also made’ to relate 
the relative mhibitory effimency of bivalent metal 
ions toward the enzyme urease with metal complex 
stabihtv At that time (early 1953), however, the 
field of co-ordination chemistry had not reached a 
stage of sufficient maturity for such a comparison to 
be successfully made The explosive growth that has 
occurred during the past decade in our knowledge of 
the chemistry of co-ordination compounds necessitates 
& re-examination of the mtriguing possibility that 
there exists a relationship between metal complex 
stubilty and the toxicity of metal ions to hving 
organisms 

In ther classic paper, Irving and Wilhams! 
collected and critically examined available data on 
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Table 1 TOXICITY OF TRANSITION-METAL IONS 


Organism or Toxicity * of 
Ref Mn(II) Fe(II) Co(II) NiJI) Cu(II) 


enzyme Zn(II) 
Daphnia magna 14 3 4 40 46 53 68 60 
Urease 12 25 41, 4 2, 45 65 57 
Stickleback 15 31 — 38 49 66 53 
Guppy T 229 — 33 47 65 57 
Tadpole 7 21 — 40 41 65 50 
Polycehs nigra 3 19 — 28 31 52 33 
Diastase 16 0 79 — 20 30 39 18 
Paramenum 17 10 — 12 1 2, 27 0 90 
Fundulus eggs 2 0 30 10 11 12 42 0 60 


* Toxicities are reported on a pI* scale (refs 5-7) that 18, aS 
the negative logarithm of the reported metal-10n concentration necessa ry 
to produce the particular level of biological response (LD,,, ete ) arbit- 
rarilv established by the researcher pi values for enzymes have been 
discussed elsewhere (refs 5 and 12) 


the stability of complexes formed by bivalent ions of 
the first transition series The Irving-Williams or 
‘natural’ order. Mn(II) < Fe(II) < Co(II) < Nx(II) 
< Cu(II) > Zn(II) was found to hold for the stabihty 
of nearly all complexes irrespective of the nature of 
the ligand Theoretical justification for this important 
finding has been presented?-1? The relevance of the 
Irvmg-Wilhams order to biological processes ın 
general has been eloquently emphasized by 
Wiliams!?:! Most of the examples used by him to 
lustrate his thesis were based on work on enzymes 
requiring metal ions and on metal-ion-catalysed 
reactions of model systems Work on the applic- 
ability of the Irving-Williams order to the inhibition 
of enzymes by metal ions are not numerous, but 
recent work!’ has demonstrated that metal tons ın the 
absence of phosphate buffer inhibit urease in the 
order Mn(II) < Fe(II) < Co(II) < Ni(II) < Cu(II) 
> Zn(II) Since it seems reasonable to assume*?:13 
that metal ions are toxic to hving organisms because 
they combine with some ligand (probably itself part 
of an enzyme) necessary for hfe. one might naively 
expect the toxicity of transition-metal ions to follow a 
sequence similar to the Irving—Williams order. A 
more sophisticated view, however, would lead one to 
expect that complications mvolving competition of 


H2NCH2Ch, NH, 
Glycine 
Dophnta 20 0 
Guppy 
Polycelis nigra 16 0 
Diastase 
[] 
kd 
12 0 = 
e 
H 
80 
40 


pl* 





Mn Ye Co Ni Cu Zn 


Fig 1 Correlation of transition-metal complex stability (ref 11) 

(two upper curves, right ordinate) with transition-metal ion 

toxicity (lower curves, left ordinate) Toxicities in pI* umts 
were obtained from Table 1 
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the host of hgands present ın hvmg systems for the 
metal 1ons might completely obscure such a simple 
relation!!, This sophisticated view does not seem to be 
correct (Table 1), and the amazing fact 1s that all the 
data obtamed throughout the years from the many 
different laboratories where work on the toxicity of 
metal ions to aquatic organisms has been done 
follows the toxicrty sequence Mn(II) < FetII) 
< Co(IT) < Ni(II) < Cu(II) > Zn(JII) The relation- 
ship holds also for urease, diastase, and other enzymes 
(Table 1) In media containing concentrated phos- 
phate or other ligands with strong affinity for metal 
1ons the sequence may, of course, be broken 

A comparison of toxicity with complex stability" 
1$ shown in Fig 1 

The results of this mvestigation (Table 1, Fig. 1) 
establish the toxicity sequence proposed bv me 
Mn(II) < Fe(II) < Co(II) < Ni(II) < Cu(II) > Zn(II) 
as one that ıs of very general significance in aquatic 
biology and one that ıs also firmly based on the 
principles of co-ordination chemistry 
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A Simplified Culture Medium for the 
Production of Collagenase 


PRESENT methods for the production of Clostredrum 
histolyticum collagenase depend chiefly on growth of 
the organism in complex culture media}? It 1s the 
purpose of this communication to describe a rela- 
tively simple, partially defined medium for the pro- 
duction of large quantities of highly active fermenta- 
tion broths of Cl. hestolyticum collagenase The 
medium described appeared to facilitate the isolation 
and purification of collagenases which were essentially 
free of non-specific protemases? 

The organism used in these experiments was Cl 
histolyticum 47Q-5 obtained from the Army Medical 
Service Graduate School, Washington, DC A meta- 
boheally constant source of collagenase was prepared 
by pre-treating the organism 1n the following manner 
A 24-hr. culture was injected intragluteally into 
Swiss mice through five serial passages Isolation 
(muscle exudate) was accomplished and growth con- 
tmued in a seed medium of composition casem 
hydrolysate, enzymatic (General Biochemicals, 
Chagrin Falls, Ohio), 16 gm , sodium sucemate 
5 gm , sodium pantothenate, 01 mgm ; pynridox- 
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amine, 0 2 mgm. ; nicotinamide, 08 mgm , uracil, 
15 mgm , riboflavin, 10 ugm , biotin, 01 ugm , 
vitamin B,, 630 ugm , and distilled water to 
1,000 ml (pH 76) Stock cultures of Cl histolyticum 
were maintaimed in ‘Pyrex’ tubes (25 x 200 mm) 
containing 40 ml of this medium to which 1 gm of 
dry, fat-free bovine heart was added ‘The stock cul- 
tures were transferred at monthly intervals and were 
refrigerated in the mterrm The culture medium 
used m the production of collagenase consisted of the 
followmg constituents in 11 of medium Solution 1, 
casein hydrolysate (enzymatic), 40 gm, sodium 
succinate, 1:25 gm ; sodium thioglycollate, 10 gm , 
Na,HPO,12H,0, 58 gm, KH,PO, 048 gm, 
gelatin, 20 gm Solution 2 (stock vitamin prepara- 
tion), calcium pantothenate, 10 mgm., pyridox- 
amine, 2 0 mgm ;riboflavin, 0 1 mgm , nicotinamide, 
80 mgm , uracil, 150 mgm , biotin, 100 ugm , 
vitamm B,» 630 ugm Solution 3, dextrose (50 
per cent), 50 ml After preparation of solution 1, 
the incomplete medium was adjusted to pH 7 6 with 
5 N sodium hydroxide Solution 2 was then added 
and the combmed medium was then placed in an 
autoclave for 15 mm at 15 Ib /sq m After cooling, 
Seitz-filtered glucose (solution 3) was added aseptic- 
ally 9-1. ‘Pyrex’ carboys contaming 6 51 of medium 
were used The moculum was prepared in 500 ml 
of broth of the same composition as that being used 
to produce collagenase The maximum yield of 
enzyme was obtamed after 48 hr incubation at 
24—25? C The bacterial cells were removed by filtra- 
tion through 'Hyflo Super Cel’ and the pH of the 
filtered broth adjusted to 7 5-76 with 5 N sodium 
hydroxide Collagenase activity was measured by 
hydrolysis of undenatured Achilles tendon collagen 
as described in ref 3 One collagenase unit was 
defined as the amount of activity catalysmg the 
solubilization of 1 mgm of 40-60 mesh collagen 
under standard conditions It was found that the 
foregoing relatively simple procedure provided broths 
with collagenase activity that averaged 107 units of 
enzyme a ml The average yield of purified pre- 
parations of collagenase expressed as collagenase A 
was 140 mgm /l. of fermentation beer 
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Crystallization of Deuterated Ribonuclease 


WE have prepared deuterated bovine pancreatic 
ribonuclease (Armour, lot 381—059) by the procedures 
of Hermans and Scheraga! Both RNaseH,, (all but 
20 exchangeable H’s exchanged) and RNase all- 
deuterated crystallized from 55 per cent (v/v) aqueous 
2-methyl-2,4-pentanediol (deuterated solvent) in form 
II? The intensities of the X-ray reflexions along the 
principal axes were identical within expermental 
precision to those of non-deuterated crystals out to 
20 = 60° (15 A resolution), at higher angles RNase 
gives poor reflexions The lattice constants were 
identical to those of undeuterated crystals within tho 
normal variation (+ 0 05 Å and + 003°) The small 
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differences between deuterium bonds and hydrogen 
bonds do not change the structure of RNase within 
the limits observable by X-ray diffraction Detectable 
changes might be produced ın the case of a crystal- 
lizable protein with a transition temperature near 
room temperature instead of the high transition 
temperature (61? C ) of RNase’. 

The deuterated crystals were prepared by Miss 
Sylvia Scapa and Mrs H R Bello; diffraction 
patterns were taken by Miss E De Jarnette 
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Properties of Xanthine Dehydrogenase 
in the Silkworm, Bombyx mori L. 


THE enzyme which catalyses the oxidation of purine 
derivatives xanthine and hypoxanthine to uric acid 
has been demonstrated ın several insects'-> In the 
silkworm, Bombyx mor» 1t functions as a dehydro- 
genase This inference 1s based on the fact that the 
formation of uric acid and oxygen, consumption, of the 
fat body homogenates show maiked increases only 
when methylene blue is present as a hydrogen 
carrier?" The inference seems to be justifiable from 
the work of Remy et al! using chicken liver To 
gain further knowledge of the nature of xanthine 
dehydrogenase ın the silkworm, ıt will be desirable to 
use the highly purified enzyme as in mulk”! and 
liver! oxidase preparations 

The present report deals with preliminary work on 
the properties of the xanthme dehydrogenase ın the 
silkworm. The enzyme was prepared from the fat 
body according to the methods of Kielley with a few 
modifications (Hayashi, unpublished) The enzyme 
activity was determuned from oxygen consumption 
and uric acid formation by a method similar to that 
described in the previous paper using crude tissue 
homogenates of silkworm larvæ, with methylene 
blue as a hydrogen carrier between xanthine dehydro- 
genase and molecular oxygen’ 

Purified preparations of the silkworm enzyme are 
yellowish-brown in colour The enzyme has two 
absorption bands with maxima at 360 and 405-410 
my, the latter disappearing when reduced by hydro- 
sulphite The absorption spectrum of the silkworm 
enzyme 18 simular to that of the chicken liver enzyme? 
and aldehyde oxidase? The difference spectrum 
was not conspicuously characteristic of flavin and i8 
probably a compound of flavm plus an unknown 
group 

In recent work ıt has been reported that xanthine 
oxidative enzyme from some animal tissues contains 
iron, molybdenum and flavin as the prosthetic groups 
The mammalian liver xanthine oxidase of Kielley™ 
has an Fe Mo fiavm ratio of 4 1 1 and the 
chicken liver xanthine dehydrogenase of Remy et al 8 
has aratioof 8 1 1 From the purified preparation 
of xanthine dehydrogenase from silkworm fat body, 
ib was determined that the ratiois 9 1 1, thereby 
showing closer resemblance to the latter rather 
than the former prosthetic group. 


0 and. chicken ver’ enzyme are capable of 
goa number of oxypurines and aldehydes 
cas reduced diphosphopyridine nucleotide 
H), but slowly with pterines. The silkwerm 
xanthine dehydrogenase oxidized xanthine, hypoxan- 
thine, guanine, adenine, aldehydes, 2-amino-4- 
. hydroxypteridine and xanthopterin, while the oxida- 
tion of DPNH by the enzyme proceeded faster only 
^i; when cytochrome c was added as an electron acceptor. 
<c In these substrates 2-amino-4-hydroxypteridine and 
m xanthopterin were oxidized faster than the purines 
such as hypoxanthine and xanthine. 
A. wide variety of electron acceptors has been 
used in the enzyme system. Methylene blue, 
tetrazolium salts, indophenol, diphosphopyridine 
nucleotide (DPN), cytochrome c, flavin adenine 
dinucleotide (FAD), and sodium pyruvate have been 
shown. to be.acceptors. The enzyme activity of the 
paction systems mentioned showed its maximum 
rato with methylene blue; DPN and FAD showed 
_ the same rate. 
|... The activity of the silkworm enzyme has a wide 
Dr pH range of 6-11 with a maximum velocity at pH 
(0.84. A number of substances have been found to be 
‘possible inhibitors of silkworm enzyme. Among them 
¿the more effective inhibitors are potassium cyanide 
and o-iodobenzoie acid, whereas xanthine oxidase 
inhibitors such as ascorbic acid, p-aminophenol, 
hydroxylamine, quinine, and antimycin A were not 
recognized as inhibitors. 

As shown from the results stated above, the 
property of the xanthine enzyme system in silkworm 
Uv fat body is not similar to that of mammalian liver 
,. enzyme but bears a striking likeness to chicken liver 
|» enzyme except in the case of substrate specificity. 
_ From this, it is inferred that the properties of xanthine 
uu oxidative enzyrnes vary from source to source. 
^^ I thank Prof. K. Hasegawa and Dr. K. Muramatsu 
rr for valuable advice and help throughout this work. 


YoSHIYUKI HAYASHI 





















Sericultural Laboratory, 
Faculty of Agriculture, 
Nagoya University, 
A Anzyo, ÁAitiken. 
ern mi un Jahrb., Abt, allgem. Zool, u. Physiol. Tiere, 85, 
* Anderson, A. D., and Patton, R. L., J. Exp. Zool., 128, 44341955). 
*Irzykiewlez, H. M., Austral. J. Biol. Sci 8, 869 (1955) 
* Sigematsu, H., J. Seric. Sci. Jap., 25. 115 (1956). 
5 Ross, D. J., Physiol. Zoól., 97, 239 (1959). 
“Hayashi, V., Kagaku, 27, 467 (1957) (in Japanese). 
: .? Hayashi, Y., Nature, 186, 1053 (1960). 
".* Remy, C, Richert, D. A., Doisy, R. Jo, W 
feld, W. W,, J. Biol, Chem., 217, 293 (1955). 
O O * Corran, H. i Dewan, J. G.. Gordon, A. H., and Green, D. E., 
P ues Biochem. J., 38, 1604 (1939). 
| 9 Maekler, B.,, a eha H. R., and Green, D. E., J. Biol. Chem., 
^ — 910, 149 (1954). 
;. WV Kielley, R. K., J. Biol. Chem., 216, 405 (1955). 
. H Mahler, H. R., Mackler, B., Green, D. E., and Bock, R. M.,.J. Biol. 
Chem., 210, "405 (1854). 


lis, I. €C., and Wester- 


- Conversion of 2-^C-Pteroyl-L- Monoglutamic 
Acid into Isoxanthopterin in Drosophila 
melanogaster 


 2-MC.Pteroyl-L-monoglutamie acid (0-5 mo. per 
 millimole, 1 mgm.) was incorporated into banana food 

. medium (100 gm.) and adult flies of Drosophila 
- melanogaster (Oregon, wild-type) were allowed io feed 
 .and lay eggs on this medium. Larve (six days old) 
were removed from this medium, transferred te moist 

. filter paper and allowed to pupate. Pupæ (100; 
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86 mgm.; not less than 48 hr., not more ‘than 56 j 
pupation) were crushed with sand and 0-5 N aqueous : 
ammonia solution (0-5 ml.) and heated on a steam- 
bath (10 min.) 


area was cut out and radioactivity measured by . 
immersion in a solution of 0-3 per cent diphenyloxa- 
zole in toluene (2 ml.) and counting with a ‘Panax’ 


scintillation counter (background, 1-096 counts/sec. ;_ : à 
background + sample, 1-357 counts/sec.; sample, 


0-26 count/sec.; standard error, + 0-035 count/sec. ho 
The radieactive area of the paper was el ato. 
graphed on 3 MM paper with propanol/ó per cent. ~ 
aqueous acetic acid (2 : 1 vol. by vol.) as developing. 





solvent. To improve spot resolution, the paper was . 


developed three times. On viewing in 365-myu. light, 
a bright purple fluorescent area was seen. This was. 
cut out and chromatographed on 3 MM paper with | 
butanol/acstic acid/water (4:1: 5 vol. by vol) 
(triple development). After air-drying, the paper was... 
viewed in 365 my light and the fluorescent spots of . 
isoxanthopterin (purple) and 2.amino-4-hydroxy- |. 
pteridine-6-carboxylic acid (bright blue) cut out. The 

acid spot was measured for radioactivity (background, 
0-65 eounmt/sec.; background + sample, 1-10 counts/ 
sec.; sample, 0-45 count/sec.; standard error, 
0-033 count/sec.) The isoxanthopterin spot was 
further purified by chromatography on 3 MM paper 
with tert.-butanol/pyridine/water (50 : 15 : 35 vol. by 
vol). The isoxanthopterin spot was measured for 
radioactivity (background, 0-65 count/sec.; back- : 
ground + sample, 0-76 count/sec.; sample, OII- 
eount/see.: standard error, 0-030 count/sec. ). 


The counting efficiencies of the ieoxanthopterin i 


spot and the original paper area (after development) 
were measured by adding known weights of 2-80- 
pteroyl-,-monoglutamie acid and determining the - 
radioactivity of the paper areas. The counting . 


efficiency of the isoxanthopterin spot was about 12:1 - 


per cent and that of the original paper area about 
6.7 per cent. The isoxanthopterin therefore repre- 
sented about 20 per cent of the radioaetivity present 
in the sample, the remainder being accounted for by . 
the 2-amino-4-hydroxypteridine-6-carboxylie acid. 
The pterin isoxanthopterin is widely distributed in 
Nature. It has been suggested that it is the end. 
product of the catabolism of folie acid (pteroyl-1- 
monoglutamie acid), being formed by the following . 
steps'?: D 


20063 (0) dehydrogenati 
pteroyl-L-monoglutamie acid UJ. yerosenanon., 


(2) hydrolysis ——— 
xanthine 


oxidase 
2-amine-4-hydroxypteridine-6-carboxylie acid 
decarboxylation | | 





2-amino-4-hydroxypteridine-6-aldehyde 


2. smino-4-hydroxypiė teridi 
xanthine 
oxidase l 
Isoxanthopterin can be readily isolated eon the 
pups of D. melanogaster, and it has been shown tha 
6,7-44C-2-amino-4-hydroxypteridine is conve 
only into radioactive isoxanthopterin — in pup: 
Work with mutants of D. melanogaster, which do no 


-+ isoxanthopterin 








produco isoxanthopterin. but instead accumulate D E 


large amounts of 2-amino-4-hydroxypteridine and 
biopterin, shows that this failure to produce isoxan- 
thopterin is due to deficiency of the enzyme xanthine 
oxidase®. 







Solids were centrifuged off and ^  . 
supernatant liquid spotted on Whatman 3 MM paper. _ 
The solida were washed again with 0-5 N aqueous _ 
ammonia solution (0-4 ml), centrifuged off and . 
supernetans liquid added to the first spot. The paper - 
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D. melanogaster larv:e and pup can synthesize folic 
acid in limited amount but require to be supplied with 
folic acid for their normal growth‘. 

The experimental results establish that some of this 
supplied folie acid is converted into isoxanthopterin 
by the pupe. 

D. melanogaster mutants that do not form isoxan- 
thopterin accumulate 2-amino-4-hydroxypteridine 
and biopterin. The latter is not formed from the 
former”. If the biogenetie scheme suggested is 
correct, then if xanthine oxidase is lacking, large 
amounts of 2-amino-4-hydroxypteridine-6-aldehyde 
should be formed. This could be converted to bio- 


pterin by the following steps: 
OH 
N 
‘\—CHO CH,COCOOH 2 
| (or biochemical equivalent) 
MA N^ and enzyme(s) 
N 
(1) 
2-amino-4-hydroxypteridine- 
6-aldehyde Å x 
OH 
N 
| "CV-CHOHCOCH, reduction | 
SN V 
aa^ NC 
(2) 
CH, 
OH HoH 


Analogies for the first step have been recorded. The 
enzymatic condensation of pyruvic acid with acetalde- 
hyde and propionaldehyde yields acetoin and methyl 
acetoin®. Ultra-violet irradiation of pyruvic acid and 
benzaldehyde gives benzacetoin*. Benzacetoin is 
formed from benzaldehyde in alcoholic fermentation’. 

In accord with this prediction, mutants of D. 
melanogaster lacking xanthine oxidase accumulate 
biopterin as well as 2-amino-4-hydroxypteridine. 

I am grateful to Prof. F. Weygand for a gift of 
2-4C-pteroyl-rL-monoglutamie acid, to Dr. A. H. Ward 
for assistance with the radioactivity measurements 
and to Dr. M. Hollingsworth for the Drosophila stock. 

J. A. BLAIR 

University of Ghana, 

Accra, Ghana. 
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PHYSIOLOGY 


Soluble Collagen in Bone 


CONSIDERABLE efforts have been made, so far, to 

investigate the physico-chemical as well as the 
biochemical nature of soft tissue collagen such as 
skin and tendon, especially. In refs. 1-3 it is suggested 
that the soluble collagen is the precursor of collagen. 
However, only scanty information has been provided 
in regard to the important role of bone collagen in the 
formation of bone*. Trials in refs. 5 and 6 have not 
been successful in proving the existence of soluble 
collagen. 
To clarify the mechanism of ossification, we carried 
out experiments on the extraction and refinement of 
bone collagen. The first problem of the extraction of 
bone collagen is to eliminate the bone mineral which 
occupies the major part of bone. Some attempts have 
been made to solve this problem and de-calcification 
by dilute acids has been found to be most suitable. 
We took special care to prevent a loss of soluble 
collagen, since it might be missed in the process of 
demineralization; this enabled us to prove that the 
soluble collagen was obtainable also from bone. 

Cortical bone of fresh bovine femur was pulverized 
with dry ice to obtain 100-200 mesh powder after 
complete removal of attached soft tissues and de- 
fatting with ether, then freed from remaining soft 
tissues by flotation’. This sample was stored at — 20° 
C. As for de-calcification, bone powder thus prepared 
was suspended in 0-1 N hydrochloric acid and dialysed 
at 4° C. in cellulose tubing, average pore radius 
24 A. (Visking Co.), against a flow of 0-1 N hydro- 
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Fig, 1. Reconstituted fibres obtained from the soluble fraction of 
cortical bone (bovine femur) show a needle-like shape under the 
microscope., (x 300) 
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chloric acid (10 l/day) After completion of de- 
mineralization (about 2 weeks), the non-dialysable 
poition of the extract in the tubes was separated 
fom the residue by centrifugation (3,600g for 
10 mm), sealed m the tubes and dialysed agam 
at 4° C by renewing the distilled water (10 1 /day 
for 4 days) 

Precipitate which appeared durmg dialysis was 
dissolved in Mellvaine buffer (71 vol of 02 M 
sodium phosphate aq 12 9 vol of 0 1 M citiie acid 
aq, pH 38) after centrifugation (3,600g for 10 
min) and the supernatant was dialysed at 4° C 
against Mellvame buffer (11 6 vol of 0 2 M sodium 
phosphate aq 84 vol of 0 1 M citric acid aq, pH 
5 5-5 6) contaiming 2 per cent sodium chloride followed 
by concentration with 50 per cent gum arabic 

A. crystal of sodium chloride was added occasionally 
to promote the formation of fibre As shown in Fig 1, 
fibres showed a needle-shape under the microscope 
They were rmsed with water repeatedly before 
fixation with 1 per cent phosphotungstate, washed 
again and suspended in water, then placed on 
grids and desiccated with calcium chloride Thus, 
the electron-microscopical observation revealed the 
characteristic pattern of collagen with a 640-A 
periodicity This collagen fibre subjected to a repeta- 
tion of this process gave the typical pattern of recon- 
stituted collagen fibre with 640-A periodicity (Fig 2) 

In addition, the ammo-acid content of this reconsti- 
tuted collagen was simular to that of so-called bone 
collagen, and 1t seems probable that the collagen fibre 
described ıs identical with collagen also from its 
contents of proline and glycine 

S. ARAYA 
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Flow of Blood in the Forearm of Persons 
acclimatized to Heat 


It ıs known, from experiments performed in 
chmatic 100ms in temperate countries, that the flow 
of blood m the forearm inereases when people are 
exposed to heat, and that the magnitude of this 
increase diminishes progressively if the exposure to 
heat 1s repeated on successive days? At the end 
of these experiments, however, the flow of blood in 
the forearm was always higher durmg the exposure 
to heat than ıt was before the expermmental subjects 
were first exposed to heat It cannot, therefore, be 
decided from these observations whether the flow of 
blood in the forearms of people who are fully acclim- 
atized to heat, by long residence m a hot environment, 
are higher or lower than those of people who are not 
acclimatized to heat An mvestigation mto the flow 
of blood in the forearms of indigenous peoples 
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of a hot, humid clmate would provide information 
on the effects of long-term acclimatization to heat, 
but no measurements of blood-flow m tropical sub- 
jects appear to have been made until now 

In order to supply these data, the flow of blood 
in the forearms has been measured, by venous occlu- 
sion plethysmography in twenty-one male Asien 
subjects living in Singapore ‘The subjects were 
fifteen Chinese, four Indians and two Malays , their 
average age was 231 yr (S D. = +3 8) and their 
mean body-weight was 577 kgm (S D = +79) 
All subjects had been born m Singapore, and they 
were therefore ‘naturally’ acclimatized to heat?. They 
were tested at the environmental temperatures of 
Singapore (mean dry-bulb temperature, 28 3 + 11°C, 
mean wet-bulb temperature, 25 2 + 07°C ) and they 
wore their normal clothmg* Each subject lay on his 
back for 90 min before any measurements were 
made  Blood-flows were measured m four sets of 
five flows ; each set lasted 2 5 min and was separated 
from the next set of readings by a time mterval of 
15 mm ‘The mean blood-flow for any one subject 
theiefore represented the average of twenty flows 
taken over a period of approximately 1 hr 

The mean blood-flow 1n the forearms of tho twenty- 
one subjects was 270 ml/100 ml forearm/mun, 
with a standard deviation of +088 ml There was 
some evidence that the flows of blood ın the forearms 
of these subjects were not greatly altered by en- 
closure of the arm m a water-filled plethysmograph 
Thus, durmg the hour m which blood-flows were 
measured, there were only random variations m the 
flow readings | Progressive cooling or warmmg of the 
forearm might have been expected to result 1n trends 
in the blood-flows over a period of 1 hr The 
temperature of the water m the plethysmograph was 
35 0? C ; the skm temperature of the forearm when 
it was in the plethysmograph must have been close 
to 35°C Inasimular group of subjects to that taking 
part in the present investigation, at a room temper- 
ature of 296°C, the mean skin temperature of the 
forearm when ıt was exposed to air was 34 88° C 
(ref 4) The skin temperature of the forearm while 
measurements of blood-flow were being made could 
not therefore have been very different from that 
before the arm was inserted mto the plethysmograph. 

From these considerations ıt seems reasonable to 
assume that the figure of 2 70 ml /100 ml /min may 
be aecepted as an estimate of the rate of blood-flow 
through the forearms of young men, at rest, 1n & hot, 
humid chmate This figure is of the same order of 
magnitude as flow-rates of 2 6-3 1 ml /100 ml /mm, 
which have been reported for the clothed forearms 
of people at normal room temperatures (18 5?— 
20 0? C ) m England’ and m North America® The 
forearms of young men in Singapore are habitually 
bare, the skin temperatures of their forearms are, 
however, higher than those of the clothed forearms 
of people ın England and North America! For this 
reason, 1t might be expected that the flows of blood 
in the forearms of the subjects in Smgapore would be 
greater than those of people in temperate countries 
The experiments reported here have not provided 
any evidence to support this It ıs possible that the 
relatively low values for blood-flow m the forearms 
of the Singapore subjects may be related to the fact 
that people aeclimmatized to heat in Singapore have 
low mean arterial blood pressures’ 

It 1s important to stress that these conclusions 
apply only to men who are at rest and who are not 
visibly sweating Increased activity or the onset of 
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sweating might result m a greatly mcreased blood- 
flow through the forearms of these subjects but 
evidence for this 1s, at present, lackmg 
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New Indirect Fick Procedure for the 
Determination of Cardiac Output 


THE indirect Fick method for determining cardiac 
output, which requires neither catheterization nor 
arterial puncture, would be the method of choice but 
for one serious drawback, namely, the difficulty of 
obtainmg a rehable value for the carbon dioxide 
tension ın (oxygenated) venous blood It is now 
generally recognized that, when the breath 1s held, no 
equilibrrum between alveolar and mixed venous Poo, 
18 attamed in the 15-20 sec. before recirculation inter- 
venes It has been proposed to plot the increase m pres- 
sure of alveolar carbon dioxide, Pco,, while the breath 
is held, and to compute the mean value of venous 
Pco; by means of extrapolation! Since alveolar Poo; 
cannot be measured while the breath 1s held, this 
method requires the determination of alveolar Poo; 
at the end of a numbor of successive periods of holding 
the breath of different lengths. This results ın con- 
siderable scatter of the experimental points and, thus, 
im an appreciable degree of uncertainty regarding the 
value for alveolar Poo, 

It was shown earlier? that, in the case of re- 
breathing ın a bag imitially filled with pure oxygen or 
with an oxygen — carbon dioxide mixture, the alveolar 
carbon dioxide tension after the nth breathing cycle, 
Pn, 18 given by an inhomogeneous linear second-order 
difference equation with constant coefficients 


Pn =a+ bDn-, --:€C)n-2 


and that the second exponential, which 18 a function 
of the tidal volume/dead space ratio. becomes 
neghgible after the first or second breathmg cycle 
From then on, the process 1s a simple exponential one 
This means that, after the first few breaths, the pn vs. 
n-1 plot 1s a straight lime 


Pn = Q + bps-i 
or, if p, be the initial value of p 
pn = 03(l1-rpbq4b-—---- bn-?) + ba- p, 


The sum of the series ın brackets being (b5-1—1)/(b—1), 
we have 


Pa = 


For n—o, à positive finite end value (po) will be 
approached if 0c b «1 
This value 1s given by: 
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Whether the asymptotic value 1s higher or lower than 
the initial value depends on the numerical values of 
a, b, and p, 

For p, to be higher than p, (also p; > Pa etc.) we have 


Pa > Prea + bp, > Pi 


or, since bp, + (1—- b)p, = pı, the condition can be 
written as- 
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a > p, (1-6) 

Sumilarly, pn < pa-, 1f @ < p, (1— 5) 

The first case corresponds to that m which the 
initial partial pressure of carbon dioxide in the bag 18 
less than the true mean value of venous Poo, and 
the second to that in which it exceeds this value The 
procedure 1s extremely simple At the end of a normal 
expiration, the subject 1s connected, by means of a 
three-way tap, to a l-htre bag filled with an oxygen- 
rich oxygen-earbon dioxide mixture and re-breathes 
for a period not exceeding 15-16 sec At the end of 
each expiration, the concentration of carbon dioxide 
(per cent) in the bag ıs measured with the aid of a 
fast carbon dioxide analyser Scatter 1s minimized by 
having the subject re-breathe at a fixed tidal volume 
and at a fixed frequency (checked by metronome) 

The p« versus ps-, plot 18 drawn, and if, efter the 
first few points, a straight line 18 obtained, its slope 
and intercept of y (that 1s, b and a, respectively) are 
determined by the method of least squares, and p 18 
calculated 

Under certain conditions, such as unequal ventila- 
tion, ete , no straight line 18 obtained. In those cases 
the method ıs not applicable. The procedure 1s 
Wlustrated by Figs 1, 2 and 3. Fig 1 shows the record 
obtained with an infra-red analyser; the percentages 
of carbon dioxide after successive breathing cycles 
are plotted against time in Fig 2; the corresponding 
Pn Versus Pn- plot 19 shown in Fig 3 From the values 
for a and b (0 856 and 1:071 (760—47/100) =7 636, 
respectively), p is found to be 52 30 mm mercury. 

Values obtamed with this method possess a high 
degree of reproducibility, as has been found in our 
laboratory and at the Lovelace Foundation Cardiac 
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Fig 1 Record obtained from an infra-red analyser Concentra- 
tion of carbon dioxide in bag at the end of successive expirations 
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output values of resting normal subjects lie, as a rule, 
between 5 and 6 litres/mm. At the time of writing, 
Dr. Mostyn (University of Alberta, Canada) 1s 
engaged in a series of experiments whore the values 
for cardiac output obtamed by the method described 
are compared with those found by the direct Fick 
method 
A full report, including discussion of errors, will be 

published shortly m the Acta physiol et pharmacol 
neerlandaca 
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CEstrus-inducing Activity of Testosterone 
in the Ewe 


ON the basis of results obtamed with testosterone 
administered, together with pregnant mare serum 
gonadotrophin, to ancestrous eves Cole! suggested 
that androgen may be responsible for the induction 
of cestrous behaviour in the sheep Robinson, 
however, has shown that cestrogen given following a 
period of progesterone priming will induce both 
behavioural and vaginal cestrus 1n spayed ewes, and it 
is probable that normal cyclic cestrous behaviour ıs 
due to an interaction of these two hormones In the 
course of work on the interaction of several steroid 
hormones on behavioural and vaginal cestrus m 
spayed ewes, a preliminary trial showed that a single 
dose of testosterone or of testosterone propionate 
resulted m mating behaviour in a number of animals 
Consequently, a factorial design test, using 72 spayed 
ewes, was conducted to examine this phenomenon 
and to define the nature of the apparent cestrous 
response ‘The variables introduced (with n = 12) 
were priming treatment (no progesterone or 10 mgm 
per day for 12 days), and dose of androgen (1 0, 3 2 or 
100 mgm). The androgen was testosterone pro- 
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pionate Sexual receptivity of the ewes was determ- 
med using $8 mtact rams fitted with ‘Sne-sine’ 
harnesses and crayons‘ and the vaginal response was 
determined by smears taken for four days following 
injection of androgen’ Results are presented in 
Table 1. 


Table 1 BEHAVIOURAL AND VAGINAL RESPONSE TO TESTOSTERONE 
PROPIONATE ADHINISTERED TO 72 EWES WITH OR WITHOUT 
PROGESTERONE PRLTREATMENT 


Dose of 
testosterone ‘Treated with Not treated 
propionate progesterone with Total 
(mgm ) progesterone 
Behavioural 10 6 4 10 
response 32 10 11 21 
(n = 12) 10 0 12 12 24 
Total 28 27 55 
Vaginal 10 1 — 1 
response 32 1 1 2 
(n = 12) 100 — — — 
Total 2 1 3 


Full sexual receptivity was mduced by testosterone 
propionate and the response appeared unaffected by 
previous admunistration of progesterone, and so 
differed markedly from that to estrogen’. The dose 
response effect (P < 0 001) had the following form 


where sin?y = proportion of ewes responding, and 
x = log,, dose androgen, expressed as free testosterone 
(mgm ). The median effective dose was 1 20 mgm, 
which suggests an cestrus-inducing activity compar- 
able to that of cestriol® 

Vaginal smears from only 3 ewes showed evidence 
of epithelial cornification and desquamation charac- 
teristic of cestrogen activity Only one of these ewes 
demonstrated behavioural oestrus, suggesting that 
these apparent responses were artefacts On the day 
of service, vaginal smears consisted of thin watery 
mucus with leucocytes and spermatozoa On the 
3 succeeding days there was massive leucocytic 
invasion, and many smears consisted entirely of thm 
mucus and leucocytes with some cellular debris This 
Is in marked contrast to the picture when behavi- 
oural cestrus 1s induced with cestrogen, where smears 
2 and 3 days after service consist almost entirely 
of desquamated cornified, cells, and leucocytes are 
almost absent?:5 

The effect of testosterone in mducmg behavioural 
cestrus in this test appears to have been one direct on 
the central nervous system It does not appear to 
have been a precursor for cestrogen, in which case the 
vaginal smears would have presented evidence of 
cestrogen activity It ıs well established that libido 
in women 1s due largely to androgen, presumably of 
adrenal origin’, and the presence and production of 
androgens ın ovarian tissue have been demonstrated? 
Cole, Hart and Miller! observed that some ewes 
treated with pregnant mare serum gonadotrophin and 
100 mgm of testosterone exhibited homosexual 
activity The median effective dose of testosterone, 
as assessed from our test, is only about 1 per cent 
of the dose administered by these workers No 
abnormal behaviour was observed at our dose-rates 

Œstrus has two distinct components—anatomical 
and psychic—and these can now be differentiated m 
the ewe (Estrogen, alone, commonly will induce 
vaginal cestrus without behavioural  cestrus?:5 
(Estrogen, following a period of progesterone 
influence, will induce both vaginal and behavioural 
cestrus*3, Testosterone will mduce behavioural 
cestrus minus vaginal cestrus 
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Three conclusions may be drawn 

(1) CEstrous behaviour may be attributed to direct 
action on the central nervous system of an appropriate 
hormone, and not to the conditioning of peripheral 
receptors in the uterus? or in the vagina 

(2) The pattern of the behavioural response to 
gonadal hormone is determined by the sex of the 
recipient rather than by the nature of the hormone 
administered 

(3) It 18 not suggested that androgens normally are 
responsible for cyclic cestrous behaviour m the sheep 
It ıs well established that cestrogen, in association with 
progesterone, has that role It 1s clear, however, that 
the terms ‘cstrogenic’ and ‘androgenic’, m their 
commonly accepted context, are largely meaningless 
when applied to behavioural responses 

This project forms part of a programme on the 
physiology of reproduction in the sheep financed by 
the Australian Sheep and Wool Research Committee 
Testosterone propionate was kindly donated by G D. 
Searle and Co , Chicago, and progesterone by Fawns 
and McAllan Pty , Ltd , Melbourne 
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IMMUNOLOGY 


Transfer of Immediate (Anaphylactic) 
Hypersensitivity by Homologous Bone 
Marrow or Spleen Cells 


Ir has been repeatedly shown that lymph node 
cells from 1mmunized donors transferred to irradiated 
recipients can transfer a specific antibody production 
and mmunity state!-? We postulated that by ım- 
plantmg cells from a hyper-sensitized donor into a 
recipient made tolerant by whole-body irradiation, it 
would be possible to transfer the immediate type of 
hypersensitive state The present experiments 
demonstrate that the anaphylactic state can be 
obtained by transplantation of homologous bone 
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marrow or spleen cells from sensitized donor guinea 
pigs into whole-body irradiated homologous recipients 

Guinea pigs of a heterozygous randomly bred 
colony were used ‘They were between 300 and 400 
gm body-weight Donor animals were mjeeted 
beneath the skin with 2 x 005 ml of horse serum 
emulsified ın Freund's adjuvant mixture Six days 
later, bone marrow cells obtamed from the femurs, 
tibiæ and humeri were suspended in cold Tyrode's 
solution The suspension of spleon cells was prepared 
by squeezing the mashed tissue through gauze; 
finally, cell suspensions were filtered through a loose 
cotton pellet In a group of sensitized animals 
injected intravenously six days later with 015 ml 
of horse serum no signs of anaphylactic reaction were 
observed (four animals) Animals challenged on the 
ninth day (two animals) manifested moderate 
symptoms, and on the fifteenth day three tested 
animals exhibited fatal snaphylactic reaction 

In several expermments, previously irradiated 
animals and twenty-two unirradiated ones received 
cell suspensions intravenously Irradiated animals 
were exposed to 300, 400 or 700 r whole-body 
X-irradiation under the following conditions. 220 kV., 
15 mamp, 05 mm of copper and 1 mm of 
alumimum, 40 cm from target to anımal skin, 83 r / 
min According to the cells which they recorved the 
recipients were divided into three sub-groups The 
first obtamed a mixture of about 11 x 10? viable 
nucleated bone marrow cells and 10 x 10? viable 
spleen cells The second sub-group received 11 x 10? 
bone marrow cells only and the third 10 x 107 spleen 
cells only Viability was estimated by the number of 
stained (dead) cells in a 0 2 per cent solution of eosin 
m Tyrode’s solution. Cell suspensions were injected 
into the jugular vem within 3-5 hr after wradiation 
under light local anesthesia (2 per cent novocain) 

Nine days and in some cases 16 days after the cell 
transfer animals were challenged by intravenous 
injection of 015 ml horse serum (Not all the 
irradiated animals had survived up to that time) 
The ratio of the number of reacted to the number of 
tested animals as well as anaphylactic index for all 
experimental groups are shown in Table | 

As seen in Table 1, all the irradiated animals 
showed anaphylactic responses (in a few minutes after 
challenge). The degree and duration of the reaction 
were not the same in all animals but always pro- 
nounced, three animals died of shock. Only some of 
the unirradiated animals showed very weak symptoms 
which could be att11buted to anaphylactic response 

From these results 1b seems possible to conclude 
that: 

(1) By mgjection of bone marrow or spleen cells 1t 18 
possible to transfer the immediate type of hyper- 
sensitivity into recipient animals. The intensity of the 
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Table 1 


Day of 
challenge 


Bone marrow -+ 
Recipient spleen cells 
animals group 

transfer) | Reacted | Anaphylactic 
to test index * to test 


Unirradiated 


300r 
400r 


700r 


* Anaphylactic index expresses the relative degree of anaphviactic state 


aut Bone marrow cells 
post- | — oo 


Reacted | Anaphylactie 
t dex * 





Spleen cells Total 


Reacted | Anaphylactic 
to test index * 


Reacted | Anaphylactic 


index to test index * 


2 


0 
0 
2 
3 
3 
2 


It 1s calculated by multiplying the number of animals showing 


fatal symptoms by 5, severe symptoms by 4, moderate symptoms by 3, mild symptoms by 2, very weak or uncertain symptoms by 1, without 
symptoms by 0, and dividing the sum of the products by the total number of animals challenged Thisis a slightly different system from that 


described in ref 5 
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anaphylactic response showed that the ability of 
spleen and bone marrow cells to induce anaphylactic 
response by transfer was about the same. 

(2) Passive transfer of antibodies as a reason for 
reaction is not probable because (a) sensitized animels 
challenged on the sixth day did not show anaphylactic 
symptoms; (b) in this case unirradiated animals 
should have reacted also. This second reason seems 
to exclude direct antigenic stimuli of recipient 
animals if antigen were transferred together with cells 
from sensitized donor guinea pigs. l 

(3) The success of transfer seems to depend mainly 
on the possibility that the recipient animal rejects 
transferred cells. Failure to induce anaphylactic 
reaction is probably due to rejection of the sensitized 
cells before they can produce enough anti-horse serum 
antibodies. If the transferred cells have a better 
opportunity to colonize the recipient tissues and 
mature some days in them, the production of anti- 
bodies may be sufficient and an injection of horse 
serum can elicit an anaphylactic reaction. In this 
experiment the necessary conditions for successful 
cell transfer were obtained by irradiation. 

(4) The number of cells necessary to achieve the 
anaphylaetie state in irradiated recipient animals 
was evidently much smaller than in the case of normal 
recipient animals’. 
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Agarophoresis and Immuno-electro- 
phoresis of the Proteins of Gastric 
Juice 


A NUMBER of authors have used paper and freely 
moving boundary electrophoresis for investigating 
proteins of gastric juice. We have tried to add to 
the results obtained by these methods by using 
electrophoresis in agar! and immuno-electrophoresis*. 
With these methods, especially in the case of immuno- 
electrophoresis, we found that there exists a funda- 
mental difference in the behaviour of acid and 
anacid gastric juices. 

Agarophoresis. 'The*electrophoretograms of fifteen 
anacid gastric juices (pH 4-7) of patients with hist- 
amine-resistant achlorhydria showed five protein 
fractions, the mobility of which corresponded to that 
of serum proteins (Table 1, Fig. la). In three anacid 
gastric juices where all subsequent portions contained 
free hydrochloric acid after stimulation by histamine, 
two additional zones faster than albumin were 
observed. The electrophoretic mobility of this pre- 
albumin is identical with that of crystalline pepsin. 


Table 1. PROTEIN FRACTIONS OF GASTRIC JUICE AFTER ELECTRO- 
PHORESIS SEPARATION IN AGAR 
Pep- AIl- : 
Samples sin bumin Globulins 

2 x ay ly By Bs , 
15 anacid gastric juice -- 15 — 7 15 15 12 
3 anacid gastric juice 3 3 ] 3 3 $ 3 
10 anacid gastric juice 10 10 2 8 6 10 -—- 
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Electrophoresis in agar: «a, anacid gastric juice; b, serum: 
c, acid gastric juice 


Fig. 1. 





A ay a, f Bs y 


Fig. 2. Immouno-electrophoresis: a, anacid gastric juice; b, serum; 


c, acid gastric juice 


[n ten acid gastric juices seven fractions including 
two pre-albumin zones of pepsin were noted (Table 1. 
Fig. lc). 

Immuno-electrophoresis. The proteins of 22 anacid 
gastric juices precipitated on immuno-electrophoretic 
plates by rabbit antihuman serum developed 3-10 
precipitation lines (Fig. 2). Their location both in the 
direction of electrophoresis and of diffusion corre- 
sponded to the precipitation lines of blood serum. In 
the double diffusion test? the albumin of the gastric 
juice gave the identity reaction with serum albumin. 
y-Globulin reacted likewise with y-globulin antiserum. 
The precipitation line of 8,-globulin was only about 
30 per cent determined, although à zone of strong 
density was observed in all gastric juices by simple 
agarophoresis. This indicates that in all anacid 
gastric juices besides 9,-globulin, which is not pre- 
cipitated by antihuman serum and thus differs 
immunologieally from serum proteins, an inconstant 
serum 5,-globulin in lower concentration is present. 

The proteins of ten acid gastric juices were not 
precipitated with antihuman rabbit serum. It follows 
from our investigation on the influence of single 
components of gastric juice on serum proteins that 
the protein fractions lose their immunochemical 
properties by the action of the activity of pepsin 
and the acid medium in dependence on time. 
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Attachment of Antibody to Influenza 
Virus 


A KINETIC analysis of the neutralization of influenza 
virus by rabbit antibody indicated that the combina- 
tion proceeds in two stages'. The first stage is the 
formation of a freely dissociable union between the 
virus and antibody. This is followed by a second stage 
which leads to the stabilization of the complex 
between the virus and antibody. The reaction kinetics 
also indicated that a single antibody molecule could 
form a stable combination with the virus particle. In 
an attempt to elucidate the nature of the stage of 
stabilization, the interaction between influenza virus 
and the univalent antibody fragments, produced by 
papain digestion?, was investigated’. This investi- 
gation demonstrated that although the monovalent 
fragments could combine reversibly with the virus 
and neutralize its infectivity, they were unable to 
form a stable combination with the virus. It could be 
concluded that the stabilization of the combination 
between the virus and antibody depended on the 
divalent nature of the antibody molecule. On the 
basis of the foregoing conclusions and observations 
the following hypothesis emerged. The first stage in 
neutralization would be the attachment of the anti- 
body molecule to the surface of the virus through one 
combining site and the second and stabilizing stage 
would be brought about by the attachment of the 
second combining site on the divalent antibody 
molecule to the same virus particle. 

This hypothesis was supported by the finding that 
the fraction of virus particles which could undergo 
the stabilization reaction declined sharply when the 
reaction was studied in the region of extreme antibody 
excess?. This would be expected for the following 
reason. The stabilization stage proceeds at a much 
slower rate than the first stage of the interaction 
between virus and antibody. Thus, when the virus 
is mixed with high concentrations of antibody, anti- 
genic sites on the surface of the virus particle will be 
rapidly occupied by antibody molecules attached 
through only one combining site. The combining sites 
of the virus will be saturated with antibody and the 
neighbouring molecules may sterically hinder the 
attachment of any antibody molecule to one and the 
same virus by both its combining sites. Indeed, 
work on the interaction between tobaeco mosaic 
virus and antibody, carried out with the aid of the 
electron microscope, demonstrates that in the region of 
antibody excess the antibody molecules are attached 
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Fig.1. Attachment of antibody to influenza virus. a, Morphology of influenza A (MEL - 
b, combination of M EL virus with MEL virus satibody 
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to the virus surface through one combining site, with 
their long axes radiating out from the surface of the 
particle*?, A similar type of combination has been 
observed in these Laboratories in work on the inter- 
action between influenza virus and a large excess of 
antibody. 

The kinetic evidence demonstrated the occurrence 
of a reaction of stabilization, but could not provide 
detailed information on the mechanism of the stabili- 
zation reaction. The following experiment was there- 
fore conducted in an attempt to obtain more direct 
information on this point. Purified influenza A virus 
(MEL) was mixed with a solution of the globulins 
obtained from an MEL virus rabbit antiserum and 
held at room temperature for 4 hr. The concen- 
tration of the virus in the mixture was 4 x ]10* 
hemagglutination units/ml. and the concentration of 
antibody was 300 hemagglutination inhibition units/ 
ml. Virus and antibody titrations were carried out 
as described by Fazekas de St. Groth et a/.^7. The 
complexes of virus and antibody were sedimented in 
the ultracentrifuge, washed with saline and finally 
resuspended in distilled water. As a control, a prepa- 
ration of MEL virus that had not been mixed with 
antibody was treated in the same way as the mixture 
of virus and antibody. 

Specimens of the two suspensions were prepared 
for electron microscopy by mixing equal volumes of 
the suspensions and à 1 per cent solution of sodium 
phosphotungstate*. A drop of this suspension was 
allowed to dry on carbon-coated ' Formvar' membranes 
and the specimens were observed in the electron 
microscope (Siemens Elmiskop I). Fig. la shows the 
morphology of the virus partiele and Fig. 15 the type 
of complex formed when the virus reacts with anti- 
body. It can be seen that the antibody molecules 
become attached to the terminal ends of the sub-units 
which constitute the surface of the virus. The 
antibody molecules appear to be attached to the 
individual virus particle through both sites situated 
at the extremities of the antibody molecule, thus 
forming a loop on the surface of the virus 
particle. 

It is known that the two combining sites on an 
antibody molecule have identical specificities*?°. 
This may well imply that the combining strength at 
each site is very similar. If this were so, the combina- 
tion of the antibody with a virus particle through both 
combining sites of the antibody molecule would be 
much more stable than the combination through only 
one site, provided the strain introduced by the bending 
of the molecule did not signifi- 
antly reduce the strength of the 
bonds formed through each com- 
bining site. The fact that a 
two-site attachment rather than 
a single-site attachment is pro- 
duced when the virus and anti- 
body react under conditions where 
the antibody is not in very large 
excess indicates that the former 
type of attachment is more stable 
than the latter. 

Thus, the observation of two- 
site combination between virus 
and antibody provides a physical 
mechanism which would aecount 
for the stabilization reaction. 

A more detailed publication 
demonstrating the effect of the 
concentration of the reactants on 
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bes type of combination formed is in prepara- 
ion 
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HÆMATOLOGY 


Absence of Red Cell Enzyme Deficiency 
in Australian Aborigines 


THE geographical distribution of erythrocyte 
glucose-6-phosphate dehydrogenase deficiency 1s now 
known to be widespread Thus, this genetically 
determined enzyme defect has been shown to be 
present in parts of Africa, Asia and Europe, and in 
some Indian groups m South America!. Marked 
variations in the incidence of the defect have been 
observed between different populations and m some 
instances between different groups m the same 
population. In south-east Asia recent work has shown 
the trait to be present m Thais?, Malays??, Indon- 
esians (Lie-Injo, L E, personal communication), 
Filipinos’ and Melanesians! 

In the present work, using the rapid screening 
test described by Motulsky', a total of 722 Austrahan 
Aborigines were examined. for evidence of glucose-6- 
phosphate dehydrogenase deficiency The subjects 
tested lve ın scattered areas of northern, central and 
western Austraha All have tribal affihations The 
groups studied are shown ın Table 1 


Table 1 
Area Males Females Total 
Cape York Peninsula 
Edward River 43 45 88 
Mitchell River 84 62 146 
Lockhart River 27 — 27 
Aurukun 39 37 76 
Weipa 12 29 41 
Wrotham Park 12 11 23 
Central Austraha 
Alice Springs 140 — 140 
Western Australia 
Port Hedland 40 59 99 
Marble Bar 11 18 24 
Nullagine 27 31 58 
Total 435 287 722 


No cases of enzyme deficiency were found m this 
large population sample, mdicating that the gene 
frequency is extremely low or non-existent. This 
finding 1s of mterest in several respects Except for 
occasional cases of malaria introduced m recent times 
from surrounding areas Australia is malaria-free. 
The meidence of red cell enzyme deficiency has been 
shown, m Africa?:5, New Guinea‘? and Sardinia®, to 
be related to that of falcrparum malariae, probably 
1epresenting a selective advantage by way of mcreased. 
resistance to malarial mortality Absence of the 
deficiency in Australan Aborigines supports this 
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concept, as there would be no such advantage 
enhanemg the survival of affected people m Australia 

Glucose-6-phosphate dehydrogenase deficiency has 
an incidence as high as 20 per cent 1n males of coastal 
New Gumea’ The penetration of the blood group B 
gene in Aborigines of the Cape York Peninsula groups 
18 accepted as representing admixture from New 
Guinea® It ıs evident, however, that this penetration 
has not resulted in the introduction of the enzyme 
deficiency, or, if the gene has been introduced in the 
past, 1t has not survived That the well-known Malay 
contact with Aborigines in several areas of the north 
and north-west coast has not resulted in the introduc- 
tion of the trait is not surprising, smce its mcidence m. 
Malays 1s low, probably less than 1 per cent 

Absence of this deficiency of red cell enzyme, then, 
adds important evidence to that already accumu- 
lated, including the absence of thalassaemia and the 
abnormal hemoglobms, which demonstrates the 
degree of isolation of the Aborigines from surrounding 
peoples This trait will serve as an additional bnk m 
the chain that may eventually disclose the origin of 
the Australian Aborigines 

Gratitude 1s expressed to Dr P Dawes and Miss 
M. Byrum. of the Ahce Springs Hospital, to Dr. R 
Doherty, of the Queensland Institute of Medical 
Research, end to Dr. R L Kark, of the University of 
Western Australia, for ther kind assistance in 
collection of blood samples This work was supported 
in part by the National Health and Medical Research 
Council 
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Distribution of Haptoglobin Types in 
Israel 


Tx interest in the patterns of haptoglobin types 
has been furtnered durimg the past several years due 
to the mtroduction of starch-gel electrophoresis for 
ther demonstration! Different populations have 
been investigated up to now”, 

Since differences between Jewish ethnic groups in 
Israel were ceseribed in relation to blood group 
patterns’, incidence of erythrocyte glucose-6-phos- 
phate dehydrogenase deficiency‘, and taste sensitivity 
to thiourea (Sheba, Ch , Ashkenaz1, I , and Szemberg, 
A., personal communication), 16 was of interest to 
investigate the haptoglobin patterns among them 

Blood specimens from 526 blood donors from the 
blood bank of Tel Hashomer Hospital, and from 
patients without any serious illness, were examimed. 
The material consisted of 170 Ashkenas: Jews (Hast 
European origm), 118 Iraqi Jews (Babylonians), 104 
North African Jews (Morocco, Tunisia, Algeria and 
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Lybia) and 134 mixed population The method used 
was vertical starch-gel electrophoresis as described by 
Smithies* The starch was sliced longitudinally into 
two parts, one was stained with benzidine, the other 
with brom-phenol blue or amido-black 10 B To the 
sera 120-150 mgm per cent of oxyhemoglobin was 
added to saturate the haptoglobins completely The 
results are presented in Table 1 


Table 1 HAPTOGLOBIN TYPES AND FREQUENCY OF ALLELE Hp! 
AMONG DIFFERENT ETHNIC GROUPS IN ISRAEL d 

ene 

No Hpl1 1 Hp2 1 Hp21M Hp 2 2 fre- 

Group tested Per Per Per Per quency 

No cent No cent No cent No cent Hop} 

Ashkenazi 170 18 765 88 5176 — — 69 4059 034 

Iraqi 118 9 763 50 4237 — — 59 5000 029 

North 

African 104 8 769 43 4135 1 096 52 5000 029 
Rest of 
popula- 

tion 134 13 970 81 3806 — — 70 5294 029 


No cases of ahaptoglobinemia were found except ın 
hemolytic anzmias, which are not included in this 
work Only one case of 2 1 M was found, that being 
among the North African Jews The gene frequency 
of Hp! ın Ashkenazi Jews was found to be 0 34, 
while that found among the Iraqi and the North 
African Jews was 0 29 This difference 1s not statisti- 
cally significant ‘The expected values of phenotype 
were calculated on the basis of the Hardy~Wemberg 
equilibrium and were found to correspond closely to 
the observed numbers 

Our results show that the frequency of Hp! among 
the Ashkenazi Jews is similar to that found m 
European populations’, while the aq: and North 
African Jews have a lower frequency of Ho! simular 
to that found m Asian populations? Other Jewish 
and Arab populations are under investigation 

This work was supported by Rockefelle: Founda- 
tion grant RE GA BME 5936 We thank Dr Eloise 
Giblett for her valuable suggestions 

BRACHA RAMOT 
Portva ZikERT-DUVDEVANI 
GISELA TAUMAN 
Tel-Hashomer Government Hospital, 
Israel 
1Smithies, O , Biochem J, 61, 629 (1955) 
* Allison, A C , Blumberg, B S , and ap Rees, Nature, 181, 824 (1958) 
Moullec, J , and Fine, J A, 2bed , 184, 196 (1959) Baitsch, H, 
Meier, G , Schoeller, L , and Kahlich-Koenner, D M , :bid , 186, 


976 (1960) Harris, H , Robson, E D, and Siniscaleo, M , Crba 
Symp on Medical Biology and Etruscan Origins, 220 (1959) 

? Kirk, R L,Lai L Y C, Mahmood, $ , and Bhagwan Singh, R, 
Nature, 185, 185 (1960) Matsunaga, E , and Kyoko Murai, ahd , 
186, 320 (1960) 

+ Mourant, A E, The ABO Blood Groups, Compiehenswe Tables 
and Maps of Wold Distribution, 12 (Blackwell Scientific Pub , 
Oxford, 1958) 


š Szemberg, A , Sheba, Ch, and Adam, A , Blood, 18, 1043 (1958) 
° Snuthies, O , Biochem J, 71, 585 (1959) 


Distribution of Group-specific Components 
(Gc) in the Sera of Native Africans 


THE group-specific components of sera consist of 
eleetrophoretically variable «,-globulms demonstrable 
by means of an 1mmuno-electrophoretic technique! 
This system allows & division of human sera into 
three qualitatively different patterns characterized 
by the presence of a fast-moving gioup-specific com- 
ponent (Gc 1-1), a slow-moving component (Gc 2-2), 
which in rmmuno-electrophoresis both give normally 
arc-Shaped piecipitates, or the stmultaneous presence 
of both fast- and slow-moving components (Gc 2-1), 
which m immuno-electrophoresis give an extended 
two-peaked precipitate due to a 1eaction of immuno- 
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logical identity between these electrophoretically 
different although rmmunologieally identical fast- 
and slow-moving components! Investigations on 
sera from 42 families with 137 children and more 
than 600 mother-child combinations have shown that 
these serum patterns are genetically determined 
by two autosomal alleles (Gc! and Ge?) without 
dominance where the serum types Gc 1-1 and Ge 2—2 
ale the homozygotes and Gc 2-1 the heterozygote 
Up to now, no exceptions to this genetical theory or 
unresolved typing difficulties has been found in the 
material investigated?) 
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Table 1 FREQUENCIES OF THE Gc!-GENE IN VARIOUS POPULATIONS 


Population No tested Gc! Ge-determinations carried 
Sweden 1,744 0 74 Hirschfeld? 
Swedish Lapps 79 0 87 Hirschfeld * 
New York Whites 86 0 74 Bearn and Cleve t 
New York Negroes 120 0 90 Bearn and Clevet 
Navajo Indians 197 0 98 Bearn and Cleve f 


* Hirschfeld, J, and Beckman, L, Acta Genet, 11, 185 (1961) 
T Personal communication 


Table 2 DISTRIBUTION OF Gc-TYPES IN SERA FROM 100 AFRICANS 
Ge 1-1 Ge 2-1 Ge 2-2 Gc! 
obs, 82 17 1 0 91 
exp 819 17 2 09 


The frequencies of the Gc!-gene in populations 
hitherto investigated are given ım Table 1 In Table 2, 
the distiibution of Ge im a serum sample consisting 
of sera from 100 native Africans collected in Léopold- 
ville, Congo, are given The 1esults seem to show 
that the system might be of value in connexion 
with anthropological investigations, and further work 
concerning the distribution of Gc-types in different 
populations 1s ın progress 

One of us (J H.) gratefully acknowledges a grant 
flom Lennanders Fond, Uppsala, Sweden 

Note added «n proof A more detailed survey of the 
distribution and. inheritance of the Gc-system will be 
given elsewhere? 

JAN HIRSCHFELD 

State Institute for Blood Gioup Serology, 

Statens Rattskemiska Laboratorium, 
Stockholm 60 
JEAN SONNET 
Cliniques Universitaires Université Lovanium, 
Léopoldville, Congo 


1 Hirschfeld, J , Acta Path Macrobiol. Scand , 47, 160 (1959), Serence 
Tools, 7, 18 (1960) 


* Hirschfeld, J, Jonsson, B, and Rasmuson, M, Nature, 185, 931 
(1960) 
? Hirschfeld, J , Progress mn Allergy (n the press) 


RADIOBIOLOGY 


Autoradiographic Study of Cell Migration 
during Histogenesis of Cerebral Cortex 
in the Mouse 


AUTORADIOGRAPHY with thymidine labelled with 
tritium has pioved useful for the study of Misto- 
genesis in the mammalian brain!* Labelled thymuid- 
ine injected mto animals becomes incorporated 
almost exclusively into deoxyribonucleic acid of cells 
preparing to divide and remaims ın their nuclei as a 
permanent label, the radioactivity 1s diluted to half 
with each cell division’? When the autoradiogiaphic 
method 1s applied to tissues of animals killed serially, 
one can determine the time and place of origm of cells, 
bid route and rate of migration, and them ultimate 

ate 


\ 


November 25, 1961 


The question has been raised as to whether cells 
which appear to change position during development 
are truly migrating or are merely being displaced by 
cells which form at subsequent stages. The present 
work demonstrates that migrations of cells do indeed 
take place in the developing brain. 

Tritiated thymidine (5 ue./gm. of body- weight) was 
injeeted once intravenously into pregnant mice. The 
animals were injected in pairs on the 11th, 13th, 15th, 
or 17th days of gestation. One animal of each pair 
was killed 1 hr. after injection, and offspring of the 
other injected animal were killed on the 10th post- 
natal day. Brains were processed for autoradiography 
as described elsewhere!. 

In an embryo killed 1 hr. after injection on the 
llth day, the telencephalic vesicle consists only of a 
primitive ependymal zone; most of its cells are 
labelled, as has been observed previously’. Many of 
the primitive ependymal cells later migrate outward 
to form the anlage of the cortical plate. In embryos 
injected on the 13th, 15th, or 17th day of gestation 
aa killed 1 hr. later, the cerebrum shows labelled 
cells almost exclusively in the primitive ependyma and 
relatively few in the developing cortical plate. Thus, 
the source of most cortical cells is the primitive 
ependyma of the lateral ventricles. After mitosis in 
the primitive ependyma, cells migrate outward to 
form the cortical plate and differentiate into its 
constituent neurons. 

To study the postnatal disposition of cortical cells 
arising in the 11-, 13-, 15-, and 17-day embryos, we 
photographed the entire anteroposterior extent of the 
cerebral cortex of the corresponding four 10-day old 
mice. For each brain a series of overlapping photo- 
micrographs was made at a magnification of 150 
diameters on 4 x 5 in. sheet film, and prints were 
assembled as a montage to show the distribution of 
labelled cells. Comparable sections of occipital cortex 
from the 4 mice are illustrated in Figs. 1-4 and the 
following description refers to this region of cortex. 

Many cells labelled on the 11th day of gestation 
undergo only 1 or 2 further divisions and are recog- 
nized in the brain of the 10-day old animal as heavily 
labelled cells. These cells are almost exclusively in the 
deepest part of the cortex adjacent to the white 
matter (Fig. 1). Other cells labelled on embryonic 
day 11 divided on subsequent embryonic days and 
appear in the 10-day old mouse as weakly labelled 
cells scattered through all cortical layers. 

The mouse labelled on the 13th day of gestation and 
killed 10 days after birth shows a greater number of 
heavily labelled cells; these are located predominantly 
in the middle third of the cortex (Fig. 2). These cells 
originated later than the cells which arose on the 11th 
embryonie day and migrated past their predecessors 
upon entering the cortical grey matter. 

The same pattern of origin and migration obtains 
for cells forming later in gestation. Cells which arise 
on the 15th embryonic day migrate past cells which 
had formed earlier and come to lie in the outermost 
third of the cortex (Fig. 3). Relatively few cells 
arising on the 17th embryonic day are destined for the 
occipital cortex; these migrate to the most superficial 
cell layer, the presumptive lamina ii (Fig. 4). 

As Figs. 1-4 show, cells originating on any par- 
ticular embryonic day come predominantly but not 
exclusively into a given cortical level. Cells forming 
successively later in embryonic life migrate outward 
past their predecessors and. come to lie at more and 
more superficial levels, 'The correlation between these 
levels and cortical laminæ as conventionally desig- 
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Figs. 1-4. Photomicrographs (a) and matching drawings (b) of 
mparable parasagittal sections of occipital cortex from 

10-day -ald mice injected with thymidine la 

on the eleventh, thirteenth, days 

gestation respectively. Dots in drawings indicate heavily labelled 

cells. Intensity of labelling in photom phs varies because 

tissues were exposed to the em 

to development of the autoradi ae eng s 

represents inner boundary of molec layer oF rut nnd inner 

brcken line the boundary Cone cortex and white matter. 

xc 


nated will be considered in à more complete account of 
cortical histogenesis now in preparation. 

Cortical zones other than occipital cortex display a 
similar pattern of histogenesis. The times of origin 
and migration of cells into other cortical regions differ 
from the times described for occipital cortex. 

If cells do not migrate outward, but are merely 
displaced peripherally by new cells which arise 
afterwards in the primitive ependyma, one would 
expect the more superficial layers of cortex to form 
first and the deep layers last, as has been suggested*. 
Our autoradiographic results indicate just the reverse, 
and show that cells do migrate extensively in the 
developing mammalian cerebrum. 

This curious reverse order of formation of cortical 
layers may have significance for the attainment of 
intracortical synaptic connexions. It is recognized 
that the axons of most cortical neurones are directed 
inward toward the white matter and that their 
dendrites are directed outward*. The orientation of 
the circuits established by synaptic contact of these 
processes is predominantly perpendicular to the plane 
of the cortex!*. These synaptic contacts might be 
attained during the histogenetic period, as cells 
migrate past those neurones that have arrived pre- 













uti behind, ‘still in contact with the perikaryon or the 
e developing dendritie tree of the cell that had arrived 
.. previously. The cell contacts established during 
_histogenetic migration may also be relevant for tho 
formation of particular patterns of synaptie connex- 
-ions in other parts of the nervous system, as discussed 
m elsewhere? s. 
"This work was supported in part by research 
i us ‘Grants B 2853 and B 1938 from the National Institutes 
of Health, U.S. Public Health Service. 
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Uptake and Incorporation of Tritiated 
Thymidine in in vitro Culture 


THe duration of the ‘synthesis phase’ of deoxy- 
ribonucleic acid (DNA) of the mitotic cycle (phase S 
of Howard 1956! and Lajtha et al. 1954?) has been 
determined for several cell types. As yet no distinction 

.has been made between the uptake of labelled 
“thymidine and its incorporation by the cell into a 
more complex structure, presumably DNA. 

_. Sagittal slices of the upper tibial epiphysis of the 
os vat, rabbit and guinea pig were cultured in vitro, in 
the presence of tritiated thymidine (0-5-1 uc. tritiated 
thymidine, specific activity 0-360 c./m.mol., to 5-6 ml. 
medium), in an attempt to elucidate the growth 
pattern of the epiphyseal growth cartilage and the 
. articular cartilage. The explants were fixed in 10 per 
^.  . gent formalin at pH 7-4-7-6. Some were embedded in 
> butyl and isobutyl methacrylate and sectioned 
without decalcification; others were first decalcified 
with 10 per cent formic acid for 12 hr. before being 
-embedded in paraffin wax. Sections 4-7y thick were 
^^eut, the embedding medium removed, and auto- 
-^ radiographs made according to the Pele stripping 
film technique’, and exposed for 3-6 weeks. Grain 
counts were made on cells in the proliferative zone 

(flattened cells) of the epiphyseal growth cartilage. 

If the tissue was sectioned without previous 
decaleification, the grain counts attained nearly the 
maximum value after $ hr. in culture. By 1 hr. the 

—.. maximum value was found; this persisted for the 
~~ duration of the experiment (Fi ig. 1). 
^; On the other hand, if the tissue was first decalcified 
with formic acid, maximum counts were only attained 
n explants that had been cultured for 6-9 hr. (Fig. 2, 
at). Similar results were obtained by giving the 
d thymidine t to rats i in vivo. 

















: cell REN ari may perhaps Setablish: contact ee 
with another cell already in position in the cortex and ^ - 
may then. migrate farther while trailing its axon ^ 
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These results suggest that a maximum load of |” 
tritiated thymidine is taken into the cell nucleus . 
very rapidly. In fact, this occurs so rapidly, in less 
than 1 hr., that à carrier mechanism might have to be. 
invoked to explain it. But once in the nucleus, it . 
takes a finite time for the tritium-labelled substance 
to be ineorporated into a large and more complex 
molecule capable of resisting removal by 10 per cent 
formic acid. This process of incorporation would. 
appear to take between 6 and 9 hr. to be completed in. 
the cells of the proliferative zone of the epiphyseal ey 
growth cartilage. Qum 
W. M. Riaan ions 
Nuffield Department of Orthopedic Surgery, 

Oxford. j E 
! Howard, CIBA SIMON on Ionizing Radiation and: Cell. RUE 
Metabolism, 196 (1958). : 


* Lajtha, L. G., Oliver, R., and Ellis, F., Brit, J. Cancer, 8, 367 (1954). 
5 Pele, 8, R., Nature, 160, 749 (1947). 












BIOLOGY 


Fluctuations in Marine Populations i in 
Icelandic Waters 


Ir is well known that populations of many animals 
living at high latitudes are subject to considerable 
fluctuations. Fairly regular periodic variations are 
reported in a number of cases. The 10-yr. cycle of th 
rock ptarmigan in Iceland reported by: Gudmundsson 
furnishes a striking example. The cause of this cycle 
is unknown. 

Marine populations are also subject to large fluctua 
tions but there are few reports on regular or periodi 
variations. This may in many cases be due to lack o 
observations. | 

There are available fairly reliable data on th 


since 1900. In particular, there is available a set o 
data of a rather oe ay for the. winte 
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Fig 1 Catch of cod per unit effort in the Vestmanna Islands 

during 1900-40, and its relation to observed strong year- 
elasses and the sunspot number 


Sunspot No 


seasons during 1900-40 Data on the catch per 
unit effort have been collected in the Vestmanna 
Islands and are given as the yearly average number 
of cod caught per shot and 1,000 hooks The data are 
given in Fig. 1 Unfortunately these data have not 
been. collected for the period since 1940 

The catch per unit effort given in Fig 1 18s subject 
to a rather regular variation with a period of approxi- 
mately 10 yr This happens to be the same period as 
that of the rock ptarmigan There ıs httle doubt that 
the catch per unit effort depends largely on the number 
of individuals per unit volume, and the data therefore 
give a certam measure of the variation in the size of 
the spawning stock 

The fluctuations in the strength of the spawning 
stock of cod are due to pronounced differences m the 
strength of the individual year-classes Certain year- 
classes prevail in the commercial catch The recruit- 
ment age for more than 80 per cent of the stock 1s 
7-10 yr 
Rehable data are available on the strength of 
individual year-classes since 1920 Moreover, it 15 
known that the 1901 and 1915 year-classes were 
relatively strong although very httle ıs known 
about other year-classes during 1900-20 

The prevailing year-classes are given in Fig 1 
There appears to be a tendencv for an ll-yr period 
in the emergence of strong year-classes The class of 
1915 ıs somewhat anomalous, and the period 1931- 
1936 1s characterized by a series of medium-size 
classes ‘This, however, does not interfere with the 
rather regular pattern 

For several decades 1t has been repeatedly pointed 
out that certam biological phenomena appear to 
exhibit periodicities related to the ll-yr solar cycle 
In most cases, however, the evidence has been very 
weak and there have been no reliable indications as 
to the relation between the solar and the biological 
phenomena 

Quite recently, however, 1t has been pointed out by 
MacDonald and Roberts? that solar corpuscular 
emission may affect the surface weather m a signifi- 
eant way Also, Landsberg et al. have been able to 
detect a weak tendency for a sunspot rhythm in the 
temperature of the United States 

In view of these circumstances we have compared 
the emergence of strong year-classes of the Icelandic 
cod with the sunspot rhythm The Zurich sunspot 
number has been plotted in Fig 1. The results at 
hand mdicate quite defintely that the strong year- 
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classes emerge preferably during periods of low solar 
activity 

In order to extend these observations we have 
studied the available reports on the catch of other 
species m Icelandic waters Unfortunately these 
reports are much less reliable than the above data 
on the catches of cod However, tho results are not 
altogethsr negative 

The catch of herring during the summer season in 
the waters north of Iceland, measured 1n volume per 
boat, exhibits relative maxima ın 1923, 1933 and 1944 
These are years of low solar activity Moreover, the 
total catch of salmon m the rivers of Iceland, meas- 
ured m number of salmon per annum, exhibits pro- 
nounced, maxima in 1913, 1922 and 1933, which are 
years of low solar activity On the other hand, the 
available data on the total catch of lumpfish in 
Icelandic waters exhibits maxima in the periods of 
high soler activity Data on lumpfish are at hand for 
1915-50 The mexima correlate moderately well 
with the solar maxima of 1917, 1928 and 1938 

A discussion of possible causes of the more or less 
apparent correlation between the solar rhythm and 
biological phenomena 1s beyond the scope of this com- 
munication. We realize, of course, that the fluctua- 
tions of the populations may be due to some local or 
internal cause and the relation to the solar rhythm 
only accidental. 

In order to look for a climatic factor we have made 
a preliminary investigation of the soler-weather 
relationship for Iceland durmg 1900-60 The 
fluctuations 1n the annual and the monthly means of 
the temperature and the preerpitation in Reykjavik 
have been investigated. The results are negative so 
fer No relation to the solar rhythm has been 
detected. However, we wish to emphasize the 
preliminary nature of this work 

G. Bopvarsson 
J JONSSON 
State Electricity Authority and 
Fisheries Research Institute, 
Reykjavik, Iceland 


*Gudmundsson, F, Proc Twelfth Intern. Ornithological Congr 
Helsinkt, 259 (1958) 

* Jonsson, J, Rapp Cons Explor Mer , 186, 51 (1954) 

ipio N J,and Roberts, W O, J Geophys Res, 65, 529 

“Landsberg, H E , Mitchell, jun, J M, and Crutcher, H L, Mon 
Weather Rev , 87, 283 (1959) 


Colour and Density of Light and Broiler 
Performance 


lr has been shown that some form of artificial 
hghting 1s necessary to achieve the most rapid gains 
of weight in broilers! With controlled environments, 
hight intensities of 01-60 ft-c gave equally good 
growth-rates in broiler chicks durmg the first eighteen 
days, and 12 0-24 0 ft -e produced shghtly depressed 
growth-rates during this period? A field scale survey 
has noted that in many broiler houses in Britain 
the light intensity 1s maimtamed at 0 05-0 20 ft -c as 
a control measure for the prevention of cannibalism? 
An experiment 1s being conducted which has already 
compared three types of continuous hghting in 
relation to broiler performance 

Six groups, each of 111 Rhode Island Red x Light 
Sussex cockerels hatched on August 27, 1960, were 
reared under identical conditions except for variations 
of light in environmental chambers 14 x 8 ft 
Two groups served as controls and them chambers 
were each hghted by two 15-W white mceandescent 
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Table 1 


Lighting tieatment 


Controls 112 855 
Duli red 9 2* 300 
Dull white 105 34 0 


Least difference to be 
significant between two 
means, P < 005 10 43 


NS, no significant difference 
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WATER CONSUMPTION, MORTALITY AND GROWTH TO 7 DAYS OF AGE 
Mean water consumption (pints) 


per pen 
Fust 3 days First 7 days 
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No mortalities Weight increases 


per survivol per pen duing per chick during 


First 7 days first 7 days first 7 days (oz ) 
0 323 10 2 47 
0 284 5 5* 212* 
0 313 25 296 ^ 
NS 19 0 15 


* Significantly different from the contiol, P < 001 


Table 2 
Mean No 
Lighting treatment mortalities Total 
per pen per pen 

Controls 10 402 7 
Dull red 75* 367 6* 
Dull white 3 51 387 81 
Least difference to be significant 
between two means P < 0 05 19 10 6 


AVERAGE RESULTS TO 72 DAYS OF AGE 
Live-weight (Ib ) 


Food efficiency 
(food consumed 


Food consumption (1b ) 


Average Total verage 


per brouer per pen pei biorilei per unit of 
live-weight gain) 
3 661 1085 7 9 87 2 696 
3 552 976 0* 9 43* 2 655 
3 607 1009 5*t 9 41* 2 603* 
0 101 33 0 21 0 043 


* Significantly different from the control, P < 001, 
+ Significantly different from the dull red treatment , P < 001 


bulbs Two further pens each had two 40-W red 
bulbs and the remaming two had two 5-8-W white 
economy bulbs Lighting was continuous, and the 
intensities recorded were 0 20-0 50 ft -e in the con- 
trol pens, and 0 05-0 10 ft -c ın the other four pens 
which were lighted by dull white and dull red bulbs 

Durmg the fist few days the form of lghting 
affected the amount of water consumed This 1s 
shownin Table 1 Differences 1n mortality and growth- 
rates to one week of age were also apparent The 
use of dull red lighting was associated with mnereased 
mortahty compared with the control (P < 005) At 
the end of the first week the controls were heavier 
per survivor than the birds of either of the two 
experimental groups (P < 005 dull white hghting , 
P < 001 dull red lighting) 

Table 2 shows the results to 72 days of age The 
control chicks ate significantly more per pen and 
more per bird than did either of the two experimental 
treatments Although the total live-weight of the 
controls was greater than that of either of the other 
two experimental groups (P < 0 05 dull white light- 
ig, P < 001 dull red lighting), the average live- 
weight of the controls was only significantly heavier 
than the broilers reared under the dull red lighting 
These variations were partly due to differences in 
mortality The birds recerving dull white light had 
an improved food conversion factor compared with the 
control (P < 0 01) and compared with those receiving 
the dull red treatment (P < 005) No cannibalism 
was observed under any treatment, and there was no 
downgrading because of stubby, undeveloped, feathers 
when the broilers were sold 

This experiment, which ıs being extended, 1s con- 
ducted with the aid of grants and equipment from 
the Agricultural Research Council, Calor Gas, 
Ltd, Electrical Development Association, Fenton 
Byrn, Ltd , Maywick Apphances, Ltd , and Wernick 
Construction Co , Ltd , 1n the Department of Animal 
Husbandry at the Royal Vetermary College, London 
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Antigenicity of Guinea Pig Testicular 
Cells grown in Cell Culture as determ- 
ined by the Isolated ileum Technique 


I HAVE previously recorded experiments relating 
to the antigenicity of testicular tissue and of sperm 
as well as extracts thereof! For many reasons, for 
example to facilitate identification of spermatogenic 
tissue antigens and to elucidate the mechanism(s) of 
cell destruction occurrmg in immunologically mduced 
aspeimatogenesis, 1t was important to have rephecating 
cell cultures of testicular tissue Replication, rather 
than mere maimtenance, of testicular cells in culture 
has recently been accomplished, and the results will be 
published sn evtenso elsewhere The attainment of this 
goal imposed the requirement of demonstrating that 
spermatogenic cells grown in culture continue to 
synthesize antigens that are present in the germmal 
epithelium of the testicle ın vwo Among such antigens 
are those capable of (1) elicitimg anaphylactic con- 
tractuie of sensitized ilea, (2) mducing aspermato- 
genesis, (3) provoking the production of humoral 
antibody We have found that repheating gumea 
pig cells earried 1n eulture for more than 2 months are 
capable of causing anaphylactic contracture of sensi- 
tized ilea and can also be used to sensitize guinea 
pigs 

Eight adult male guinea pigs (600-700 gm ) were 
injected with guinea pig testicular homogenate m 
Freund’s adjuvant The preparation of the adjuvant— 
antigen mixtuie and the method of injection have 
already been described! Briefly, a weighed amount of 
testicular tissue ıs homogenized ın an equal volume 
of 09 per cent sodium chloride solution and the 
homogenate is then incorporated mto an equal 
volume of the adjuvant so as to form a stiff gel Thuis 
preparation 1s injected mtracutaneously m 6-8 sites 
in the nuchal region of the male guinea pigs Three 
weeks after injection, 4-5-cm segments of the 1leum 
are removed from these animals and suspended 1n an 
oxygenated bath of Locke—Ringer’s solution When 
challenged with specific antigen (homologous sperm 
or purified extracts thereof), these segments contract 
anaphylactically This test has been found to be a 
consistently reliable mdicator of the presence of 
antibody to spermatogenic antigen(s) In the present 
work, therefore, the presence of spermatogenic 
antigen(s) m the cell cultures of the guinea pig tes- 
ticular tissue was determmed by using the cell 
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Figs. 1 and 2, (1) An ileal segment of a non-sensitized guinea pig 

is not caused to contract when challenged with three different 

cell cultures of (at 1, 2 and 3, respectively) guinea pig testis. 

(2) Deal segments from a guinea pig sensitized with homologous 

testis homogenate contract anaphylactically when challenged 
with the same three cell cultures noted in Fig. 1 


cultures to challenge ileal segments of guinea pigs 
sensitized with whole testicular homogenate and by 
using homologous sperm to challenge ileal segments 
of guinea pigs sensitized with the cell cultures of 
guinea pig spermatogenic tissue. 

Experimental Series I. Ileal segments from non- 
sensitized guinea pigs were suspended in vitro and 
challenged with three different cultures of guinea pig 
testicular cells that were collected 2 months following 
initiation of the cultures. The cells were separated 
from the culture media by centrifugation and were 
suspended in Locke-Ringer's solution (1 ml. : 0-5 ml. 
of packed cells) so that approximately 3-3 x 107 cells 
were present per ml. of fluid. The cells were then 
homogenized in a glass hand homogenizer and 1-0 ml. 
of the homogenate was added to the bath fluid con- 
taining the ileum. Responses of the segments of 
ileum were recorded with the aid of a kymograph. 

Experimental Series II. Segments of ileum from 
guinea pigs sensitized with homologous testicular 
homogenate were challenged with the following: 
(1) homologous spermatozoa; (2) the three prepara- 
tions of cell cultures used in experimental series I 
(above); (3) a concentrate of the tissue culture 
media separated from the cultured cells by centri- 
fugation. 

Experimental Series III. Eight male guinea pigs 
were injected with the three cell cultures homogenized 
in saline and incorporated into Freund’s adjuvant. 
Three weeks later, segments of the ilea of these animals 
were challenged with homologous sperm. 

The homogenized cultured spermatogenic cells did 
not cause contracture of ileal segments from non- 
sensitized guinea pigs. This is illustrated in Fig. 1, a 
kymograph tracing demonstrating that not one of the 
three preparations (injected into the bath at 1, 2, 
and 3, respectively) affected the tonus of the segment. 
Moreover, the media in which the cells were grown 
did not cause contraction of ileal segments from 
non-sensitized or sensitized animals. 

In sharp contrast are the responses of ileal segments 
of sensitized animals when challenged with the same 
three cell culture preparations. In Fig. 2 it is apparent 
that each of the cell homogenates caused a strong 
contracture (at 1, 2, and 3, respectively) of an ileal 
segment from a guinea pig injected with whole 
testicular homogenate. Similar responses were 
obtained when ileal segments from animals sensitized 
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with the cell culture homogenates were challenged 
with homologous sperm. 

The results of these experiments indicate that 
guinea pig testicular cells grown in culture for more 
than 2 months contain antigens that can sensitize 
ilea and that elicit contracture of the ileum of sensi- 
tized guinea pigs. The antigens were not carried over 
from the original cells because the final cultures 
represent seven serial transfers and it is calculated 
that few, if any, of the original cells could have been 
present in the final populations employed. Thus, 
antigen synthesis in vitro must have occurred. These 
observations now make it possible to examine more 
definitely the problem of elucidating the mechan- 
ism(s) of cell destruction occurring in immunologically 
induced aspermatogenesis. 

This work was supported by the Population 
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Cell Reduction in the Embryonic Develop- 
ment of the Cestode Diorchis ransomi 
Schultze, 1940 


DunrNG work on the embryonic development of 
the cestode Diorchis ransomi Schultz, 1940, consider- 
able attention was paid to the final phase called the 
pre-oncosphere. This phase is relatively little known 
so far. The present communication deals with only 
one feature of the pre-oncosphere, namely, the 
reduction in number of embryonic cells, A more 
detailed aecount of the work will be published in 
Acta Parasitolegica Polonica. 

The embryogenesis was investigated in 5y-thick 
serial sections of gravid segments. The staining 
methods used were: Prenant's trichrome, Feulgen 
technique, Brachet technique and toluidine blue with 
a control hydrolysed by hydrochloric acid. As a 
result of the reconstruction of particular embryos 
from serial sections I was able to establish with 
reasonable accuracy the number of cells in subsequent 
developmental phases. 

In the early embryos three types of cells were 
recognized : macromeres, mesomeres and micro- 
meres. They were identified by their dimensions and 
nuclear structures. The mesomeres formed the outer 
membrane of the embryo. The other cells multiplied 
very intensively, the maximum number being 75-80. 
The majority of them were micromeres. The cyto- 
plasm of early embryo cells was a syncytial one and 
ribonucleic acid (RNA) was shown to be present after 
treatment with the technique of Brachet. 

The pre-oncosphere phase began after the forma- 
tion of the outer membrane. Besides the other 
morphological and cytochemical changes, consider- 
able cell reduetion took place at this phase. The 
75-80 cells previously observed in the embryo de- 
creased, finally reaching about 26 in the fully formed 
oncosphere. At the same time the following cyto- 
chemical observations were made. After staining 
with the Feulgen reagent, two types of micromere 
nuclei were recognized. The first were homogeneous 
nuclei, which were very numerous, but irregular 
fragments of decomposed nuclei were also observed. 
The latter were nuclei with a distinct chromatin 
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network and were relatively small 
in number. Simultaneously, the 
Brachet technique showed a con- 
siderable decrease in RNA in the 
syncytial micromere cytoplasm, 
which remained colourless with all 
the staining methods used. The 
mesomere nuclei did not show any 
particular change in the pre-onco- 
sphere phase. The cytoplasm 
became compact and formed a 
clearly outlined layer around each 
nucleus. The Brachet technique 
and toluidine blue revealed a large 
increase of RNA content in the 
cytoplasm. This mesomere struc- 
ture showed that these are the 
plastin cells described by Vogel. 

In the fully formed oncosphere 
two types of cells were visible. There 
were 9-13 small nuclei with syn- 
cytial colourless cytoplasm in the 
hook region. About 12-16 plastin 
cells filled the oncosphere almost 
entirely. Their strongly basophilic 
cytoplasm was rich in RNA. Obser- 
vations of the early metacestode 
of D. ransomi in its intermediate host Cypridopsis 
vidua (Mull) showed the rapid growth and multi- 
plication of plastin cells. The small nuclei of the 
hook region disappeared completely after the onco- 
sphere reached the hæmocæœl of the host. 

In recent papers the only observation known to 
me on cell reduction in cestode embryos was made 
by Joyeux and Baer? in their work on Catenotaenia 
pusilla (Goeze). They did not, however, deal with the 
problem in detail. 

Ogren?, in his investigations on Mesocestoides corti, 
Hoeppli, observed the decrease of small cells in the 
final phase of embryonic development. In his opinion 
this was a result of the transformation of the small 
cells into compact plastin cells. The results obtained 
by me on D. ransomi do not seem to confirm Ogren's 
interpretation. The reduction of the total number of 
embryonie cells proved that some of the small cells 
had disappeared. The homogeneous nuclei seen in 
many micromeres supported this observation. Accord- 
ing to recent research on the biological role of RNA 
(ref. 4) the disappearance of RNA from micromere 
cytoplasm indicates the lack of developmental 
potential. 
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Transcellular Strands and Particle 
Movement in Mature Sieve Tubes 


I HAVE suggested elsewhere! that transcellular 
protoplasmic streaming is the major cause of trans- 
location in vascular plants. The hypothesis depends 
on the existence of transcellular tubular strands which 
cross the sieve tube lumina and pass through sieve 
pores thus providing a structural basis for cytoplasmic 
communication throughout the vascular system. 
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crossed by parallel transcellular strands (t). 
of a single frame from a 16-mm. ciné film. 
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Fig. 1. A fresh hand section of Primula petiole phloem showing five sieve plates (8) 


The photomicrograph is an ement 


(x e. 1,730) 
n similar to Fig. 1. Transcellular strands (t), in which particles (p) 
ht spots and cross a single large sieve plate (s). (x c. 1,730) 


Within the tubular strands, microscopic structures, 
comparable with the thread-like constituents of hair 
cell cytoplasm! (and perhaps related to the endo- 
plasmic reticulum seen in electron micrographs of 
plant cytoplasm?!) are thought to be continuous in 
the longitudinal direction and to be surrounded by & 
fluid matrix. 

The purpose of this communication is to report the 
observation of transcellular particle movements 
along these strands in living mature sieve tubes. 
Fresh hand sections of Primula obconica petiole 
phloem were mounted in 0-3 M sucrose solution and 
observed in transmitted light with a x 60 apochro- 
matic objective. The observations have been recorded 
on 200 ft. of 16-mm. ciné film. Figs. 1 and 2 are 
individual frames taken from the ciné film and show 
the tissue in which moving particles were seen. 
Because the particles move within tubular strands 
they are not sharply defined in such single photo- 
micrographs but they are easily seen in movement in 
the ciné film and the following statements are based 
on observations made on the film. Throughout the 
film, strands (t, Figs. 1 and 2) 1-5—2-0u in diameter are 
seen in parallel arrangement in sieve tube elements 
and continuous across sieve plates. Particles (p, 
Fig. 2) can be observed to pass along the lumina of 
sieve tube elements, and through sieve plates, within 
transcellular strands and move in opposite directions in 
single sieve tubes, sometimes within adjacent strands. 
The particles occur approximately 34 apart in close 
linear order in the strands, and their size is comparable 
with plant mitochondria (diam. 0-5). The rate of 
movement lies within the range 3-5 cm./hr., which is 
much slower than the translocation-rates recorded in 
experiments with whole plants, but it is not necessary 
to assume that particles are the only mobile contents 
of transcellular strands, and particles may move 
faster in the stems of plants with long internodes. 
Moreover, the speed and numbers of moving particles 
in hand-sections could be affected by slight damage 
caused in sectioning. The surprising fact is that 
transcellular particle movement has been observed 
through as many as ten sieve tube elements (total 
length 1-0 mm.) in the linear file of a single sieve tube, 
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in spite of the damage done to transcellular strands 
at the cut ends of the section 

The particles presumably travel long distances 
through the phloem and could therefore be involved in 
transporting mobile materials from the leaf to the 
stem, the apex or the root Although particles move 
past one another in adjacent strands they have not 
been observed changing direction and are probably 
part of a two-way transport system Two-way move- 
ment without change of direction implies either that 
particles originate where transcellular movement 
begins and are assimilated at their destination or that 
particles are part of a circulation system m the plant 
If the first explanation 1s correct, particles originating 
in the stem or root are assimilated ın the mature leaf. 
It 1s difficult to accept this possibility because leaves 
export the products of photosynthesis in quantity and 
import only traces of mobile materials*-* On the 
other hand, if a circulation system exists ın the plant, 
particles could move out of the leaf loaded with mobile 
materials and then move back to the leaf after dis- 
charging their contents Circulation streammg seems 
& more plausible explanstion of two-way particle 
movement in the phloem, and ıt 1s interesting that 
particle circulation 1s known to occur as part of 
protoplasm streaming m hair cells 

I wish to thank Prof Preston for his support and 
advice during this investigation. 
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MICROBIOLOGY 


Effect of Ultra-Violet Radiation and 
Desiccation on Different Age-Cultures 
of Escherichia coli K12 


Durine the course of an investigation on the effect 
of monochromatic ultra-violet radiation on Æ cols 
some unusual observations were made concerning the 
sensitivity of different age-cultures to ultra-violet 
hght and desiccation A survey of hterature!-? 
revealed conflicting reports on the subject This work 
was undertaken to resolve the problem 

For investigating the effect of ultra-violet ight on 
E colt 0-04 ml (one drop) of suitably diluted culture 
was spread on & clean sterile glass slide and exposed 
to ultra-violet radiation for 30 sec at a distance of 
4b em from the source A Hanovia 215-W quartz 
mercury lamp housed 1n an asbestos-lined metal box 
was used as a source The exposed slide was then 
pressed on a nutrient agar Petri dish and gently 
removed after 15 mm The plates were incubated at 
37? C for 24hr This entire operation was carried out 
in very dim light After the mcubation period the 
developed colonies were counted The controls were 
similarly and srmultaneously prepared 

For desiccation work, the glass slides spread with a 
suitably diluted culture were placed m a metal box 
and dried at 37° C in an wmcubator with the hd 
shghtly open for 3hr After this period, the slides were 
treated as before The control slides were similarly 
prepared, but immediately pressed on agar plates 
without allowing them to dry These experiments were 
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Table 1. EFFECT OF ore T AND DESICOATION 
ON COL 


Percentage viable colonies 


Age of the Percentage viable colonies after exposure to ultra- 
E or ear after drying violet radiation 
Ir 
075 20 8 72 
15 18 5 6 0 
3 60 23 
45 20 12 
6 40 15 
8 10 0 26 
12 18 5 37 
16 20 2 40 
18 201 41 
24 20 3 41 


repeated several times with both glass and stainless 
steel slides which gave identical results This 
eliminates the possibility of attributing the lethal 
effects to free alkali on the glass surface 

It will be seen from Table 1 that the 0 75-hr -old 
culture (mn the lag phase of growth) 18 most resistant 
to both ultra-violet radiation and _ desiccation, 
whereas the 4 5-hr -old culture (in the logarithmic 
phase of growth) 1s least resistant to these agents 
The 24-hr-old culture (in the maximum stationary 
phase) 1s fairly resistant to both the ultra-violet hght 
and desiccation. 

The resistance of Æ. coh to ultra-violet hght and 
desiccation seems to be a maximum 1n the lag phase 
and starts dimimishmg durmg early logarithmic 
phase end is regamed as the culture reaches the 
maximum stationary phase The resistance to desic- 
cation seems to be completely regained after 24 hr, 
but the resistance to ultra-violet radiation 18 not com- 
pletely regamed even after 24 hr 

It has been observed (ref 4) that during the later 
part of the lag phase the nucleic acid content, protem 
content and the cell size are at ther maximum levels 
and start diminishing m logarithmic phase. It is also 
well known that the bacterial cells are not dividing 
in the lag phase and their cell walls and membranes 
are unbroken It therefore appears that the intact 
cell membranes, the large amount of nucleic acids, 
etc , and the large cell size may be responsible for the 
resistance of the cells in this phase to ultra-violet 
radiation and desiccation 

Jt ıs mteresting to note that work conducted on the 
effect of X-rays, heating, cooling, freezing and freeze- 
drying, seems to suggest that bacteria are less 
resistant to these agents in the logarithmic phase 
than in the stationary phase It would be extremely 
mformative to investigate the effects of these agents 
on the bacteria in the lag phase 
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Spheroplasts of Marine Bacteria induced 
by the Action of Penicillin 


SEVERAL species of marme bactema which are 
characterized by osmotic dependence have been 
inducec to form spheroplasts by the action of pemicillin 
added zo cultures growing optimally m a nutrient 
broth prepared with sea water Two factors mdicated 
the likelihood of obtaming this result First, recent 
papers!-? have contamed results indicatmg that the 
mternal osmotic pressure of marme bacteria and 
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halophiles was equal to, or less than, the external 
environment; consequently, spheroplasts of these 
bacteria should be stable m the growth medium 
Second, the media, 1n particular those containing sea 
water, are characterized not only by a high osmotic 
pressure but also by a high content of magnesium 
ions, & characteristic of solutions used to stabilize 
penicillin-mduced spheroplasts of Gram-negative bac- 
terat The techniques for mducing spheroplasts of 
marine bacteria and a comparison of the osmotic 
fragilities of cells and spheroplasts of one species are 
described briefly m this communication. 

The five types of bacteria used have been de- 
scribed recently’, all were Gram-negative rods 
characterized by osmotic fragility and salt require- 
ments for growth. The medium consisted of a tryptic 
digest of casem, trypticase (Baltimore Biological Lab- 
oratory, Inc ), 1 per cent, dissolved in artificial sea 
water of the following composition sodium chloride, 
04M, magnesium chloride, 0 05 M; sodium sulph- 
ate, 0 01 M; and potassium chloride, 0:01 M. The ex- 
perimental cultures were grown in 20-ml amounts of 
medium in 250-ml Erlenmeyer flasks each fitted with 
a side-arm tube to allow periodic measurement of 
turbidity. Subsequent to moculation, as increasing 
turbidity mdicated growth, penicillin G was added to 
the flasks. Three amounts of penicillin, to give final 
concentrations of 1:0, 100 and 1,000 units per ml, 
were tested Wet mounts of cultures were prepared 
hourly and examined by phase microscopy 

The osmotic fragihities of cells and spheroplasts of 
one species (MB 22) were compared by determming 
the turbidity* and indole formation’ of preparations 
washed in sea water and suspended in graded con- 
centrations of sodium chloride The turbidity was 
measured photometrically with a Spectronic 20 The 
indole formed from L-tryptophan was determined by 
the method of Wood, Gunsalus and Umbreit? 

Morphological alteration was observed in all 
species after 1 hr cultivation in the medium with 
100 units of penicillin per ml, after 2 hr all cells 
of four of the five species had been converted to 
spheroplasts. The sequence of spheroplast formation 
was typical‘, from the muitial ‘rabbit ear’ structure to 
the formation of spherical bodies having the crescent- 
shaped refractile area One organism, MB 2, did 
not form spheroplasts, but showed greatly enlarged 
and swollen ‘rabbit ear’ structures After 5 hr m 
10 umt of penicillm per ml, MB 14 had formed 
spheroplasts, MB 22 had formed serpentine cells 
about ten times normal length, and the other species 
showed no apparent change One organism (MB 21), 
8 peritrichous Gram-negative rod, was converted to 
spheres after 2 hr ineubation with 100 units per 
ml. of pemellm, but examunation after 5 hr. 
showed the culture to have returned to its rod form, 
possibly by virtue of an active penicillinase Motility 
persisted in the cultures treated with penicillm, in 
some cases even after the formation of spheres, but 


Table 1. COMPARISON OF OSMOTIO FRAGILITIES OF CELLS AND 


SPHEROPLASTS OF MB 22 


Molarity of sodium Residual turbidity Residual indole 
chloride ın suspend- (per cent)* formation (per cent) 
ing fluid Cells Spheroplasts Cells — Spheroplasts 

00 73 17 0 0 

01 86 83 60 40 

02 95 95 93 47 

03 05 05 100 03 
Artificial sea water 100 100 100 100 


* Percentage of optica] density as compared with optical denvity in 
artificial sea water Optical density of cells in artificial sea water, 0 56, 
optical] density of spheroplasts in artificial sea water, 0 59 

+ Percentage of indole formed as compared to indole produced in 
artificial sea water (10 6 ugm /10 min ) 
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was lost in all species, with the exception of MB 21, 
after several hours. 

Comparison of the osmotic fragilities of cells and 
spheroplasts of MB 22 (Table 1) indicates that 
tryptophanase activity and turbidity are both 
dependent on the osmotic pressure of the fluid in 
which the cells are suspended. However, 1$ cannot be 
said with certamty that the spheroplasts are more 
susceptible to lysis than the cells The low residual 
turbidity of the spheroplasts m distilled water may 
indicate the lack of cell wall material Microscopic 
observation of the distilled water lysates of sphero- 
plasts showed only disorganized debris while cell 
wall ghosts were seen ın simular lysates of the cells 

The formation of stable spheroplasts from marine 
bacteria in a culture medium having an osmotic 
pressure equivalent to that of sea water suggests that 
the marine bacterium may not require the rigid cell 
wall to maintam its cellular integrity m the natural 
environment Possibly the rigid cell wall indicates 
the evolution of these forms from organisms adapted 
to more hypotonic environments, since jb 18 in the 
latter circumstances that the rigid cell wall of bacteria 
has a selective advantage making the organism osmoti- 
cally independent of its environment 

This work was supported, m part, by the National 
Science Foundation grant 7075 
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Flagellar Changes in Escherichia coli 
induced by Temperature of the Environment 


Tue effect of change of environmental temperature 
on the motility of a stram of Escherichia col, type I 
(NC TC 8196) has already been described! This 
strain, which appeared to be non-motile when 
examined after 18-hr growth at 37? C in meat extract 
broth or in the same medium solidified with agar, was 
found to be motile in the early stages of exponential 
growth (5 hr at 37° C.) and after growth for 18 hr. 
or longer at 20? C Storage of non-motile cells grown 
at 37° C at a lower temperature (20° C) for 1-2 
days led to the recovery of motility by most of the 
cells ın the culture. Cells grown at 20° C. retained 
motihty for several weeks, but lost ıt rapidly when 
transferred to the incubator at 37? C 

The effect of temperature of growth and storage on 
a further fifteen strains of E coh has since been 
investigated, and seven of these showed rapid loss of 
motility in cells grown at 37? C and long-lasting 
motihty ın cells grown at 20? C. Of the remaining 
eight strains some were non-motile at all growth 
temperatures and others developed and retamed 
motility at growth temperatures of 15-37? C. In these 
seven strains, showing transient motility when grown. 
at 37° C and long-lasting motility at lower growth 
temperatures, there was some variation in the 
recovery of motility when non-motile, flagellate cells 
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Table 1 EFFECT OF GROWTH TEMPERATURE ON FLAGELLA, MOTILITY AND CELL YIELD IN CULTURES OF THREE STRAINS 
y ; Or E col TYPE 1 
GROWN FOR 24 HR IN MEAT ExTRACT BROTH 





Strain W FG 


Growth Cell No Flagella Motility Cell No 


My 2r a MEE eatin (percentage | (percentage srercentene (percentage 
a [o 


of cells 
motile) 


light of cells 


of hght 
absorbed) flagellate) 


absorbed) 





Strain J 
Flagella 


Strain 1093 


eet ales 

percentage 

f light of cells 
absorbed) flagellate) 


Motuity 
(percentage 
of cells 
motile) 


Cell No 
{percentage 
o 


Motility 
(percentage 
of cells 
motile) 


of cells 
flagellate) 


* Optimum temperature for cell growth 


were stored at 20? C The recovery of motility varied 
from a mmimum of 1-5 per cent of the cell population 
to a maximum of about 80 per cent, according to the 
stram. ‘This recovery of motility at lower tempera- 
tures could not be wholly accounted for by the 
growth of new cells, smce 1n some strains the number 
of cells with recovered motility greatly exceeded the 
increase of population It should be emphasized that 
the loss of motility at 37° C was not, ın most cases, 
due to a loss of flagella since in six of these seven 
strains cells grown or stored at 37° C retained their 
flagella The flagella had lost the power to propel 
the cell—they had become paralysed. 

The influence of temperature on motility in a 
number of bacterial species has been deseribed?-5, but 
in the examples reported loss of motihty would seem 
to be due to loss of flagella in cells grown at a high 
temperature or loss of function m already-formed 
flagella in cells exposed to a high temperature. Thus 
the rapid loss of function by flagella durmg growth 
at the optimal temperature (30-37° C) and the 
prolonged maintenance of function by flagella formed 
at lower temperatures seemed to merit further 
investigation 

As mentioned earlier, & total of sixteen strains of 
E col type I were exammed They consisted of four 
laboratory stock cultures and twelve strains of 
E cok type I consecutively isolated ın the bacterio- 
logical laboratory of the Western Infirmary, Glasgow 
They possessed the following characters lactose 
fermented with acid and gas, indole formed, methyl 
red test positive, Voges—Proskauer test negative and 
no growth m Koser’s citrate Motility was determined 
m wet films from meat extract broth cultures or from 
the condensate water of meat extract agar slopes 
Rough estimates were made of the proportion of 
motile cells, the estimates being checked by a second 
observer Flagella were demonstrated and counted m 
films stained by Leifson's stam’ or Kirkpatrick's 
silver stam’ 

Out of the seven strains showing motility after 5-hr. 
growth at 30-37? C and loss of motility after 18-hr 
growth at this temperature, the first three examined 
were subjected to more detailed investigation Each 
stram was grown in meat extract broth at tem- 
peratures ranging from 15 to 44? C At the end of 
24-hr incubation the proportion of colls showimg 
flagella and the proportion of motile cells were determ- 
ined. The amount of growth was measured turbidi- 
metrically in the Spekker absorptiometer (previous 
measurements showed that the percentage of lght 
absorbed was closely related to cell numbers) The 
results are shown in Table 1. The findmg that the 
optimum temperature for demonstration of motility 
in 24-hr cultures may be considerably lower than the 
optimum temperature for cell yield confirms what 


most bacteriologists find The three strains show an 
essentially similar pattern although they differ in 
regard to the optumum temperature for growth, 
flagella, and motility Thus tt 1s possible to dis- 
tinguish three types of cell m each strain (a) non- 
motile, non-flagellate cells grown at elevated tem- 
peratures (above 40° C. for stram WIG), (b) non- 
motile, flagellate cells grown over & middle range of 
temperatures (28-40? C for stram W I G ), (c) motile, 
flagellate cells grown at low temperatures (below 
23° C for stram WIG) Another way of putting it 
would be to say that m the upper range of growth 
temperatures flagella are not produced, m the middle 
range they are formed, but lose activity rapidly— 
they become paralysed; and m the lower range 
flagella are formed which retain their function for 
24 hr or more (stram WIG ıs still mote after 
storage for 3 weeks at 20? C ) 

An inevitable question is whether there are any 
differences in structure or composition between 
active and paralysed flagella, and the simplest 
approach, perhaps, is to look for antigenic differences. 
This was done and differences were found Rabbits 
were immunized with formolized cells of the three 
types of stram W I G —non-flagellate cells grown at 
43° C., flagellate, non-motile cells grown at 36° C , 
and flagellate, motile cells grown at 20° C The 
resulting antisera showed, as one might expect, 
considerable cross-reactions But, after a number of 
absorptions with cells heterologous m regard to 
growth temperature, sera specific for the homologous 
cells were obtained Table 2 shows the results of 
experiments in which absorbed antiserum prepared 
against cells grown at 36? C (flagellate, non-motile) 
and absorbed antiserum prepared against cells grown 
at 20? C (flagellate and motile) were titrated against 
formolized ‘F’ suspensions of the three types of cell 
listed here That these results are due to the presence 
of antibodies to specific flagellar antigens 1s shown by 
our finding that the absorbed antisera did not ageluti- 
nate ‘O° suspensions or cells which had been stripped 
of their flagella by high-speed agitation in the MS E 
blender? Clearly, therefore, there are antigenic 
differences between paralysed flagella produced by 
growth at elevated temperatures and active flagella 
formed in growth at lower temperatures 
Table 2 AGGLUTINATION OF CELLS OF STRAIN WIG GROWN AT 
43°C , 36°C and 20°C AGAINST ANTISERA PREPARED AGAINST CELLS 


GROWN AT 36°C AND 20°C AND LATER ABSORBED WITH NON- 
HOMOLOGOUS CELLS 


Agglutination tubes incubated for + hr. at 56? C, and 20 hr at 20°C 
Cell suspen- 4 sojutination titre as reciprocal of dilution of antiserum 


sion of cells 
grown at Antiserum to 36? C. cells Antiserum to 20°C cells 


temperature (absorbed bv cells grown (absorbed by cells grown 
shown (? C ) at 20°C and 43°C ) at 36°C and 43°C) 
48 Nil Ni 
36 1,280 Nal 
20 Nil 640 
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Summarizing, one might say that m the sixteen 
strains of Æ cole type I examined, seven showed the 
possible existence of two forms of flagella—a func- 
tional or active form produced in growth at low 
temperatures and a non-functional or paralysed form 
produced by growth at higher temperatures Con- 
version from one form to the other could be obtained 
in varying degree by switching the incubation tem- 
perature For the one strain examined serologically, 
these two forms differed antigenically 

No simple explanation of the phenomenon occurs 
tous One can scarcely account for ıt by postulating 
exhaustion of nutrients or accumulation of toxic 
metabolites at the higher temperature, since cells 
which had lost motihty could regam ıt on transfor 
to a lower temperature In some strains the number of 
cells recovermg motihty exceeds the number of new 
cells formed. Loss of motility through oxygen 
deficiency would seem to be ruled out by the occur- 
rence of the phenomenon in actively aerated cultures 
Nor 18 16 enough to say that high temperatures favour 
a flagellar structure mumical to motility since young 
cells are motile at elevated temperatures. One might, 
of course, postulate the accumulation of toxic 
products at higher temperatures which are subjected 
to further change in reactions favoured by lower 
temperatures, but this ignores the finding of antigenic 
differences A satisfactory explanation still eludes us 
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Free-Radical Formation during Storage of 
Freeze-dried Serratia marcescens 


BACTERIA which have survived, freeze-drying retain 
the capacity to regenerate colonies after prolonged 
storage under vacuum, In contrast to their rapid loss 
of this capacity when stored in a The question of 
whether bacteria stored under such conditions are 
dormant or whether some metabolic activity continues 
to mamta the bacilli imn a living state is of funda- 
mental importance to a further understanding of the 
physiology of hfe in low-moisture environments 
Heckly! has reviewed many of the problems asso- 
ciated with freeze-drymg Results of preliminary 
work on freeze-dried cells had indicated a slow 
gaseous uptake when the material was stored in dry 
air and a greater uptake if stored under moistened 
air Because the results were not reproducible, other 
techniques were examined, specifically that of electron 
paramagnetic resonance, In the hope of finding an 
indirect measurement of respiration The funda- 
mental theory and practice of electron paramagnetic 
resonance has been reviewed by Ingram’, while a 
review of biological applications of the phenomenon 
has been given by Sands? 

Serratia marcescens was grown in Bunting’s* 
medium (modified, except 1n one instance, by with- 
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holding the iron citrate) in shake flasks at 34° C for 
24 hr Cells were collected by centrifugmg and re- 
suspended ın 0 066 M, pH 7 0, potassium phosphate 
buffer by mixing with a prpette for about 5min The 
suspension was recentrifuged and again the cells were 
suspended in buffer fortified, except ın one instance, 
by the addition of lactose’ Suspensions were divided 
into two portions, one portion was either placed in an 
autoclave or treated with mercuric chloride to kill 
the bacilli, the other portion was untreated 

Preparations were distributed, 16 ml per 60 ml 
Army-style vaccine bottle, shell frozen, and the 
bottles were placed under vacuum (ambient tem- 
perature, 24 hr, 2-5y. mercury pressure) All prepa- 
rations n a given experiment were frozen and dried 
simultaneously The bottles were then removed to a 
dry-box and the dried material was transferred. to 
either weighed glass vials or into quartz tubes suitable 
for electron paramagnetic resonance work Vials and 
tubes were then flame-sealed either under atmospheric 
pressure or at a pressure of less than 10u mercury 
In one instance the air was replaced with water- 
pumped nitrogen Reconstitution of the dried 
material was accomplished by adding an appropriate 
volume of sterile distilled water to the bottles Viable 
cell numbers were determined by serial decimal 
dilution followed by surface colony counts on Bunting 
agar plates Colonies were counted after 24 hr 
meubation of the plates A Varian V—4500 electron 
paramagnetic resonance spectrometer with 100-ke /s 
field modulation and a 6-m magnet were used to 
obtain the spectra of the dried samples 

Viable dried bacilli were found to exhibit a weak, 
single-lme resonance spectrum having a g-value near 2, 
and of lme-width approximately 11 gauss (peak-to- 
peak on derivative curves) A similar phenomenon 
has been reported for other dried. biological samples? 
Samples sealed in air, however, showed a marked 
increase in the intensity of their resonance spectra 
with time A sample stored 90 days under vacuum 
produced no augmented signal, but the signal rmme- 
diately showed a change in intensity when the vial 
was opened to the atmosphere 

In Fig 1 the reciprocal of the relative intensity, as 
the fraction of the original signal intensity, is plotted 
against time and the loss of colony-formmg umts is 
plotted on the same scale The results show that the 
most rapid morease of the signal occurred during the 
first week of storage, after which the rate decreased 
The concentration of radicals in these samples, 
determined by comparison with a standard sample of 
known concentration, was approximately 10!2/mgm of 
sample, whereas the muitial number of viable baeilh 
varied between 4 and 8 x 10°9/mgm , there were 
about 200 radicals formed per living bacillus An 
outline of experrmental details and results 1s shown 1n 
Table 1 

The vial associated with experiment l 6 (Table 1) 
was re-evacuated overnight after a fairly high number 
of radicals had formed, but the signal did not decrease 
The vial was then opened and distilled water was 
added to the contents Subsequent analysis failed to 
show the presence of a measurable free-radical 
content 

These results may be interpreted in three ways (a) 
An easily oxidized molecule, perhaps a ring struc- 
ture, may have reacted, non-enzymatically, with 
oxygen to form a free-radical which was stable under 
the low moisture conditions Scholes et al? have 
discussed reactions of this nature Such substances 
could cause the death of a cell at the moment of 


VoL 192 









OE Variation of Pre-treatment Storage 
: No. storage medium atmosphere 
la Tron + lactose autoclaved air 
b Tron + lactose none vacuum 
c Iron + lactose none air 
2a No iron, no lactose HgCl, air 
b No iron, no lactose none vacuum 
č No iron, no lactose none air 
. 8a No iron, lactose none vacuum 
_-& ^ — Noiron, lactose none air 
. 44 No iron, lactose none nitrogen 
b No iron, lactose none air 


sonstitution. (b) An enzyme s iystem may have been 
ured or inhibited, resulting in the accumulation of a 
ical intermediate within the cell. Presumably, 
y might have caused the death of the cell, 
not necessarily, because the accumulated 
cal could act as suggested in (a). In support of 
| this suggestion, Yamazaki ez al? have shown 
. unequivocally that radical intermediates are formed 
in typical enzymatic oxidations. (c) The relatively 
low number of radicals per bacillus indicates that a 

. eombined form of a transition element present in 
trace amounts could have been responsible for the 

signal analogous to (a). 

oc 4À strong similarity appears to exist between the 
. loss of viability and the growth of the free-radical 
: concentration in the sense that bacilli stored under 
| vacuum conditions, which favour high retention of 
_ viability, showed no change in radical concentration, 
. whereas those stored under atmospheric conditions, 
_ an adverse environment, exhibited a consistent rapid 
_ Increase of free-radical concentration. Furthermore, 
_ a marked change occurred in both the rate of loss of 
viability and the rate of increase of the radical 
concentration after about one weok's storage (Fig. 1). 
Thus, a correlation is indicated between the death 
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* The vial was opened to the atmosphere after 6 weeks and re-sealed. A signal then appeared. 
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process and the growth of the free- radical. i eon en 
tration. although present results preclude the: assi 
ment of a direct cause-and-effect relationship. ; 
Both oxygen and moisture are involved in the dos 
of colony-forming units. Monk et al? have shown 
that viability is lost most rapidly when the bacteria. 
contain about 30 per cent moisture. Definitive data 
concerning this point might be forthcoming if one. 
compared the production of free radicals to the loss 
of viability under varied moisture conditions, | Or 
determined whether a reduction of the free-rac 
content increased the apparent number of eolony- : 
forming units. The evidence suggests that some 
changes, perhaps metabolic in nature, occur in the = 
dried state. UIT. 
This work was sponsored by the Office of Naval ae 
Research under a contract with the University of S UNIT 
California. uo 
After this communication was subinitiod: our xo 
attention was directed to the finding by Lion ef al. woo 
that free radicals are formed during storage of freeze- — —— 
dried Escherichia coli. This, together with our sub- 
sequent finding that similar phenomena occur when 
freeze-dried Sarcina lutea or Micrococcus radiodurane ^ — 
are tested, indicates that free-radical formation 
associated with the death of dried micro-organisms 
is generalized in nature. We take exception, however, | 
to the suggestion that normal metabolic reactions < 
might not be involved, beeause the evidence points — PO 
strongly toward the oxygen-transportsystem as being ^ 
that portion of the metabolic make-up of living >- 
structures most likely unbalanced by oxygen 3 under - eeu 
dry conditions. UE 
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VIROLOGY 


Serial Propagation of Types l, 2, 3 and 
4 Dengue Virus in HeLa Cells with 
Concomitant Cytopathic Effect 


ATTEMPTS to obtain cellular destruction with 
dengue in stable human cell lines have thus far been 
unsuccessful. Banta? was unable to produce a specific 
cytopathic effect with type 1 dengue virus in HeLa 
cells. Beasley et al.* demonstrated replication of 
type 2 dengue virus on primary infection of KB cells, 
but concomitant cell damage was not observed. 

It has been pointed out by Dubos and Schaedler?, 
and is indeed an established clinical fact, that virus 
diseases often run a milder course in malnourished 
than in well-fed persons. There is evidence also that 
in vitro processes necessary for viral multiplication 
are influenced by the state of health of the cell 
cultures. Thus, Morgan et al.* have shown that in 
tissue culture, viruses remain dormant so long as the 
infected cells are maintained in deficient culture 
media, while Enders* has emphasized that any 
apparent effect of à given substance on viral multi- 
plication may be quite indirect and related only to 
preservation of cell viability. Cell viability, especially 
in work earried out with stable cell lines, depends 
both on nutrients available during the growth period 
and on substances used in the maintenance medium 
following infection of cells. Tho latter conditions 
have been studied more extensively. Thus, Ginsberg 
et al.* introduced tryptose phosphate broth (Difco) 
as à supplementary beneficial factor for maintenance 
of HeLa cells. 

I, conversely, have been interested in variation 
of the growth-promoting medium and the effects of 
this variation on subsequent viral synthesis, in par- 
tieular on induction of a clear-cut, reproducible cyto- 
pathic effect. During the past five years, a standard 
HeLa (Gey) cell line, obtained in 1954 from the 
Tuskegee Institute, Alabama, has undergone more 
than 335 regular transfers in à growth-promoting 
medium containing among other ingredients 15 per 
cent tryptose phosphate broth. Monolayers of HeLa 
cells cultivated over long periods in this medium are 
less easily broken up by 0-25 per cent trypsin (Difco) 
than are those of HeLa cells grown conventionally 
in adult human serum and Eagle's basal medium. 
It is assumed, although experiments pertaining to 
this question have not yet been terminated con- 
clusively, that this difference is due primarily to the 
ability of tryptose phosphate broth to produce a high 
degree of cohesion between the individual cells. 
Whereas non-infected HeLa tryptose phosphate broth 
cells show good cell viability during experimental 
stress periods and do not become detached easily from 
the tube wall, infected HeLa tryptose phosphate broth 
cells round up and become detached readily from 
glass, thus exhibiting a clear-cut cytopathic effect 
which is easily distinguishable at an early stage. The 
HeLa tryptose phosphate broth cell line has been 
tested experimentally since 1957 and has responded 
with regular cytopathic effect to the action of approx- 
imately 40 arbor viruses?-*, including St. Louis 
encephalitis and Japanese B encephalitis, both of 
which gave irregular results in the hands of Scherer 
and Syverton!*, 

In the present work, HeLa tryptose phosphate 
broth cells, grown in slant-type tubes in 30 per cent 
human serum, 10 per cent foetal bovine serum, 45 per 
cent Hanks’s balanced salt solution and 15 per cent 
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Fig. 1. Unstained HeLa cell cultures in slant-type tubes inoculated 
with (a) normal rabbit serum and type 4 dengue virus, (b) with 
anti-type 4 rabbit serum and type 4 dengue virus. (x c. 133) 


tryptose phosphate broth, were washed once with 
Hanks's balaneed salt solution, and were then in- 
oculated with ten-fold dilutions of 10 per cent suckling 
mouse brain suspensions of each dengue virus: 
type 1 (ref. 11), Hawaiian strain, seventy-eighth 
passage; type 2 (ref. 12), New Guinea strain, forty- 
fifth mouse passage; type 3 (ref. 13), twenty-sixth 
mouse passage; and type 4 (ref. 13), twelfth mouse 
passage. Cell cultures were maintained in 97 per 
cent Eagle's medium and 3 per cent foetal bovine 
serum, and were examined at intervals for 21 days. 
Careful attention was given to the pH of inoculated 
cultures, which was regulated at 7:2--0-2. Fluids 
were changed daily during the first week following 
cellular infection and thereafter three times weekly. 

The results (Table 1) show that the four immuno- 
logically different types of dengue virus can be 
propagated with concomitant cytopathie effect in 
HeLa tryptose phosphate broth cells. During serial 
tissue culture passages, carried out at 7-, 10- or 
14-day intervals, T'O Ds titres per 1 ml. ranged from 
10-3-10-* for type 1, 10-*-10-*5 for type 2, 10- 
10-*-° for type 3 and 10-*5-10 for type 4. The 
cytopathic effect was similar for all virus types 
(Fig. 1a) except that it was induced more rapidly by 
types 2 and 3. Five to seven days following inoculation 
of 1,000-10,000 TCD, , focal lesions made up of 
rounded and granulated cells appeared throughout 
the cell sheet. These micro-plaques became more 
numerous and confluent during the second week post- 
inoculation. During the third week 50-70 per cent 
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Table 1. SERIAL PASSAGE OF TYPES 1, 2, 3 AND 4 DENGUE VIRUS 
IN HELA TRYPTOSE PHOSPHATE BROTH CELLS 


No. of TCD,, Cumulative log,, of 
Virns type in vitro (neg. logy, dilution of original 
passages per 1 ml.) inoculum 

1 1 3-0 1 
7 6-0 15 

li 4:0 20 

14 5-5 27 

21 4:8 41 

2 1 55 3 
6 4-0 15 

9 6-5 22 

14 5-0 44 

27 0-5 75 

3 1 5:5 5 
3 3-0 7 

7 5:5 15 

10 45 27 

18 6:0 53 

4 1 4:5 1 
2 2-5 2 

5 45 11 

8 5-0 19 

16 40 37 


of the cells had become detached from glass and dis- 
appeared into the maintenance medium, and the cells 
still attached to the tube wall were rounded and granu- 
lated. Only a few healthy cells, from which regenora- 
tion occurred during observation of cell cultures dur- 
ing 1-2 months, were present. When inoculated into 
2-day-old mice by the intracerebral route, fluids of 
cultures exhibiting cytopathic effect proved fatal 
within 6-10 days. The development of cytopathic 
effect, similar to that described by Hotta and 
Evans'*!'5 for types 1 and 2 dengue virus propagated 
in monkey kidney cell cultures, was inhibited by 
type-specific immune serum (Fig. 15). In the in vitro 
neutralization tests, undiluted, freshly drawn!* serum 
samples from immunized and normal rabbits were 
used. 
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Reproduction of Tick-borne Encephalitis 
Virus in HeLa Cells 


To examine the exact mechanism of reproduction 
of the tick-borne encephalitis virus in susceptible 
host cells in vitro, the intracellular proliferation and 
release of the virus into the medium have been 
compared with the sequence of morphological changes 
studied by different methods. HeLa cell monolayer 
cultures were used, infected with a large or a small 
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dose of a selected variant of the Czechoslovak strain 
Hypr of tick-borne encephalitis virust, which is 
cytopathic for HeLa cells. 

To ensure that materials were prepared under 
identical conditions for all the methods used, the 
contents of one Roux flask were collected for each 
time period, and infected cells were obtained from a 
homogeneous cell sheet, covering the bottom and 
cover-slips stuck to it by chicken plasma. Results 
obtained by the following methods were compared: 
(i) virus assessment in the cultural fluid and in cell 
crushes by repeated freezing and thawing; (ii) intra- 
cellular localization of virus by the fluorescent anti- 
body method, using high-titre anti-Hypr horse 
y-globulin conjugated with fluorescein isothiocyan- 
ate*; (iii) phase-contrast microscopy of living cells 
for cytopathic changes. 

After an infection with 3,200 LD,, per cell, virus 
proliferation began between the eighth and eleventh 
hour after infection and reached its maximum in 
24 hr. (Fig. 1). Corresponding with these results, 
specifie fluorescence, indicating intracellular virus 
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Reproduction of a selected cytopathic variant of tick- 
borne encephalitis virus (strain Hypr) in HeLa cells. @, Free 
virus in the whole medium (40 ml.); ©, total intracellular virus 
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Fig. 3. Vacuolization and protrusions on cell surface of HeLa cell 
24 br. after infection with tick-borne encephalitis virus 


material, was present in the majority of cells beginning 
with the eleventh hour after infection and intensified 
up to the twenty-fourth hour, starting in the para- 
nuclear area (Fig. 2a) and extending later to the rest 
of the cytoplasm (Fig. 2b). At the end of the twenty- 
four hour period, well-marked cytopathic changes 
appeared in some cells, with vacuolization and pro- 
trusions on the cell surface (Fig. 3). 

An infection with a small dose of virus (1 LD,, per 
33 cells) led to the first slight increase of intracellular 
virus between the tenth and seventeenth hour, 
followed by a further increase which started with the 
twenty-fourth hour and reached a maximum 48 hr. 
after infection. The first fluorescence was rather 
delayed in appearance and was a maximum in not 
more than 50 per cent of the cells of the tissue culture. 
The initial eytopathie changes appeared approxim- 
ately at the same time as the fluorescence. 

Reproduetion of other viruses of the tick-borne 
encephalitis complex in different cell cultures by 
these methods is under investigation. 
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Accumulation of Asparagine in Maize 
Plants infected by Maize Rough Dwarf 
Virus and its Significance in Plant 
Virology 


Ir has already been shown that the rough dwarf 
disease of maize, so far known only from Italy, Spain 
and Israel, is caused by a virus'. Since this virus has a 
pronounced dwarfing effect on maize seedlings, which 
in most cases proves lethal, it would be expected that 
certain physiological abnormalities eould be determ- 
ined at a rather early stage of infection. The effect 
of this virus on the balance of free amino-acids in 
infected maize plants is being studied in our labora- 
tory. During the course of this work an abnormal 
accumulation of asparagine was noticed in all planta 
bearing the virus infection symptoms, whereas in all 
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healthy plants of the same age this amide was at the 
most only faintly detectable by the method of two- 
dimensional paper chromatography which we used’. 
Moreover, when l-asparagine was added to the sap 
extracted from diseased plants and chromato- 
graphed, its spot coincided with the one suspected 
to be that amide. 

Later, a quick method was worked out for determ- 
ining the presence of asparagine in sap of plants 
infected by this virus. The test is based on the 
distinctive orange-brown colour which asparagine 
gives with ninhydrin’. Fresh maize stalks were 

und in a meat mincer; the sap squeezed through 
cheese cloth and then centrifuged for 10 min. at 
4,000 r.p.m. For the ninhydrin test 1 ml. of the 
supernatant was heated for 3 min. in a boiling water- 
bath, diluted 10-fold in water and then filtered 
through Whatman No. 1 filter paper. The reaction 
mixture includes 0-3 ml. diluted sap solution and 1 ml. 
of 0-25 per cent of ninhydrin in absolute ethanol. 
Colour was developed by boiling in a water-bath for 
9 min. followed immediately by adding 2 drops of 
sulphurie acid (1:6) and agitating the test-tube. 
The blue coloration disappeared in a very short time 
and the orange-brown coloration formed by aspara- 
gine turned yellow. The latter colour is sufficiently 
stable as to allow a qualitative test, although it, too, 
fades away slowly and therefore cannot serve as & 
quantitative method. It should, however, be men- 
tioned that proline and hydroxyproline give a 
different heat-stable coloration on boiling with 
ninhydrin, but these two amino-acids did not show 
up on our chromatograms and therefore do not inter- 
fere in this case. 

It should also be pointed out that the relative 
amount of sap obtained from diseased plants was 
noticeably higher than that from non-infected ones. 
This rules out the possibility of attributing the high 
asparagine content merely to an alleged lower water 
content of infected plants. 

The ninhydrin test of sap was always strongly 
positive for all maize seedlings showing rough dwarf 
symptoms, whereas for healthy plants it was negative, 
or very seldom, weakly positive. The positive 
reaction, however, should not be attributed wholly 
to asparagine, since glycine, tyrosine, phenylalanine, 
histidine and tryptophan all give an orange-brown 
coloration with ninhydrin?. Part of the yellow colour 
obtained may perhaps be due to these and other 
reactions; but it is mainly due to asparagine, as 
was shown on our chromatograms, 

The changes in free amino-acids and amides of the 
host plant resulting from virus infection were recently 
reviewed by Porter‘, who mentions at least three 
instances where virus infections in plants were 
followed by a net increase in asparagine, as compared 
with healthy plants. Further evidence is now available 
concerning at least eight more virus diseases, in which 
specifically ine is reported to accumulate in 
the host plant following infection. These are tobacco 
leaf curl virus in Nicotiana leaves*, papaw mosaic 
and papaw leaf curl viruses in papaw leaves*, Ricinus 
mosaic virus in castor bean leaves’, Luffa yellow 
mosaic virus in Jaffa leaves’, potato spindle tuber 
virus? and potato leaf roll virus’ in potato tubers, and 
finally the present record on maize rough dwarf 
virus. The only contradicting evidence is by 
Commoner and Nehari", who observed a deficiency in 
asparagine content in disks of tobacco leaves infected 
with tobacco mosaic virus. Since these measurements 
were made on leaf disks, even though floated in 
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nutrient solution, their results cannot be safely applied 
to the situation in the whole plant. In fact, when the 
same experiments were repeated on mtact plants‘, a 
net increase in asparagine content was evident as 
early as during the first 120 hr following mfection 

Asparagine, as well as glutamine, are known to 
accumulate in tissues of plants growimg under 
unfavourable conditions, whereby proteolysis and 
subsequent deamination bring about an increased 
release of ammonia The presence of these compounds 
in higher concentrations in virus-infected plants 
should not be regarded as merely resulting from some 
secondary effects on the protem metabolism of the 
diseased plant It has already been indicated™ that 
these amides are implieated— whether directly or 
indirectly—in the biosynthesis of purme, pyrumidine, 
nucleosides and nucleotides, thus bearmg great 
significance in relation to nucleic acid metabolism, 
leading to the biosynthesis of the virus material 
itself}? This may also offer some explanation for the 
specificity of the occurrence of asparagine m tissuos of 
plants infected by viruses and for its conspicuous 
rareness in cases of plant diseases caused by other 
pathogens 
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GENETICS 


Radiosensitive Stages in the Spermato- 
genesis of Drosophila melanogaster 


THE existence of differential radiosensitivity during 
certam stages of spermatogenesis in Drosophila 
melanogaster was first proposed by Luning! Further 
evidence provided by Auerbach’s? three-day brood 
technique suggested that the highest mutation 
frequency observed in the 3-6-day period following 
treatment mdicated peak sensitivity in immediately 
post-meiotie stages Additional support for this view 
that spermatids were particularly susceptible to the 
mutagenic action of X-rays was derived principally 
from the results of irradiating immature sperm 1n the 
pupal testis? More definitive daily brood analysis?, 
however, established a marked domunant lethal 
frequency ranging over the sixth, seventh and eighth 
days following the irradiation of newly emerged 
males, but from these results Bateman was able to 
draw no firm conclusion other than that this probably 
represented sensitive meiotic and post-meiotic stages 
Using the same technique, Ives? ascribed the first 
appearance of induced cross-overs on the seventh day 
after irradiation to the utihzation in this brood of 
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| 2 3 4 5 6 7 8 9 IO i" 12 
DAYS AFTER IRRADIATION 


Fig 1  Brood patterns for the 12 days followmg irradiation 
O, XXY females produced by non-disjunction in immature 
sperm, 6, XO males produced by loss of X or Y chromosome 


sperm treated in early meiotic and pre-meiotic 
stages In a similar experiment, he obtained a 
maximum frequency of both autosomal recessive and 
sex-hnked recessive lethal mutations on this same 
day Savhagen’ considered sex chromosome loss and 
non-disjunetion also in parallel investigations Here 
again, the highest frequencies of X0 males were 
observed on those days which, by comparison with 
the non-disjunction experiment, probably corre- 
sponded to stages treated before anaphase I of 
melosis. 

This communication 1s a prelimmary account of 
experiments designed to detect simultaneously com- 
plete loss of X or Y chromosomes, deletion in the 
Y chromosome and non-disjunction between X and 
Y chromosomes This 1s achieved by means of a new, 
doubly marked Y chromosome stock kindly provided 
by Dr. D L Lindsley of Oak Ridge This Y chromo- 
some, designated sc? Y B*, has the norma! allele of the 
X chromosome marker yellow (y*) mserted into the 
short arm and the dominant Bar-Stone marker (B°) 
into the long arm After X-irradiation with 1,000 r, 
males with a wild-type X chromosome and this doubly 
marked Y are mated daily to three females homo- 
zygous for the X chromosome markers yellow, apricot, 
echinus (y ap» ec) ‘The normal offspring from this 
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l 2 3 4 5 6 7 8 9 10 H 12 
DAYS AFTER IRRADIATION 


Fig 2 Brood patterns for the 12 days following irradiation 

C, XXY females produced by non-dijunction in immature 

sperm, €, males with B* marker deleted, A, males with y* 
marker deleted 
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cross are wild-type (heterozygous) females and non- 
yellow, apricot, echinus, Bar males Complete loss of 
X or Y chromosomes will yield sterile X0 males 
phenotypically yellow, apricot, echinus, non-Bar 
Deletion of either y+ or B? marker from the Y 
chromosome will yield yellow, apricot, echinus, Bar 
males (abbreviated to yellow males) or non-yellow, 
apricot, echinus, non-Bar males (or simply non-Bar 
males) respectively Non-disyunction of X and Y will 
lead to the recovery of Bar females with XXY 
constitution Where possible, all exceptional flies 
were analysed genetically to confirm this classification 

Fig 1 shows the comparative yields of X0 males 
and of non-disjunctional females while the frequencies 
of each deleted Y chromosome class and of non- 
disjunetional females are given in Fig 2 On the 
assumption that the determination of non-disjunction 
will occur only at or before anaphase in the first 
meiotic division, then 1t seems likely that the seventh 
brood in particular represents treated pre-meiotic 
stages These results also confirm the high sensitivity 
of meiotic and immediately pre-melotic stages— 
presumably primary spermatocytes—to the muta- 


genic effect of X-rays 
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A Gene synthesizing Protease and a 
Pre-Viral Genome in Silkworms 


Atmost twenty years agot, we put forward a 
working hypothesis that viruses may originate in 
nucleoprotems in cells, and in 1943 ? we discovered 
that the viral nuclear polyhedrosis of larve of 
Bombyx mort can be induced by a metabolite The 
later development of work on induction has suggested? 
that the polyhedral virus would be derived from the 
chromosomal segment containing the genes controlling 
the synthesis of protease and deoxyribonuclease We 
have now demonstrated that the pre-viral genome 
contains & gene synthesizing an alkaline protease and 
is located 1n the chromosome of healthy silkworms 

Our previous investigation’ showed that the pupa 
of B mor» has no alkaline protease and never produces 
polyhedra without mfection About 200 pupe of the 
Zelem x plem strain were each injected with 0 02 ml 
of polyhedral solution (0 1 mgm /ml ), and polyhedra 
were collected in the cold by our method’ from 
infected individuals before death Vural particles 
were then isolated from the polyhedral crystals by 
the procedure previously deseribed* and polyhedral 
protem from the crystals was also prepared at the 
same time However, the first centrifugation was 
carried out immediately after dissolving polyhedra 
in @ mixture of sodium carbonate and sodium 
chloride, without standing overnight The proteolytic 
action of viral particles and polyhedral protein 
obtained was measured by the method previously 
reported? The results are given in Table 1, in which 
the protease activity is expressed in ugm tyrosine 
per hr produced by 10 mgm of the particles or 
protem 
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Table 1 PROTEOLYTIC ACTION OF POLYHEDRAL VIRUS 


pH. of reaction mixture 82 90 98 105 110 1165 
pgm of Viral particles 4 10 17 28 31 29 
tyrosine | Polyhedral protein 1 3 7 13 14 12 


It 1s thus evident that the polyhedrosis virus forms 
a protease which shows the highest activity at pH 
105-110 As the polyhedral virus is of deoxy- 
ribonucleic acid nature and produced only in the 
nucleus, 1t can be concluded that there exists m the 
virus & gene which possesses the abihty to synthesize 
the alkaline protease 

Our previous experiments"? have further shown 
that the B mori larva has an alkaline protease and 
produces polyhedra contammg a protease of the 
same nature The white cuticle of the p,, stram and 
the black cuticle of the pë strain respectively were 
taken m the midst of the final diapause, namely just 
at the end of the formation of new cuticle durmg the 
third ecdysis, and 0 1 gm. of the cuticle consisting of 
epi-, exo- and endo-cuticle was ground with 10 ml of 
0 02 N sodium carbonate 

These two strams were then crossed and the 
cuticle from the descendants m the F,- and F,- 
generations was treated with the sodium carbonate 
solution The proteolytic action of the suspensions 
obtamed was mnmediately measured at pH 105 ın 
the same way as before® The results are given in 
Table 2, m which the protease activity 18 expressed 1n 
ugm tyrosine produced by 10 mgm of cuticle per 
hr 


Table 2 PROTEOLYTIC ACTION OF LARVAL CUTICLE 


Generation Pea pt Pu XP!— FF, Puxpi— Fs 
Colour of cuticle White Black Black White Black 
ugm of tyrosine 81 161 188 71 181 


It 1s thus obvious that there exists a correlation 
between the proteolytic activity and colour of the 
skin, one of the tissues m which polyhedral virus 
18 produced As ıt has already been established® that 
the plain white of the p,,-cuticle and the striped 
black of the p’-cuticle are governed by the genes in 
the second chromosome in the larval cell, and that the 
latter 18 the dominant, we may conclude that the gene 
synthesizing the alkaline protease 1s located in the 
chromosomes, possibly m the second chromosome 
Actually ın an experiment the number of white and 
black larve in one group of the F,-generation was 
138 and 429, respectively Similar results concerning 
the activity of cuticular protease and the ratio of 
F',laiv: were also obtained ın the case of the recipro- 
cal cross 

In view of these observations, 1t seems reasonable 
to assume that, by the inducing process, this special 
pre-viral genome in larval chromosomes can be 
activated to form the polyhedral virus 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 27 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 4 pm — Prof A 
MacGregor ‘‘Kndocrine Interdependence” * 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
at 530 pm—Dr F A E Pirani and Dr G F Eliott “Ballistic 
Missiles and Nuclear Weapons—The Development of Weapons 
Technology” * (Last of seven lectures in War Studies ) 


UNIVERSITY OF LONDON (ım the Gustave Tuck Theatre, University 
College, Gower Street, London, W C1), at 530 pm —Dr D Muller 
(Copenhagen) ‘‘Mucrobiological Formation of Hydrocyanic Acid” * 


Tuesday, November 28 


UNIVERSITY OF LONDON (in the Anatomy Theatre University 
College, Gower Street, London, W C1) at 115 pm—Dr G B 
Brown “What is Wrong with Relativity ?''* 


RoYAL INSTITUTION OF NAVAL ARCHITECTS (at the Institute of 
Marine Engineers, 76 Mark Lane, London, EO 3), at 530 pm— 
Dr Richards ‘‘High Temperature Gas-Cooled Reactors for 
Marine Propulsion" 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 530 pm—Dr E G Gray "Electron Microscopy of CN S" * 
(Thirteenth of seventeen lectures on ‘‘The Scientific Basis of Medicine" 
organized by the British Postgraduate Medical Federation ) 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, WC1), at 530 pm—Prof K R 
Popper “Science and Growth of Knowledge" * Third offour Shearman 
Memorial Lectures ) 


UNIVERSITY OF LONDON (in the Eugenics Lecture Theatre, Univer- 
sity College, Gower Street, London, W C 1), at 530 pm —Prof G 
Pontecorvo, FR S “Genetic Analysis via Mitotic Segregation” * 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-84 
Gordon Square, London, W C1), at 5 45 p m —Mr Emmanuel Anat 
“The Rock Engravings of the Negev Desert, Israel" * 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
at 14 Belgrave Square, London, 35 W 1), at 630 pm—Dr C A 
Finch ‘‘Polyolefin Fibres and Films” 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 pm —Mr R F Rodger ‘ Automatic 
Plant Analysis by Electrochemical Methods" 


Wednesday, November 29 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATIONS SECTION (at Savoy Place, London, W C 2), 3465 30 p m — 
Mr E Wolfendale ‘‘Recent Developments in Semiconductor Devices 
and their Applications" 


UNIVERSITY OF LONDON (in the Eugenics Lecture Theatre, Univer- 
sity College, Gower Street, London, W C 1), at 530p m —Prof G 
Pontecorvo, F RS ‘Prospects for Genetic Analysis in Man" * 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTIOS 
GROUP (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, W C 1), at 6 pm —Mr E 
Yorke *'An Experimental Assessment of Loudspeaker Performance", 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
WC2), at 6pm —Mr Paul Adorian “Television in Schools’ 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical 
Engineering Department, Imperial College of Science and Technology, 
London, S W 7), at 6 pm —Mr B H Venning “The Response oí 
Dynamic Systems to Shock Excitation” 


INSTITUTE OF INFORMATION SCIENTISTS (at A ET House, 33 
Grosvenor Place, London, S W 1), at 630 pm—Dr A R Michaelis 
“Films for the Communication of Science" 


ROYAL INSTITUTE OF CHEMISTRY (at Shell-Mex House, Strand, 
London, W C 2), at 6 30 p m —Annual General Meeting 


Wednesday, November 29—Thursday, November 30 


INSTITUTION OF MECHANIOAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, S8 W 1), 
at 1045 am on Wednesday and 1080 am "Thursday— Conference 
on ''Oi Hydraulic Power Transmission and Control” 


Wednesday, November 29—Friday, December | 


IRON AND STEEL INSTITUTE (at the Federation of British Industries, 
Tothill Street, London, S W 1, and at the Iron and Steel Institute, 
4 Grosvenor Gardens, London, S W1}—Autumn General Meeting, 
and Forty-third Meeting of the Iron and Steel Engineers Group 


Thursday, November 30 


Royal SocrETY (at Burlington House, Piccadilly, London, W 1), 
at 230 p m —Annıversary Meeting 


UNIVERSITY OF LONDON (at the Wright-Fleming Institute of 
Microbiology, St Mary's Hospital Medical School, Norfolk Place, 
London, W 2), at 5 pm —Prof R Hare ‘Sir Almroth Wright’ 
(Commemorative Lecture) * 
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UNIVERSITY OF LONDON (at the London School of Hygiene 
Tropical Medicine, Keppel Street, Gower Street, Londen. Wo ty 
at 530 pm—Dr I Friedmann ‘Electron Microscopy in Pathology 
a e as Ps. ax xor a (Fourteenth of seventeen lectures on 

clentific Basis of Medicine" organized by the B - 
graduate Medical Federation ) s d RESO 


UNIVERSITY OF LONDON (in the Anatomy Theatre, Univers 
DOE ha Ed pona, W Ci), at 530 pm—Prof K Ed 
opper “Science an e Growth of Knowledge” * 
Shearman Memorial Lectures ) mod aes 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the BATTERSEA COLLEGE OF TECHNOLOGY CHEMICAL SOCIETY, 
RC d Doer e us E "6 tele Park Road, London, 

: pm —Dr a "Chemical Aspects of tl 
of the Warren Spring Laboratory" z ere 


Thursday, November 30—Friday, December | 


INSTITUTION OF ELECTRICAL ENGINEERS MEAS 
^ 3 UREMENT AND 
CONTROL SECTION Qn con) unction with the BRITISH NUCLEAR ENERGY 
ENCE, à avoy ace, London, W C 2)—Sym 
“Nuclear Electronics” j , PSETIBBOSIUIL an 


Friday, December | 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pn —Mr E B Worthington “The Science of Nature COnSorunti d 


saturday, December 2 


ASSOCIATION OF AGRICULTURE, and the BRITISH AGRICULTUR 
HISTORY SOCIETY (at the London School of Economics, Houghton 
Street, Aldwych, London, W C2), at ll am — Agricultural History 
Conference 


BRITISH MYOOLOGICAL SOCIETY (at the Linnean Society of L 
Sn d uc age W1), at 2 es in eect 

eneral Meeting, followed by Miss Waterhou E " 
(Presidential Address) Se^ mne BOOED OLS 


LONDON CoUNTY COUNCIL (at the Horniman Museu 
Road, Forest Hill, London, S È 23), at 3 30 p m —Mr We pan 
"Tropical Insect Life" * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on oi 

ner the e aa i5 

ESEARCH ASSISTANT (male, with a degree in chemistry and 1 
in biochemistry), to assist in a Medical Research Coiro E 
programme of research into dental disease—The Secretary, London 
Hospital Medical College, Turner Street, London, E 1 (December 2) 

ASSISTANT LECTURERS or LECTURERS IN EXPERIMENTAL PSYCHO- 
LOGY, APPLIED MATHEMATICS, PURE MATHEMATICS, INORGANIC 
CHEMISTRY, PHYSICAL CHEMISTRY, APPLIED MATHEMATICS OR STAT- 
ISTICS MECHANICAL ENGINEERING, CIVIL ENGINEERING, and Pro- 
DUCTION ENGINEERING—The Registrar, The University, Nottingham 
(December 9) 

LECTURERS IN MATERIALS IN THE DEPARTMENT OF ENGINEERING 
to be responsible for equipping a new materials laboratory and teaching 
modern physical theories of material behaviour—The Registrar, The 
University, Leicester (December 9) ? 

LECTURER IN SOCIAL AND DEVELOPMENTAL PSYCHOLOGY—The 
Registrar, The University, Leicester (December 9) 

SEN-OR LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY—The 
Registrar, The University, Leicester (December 9) 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree or equiva- 
lent qualification) IN THE DEPARTMENT OF PHYSIOLOGY AND PLANT 
CULTURE, to assist ın physiological studies ın controlled environments 
—The Secretary, John Innes Institute, Bayfordbury, Hertford, Herts 
(December 10) 

SENIOR LECTURER and a LECTURER IN THE DEPARTMENT OF MATHE- 
MATIOS, University College, Ibadan, Nigeria— The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C1 (December 20) 

CHAIR OF APPLIED PHYSICS—The Registrar, The University, Hull 
(December 31) 

i nu oF SocroLoaY— The Registrar, The University , Hull (Decem- 
er 

LECTURER or SENIOR LECTURER IN GENETICS at the University of 
Melbourne, Australia—The Secietary, Association of Universities of 
the Bntish Commonwealth (Branch Office) Marlborough House, 
Pall Mall, London, S W 1 (Australia and London, December 31) 

LECTURER IN BACTERIOLOGY IN THE SCHOOL OF VETERINARY 
MEDICINE—The Registrar, Trinity College, Dubhn 2 (Januarv 1) 

CHAIR OF THEORETICAL AND INORGANIC CHEMISTRY in Victoria 
Univeraty of Wellington, New Zealand— The Secretary Association 
of Umversities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, 8 W 1 (New Zealand and London, 
January 10) 

LECTURERS IN PHySsIcs—The Registrar and Secretary, King's 
College (University of Durham), Newcastle upon Tyne 1 (January 15) 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY at, the University 
of Malaya, Singapore—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W C1 
(January 15) 

RESEARCH OFFICER (preferably with an honours degree ın science, 
agriculture or forestry, and experience in research) OF THE TUSSOCK 
GRASSLANDS AND MOUNTAIN LANDS IXNSTITUTE— The Registrar, 
Lincoln College, Lincoln, New Zealand (January 15) 

CHAIR OF ENGINEERING in the University of Malaya, Kuala Lumpur 
—The Secretary, Association of Universities of the British Common- 
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wealth (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Kuala Lumpur and London, January 31) 

LECTURERS OR ASSISTANT LECTURERS (3) (with a special interest 
in organic or inorganic or phvsical chemistry) IN CHEMISTRY at the 
University College of The West Indies—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W C1 (Januar) 31). 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree or equivalent 
and experience m biological work), for work on the flow and coagula- 
tion of blood—The Secretary, National Institute for Research in 
Dairying, Shinfield, Reading, quoting Ref 61/19 

ASSISTANT LECTURER, Grade B (with a good honours degree in 
matheniatics and preferably some teaching or research experience) 
IN MATHEMATICS— Clerk to the Governors, South-East Essex Technical 
College, Longbridge Road, Dagenham, Essex 

ASSISTANT PROFESSOR IN THE DEPARTMENT OF PHYSIOS—Head, 
Department of Physics, Dalhousie University, Halifax, Canada 

ASSISTANT PROFESSOR OF PHysics—Prof C E Chalice, Depart- 
ment of Physics, University of Alberta, Calgary, Alberta, Canada 

BIOLOGY GRADUATE (preferably with a knowledge of 1mmuno- 
logical technique) IN THE ENDOORINE DEPARTMENT, to do research on 
gonadotrophins—The Secretary, University College Hospital Medical 
School, University Street, London, W C1 

LABORATORY TECHNICIAN, for a research laboratory specializing 
in steroid biochemistry—Dr Ludwig Kornel, Division of Endocrino- 
logy University of Alabama Medical Center, Birmingham 3, Alabama, 
USA 


MEDIOAL ASSISTANT EDITOR (registered medical practitioner not 
older than 45 years) to the British Medical Journal—The Editor, 
British Medical Journal, BM A House, Tavistock Square, London, 
W C 1, marking envelope ‘‘British Medical Journal—Assistant Editor” 

PosTDOCTORAL FELLOW IN THE DEPARTMENT OF BIOCHEMISTRY— 
C S Hanes, Department of Biochemistry, The University, Toronto 

POSTGRADUATE RESEARCH ASSISTANT (with an honours degree or 
equivalent) IN PHYSICAL-ORGANIC CHEMISTRY—The Head, Chemistry 
Department, University of Saskatchewan, Saskatoon, Canada 

RESEARCH ASSISTANT, for work on the clathration and occlusion 
of rare gases—Prof R M Barrer, Chemistry Department, Imperial 
College of Science and Technology, London, SW 7 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PATHOLOGY, for tissue 
culture work on the nervous svstem— The Professor of Pathology, 
School of Medicine, The University, Leeds 2 

RESEARCH ASSISTANT (with a degree or H N C in electrical engineer- 
ing or applied physies, or an equivalent qualification, and preferably 
some experience Jn electronics and/or vacuum techniques), for work 
on the High Voltage Electron Microscopic projyect—The Secretary, 
Department of Physics, Cavendish Laboratory, Free School Lane, 
Cambridge 

SENIOR LECTURER (graduate of a British university) IN BIOCHEM- 
ISTRY—Clerk to the Governing Body, Battersea College of Technology, 
London, S W 11 

TECHNICIAN IN BIOCHEMISTRY (A IM LT, BSc, or ARI C )— 
Tue Director, Department of Pathologv, Paddington General Hospital, 

ondon, 9 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland Munistry of Agriculture Leaflet 
No 136 Facilities for Agricultural Education Pp 8 (Belfast 
Ministry of Agriculture, 1961 ) 19 


Imperial College of Science and Technology Shorter Postgraduate 
Courses, Session 1961-62, Autumn Term Pp 20 (London Imperial 
College of Science and Technology, 1961 ) [19 

The Institution. of Electrical Engineers Regulations for the 
Electrical Equipment of Ships Fourth edition Pp v+125 (Lon- 
don The Institution of Electrical Engineers, 1961) Limp cloth, 
7s 0d , Case-bound in cloth, 10s 19 

Freshwater Biological Association Scientific Publication No 20 
A Key to the Nymphs of the British Species of Ephemeroptera, with 
Notes on their ecology By Dr T T Macan Pp 64 (Ambleside 
Freshwater Biological Association, 1961) 4s 6d [19 

Berkshire, Buckinghamshire and Oxfordshire Naturalists’ Trust, 
Ltd First Annual Report, 1960 Pp 7 (Kennington, Oxford 
paui SDA and Oxfordshire Trust, Ltd , 146a Poplar 

Tove, 19 

Department of Scientific and Industrial Research Summary or 
Progress of the Geological Survey of Great Britain and the Museum 
of Practical Geologv for the year 1960, with Report of the Geological 
Survey Board Pp in--78 (London HM _ Stationery Office, 
1901) 5s net [19 

Philosophieal Transactions of the Roval Society of London Series 
B Biological Sciences No 708, Vol 244 (31 August, 1961) The 
Anatomy of the Nervous System in the Genus Gerris (Hem{!ptera- 
Heteroptera) By D M Guthrie Pp 65-102--plate 8 14s No 
709, Vol 244 (31 August, 1961) Triassic Reptiles from the Elgin 
Area — Sfagonolepw, Dasygnathus and their Alhes By A D Walker 
Ta ee +plates 9-13 408 (London Royal Societv, 

9 

Department of Agriculture and Fishemes for Scotland Marine 
Research No 3 (1961) Scottish Ovster Investigations, 1946-1958 
By Dr R H Millar Pp 76 (Edmburgh and London HM 
Stationery Office, 1961) 22s 6d net [59 

The Wud Resources of East and Central Africa a Report following 
a visit to Kenva, Uganda, Tanganvika, Northern and Southern 
Tae mas Plyast land, Br ap eA: End March, 1960 By Dr 

orthington pui olonial No 352) (Lon 
Stationery Othee, 1961 ) 29 6d net d orn Ms 

Roval Observatorv Bulletins No 38 — Double-Star Observations 
made with the 28-.nch Refractor 1957-1960 BYR vd R Woolley, 
D H P Jones and M P Candy Pp i--E207-E241 (London 
HM Stationery Office, 1901) 5s 6d net [59 
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Other Countries 


Uganda Protectorate Report of the Forest Department for the 
period ist January, 1959 to 30th June, 1960 Pp ix+80 (Entebbe 
Government Printer, 1961 ) Shs. 5/20 1 

Tea Research Institute of East Africa Annual Report for the year 
1960 Pp 50 (Kericho, Kenya Colony Tea Research Institute of 
East Africa, 1961 ) [19 

Sandia Corporation Monographs SCR-409 Output Mean and 
Deviation Versus Input S/N for Linear Quadratic, and Quantizing 
Envelope Detectors with Saturation By Charles S Willams, Jr 
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CO-OPERATION IN RESEARCH 


T 1s something morie than mere coincidence that 
Dr B V Bowden, in a discourse at the Birtish 
Association at Norwich last September on the 1mpact 
of automation, should have urged not simply the 
wider and more imaginative use of the electronic 
computer but also pointed to the implications of 
such developments for university and technological 
education In fact, the position of the universities in 
this field has been the subject of special comment ın 
the general survey from the University Grants Com- 
mittee which this year accompanies the usual returns 
from universities and university colleges 1n 1eceipt of 
a Treasury grant Furthermore, in the June 1961 
issue of Vestes, the Australian universities review, 
J M Bennett describes the university computing 
centre in Australia, where three such centres have 
been operating since 1956 Again, the current issue 
of Impact includes a paper by Prof R Courant which, 
while discussing general problems confronting com- 
puting centres, emphasizes particularly the major 
effort required, especially in universrbies, to train a 
generation of scientists eager and competent to make 
full use of computers as scientific tools—an effort 
which requires the breaking down of departmental 
boundary lines and as such may mvolve changes 1n 
departmental organization, as well as co-operation on 
a broad scale with industrial research organizations 
A recent article by Dr R C Campbell m Chemet y 
and Industry (p 1786, November 4), on the admunis- 
trative uses of a computer in a university, points to 
some interesting possibilities in the use of computers 
and indicates an encouraging prospect for such 
developments 
Mr Bennett, who notes that more than 3,000 
automatic digital computers are now in service 
throughout the world and that more than 100 are m 
service in universities in the United States. while 
nine British universities have computing centres, 
considers not merely the man-power required to 
operate computers and to utilize them, but equally 
the problems of finance and adrmunistration The 
university computing centres in the United Kingdom 
are financed largely from public funds through the 
University Grants Committee as a result of an agiee- 
ment reached with the Treasury in 1954 Grants 
amounting to £381,000, out of the total university 
expenditure of £417,000, were eventually made for 
the purchase of computers and ancillary equipment 
on the recommendation of the University Grants 
Committee, advised by the Advisory Commuttee on 
High-Speed Calculating Machines of the Department 
of Scientific and Industrial Research The imutial 
allocation was primaiily on a regional basis At that 
time, Cambridge already possessed a computer and 
Sheffield was able to make very favourable arrange- 
ments for hirmg computer time Accordingly, 
Durham, Leeds, London, Manchester, Oxford, South- 
ampton and Glasgow received computers, and 


eventually Liverpool purchased a computer, partly 
from industiial contributions and partly from its 
own resources 

In 1957, an Inter-University Committee on Com- 
puting was established, under the chairmanship first 
of Prof D R Hartree and later of Sir Wilhs Jackson 
to advise the Committee of Vice-Chancellors and 
Principals on policy questions and to promote 
co-operation m this field between the user univer- 
sities and between universities and other bodies In 
1959 this Committee, 1n its first report, emphasized 
the rapid expansion of university work, which had 
been under-estimated and was steadily squeezing 
out extra-mural work, and recommended further 
extension of computing facilities in the universities 
As a 1esult, the University Grants Committee agreed. 
in October 1959, to consider a further allocation of 
computers to the universities ın Britan When 
approached, twenty-two universities, including all but 
one of the universities already possessing a computer. 
replied that they wished to apply for a new machine 

Two universities apphed for Atlas computeis and 
the University Grants Commuttee took the view that 
provision of machines costing £1 5-£3 milion each 
was a question to be handled on a national basis. 
and accordingly the claims of these two universities 
and of other mstitutions for Atlas facilities have been 
assessed by a working party under the Minister foi 
Science As a result of this survey, the Government 
has placed an order for such a computer to bo 
installed at Harwell under the auspices of the 
National Institute for Research ın Nuclear Scrence, 
and 16 1s assumed that these facilities will be available 
to those universities which need them The Univei- 
sity of Manchester, by 1ts own special arrangement 
with the makers, will possess an Atlas computer 
which will be available to certam other universities 

As regards the medium-sized computers, tho 
University Grants Committee appointed a small sub- 
committee, under the chairmanship of Sir Willis 
Jackson, to give detailed consideration of the types 
of machine required by the universities, to questions 
of timing and priorities, and to the use that might 
be made of the older displaced machmes ‘This sub- 
committee included representatives of the Depart- 
ment of Scientific and Industrial Research and the 
Ministry of Education, and had the assistanco of Dr 
Howlett, of the Computmg Department of the 
Atomic Energy Research Establishment, 1ts advice 
was accepted by the University Grants Committee, 
which in March 1961 sought authority from the 
Chancellor of the Exchequer for a programme to 
provide medium-sized computers, involving expendi- 
ture of about £2 milhon, between 1961 and 1965 
This authority has been given, and accordingly 
twenty-one universities are expected to have their 
own computer facilities, while the remaining univer- 
sities have access to others 
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This, however, 1s only a particular aspect of the 
relations between the universities and the Govern- 
ment in Britam, or indeed of university expenditure 
on research, but it ıs of special mterest in view of 
Lord Hailsham's remarks about those relations 1n his 
recent addresses on science and government in a free 
society (see Nature, November 4, p. 393, and p 787 
ofthisissue) Lord Hailsham did not suggest that the 
British system, which, ın effect, allows Government 
funds to be administered by the universities them- 
selves, 18 the only possible way of ensuring adequate 
Government support for university research without 
infringing academic freedom, but he did claim that 
the system works, and his addresses make very plain 
the dangers which attend the creation of separate 
Government-sponsored institutes and generally the 
separation of research and teaching He was emphatic 
that the most advanced scientific work should be 
located in or near the universities, where this 1s 
possible, or directed by university personnel 

In his earher address, Lord Hailsham was con- 
cerned with maintammg a healthy balance between 
research and teaching, between Government research 
and that proceeding in the universities and in indus- 
try, between pure and applied research and develop- 
ment work, and he was no less conscious of the 
growing opportunities for mternational co-operation 
in research It is with the balance between research 
and teaching that the University Grants Committee 
is concerned, and at the request of the Advisory 
Council on Scientific Policy it has made a further 
estimate of the resources ın the universities which are 
devoted to research in the pure and applied sciences, 
medicine, dentistry, agriculture, forestry and veter- 
mary science Although ıb wishes to have further 
information of the numbers of technicians engaged 
in the various departments ın the universities, since 
this matter, which has an important bearmg on the 
effective use of research workers, 18 one to which the 
Committee 1s paying special attention ın assessing 
the financial needs of the unrversities for the next 
quinquennium, the results of this survey are given 
in the Committee’s general survey attached to the 
latest Returns * 

The survey covered 16,882 university staff and 
research students, of whom 53 per cent were in the 
pure sciences (mainly physical) and 19 per cent in 
the applied sciences Medicine (3,324), chemistry 
(3,013), engmeermg (2,445) and physics (1,909) 
claimed the largest numbers Of the total, 7,522 
were research students, and the proportion of research 
students to university staff varied from 20 1 m 
chemistry to 02 1 im medicme and dentistry 
About 49 per cent of the time of staff and research 
students 1s estimated as devoted to research, varying 
from as little as 21 per cent in dentistry to 57 per 
cent in zoology. The total of 8,534 technicians 
included 563 chief technicians, 1,365 senior tech- 
nicians, and 2,475 technicians, and on an average, 
there was one technician per member of staff and 

* University Grants Committee Returns from Universities and 
University Colleges in receipt of Treasury Grant, Academic Year 


ee Pp 76 (Cmnd 1489) (London HMSO,1961) 4s 6d 
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one to 1 18 members of staff and research students. 
the ratio varying greatly between subjects Many of 
the technicians, moreover, had duties connected with 
teaching as well as with research, and a comparison 
with the figure for research laboratories in other 
institutions suggests that the ratio of technicians to 
research workers m the universities 1n. Britain 18 below 
that necessary to ensure that the time of research 
workers 18 used most economically 

The University Grants Committee may well be 
understating the need, but ıb ıs satisfactory to note 
that 1t proposes to give special attention to this 
factor ın 1ts current assessment of the needs of the 
universities On the expenditure side, the survey 
estimates that of departmental expenditure totalling 
£28 3 mulhon, and including academic salaries, 
wages, departmental and laboratory maintenance 
and other hke items, £14 1 million is attributable to 
research If, further, ıt ıs assumed that some two- 
thirds of such ‘overhead’ expenditure as admunis- 
tration, libraries, mamtenance of premises and the 
like applies to the sciences and applied sciences, and 
half of this two-thirds is ‘attributed to research, the 
total rises to £183 million To make this figure 
comparable with the total of £22 million quoted for 
the year 1958-59 by the Advisory Council on Scientific 
Policy ın its report for 1959-60, there must be added 
& proportion for non-recurrent grants for building and 
equipment For 1959-60 these grants amounted to 
£4-2 million, and if account ıs taken also of awards to 
research students which do not pass through the un- 
versity accounts—and these are assumed to be worth 
on average £470 a year each—a further £3 4 million 
should be added, bringing the total to £25 9 million, 
which would represent some £2,140 for each research 
worker per annum, departmental expenditure alone 
amounting to £1,666, of which about £865 represents 
salaries of university staff It is not clear, however, 
whether the figure of £25 9 milhon meludes all the 
sums for research at universities which are made 
available through the Council for Scientific and 
Industrial Research and the Research Councils, but 
the figure compares with £233 mullion for research 
and development carried out by the unrversities 
quoted by the Advisory Council on Scientific Policy in 
the current report Sir Harry Melville put the con- 
tribution from the Department of Scientific and 
Industrial Research in research grants and post- 
graduate studentships at more than £25 million m 
the past financial year 

The distribution of this research effort m the 
different groups of sciences varies from 38 3 per cent 
of man-power and 328 per cent of expenditure in 
the physical sciences to 1 8 per cent of man-power 
and 17 per cent of expenditure in dentistry for the 
biological sciences the correspondimg figures are 9 8 
and 100, for the applied sciences, 191 and 18 0, 
for medicine, 197 and 272, and for agriculture, 
forestry and veterinary science, 5 9 and 6 6 

The University Grants Committee quite mghtly 
once again urges that too great a significance should 
not be attached to many of the differences 1n research 
effort between subjects Obviously, some regaid 
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must be had to personal idiosyncrasies and abilities, 
and the research effort made in any one subject will 
undoubtedly vary from time to time, depending on 
such factors as the presence of an outstanding worker 
in & subject and the level of interest In fact, the 
interest now being taken in the balance of research 
effort in Britam arises essentially from two roots 
the need to see that in the universities and elsewhere 
the resources at the disposal of the research worker 
are such that he can make effective use of his time 
and of the costly equipment that 1s now so often 
required, and secondly, to ensure that there 1s a 
reasonable balance of research effort between the 
universities and other research institutions, Govern- 
ment or independent, between pure and applied 
research and development, as well as between sub- 
jects It 1s only on such a basis that 1t 18 possible to 
plan a reasonable allocation of the limited resources 
in Great Britain and to press the claims of a particular 
research effort in the face of conflictmg claims 

Lord Hailsham’s recent addresses show that 
he 18 well aware of the problems involved. and alive 
to the dangers either of parsumony or of interfering 
with the universities’ choice of projects or disposition 
of their resources Inevitably, co-operation mvolves 
compromise and adjustment as between universities 
and other institutions, or between Government 
departments, industry and the universities, and the 
development of university co-operation in the use of 
computers, radio telescopes and cyclotrons, quite 
apart from the growth of international co-operation 
in research, will accentuate the need for further 
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collaboration. At the present moment, when the 
University Grants Committee 18 formulating its pro- 
posals for the next quinquennium under the shadow 
of the Chancellor of the Exchequer’s call for economy 
and reduction in public expend ture, a heavy respon- 
sibility rests on the Minister for Science to see that 
there 1s no retraction of the universities’ research 
effort, either in respect of 1ts contribution to the 
advancement of knowledge or to the tramung of 
man-power for research The University Grants 
Committee, from its general review, appears to be 
taking the right measures to ensure the elimination 
of waste and the effective disposition of whatever 
resources may be made available It is for tho 
Minister for Science to satisfy himself that the 
resources put at the disposal of the universities are 
indeed adequate for the purpose, having regard to 
the nation’s need for trained man-power, its total 
research effort in industry and Government institu- 
tions as well as in the independent research institu- 
tions, and to the possibilities of co-operation both on 
the national and on the international scale In that 
task, moreover, he should derive powerful support 
from the recent report of Lord Plowden’s committee 
m opposing any policy that would tend to apply 
‘start and stop’ to research projects Lastly, m a 
time of fnancial stringency, the Minister for Science 
might be specially watchful to see that no measures 
are introduced which hinder that mvaluable move- 
ment and interchange of personnel between institu- 
tions or the regular exchange of ideas on which he 
himself has rightly placed much stress 


RESEARCH IN THE UNIVERSITIES" 
By The Right Hon. VISCOUNT HAILSHAM, P.C. 


Lord President of Council and Minister for Science 


HE Rector of Imperial College has reminded me 
that 16 1s & hundred years since the death of its 
founder, the Prince Consort, a man of vision and 
prescience who saw clearly. in an age only partielly 
awakened to such things, the revolutionary changes 
for good which might be made in the conditions of 
human life by an unfolding scientific technology, 
mmaginatively applied m à spirit of serious good will 
In the bright hght of mid-Victorian optimism, of 
which Prince Albert was m part an example and in 
part an initiator, much that has happened since 
would have seemed a perversion of those eager hopes 
But enough has taken place to make sure that they 
were not altogether misplaced and to give us con- 
fidence that m their future realization the College 
which he founded will continue to play a noble part 
When writing of the first professorial unit in the 
College, Prince Albert described this part as having 
raised the new College to “a high pitch of usefulness 
and popularity". Usefulness and popularity are not 
always co-existent, but they are no bad things, 
provided they are kept ın just the right balance with 


* Substance of the Commemoration Day Address at the Imperial 
College of Science and Technology, dehvered in the Royal Albert Hall, 
London, on October 26 
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one another, and this, I believe, ıs what Imperial 
College bas done. 

The Rector also suggested to me, as a main topic for 
discussion, the subject of research ın the universities 
—a theme particularly suitable ın view of the strong 
tradition of research in Imperial College, and the 
important part which this tradition plays not only 
within the College but also m the scientific, tech- 
nological and industrial life of the country as a whole 

This subject contains ə clue to the whole develop- 
ment of an integrated modern culture on one hand, 
and of an adequate technology on the other, at the 
same time ıt 18, as I shall seek to show, a matter of 
extreme complexity on which we have not yet dis- 
covered all the answers. 

Can we begin without some idea of the kind of 
thing we want our universities to be, and the kind of 
purposes we want them to serve? For myself I 
cannot, and at the risk of exceeding my mandate I 
must deliver my testament of faith on this topic 

The eternal struggle of humanity 1s to reconcile 
freedom with authority, individual self-expression 
with the requirements of society There have been 
many definitions of freedom, ranging from national 
independence to freedom of worship, from universal 
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suffrage to full employment, from social security to 
private enterprise As a lawyer, as & politician, as a 
moralist, I have discussed them all, and admit that 
all have a certain contingent value As a philosopher 
I have found them all inadequate None of them by 
itself 1s intellectually satisfying 

I suspect that one reason. for this 1s that, whatever 
it means, freedom cannot be seen in isolation from 
the search for the just and the true, the beautiful 
and the good—the ultimate values which men place 
on ther existence In ther origms in the ancient 
world, the universities were the places where this 
search was correlated and discussed, and the academic 
freedom of the universities themselves, their intel. 
lectual stature, them moral quality, seem to me to be 
matters of immense importance, theoretical not less 
than practical, ın the discussion of the relative 
values of tyranny and freedom, of democracy and 
authority, of law and morality But if this 18 so, it 
1s at least surprising that this is a matter which 1s 
almost never mentioned by the poltical theorists 
and, lawyers who mdulge in most of the arguments 

But if & unity of purpose, an integrated under- 
standing of man and his environment ıs not to be 
found ın the universities, 1t will not be found ın the 
nation, or in the world ‘This 1s dimly apprehended 
even by the multitude, even by the popular press 
when they pay sometimes disproportionate attention 
to the strange actions of undergraduates—or to the 
even strangei opinions of professors But in terms it 
1s almost never said Yet the university world ıs 
the true melting-pot of society, the one great mixer 
where class distinctions are being abolished before 
our eyes, the one aristocracy of merit divorced from 
privilege, the one democracy where equality of oppor- 
tunity 1s not confused with equality of achievement, 
reward or esteem, In the humanities 16 is generally 
accepted that, at this level, teaching and research 
cannot wholly be separated My thesis to-day 1s 
that teaching and research 1n science must similarly be 
alhed 

Yet side by side with ther function as the teachers 
of human society as a whole, the universities have also 
the task of providing vocational trammg It ıs idle 
to disregard, o1 minimize this aspect of then activities 
—although many academics are far too fastidious 
to speak of ıt openly, and sometimes write letters to 
the papers deerying its discussion The ugly tiuth 
18 that 1f ıt had not been for this function, the univer- 
sities would have neither been. brought into bemg no1 
survived If the Church had not needed educated 
priests, 1f the State had not needed educated admin:- 
strators, 1f industry had not needed educated execu- 
tives and technologists, there would have been no 
universities, and although medicine and law and the 
engineering professions, at least ın Great Britain 
have contrived partly independent systems, I doubt 
myself whether even these would survive—or mam- 
tain adequate standaids— without a parallel system 
of academic courses to give them intellectual body 

But the truth is that the two functions are not 
independent of one another Even on the vocational 
plane, teachmg of the order we requne for our 
administrative, our scientific and industrial leaders 
cannot be wholly divorced from research—the true 
pioneermg of knowledge of all kinds Research will 
tend to become barren and research workers to die 
out if attempts are made to divorce ıt from teaching 

But how 1s research to be financed? Who s to call 
the tune’? And if the tune 1s to be called by the spirit 
of research itself, the 3óyoc as Plato puts ıt, carrying 
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us along like the wind, What conceivable motive will 
be his who pays the piper ? 

The issue of academic freedom has never been 
very far below the surface of political life At the 
time of the Reformation, and the Civil War, the 
questions were obvious But m iecent years, and 
certainly until 1939, they were scarcely asked No 
one grudged the Prime Minister the right to nominate 
Regus professors, and academic resources depended 
as much on fees, endowments and donations as on 
publie funds 

But by 1946 ıt was apparent that the scale of 
expansion forced on the universities by the 1ange and 
rapid development of modern knowledge, and the 
insatiable appetite of industrial society for trained 
graduates, made it necessary that from henceforth 
the main patron of the universities would be the 
State Happily to hand was the appomted mstru. 
ment of State and university—the University Grants 
Committee, brought into bemg in 1919 I would 
thmk that on the whole this has managed to the 
geneial satisfaction to administer public generosity 
without corrupting academic freedom 

In one direction, however, the University Grants 
Committee has required supplementation Built 
into university lıfe is an innate conse: vatism—no 
bad quality, this, but one that needs to be balanced 
From their start, the Research Councils—by which 
I mean the Department of Scientific and Industrial 
Research, the Medical Research Council, the Agricul- 
tural Research Council, and the Nature Conservancy 
—have encouraged the mitiation of new projects of 
research, and particularly in relation to medical 
research have founded whole teams of 1iesearch 
workers within, but not necessarily as mtegral parts 
of, the universities and in the past fom years the 
total value of the research grants given to universities 
each year by the largest of these pations—the 
Department of Scientific and Industrial Research— 
has increased three-fold I am rather proud that 
this has happened entirely withm my own periods 
of office, since I regard the development as wholly 
to the good 

For a second function of the universities—to 
initiate new studies, to fill in gaps in the old, needs 
(as no one knew better than Prince Albert) a living 
patron, somethmg more adventurous, and perhaps a 
httle more selective, than in the nature of things the 
University Grants Committee can be expected to be 
The present size of the Government-sponsored re- 
search 1n the universities 18, however, such as to give 
rise to new questions—both for the Research Councils 
and I would say, also for the universities—which 
it will be my business and that of my successors in 
office to mvestigate m the coming months and years 
Speaking broadly, ıt will be necessary to keep m mind 
the respective functions of the University Grants Com- 
muttee and the Research Councils But, at this stage, 
I would only mention, m passing, two small points 

First, the permanent structure of the universities 
is Clearly a matter for the universities themselves, 
and the University Grants Committee 1s the con- 
stitutional channel for Government funds It is 
vital to remember that the Research Councils! 
function 1s not to finance science in the universities 
as a whole, but to provide funds for new developments 
m research which cannot be adequately dealt with 
within the framework of the quimquennial system 
But at what stage, and by what mechanism, can work 
originally fostered by the Research Councils be 
handed over—and how 1s the hand-over to be recon- 
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eiled with the academic law of the Medes and Persians 
against ear-marked grants ? 

Secondly, a similar question, though not entirely 
hmuted to research, arises in relation to laboratory 
technicians and assistants— whose activities form an 
mdispensable part of virtually all scientific work 
m universities It is not my function, or that of the 
Research Councils, to provide part of the permanent 
staff of universities The University Grants Com- 
mittee rightly adheres to its policy of refusmg ear- 
marked grants ‘This 1s a minor problem and can be 
solved within the university framework 

Since I first assumed Ministerial responsibility for 
the Research Councils, university research has been 
affected by a number of changes—changes both m 
scale and in character—in the field of scientific 
research generally For one thing, ın an increasingly 
wide range of disciplines the tools of 1esearch have 
become machines—and machines each of which 1s a 
major enginee:ing project constituting a significant 
item m the capital mvestment programme Apart 
from the big machines, the accelerators, the Jodrell 
Banks, the gas-bubble chambers, there 1s the problem 
of the new institutions, sometimes clustering around 
the facilities of a parent body, like the National 
Institute for Research in Nuclear Science round 
Harwell, yet half resentmg and half resented by the 
parent organization which gave 1t birth 

Closely related to the machines, but potentially 
larger still, are newly emerging fields of mvestigation, 
too big, almost from the first, for association with 
teaching universities, too big, almost from the first, 
for purely national budgets, often, lıke space research 
or the Mohole, requimng immense vehicles and ım- 
mense organization for their imtiation; sometimes 
hke CERN at Geneva, or Dragon at Winfrith Heath, 
involving international funds and wide implications 
in the field of foreign policy Already a large number 
of international organizations, some bilateral, some 
regional, occasionally world-wide, some for research, 
others involving development, have sprung into 
being and require careful finance and clear thmkmg 
if they are to develop on the right lmes Clearly all 
these changes raise important implications for the 
relationship of universities to research, of universities 
to Government, and of unrversities to one another 

One such implication that 1s gradually becoming 
clear 18 that ın certain branches of science 16 18 1mpos- 
sible for every university to have equal treatment 
from the Government in all spheres Ten linear 
accelerators each costing £1,000,000 will not make up 
for the absence of one lmear accelerator costing 
£10,000,000—if one ıs needed, and ıt 1s quite clear 
that not every university can hope to have a £10- 
million accelerator In Britam, at any rate for the 
tame bemg, there can only be one Jodrell Bank, one 
Nwmrod , there can only be a few gas-bubble chambers, 
and only a few iesearch reactors Where are these 
to be placed ? Who ıs to run them ? Who 18 to arrange 
their research programmes ? 

When a number of such various projects are pro- 
posed by scientific enthusiasts, How are we to judge 
which to accept, particularly where these belong to 
different fields ? How are we to correlate the work of 
the National Institute for Research 1n Nuclear Science 
with the applications to the Department of Scientific 
and Industrial Research im the field of nuclear and 
high-energy physics—or with the budget of CERN 
in which we have only a minority vote ? How are the 
differmg projects for radio astronomy to rank between 
one another or with the applications for big machines 


No 4805 


NATURE 


789 


in other fields? How 1s either to rank with space 
research—another subject m which other countries 
are involved ? Can individual universities form 
partnerships or consortia ? Or should they all be 
provided for through & national extramural mstitu- 
tion like the National Institute for Research m 
Nuclear Science ? If the latter, where 1s the facility 
to be placed—inconveniently for all universities, or 
conveniently for only one or two? If a facility is 
given to one university, should any—and 1f so what— 
conditions be exacted for the benefit of the others ? 
If a faciltty depends on a particular man, what 
happens 1f he dies or resigns to move elsewhere ? 

All these questions have actually arisen in a 
concrete form since I took office Some I have had to 
decide Some have been decided, with my approval, 
by the Research Councils We are getting a certain 
amount of case-law and empirical wisdom about all 
this But have we got ıt nght ? This 1s something 
we shall have to discuss 

But ıt ıs not only a question of big expensive 
machines that can be located 1n or near only some of 
the universities Somewhat similar problems arise 
out of the mcreasmg diversification of subject-matter 
How far ıs ıb necessary or desirable, for example, to 
preserve the existing situation in which the scope for 
postgraduate work by students of a given institution. 
is often limited by the extent of the facilities—either 
natural or artificial—which that institution happens 
by tradition or by accident to have m its possession 
or in its close neighbourhood ? Clearly, university 
statutes were—or should be—made for the needs of 
learning, and not the needs of learning for the require- 
ments of university statutes Should untversity 
research still be lmrted in range by the migratory 
habit of medieval monks? Should the availability 
of freshwater biology as a subject for research in 
Cambridge or Leeds be dependent on the contents 
of the Cam, or of the local Yorkshire factory 
effluent ? Should the availability of the Ph D to the 
staff of a Government research station depend on the 
place where each recerved his first degree ? 

All these questions need publie discussion Govern- 
ment may have views, but m many cases 1t will be 
the vice-chancellors, the courts and senates, the 
faculties and the colleges, which supply the answers 

What ıs to be the relationship between courses of 
study and research m the universities and the known 
requirements of dustry ? Distinguished academics 
often write to The Times expressing disquiet at the 
tendency of industry to demand courses from univer- 
sities in fields which are remote from traditional 
fields and are of dehberate relevance to practical 
life—for example, management studies Similar 
questions are asked 1n relation to mdustrial research 
and in some of the applied social sciences Is mdus- 
tmal money corruptmg, as the author of one letter 
appeared to thnk? If so, ought we not to think 
the same of Government money ? With due respect 
to the University Grants Committee, and to the Re- 
search Councils, the Government 1s not fundamentally 
so disinterested as ıt pretends Nor perhaps are even 
academics quite so pure Nearly three-quarters of 
Government money gomg into scientific research 
goes on the defence budget More of this than 
many people thmk ıs spent in the universities—and 
none of ıt could be spent at all without research 
workers, such as those who are trained n the Imperral 
College of Science and Technology 

My own view 18 that ın Great Briam we should 
welcome and encourage industrial money, 1f only as a 
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desirable and necessary counterbalance to Govern- 
ment money At least ıt 1s not motivated by war or 
the fear of 1t. Moreover, there 18 no academic doctrine 
more powerful than the motto of the Royal Society 
“Nullius an Verba’. When I am asked, as I some- 
times am, whether it 18 not degrading that people 
should be asking for private donations towards 
cancer research, because the Government ought to 
bear the cost, I reply that I would not sleep easy 
in my bed if I thought that erther I or the Medical 
Research Council were the only source of wisdom to 
decide which men and what ideas were worthy of 
support The Americans may go a great deal too 
far academically m their dependence on private 
munificence, educationally they suffer enormously 
from the fact that their schools and universities are 
ın no sense a Federal Government concern But I 
think we may go too far the other way From my 
point of view the degree courses available in British 
universities are too narrow in scope, and some of 
them are orientated too academically I believe the 
same to be true to some extent of research work 

There ıs another important aspect to this. One 
of the most important subjects with which I am 
called on to deal is the relative failure of British 
industry to make use of science and the scientist 
I will not bore you with figures, they are easily 
available. But, so far as I 8m concerned, the broad 
truth ıs that, outside a few main industries, far too 
few scientists are employed, and if more were em- 
ployed some directors might not—uün their present 
frame of mmd—know what use to make of them. 
Not unnaturally, members of Parliament and others 
ask me what can be done to mmprove the situation 
Whatever the 1mmediate answer, I am quite certam 
that the only radical cure hes in the universities, in & 
closer contact with industry, both education-wise 
and research-wise Contact between intelligent and 
right-minded people is not corrupting; almost invari- 
ably it 18 stimulating, and in my view at any rate 
academics have almost as much to learn from contact 
with industry as mdustry has to learn from the 
academics Certamly. contact is the only way in 
which either will learn anything from the other 
There ts a great contrast between the extent of mutual 
regard and contact between academics and industrial- 
ists in Germany, which I have recently visited, and 
Britain In my view, neither gams here by the degree 
of apartheid ıt practices and, meidentally, if that 
apartheid were broken down, both in teaching and 
research, my own opinion 18 that the human sciences, 
which are excessively neglected in Britain, would also 
come into their own—both in the field of postgraduate 
research and in the field of new schools and faculties 

I realize that 1n making these remarks in the Imper- 
ial College I am rather preachmg to the converted 
The College's annual reports provide plenty of evid- 
ence of strong ties with industry. and of wise generos- 
ity by industry ım financing work here on a variety of 
research projects, and there are also such things as 
the vacation tramung schemes by which students can 
gam valuable industrial experience 

But ıs this enough ? Certainly in Germany you get 
co-operation between universities and industry to a 
much greater extent To take only two examples 
in Germany there are far fewer obstacles than exist 
m Britan to the combmung of teaching with manage- 
ment or research in industry, and indeed, you get 
industrial concerns operating research institutes 
inside technological universities I know, of course, 
that much can be said in support of the British 


NATURE 


December 2, 1961 vo. 192 


attitude, the ideological division between teachmg 
and, production, but need we take ıt quite as far as 
we do? I shall not be so rash as to attempt an 
answer, but I feel ıt my duty to pose the question 
When we see the close contact, amounting almost to 
organic unity, which exists between industry and 
universities on the Continent, and when we see some 
of the results 1n terms of design, production, and sales 
on one hand, and vigorous high-grade academic 
development on the other, we must surely ask our- 
selves whether the system adopted on the Continent 
does not possess certain competitive advantages which 
Britain lacks I have spoken of the apartheid which 
seems to exist in Britain between universities and 
large sections of industry , may this not be due largely 
bo the mere accident that many of our industries grew 
up outside the ambit of scientific and technological 
studies, and should we not see whether ways cannot 
now be found of brmging them together ? 

There ean be no easv or single way of doing this 
But one mnportant need is the creation of the kind 
of climate of opinion in which industry and the 
universities turn towards each other quite naturally, 
&nd cross the gulf which has too often divided them 
hitherto 

Every one who at some stage or other mn his career 
goes into industry, whether ın industrial research 
or in production or general management, and every 
one who goes mto Government scientific establish- 
ments or publie administration, will not only be 
helpmg to bridge the gulf, he will also be able to 
spread. among others the habit and the desire of 
making and maintaining the closest contacts with 
university teaching and university research — Simil- 
arly, those who remain within the university cannot 
unreasonably be asked to remember always the 
valuable help that those im the universities and 
those in industry can give to each other 

I must stress that it 18 not just a matter of domg 
well the research that comes to be tackled, or making 
use of the results of research when ıt 1s done, it 18 a 
question of research-mindedness, at all points: and 
here we come back to the very nature of the actual 
courses which the universities provide Do they 
impart, along with knowledge, and skill in usmg 
knowledge, an adequate appreciation of the role of 
research, of the techniques of doing it, and of the 
importance of a readiness and a right way to apply 
its results ? I ask this not only as regards postgradu- 
ate courses, where one ought to be able to hope 
confidently for an affirmative answer, but even more 
importantly as respects first-degree courses Have 
the men who go out into mdustry straight after taking 
their first degrees—who after all comprise the main 
army of scientists and technologists—have they 
acquired, durmg their undergraduate, traming, a 
sufficient understandmg—I will not say of research 
and of development—but even of design ? Are they 
carrying a hghted flame—a torch with a battery— 
or just a reflector ? 

I do not need to labour the pomt and let me make 
clear that in directing attention, as one particular 
topic that I feel needs special notice, to this question 
of contact m research between science and industry, 
I must in no way be taken as ignoring the importance 
of the more pure, more cloistered, more fundamental 
research that must also go on continuously if the 
well-springs of our science and technology are not to 
dry up These are fundamental to the whole concep- 
tion of scholarship—whether m the arts, or the 
natural sciences In the long run it will be found 
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that the whole future of our civilization depends on 
the insights—I cannot refrain from calling them the 
artistic and creative 1magmations—of a relatively small 
handful of men of genius, the true frontiersmen of 
knowledge. 

I have posed a number of questions—and attempted 
few answers Even some of the questions may be 
wrongly based—or wrongly put. But I hope at 
least that they will be food for thought—and I hope 
also that the course of development in our universities 
and colleges of advanced technology during the com- 
ing years wil be such that the answers to these 
questions become increasingly reassuring. 

I find myself at the end attempting to formulate a 
few general truths which seem to me to emerge from 
this discussion and from the wider experience which 
I have gained in the past four years 

If the general rule must be that research and 
university teaching cannot be divorced, the wider 
development of the subject imphes inevitably closer 
contact between universities and Government re- 
search installations of one sort and another, between 
these and industry, between industries and univers- 
ties, between universities and one another, between 
universities and places of research outside the 
general pattern which cannot conveniently be placed 
inside teaching institutions, between the scientific body 
within one national group and others of the same 
group—even between scientists of opposing groups 
of nations These are not really rival conceptions 
for the organization of research, their rules are com- 
plementary rather than exclusive, and they are in 
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truth part of a smgle complex, of a constantly develop- 
ing conception of a scientific hfe gradually transform- 
ing the body of human society as we know ıt 

But, at the end of the day, 1f I am pressed with the 
familar question of the egg and the chicken, 1f I am 
asked to define the point at which new growth 1s to be 
inserted into the scientific life of which I speak, I 
look, on one side, to the universities to provide the 
new ideas, but I accept the responsibility of Govern- 
ment to supply the initiative and the drive to convert 
these new ideas into actuality. The more I think 
of the problem confronting me as Minister for Science, 
the more I am convinced that the clue to the 
enigma hes m the universities end the colleges of 
technology, and where better to seek the answer to 
the riddle than at the Imperial College, which 1s in 
æ sense both, and at a commemoration festival—an 
occasion when many are gathered together from both 
inside and outside the academic circle. many who are, 
many who have been, and many who will become 
leaders of thought m State, industry and learning 

The founders of the Imperial College, of course, 
visualized it as a centre of learning for a more or less 
centralized empire Already that conception has 
given rise to that of a commonwealth of free and 
independent nations But, speaking for myself, I 
see the centres of learning as something more than 
this These are the true centres of culture m a 
nation By mmproving these we take the shortest — 
indeed the only practical—course towards raising 
the standard of knowledge and civilization of the 
world. 


MEDICAL RESEARCH AND THE NATIONAL INSTITUTES OF HEALTH, 
BETHESDA, MARYLAND* 
By Dr. CARL R BREWER 


Chief of the Research Grants Branch, Division of General Medical Sciences 


HE National Institutes of Health, which began 
in 1887 as a one-room laboratory on Staten 

Island, New York, to-day comprised forty-two 
buildings occupying ninety acres of land in Bethesda, 
Maryland, north-west of Washington, D C 

To understand the role of the National Institutes 
m health research, 15 ıs necessary to understand that 
the United States 1s one of the most health-conscious 
countries in the world, and that the American-people 
have repeatedly expressed, through their representa- 
tives in the Congress, their fervent desire to wipe out 
disease and the crippling effects of discase and to 
help themselves and other nations to a new level of 
healthful well-bemg, and to longer and more pro- 
ductive lives 

That such goals always have been an integral part 
of the American philosophy 1s illustrated. by the fact 
that the US Public Health Service was estab- 
hshed in 1798, that is, 163 years ago That such 
goals run as & theme through all Departments of the 
US Federal Government to-day 18 illustrated by the 
fact that several of these major Departments them- 
selves also support biomedical research, m addition 
to the work done at the National Institutes of Health 
as a part of the Public Health Service and the 
Department of Health, Education, and Welfare 


* Substance of an address given before the International Symposium 
on Microchemical Techniques, at the Pennsylvania State University, 
University Park, Pennsylvania, on August 16. 


The object ıs to give man a better hfe through 
research ın medicine, by which ıs meant the medical 
sciences, the many portions of the biological sciences 
related to medicine, and those portions of the physical 
sciences related to medicine 

I will not go into the statistics related to the 
monetary size of these efforts Figures on the numbers 
of dollars lack meaning 1n themselves The dollars are 
simply the means to the ends of action and results in 
research—and action and results are what we are 
after To help illustrate the point that the American 
people whole-heartedly are supporting the drive for 
better health, the percentage growth in the past 
twenty years is worth mentioning 

Since about 1940, total expenditures for medical 
research in the United States (that ıs, including the 
moneys of private foundations as well as the Federal 
Government) have increased more than 1,500 times 
To-day, the Federal Government ıs supporting 
roughly 55 per cent of all medical research m the 
country, and the National Institutes of Health are 
responsible for about 75 per cent of the Federal 
Government expenditures 

Thus, the National Institutes of Health form the 
largest biomedical research institution in the United 
States, and probably the largest in the world There 
are about 2,000 research scientists and approximately 
6,000 admumustrators, laboratory technicians and 
other employees working at the various departments 
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in Bethesda, Maryland The total programmes of the 
Institutes are divided between the ‘mtramural’ 
activities carried out at Bethesda and the ‘extra- 
mural’ activities under which the organization pro- 
vides grants-in-aid support for biomedical research m 
the nation’s schools of medicme, dentistiy, public 
health, osteopathy, nursing and others, universities, 
and other private research institutions 

During the Fiscal Year 1961 (which ended June 30, 
1961) the mtramural programmes totalled approx- 
imately 85 million dollars 

Principal among the numerous buildings devoted 
to the mtramural programmes 1s the Clinical Center, 
a 516-bed research hospital with 1,100 laboratory 
units and 1,260,400 sq ft of space It employs more 
than 1,500 persons 

During the same year, the extramural programmes 
totalled approximately 475 million dollars (the latter 
having grown from 850,000 dollars in 1946) In this 
connexion, 13,500 research grants, 3,618 trammg 
grants and 4,205 fellowships in the United States and 
abroad were awarded. 

Perhaps ıt seems an over-simplification, but 16 is 
accurate, to say that the National Institutes of 
Health are supporting and/or carrying out 
research in every biomedical science and nearly 
every disease known to man At one extreme, they 
are supporting work on the very origins of hfe—how 
the amino-acids came together to form a primitive 
protemoid, and developmental biology, embryology, 
genetics, and diseases of childhood At the other 
extreme, the biological processes of agemg and the 
rehabilitation and home-environmental problems of 
older people are being examined Literally, we are 
concerned, with hfe from before conception to death, 
and all the stresses which assail man ın his existence 
—organic disease, and psychological and environ- 
mental stresses 

Until 30-40 years ago the major causes of serious 
illness and death were the infectious diseases. These 
diseases received most of the attention of medical 
research because they were the major killers 

Then penicilhn became available, followed by many 
other antibiotics, and while these certainly did not 
end the problems of infectious diseases they drastic- 
ally changed. the overall picture of medical research 

We cannot claim final victory over pathogenic 
micro-organisms because, obviously, they can mutate 
(and there exists, for example, penicillin-resistant 
Staphylococcus), thus, we are left with unsolved 
problems 

On the other hand, ıt ıs the chronic diseases, such 
as heart disease, cancer and others, which to-day 
have become the major killers In the United States 
alone, different forms of cancer kill about 260,000 
persons every year, and heart diseases account for 
nearly 900,000 deaths every year So it 1s these 
diseases which are now attracting major attention, 
along with neurological disorders, arthritis and the 
entire spectrum of metabolic diseases, mental health, 
allergy, and dental disorders, and there we have 
the titles of the seven Institutes at Bethesda Allergy 
and Infectious Diseases, Arthritis and Metabolic 
Diseases, Cancer, Dental Research, Heart, Mental 
Health, and Neurological Diseases and Bhndness 

In terms of scope, the National Institutes have 
recognized the necessity of becoming concerned with 
the entire scheme of man’s existence—the whole 
organism of man 1n relation to disease and his total 
environment, including both the psychological and 
physical 
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As one example of the scope of research, the 
Institutes are providing new and :inereased oppor- 
tunities for such para-medical scientists as anthropo- 
logists, biometricians and epidemiologists to clarify 
the relationships between cultural stresses and 
diseases, for example, as in the relationship between 
the high intake of fat ın certam cultures and the 
incidence of atherosclerosis 

If, for another example, we consider the field of 
psychiatry, we find that ıt, too, 15 expanding beyond 
the limits of the office couch into environmental 
studies, on one hand, and yet also much deeper into 
the part that biochemistiy may play ın the origins 
of, as well as therapy for, mental and/or emotional 
disorders 

As to the depth of our research penetrations, I 
would like to quote Dr James A Shannon, director 
of the National Institutes of Health!  *'Although 
until recently we were limited. m our examination of 
the economy of the body as a whole—its net energy 
balance, the net exchange of foodstuffs, and the 
endocrine factors that were effective in produemg 
changes m these—we are now able to isolate for study 
important specific systems within cells and to define 
with precision many of the discrete steps which 
characterize their activity We can describe the 
components of these systems, quantitate the kinetics 
of the interactions involved, study the effect of super- 
imposed, variables upon these reactions, the products 
of which may be retained or released By other 
techniques we can describe the importance of many 
of these systems to the cell, to the organ, to the organ 
systems and, 1n fact, to the body as a whole" 

The pattern of much of the biomedical research in 
the world to-day ıs the pursuit of a much larger, 
broader, deeper, more integrated body of knowledge 
about basic human biology The National Institutes 
have accepted this charge, and the acceptance of this 
new challenge has found wide expression in all the 
Institutes’ programmes, particularly that of the 
Division of General Medical Sciences 

In effect, the Division of General Medical Sciences 
is the eighth Institute at the National Institutes of 
Health, because ıt functions as an Institute in all 
respects except that there 1s no intramural pro- 
gramme ‘The programmes are devoted entirely to 
grants to the medical schools, universities, research 
hospitals and other private research institutions In 
the research training programme, which also 1s 
oriented toward the basic biomedical sciences, funds 
are provided to the medical schools and other 
mstitutions to aid m the tramuing of new mvestigators 
In the research fellowship programme, awards are 
made to individuals, at the predoctoral and post- 
doctoral levels, to aid the general 1esearch trammg 
development of scientists 

Until recently, nearly all the Division’s research 
grants have been on an individual project basis, and 
the grants of this type in the Division of General 
Medical Sciences alone total approximately 2,000 
One modifieation of this procedure came in the 
establishment of the General Clinical Research Center 
Program which provides funds to medical schools 
and research hospitals The purpose of these grants 
is to broaden and intensify clinical research, par- 
ticularly in the sense of achieving careful quantitative 
measurements of disease The funds go for the estab- 
hshment of discrete facilities or centies for the 
location of beds and laboratories A variety of 
different research projects can be carried on in these 
centres Another modification of the individual 
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Fig. 1. 
project procedure is the new General Research 
Support Grants Program, which was recently 
initiated. This will provide the schools of medicine, 


public health, dentistry and osteopathy and other 
institutions with funds which these institutions may 
then use for the support of their research programmes. 
The feature which principally distinguishes this pro- 
gramme from most other National 
Health and Public Health Service programmes is the 
even greater freedom given the institution in the use 
of these funds. 

The establishment of the Division of General 
Medical Sciences just three years ago was an expres- 


sion of the broader and deeper research approach of 


the National Institutes of Health. The research pro- 
grammes of the Institutes have always involved basic 
research; but for the most part these programmes 
have been oriented to specific diseases. In the mid- 
1950's, there was recognized a need for more basic 
research, and basic research training, which was not 
disease-oriented. The National Institutes began 
making a number of grants for such purposes, and by 
1958 it became apparent that the demand was such 
that a unit should be established especially for the 
administration and management of these grants. The 
reaction of the biomedical-scientifie community to 
this development was such that expenditures for the 
Division’s programmes have more than tripled since 
it was organized. During the past year, these pro- 
grammes totalled nearly 85 million dollars. Further 
recognition of the importance of these programmes 
has come in a recent proposal by President Kennedy 


The National Institutes of Health, Bethesda 


Institutes of 


Maryland, U.S.A, 


to the Congress that this Division be established as 
the National Institute of General Medical Sciences. 

While the Division's activities are generally not 
oriented to specifie diseases, their justification is the 
urgent need for basic biological knowledge essential 
for progress in the conquest of humaa diseases. 

A simple example—but not a simple problem— 
pertains to research in the biological process of 
ageing and, more specifically, to recognition of the 
distinctions between the physiological ageing process 
and the pathological disease process. 

Molecular biology is a field in which the Institutes 
are very active. One is sure that work in this area 
eventually will provide much additional information 
on such problems as rheumatic syndromes, infertility, 
tuberculosis, virus infections, cancer, hypertension, 
schizophrenia and alcoholism, because all these con- 
ditions involve disordered chemical processes of 
cellular metabolism. 

In recent years, of course, modern biochemistry 
has come into its own, with its progress and expansion 
being such that it has fathered a number of sub- 
disciplines and has become integrated into nearly all 
phases of medical research. 

In the field of developmental biology, the Institutes 
are seeking to be as broad and deep as in biochemistry. 
Research is being supported in all phases and aspects 
of structure and function related to genetics and 
reproduction. These would include the germ cells 
and fertilization, the placenta, the feetal fluids, the 
embryo and fetus, teratology, parturition and 
lactation, and special problems of gestation. 


full significance in human biology and in disease. 
Dr. Jack Davies, of Washington University, St. 










at a tremendous rate, but we do not yet know its 


Louis, has said: “How the genetic and environmental 
factors act and interact during development (of the 
-` fertilized. egg) is perhaps the fundamental problem 


E -.0f biology’. The implications with regard to con- 
.. genital malformations and other hereditary diseases 


.. are, of course, obvious. 


“~The work on the deoxyribonucleic and ribonucleic 
. acids is beginning to provide a new concept of man 


and of disease. Among the great amounts of research 
that the Institutes are supporting in this field is that 
by some Israeli scientists on the role of the ribo- 
nucleoprotein complex of the cell in the synthesis of 
antibodies. 

Modern geneticists are beginning to predict that 
man some day may be able to control his own bio- 
logical destiny by influencing the genetic factors. 
This is one of the reasons for emphasis on medical and 
human genetics, cytogenetics, viral and bacterial gene- 
tics, biochemical genetics and genetic ultra-structure. 

There are many other basic fields in which the 
National Institutes are also active. Examples are: 
public health and nursing; biomedical instrumenta- 
tion; research surgery; anesthesiology; bio-organic 
and biopolymer chemistry; biomathematies; and 
biophysics. 

As the American interest in biomedical research 
and improved health is integral to all elements of 
the U.S. Government, so also is it an interest to be 
shared with the other countries of the world, for 
mutual benefit. 

Such an effort has two goals: the first is the inter- 
change of newly developed fundamental knowledge 
among the scientists of the world; and the second 
is the equally substantive advantage in biomedical 
research of learning more about the incidence and 
variable characteristics of specific diseases and also 
general biological phenomena in different parts of 
the world, as related to variations in climate, altitude, 
food, culture and other factors. 

Just a year ago, the President of the United States 
signed the International Health Research Act of 
1960. In general, the Act provides for support of 
research activities in foreign countries, research 
training and fellowships, the making of grants and 
loans of equipment, the support of international 
health research meetings, and the exchange of 
research scientists. 


provided by this Act. Approximately a half this 


amount was allocated for the development of a series — 
_of international centres for medical research and . E 


training, based in United States universities with 
overseas extensions in the form of research laboratory 
training facilities. 

Each of the centres consists of, first, a professional, 
university-based organizational entity which provides 
a stable, continuing framework in which programmes 
of medieal research, research planning and research 
training may be conducted in the United States, and. 


which is associated with the second part. a research — 2 


and training establishment abroad where these 
activities may be pursued under environmental, 
ethnic, and medical conditions which do not prevail 
in the United States. 

The remaining 2-6 million dollars are to be utilized 
by the several Institutes and the Division of. General 
Medical Sciences for the support of research projects 
involving foreign investigators and institutions, and 
directed toward research and research training 
objectives of key significance to these projects. 

The National Institutes of Health recently estab- 
lished an Office of International Research, within the 
office of the Director of the Institutes. This new 
Office has the responsibility of advising the Director 
and the Office of the Surgeon General on the inter- 
national aspects of medical research and research 
training. It also assists the Institutes and the 
Division of General Medical Sciences in the further 
development of international projects, and provides 
a mechanism by which the National Institutes of 
Health can work with international organizations, 
foreign institutions and scientists on a planned, 
predictable, long-range basis. 

In years past, there has been talk about the need 
for an international language. We already have an 
'international language' in the field of biomedical re- 
search. It is a subject which transcends geographical 
boundaries and defies language barriers. It is the 
goal of the National Institutes of Health and the 
whole American Government to improve and expand 
this ‘language’ to bring all the countries of the world 
closer together in the common cause of good health 
for all men. 


! Shannen, J. A. Philadelphia Med., 56 699 (1960). 
* Davies, Jack, Survey of Research in Gestation and the Developmental . 
Sciences (Williams and Wilkins, Baltimore, 1960). 


RUTHERFORD JUBILEE INTERNATIONAL CONFERENCE ON 
NUCLEAR PHYSICS 


HE fiftieth anniversary of the publication of 

Rutherford’s 1911 paper announcing the dis- 
covery of the atomic nucleus was celebrated by an 
international conference during September 4-8 at 
Manchester on what is nowadays called ‘low-energy’ 
nuclear physics. The conference was attended by 
more than four hundred people; its wide support will 


es o. undoubtedly make it the major international meeting 
.; in its field in 1961. 








>c As is usual with these almost annual events, pro- 
gross during the past year was summarized; but on 


this occasion half a day was set aside from the dis- — 
cussion of present problems for a commemorative ^ 
session on Rutherford's discovery. There were 


talks on their reminiscences by Sir Ernest Marsden, 
Sir Charles Darwin, Prof. E. N. da C. Andrade, and 


Prof. Niels Bohr, all of whom had worked with a 
Rutherford at Manchester. Sir James Chadwick was -~ 


present on the platform but did not speak. In 
these talks there came to life a period which to many 
of those present had been a legend they had read 
about only in text-books. Here was the tale of 
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Marsden whom Rutherford told to look for the 
reflexion of «-particles from solids, something which 
neither Rutherford nor Marsden expected to happen, 
but Marsden knew that if the effect existed and he 
missed ıt, that would be the end of him Then there 
was Darwin’s story of collaboration with Moseley, 
whose methods of non-stop work made him not only 
an expert on X-rays but also on where to get a meal 
in Manchester at three o’clock m the morning — Niels 
Bohr closed the session with a few brief remarks m 
which he laid special stress on the central importance 
of Rutherford’s discovery in providmg a testing 
ground for the theorists durmg the development of 
the quantum theory beyond the pomt to which 
Planck and Emstem had taken ıb. 

The remainder of the conference was conducted in 
an atmosphere moulded by the portrait of Rutherford 
which looked down on the participants over coffee, 
and the presence of an exhibition of much of his 
apparatus The complete proceedings will be pub- 
lished soon, so that here there 1s no need to mention 
more than a few topics the selection of which from the 
wealth of material presented 1s to a large extent a 
matter of personal taste 

There was steady progress to report on several 
fronts. The question of the fundamental origin of 
the interaction between nucleons has become clearer 
in recent years with the accumulation of evidence 
that the component of longest range 1s what would be 
expected from the exchange of single m-mesons. 
Further evidence of this effect has now come from an 
extensive analysis of the scattermg of nucleons by 
nucleons in states of high relative orbital angular 
momentum where the centrifugal barrier makes the 
effects of longest range predominate, as 1t should, the 
strength of the coupling between nucleons and mesons 
required turns out to be the same ın neutron-proton 
and proton-proton scattering, and agrees with that 
needed to account for the scattering of x-mesons by 
nucleons The dependence of the long-range inter- 
action on the spins of the nucleons also agrees with 
the theory A new development in the field of 
nucleon—nucleon interactions 1s a direct measurement 
of the strength of the mteraction of two free neutrons 
by means of the reaction D(n,p)2n at low energies 
which 1s strongly influenced by the mteraction of the 
two outgoing neutrons, the first result 1s not far off 
the value to be expected from p—p scattering on the 
grounds of charge-symmetry Another problem 
which 1s at last showing signs of being cleared up is 
the origin of the spin-orbit coupling between two 
nucleons which had been introduced phenomeno- 
logically to account for scattermg at high energies, 
this 1s probably connected with the existence of a 
short-lived quasi-bound state of three m-mesons of 
angular momentum unity—the '3z-resonance'—the 
discovery of which was announced at the conference 
The spin-orbit couphng would arise analogously to 
that which acts between two electrons due to the 
electromagnetic field 

Some fundamental pomts m connexion with the 
shell model are stil bemg elucidated, ın particular 
the origin of the strong spm-orbit coupling seen by 
each particle ın a nucleus, and the existence and 
properties of the low-lymg single particle states 
which are not normally involved in low-energy 
reactions The origin of the spm-orbit coupling 
probably also lies in the newly discovered 31x-reson- 
ance, through a mechanism analogous to the produc- 
tion of the spin-orbit coupling in atoms ‘The low- 
lymg single particle states are now begmning to 
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show up in (p,2p) experrments, the meident protons 
have an energy of about 150 MeV and are able to 
knock a proton out of the target, the spectrum of 
the summed energies of the two emergmg protons 
showing clearly defined peaks corresponding to the 
binding energy of the ejected proton The measure- 
ments on isolated nuclei which were previously 
available have now been extended until the binding 
energy of the lowest-lymg level—the ls—has been 
traced for elements up to atomic number 20 
The same experiments can also give the original 
momentum distribution of the struck nucleon 
from the angular correlation of the emerging 
protons. 

There was much discussion of two aspects of 
nuclei which go qualitatively beyond what can be 
described by the simple shell model built up from the 
picture of individual nucleons moving im a static 
potential well These were the structure of the 
nucleer surface, where there may be important 
clustering effects, and collective motions m which 
many particles partake coherently ın such a way as 
to gensrate an oscillating or rotatmg potential 
well On the structure of the nuclear surface, new 
evidence produced during the previous year supports 
the view that the surface 1s probably more ‘lumpy’ 
than a simple shell model would lead one to expect 
This evidence comes partly from new estimates 
o? the probabilities of a-particle emission ın some 
heavy nuclei on the basis of shell model wave-functions 
which give values smaller by about a factor 10? 
than the experimental ones There ıs also new 
information on the absorption of K- mesons at the 
periphery of a nucleus from bound Bohr orbits, 
where the existence of correlations between the 
nucleons can be detected by the possibility of the 
produeuon of very energetic hyperons in absorption 
mechanisms such as K- + 2 nucleons — hyperon + 
nucleon, m addition to the less-energetic hyperons 
which are emitted ın the process K- + nucleon > 
x-meson + hyperon, which is the only one to occur 
for free nucleons The situation is not clear because 
16 appears that in the light nuclei, 1n contrast to the 
heavy ones, ıt 18 possible to account for the emission 
and absorption of compound particles with a simple 
shell model without recourse to any additional 
clusterng 

The ñeld of collective oscillations 1s still developing 
under the new impetus 16 received from the discovery 
of the 1mportance of particle-hole pairs and of pawmg 
correlasions at the top of the Fermi sea So far most 
of the emphasis has been on quadrupole and octupole 
shape oscillations, and on the giant dipole resonance 
i which the protons oscillate against the neutrons. 
The theory gives the frequencies of collective oscilla- 
tions in terms of the energies of the single particle 
excitations which contribute, and the probabilities of 
occupation of the single particle-levels involved 
Measurements of these properties by means of strip- 
ping reactions now exist m a limited number of 
nuclei, and the collective frequencies calculated from 
them ere found to vary from nucleus to nucleus in 
agreement with the measured values However, m 
the prediction of electromagnetic transition probabili- 
ties the theory 1s still only m semi-quantitative agree- 
ment with experiment 

A. welcome contribution was a talk under the title 
of "Rutherford and Nuclear Cosmochronology", 
by W A. Fowler, who discussed the present estimates 
of the ages of the Earth, the solar system and the 
Galaxy, making use of the known abundances of the 
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elements and of calculations of these abundances 
from the synthesis of the elements m stars and super- 
nove It turns out that where Rutherford im 1929 
gave the age of the solar system as 9 4 x 10? years, 
the best present estimate 18 still as close as 45 x 10° 
years 

The success of the conference amply repaid the 
members of the organizing commuttee for their 
labours Ifthey have one regret, it 18 that the muted 


ENDOCRINOLOGY 


URING the recent meeting at Norwich of the 
D British Association for the Advancement of 
Science a symposium on “Endocrinology and Evolu- 
tion” was held under the auspices of Section D 
(Zoology), with Prof C M. Yonge m the chair 

In the opening paper, Prof E J W Barrmgton 
pointed out that while far too little 18 known about 
the ways m which hormones exert their effects, rb 
seems evident that there must be a closely adaptive 
relationship between the active hormonal molecules 
and then target cells This raises the questions when, 
and ın what circumstances, these relationships were 
first established, questions which are important 
because the answers to them can scarcely fail to 
enlarge our understandimg of the primary functions 
of the hormones concerned He developed this theme 
with particular reference to the thyroid gland, an 
organ which shows a remarkable uniformity of bio- 
chemical organization through the vertebrates, from 
the cyclostomes to the mammals Its characteristic 
iodinated tyrosmes and thyronines are known to be 
produced in the endostyle of the ammoccete larva of 
the lamprey, before this organ has been transformed 
at metamorphosis into the definitive thyroid gland 
It would appear, therefore, that any search for clues 
to the mode of origin of the gland must take us 
outside the vertebrates altogether 

Here we cannot fail to be struck by the fact that 
10dine has long been known to be present, and often 
in great abundance, m many marine invertebrates 
Our knowledge of this phenomenon has been greatly 
extended in recent years by the use of radioactive 
iodine, and by employmg the techniques of auto- 
radiography and paper chromatography These have 
shown that the organically bound iodine of marine 
animals 1s not strictly of a thyroidal character, for 
instead of bemg bound within thyroglobulin molecules 
1b 18 commonly associated with the scleroproteins of 
the skeletal tissues These have been closely studied 
m the Anthozoa and sponges, and ıt has been found 
that their 10dme content may be surprisingly high, 
as much as 10 per cent as compared with the 1 per 
cent of thyroglobulin It seems likely that the 
amount of iodine taken up by the scleroprotein 
molecules depends on their tyrosine content, and that 
1b 18 mainly bound as monoiodotyrosine and duodo- 
tyrosine, although trace amounts of thyroxme and 
truodothyronme have been reported present ın the 
horny skeleton of gorgonids 

The organic binding of 1odine in invertebrates thus 
appears to be a chance consequence of the molecular 
constitution of their skeletal tissues, and this raises 
the question whether there 18 any evolutionary 
relationship between ıt and the highly specialized 
10dination sequences of the thyroid gland We cannot 
be sure of the answer to this, but consideration of 
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space available made 16 necessary to refuse a place 
to many whom they would have liked to have seen 
If some active and distmguished research workers 
feel disappointed at our mability to invite them, may 
we ask them to bear m mind that the places which 
were due to them probably went to representatives of 
isolated institutes for whom these conferences are 
the only real contact with the main stream of research 
in nuclear physics A HERZENBERG 


AND EVOLUTION 


the results of recent work on the protochordates, 
which are known to be closely related to the verte- 
brate lie of ancestry, suggests some interesting 
reflexions Autoradiography has demonstrated the 
occurrence of 1odine binding in certain clearly defined 
cells of the endostyles of ascidians and amphioxus, 
and chromatography has shown that 1odinated tyro- 
sines and thyronines are present in these ammals 
There 18 some evidence that these substances may 
be associated with the specialized outer layer of the 
tunic of ascidians, as well as with the endostyle, so 
that these particular animals may eventually be found 
to show random iodination side by side with the 
endostylar process which foreshadows the eventual 
emergence of a true thyroid gland 

It 1s attractive to speculate that 1odmated products 
arising thus by chance in early chordates might have 
become metabolically available for the animals, by 
ingestion or by transport in the blood stream, and 
that mcreasing dependence on these would have led 
to the evolution of a more efficient biosynthetic 
mechanism in the endostyle At the present time 
this 18 no more than a thought to guide further 
investigation, but we certamly cannot dismiss the 
possibility that the thyroid hormones evolved as a 
result of animals incorporating into their biochemical 
organization substances which were initially presented 
to them as random biological products 

Any discussion of the evolution of hormones needs 
to take account of the fact that they do not act m 
isolation, but as components of highly integrated 
systems of mutually mterrelated glands Prof J M 
Dodd was to have discussed this aspect with par- 
ticular reference to the work of himself and his 
colleagues on the relationship between the pituitary 
and the thyroid, but he was unable to attend, so 
his place was taken by Dr K M Ferguson, who 
began by remarking that although the controlling 
influence of the pituitary over the thyroid, mediated 
by its thyroid-stimulating hormone, 18 well known in 
mammals and amphibians, 16 1s not always so easy 
to demonstrate ıt ın the other vertebrate groups 
Nevertheless, there 1s ample evidence of a qualitative 
nature to demonstrate that this so-called pituitary— 
thyroid axis 1s probably common to the entire verte- 
brate series For example, although neither removal 
of the piturtary nor admmistration of mammalian 
thyroid-stimulating hormone produces significant 
histological changes in the thyroids of adult elasmo- 
branchs, Dent and Dodd have shown that a distinct 
thyroid—pituitary interrelationship exists in the 
immature, newly hatched dogfish, Scylorhinus cam- 
culus, and that its thyroid-stumulating hormone 1s 
probably located in the ventral lobe of the pituitary 

Quantitative evidence 18 scanty, but by using the 
mouse assay of McKenzie ıt has been possible to 
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demonstrate thyroid-stimulating activity in pituitary 
extracts from animals ranging over the entire verte- 
brate series, although at considerably lower concen- 
trations than are foundin mammals Certain features 
of these results, however, present difficulties of nter- 
pretation. For example, a large part of the activity 
is heat-stable, while mammalian thyroid-stimulating 
hormone 1s markedly heat-labile Moreover, measur- 
able activity 18 obtained from the neural lobe, even 
in the mammal, although there 18 every reason for 
regarding thyroid-stimulatmg hormone as a product 
of the adenohypophysis The significance of these 
facts ıs bound to romam obscure until wo are better 
informed of the chemical nature of thyroid-stimulating 
hormone, but ın the meantime ıt 18 necessary to 
remember that glandular extracts may contam a 
large number of contaminants, hormonal and other- 
wise, which are likely to interfere with responses, 
and which cannot be adequately controlled by 
injections of indifferent tissues such as brain or 
muscle It ıs possible, too, that foreign pituitary 
material may set up interfering stress responses, 
while ıt 18 known that the relative thyroid-stimulating 
potency of extracts from different species varies 
according to the choice of the assay anımal 

These considerations combine to make 15 1mpossible 
to deeide whether the apparently low concentrations 
of the hormone 1n extracts of pituitaries of the lower 
vertebrates reflect quantitative or qualitative differ- 
ences It may be, however, that the thyroid-stimu- 
lating hormone molecule has been subjected to bio- 
chemical evolution, but has yet retained sufficient 
community of chemical structure throughout the 
vertebrates to allow pituitary extracts from a wide 
range of donors to stimulate the thyroids of a wide 
range of recipients 

Further aspects of endocrine evolution were brought 
to hghtin Dr J G Phillips’s discussion of the adrenal 
gland There 1s much variation in the gross appear- 
ance of this organ, and 1n the degree of association of 
its two components, the chromaffin and the adreno- 
cortical tissue, but these variations, characteristic of 
each of the main vertebrate groups, mask a remark- 
able constancy in the properties of 1ts secretory cells 
This 18 well illustrated by the steroid hormones of 
the adrenocortical tissue, which appear to be chem1- 
cally identical throughout the vertebrate series, and 
which are involved in homeostatic mechanisms 
contributing 1n one way or another to ensure a con- 
stancy of the mternal medium Nevertheless, this 
fundamental uniformity has not prevented the 
establishment of a wide degree of functional adaptive 
radiation In the sphere of water and salt metabolism, 
for example, these hormones influence tissues such as 
the nephron, the gills of fish, and the skin and bladder 
of frogs, all of which share a common capacity for 
the transcellular conduction of electrolytes and water, 
and which react to adrenocortical hormones in a 
manner determined by the nature of the environ- 
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mental hazards to which the particular species 18 
exposed Thus, marine fish are faced with the problem 
of retainmg water and excreting excess salts, while 
the converse situation confronts freshwater species, 
and these hormones, although not the only factors 
involved, contribute to the necessary physiological 
adaptations by their action on the kidneys and the 
gills In sea-water they promote the excretion 
of excess electrolytes through the gills, and the 
maximal re-absorption of water mn the kidneys, while 
in fresh water they promote the excretion of 
large volumes of dilute urme, accompanied by salt 
retention 

It 1s evident that one important factor in the 
evolution of endocrine systems 1s the possibility of 
change ın the character of the target organs, and Dr 
Phillips illustrated this by reference to recent work 
on the remarkable ability of marme birds to survive 
for long periods the ingestion of fluids which have an 
ionic concentration many times higher than that of 
their body fluids This ability depends on the nasal 
glands situated above the eyes Following the 
ingestion of sea-water, these glands are activated, 
and, as a result of their remarkable concentratmg 
ability, the bird excretes the excess salt through the 
nasal gland without commensurate loss of water 
The action of the adrenocortical hormones 18 one of 
the factors mvolved in this response, and there 18 
evidence that, with the hormones of the neural lobe 
of the pituitary, they arrest the excretion of the 
excess salt through the kidney; this 1s then followed 
by a shift to the physiologically more economical 
method of excretion through the nasal glands There 
is good evidence that the latter are also dependent 
on the nervous system, but at present 1t 18 not possible 
to judge the relative importance of the two forms of 
control It 1s clear, however, that the action of the 
adrenocortical hormones on the nasal glands 1s closely 
analogous with their action on the gills of marme 
fish, for m both cases they serve to promote the 
excretion from the body of excess salt without undue 
loss of water. 

The final paper was given by Dr D B. Carlisle, 
who reviewed some problems of crustacean endo- 
ermology, and this was followed by a lively discussion 
which ranged over such diverse problems as sex- 
reversal in molluscs, the function of mdole derivatives 
in crustaceans, the influence of ciliary feeding m the 
evolution of the thyroid gland, and the possible role 
of adrenocortical tissue m the metamorphosis of 
lampreys. The session as a whole must have done 
much to reassure those who fear that endocrinology, 
with its para-medical background and its esoteric 
terminology, 18 too specialized for comprehension by 
the general biologist, and ıt amply demonstrated 
how widespread are the biological problems which 
are being illuminated by present developments ın the 
comparative study of endocrme mechanisms 

E J W BARRINGTON 


OBITUARIES 


Prof. H. P. Robertson 


Pror. H P ROBERTSON, who contributed to the 
theories of relativity and cosmology, and was a 
member of many Government scientific boards ın the 
Umted States, died on August 26 as a result of 
injuries sustamed ın a motor-car accident His 
death takes from many people throughout the world 


a sensitive, gay and ever-helpful friend as well as an 
experienced and wise counsellor 

He was born in Hoquiam, Washington, on January 
27, 1903, and received his bachelor’s and master’s 
degrees mm 1922 and 1923, respectively, from the 
University of Washington, where he was mtroduced 
to the Emstein theory of relativity by E T. Bell 
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He obtained the PhD degree fiom the California 
Institute of Technology ın 1925 and then spent two 
years in Germany as a National Research Fellow at 
Gottingen and Munich He jomed the Mathematics 
Department of the Califorma Institute of Technology 
as an assistant professor of mathematics for the 
period 1927-29 

Durmg 1929-47 he was at Princeton University, 
occupying successively the posts of assistant pro- 
fessor, associate professor and professor of mathe- 
matical physics In 1947 he returned to the California 
Institute of Technology as professor of mathematical 
physics, a post he held until his death 

Although Robertson devoted most of his scientific 
efforts to the general theory of relativity and to its 
application to cosmological problems, he was inter- 
ested in the foundation of physical theories and the 
application of various branches of abstract mathe- 
matics to physical problems His excellent translation 
of Herman Weyl’s The Theory of Groups and Quantum 
Mechanecs, which he completed in 1931, demonstrates 
his profound knowledge of the theory of groups, 
quantum mechanics and the relationship existing 
between these two subjects 

He was a master in applying the theory of groups 
of motion of Riemannian spaces to problems im 
relativity. His 1933 paper entitled ‘Relativistic 
Cosmology", which appeared in the Remews of 
Modern Physics, illustrates his use of the technique 
In this classic paper he summarizes his own basic 
work and that of others on the consequences of the 
symmetry assumptions made m relativistic cosmology 
and relates these to the astronomical observations 
He afterwards studied the implications of the sym- 
metry assumptions alone, divorcing these from the 
Eunstem field equations The latter work was 
stimulated by the lively controversy over kmematical 
relativity, m which he and E A Milne engaged, and 
appeared m three papers and m the Astrophysical 
Journal (1935, 1936) entitled ‘‘Kinematics and World 
Structure”, 

Robertson’s contributions to relativity should not 
be measured only by his own papers. He engaged in 
extensive discussions with, and participated in the 
work of, others His aid 18 acknowledged by many 
authors, in particular, he played an important part 
in the work of Emstein, Infeld and Hoffmann on the 
equations of motion of smgularities ın the gravita- 
tional fields and published his solution of the equations 
for two bodies with comparable masses obtained by 
these authors 

In 1939 Robertson responded to a call from his 
friend and mentor, R C Tolman, and began his work 
on scientific problems important to United States 
military agencies He stopped his mtensive work m 
relativity, which was just coming to fruition, and 
answered to the demands made on him with 
characteristic vigour He quickly produced a 
scholarly review of work ın terminal ballistics and 
made contributions to this field He took an active 
part in organizing the group that became Division IT 
of the National Defense Research Committee and in 
directing the early work of this group 

He served with the National Defense Research 
Committee from 1940 until 1943 and as scientific 
haison officer, London Mission, Office of Scientific 
Research and Development, during 1943-46 From 
1944 until 1947 he was an expert consultant to the 
Office of the Secretary of War In 1945 he was chef 
of the Scientific Intelligence Advisory Section of 
Supreme Headquarters, Allied Expeditionary Force 
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m Franee. For his war service he received the 
United States Medal of Merit 

In 1950 he was called back to Washmgtou and 
served for two years as deputy director and research 
director of the Weapons Systems Evaluation Group 
of the Department of Defense until 1952. During 
1954-56 he was the scientific adviser to General 
A M Gruenther, the then Supreme Allied Com- 
mander m Europe. For four years beginning in 1956 
he was member at large and chairman of the Defense 
Science Board He was also a member of the Presi- 
dent’s Scientific Advisory Committee 

In addition to belongmg to a number of scientific 
societies, Robertson was a member of the US 
National Academy of Sciences, of which he was 
foreign secretary from 1958 until his death 

Although Robertson never lost his interest in 
working in the theory of relativity and in teaching 
this subject, his many Washmgton duties to which 
he gave himself unstintingly made ıt impossible for 
him to do more than publish a few papers after the 
Second World War In some of these he agam 
reviewed the theoretieal and observational state of 
the theory of cosmology. He was much interested m 
the possibilities of using satellites for experimental 
tests of theories of gravitation and took part in 
organizing, and was chairman of, a conference on 
this subject ın July last at Stanford University 

This review of some of Prof Robertson’s achieve- 
ments and activities must of necessity omit much 
that should be said about him Suffice ıt to say that 
he made his mark m science, 1n service to his country, 
and m the hearts of the many people from all walks 
of hfe who were privileged to know him 

A H. TAUB 


Mr. Lewis Eynon 


THE news of the death on October 18 at the home of 
his son at Stoke Bishop, Bristol, of Lewis Eynon will 
sadden his friends in many countries The sugar 
industry has lost a most experienced analyst, who 
further had done so much to help the analytical 
profession Eynon was born ın 1878 at Stoke 
Newington and was educated at the City of London 
School On leaving there he became a student at 
Finsbury Technical College durmg 1895-99 under 
Prof Meldola He was then appointed a chemist to 
the Beetroot Sugar Association Another Finsbury 
student, J H Lane, was also there with him, and the 
two became partners m 1910 as consulting chemusts 
Having acquired the laboratories from the Sugar 
Association of London, as 16 had then become, 
and also the busmess of the analysis of its sugar 
samples, they had spare time which they used for 
research on sugar, chiefly on improvement of methods 
of sugar analysis Their long search for a sensitive 
internal indicator for use with Fehling’s solution 
for testing reducmg sugars eventually led them to 
methylene blue The result was the Land and Eynon 
method which has become well known throughout 
the sugar world It has eventually been accepted as an 
official method by many countries and also by the 
International Commission 

Eynon obtained many qualifications and held 
many important offices among the various profes- 
sional bodies to which he belonged In 1900 he gamed 
the associateship of the Royal Institute of Chemistry 
and was elected to the fellowship m 1903 A year later 
he graduated B Se at the University of London with 
honours in chemistry For many of the years between 
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1920 and 1949 he served on the Council of the Royal 
Institute of Chemistry, and durmg 1930 he was a 
vice-president. An early member of the Society of 
Public Analysts (later the Society for Analytical 
Chemistry) he served on the Council, was honorary 
secretary durmg 1936-47 and president during 
1947-49 He attended the meeting of the eighth 
session of the International Commussion for Uniform 
Methods of Sugar Analysis, held 1n 1932 at Amsterdam, 
and was elected honorary secretary, in which position 
he remained until the end of the ninth session m 
London ın 1936 He was also chairman of the Pubh- 
cation Committee, responsible for the production of 
the Proceedings for the eighth, ninth, and tenth 
sessions In 1932 he became honorary secretary of 
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the newly formed British National Committee of 
the Commussion, which position he relinquished m 
1948 to become charman ‘This post he held until 
1954 The same year mn Paris at the eleventh session 
of the Commission he was unanimously elected lıfe 
honorary vice-president “m grateful recognition of his 
extensive and valuable services to the work of the 
Commission and for his distinguished. contributions 
to the hterature and practice of sugar analysis” 

At the end of more than sixty years of a very busy 
hfe, he was still the same gentle-mannered man, & 
very kindly character, unassuming and loved by all 
who knew him, his many friends could count on the 
encouragement and help that was always forthcoming. 

H. © S DE WHALLEY 


NEWS and VIEWS 


Nobel Prize for Physics: 
Prof Robert Hofstadter 


Pror ROBERT HorsrADTER, who shares the Nobel 
Prize for Physics with Prof R L Mossbauer, was born 
on February 5, 1915, he received the bachelor of 
science degree from the City College of New York in 
1935, and his PhD from Princeton in 1930 He 
then taught and carried out research at Princeton, 
Pennsylvama, and the City College of New York 
until the war years, durmg which he worked at the 
National Bureau of Standards and the Norden 
Laboratory Corporation. For four years after the 
War he was assistant professor at Princeton, but m 
1950 he went to Stanford as associate professor, 
becoming professor m 1954, and eventually head of 
the department Prof Hofstadter 1s best known for 
his use of high-energy (roughly 1 BeV) electron 
beams to probe the structure of nucleons A know- 
ledge of the form of the meson clouds surrounding 
the proton and neutron has been at the foundation 
of mmportant recent developments m quantum field 
theory It ıs not possible to give an adequate idea 
of this work m a short space, but the success of his 
work 18 perhaps best illustrated by the discussion ıb 
provoked in the United States of the feasibility of 
constructing an electron accelerator of still higher 
energy 


Prof. R. L. Mossbauer 


Tax early recognition of the importance of Prof 
R L Mossbauer's work by a share of the Nobel Prize 
for Physics will give great satisfaction to all physicists 
The recognition might have been even earher if 
Prof Mossbauer’s work, carried out at the Max 
Planck-Institut at Heidelberg ın 1957, had not passed 
strangely unnoticed for nearly two years ‘The 
discovery of what 1s now called the ‘Mossbauer effect’ 
is concerned with the spectrum of the y-rays which 
are emitted by certam excited nuclei It has been 
known for many years that the nuclear levels n many 
cases are extremely sharp, but considermg the prob- 
lems of nuclear recoil and lattice vibrations which 
introduce Doppler shifts, physicists had resigned 
themselves to the conclusion that the very narrow 
y-ray lines which exist in principle would remain for 
ever inaccessible — Móssbauer's achievement hes in 
recognizing that in certain specifie cases, appreciable 
fractions of the y-rays may be emitted undisturbed by 
recoil or lattice vibrations The 1magmnative achieve- 
ment 18 the more remarkable when one considers that 


the theory underlymg the effect has been known for 
twenty years, but the relevant mferences had not 
been drawn The first spate of new results obtamed 
by making use of the Mossbauer effect in experiments 
to test the predictions of relativity theory, to inves- 
tigate the properties of the solid state, the nature of 
magnotism and the properties of some nuclear excited 
states has now subsided, but there can be no doubt 
that the application of the discovery will continue to 
be a subtle tool ın all branches of science 


Nobel Prize for Chemistry : 
Prof M. Calvin, For.Mem R.S 


Pror M Carviw, who has been awarded the Nobel 
Prize for Chemistry for 1961, took his doctorate at 
the University of Minnesota and afterwards spent 
two years at the Umversity of Manchester with the 
aid of a Rockefeller Grant In 1937 Prof. Calvin 
jomed the staff of the University of California. 
Discovery of the long-lived isotope carbon-14 during 
the War (prior to which only the short-hfe isotope 
earbon-ll had been available) provided an oppor- 
tunity for a comprehensive study of the intermediates 
of photosynthesis which was immediately realized 
by Prof Calvin Success came when the isotope 
technique was combined with the then recently 
discovered paper chromatographic method of analy- 
sis In work with A A Benson and later others, the 
first product of the photosynthetic fixation of carbon 
dioxide was shown to be phosphoglycerie acid and 
for the first time the mportance of the pentose and 
heptulose phosphates ın photosynthesis was realized 
Calvin postulated a sequence of reactions constituting 
the ‘photosynthetic cycle’ in which these compounds 
formed a synthetic cycle for the mcorporation of 
carbon dioxide. About the same time essentially 
the same reactions were shown to play an umportant 
part ın the respiratory process (the pentose phosphate 
shunt) not only of plants but also of ammals The 
mterests of Prof Calvm’s group have now moved 
towards the mvestigation of the basic mechanism 
by which hght energy is converted into chemical 
energy ın the chloroplast of the green plant Attempts 
have been made to devise model systems m which 
light energy can be converted to chemical energy 
with high efficiency, thus necessitating an extension 
of the earlier studies of the photochemistry of dyes 
Prof Calvin was elected a foreign member of the 
Royal Society m 1959 
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Nobel Prize for Physiology : 
Dr. Georg von Békésy 


THE awaid to Dr Georg von Békésy of the 1961 
Nobel Prize for Physiology gives recognition to a 
remarkable achievement ın the field of experimental 
biophysics Dr Békésy has had an unusual career 
Born in 1899 in Budapest and educated at the 
Universities of Bonn and Budapest, he has, since 
1949, been senior research fellow m psychophysics at 
Harvard Hoe has displayed outstandmg skill as an 
experimenter, devising at all stages of his work new 
technical equipment, mechanical, optical and elec- 
trical, of great ingenuity His first remarkable con- 
tribution was a penetrating analysis of the vibrational 
responses to pure tones of the basilar membrane of 
the human cochlea A later outstanding achievement 
was his use of vibrating electrodes to explore and 
reconstruct the patterns of amplitude and direction 
of vibration induced ım mmdividual cell elements within 
the cochlea in response to pure tones of varying 
frequency and intensity His papers, written in clear, 
concise and graphic language, have exercised a pro- 
found effect on our concepts of the peripheral 
mechanism of hearing An edited selection of his 
earher German papers has recently been translated 
into English by Prof E G. Wever, one of his American 
colleagues, and republished together with others in 
book form, Experiments ın Hearing This 18 a sub- 
stantial volume of 750 pages and incorporates a 
representative bibhography of the author's papers 
In 1961 Dr von Békésy was awarded the Gold 
Medal of the Acoustical Society of America 


The Education Bill in Great Britain 


THE Education Bill which received its second 
reading in the House of Commons on November 13, 
has two purposes The first 18 to provide statutory 
authority for the reforms in the system of grants to 
students which were announced following the report 
of the Anderson Committee, the second 18 to reduce 
to two the number of school-leaving dates m the 
year, as recommended by the Central Advisory 
Council for England and Wales in the Crowther 
Report In moving the second reading of the Bull, 
the Minister of Education, Sim David Eccles, said 
that the local authorities, with which he had fully 
discussed the provisions of the Bull, readily accepted 
that the time had come to make the awards automatic 
when the student had both the qualifications and a 
place at a university, and Clause 1 laid this duty on 
the authorities as from September 1962, and gave 
the Mimster power to define the extent of the duty. 
Sur David said that he had accepted the Anderson 
Commuttee's recommendation that the quahfiestions 
for an award should be two A-level passes in the 
General Certificate of Education, but it 1s necessary 
to provide for further qualifications which students 
may gain as they advance in technical colleges 
Clause 2 ensured that local authorities had full dis- 
eretion to make awards for further education courses 
below the standard comparable with first-degree 
courses 

The second fundamental principle of the new 
system is uniformity of treatment Sir David said 
that local education authorities now generally accept 
for the student’s own maintenance during term the 
standard figures reviewed at intervals by their 
representatives and the Ministry In future there 
would be nationally prescribed rates and conditions 
of grant bmding on all authorities for all items of a 
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student’s grant which could be dealt with in this 
way It was proposed to retain the means test in a 
relaxed way which would relieve about 10,000 more 
famihes from all contributions and those in the 
middle range of comes would pay substantially 
less Grants for students m teacher-tramimng colleges 
would be calculated 1n the same way as for university 
students, and those for students in technical colleges 
taking full-time courses comparable with degree 
courses would be smnilarly calculated The standard 
vacation grant had been revised and now applies 
throughout the income range of parents, while con- 
ditions for dependants’ grants have been revised and 
broadened Students may keep up to £100 of private 
income, including mcome from scholarships and 
prizes, without deduction from their grant, and the 
Minister said he had appointed a Standing Advisory 
Committee with Si Francis Hull as chairman to 
advise on matters relating to the size of the giant 
and the defimtion of ‘comparable courses’ The 
Committee had been asked to recommend revised 
rates of grant early in the New Year 

Sir David said that under our present policies, the 
cost of education in Britain 1s rising at about 5 per 
cent & year, and awards to students now cost £35 
mulion a year What is proposed under the Bull 
would add a further £10 million To abolish the means 
test altogether would add another £10 million, and Sir 
David said that if he and the Secretary of State for 
Scotland were allowed to spend a second £10 million, 
they thought they could spend 1t to better advantage 
in other parts of the service Under Clause 3 of the 
Bil, State Scholarships would disappear, but the 
Mimster intends to retam the scheme for mature 
State scholars, and his powers to operate the State 
studentship scheme of awards for postgraduate 
students im arts subjects are also contmued As 
regards school leaving, under the Bill a child who 
reaches fifteen in the months September-January 
must stay at school until the end of the Easter 
term, if he reaches fifteen afte: the end of January, 
he must stay to the end of the summer term The 
Bil also applies to Scotland the automatic awards, 
uniformity of treatment, revised mcome scale and 
other improvements, but the Scottish Education 
Department will itself make the awards to students 
m universities and similar institutions of higher 
education 
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Scientists and Engineers in the U.S. Federal 


Government 


A REPORT, Scientists and Engineers «n the Federal 
Government, October 1958 (NSF 61-43. Pp. vi--44 
(Washington, DC Government Printing Office, 
1961) 35 cents), issued by the Nationa) Science 
Foundation, also meludes some data on trends m 
Federal employment of scientists and engmeers since 
the previous report (covermg the year 1954) In 
1958 the Federal Government employed about 8 per 
cent of all full-time ‘white-collar’ workers, an increase 
of 20 per centon 1954 Of these 121,000, 55,000 were 
engineers, 21,000 were biological scientists and 18,000 
physical scientists The Department of Defense was 
the largest employer, and some 75 per cent of the 
total were employed outside the District of Columbie 
About 42,000 were engaged m research and develop- 
ment, more than half being in the Department of 
Defense and 20 per cent in the physical sciences 
About 100,000 technicians were employed by the 
Federal Government, 35,000, meluding 21,000 on- 
gaged in nursing, being employed m the health fields, 
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12,000 were employed in biological and less than 
5,000 in the physical sciences, and of the total, less 
than 15,000 were engaged ın research and develop- 
ment, about half of whom were employed by the 
Department of Defense, mostly (86 per cent) £s 
engineering or mechanics technicians 


Nationa! Health Service 


OVERSEAS interest in the British National Health 
Se: vice has led the Pharmaceutical Society of Great 
Britain to prepare an informative booklet which aims 
to identify the historical roots from which the present 
Ser viee has grown, to explain a little of the complex 
financial basis, to describe the general structure, and, 
in more detail, the pharmaceutical services (The 
Britesh National Health Service. a Short Survey with 
particular reference to the Pharmaceutical Services Pp. 
u-+22 London The Pharmaceutical Press, 1961 55) 
Mention 18 also made of the main findings of some of 
the committees that have deliberated from time vo 
time on the various problems affecting the Service 
Although the booklet aims especially at supplymg 
information to pharmacists and others overseas, ib 
may also provide a suitable mtroduction to the 
intricacies of the profession for newly qualified 
pharmacists or pharmacy students in Britam. It 
should also serve as a refresher course for those 
pharmacists who, although familiar with the day- 
to-day forms and procedures of the Service as ıb 
affects them, are sometimes less sure about the 
general structure of which they form so integral a 
part 


The United Kingdom and the Common Market 


UNDER the title The Common Market and the 
Umted Kingdom the Westminster Bank, Ltd, has 
issued an admirable concise guide to the European 
Economic Community and the possihle effects on 
Britain of membership (Pp 30 London Westmm- 
ster Bank, Ltd., 1961) After a brief mtroductzon 
which notes the complications arising out of Britain’s 
position in the Commonwealth, her obligations to the 
European Free Trade Area and the special problem 
piesented by agriculture, the pamphlet describes the 
European Economic Community, its organization 
and progress and then seeks to assess the effects 
on the United Kingdom of entry into the Common 
Market, including the effects on mdustry, on agri- 
culture and on the consumer 


The Polish Academy of Sciences 


Ix the Review of the Polish Academy of Scvences for 
January-March 1961 (No 1, Vol VI), W Nowaclai 
assesses the research plans of the Academy's agencies 
for 1961-65, and S Zolliewski the present state of 
the social sciences and the humanities m Poland. 
Besides B Swietochowsk1’s account of the scientific 
work of the Wroclaw Agricultural College, which 
includes a full bibliography, the Review includes 
notes on the several research centres for thermo- 
energetics, forestry research, pharmacological research 
and general theory of organization and on the Institute 
of Biochemistry and Biophysics and the Basic Raw 
Material Research Centre of the Institute of Physical 
Chemistry 


Nature Conservation in Western Malaysia 


A SPECIAL issue of the Malayan Nature Journal 
has been prepared to mark the twenty-first anni- 
versary of the Malayan Nature Society ("Nature Con- 
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servation in Western Malaysia", 1961 Edited by J 
Wyatt-Smith and P B Wycherley. Pp vin+261+ 
44 plates Kuala Lumpur The Malayan Nature 
Society, 1961 Soft back, 12s 6d ; hard back, 17s 6d) 
It contains forty-five articles by forty-one contribu- 
tors dealing with such topics as the Malayan Nature 
Society, 1940-61, conservation and education, the 
Malayan Forest Department and conservation, river 
control and conservation in Malaya, conservation 
problems of Malaya’s hill stations, conservation in 
Penang; nature protection m North Borneo, ferns 
in Singapore, lmmestone hills near Ipoh, Batu caves, 
Kuala Lumpur, cave archeology in Malaya, the 
distribution of elephant, rhinoceros, seledang and 
tapir in the King George V National Park, Malaya, 
the Shwe U Daung, a rhinoceros sanctuary in Burma, 
the Udjung-Kuelon Nature Park, Java, Mount 
Kunabalu, North Borneo, and the Bako National 
Park, Sarawak There are also a number of articles 
dealing with wild-hfe conservation in other lands 
E J H Corner, now reader in taxonomy at the 
University of Cambridge, and formerly assistant 
director of gardens, Strarts Settlement, Simgapore, 
contributes a stimulating mtroduction. 


Insects as Social Animals 


Tx fourth congress of the International Union for 
the Study of Social Insects was held in Pavia, during 
September 9-14, at the mvitation of the president of 
the Italian section of the Union, Prof Carlo Jucci 
Some two hundred people took part and 72 papers 
were read There were symposia on endocrinology, 
caste differentiation, symbiosis and gregarism, and 
sections devoted to bees and wasps, ants and termites 
Among the contributors were Prof P -P Grassé 
(evolution of symbiosis in termites), Prof C Jucci 
(comparative endocrinology of social insects), Prof 
M Luseber (hormonal regulation of development in 
termites), Prof K Gosswald (acceptance and rejection 
of radioactive markers by solitary and social insects), 
and Prof J B S Haldane (statistical analysis of some 
data on ant and wasp behaviour) A well-arranged 
exhibition was another feature of the congress This 
meluded historical documents relating to earlier 
workers on social mnsects—-Grassi, Silvestri, Forel and 
others, scientific exhibits ranging from photographs 
of African ant-galls and Australian termite mounds, 
to anatomical preparations, and a section on control 
measures, which ineluded exhibits showing the pro- 
gress of termite control m Italian libraries, and the 
successful introduction of the wood ant, Formica rufa, 
for the biological control of pests ın Italian forests 
The proceedings of the congress are to be published 
in the series Symposia Genetica of the L Spallanzani 
Zoological Institute, University of Pavia 


Leucocyte Migration in Inflammation 


Sr Howard Florey and L H Grant, ın an article 
appearmg in a recent issue of the Journal of 
Pathology and Bacteriology (82, No 1, July 1961), 
report investigations of the passage of leucocytes 
through the walls of blood vessels inflamed by 
ultra-violet hght in rabbit tissues using electron 
microscope techniques No clear morphological 
evidence was obtained that the surface of the endo- 
thelium became ‘sticky’, although occasionally elec- 
tron-dense material was seen in relation to the 
endothellum The leucocytes penetrate the endo- 
thelium by thrusting out pseuclopodia, possibly down 
cell junctions, and passing through until they reach 
the basement membrane, collagen fibres and pre- 
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endothelial cells It would appear that they then 
usually move parallel to the endothelium until they 
gain exit to the surrounding connective tissue. The 
granules of the polymorphs do not seem to undergo 
any changes durmg migration Monocytes behave 
in the same way as polymorphs Vacuoles of unusual 
appearance are seen im the endothelium after ultra- 
violet stimulation but not after mechanical ‘insult’ 


Chalk River Atomic Energy Instrumentation Con- 
ference 


THE complete set of five parts of the proceedings 
of the Sixth Tripartite Instrumentation Conference, 
which was held at Chalk River, Ontario, during 
Apri 20-24, 1959, is now available (Edited by J E 
Woolston and S J. Townsend Part 1 Reactor 
Instruments Pp x1+214 #46 dollars Part 2 
Radiation Dosumetry Pp x1+145 3 dollars Part 3 
System and Component  Rehabity Pp vin+19 
1 dollar Part 4 Instruments for Nuclear Physics 
Pp x1+212 5 dollars Part 5 Radzation Detectors 
Pp 1x+ 76. 2dollars Chalk River, Ontario Scientific 
Document Distribution Office, Atomic Energy of 
Canada, Ltd, 1960 15 dollars the set) The par- 
ticipants consisted of members of the United King- 
dom Atomic Energy Authority, Atomic Energy of 
Canada, Ltd, and various scientific and industrial 
laboratories 1n the United States of America Some 
of the articles are abbreviated, but the discussions 
are given in full Part 1 (thirty-one contributions) 
deals with reactor instruments and includes brief 
reviews of reactor instrumentation practice m the 
United Kingdom and at Savannah River In the 
first three articles in Part 2 (twenty-nine contribu- 
tions), which 1s concerned with radiation dosimetry 
and health instruments, descriptions are given of the 
health-physics instrumentation at the Brookhaven 
National Laboratory and at the Hanford Atomic 
Products Operation, Richland, and of radiation dosi- 
metry at Chalk River Part 3 (five contributions) on 
system and component reliability includes a summary 
of the reliability performance of equipment at Har- 
well durmg 1953-56, and an analysis of the com- 
ponent failure at Chalk River during 1956-59 A 
wide range of electronic, meluding transistorized, 
equipment is covered in Part 4 (thirty-three con- 
tributions), which deals with instruments for nuclear 
physics, and in Part 5 (fourteen contributions), on 
radiation detectors, various forms of ionization 
chambers, fission chambers, scintillation counters and 
semi-conductor radiation. detectors are described 


Artificial Earth Satellites 


THE memoir, “Artificial Earth Satellites", recently 
issued. by the Radio-Electronics Section of the British 
Astronomical Association (39, No 2, August 1961 
Pp vin+160 Hounslow West, Middx British 
Astronomical Association, 1061 20s, 3 dollars), 1s 
divided into two sections The first section (con- 
tributed by J Heywood) 1s devoted, first, to an 
introductory survey of Earth satellites, and secondly, 
to a hstorieal review of the radio measurements 
made by members of the British Astronomical 
Association ard Radio Society of Great Britain on 
Sputmks 1 and 2 The second section (contributed 
by var ous authors) 1s concerned with the techniques 
of visual and photographic satellite observation, the 
use of charts for the prediction of satellite positions 
and the graphical der:vation of apparent tracks foi 
satelhtes The memoir, compiled ard edited by J 
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Heywood, should be of interest to all amatem 
observers of artificial Earth satellites 
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University News London 


THe title of professor of theoretical physics has 
been conferred on Dr P T Matthews, in respect of 
his post at the Imperial College of Science and 
Technology The following have been appomted to 
readerships Dr K A Kermack, vertebrate palæon- 
tology at University College, C H Lack, bacteriology 
at the Institute of Orthopedics, Dr J E Prentice, 
geology at King’s College, Dr M Schacter, physio- 
logy at University College, Dr Gordon Smith, 
virology at the London School of Hygiene and 
Tropical Medicme, Dr Maynard Smith, zoology at 
University College, Dr G L Watson, mathematics 
at University College 

The Research Report 1958-61 of the City and 
Guilds College gives a very readable account of the 
work carried out in the five engineering departments 
of the Imperial College of Science and Technology— 
Aeronautics, Chemical Engineering and Chemical 
Technology, Civil Engineermg, Electrical Engineering 
and Mechanical Engineering (Pp v+96. London 
Imperial College of Science and Technology, City and 
Guilds College, 1961) While the account makes clear 
the umportance of the contribution of the College to 
present-day technological advances, ıb 18 left for the 
reader who 1s interested in particular researches to 
approach the relevant Department direct for further 
information No names of those responsible for the 
various researches are given, nor 1s a list of published 
papers included 


Announcements 


THE Imperial Forestiy Institute at Oxford has been 
re-named the Commonwealth Forestry Institute. 


THE next symposium of the Society for the Study 
of Development and Growth will be held durmg 
June 24-27, 1962, at “Asilomar”, Pacific Grove, 
Monterey Peninsula, California The subject of the 
symposium will be “Cytodifferentiation and Macro- 
molecular Synthesis" 


THe Council for Nature 1s organizing two seven- 
day courses on natural history at its Brantwood 
Centre, Coniston, Lancs, durmg May 12-19 and 
May 19-26 The courses are intended primarily foi 
amateur naturalists Further information can be 
obtamed from Stanley Jeeves, Council for Nature, 
Brantwood, Coniston, Lancs 


ERRATA The structural formula of 3-methy]-7- 
chloro-1,2,4-benzothiadiazine-1,1-dioxide (SRE 95213) 
was misrepresented in the letter entitled “A Non- 
diuretic Benzothiadiazme with Anti-hypertensive 
Properties” which appeared on p 176 of the October 
14 issue of Nature The correct formula 1s 

N 
N N 
| C— CH, 
| 
| Xu 
a’ NA Ngo, 


IN the communication entitled “Preparation 
and Determination of Sulphosalicylo-soluble Pro- 
teins using Tannin’, by Prof W  Mejbaum- 
Katzenellenbogen e£ al, ın Nature of October 21, 
p 262, par 2, last hne, fo: “an appropriate con- 
version factor should be used” 1ead “no conversion. 
factor should be used”. 
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THE WATER RESEARCH ASSOCIATION 


NEW RESEARCH STATION 


OTT HE Water Research Association (director, 
C 704€ Dr. R. G. Allen) invited its members on Septem- 
em ber 20 to inspect the permanent Research Station on 
the River Thames at Medmenham, in Buckingham. 

shire, into which it moved earlier this year. The 
Association was founded by water undertakings and 
cic Is now in receipt of grant-aid under the scheme for 
5o dndustrial Research Associations operated by the 
Department of Scientific and Industrial Research. 

_.. Previously it had been in temporary accommodation 
| . at Redhill, and with the move into specially designed 
buildings on a site where there is a plentiful supply of 
Yaw water, and provided with appropriate facilities 
| for experimentation, it can be seen that the organiza- 
| v tion has now attained its full stature as an established 

^ Research Association. 

The removal to new laboratories made it possible 
both to extend the scope of the research on hand and 
to begin programmes in new fields. The internal 

organization was expanded to comprise the following 
eight divisions: chemistry; physics; biology; hydro- 
logy; plant process; information; workshop services; 
administration. Thus there are now staff and 
facilities for work on every technical aspect of 

“providing potable water. 
|» Perhaps the most interesting structure in the new 
(0 buildings is the Pilot Plant Laboratory, which has a 
total floor area of about seven thousand square feet, 
|o with a maximum roof height of thirty-six feet. This 
-laboratory is intended primarily for the testing of 
—. equipment. and techniques on the industrial scale; 
raw water is brought in from the River Thames and 
the construction and fittings are designed specifically 

for such work. 
Specialized laboratories include those for physics, 
* and for physical chemistry, general chemistry, coagula- 
tion chemistry, chemical instruments, microbiology 
and hydrology. There is a well-equipped machine 
“shop. The library is being enlarged with the object 
“of maintaining a unique collection of the literature 
-> relating to certain technical aspects of the water 
“industry which are not indexed together elsewhere. 








Chemistry Division 


~~ In the Chemistry Division the main work has been 
c 0n the use of coagulation in water treatment. In 
this commonly used chemical process the fine sus- 
pended particles of clay which cause turbidity in water 
are made to coagulate into a floc of larger particles 
by the addition of a coagulant such as aluminium 
sulphate, and are then removed comparatively easily 
by settlement. 
— This investigation has thrown a completely new 
light on the mechanism of coagulation. It has been 
found that the range of values of pH in which the 
= -coagulation process is most efficient in removing 
= . turbidity corresponds to that in which the hydrolysis 
« product is most rapidly flocculated, that concentra- 
. . "tions of various coagulants which are equivalent in 
. terms of aluminium concentration are not equivalent 
^ in terms of coagulant efficiency, and that there is at 
least a rough relationship between the relative 











coagulant efficiency and the amount of hydrolysis 


produet that is precipitated immediately on reaction — , 
of the coagulant with water. This suggests that the __ 


mechanism of the olurfioabion of turbid water is not 


coagulation in its true sense; the only coagulation . 
that takes place is that of the. hydrolysis product, 
and the clay particles which constitute the turbidity 
are carried down in the mass of flocculating hydroxide | 


particles. The precise nature of the interaction 
between the clay and the hydroxide is not yet clearly : 
understood, but is being investigated. 

A number of coagulants have now been studied i in 
some detsil and other coagulants and materials 
assisting the coagulation process are also being - 
evaluated. 

Coagulation processes are also used for the removal | 
of colour from water. To provide the quantities of : 
the colourmg matter (complex organic acids derived 
from soil humus) required for research, a technique 
has been developed in which this material can be 
isolated from raw Thames water at rates of flow 
of up to 100 gallons per hour. It is proposed in the near 
future to begin isolating the organic colour from a 
number of raw water sources in addition to that on 
the site, and to study the way these materials behave 
in floceula£ing systems. 

An analytical section has been established within 
the Chemistry Division, and is making a systematic 
study of methods used in the analysis of potable 
waters. ‘This section will investigate new techniques . 
for the measurement of every aspect of water quality, 
and this experience will be of great value if eventually 
a water quality network is established in Britain, — 
similar to that which operates in the United States 
of America. 


Physics Division 
The Physics Division is concerned with all the 
physical aspects of water distribution. Its principal 
research programmes at present relate to the applica- 
tien of plastic materials to the construction of water 
mains and service pipes, to methods of instrumenta- 
tion (particularly for the detection of leaks) and to 


mathematical analysis of flows and pressures in Mer a 


distribution networks. 


In an investigation on plastie pipes it is hoped. t to E = oe 


establish optimum design criteria for long-term 
service. Plastics react to variations of stress and 
temperature in a more complicated way tha 
and steel, and as their long-term strengths. are not. 
precisely known, deliberately conservative ratings 
are now being used. 


variations of pressure in plastic water-distribution - 


mains, employing accelerated tests, and the present — a | 
programme relates to the measurement and speoifica- — 


tion of impact strengths. The impact resistance must 
of course be high enough to withstand reasonable 
shock loads in transit, when being laid, or when other 
services are being installed in the ground alongside. 

It is estimated that leakage from water distribu- 
tion systems in Britain exceeds 10 per cent of the 












Progress has already bean 2 
made towards determining the long-term effect of ^ 
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The new Research Station of the Water Research Association, at Medmenham, near Marlow, Buckinghamshire, The grounds 


extend nearly to the River Thames, from which water is taken for experimental purposes 


input, and a strong economic demand exists therefore 
for a device which will accurately locate leaks from 
buried water mains. The object of the programme 
in this respect is to develop a telemetering system in 
which an instrument carrier will be drawn along 
inside the pipeline and will transmit readings to an 
observer on the ground surface. Plunger devices 
(termed ‘ferrets’, ‘go-devils’ or *pigs') which are driven 
through distribution mains by the fluid pressure are 
already in use for cleaning and other purposes, and 
such devices would also be suitable for carrying 
instruments. The first phase of the programme has 
therefore been the development of suitable signalling 
equipment, and devices have now been demonstrated 
which transmit a magnetie signal from a small piece 
of equipment inside a buried pipeline of any material 
including iron and steel, through the earth or other 
top filling, to light-weight portable receiving equip- 
ment. 

While the work on the development of à complete 
telemetering system continues, the method of trans- 
mitting a signal from inside a buried pipeline is being 
put to good use in the design of a device to detect the 
position of a ‘ferret’ in service. This has now reached 
the prototype stage. An electro-magnetic beacon is 
attached to the ‘ferret’, so that its position can be 
found by moving the receiving equipment until the 
signal is loudest. It has been a major objection to 
the use of ‘ferrets’ that if they should stop in the pipe- 
line it might be a very difficult matter to find and 
recover them, and a reliable ‘ferret’ detector should 
encourage their wider use. 

As areas of water supply are extended, and rising 
demand brings many of the supply mains nearer their 
limits of capacity, it becomes increasingly important 
that it should be possible to calculate pressures and 
flows rapidly and accurately under existing and post- 


ulated conditions of supply and demand. Such 
calculations are altogether too time-consuming to be 
done by hand, and investigations have therefore been 
made of the use of both analogue and digital com- 
puters to produce methods of rapid and precise 
computation, 


Plant Process Division 


The Plant Process Division was set up when the 
Association had moved to its new establishment. 
The present programme is as follows: to investigate 
existing water-treatment processes; to develop from 
the findings of the Chemistry Division new processes 
which may be applied to full-scale waterworks plant; 
to investigate particular problems which may occur 
in the plant of members of the Association. 

The equipment which is at present being designed 
will occupy a large part of the Pilot Plant Laboratory, 
and will include two treatment processes, one as & 
standard of reference. It will be large enough to 
ensure that the processes developed in it can be 
transferred to full-scale plant without further 
difficulty, while still being small enough to be flexible 
in operation. This plant will use raw water from the 
Thames at a maximum rate of about a thousand 
gallons per hour, 


Hydrology Division 

The study of hydrological problems is the responsi- 
bility of another newly established Division. The 
work of the Water Research Association in this field 
is part of an integrated national programme, and its 
present aims are: to encourage the improvement, 
both in quality and quantity, of hydrological measure- 
ments made by water undertakings; to advise the 
water undertakings in membership on ways of using 
their own hydrological data; to co-operate in the 
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scientific study of evaporation and rainfall measure- 
ments 1n upland catchment areas of the British Isles 

The Hydrology Division 1s devoting its main 
attention at present to surface waters The water 
industry ıs immediately interested ın calculating 
effective reservoir capacities, and in the effects of 
different types of land use on water yield Several 
continental countries and the United States of 
America have made considerable progress in this 
respect and their results, although not directly apphe- 
able to the very different conditions in Britain, 
suggest a number of ways by which substantially 
increased yields might follow if the necessary data 
were determined and applied The research aspects 
of the work of the Hydrology Division work are 
designed to assist ın this. 

In addition, since 30 per cent of the raw water 
taken by water undertakings in the British Isles 
comes from underground sources, these must be 
assessed as regards their long-term yield in terms of 
infiltrating rainfall Natural replenishment by this 
means 18 a very slow process, but artificial replenish- 
ment by pumping from surface water sources offers 
storage at low capital cost This method 1s already 
in use in Sweden, Germany, The Netherlands and the 
United States of America, the Association’s pro- 
gramme provides for research to assist m collecting 
reliable data and overcomimg technical difficulties 
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Biology Division 


The biological aspects of the water supply process 
are clearly of the utmost importance, not only because 
biological purity 1s required equally with chemical 
purity but also because biological as well as chemical 
processes are employed in water purification 

The Biology Division has only recently been estab- 
lished, and 1s still engaged on a prehminary examina- 
tion of the problems. It ıs expected that ıts first 
programmes will be concerned with aspects of water 
sterilization, with the development of faster tech- 
niques for bacteriological exammation and with the 
control of algae in stored waters 
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Information Division 


The objects of the information services are to see 
that new mformation from all sources 1s readily 
available to members, to provide assistanée with 
day-to-day problems where the necessary information 
already exists, and to mamtam communication with 
the water industry, other research establishments 
and other organizations with appropriate interests 
throughout the world 

In addition to the material supphed to staff and 
members bv the library, numerous technical inquiries 
from members are answered The staff of the Associa- 
tion ıs 1n a position to accumulate extensive experi- 
ence of such problems, to maimtain contact with 
specialists and to keep abreast of tho published 
information 

The problems presented are normally within the 
experience of the technical staff of an undertakmg 
but outside their special province ‘They cover a 
very wide -ange of topics, a typical selection might 
include complex cases of corrosion, attacks by msects 
(even on palythene water-supply pipe), the infestation 
oZ water supplies by various organisms, the chemical 
contamination of supplies, and such practical prob- 
lems as the protection of reservoirs from birds 

In addition to 1ts technical papers the Association 
publishes « periodical, Water Research News 


The Future 


In its recent annual report, the Council of the 
Water Research Association comments “It is now 
apparent that considerable changes will be required 
in the nation’s water systems if the rapid increases 1n 
agricultural and mdustrial demands are to be met 
everywhere The techniques of every stage of the 
water supply process are open to review, and a large 
part of the work must properly fall on the Water 
Research Association” 

A visitor to the Water Research Association will 
realize that this consideration underlies all the plan- 
ning at the new Research Station 


MUSCLE RECEPTORS 


HIS year the University of Hong Kong, as part 
of its golden jubilee celebrations, held six 
symposia durmg September 11-16 Ono of these, 
under the chairmanship of Prof. Ragnar Granit 
(Stockholm) was on muscle receptors It was 
organized by Prof D Barker, professor of zoology 
There were about thirty participants, who represented 
both the physiological and histological aspects of 
work on receptors in mammalian muscle The muscle 
spindle was considered from many angles and the 
papers, which ranged from accounts of the exacting 
work of electrical recording and single nerve fibie 
stimulation to details of the mtricate structure of 
spindle innervation were given to full audiences and 
provoked lively discussions 
Prof Granit opened the proceedings with a sum- 
mary of much of the earlier work and a statement of 
some of the outstanding problems A special lecture 
by Sir John Eccles (Canberra), who was unable to 
be present, on the ‘Central Connections of Muscle 
Afferent Fibres”, was read by Prof A K McIntyre 
(Otago, New Zealand) In the papers and demonstra- 


tions that followed, evidence was given of new 
advances which we may expect to see developed 
farther in the future H Shimazu and T Hongo 
(Tokyo) rected attention to brain-stem influences 
on the motor supply to muscle spindles, while E 
Eldred (California) spoke of cerebral influences 
McIntyre considered that any discharges passing up 
muscle nerves and reaching the cerebrum probably 
eame from Pacinian corpuscles and jomt receptors 
and, not from spindle primary endings Y Laporte 
(Toulouse) described elegant work in which both the 
primary and secondary afferent endings ın a single 
spindle could be subjected to controlled stimulation 
of the spmdle motor nerves and the responses com- 
pared C. Eyzagumre (Salt Lake City) spoke of 
spindle motor mnervation and described how some 
of the intrafusal muscle fibres were actually seen to 
contract slowly I A Boyd (Glasgow) gave a graphic 
account, with many beautiful colour slides, of the 
whole structure of muscle spindles in the cat, based on 
de-afferented and de-efferented material and much 
work on rerve fibre spectra He directed particular 
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attention to the possibility of a double motor innerva- 
tion D Barker (Hong Kong) and his co-workers, 
N K Chm, M N Adal, M C Ip and M Cope, also 
described much detailed work on the structure, nerve 
spectra and distribution of spindles m cat muscles 
It became obvious that there are pomts of great 
interest to both physiologists and histologists still 
needing to be settled about the complexity of the 
motor innervation of spindles 

The mechanisms by which sensory endings muitiate 
electrical discharges were considered by C C Hunt 
(Salt Lake City), using the sumpler Pacmian corpuscle 
The electron micrographs shown by M C R. Merrillees 
(Melbourne) gave an insight into the ultrastructure of 
both spindle and tendon organ endings and their 
relation to underlying tissues A S Pamtal (New 
Delhi) directed attention to the less well-known 
muscle receptors, with small nerve fibres, which 
probably subserve pressure and pain K S Lim 
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(Indiana) also spoke of the responses of these endings 
Other papers dealt with pharmacological studies of 
spindles (J E Pascoe, London, and H -D Henatsch, 
Gottingen), spindle numbers and distribution 
(Eldred), differentiation of primary and secondary 
ending discharges (S Cooper. Oxford), the potentia- 
tion of motoneurones by spindle discharges and also 
human experiments on reflexes involving muscle 
receptors (S Homma, M Kano and K Takano, 
Chiba, Japan) 

The 1deal conditions under which the symposium 
was held both m the Department of Zoology and m 
the beautiful surroundings of Hong Kong gave many 
opportunities for discussions in small groups which 
did much to bring to light problems of structure and 
function that may be solved by mutual efforts of the 
workers in the two fields 

The Hong Kong University Press plans to publish 
the Proceedings early in 1962 SYBIL COOPER 
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CHEMOTHERAPY OF VIRUS DISEASES 


T a meeting of the Fme Chemicals Group of the 
Society of Chemical Industry held m the Well- 
come Foundation on October 6, the subject under 
discussion was research on the chemotherapy of virus 
diseases There are two ways in which this subject can 
be approached What might be called the rational 
approach requires an mvestigation of the essential 
components of virus multiplication with special 
emphasis on those steps which could be readily 
inhibited Thus, many substances are known that 
will inhibit the synthesis of viral nucleic acid or viral 
protein or that will block the supply of energy 
required for virus multiplication The problem 18 not 
how to imhibit virus growth but how to imhibit it 
selectively, without at the same time damaging the 
host cells The second approach, the empirical one, 
seems to have been the favoured approach, and one 
which has had more success so far 
Dr A Isaacs (National Institute for Medical 
Research) presented the first paper, on interferon 
Interferon was first found durmg an mvestigation of 
the phenomenon of viral interference, in which 1+ 
seems to play an important mediating part Further 
investigations suggest that ıt may also play a part 
an the immune processes that lead to recovery from 
virus infections 
Interferon ıs a protem of molecular weight 63,000 
which 1s produced by cells of a number of different 
vertebrates in response to infection with a large 
number of different viruses Its antiviral activity 18 
usually more apparent 1n cells of the animal species 
in which ıt was made However, it 18 active agamst 
& wide range of animal viruses although there are 
differences among viruses 1n their sensitivity to mter- 
foron It does not prevent adsorption or penetration 
of virus but ıt inhibits the replication of viral 11bo- 
nucleic acid. This probably results from inhibition 
of an oxidative process of the cell which supplies the 
energy for viral synthesis The inhibition seems to 
affect viral synthesis much more than normal cellular 
syntheses, however, since human thyroid cells can 
divide at a rate not grossly different from that of 
normal cells in the presence of a large amount of 
interferon 


There 1s growing evidence that antibody may play 
& less important part m the processes of recovery 
from virus infections than has been thought hitherto, 
and that mterferon may play a more important part 
This was shown first by experiments in chick embryos 
of different ages, in which recovery from virus 
infections 1s found to be closely related to develop- 
ment of sensitivity to interferon Secondly, per- 
sistence of virus 1n the lungs of mice of different ages 
was found to be inversely related to the production 
of interferon 1n these animals Thirdly, two ways of 
inhibiting the interferon mechanism ın vitro, namely, 
inereased oxygenation and treatment with corti- 
sone, both have a detrimental effect on the course of 
virus infections «n vwo These findings point to the 
conclusion that interferon may play an important 
part m our ability to recover from virus infections 
and, they suggest that 1t might be possible to assist 
natural recovery from virus infections by giving 
interferon therapeutically This has been carried out 
successfully in some virus infections of animals and 
it ıs hoped that prelimmary trials of its action in 
man will begin shortly 

The second paper was given by Drs R Hull and 
E W Hurst (Imperial Chemical Industries. Ltd.) on 
structure activity in various heterocyclic compounds 

Material tested for possible antiviral activity was 
obtained from products synthesized for other bio- 
logical assays, from the synthesis of analogues 
obtained in the course of following up an antiviral 
lead already found m the department or elsewhere, and 
from the synthesis of possible antimetabolites to viral 
nucleic acid Heterocyclic compounds constituted tho 
largest section of organic compounds tested and a 
review was given of structure—activity relationships 
that had been found in the acridmes ‘Mepacrine’ 
was the most active and showed antiviral activity 
against equine encephalomyelitis, Rift Valley fever 
and louping ill viruses 

In evaluating experimental work ıt was important 
to take into consideration the complex of cell and 
virus that was studied Examples were given of 
compounds which reduced the growth of viruses in 
the chick embryo but which were not appreciably 
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active in the mouse On the other hand, ‘Mepacrine’, 
which was active agamst equine encephalomvelitis 
virus m the mouse and adolescent rat, was mactive 
against this virus m the chicken, guinea pig, rabbit 
and monkey 

Work on simple antimetabohtes, m which the furan 
ring had been substituted for the ribofuranoside 
moiety in the nucleoside, had led eventually to 
certain tetrahydropyrimidines which showed activity 
against viruses of the psittacosis-lymphogranuloma- 
trachoma group both in the chick embryo and 1n the 
mouse One, 17,025 [5-methoxycarbonyl-6-methyl- 
4.-(5-nitrofuryl)-2-oxo-1,2,3,4-tetrahydropyrimidine] 
which was sparingly soluble in water, had very low 
toxicity and was both effective and non-irritant when 
given by the mtramuscular route It showed, weight 
for weight, rather less than one-tenth of the activity 
of chlorotetracycline Its chnical use might be 
envisaged (for example, against trachoma) when it 
was desirable to control an infection by infrequent 
parenteral therapy rather than by prolonged topical 
application or by frequent oral dosing 

The third paper, by Drs D J. Bauer and P W 
Sadler (Wellcome Laboratories), was concerned with 
the antiviral action of derivatives of isatin (-thio- 
semicarbazone on viruses of the pox group These 
compounds are known to show antituberculous 
activity and they were later shown by American 
workers to have some antiviral action against vaccinia 
virus However, the latter work was not followed up 


No 4805 


NATURE 


807 


until the group at the Wellcome Laboratories com- 
menced detailed investigations of a number of deriva- 
tives of isgtin B-thiosemiearbazone on a number of 
different members of the pox virus group Perhaps 
the most strikmg findmg has been the selectivity of 
action of these compounds Thus, isatin B-thiosemi- 
carbazone and some of its derivatives are very active 
against vaccinia but have no activity against ectro- 
mela virus, conversely, isatin 8-4’ 4’-dialkylthio- 
semicarbazone and related compounds are highly 
active against ectromelia but not at all active against 
vaccinia virus This specificity should provide an 
important clue to the mode of action of these com- 
pounds To the authors ıt suggested that these 
compounds were not acting on some cellular enzyme 
required for viral synthesis, but that they were acting 
directly on the virus itself 

A most interesting aspect of this work 1s the finding 
that N-ethyhsatin §-thiosemicarbazone, in doses of 
0-03 and 0015 mgm twice daily for five days, pro- 
tected infant mice (less than six days old) against 
fatal infection by the viruses of alastrim and variola 
major Dr. Bauer discussed at some length the 
question af the importance of the treatment of 
smallpox in these days of vaccination and he con- 
cluded thas there was a strong case for trying out 
these compounds in man and that 1t was reasonable 
to expect tnat a specific anti-smallpox drug would be 
1r use within the not too distant future 

ALIOK Isaacs 


PHOSPHOLIPIDS AND SULPHOLIPIDS 


R. M. MACFARLANE, jomt chairman with 
Prof D D Eley of the joint meeting of the 
Biochemical Society and the British Biophysical 
Society on ‘‘Phospholipids and Sulpholipids”’, which 
was held at the School of Pharmacy, University of 
London, durmg October 5-6, underlined its significance 
by a quotation from the Macleans (1927)! “When we 
consider the obscurity m which the chemistry of the 
phospholipids has been shrouded, 1t 18 easy to under- 
stand that many of the properties and functions 
ascribed to these bodies are based on little more 
than ımagınatıon " Thirty years later 1magmation 
remains ın plenty, but an 1mmense amount of accum- 
ulated factual evidence was presented at the meeting 
The chemical, physical and physico-chemical problems 
surrounding phospholipids challenge all scientists 1n- 
toiested m the structure and functions of the living cell 
With the advent of recent analytical procedures 
involving ehemieal?? or enzymatic hydrolysis, paper 
and silicic-acid chromatography*, the compositional 
detail of many animal and plant tissues 1s progressing 
fast Consequently, the phospholipid chemist of 
to-day recognizes phosphatidylglycerols , phosphom- 
ositides, the classical ester phosphatides having either 
serine, ethanolamme or choline as the nitrogenous 
base, the plasmalogens, bemg analogous to the 
phosphatides, but with an aldehyde ın place of a fatty 
acid, the sphngomyelins, the complex phosphoinos1- 
tols and finally the lysophosphatides Among many 
most recent compositional details reported at the 
meeting was the observation by Dr G R Webster 
that the ethanolamme base ın brain white matter 1s 
predominantly present in plasmalogen mstead of the 
more usual phosphatidyl ethanolamme Dr E 
Lederer, withdrawmg earlier claims, pomted out that 


mycobacteria do not appear to contain any mbro- 
genous base phospholipids but do yield mixtures of 
phosphaticyl-inosito-mono, di- and tri-mannosides 
Of great mterest, however, was his report on the 
structure of the phosphatidyl-mosito-dimannoside, 
and of his proof that the 6-O-a-D-mannopyranosyl-«- 
D-mannopyranose 18 inositol linked, the dimannosides 
alone being almost as effective as BCG vaccine in 
the protection of animals against tuberculosis 

In plant chloroplasts the major anionic lipids are 
phosphatidylglycerol and the sulpholipid, 6-sulpho-a- 
D-quinovopyranosyl-(1 — 1’)-2’ 3’ diacyl glycerol 
The preciso formulation of the latter compound has 
been established by Dr A A Benson m an elegant 
analytical procedure The presence of lipid lamellee 
in plant chloroplasts and the high-rate of incorpora- 
tion of carbon-14 dioxide, phosphorus-32 labelled 
phosphate and sulphur-35 labelled sulphate ions mto 
the anionic lipids during photosynthesis points to at 
least two runctions of phospholipids—namely, inter- 
facial orientation with concomitant orientation of 
adjacent molecules, such as enzymes, and involve- 
ment in translocation of metabolic products 

With commercially available gas chromatography 
apparatus. each phosphatide can now be examined in 
terms of rts fatty acid composition This further 
tage in the dissection of phospholipids was reported 
on by Dr G M Gray, who compared the mean fatty 
acid composition of normal tissue phospholipids with 
those from Landschutz ascites tumour cells  Sur- 
prisingly. and perhaps of fundamental importance, 
the tumour cell phospholipids showed far less varia- 
tion in the kind of fatty acid acylated For example, 
stearic 18 the predommating saturated acid in all 
tumour phospholipids, thus differmg from normal 
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tissues m which palmitic acid 18 the major saturated 
acid of phosphatidyl] cholme and choline plasmalogen 

Prof L L M van Deenan and his colleagues at 
Utiecht rightly argued that a better understanding 
of the physical properties to be attributed to the fatty 
acids and to their particular position m the phos- 
phatide molecule would clarify the biophysical 
properties of the phospholipid — Reporting a remark- 
able programme of syntheses involving re-acylation 
of L-« glyceryl phosphoryl choline, with fatty acids 
of varying chain-length, Prof van Deenan was able 
to contribute experimental results obtamed from 
his semi-synthetic material and relate 16 to many of 
the chemical and biophysical aspects covered during 
the meeting Perhaps the most significant advance 
so far resultmg from the use of these re-acvlated 
phosphatides has been to establish beyond doubt 
that the phosphohpases A of snake or bee venoms 
only release the fatty acid from the B position 

Combinig biochemical and biophysical techniques, 
Dr A D Bangham and Dr R M C Dawson pre- 
sented substantial evidence to suggest that the 
activation of at least two phospholipases 1s controlled 
by the electrokinetic properties of the lipid/water 
interface The t potential of lecithin suspensions 
was varied either by adding insoluble amphipathic 
molecules, for example, docosanyl pyridinium brom- 
ide or dicetyl phosphoric acid to the lecithin or by 
the addition of multivalent ions, for example, calerum 
1ons or ferricyanide ions, to the bulk aqueous phase 
Such experiments showed that Penicillaum notatum 
phospholipase requires micelles having a net negative 
(> 15 mV) 0 potential before hydrolysis of the 
lecithin occurred Calerum, uranyl and thorium ions, 
if present, as multivalent gegen ions, mhibited the 
system The phospholipase C (« toxin) of Clostridium 
perfringens, however, required a positively charged 
lipid interface and required either the addition of 
amphipathic cations to the lecithm, or divalent 
calclum or magnesium ions to the bulk aqueous 
phase That these interactions are confined to the 
hnpid-water interface was demonstrated by following 
the hydrolysis of unimolecular films using lecithin 
highly labelled with phosphorus-32 The ability 
of phosphohpase C (œ toxin) to hydrolyse phos- 
phatidyl ethanolamine, but only ın the presence of 
lecithin, confirms earlier work and fits m well with 
the hypothesis that lecithin, being a surface-active 
zwitterion, can dilute the high net negative charge of 
a pure phosphatidyl ethanolamine micelle with 
1onically neutral molecules, thereby permitting the 
negatively charged enzyme to approach the micelle 
The adjustment of the net charge of lipids by admrx- 
ture of lecithin may well be an important feature 1n a 
variety of biological systems, for example, blood 
coagulation, fat absorption Endorsing the impor- 
tance of a definitive lipid/water interface for the 
activation of phospholipase C, van Deenan reported 
that synthetic phosphatidyl cholines prepared with 
C, or C, fatty acids were not hydrolysed and could 
not be shown to have any lamella structure ın electron 
microscopic preparations 

The present-day biophysical interest im phospho- 
hpids naturally centres around the structural arrange- 
ment of such molecules ın various solvents—and ın 
particular in water The accepted interpretation of 
the results obtained by X-ray diffraction, light 
scattering and with polarized light, 1s that most 
phospholipid mixtures consist of concentric layers of 
bimolecular leaflets intercalated with water The 
smallest repeating umt of mixed phospholipids in 
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the presence of protein has recently been examined 
and the precise significance of the electron opaque 
hnes of methacrylate embedded, osmium-fixed 
material discussed by Stoekenius, Schulman and 
Prince’ Their evidence, together with that of 
Finean*, strongly suggests that the smallest unit 
membrane recognizable in model lipid membranes 
is a bimolecular leaflet covered on both sides with 
protein—a structure postulated by Danielh nearly 
thirty years ago and recently presented by Robertson‘ 
as a structural entity m some biological cell com- 
ponents 

Of particular interest to the biologist ıs the mter- 
molecular arrangement of the phospholipids and 
sterols in the plane of any unit membrane or film 
Dr D G Dervichian and de Bernard® have already 
shown that in monolayer studies, lecithin forms 
molecular condensations with cholesterol, and Will- 
mer? has recently indicated how such mixtures might 
give rise to a variety of mosaic patterns, conceivably 
controlling the permeability of membranes or in 
facilitating the absorption of specific protems (for 
example, gonadotrophin) 

The precise orientation of the ionic groups of the 
phospholipid is at present a matter of some con- 
troversy, but the concensus of opinion 1s that with 
pure phospholipids the charged groups lie 1n a nearly 
level plane at the water interface Finean?, however, 
has presented evidence that cholesterol might realign 
the base of a phospholipid away from the water, in 
so doing, local areas of phospholipid surfaces might 
present net negative ¢ potentials 

As ıt ıs now possible to prepare large quantities 
of chemically pure, although inhomogeneous 1n fatty 
acid, lecithin, this substance has been studied exten- 
sively in terms of its conductivity, viscosity and 
micelle formation Drs P H Elworthy and D § 
McIntosh, examimuing the light scattering of lecithm, 
found that the micellar weights increased as the 
polarity of the solvent decreased They also con- 
cluded that in their series of solvents—ethanol, 
n-butanol and n-hexanol—the polar groups were 
probably hidden, while the hydrocarbon chains 
protruded outwards into the solvent This result 
1s of great interest when ıb 18 remembered that 
lecithin exists as very large micelles in water and with 
the polar groups outwards. 

The behaviour of fairly concentrated sols of lecithins 
in water with salt solutions has formed the basis of a 
study by Dr L Saunders and was reported to the 
meeting He finds that a film of some measurable 
mechanical strength forms at the sol/salt interface 
and that this film has some of the permeability 
characteristics of cell membranes Presumably the 
mtermicellar channels restrict the diffusion of 
divalent and, to a lesser extent, monovalent ions 

Finally, 1t must be remembered that phospholipids 
and sulpholipids are integral parts of living cells 
and as such are in dynamic equilibrium with metabolic 
and structural processes Isotope incorpoiation 
studies have repeatedly shown that certam phos- 
phatides can exhibit high rates of turnover in cells 
undertaking active secretive or mgestive functions! 
L E Hokin and M R Hoku, for example, reported 
how the salt gland of certain marme birds rapidly 
incorporated phosphorus-32 when the gland was 
stimulated with acetyl cholme—the normal physio- 
logical stimulus Their evidence 1s suggestive that 
in this instance sodium transport 1s coupled to the 
renewal of phosphate m phosphatidic acid, a process 
which appears to be catalysed by the cyclic action of 
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diglyceride kinase and phosphatidic acid phosphatase. 
The questions raised during the course of this meeting 
suggest that ıt would be foolish to expect a complete 
understanding of the function of phospholipids even 
within the next thirty years A. D BANGHAM 


! Maclean, H and Maclean, I S, Lecuhwu and Alhed Substances, 
second edition (Longmans, Green and Co, London, 1927) 


2 Folch, J , Lees, M , and Sloane-Stanley, G H, J. Biol. Chem , 226, 
- 497 (1957) 
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BUILDING 


Hk annual report for 1960 of the Building 
Research Board of the Department of Scientific 
and Industrial Research (Pp 99 HMS.O, London. 
73 Od) 18 written and illustrated with the clarity 
which has characterized previous reports, and pro- 
vides & convenient summary of the very diverse 
activities of the Building Research Station 

Before a new building material can be used with 
confidence, information 18 needed on many aspects of 
its behaviour over long periods of time, and the 
devising of suitable accelerated tests is & major 
problem in this field of research The present report 
describes such a test for the weathering of polyester 
roofing sheets remforced with glass fibre Work 1s n 
progress on the behaviour of rain-water goods made 
from various plastics; the chief problem here appears 
to be lack of colour stability 

Another group of materials, hghtweight aggregates 
for structural concrete, poses many problems melud- 
ing mix design, bond strength, moisture movement, 
and corrosion of remforcement 

Work in this field, begun ın 1957, 1s still ın progress, 
and aims to provide the basis for a future code of 
practice 

Like most similar organizations, the Building 
Research Station is often asked to solve a problem 
within a few months Their experience has shown 
that “superficial short-term examination of problems 
18 apt not to be rewarding". Unhappily, the converse 
18 not always true, and one feels sympathy for the 
workers on stone preservatives who report, after 
five years investigation, that ‘‘no ‘stone preservative’ 
treatment has yet served its purpose well enough to 
merit commendation Some have done more harm than 
good .. nothing of proven value has emerged . . ”’. 

Another important group of mvestigations 1s con- 
cerned with the economics of buildmg construction 
and mamtenance A survey of 1,000 post-war houses 
in Scotland has shown that certain non-traditional 
forms of construction lead to abnormally high 
maintenance costs, especially in conditions of severe 
exposure Prefabricated systems have a tendency 
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to leave small quantities of work to be completed by 
traditional methods, at disproportionately high cost 

The structural designer will be interested in the 
development of realistic design methods based on 
more comprehensive data than those now available 
New surveys of actual floor loads and snow loads on 
buildings are now ın hand, and the problems of wind 
loading on tall buildings are also receiving attention 

An important study of composite action in build- 
Ings 18 In progress Attention to the interaction of 
beams and slabs, and of walls and structural frames 
can make more difference to frame design than can 
the most elaborate frame analysis 

The Buildmg Research Station pioneered soil 
mechanics research in Great Britain, and 18 con- 
tinuing the investigation of pile foundations. It 
would appear from results quoted in this report that 
the ability of deep cylmder foundations to carry 
logd by both shaft friction and base reaction 18 still 
in some doubt 

This important conclusion appears to be based on 
a limited series of tests on a laboratory model, and 
it would be a great help to readers 1f statements of 
this nature were accompanied by references to the 
list of psbheations at the end of the report At 
present ıt 18 not at all easy to relate the conclusions 
reported to the publications giving details of the 
original work. 

The contents of the present annual report cover a 
very wide field, and this arbitrary selection of topics 
can do little more than indicate the diversity of 
matters treated No mention has been made, for 
example, of the interesting work on the equatorial 
comfori index for tropical buildings, or the effect of 
various construction methods on the earth pressures 
on buried service pipes In both cases an attempt 1s 
being made to replace the present trial-and-error 
approach by a logical theory developed from observed 
facts 

This report should be of interest to all who design 
buildings or organize thew construction. 

R PAUL JOHNSON 


INDUSTRIAL RESEARCH AND DEVELOPMENT IN THE UNITED STATES 


O obtam information about the economic 

resources allocated to research and development 
activities, the National Science Foundation of 
America has been conducting comprehensive surveys 
of research and development in the economy on a 
periodic basis Such surveys yield economic data 
that assist the National Science Foundation, the 
Federal Government, and other public and private 
organizations to assess the present research and 


development efforts and to formulate science pro- 
grammes for the future 

A report* summarizes the results of the 1958 
survey of mdustrial research and development, the 
survey representing a continuation of the Founda- 


* National Science Foundation, Washington Surveys of Science 
Resources Series, NSF 61-32 Funds for Research and Development 
In Industry, 1958 Pp xvi+119 (Washington, D.C Government 
Printing Office, 1961) 65 cents, 
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tion’s series of annual surveys of research and develop- 
ment in industry that began in 1953 

Funds for research and development performance 
in the industrial sector of the economy totalled 
8 2 billion dollars in 1958 More than half this total 
was for research and development peiformed in the 
aircraft and parts, electrical equipment and communi- 
cation industries, which were heavily engaged in 
Federally financed research and development 

The amount spent on industrial research and 
development ın 1958 was 7 per cent higher than the 
7" billion dollars total for 1957 Increases occurred 
between 1957 and 1958 m all industries for which 
separate data were obtained except aircraft and 
parts and rubber pioducts The relative imncrease in 
research and development of companies with less than 
5,000 employees (15 per cent) exceeded that of com- 
panies with 5,000 or more employees (6 per cent) 
between 1957 and 1958 

More than half (56 per cent) the industrial reseaich 
and development performance was financed by the 
Federal Government Industries with the highest 
proportions of federally financed research and 
development performance were aircraft and parts 
(85 per cent) and electrical equipment and com- 
munications (68 per cent). 

In contrast to the large Federal research and 
development financing in certain industries, 90 per 
cent or more of the total funds for research and 
development performance were from company funds 
m the following industries food and kindred pro- 
ducts, paper and alhed products, drugs and medi- 
cines, other chemicals, stone, clay and glass products, 
primary ferrous products, and petroleum refining 
and extraction The chemical and allied products 
industry exceeded all others in the dollar volume of 
company financed research and development 

Companies with 5,000 or more employees accounted, 
for 84 per cent of the funds for performance of 
industrial research and development, compared with 
7 per cent ın compames with less than 1,000 employees 
and 9 per cent m companies with 1,000-4,999 workers 
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An estimated number of 11,800 industrial firms 
carried out research and development in 1958, 
includmg 10,300 manufacturmg companies and 
1,500 non-manufacturmg companies In terms of 
research and development moneys, however, manu- 
facturing companies accounted for 98 per cent of the 
total Funds for research and development im 1958 
were distributed by the character of work as follows 
basic research, ‘4 per cent, applied research, 23 per 
cent and development, 73 per cent Approximately 
three-fifths of the 295 million dollars for basic research 
was expended in the physical and mathematical 
sciences, about one-fifth in the engmeering sciences, 
and the remainder m the life and other sciences 

The product fields of guided missiles, communiea- 
tion equipment, and aircraft and parts accounted for 
more than half the 79 billion dollars utilized for 
apphed research and development Although the 
companies in the aircraft and parts, and electrical 
equipment and communication industries accounted 
for most of this, companies in other industries also 
performed substantial amounts of applied research 
and development in these product fields 

The dollar volume of research and development 
performance per research and development scientist 
and engineer in 1958 was 32,900 dollars for all 
mdustries combined Among major industry groups 
the average ranged from 16,400 dollars ın food and 
kindred products to 52,500 dollars in motor vehicles 
and other transportation equipment 

Funds for industrial research and development 
comprised, 3 8 per cent of net sales in manufacturmg 
compames performing research and development 
Total performance includes federally financed research 
and development, which amounted to 56 per cent of 
the total amount for 1958 Research and development 
performance funds as percentages of net sales were 
highest in the following separately reported indus- 
tries  anoraft and parts (17 7 pei cent), electrical 
equipment and communication (10 5 per cent), and 
scientific and mechanical measuring instruments 
(9 9 per cent) 


STRUCTURE OF ALPHA-KERATIN 


By Pror. S. KRIMM 
Harrison M Randall Laboratory of Physics, University of Michigan, Ann Arbor, Michigan 


HE structure of «-keratin! has been assumed to 
be based on the «-helix? followmg the demon- 
stration?: that the coiling of such helices, possibly 
arising from periodic axial distortions®*, can account 
for the presence of the 515 A and 15 A meridian 
reflexions in the X-ray diffraction pattern In 
particular, a three-stranded rope? seemed to account 
satisfactorily for the main features of the diffraction 
pattern? Recent work’, however, indicates that 
this structure may not be entirely satisfactory m 
explaining the details of the pattern, and other 
models mvolving additional layers of helices have 
been suggested?. The present ideas do not satıs- 
factorily account for the changes in the X-ray 
pattern resulting from treatment with heavy 
metals*!°, nor for some of the longitudinal regulari- 
ties found in the matrix component of «-keratm by 
electron microscopy?? 
It ıs the purpose of this article to explore a possi- 
bility which has not been considered before and 


which seems to have merit in accounting for much 
of the data Specifically, ıt 1s proposed that in the 
two-phase structure of «-keratin consisting of micro- 
fibrils and matrix, the latter, far from bemg 
amorphous or disorganized, consists of a relatively 
highly organized structure In particular, whereas 
the microfibrils, as ıs known, compose the «-helical 
component, ıt 18 suggested that the matrix is built 
up of a structure simular to that of feather keratin, 
and that this matrix structure accounts for the 198 A 
fibre peiiod!51? and the various orders of ıt which 
are observed and which are intensified by heavy- 
metal treatment 

In considering the evidence which suggests this 
proposal, 15 may first be noted that the characteristic 
«-keratin spacmgs at 515 A. and 1-5 A. may not, 
and indeed need not, be correlated with the 198 A 
repeat Although accurate diffractometer measure- 
ments!5,4 grve the former spacing as 518 A, which 
would be a reasonable 38th order of 197 A, st 1s not 
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required that this be true m order to account for this 
spacing Secondly, the many orders of 198 A which 
can be observed}! bear a striking resemblance to the 
orders of the 189 A repeat observed in the diffraction 
pattern of feather keratin, a fibrous protem which 
contains no «-helh component Thirdly, the uptake 
of metals occurs primarily in the matrix, which 18 
rich m cystine compared to the microfibrilst® Since 
this treatment affects primarily the low orders of the 
198 A meridional repeat!’ (the effect on the low- 
angle equatoriel spots ıs also accounted for by 
penetration of the matrix by the reagent?), ıt 18 not 
unreasonable to suppose that the component giving 
rise to this long repeat ıs distinct from the x-helical 
component located ın the microfibrils 

The correlation of the matrix component of a-kera- 
tin with a feather keratin type of structure 1s sug- 
gested by the results of recent work on the structure 
of the latter fibrous protem}5,17_ These investigations 
indicate that a structure which 1s 1n reasonably good 
agreement with the data can be developed from the 
hypothesis that proline residues are distributed 
periodically along an essentially extended poly- 
peptide chain $Ammo-acid analyses, and the 
presence of a strong 8th order of the 189 A fibre 
axis repeat, are consistent with the proposal that in 
feather every 8th amino-acid along the chain ıs 
prolne?!?. The 198 A fibre axis repeat of «-keratin 
(which although shghtly larger than that of feather 
keratin 1s nevertheless consistent with similar values 
found for other protems giving the feather keratin 
pattern, cf 1975 A for Varanus claw!) also is 
characterized by a strong 8th order reflexion!? 
Chemical analyses!*-?! have indicated that the matrix 
component of high cystine content 18 that which 1s 
high in proline The prolme content found?! 18 of 
the same order as that found ın feather?’, and at the 
present state of the analysis 1t can be said that they 
could indeed be equal The chemical composition 
therefore 1s entirely consistent with the presence in 
the matrix of the proposed type of extended cham 
structure It should be noted that infra-red spectra 
of «-keratins indicate the presence of a Q-component 
oriented with respect to the fibre ax1s2%-?4 

If we accept this possibility, then we find further 
that the proposed feather keratm structure’? can 
account for several other of the dimensional features 
of «a-keratin Thus, the predominantly observed fibre 
axis repeat in feather 1s expected to be half of 189 A 
(ref 17), and this fits in well with the approximate 
95 A longitudinal periodicity seen in electron mucro- 
graphs of the matrix of «-keratin", Agam, the dia- 
meter of the predicted fibrillar unıt for feather 
keratin ıs about 22 A (ref 17) Electron micrographs 
of wool’ show that ın the paracortex there are micro- 
fibrils of diameter about 60 A the centre to centie 
separation of which ıs sbout 83 A. These dimensions 
are consistent with each microfibril bemg separated 
from its neighbour (in an essentially hexagonal 
array) by one feather keratm unit Twelve feather 
keratm units will just pack around one muicrofibril 
Finally, the observation®® that hydration of dry 
«-keratin results ın preferential swelling of the matrix 
in comparison with the microfibrils may be under- 
standable m terms of the open type of structure 
suggested for feather keratm!’, 

The above proposal of two structural components 
in «-keratin can also help to explam the results of 
heavy-metal treatments Recent mvestigations of this 
kmd?** suggest that cystine is periodically located 
along the polypeptide chain of feather keratm (with 
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a penodicity of about 47.3 A) The same may be 
true for «-keratm Amuno-acid analyses?! show that 
the matrix of «-keratm has about twice as much 
cystine as does feather. If these residues were 
periodically located along the cham, we would expect 
heavy-metal treatment to enhance ın all eases the 
8th order of the 198-A fibre axis repeat This 
18 precisely what is found ?° This evidence 
itself suggests that the matrix component of 
«-keratm may be a relatively highly organized struc- 
ture 

There is another important characteristic of 
a-keratin which could be accounted for by the pro- 
posed model Recent work on the « — 8 transforma- 
tion in keratin?*-?? has indicated the complex nature 
of this process and the likelihood that a simple 
transformation of a smgle cham from a-helix to 
B-extended chain ıs not involved Suggestions 
have been made that the transformation may proceed 
through an intermediate phase?^?8, or that there 
may be two crystalline phases??3? The foregomg 
model would fit in with the latter scheme, extension 
of the microfibrils leadmg to loss of the « pattern 
whereas further extension of the (already nearly 
extended) matrix component would result in the 
development of the B pattern The detailed mechanics 
of this process (which may, for example, involve the 
relative sliding of the two components with respect 
to each other) perhaps cannot be specified at this 
point, but the general mechanism does not seem to 
be elummated by the available data 

In summary, 16 18 suggested that the matrix com- 
ponent of the two-phase structure of a-keratin con- 
sists of a relatively ordered polypeptide cham 
structure basically sumilar to that of feather keratin, 
and with which 1s associated the long axial periodici- 
ties in the X-ray diffraction pattern 

Support for this investigation 1s gratefully acknow- 
ledged from US Public Health Service grant A—2830 
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CRYSTAL STRUCTURES OF SALTS OF METHYLATED PURINES 
AND PYRIMIDINES 


By R F. BRYAN and K. TOMITA 


Department of Biology, Massachusetts Institute of Technology, Cambridge, 39 


INL patterns of hydrogen bonding have 
been postulated between purines and pyrimid- 
ines in the various models which have been proposed 
for the structures of nucleie acids and their synthetic 
analogues It ıs a disadvantage of the method of 
fibre crystallography, which 1s most directly applic- 
able to the study of such structures, that 1t does 
not allow a refinement of the structural parameters 
based solely on the diffraction data, and hence it 18 
important that structures proposed to explain fibre 
diffraction diagrams should be both chemically and 
stereochemically acceptable as well as in reasonable 
agreement with the diffraction evidence? An 
examination, by X-ray diffraction techniques, of 
single crystals of salts of methylated purmes and 
pyrimidines (the simplest analogues of nucleotides) 
might be expected to yield three valuable pieces of 
information which would be of use 1n the formulation 
of structures for nucleie acids, first, a knowledge of 
the molecular geometry of the various bases, secondly, 
an identification of the sites of protonation of the 
bases at acid pH; thirdly, a possible model for the 
geometry of mter-base hydrogen bonding in poly- 
nucleotides. With this m mind, we are conducting a 
systematic survey of acid salts of such methylated 
purines and pyrimidines and wish to report some of 
the results of work on two of these, 9-methyladen:ne 
dihydiobromide and 1-methyleytosme hydrobromide. 

Crystals of 9-methyladenime 2-hydrogen bromide 
are orthorhombie with a = 1759+ 005 A, b= 
488 +002 Å., and c = 11 75 + 004A. The space 
group 1s Pna2, with four molecules of the dihvdro- 
bromide in the unit cell The crystal structure was 
determined, usmg the heavy atom method, from 
examination of the (010) and (001) projections and 
refined, using Fourier and difference Fourier syntheses. 
In addition, the (h01) data were further refined by 





Fig 1 


Electron density p(z,z) for 9-methyladenine 2-hydrogen 
bromide, Contours at panal Dar arbiirary intervals, ıntervals for 
I~ X 





Fig 2 Interatomie distances and angles for 9-methyladenine 
2-hydrogen bromide 


least squares methods. Fig 1 shows the electron 
density distribution p(z,2) Each molecule of methyl- 
adenine 18 enclosed by a three-dimensional network of 
Br- 1:0ns, the Br .. Br contacts rangmg in length 
from 425 to 517 À 

The conventional residuals, R, excluding un- 
observed reflexions, are 007 for (ROI) and 011 for 
(hi0). Despite these low values the overall accuracy 
of the structure determination is only fair, the 
standard deviation in the position ascribed to carbon 
or nitrogen atoms being about 005 A. and the good 
agreement between observed and calculated structure 
factors may be attributed mamly to the very accurate 
location of the two bromine ions’ The details of the 
molecular geometry are shown in Fig 2 Although 
the dimensions found for the cation of 9-methyl- 
adenine are reasonable, no useful comparison can be 
made between them and the dimensions found by 
Cochran? for the adenine molecule m adenme hydro- 
chloride, nor with those proposed by Pauling® or 
by Spencer‘ for the adenine molecule as it 18 assumed 
to exist in nucleic acids. This dlustrates the dıs- 
advantage of using compounds contaming such heavy 
atoms where particularly accurate molecular dimen- 
sions are sought From our point of view, however, 
the most interesting feature of the structure ıs the 
hydrogen bonding pattern. There are no hydrogen 
bonds jommg the purine molecules directly, each 
molecule formmg instead three hydrogen bonds to 
neighbouring Br-ions This is most probably because 
access to the only remaining acceptor atom on the 
adenine molecule, N(3), 1s hindered by the 9-methyl 
group. It 1s likely, mdeed, that because of a simular 
effect exercised by the sugar molecules, no structures 
volving N(3) as an acceptor atom m hydrogen 
bond formation can occur in multi-stranded poly- 
nucleotide structures. The hydrogen bonds which 
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are formed are N(1)—H. ..Br(1), 313 A ; N(10)— 
H. Br(2,321À , and N(7)—H . Br(2), 3284 
All these bonds are shorter than the more usual 
length found, 3 4 A., at least two of them by significant 
amounts, and we postulate a strong electrostatic 
contribution to the bond energies All other inter- 
molecular contacts are of normal lengths 

The fact that the protonated nitrogen atoms are 
N(1) and N(7) provides additional evidence for the 
correctness of the structure proposed by Rich, 
Davies, Crick and Watson! for polyadenylic acid. 
Fibres of this substance show poor orientation at 
neutral pH, but a high degree of orientation when 
the pH ıs lowered somewhat At still lower pH, how- 
ever, the orientation again disappears, though the 
molecular weight remams unchanged. Following 
Cochran’, Rich et al. assume protonation of the 
adenine at N(1) with a consequent internal neutraliza- 
tion of the overall charge of the molecule The two 
strands of the helical molecule are assumed to be held 
together by pairs of hydrogen bonds between the 
6-amino group and N(7) The disappearance of 
orientation at the very low pH can thus readily be 
explaimed as due to the disruption of this hydrogen 
bonding consequent on protonation of N(7) 
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Fig 3 Electron density p(z,z) for l-methvlevtosine hydrogen 
bromide The contribution of the Br- 10n has been subtracted 
from the structure factors, 168 position is indicated by the dot 


1-Methyleytosime hydrogen bromide also occurs as 
orthorhombic crystals with a = 12-98 + 003 Å., b = 
680 + 0-02 A, and e = 883 + 002 A. The space 
group 18 Pnma with four molecules m the unit cell 
which. ın consequence, occupy the mirror planes of 
symmetry at y = and ł The structure was solved 
from the (010) projection by making use of the 
heavy-atom method The molecular arrangement 18 
somewhat unusual and this caused us some initial 
difficulty m deciding on & correct trial structure. 
In projection, a Br- 10n at y = 1 18 situated roughly 
in the centre of a cytosine ring at y = $. Fig. 3 shows 
a synthesis of the type (Fa — F pr) giving the electron 
density p(z,z) with the contribution of the Br- ion 
removed. This sandwiching of the bromine ions 
between the heterocyclic rings leads to a very efficient 
type of mterlayer packing A similar arrangement 1s 
found ın the case of 9-methylguanine dihydrobromide 
(work still in progress) 

The structure was refined by means of difference 
Fourier syntheses to a value for the index È of 0 12 
for (kOl) Structure factors were also calculated, as 
& check, for (All) and (A21), giving the same value of 
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Fig 4 Bond-lengths and angles in the cation of 1-methyloytosine 


R as for (A0l) m each case. Fig 4shows the molecular 
dimensions found for the cation of 1-methyleytosine. 
The bond-lengths found (cC—C = 003 A) are in 
good agreement with those suggested by Paulng? 
and by Spencer* for the cytosine molecule as ıb is 
assumed to occur m nucleic acids The sum of the 
mdividual differences in bond-lengths between our 
dimensions and those of Pauling 1s 010 A., and for 
the Spencer model this sum 1s 0-08 However, 
some of the bond-angles which we find are m marked 
disagreement with those suggested by either Pauling 
or Spencer The average difference 1s 6°, the maxi- 
mum difference ıs 10°. We estimate’ our standard 
deviation ın bond-angle to be about 2°, and so these 
differences would seem to be significant 1n some cases. 





Fig 5 Packing drawing of the arrangement of molecules within 

a layer of the structure of 1-methylcytosine hydrogen bromide 

Conventional van der Waals radu are inscribed, hydrogen bonds 
are indicated by the lines 
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However, owing to the overlap, in projection, between 
the Br- 10n and the cytosime ring ıb 18 possible that 
the errors m the positions of some of the atoms in 
our structure are in excess of our estimate which 1s 
based on the assumption of non-overlappmg atoms 
We are therefore not prepared to offer our values 
for these angles as being intrinsically better than 
those 1n either of the two models with which we com- 
pare them A subsequent three-dimensional refine- 
ment may enable us to improve the accuracy of this 
determination 

The cytosine ring 1s protonated at N(3) and there 
are again no hydrogen bonds between individual 
base molecules Instead, each ring forms three 
hydrogen bonds of length 3 36, 339 and 3-40 A to 
adjacent Br- 1ons as illustrated m Fig. 5, which 
also shows the molecular packmg within a given 
layer | Simnee the molecules are planar ıb 18 possible 
to inseribe the conventional van der Waals radi of 
the atoms, and this has been done in Fig 5 It 1s 
seen that the packing 1s extremely efficient with the 
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molecules formmg an interlocking double dovetau 
arrangement, the backbone of the individual dovetail 
units being the hydrogen bonds Particularly note- 
worthy 18 the manner in which the Br- ion hes be- 
tween N(3) and the 4-ammo group and thus takes 
part in two hydrogen bonds The deviation from 
linearity ın each of these bonds 1s in excess of 25° 
and illustrates the large distortions which can be 
tolerated 1n such bonds where there 1s a compensating 
electrostatic interaction 

This work was supported by grants from the 
National Cancer Institute of the US Public Health 
Service and the American Cancer Society One of 
us (R F B) was in receipt of a US Pubhe Health 
Service postdoctoral fellowship 
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INTERACTION OF LIGHT AND ATMOSPHERIC PHOTOCHEMICAL 
PRODUCTS (‘SMOG’) WITHIN PLANTS 


By O. C. TAYLOR, W. M. DUGGER, jun, E. A. CARDIFF and E F DARLEY 


Departments of Horticulture, Agricultural Air-Research and Plant Pathology, 
University of California, Riverside 


AMAGE to plants from ozone and peroxyacetyl 
nitrate, two photochemically formed components 
of ‘smog’, has been deseribed!-? However, variations 
in symptom expression and the degree of damage 
caused by a given concentration of these components, 
whether of synthetic or natural origin, have compli- 
cated development of an adequate biological assay 
method for these materials These observed varia- 
tions ın symptomatology have implicated stomatal 
action, inorganic nutrition, temperature, genetics, 
ascorbic acid content, physiological age of tissue 
and photoperiod!* Plants grown under artificial 
illumination differ in their response to the photo- 
chemically formed pollutants as compared with plants 
grown. ın the greenhouse Interactions between light 
and oxidants from the polluted atmosphere within 
plants, as reported here, might well explain some of 
the variabilities m symptomatology observed im 
earlier controlled experiments as well as the un- 
explamed natural variability observed in the Los 
Angeles area The results presented also emphasize 
the importance of standardizing plant growth condi- 
tions for future work of this nature 
Lots of pinto bean (Phaseolus vulgaris) and 
petunia (Petuma hydrida, var Rosy Morn) plants 
were grown under the followmg light conditions 
(1) natural light received in the greenhouse during 
August-November, (2) a 15-hr photoperiod of 8:6 
Klux from cool white fluorescent lamps ın a shaded 
greenhouse and (3) a 15-hr photoperiod of 215 
Klux from Sylvama ‘very high output (VHO)’ 
fluorescent lamps also in the shaded greenhouse 
Approximately 85° F day and 70? F night tempera- 
tures were maintamed Plants were exposed to 
the oxidants in chambers placed under a 21 5 
Klux fluorescent lamp panel Dark chambers 
mn the greenhouse were used for the experi- 


mental dark conditions The greenhouses and 
fumigation chambers were supplied with carbon 
filtered air? to remove the naturally occurring 
oxidants . 

To ensure that the stomates were open at the time 
of exposure to the oxidants, all plants pre-conditioned 
by a dark period were given 15-30 min light before 
exposure to the oxidants Stomatal opening was 
determined by a resistance porometer!? with a leaf- 
cup attached to a snap spring device to ensure a rapid 
seal to the leaf In later experiments the porometer 
measurements were supplemented with transpiration 
measurements Durmg the 15-20 mm before expos- 
mg the plants to the oxidants the rate of water-loss 
by transpiration was followed When this rate of 
water-loss equalled the rate of water-loss from the 
pie-light treated plants the fumigation was started 

Plants were exposed to the oxidants for periods of 
30 min or less After exposure, unless otherwise 
specified, the plants were returned to the pre-treat- 
ment light condition Symptoms of oxidant damage 
were usually apparent within 4 hr , however, assay of 
damage was made 48 hr after exposure to the 
oxidants The extent of damage was expressed as 
the percentage of leaf area showing symptoms of the 
oxidant injury Enght to twelve plants were used in 
each treatment and the experiments were repeated 
several times. 

The type and extent of ozone and peroxyacety] 
nitrate mjury on bean and petunia plants were affected 
by light mtensity under which the plants were grown 
before treatment Sensitivity to ozone injury was 
increased, by the low light intensity (8 5 Klux), while 
sensitivity to peroxyacetyl nitrate was increased by 
the higher hght imtensity (215 Klux) A total 
bleaching and collapse of affected leaf tissue character- 
ized the oxidant mjury on plants grown under the 
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low light intensity. By contrast, oxidant injury on 
plants grown in the higher light intensity usually 
appeared as bronzing of the lower leaf surface, and 
ozone injury on the bean appeared as discrete dark 
brown spots on the upper leaf surface. 

Sensitivity of pinto bean and petunia plants to 
peroxyacetyl nitrate was significantly affected by the 
presence of light immediately before, during or after 
exposure to the toxicants. A 24-hr. pre-treatment 
dark period completely protected these plants against 
peroxyacetyl nitrate damage (Fig. 1 DL) regardless 
of subsequent light régime during and after 
fumigation. Plants which had received the standard 
15-hr. day, with a 5- to 6-hr. light period immediately 
preceding the fumigation, were severely damaged 
(Fig. 1, L), whereas similar plants transferred to the 
dark for 24 hr. after fumigation were uninjured 
(Fig. 1, LD). Bean plants returned to the light 
after the 24-hr. post-dark period appeared normal 
and did not develop oxidant damage, whereas some 
oxidant damage did develop on the petunia plants 
after transfer to the light. 

In another series of experiments, bean plants were 
fumigated with very high concentrations (5 p.p.m.) 
of peroxyacetyl nitrate for 10 min. All the plants 
were grown under the 15-hr. light régime and were 
returned to the lights after the 10-min. fumigation. 
Darkness during this short fumigation period gave 
complete protection from damage to petunia and bean 
plants while identical plants fumigated similarly 
in the light were severely damaged (Fig. 2). Poro- 
meter measurements showed that during the 10-min. 
dark period the resistance to air-flow through the 
stomates decreased only 0-028 unit!'^, an insignificant 
change. This indicated that the observed results 
were related to the interaction of light and some 
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DL L 


Fig. 1. Pinto bean plants fumigated for 30 min. with 1-0 p.p.m. 
of peroxyacety! nitrate 
DL, dark before (24 hr.), light during and after fumigation —no 
damage; L, light before (6 hr.), during and after fumigation— 
severe damage; LD,light before and during fumigation and dark 
(24 hr.) after fumigation—no damage 
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Fig. 2. Ten-day-old pinto bean planta exposed to 5 p.p.m. per- 
oxyacetyl nitrate for 10 min. Left, light before, during and after 


fumigation—severe damage. Right, light before, dark during 
(10 min.) and light after fumigation—undamaged 


produet in the plant and not to the exclusion of 
peroxyacety! nitrate by closed stomates. 

The interaction of light and ozone was unlike that 
of light and peroxyacetyl nitrate. A considerably 
longer pre-treatment of dark period (48 hr. or longer) 
was necessary to provide protection to petunia and 
bean plants from an ozome fumigation (Table 1). 
The marked reduction in extent of ozone damage 
that occurred as the pretreatment dark period was 
lengthened beyond 24 hr. suggests that susceptibility 
may be dependent on the level of photosynthate or 
some carbohydrate intermediate within the tissue. 
Further evidence of the difference in action of 
peroxyacetyl nitrate and ozone was shown by the 
damage response obtained with a short, dark period 
during fumigation and with 24-hr. post-dark treat- 
ment. Both these conditions prevent oxidant 
injury from peroxyacetyl nitrate but have no effect 
on ozone damage. There were indications from 
additional experiments that under the conditions of 
these experiments the bean required at least 3-4 hr. 
of light after fumigation for symptoms of damage by 
peroxyacety! nitrate to develop. 

The distinct interrelationship of light with the 
oxidizing air pollutants in plants definitely shows 
that there is a photochemical reaction between the 
oxidant and some intermediate synthesized by light in 
the plant. The reactions of this intermediate with 
the oxidant peroxyacetyl nitrate is further dependent 
on light to cause a change in the metabolism of 
the plant sufficient to induce irreversible leaf 
damage. 


Table 1, EFFEOT OF VARIED LENGTHS OF DARK TREATMENTS BEFORE. 
DURING AND AFTER FUMIGATION 6N THE PERCENTAGE OF PINTO 
REAN LEAF AREA INJURED BY OZONE AND PEROXYACETYL NITRATE 


(PAN) 
Fumigant Pre-dark Condition Condition 
and period during after Injury 
concentration (hr.)* fumigation fumigation (per cent) * 

Ozone, 0-6 p.p.m. Ü light light 76 
24 js » 77 

45 + '! 0 

0 es dark 80 

PAN, 1-0 p.p.m, 0 ee light 99 
24 " 95 ü 

48 us » () 

0 vt dark 0 


* The pre-dark period started at 9 a.m. The plants were grown 
under fluorescent ana of 21-5 Klux with a light period of 15 hr. 
(4.30 a.m.-7.30 p.m.). The plants were moved into the light at 9 a.m, 
and fumigation started after the stomates had opened (15-30 min.). 
A resistance porometer was uscd to determine when the stomates 
were open, 

t Average values from 8-12 plants per treatment. 
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MASSIVE ACCUMULATION OF A DERIVATIVE OF CYTIDINE 
DIPHOSPHATE IN THE PRESENCE 
OF PENICILLIN 


By Dr, J. J. SAUKKONEN 


Biochemistry Laboratory, State Serum Institute, Helsinki 


ENICILLIN is known to cause accumulation of 
three uridine nucleotides in S. aureus. The 
<o o eompounds were identified by Park as uridine 
-< diphosphate (UDP)-acetylmuramic acid, its alanine 
5 derivative, and a nucleotide composed of a peptide 
- (ala-glu-lys-ala-ala) and UDP-acetylmuramic acid*. 
Several aspects of nucleotide accumulation in the 
“presence of penicillin or other anti-bacterial sub- 
stances have been investigated extensively’. On 
^ the basis of their findings, Park and Strominger have 
— suggested that penicillin might be a specific inhibitor 
of transfer of the peptide from the most complex 
of the above nucleotides to the cell wall structure‘. 
Relatively little attention has been paid to other 
nucleotides present in penicillin-treated cells. Strom- 
inger has investigated the acid-soluble extract of 
penicillin-inhibited S. aureus by means of anion 
“exchange chromatography*. In addition to the 
-u UDP-derivatives, cytidine-5’-monophosphate (CMP), 
. adenosine-5/-monophosphate (AMP) and small 
amounts of unidentified ultra-violet-absorbing sub- 
stances were detected. Penicillin was reported to 
-< cause a doubling in the amount of CMP, when com- 
pared with untreated cells. Park and Strominger have 
noted, according to a personal communication to 
Armstrong et al, the accumulation of cytidine 
diphosphate (CDP)-ribitol in S. aureus during 
treatment with penicillin and crystal viclet. A 
report of the accumulation of this nucleotide induced 
- by erystal violet has been published’. In the course 
of another investigation, indications were found of 
.'' he presence of a large number of nucleotides in 8. 
aureus, prompting tho present work. 
S. aureus 209 Pfeiffer (obtained from Dr. I. Ranta- 


salo of this Institute) was grown in a medium adapted - 


<= from that of Park and Johnson!, with shaking at 
37? C. At approximately half maximal growth, 
penicillin (benzylpenicillm, the Distillers Co.. Ltd., 
London) was added to a final concentration of 10 ugm./ 
ml. eulture medium. After incubation for 1 hr., the 





Typical elution diagrams of normally grown and 
penicillin-treated cells are presented in Fig. 1. In 
both cases, a number of ultra-violet-absorbing com- . 
pounds can be detected. Fraction A, which repre- = 
sente a large portion of the total ultra-violet-absorbing ^. 
material, contains several substances. Chromato- 
graphy of this fraction in a system with better 
resolution revealed in addition to diphosphopyridine 
nucleotide and CMP a third major compound in the 7 
pencillin-treated bacteria. This compound appears . 
to be a nucleotide giving a positive ninhydrin reaction. 
Fraction B was identified as AMP. Analysis of 
peak C, characterized by its high 275/260-ratio, will 
be given here. Derivatives of adenine, guanine, 
uracil and cytosine have been found in the subsequent : 
fractions. Peaks D and E were shown to be uridine 
nucleotides containing amino-acids, and presumably 
correspond to the known derivatives of UDP 
(ref. 3). 

When the two patterns of nucleotides are compared, 

a striking increase in the amount of fraction C is 

seen in the penicillin-treated cells. Material corre-. 
sponding to this fraction was collected from several > 
preparations and purified by means of paper chroma- — 
tography in neutral ethanol — ammonium acetate — . . 
water’, The small amount of the compound re- . 
covered from repeated runs in this system was =- 
subjected to further analysis. The substance was 
found to be uniform in several other solvent systems. . 
The mobilities were close to the values reported ` 
earlier?) for CDP-ribitol (in propanol~ammonia-—. .. 
water: Rr 0-36, in neutral ethanol-ammonium acetate- =o 
water: Ryyp 1-23. The base, which was isolated 
by means of paper chromatography after vigorous 
acid hydrolysis", gave a typical spectrum of cytosine 
in 0-01 N hydrochloric acid and in 0-01 N sodium 
hydroxide. A colorimetric assay: yielded 1-88 
moles of phosphorus/mole eytosine. Paper chromato- 
graphy in propanol — ammonia ~ water!* after acid- 
hydrolysis yielded in addition to CMP and inorganic . 
phosphorus other breakdown products, two of which 
gave & positive reaction for phosphoric esters'* and 
with ammoniacal silver nitrate. While it has not- 
yet been possible to identify the phosphoric ester . 
moiety with certainty, the evidence available sug- | 
gests the compound to be identical with CDP- 
ribitoltt.15, i 
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PENICILLIN-TREATED CELLS 


NORMALLY GROWN CELLS 
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Fig 1 Anion exchange chromatograms of extracts from penicillin-treated S aureus and 
from normally grown cells Bacteria from 41 of culture were extracted in both cases 
The column was 'Dowex-2', HCOO-, 200-400 mesh, 8 per cent cross-linked A10 x 18cm 
column was used in the first case, a 1 2 x 15 em column in the latter mstance 
volumes of the mixing flasks were 450 and 375 ml, respectively After washing with 
distilled water, the column was eluted with the following solutions in the reservoir 
I,0 5 N formic acid, II, 4 N formic acid, ITI, 4 N formic acid and 0 4 N ammonium formate, 
and IV, 4 N formic acid and 0 8 N ammonium formate, as indicated on the diagrams 


The present work shows that a large number of 
nucleotides 18 found both m penicilin-treated and in 
normally grown S aureus, apparently formmg a 
pattern similar to the distribution discovered in some 
other micro-organisms and in many animal tissues 
(cf refs 9 and 17) The various uridine nucleotides 
from the extracts of penicillin-treated bacteria have 
not yet been identified. It is assumed that they 
belong to the group of UDP-derivatives mvolved in 
cell wall synthesis Ito e£ al have reported that the 
UDP-acetylmuramie acid peptides of this stram con- 
tain aspartic acid and glycme!* The accumulation 
of uridine nucleotides is paralleled by the massive 
accumulation of the CDP-derivative, which ın many 
cases surpasses the increase ın the amount of indi- 
vidual uridine nucleotides. 

The difference between the present results and 
earlier findmgs could be due to a number of factors 
As pointed out by Strominger in the case of bacteria 
treated with crystal violet, the accumulation of 
CDP-ribitol cannot be demonstrated with all strains 
of S aureus’? Possible differences in the composition 
of the culture medium and in other experimental 
conditions could also have influenced the results 
Baddiley and Mathias, who origmally discovered 
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CDP-ribitol and CDP-glycerol in 
L arabenosus, found the com- 
pounds very labile durmg extrac- 
tion ‘This was attributed to the 
presence of potent phosphatases 
For this reason, heat-killed bac- 
0 teria have been used for later 
Investigations. Strominger, who 
mactivated the enzymes by heat- 
ing & washed bacterial suspension 
at 100° C for 10 mın., found great 
variations in the amount of 
CDP-ribitol from crystal-violet- 
treated cells, accompanied by a 
corresponding change ın the 
amount of CMP -(ref 7). In the 
work described here, the bacteria 
were grown in small batches, 
chilled rapidly and extracted at 
low temperature. Even a small 
delay m chillmg was found to 
reduce the amount of the nucleo- 
tide considerably. With proper 
care, this method seems to give 
high yields of the nucleotide 

It has been suggested that 
CDP-ribitol might be a precursor 
of teichoie acid, a component of 
bacterial cell wall containing 
ribitol phosphate*. While the 
biology of the accumulation of 
CDP-ribitol 18 not well known, 1t 
is interesting to note that both 
penicillin and crystal violet cause 
accumulation of this nucleotide 
These two agents appear to inter- 
fere at different pomts with the 
uridine nucleotide pathway lead- 
mg to cell wall synthesis’. 
Whether the accumulation of 
CDP-ribitol 18 a result of an 
independent action of penicillm 
on the cytidine nucleotide meta- 
bolism or whether the accumula- 
tion of the two types of nucleo- 
tides 1s caused by an interference 
with a single reaction m the metabolic sequence, 
cannot yet be decided. 

This work was aided by grants from the S^ Jusóhus 
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SENSORY DEPRIVATION AND FETAL CIRCULATORY 
HOMEOSTASIS 


By Pror S R.M REYNOLDS 


Department of Anatomy, University of Illinois, College of Medicine, Chicago, Illinois 


MBRYOLOGISTS seem to overlook the effect 
of a flotation-type of existence im utero on 
physiological activities within a foetus as compared 
with physiological capabilities once development 
has proceeded through the period of morphogenesis 
Morphological differentiation must precede func- 
tional capability This 1s true of single-organ systems 
or of two or more mterdependent systems such as 
homeostatic regulatory mechanisms However, full 
function of one or more completely developed 
secondary organ systems may not occur because a 
primary organ system essential to the secondary one 
is not yet called ito action by the exigencies of the 
environment It ıs this sort of system-system inter- 
action that appears to be involved in the circulatory 
adjustments of the foetus (lamb) ın utero 
The problems of foetal heart-rate, blood pressure 
and reflex mechanisms have been 1eviewed by Windle! 
and Barcroft? In 1954, when foetal blood pressure 
and heart-rate were recorded sn utero with the mem- 
branes intact®, foetal circulatory characteristics could 
be studied ın nearly normal circumstances In such 
& preparation, responses to a variety of stressful 
situations were determined 
Parasympathetic and sympathetic nervous system 
capabilities were explored, largely with the foetus 
an utero Included were the responses of heart-rate 
and blood pressure to (a) mereased intrauterme 
pressure’, (b) graded degrees of hypoxia’, (c) dis- 
turbances of the maternal circulation®, (d) occlusion 
of the umbilical cord’, (e) vagotomy’, (f) stellate and 
thoracic ganglionectomy®, (g) excision of the fetal 
adrenal glands® 
The resting foetal heart-rate decreases when intra- 
uterine pressure increases by a weight placed on the 
uterus and decreases when the weight 1s removed 
These are transient episodes evoked by a brief and 
dynamic stimulus The bradycardia is vagal in 
origin since ıb 18 abolished by atropme There 1s 
therefore, a competent vagal mechanism which Is 
brought into temporary action by this change m 
the environment 
A lamb ın utero and its mother respond differently 
to the same asphyxial stumulus When nitrogen 1s 
given to a ewe, her heart-rate and blood pressure 
rise The fetus shows bradycardia and no change 
in blood pressure When atropine is given to the 
foetus during bradycardia the heart-rate becomes 
rapid The bradycardia ıs vagally induced Again 
we see that the autonomic system of the lamb responds 
to this stress by parasympathetic output and the 
foetal response 18 unlike that of the adult 
Less stressful stimuli have an effect also When a 
pregnant ewe 1s subjected to progressively stronger 
hypoxia, the foetal heart-rate decreases or 16 shows a 
2 1 heart block which ıs vagal in origm Similarly, 
if there are acute disturbances of the maternal 
circulation mvolving transient congestion of the 


maternal portion of the placenta, evanescent decreases 
in foetal heart-rate occur This ıs the result of induced 
vagotonia 

From these and other experiments we conclude that 
the parasympathetic system of the foetal lamb ıs 
functionally competent, but it lacks a stimulus to 
maintain parasympathetic tone 

Most of the present observations were made with 
ewes lightly anesthetized with diallylethylabarbituric 
acid It might be argued that this anesthetic 
abolishes existing vagal tone This ıs unlikely, 
however, since vagotonia is the easiest response in 
the lamb to exhibit under this anesthesia and 
experunents made with the ewe operated under local 
anesthesia (‘Procaine’) alone make no difference in 
the foetal responses to stress or in the resting charac- 
teristics of the foetal circulation 

Barcroft found progressive vagotonia as a foetal 
lamb becomes larger However, the ın utero rates 
observed by him were recorded by auscultation and 
by palpation which involved some pressure on and 
handling of the uterus which, as we have shown, 
induces vagotonià From Barcroft’s experiments on 
lambs at Cesarean section, 1t appears that the acute 
response to stress of handling mduces vagotonia, 
since he operated and observed very rapidly He 
says. ‘““Let me emphasize again, that 1f the phenomena 
which have just been described [foetal vagotonia] are 
to be observed they must be observed at once on the 
delivery of the foetus—a delivery which must be 
carried through with no strain on the uterine and 
umbilical blood vessels and no exposure of the cord 
or fetus—it may seem wasteful to do an experiment 
on a sheep which only takes 10 min and produces but 
a single lesion, but 1t 1s less wasteful than for him to 
misinform himself on 3 or 4 matters" (ref 2, p 137) 

Concerning sympathetic activity m the foetus, 
evidence 1s meagre but equally clear When normal 
resting foetal heart-rates in lambs are compared 
with resting heart-rates after bilateral excision of the 
stellate and other thoracic sympathetic ganglia, no 
change occurs ın resting fetal heart-rate This 1s 
true whether the vagi are intact or sectioned or both 
carotid sinus areas are excluded from the circulation 
One must conclude that there 1s no appreciable resting 
sympathetic tone in the foetus so far as heart-rate 18 
concerned, 

One type of evidence has been obtamed which 
resulted ın sympathetic system activity in the 
foetus With the heart completely denervated severe 
anoxia was produced by temporary occlusion of the 
umbilical cord The heart-rate showed a slow but 
profound decrease, due to myocardial depression 
On release of the cord, an extremely fast and pro- 
longed tachycardia was seen The foetus struggled, 
exhibited strong expiratory effort and passed mecon- 
iun The experiment was repeated after meision of 
both foetal adrenal glands After anoxia, the heart- 
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rate returned to normal without tachycardia Jn 
ectremts, therefore, there was mass stimulation of the 
sympathetic system 

One must conclude that the sympathetic system of 
the lamb foetus, like the parasympathetic system, 18 
functionally competent but inactive in a resting 
foetus One asks, therefore, why a developed and 
competent autonomic system 1s silent except in the 
face of transient and dynamic stresses 

Examination of the development of cardiovascular 
responses in lambs soon after birth ıs crucial to the 
hypothesis suggested above A few observations 
have been made in lambs 4-12 days of age, averaging 
about 8 days Responses to the following stresses 
have been studied (a) carotid artery occlusion 
(6 lambs), (b) bilateral vagotomy (8 lambs), (c) 
severe hypoxia (9lambs) The results are summarized 
in Tables 1, 2 and 3 

Table 1 shows that carotid artery occlusion in 
lambs yields a rise 1n. blood pressure like that of the 
adult, the heart-rate response 1s more or less inter- 
mediate between the adult and the foetus 


Table 1 COMPARISON OF THE EFFECT OF CAROTID ARTERY OCCLUSION 
IN FQ@TUSES, LAMBS AND EWES 


Blood pressure Heart-rate 
(per cent) * (per cent) * 
+ O — + Q = 
Non-pregnant ewes (ref 10) 100 0 0 50 20 30 
Lambs (ref 6) 100 0 0 33 0 67 
Fotuazes (ref 5) 
(last third preg ) 20 60 20 0 20 80 


* Percentage of animals showing increase (+), no change (O) or 
decrease ( — ) 


Table 2 shows that vagotomy in adult ewes and 
lambs causes a fall in blood pressure and a decrease 
in heart-rate while blood pressure in foetuses 18 
unchanged, although the decrease in _heart-rate 
occurs The effect of vagotomy m the lamb parallels 
more closely the change in the adult than in the 
foetus 


Table ? COMPARISON OF THE EFFECTS OF VAGOTOMY IN FQTUSES, 
LAMBS AND EWES 
Blood pressure (mm Hg)  Heart-rate (b pm ) 
Before After Before After 
Non-pregnant ewes 1015(4+89)/ 873(+85)/ 1104 99 5 
(ref 12) 818 (+8 2) 64 (+ 6 6) (+85) (+65) 
Lambs (ref 6) 
(mean blood 
pressure) 85 705 234 194 
Foetuses (ref 5) 
(mean blood 
pressure) 379(+44) 378(+2 4) 166 7 158 8 


(+1387) (+140) 


Altbough there 1s a gieat variability of response in 
the effects of severe hypoxia in all three groups, 
Table 3 shows that the blood pressure of the foetus 
was, with one exception, unaffected by acute hypoxia 
The responses ın lambs and adults are rather similar 
The heart-rates were variable but once again the 
lambs and ewes resemble each other to the extent 
that some of each showed cardiac acceleration which 
was not seen in the foetus 

These results suggest that new-born lambs resemble 
adults in their responses to the three stresses em- 
ployed More refined experiments are needed to 
establish this point, but the evidence seems clear 


Table 3 COMPARISON OF EFFECTS OF HYPOXIA IN Ferusss, LAMBS 


AND EWES 
Blood pressure Heart-rate 
(per cent) (per cent) 
+ O e T O — 
Ewes (ref 16) 334 4686 13 4 46 46 6 134 
Lambs (ref $ 555 33 4 101 33 4 20 2 445 
Fotuses (ref 7) 0 86 7 13 4 0 428 57 2 


(last trimester) 
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that circulatory homeostasis begms soon after birth 
in the sheep 

Recent experiments on men given bed rest? or 
Immersed in water for a day to a week!? show that 
cardiovascular homeostasis depends on proprioceptive 
input to the central nervous system Following 
immersion there 1s @ progressive decline in blood 
pressure, an increase in heart-rate, and a loss of the 
diurnal variation m heart-rate The response of 
heart-rate to the mild stress of a tilt table was much 
exaggerated An elevation of diastolic and a decrease 
of systolic blood pressure occurred, signifying 
dimimishing cardiac output With more severe 
stress of exercise on a treadmill, the deficiency of 
homeostasis was more exaggerated In short, 
prolongedreduction of proprioceptive input by weight- 
lessness leads to loss of effective homeostatic regula- 
tion m man and exaggerated sympathetic system 
output 

The concept that homeostatic regulatory mechan- 
isms depend on sensory input to the nervous system 1$ 
nicely set forth in a recent book by Stanley-Jones!? m 
which the roles of monitormg positive and negative 
feed-backs 1n a wide range of biological systems are 
reviewed Feed-baeks actmg on _ physiological 
mechanisms result m stabilization, consequently 
they prevent by negative feed-back a runaway to a 
maximum (for example, excessive sy mpathetic activity 
as in the deconditioned man!?) 

Stanley-Jones distmguishes between two main 
types of sensory mputs (1) those m which brief 
reflex responses occur and are dynamic m. the sense 
that they elicit reflexly a response of limited duration 
ard & purposeful nature, and (2) those that serve to 
produce a sustamed sensory mput, activating the 
nervous system on a long, continuing basis The 
focmer are responses to quickly adapting sense 
organs, the latter, to slowly adapting sense organs. 
In the main, the second type have their origin in 
postural mput nervous mechanisms from otoliths 
and from muscle spindles Speaking of antigravity 
feed-back m higher vertebrates he says “The new 
feature 18 the augumentor system It ıs Nature's 
response to the challenge of gravity It employs a 
positive refection (feed-back) to maintain the posture 
of the body when at rest, mstead of the negative 
refection used 1n fishes The muscle spindle 1s the 
little machine inside the big machine". Speaking of 
weightless adults deprived of all sensory input, 
Stanley-Jones says ‘“‘The physical status of adults in 
these circumstances resembles nothing so much as a 
return to the foetal condition of isothermal floating 
in the amniotic fluid of the womb, 16 18 not surprising 
therefore that the body regression to prenatal condi- 
tions should cause a similar regression on the mental 
plane" With respect to the latter reference, the 
reader should consult an editorial on the subject? 

The fetus s» utero, like the immersed man in 
Gravelme's experiment, 1s a free-floating organism 
As in that experiment, the foetus ıs ın a sort of zero- 
gravity situation so far as weight 1s concerned 
Jt 1s nov called on to use its proprioceptive reflexes to 
offset the effect of gravity m order to maintain posture. 
The foetus ıs subject to no unequal forces It lacks, 
therefore, the action of a monitormg feed-back from 
the environment Consequently there 1s a deficiency 
of autonomic nervous system controls when the 
foetus ıs im a resting, unstressed situation It is as 
if the foetal heurt were like that m a heart-lung 
preparation, subject to its intrinsic controls on a 
chemical basis unless the autonomic system 18 called 
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into play by sensory input from its environment 

The foetus does possess from a time early in develop- 
ment the capacity for well-characterized patterns of 
behavioural (dynamic) responses, as Coghil'* and 
Hooker!5 have shown, although Windle? 1s of a differ- 
ent opinion regarding their nature 

After delivery in those species that are mature at 
birth antigravity input to the central nervous system 
is established rapidly It appears, therefore, that 
such sensory input to the central nervous system 18 an 
essential factor m contributing to sustamed autonomic 
system output, at least so far as cardiovascular 
homeostasis ıs concerned. The effect is one of nega- 
tive refection mediated by the parasympathetic 
system This problem is part of the larger one of 
sensory deprivation ın general on the body. 

How effective homeostasis will be after birth 
must vary with the degree of morphological maturity 
at birth Opossums, hamsters, mice, rats, rabbits, 
kittens, puppies, piglets, human babies and many 
other species will lack the capacity for homeostasis 
at birth because they do not respond to gravity. 
Others, such as guinea pigs, foals, lambs, calves, kids, 
and many other species will possess to a marked 
degree the capacity for effective homeostasis since 
they can stand, walk (or run) and regulate fairly well 
ther body-temperature when they are born Most 
notably, they possess a capacity for proprioceptive 


NATURE 


VoL 192 


December 2, 1961 


input to the central nervous system when they are 
delivered from a condition of weightlessness durmg 
development 

It 18 significant that the uterus 1s the original 
space capsule of mankind, and that all mén have, so 
to speak, been m weightless orbit before they were 
born 

This work was supported by the U S. Public Health 
Service grant RG4728 
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TRANSAMINATION AND THE CONTROL OF MITOCHONDRIAL 
PATHWAYS 


By Dr. H. GUTFREUND, Dr. K. E. EBNER* and Miss L. MENDIOLA 


National Institute for Research in Dairying, Shinfield, Near Reading 


ECENT work in several laboratories has demon- 

strated that the most important pathway for 
glutamate oxidation ıs via transamination and 
oxidation of «-oxoglutarate!? 


oxaloacetate + glutamate — aspartate + a-oxoglutarate 


a-oxoglutarate + 14 Og— oxaloacetate + CO, 
glutamate + 13 O,— aspartate + CO, 


Jones and Gutfreund? have shown in their dotailed 
work on guinea pig hiver and mammary gland mito- 
chondria that under ın vtro conditions liver mito- 
chondna oxidize some glutamate via glutamic 
dehydrogenase, but that the above transaminase 
pathway 18 more important and the latter ıs probably 
the only pathway under physiological conditions. 
Mammary gland mitochondria have no detectable 
glutamic dehydrogenase activity** and yet they 
oxidize glutamate at approximately the same rate 
as liver mitochondria. These findings indicate that 
the concentrations, activities and specificities of 
mitochondrial transammase are most important data 
for the analysis of the control of mutochondrial 
metabolism 

We shall attempt to present a discussion of: (1) 
the concentrations of transammase and other enzymes 
in various mitochondria, (2) the relation between 
transaminase concentration and the concentrations 
of pyridine nucleotide - linked enzymes in mitochon- 
dria, (3) some special aspects of the enzyme kinetics 
of transaminase; (4) the so-called latency of mito- 
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chondrial transaminase and its relation to the control 
of pathways 1n mtact respiratory particles 

The purpose behind a detailed examination of 
various enzyme systems in the pure isolated form 
and, in intact respiring mitochondria 18 to differentiate 
between various possible factors which control the 
direction and intensity of multi-enzyme pathways 
from junction points A thorough knowledge of an 
isolated enzyme under various conditions &nd- data 
on the behaviour of this enzyme in mitochondria 
should give mformation about the conditions and 
surroundings of this enzyme ın respiratory particles 
To get a complete picture of chemical organization 
ın mitochondria in this way 18 necessarily a long-term 
programme; but some of the investigations reported 
here are intended to ulustrate this approach to the 
transaminases of mitochondria and their relation to 
the enzymes of the citric acid cycle More details of 
simular work on enzymes of the citric acid cycle are 
reported elsewhere?:$. 


Enzyme Concentrations in Mitochondria 


Investigations on the concentrations of various 
active components of mitochondria from different 
tissues are too numerous to be referred to individually 
Bucher and Khngenberg* review data on enzyme and 
coenzyme concentrations, Birt and Bartley* discuss 
pyridine nucleotide movements in mitochondria, and 
Estabrook and Holowmsky* discuss the cytochrome 
content of various mitochondria, The present investi- 
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gation was carried out to provide data on the con- 
centrations of a number of enzymes from assays 
on the same mitochondrial preparation, which has 
also been used for work on intact mitochondria as 
discussed below and elsewhere’. 

Table 1 contains results for the assay of activities of 
a number of mitochondrial enzymes at 25° under 
specified conditions All the assays were performed 
on samples of preparations of mitochondria which 
were first used intact for respiration experiments? 
Three samples of rat liver mitochondria were kindly 
provided by Dr. W N Aldridge. These samples were 
frozen at — 20? and just before use they were diluted 
ten times and aliquots of such disrupted mitochondria 
were added to appropriate reaction mixtures and the 
rates of the oxidation or reduction of NAD (nicotin- 
amide-adenine-dinucleotide) or NADP (nicotinamide- 
adenme-dinucleotide-phosphate) were followed spec- 
trophotometrically at 340 mu The transaminase 
assays were coupled to dehydrogenases in the 
following manner 

(1) aspartate + a-oxoglutarate —> oxaloacetate + glutamate 


the rate of oxaloacetate formation was determmed 
by following the rate of oxidation of NADH (reduced 
nicotanamide-adenine-dinucleotide) in the presence 
of excess malic dehydrogenase In broken mito- 
chondria the endogenous concentration of malic 
dehydrogenase was sufficient for this assay 

(2) oxaloacetate + glutamate — aspartate + a-oxoglutarate 


The rate of «-oxoglutarate formation was determined 
by following the rate of oxidation of NADPH 
(reduced nicotinamide-adenme-dmucleotide phos- 
phate) m the presence of ammonia and excess 
glutamic dehydrogenase Glutamic dehydrogenase 
will oxidize NADPH at approximately half the rate 
of NADH, while the oxaloacetate reduction in broken 
mitochondria was completely specific for NADH 
At this stage the data obtamed for the activity of 
transaminase, glutamic dehydrogenase, isocitric de- 
-—sa 
SOME ENZYME ACTIVITIES OF DISRUPTED MITOOHONDRIA 
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Table 1 
AND THEIR RELATION TO THE RATE OF RESPIRATION OF INTACT 
MITOCHONDRIA 
Guinea pig 
Reaction Rat hver Guinea pig mammary 
liver gland * 
Glutamate + oxaloacetate to 12,10, 10,05 08 
aspartate + a-oxoglutarate 092 
Isocitrate + NADP* to 014,013, 021,041, 01 
a-oxoglutarate + CO, 4- 0 13 0 31, 0 54 
NADPH + H+ 
a-Oxoglutarate + NH,* + 016,017, 018,030 none 
NADH to glutamate + 019 
H,O+NAD+* 
a-Oxoglutarate + NH,* + This reaction proceeded none 
NADPH to glutamate 4- at about 55 per cent of 
H40 + NADP* the rate of the reaetion 
in the presence of 
NADH 
Glutamate +H,O+NAD* to 0081,0 035, 0 03,0 08, none 
a-oxoglutarate + NH,4* + 0 074 0 06, 0 04 
NADH 
Glutamate -+H,0+NADP+ This reaction proceeded none 
to a-oxoglutarate-r at about 5^ per cent of 
NH,*-NADPH the rate of the reaction 
in the presence of NAD* 
Malate + NA D+ to oxalo- 036,028, 006, 0 0925 
acetate + NADH + Ht 0 30 
Oxaloacetate + NADH + 825,275, 250 06,14, 
H+ to malate + NAD+ 298, 3 06 08 
Respiration-rate of intact 0 12-0 14 0 04-0 05 0 04-0 05 


mitochondria in the 
presence of ADP inorganic 
PO,= and citric acid cycle 
substrates 


The results given tn this table are in zmoles of substrate utilized per 
min per mgm mutochondrial protein at 25? C under conditions of 
optimum pH, substrate, coun7yme and metal ion concentrations, with 
the exception of NH,* during glutamate formation u hich was 3 38m M 

* Examination of the supernatant obtained after centnfugation of 
mammary gland mitochondria indicates considerable leakage of 
enzymes from these respiratory particles 
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hydrogenase and mahe dehydrogenase are mainly of 
comparative interest. To establish the absolute con- 
centration of these enzymes one has to find out 
whether their possible latency—which 1s discussed 
later—has been completely overcome and whether 
there are any significant losses durmg preparation of 
the samples of broken mitochondria We have found 
that transaminase as well as glutamic and malic 
dehydrogenase are still partially bound to particulate 
material while the isocitric dehydrogenase is in a 
freely soluble form. The latter observation 1s of some 
significance in connexion with the vari&bihty of 
isocitrate oxidation by mutochondria, especially in 
the caso of ‘leaky’ particles such as those prepared 
from mammary gland. 

Hor the calculation of the percentage concentration 
of individual enzyme protem in mitochondria the 
activity per mgm. of pure enzyme has to be known. 
None of the enzymes discussed has been purified 
from guinea pig or rat liver, but a prelimmary 
estimate 1s of considerable mterest. Assuming for 
the rat liver enzyme the turnover and molecular 
weight of pig heart isocitric dehydrogenase? one can 
calculate that 2 5 per cent of the protein of rat liver 
mitochondria and twice this amount of guinea pig 
liver mitochondria consist of this enzyme — Similar 
calculations for the other enzymes estimated give 
values of the same order of magnitude 

We were particularly mterested m the relative 
rates of the dehydrogenases, respiration and trans- 
am nation The relation between enzyme concentra- 
tions and respiration is discussed elsewhere? Here 
we shall concern ourselves with the question as to 
how the concentration and kinetic characteristics of 
transaminases fit mm with the observations on mito- 
chondrial metabolism of glutamate, aspartate, «-oxo- 
glutarate and oxaloacetate. 


Kinetic Characteristics of Transaminase 


Two types of enzyme preparations were used for 
kinetic measurements on various transaminase re- 
actions The transaminase of mitochondria from 
guinea pig liver and mammary gland and from rat 
liver were examined ın suspensions of broken muto- 
chondria as used for the enzyme assays described 
above Secondly, we used a highly purified prepara- 
tion of transaminase from pig heart, which corre- 
sponded to that described by Jenkins, Yphantis and 
Sizer® This gives a basis of comparison with an 
enzyme preparation most extensively desembed in 
the literature The kinetics of transaminase catalysis 
can be described by the scheme shown in Fig 1, m 
which each step 1s reversible 

This scheme ıs formally the same as that deseribed 
by Gutfreund and Sturtevant? for hydrogen transfer 
via enzyme-bound flavin adenine dinucleotide, but 
the rates of the individual steps of the transaminase 
reaction are so much faster that even rapid reaction 
techniques have so far only helped to confirm an 
order of magnitude for the rates involved 

It has been shown!? that the reaction of the 
pyridoxal enzyme from pig heart with alanine to 
form pyridoxamine enzyme and pyruvate is fairly 
slow (half-tume approximately 6 min with alanine 
2 x 10-2 M), the reverse reaction with pyruvate is 
at least 100 times faster The reactions of the pig 
heart enzyme with aspartate or glutamate was known 
to be much more rapid but no attempt had previously 
been made to determine its rate We have made 
some preliminary observations on the rate of forma- 
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Fig 1 E, pyndoxalphosphate enzyme, AB, ammo-acid sub- 


strate, EAB, Michaelis complex, B, ketoacid product, FA, 
pyridoxaminephosphate enzyme, C, ketoacid substrate, BAC, 
Michaelis complex, AC, amimo-acid product 


tion of pyridoxamune enzyme m the presence of 0 05 M 
aspartate The reaction was followed ın a rapid- 
reaction spectrophotometer at 365 mp The method 
used was only capable of giving an approximate 
value for the half-time of the reaction (5 msec at 
25°) The difficulty of obtammg accurate kmetic 
constants is due to the fact that the earliest observa- 
tion 18 made at a time at which the reaction 1s about 
half-way completed and the complication of the 
reverse reaction discussed later puts special demands 
on accurate observations over the whole time course 
of the reaction It 1s, however, of great interest to 
get this approximate value for the velocity of the very 
rapid pyridoxamme enzyme formation, especially 
ın view of the fact that this reaction 1s characterized 
by k, (see Fig 1), which will be shown to be the 
smallest of four forward reaction constants The 
following calculation 1s of interest, though ıt 1s based 
on & number of approxmmations Jenkins and Sizer™ 
give the results of an experiment designed to study 
the equilibrium 


(enzyme-pyridoxamine) (a-oxoglutarate) _ K 
(enzyme-pvridoxal) (glutamate) 


The data given over a wide range of the two forms 
of the enzyme do not fit any simple model of a 
reversible reaction, but at low glutamate concentra- 
tion one can conclude that the rate of the reaction 
of the pyridoxamme enzyme with «-oxoglutarate 18 
approximately 100 times as fast as the reaction of 
the pyridoxal enzyme with glutamate In any dis- 
cussion of metabolic control at the pomt of one 
enzyme, one 1s concerned with the relation between 
the Michaelis constant and the steady-state concen- 
tration of the substrates If two substrates—donor 
and acceptor—can influence the rate, then one 1s also 
concerned with the conditions under which the con- 
centration of one or the othe: of these deteimunes 
the rate of the overall reaction The tissue concen- 
trations of «-oxoglutarate are usually much lower 
than those of glutamate and the concentration of 
oxaloacetate 1s only of the order of 10 uM112 The 
value for Km for oxaloacetate with mitochondrial 
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transaminase is therefore of paiticulai interest We 
have determined this ın the followmg manner with 
our rat liver mitochondrial preparation The assay 
for glutamate to oxaloacetate transamination was 
carried out over & range of substrate concentrations 
under muitial conditions of equal ammo donor and 
ammo acceptor concentrations 

After the optimum substrate concentration (5 x 
10-3 M) had been determined a series of experrments 
at constant glutamate concentration (7 x 10-3 M) and 
a range of oxaloacetate concentrations (0 83 x 10-5 
to 167 x 10 M) was earned out The Km for 
oxaloacetate was found to be approximately 9 uM 
At high oxaloacetate concentrations (above 5 x 
10-3 M) inhibition of the transfer reaction occurs 
This mhibition 1s of no biological significance since 
oxaloacetate ıs a very potent inhibitor of sucemue 
and malic dehydrogenase at much lower concentra- 
tion and could never build up to this level It is, 
however, important to take this imhibition into 
account when kinetic vestigations are attempted 
with less sensitive assay procedures 

A series of determmations of Km for the aspartate 
to a-oxoglutarate transamimation were carried out 
with mitochondrial preparations from guinea, pig liver 
and mammary gland and the purified pig heart 
enzyme When the acceptor and donor concentra- 
tions are equal the followmg values for Km are 
obtained gumea pig mammary gland, 115 mM, 
guinea pig liver, 077 mM, pig heart transammase, 
40 mM 

When the a-oxoglutarate concentration 18 reduced 
below that of aspartate, no significant reduction m 
the rate of the reaction 1s observed until the accepto: 
concentration is one-tenth of the donor concentration 
This indicates that during the conditions of the Km 
determinations the reaction of aspartate with the 
enzyme is rate determmmg and the Km fo. the 
«-oxoaeid 18 much lower than that for the ammo-acid 
This 1s analogous to the relationship between gluta- 
mate and oxaloacetate discussed above 


Latency and Metabolic Control 


The latency of dehydrogenases in intact muito- 
chondria has recently been discussed by Bendall and 
deDuve?, and Boyd" describes similar phenomena 
for mitochondrial transaminase In the report}!* on 
transaminase 1t 1s concluded that the activity for 
transamination from aspartate to «-oxoglutarate 1s 
increased up to three-fold on disruption of mito- 
chondria The followmg phenomena can be responsible 
for the so-called latency of transaminase and perhaps 
also of other mitochondrial enzymes 

(1) Compartmentation and permeability may make 
available only muted amounts of substrate to the 
enzyme and may select preferentially either mternally 
generated or externally added substiates Local 
accumulation of substrates and/or products can 
either accelerate or mhibit 

(2) Structural alterations of enzymes bound to mito- 
chondrial enzymes oi concentrated withm compart- 
ments can also affect then activities Several non- 
mitochondrial enzymes are known to be less active 
when they aggregate in solution Fasella and Tuiano!5 
have shown that transaminase forms a dimer with a 
dissociation constant of .10-8-10-7 M The dimerie 
form has only about 5 per cent of the activity of the 
monomeric form Glutamic dehydrogenase, on the 
other hand, dissociates under a variety of conditions 
to form inactive sub-units'® It appears, however, 
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that many of the enzymes discussed are, at least 
partially, bound to the structural material of muto- 
chondria and one has to be cautious 1n accepting that 
the conditions causing structural changes in enzyme 
molecules m free solution would cause similar changes 
in the bound form of the enzyme 

Under physiological conditions a number of factors 
must co-operate m primitive control of mitochondrial 
pathways This ıs the type of control not mvolving 
the formation of new enzyme protem The trans- 
aminase activity of mitochondria ıs more than 
sufficient to convert all the oxaloacetate which can 
be produced by the citric acid cycle into aspartate, 
provided a reasonable concentration of glutamate 
(0 1-1 mM) reaches the transaminase The results of 
the present investigation show that the enzyme con- 
centrations, kinetic parameters as well as the relation 
between oxaloacetate concentration and Km are 
consistent with the pathway for glutamate oxidation 
outlmed in the introduction If ıt were indeed true 
that all the oxaloacetate 1s converted into aspartate, 
which in turn is used for the biosynthesis of proteins 
and nucleic acids, then the citric acid cycle would be 
disrupted There 1s insufficient mformation about 
the potential activity of condensing enzyme and 
about its affinity for oxaloacetate to predict whether 
the condensation reaction can compete successfully 
for oxaloacetate with the transamination system even 
in the presence of glutamate 

The elucidation of the control of the citric acid 
cycle and of its supply of substrates and disposal of 
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products 18 both extremely important and, because of 
its many complex control points, a great mtellectual 
challenge This problem will be readily soluble when 
the type of information discussed for some enzymes 
im this arucle has been obtamed for all the enzymes 
concerned and when tracer kinetic investigations with 
labelled intermediates have given full mformation 
about the relative availability for intramitochondrial 
enzyme reactions of externally added and internally 
generated substrates and products 

This work was supported in part by a grant from 
the US Public Health Service RG-4725 (C4) 
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DIAPAUSE IN AN AQUATIC MYMARID 


By Miss D. J. JACKSON 
North Cliff, St. Andrews 


'4RAPHRACTUS CINCTUS Walker parasitizes 
the eggs of various Dytiscidae! and 18 easy to rear 
in captivity on the eggs of the water beetle Agabus 
bipustulatus L The entire development of this 
mymarid occurs under water within the host egg, the 
shell of which 1s transparent The larve, usually 2 
or 3 m each egg, are clearly visible durmg their later 
stages, so the time of pupation 1s easily determined 
Four to five generations of Caraphractus have been 
bred m a year m an unheated north room with a large 
uncurtained window at my house in St Andrews 
The last generation of the year undergoes diapause 
m the fullgrown larval (prepupal) state. Such 
diapausing larve may be found in some eggs m 
September and usually in all eggs by the end of 
October  Pupation occurs in the sprmg and the 
majority of the adults emerge from March to May 
The eggs of A bipustulatus do not diapause but 
develop at all times of the year when the vemperature 
is suitable 
In some parasitic Hymenoptera which diapause 
in the last larval imnstar??, ıt has been found that 
maternal physiology may influence the imeidence of 
diapause in the offspring, either by diet*?, by agemg 
of the females?, or by rearing the females at low 
temperature^? In Caraphractus the adult female 
has never been seen to feed, and observations on the 
laying of old females previously deprived of host 
eggs showed that retention of the eggs 1n the ovaries 


of this insect (which has a very short adult life) was 
not a factor promoting diapause in the offsprng By 
exposing host eggs at various stages of parasitism to 
low temperature (5? C ) m August, development was 
retarded, but there was no diapause m the chilled 
generation and no increase m diapause m the offspring 

A succession of generations was obtained during 
the diapause season’, September-March, by rearmg 
Caraphiactus m a constant-temperature 100m at 
17 5? € in continuous fluorescent light of 9 ft -candles, 
each generation developmg in a little more than 
three weeks, normally without diapause (Table 1, 
exp 2) When host eggs with young larve were 
transferred £rom this constant-temperature room to 
the north room where diapause normally occurs, the 
majority of the larvas went into diapause, while the 
reverse experiment (moving parasitized eggs from 
north room to constant-temperature room) resulted 
in direct development of all tbe larve When 
temales, reared in this constant-temperature room, 
were transferred to the north room to breed, they 
produced, from the middle of September to the end 
of December, 98 1 per cent diapausmg offspring m 
264 parasitized eggs Since the temperature of the 
north room, though variable, was mostly 14°-16° C 
anc so not very much lower than the constant- 
temperature 100m, 1t seemed probable that the long 
hours of darkness at this season were responsible for 
indacmg diapause in the developing larvae 
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Table 1. PHOTOPERIOD EXPERIMENTS WITH Caraphracius encius WALKER 
No of host 
No of Temperature Intensity of egus with | No of host | Percentage 
Ref separate (°C) Dates experiments | Hr of light light Hr of direct eggs with | of eggs with 
No exper- av av were started (tungsten) | (ft -candles)| darkness developing | diapausing | diapausing 
ments mm, / max parasites parasites parasites 
1 2 175CTR Dec 29, 1960 24 09 35 0 00 
2 52 175CTR m doc Feb 24 00 407 2 0 4 
3 3 18 5/14 5 Nov 23-25, 1960 24 &Q 63 0 00 
4 2 25/20 C.T R. | Nov 4, 1960 24 120 17 0 00 
5. 5 13 0/16 6 Heer EE 8, 203-21 80 105 1 09 
6 6 14 0/15 0 Mav 16-28, 1961 19 7 75 209 0 00 
7 10 13 0/17 5 er ah een 5, 15 42 0 20 187 90 3 
8 12 12 0/14 5 De ers an. 14 80 5 239 97 9 
9 5 170CTR. | Jan 11-14, 1961 8 75 0 27 100 0 
10 1i 13 5/15 5 nor 15 1290- Eeh; 74-8 8b 0 206 100 0 
11 5 15 9/17 2 Juno 28—July 9, 7k 7 765 0 173 100 0 


CTR , constant temperature room 


Experments with different photoperiods were 
then tried, first by exposing newly parasitized eggs 
durmg December to daylight from a north window 
and supplementing this with artificial tungsten light 
of 30 ft -candles m the evening, a method. simular to 
that used for mosquito larve by Bakeri The 
temperature averaged min 105°, max. 135° C 
With only 3 hr. of artificial light, all the larve went 
into diapause, with 6-63 hr of artificial light the 
diapause was 88 3 per cent, though the total hght 
(Qncluding morning twilight) was about 15-16 hr 
Controls, covered during artificial light, gave 97 per 
cent diapause Further experiments, some in ventil- 
ated tea-chests and others ın constant-temperature 
rooms, showed that direct development occurred 
durmg contmuous light, or with 3-5 hr of darkness 
(Table 1, exps 5 and 6) 

The effect of a short photoperiod (74 hr.) in promot- 
ing diapause from ovipositions in April and May has 
recently been demonstrated, for 98 6 per cent of 306 
parasitized eggs so treated went mio diapause, while 
221 controls, exposed to daylight ın the same (north) 
room at the same time, have all given direct develop- 
ing Caraphractus 

Experiments have been undertaken to find out the 
lowest intensity of light required durmg the night 
fo prevent diapause By using daylight from a 
north window in February and March and two 5-W 
neon bulbs all night from 4 30 pm to 830 am , and 
placing 264 parasitized eggs at varying distances 
from the hght, direct development of all the parasites 
occurred, though the hght they received at night was 
only 0 03-0 3 ft -candle Controls kept in the same 
room, ın darkness during artificial hght, gave 825 
per cent diapause The temperature averaged 
min 125?, max 155°C Three further experiments 
were conducted in the spring m tea-chests, using for 
15 hr a tungsten 25-W bulb giving 12 ft -candles and 
for 9 hr cresyl blue filters adapted to give hght 
mtensities of 08, 025 and 005 ft-candle As a 
result, all the successfully parasitized eggs in each 
experiment (a total of 513) gave direct developmg 
Caraphractus The average minimum and average 
maximum temperatures im these three experiments 
were 13 5° C and 16 5° C 

These results show that Caraphractus is sensitive 
in the larval state to hght of extremely low intensity 
It seems likely that ın ponds direct development will 
only occur with long daylight hours combmed with 
faint hght at night (twilight), or with a few hours of 
darkness. In other insects'-°, long day-lengths at 





medium temperature promote direct development, 
with Caraphractus, 9 hr of complete darkness 
suffice to induce diapause in the great majority of 
specimens (exp. 7) Experiments have shown that 
low temperature in this imsect 1s not the deciding 
factor, and in autumn, when reared in the north room, 
with an open window, diapause started before the 
cold weather set m. At the commencement of the 
‘diapause season’ there ıs individual variation in the 
susceptibility of the larve, and eggs, parasitized by 
the same female within 5 min of each other, may 
yield. either diapausing or non-diapausing Cara- 
phractus. Moreover, 16 sometimes happens that the 
development of two individuals within the same host 
egg may be of both types, though the eggs producing 
them were laid at one thrust of the ovipositor This 
variation disappears as the hours of darkness lengthen 

From May until August direct development 
normally occurs and this comeides with the long 
twilight of the summer nights and the absence of 
astronomical darkness The onset of diapause ın the 
autumn sets in at a time when there are about 6 hr 
of astronomical darkness, which increases in early 
October to more than 8 hr ; this may well be the 
‘clock’? to which the larve respond. Once in diapause. 
Caraphractus can withstand some desiccation, even if 
the host eggs collapse durmg drought Duiapausing 
larve ean also survive for days m freezing water 
(0-1 to 0-3? C) and when removed to a suitable 
temperature, pupation may occur promptly When the 
larvae are not subjected to frost, the diapause runs 1ts 
course and usually extends over several months, but 
18 sometimes greatly prolonged 

The experiments ın the constant-temperature rooms 
were carried out n the Natural History Department 
of the University of St Andrews and I am grateful to 
Prof H G Callan for affording me these facilities and 
to Dr C Mur for the valuable help he has so gener- 
ously given me with technique and light measurement 
Prof and Mrs Stibbs have kindly provided me with 
useful information regarding the duration of astronom- 
ical darkness m the latitude of St Andrews 
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HUMANITIES OF SCIENCE 


Science since Babylon 

By Prof Derek J de Solla Price Pp x--149 (New 
Haven, Conn, and London Yale University Press, 
1961) 450 dollars 37s 6d 


HIS book, Prof Price tells us, had 1ts origm m a 

set of five lectures given under the auspices of the 
Department of History at Yale University in 1959 
It makes no claim to be a history—even a historical 
sketch-——of ‘science since Babylon’, but rather by 
reflecting on certain special aspects of that history 
to gam some insight into why, or in any event how, 
science has come to be what 1$ 1s, and thence to deduce 
the likely course of its future development The 
whole thus constitutes an essay m what Prof Price 
wishes to call “the humanities of science" 

In five chapters the author approaches the question 
along three fairly distinct roads the thesis that the 
character of a scientific epoch 1s largely conditioned 
by the struments available, hence by the special 
skills of the contemporary ‘practitioners’ , a somewhat 
detailed examination of the great ‘mutation’ in 
physics consequent on Roentgen’s discovery of 
X-rays, anda roughly statistical analysis of the growth 
of science deduced from such ‘pomters’ as primary 
periodical publication, abstracts, individual papers, 
numbers of active scientists and universities 

Despite Prof Price’s well-known virtuosity m the 
first field, here amplified by some fascinating ‘revela- 
tions’ of his methods, belief ın the thesis 1s not likely 
to be strengthened by some of the arguments which 
are adduced What are we to make of the statement 
(pp 51, 13) * that ıt was the Germanic region of 
Luther rather than Catholic Italy that saw the revival 
of astronomy by Regiomontanus [d 1476], Kepler 
and Copernicus" ? Or by the description (p 61) of 
Hooke as an ingenious artisan " . who though 
reasonably educated [Westminster School and Christ 
Church, Oxford] had no special training in science 
other than by apprenticeship [‘research assistant’ 
to Willis and later Boyle] ?" Who among the early 
Fellows of the Royal Society, we may ask, had a 
better preparation in ‘science’ ? 

On the other hand, Chapter 5, entitled ““Diseases 
of Science’, *' its superabundance of literature, 
iis manpower shortages, rts increasing specialization, 
its tendency to deteriorate in quahty’’—together with 
the epilogue, entitled ““The Humanities of Science”, 
constitute for the reviewer alike the most convincing 
analysis of the ternfymg dynn that optimistic 
Western man has released from its bottle, and a 
carefully considered justification for the establish- 
ment of ‘humanities of science’—call it what you 
will—as a separate discipline For this reason 
Scrence sence Babylon 1s an important, possibly a 
very important, contribution It ıs all the more 
regrettable that ıt 1s exorbitantly priced 

W P D WIGHTMAN 


A SHORT HISTORY OF SCIENCE 


The Mechanization of the World Picture 

By Prof E J Diyksterhuis Translated by C Dik- 
shoorn Pp vim+539 (Oxford Clarendon Press , 
London : Oxford University Press, 1961) 105s net 


RIPLY laden by its burden of price, bulk and 
title, this book cannot be expected to jom 
the ranks of best-selling general histories of science 
However, its contents should and probably will 
be made known to the ever-increasing audience foi 
the history of science Since the publication of 
Burtt’s pioneering work some thirty-five years ago, 
the ‘metaphysical’ side of the rise of modern science 
has received increasing attention, and there 1s now a 
fair selection of popular books presenting this story 
Up to now each author has had to dig for himself 
in the secondary lhterature, scattered among many 
Journals and written in all the European languages 
Now those who teach and write on the history of 
science have a coherent and scholarly account, 
written m English and with a comprehensive biblio- 
graphy There is no longer any excuse for ignorance 
Also, those who want to learn something of the 
history of science and are not satisfied by vulgariza- 
tion, however high, can study this book with profit 
and satisfaction. 

Prof Dijksterhuis gives us an example of how to 
write the history of science In each of the many 
topics he covers, he describes briefly what he 1s going 
to discuss, and (more important) mentions relevant 
topics which he 1s not going to discuss The history 
of science has been plagued too long by smash- 
and-grab methods where one ‘scientific’ contribution 
of a man 18 described and analysed, while the philoso- 
phieal, religious or social thought in which the con- 
tribution was originally embedded ıs left unmen- 
tioned Also, ıb 1s clear that he has thoroughly mas- 
tered the techmealities of each problem, and not 
contented himself with understanding only that 
part which could easily be popularized This produces 
greater accuracy on small and large points His 
is the only general account of seventeenth-century 
mechanics which mentions the significant fact that 
Newton’s laws do not use time-derivatives, “F= 
ma”, as an explicit statement, dates from Euler 
Another example is his simplified diagram of the 
Ptolemaic world-system no other such diagram 
shows both the deferents of the mner planets, and 
the epicycle-arms of the other planets, as roughly 
parallel to the line jormng Earth and Sun 

The first half of the book 1s devoted to the back- 
ground im ancient and medieval thought The two 
most attractive problems, cosmological speculation 
and the causes of motion in inanimate bodies, receive 
their proper place in the complex of philosophical 
problems on the nature of reality and the nature of 
change Prof Dijksterhuim covers the whole range 
of the exact scences and philosophical thought 
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m classical antiquity. He never describes a result 
without criticizing 15, and from his criticisms emerges & 
coherent picture of the intellectual limitations of the 
‘science’ of the time He also has a good sense of 
what can be compressed, and what cannot , where 
the scientific technicalities are not mportant for the 
general story, they are pruned drastically (with a 
reminder of what 1s bemg left out), Aristotle’s 
philosophy is given detailed attention, and the 
beautiful coherence of the whole system 1s exhibited 
clearly 

The section on scholastic ‘science’ 1s most illumi- 
nating Through the work of Dr Crombie and Prof 
Clagett, we have been approaching a balanced 
appreciation of the achievements of this tradition, 
and developmg general ideas on the causes of its 
fatal limitations In each of his discussions Prof 
DiJksterhuis illustrates the mterpenetration of scien- 
tific thought with problems of logic, metaphysics, 
and theology He also sketches in the medieval world- 
picture, and shows clearly how this conditioned the 
manner of approaching, and solving, scientific pro- 
blems ‘The characteristic ‘double-think’ solution of 
the practical problem of the conflict of science with 
theology is described as well as can be done by a 
scholar living ın a free society 

The second part of the book, on the Renaissance 
and the seventeenth century (concluding with 
Newton), offers somewhat less We are not within 
sight of a synthesis of what happened between 
Oresme and Galileo , and on the development of 
mechanics 1n the seventeenth century there 1s already 
a fair literature This 1s not to say that Prof Dijk- 
sterhuis provides only well-worn material, his 
discussion of the continuous tradition in the problem 
of change and composition (What happens to the 
quahties of the origmal substances?) lights up 
untrodden pathways But nowhere does he discuss 
m general terms the astonishing intellectual mutation 
which took place at the beginning of the seventeenth 
century, when a world-picture much like our own was 
suddenly conceived and propagated, rendering nearly 
relevant centuries of philosophical thought, and 
providing a framework m which modern science 
could be created 

Tt 1s unfortunate that the author was not able to 
revise the text (ongimally published in Dutch in 
1950), for the present book 18 essentially based on 
work carried out in the *thirties, with additions from 
the War and early post-war years Much has been 
achieved in the history of science m the past decade , 
it ıs a tmbute to Prof DuiJksterhuis's maturity of 
judgment that his history could be enriched, but 
nowhere seriously challenged, by more recent work 

J R RaAVETZ 


COSMICAL LANGUAGE 


Lincos 
Design of a Language for Cosmic Intercourse, 


Part 1 (Studies ın Logic and the Foundations of 
Mathematics) By Dr Hans Freudenthal Pp 
v+224. (Amsterdam North-Holland Publishmg 


Co, 1960) 45s 


NE needs must take seriously a monograph in the 
series Studies on Logic and the Foundations of 
Mathematics edited (2nter alha) by so distinguished a 
mathematical logician as L E J Brouwer If its 
ostensible aim were self-evidently en rapport with the 
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title of the series, the editors of Nature could have 
chosen few people more unfitted than myself to 
respond to a request to review ıt Ther only conceiv- 
able motive for doing so 18 that I once (ten years ago) 
gave, at its request, an address (Astroglossa) to the 
British Interplanetary Society on the theme which 
the subtitle of this monograph discloses The re- 
capture of echoes from radar signals transmitted 
to the Moon had then lately made conceivable, if 
none the less unlikely, intercommunication between 
ourselves and beings, if such there be, on Mars or 
Venus 

This was confessedly a jeu d'esprit for an evening’s 
entertamment, but ıt had an undertone of serious 
intention, as there disclosed Should contact between 
ourselves and extra-territorial occupants become 
possible, the success of the enterprise would be a 
challenge compelling us to retrace our steps from 
traditional methods of teaching existing terrestrial 
languages parrot-wise by paradigm or by repetition 
We should indeed have to undertake an exactmg 
revaluation of the semantics of so-called natural 
languages and of syntactical obseurities which do not 
impede communication between individuals who 
share explicitly, or at least :mplicitly, a common social 
context of discourse. However fruitless ws à vis the 
ostensible outcome, the undertakmg might therefore 
prove to be worth while if ıt put the spotlight on 
semantic refinements we should advisedly corporate 
it in an ideally constructed global auxihary, or if it 
exposed defects of ımpartıng instruction in a so- 
called natural language if adopted as a medium of 
international communication 

Accordingly, I would be the last to dismiss as 
crackpot a project so grandiose as la4ncos Dr 
Freudenthal and I at least have common ground 
with respect to the initial stages of the programme 
Jf we postulate the existence of hypothetical extra- 
terrestrial beings at least as intelligent as ourselves, 
our only common denominator of communication 
in the first phase of a protracted tuitional process 
would be the integers Whence we may conceivably 
proceed by easy stages from conveying simple 
algorithms to non-visual geometry, for example, by 
exemplary definition of a radio signal and so on and 
so on to specify trigonomeotrical ratios as imfinite 
series. How far the introduction of the symbolical 
logic of Dr. Freudenthal would help engineers on the 
job to carry out this assignment 1s not fully clear to 
me, but I concede that I dismissed lightly as too 
obvious the theme of a second stage here set forth 
bv himself ın a symbolism tailored as elsewhere to the 
Russell-Quine tradition of logistic Followmg stage 
l (that ıs, the domain of mathematical discourse) 
Dr Freudenthal devotes a chapter to the concept of 
time Here he proposes that we can make use 
of varying signal frequencies to establish what we 
each adopt as our units of time, whence pare passu our 
concept of frequency. 

Thereafter, Dr Freudenthal (whose next chapter 1s 
"Behaviour", that 1s, relations involving different 
individuals at the transmitting or at the recelving 
end) parts company abruptly with me I have stated 
and still hold, that the next 1maginable step would be 
to establish a common factual framework of semantic 
reference At this stage, the only common field of 
factual experience which the parties could explore 
would be celestial occurrences (for example, eclipses 
conjunctions and occultations), and this our vocabu- 
lary of time signals would have now made practicable 
Thereafter, we might conceivably learn to convey the 
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structure of our several planetary crusts and atmo- 
spheres m terms of spectrum frequencies It seems 
to me that the last topic about which we could hope 
to achieve understanding would be the actions of 
persons m general, and the concept of the ego m 
particular 

How Dr Freudenthal sidesteps this hurdle, I do 
not follow It may be that he wil make himself 
more intelligible later m Part 2 However, in 
justice to him, one must here say that his maim 
pre-occupation 1s not with the factual sequence of the 
tuitional process In accordance with the aim of the 
series in which the monograph appears, his paramount 
concern 1s to equip the syntax of mterplanetary (or 
intergalactic) communication with a symbolism 
consonant with the requirements of a two-valued 
logistic rejected by some mathematicians in the 
forefront of bull-dozing the foundations of matho- 
matics as such and (m my view) totally inadequate 
for the requirements of the biological sciences. The 
outcome may usefully confer on symbolic logic an 
agreeably topical flavour for the relief of students 
compelled to take an examunation m the subject 
From any other point of view, Dr Freudenthal has 
failed to convince me that his programme is very 
profitable, and my reluctance to concede that ib 18 
80 gains foree from two considerations 

One 1s that examples cited to show how symbolic 
logie makes manifest semantic and syntactical pitfalls 
of common speech are not unfamiliar to students of 
comparative hnguisties, who draw on a much richer 
(and more relevant) fund of material The use of two 
particles of relation should make this sufficiently 
clear In Teutonic and Romance languages we have 
one word for our always (German mmer, Swedish 
altyd, French toujours), but Welsh distinguishes bob 
amser (= each time) from yn wastad (= ceaselessly) 
Agam English with and French avec cover both 
Welsh ag (= by means of) and. gyda (= «n the company 
of) 

Another doubt will disturb the reader who ıs 
unrepentantly sceptical about the extent to which 
logistic can make the semantic and syntactical 
deficiencies of common speech more explicit than can 
the study of comparative linguistics On p 104 
("Behaviour") we meet 


Ha Ing Ha'—t,t; Hb Enu ? = Car Ete 
Sed t,t, Hb Cpu ? = Car Etc 


The intention ın this context 1s to introduce a distine- 
tion between two uses of but, symbolically denoted 
TAN (Lat. tamen) and SED (Lat) Do we have to 
invoke logistic analysis to do so? Assuredly no 
Dr Freudenthal has to explam this distinction in the 
text through the medium of common speech, but 1t 
will not necessarily be front-page news to a philologist 
or classical scholar already familiar with tamen and 
sed Since the engineer will have to recode 1n appro- 
priate radio signals any symbols in which we formulate 
our curriculum of interplanetary (or mtergalactic) 
tuition, all that 18 relevant to the credentials of what 
we use 1s whether the terms and constructions 
conform to the requirements of rigorous semantic 
rectitude If so, ıt ıs therefore difficult to seo why 
we should add to his or her difficulties by using an 
unfamuhar code for what a more familiar one could do 
equally well with a little premedication 
LANCELOT HoGBEN 
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A ROMAN CATHOLIC VIEW OF 
EVOLUTION 


Evolution and Christians 
By Philp G. Fothergill Pp xix-- 15 plates (London 
Longmans, Green and Co , Ltd , 1961 ) 42s not 


R. FOTHERGILL, in addressng his fellows of 
the Roman Church on the matter of evolution, 

has undertaken an mmportant and difficult task, and 
has carried ıt out with a meticulous thoroughness 
and a scrupulous integrity His book ıs an encyclo- 
pedia of information about the history, progress 
and present position of the case for evolution so far 
as this can be stated withm the strict limit of Catholic 
dogma He has presented with a wealth of detail 
the familer story of Darwin’s evidence in the Orig 
of Species, of the subsequent developments in tax- 
onomy and paleontology, of the impact of genetics 
and of the varied fields of study since involved He 
has then dealt at even greater length with heredity, 
the matter of chromosomes, genes, and mutations, 
with the relevance of cytology and serology, and with 
innumerable records of experiments with Drosophila. 
Finally he discusses problems of isolation, of the 
effects and limitations of selection and of hybridiza- 
tion, and faces the question how far does all this 
elaborate and highly technical research enable us to 
point to the appearance of new species arising under 
the conditions of neo-Darwinian theory and precisely 
scientific control 

In these long and difficult records he does his best 
to state and expound the mnumerable polysyllabie 
names that each research department applies to its 
subjects—a heroic task which makes his book almost 
ineomprehensible to the layman—to furnish i6 with 
good and relevant diagrams and illustrations, and 
to insert quotations, short and long, from a large 
number of writers more or less well known He also 
quotes a few critics of his views, especially Dr 
Douglas Dewar and Prof G Gaylord Simpson He 
18 himself very ready to admit that much of what he 
describes 18 inconclusive—some of ıt 1s also irrelevant 
His own final conclusion appears to be that though 
the mass of data give a strong case for accepting 
evolution as a hypothesis, the only clear examples of 
new species recent or demonstrable are those of 
allopolyploidal plants and fertile hybrids like the 
common hemp-nettle or Townsend’s cord-grass—our 
notorious enemy in the battle of the Western 
Approaches 

The fact ıs that his task as limited by Catholic 
orthodoxy is scarcely possible, and that for three 
chief reasons Furst, he realizes and complains that 
without a philosophy of science ib 18 impossible to 
relate evolution to any coherent interpretation of 
the world as we know it, the details which he reports 
so carefully become trivial and meaningless Yet 
he ıs debarred by ecclesiastical authority from making 
any reference to philosophic evolutionists unless, 
hke Sir Juhan Huxley, they are avowedly hostile 
to the faith or like the one or two unknown Catholics 
whom he quotes accredited by ıt It ıs astonishing 
for an Englishman who has spent all his life with the 
problems of evolution to read a book on ıt m which 
there 1s not & single mention of Bergson or Lloyd 
Morgan, Samuel Alexander or A N Whitehead, of 
emergence or of holism or any other of the systems 
which have interpreted the process and made the 
details meanmgful. 
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Secondly, and presumably because of the dogma 
that *anuxmals have no souls", he never touches on the 
large and excitmg field of comparative psychology, 
or on the evolution of the behaviour-patterns and 
instinctive responses which mankind, has so obviously 
inherited and to which all post-Freudian analysis has 
directed attention The idea that each and every 
‘<ntellectual soul” of man 1s a special divine creation 
if tenable must surely be adjusted now so as to allow 
room for an age-old substratum of animalisms 
conditioning our mind and morals as they do our 
bodies 

Thirdly, he writes always within the strait-jacket of 
Papal orthodoxy, much of ıt formulated in pre- 
Copernican and all of ıt except one encyclical in 
pre-Darwinian days Though much of this may be 
held to deal with matters outside the range of present- 
day science, 1t has, even so, corollaries of dogmatic 
status, for example, the historicity of Adam and 
Eve, which bear directly on his theme Moreover, 
does he really think that ın matters demanding not 
only religious but also scientific, historical and ethical 
experience, the Vatican 1s the proper and infallible 
authority to which every other expert must yield 
unquestioning obedience ? CHARLES E RAVEN 


CLIMATES OF THE PAST 


Descriptive Palaeoclimatology 

Edited by A E M. Narn Pp xi+380 (New 
York Interscience Publishers, Ine , London Inter- 
science Publishers, Ltd , 1961) 11 dollars, 80s 


EOLOGISTS who have struggled to interpret 
past climates will welcome this book for its 

wealth of factual mformation and for the critical 
way in which most of the authors have approached 
their special interests 

The first chapter, apart from a brief introduction 
by the editor, is a summary by Lamb of the nature 
and causes of the world’s climate to-day It 18 not 
easy to read, but it 1s extremely informative Then 
follows a series of chapters each written by a specialist 
and dealmg with the separate criteria which can be 
used as a means of assessing at least some facet of 
climate These may be pure physical measurements 
(paleomagnetism, the ratio of oxygen-16 to 
oxygen-18), geological observations (the dips of 
eolian sandstones, the evidence of the presence and 
extent of ice), physical chemistry (evaporites and red 
beds) or biological deductions (from vertebrate, 
invertebrate or plant fossis) Finally, there are four 
chapters ın which are traced the climatic changes over 
8 large part of geological time in Europe and North 
America, the Far East and Gondwanaland 

Flint, dealing with glaciation, perhaps stands on 
the firmest ground, for the conversion of water to ice 
has a well-known climatic relationship and the 
presence of glaciers or permanently frozen ground in 
many cases gives rise to conclusions about climate 
which are without ambiguity Much more difficult 
to interpret are evaporites and red beds, and the 
authors of these sections are understandably cautious 
in their conclusions This welcome attitude 1s indeed 
apparent throughout In dealing with the oxygen 
isotopes, for example, Thorley does a great service in 
pointing out the assumptions which have to be made 
before this method can be used for temperature 
determinations—assumptions which can too easily be 
ignored by stratigraphers eager to use a physicist’s 
measurements to support a theory 
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Perhaps the biologists are the most cautious of the 
authors, for all stress the difficulty of usmg the 
present as a key to the past when ancient floras and 
faunas are specifically and generically so different 
from those of to-day On the whole, the greatest 
reliance ıs placed on anatomy, for 1t seems that certain 
modifications of structure, simular m widely diverse 
creatures, are adaptations to certain extremes of 
climate 

Throughout the book, emphasis ıs placed on polar 
wandering and continental drift The paleomag- 
netists accept ıt without question, for their results 
would be largely meanmgless without 15, but they still 
have a long way to go before they present a conclusive 
and agreed story Thus Nairn's equator-positions 
for the Trias of Europe (Chapter 7, Fig 9), África 
and North America (Fig 7) seem to provide an 
msoluble problem of drift if his three hnes are to 
jom into a continuous girdle at ono moment of time 
The paleontologists are more non-commuittal about 
polar shift, while conceding the necessity for great 
climatic change in the present polar regions Van 
Houten’s examimation of the significance of red beds 
tends to support wandermg rather than static poles, 
but on the other hand, Green feels able to explain 
the distribution of evaporites without recourse to 
drift or polar change 

As a whole, the book 18 a mine of information and 
both a stimulus to enthusiasm and a corrective to 
over-enthusiasm in approaching a difficult problem 
Its copious references are international m character 
though scanty from beyond the Iron Curtam It 
would be churlish to point out a few misprints and 
errors af translation and more to the point to con- 
eratulate the editor on welding together the contri- 
butions of fifteen authors from seven countries 

F W HOTTON 


BIRDS OF TROPICAL PARADISE 


Birds of Trinidad and Tobago 

By Dr G A C Herklots Pp 287+20 plates 
(London William Collins, Sons and Co , Ltd , 1961 ) 
42s net 


HE islands of Tiinidad and Tobago, the southern- 
most of the West Indian chain, have a combined 
land area of about 2,000 square miles, Tobago being 
very much the smaller, and at 10° N and about 10 
mules from Venezuela on the South American main- 
land, they are truly tropical Bemg small islands 
they possess a high proportion of coastal land, in 
Trmidad there 1s a range of mountains (in the north) 
topping 3,000 fé 1n two places, abundant deep forests, 
lowland plains, savannahs and extensive swamps, & 
wide range of habitats that encourage a wide variety 
of bird species both exotic and interesting 
Without undertaking an expensive safari (of the 
type so popular with programmers of television) 
one may seek out and enjoy the sight of a flock of 
flamingoes (Hudocumus ruber) either feeding in 
swampy land or, at sunset, a blaze of scarlet glory 
wingmg its way to roost—a sight not easily forgotten 
I have, indeed, photographed a group of these birds 
feeding quietly on & plot of low-lying coastal land not 
two miles from the capital city, Port of Span 
From the islands off the north-west peninsula one 
may film with ease the superb aerobatic displays of 
flocks of frigate-birds (regata magnificens—wingspan 
up to 7 ft ) as they swoop gracefully to snatch small 
fish from the surface of the sea with & downward flick 
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of the head, then wheel aloft again, frequently 
challenged in mid-air by their comrades eager to 
snatch their prize 

In the cool of the thick forests of Trinidad one may 
see the gaily dressed toucan (Ramphastos vitellinus) 
perched high ın the tree-tops or hear its hard crackling 
call, or one of several parrots and parrakeets common 
in the forests Even more spectacular are the bril- 
hantly coloured macaws which may be found in and 
near the Nariva swamp But one may have to look 
longer to discover the giant nightjar (Nyctbwus 
griseus), which 18 rare and evasive, assuming an erect 
posture to simulate the elongation of 1ts perch, when 
danger 1s nigh It 1s said that a museum once offered 
£100 for one of its eggs There ıs the fascinating 
guacharo or oubird (Steatornas caripensis) to be 
found in the caves at Aripo and elsewhere The oilbird 
nests from year to year in the same place on ledges 
high on the walls of the cave, so that a truncated cone 
of guano 1s built up, m the cupped top of which the 
new eggs are laid The effect 1s of rows of artificial 
stalagmites They feed on the o1l-rich berries of 
certain palms and the young become veritable ‘balls 
of fat’ from this rich diet When disturbed an alarm 
call, like **the cries of tortured men", rings thiough the 
cave Bemg completely nocturnal they are provided 
with a form of ‘radar’ which enables them to move 
freely in the dark caves 

On the islet of little Tobago 1s another interesting 
o1nithological attraction, for here may be seen the 
greater bird of paradise (Paradzsea apoda), which was 
brought from the Aru Islands off Dutch New Guinea 
to this sanctuary by Sir Wiliam Ingram in 1909 His 
sons donated the island to the British Government 
on the condition that 1t be maintained, «n perpetuum, 
as a bird sanctuary 

Then there 1s a group of what must be among the 
most beautiful of all birds—the hummingbirds 
(Trochilidae) Trmidad has for long been known as 
the land of the hummingbird’ and it 18 re-assuring to 
hear from Dr Herklots that there ıs httle reason to 
suppose that they are not as abundant as ever In 
all, 17 species are listed, of which Herklots has seen 
15 ın his seven years on the island Some species are 
certainly very common and may be observed in 
gardens in the heart of town, flashing like priceless 
jewels in the strong sunlight as they sip nectar from 
flowers such as the 1xora or Barbados pride (Caesal- 
paa pulchervma), hovering, hummmng, perkily prying 
at each bloom in an inflorescence, then away, with 
incredible speed 

These are but a few of the 415, or so, birds described 
in this most welcome book One may say that it 
has been awaited for half a century, since the last 
comprehensive, descriptive guide to the birds of 
Trinidad was written (m French) by A  Leotaud 
in 1866 While m its own way Leotaud’s book is a 
classic, 1t could scarcely be said to be au courant, and 
18 1n any event rare and almost impossible to borrow 
Unfortunately, Dr Herklots’ book does not brmg us 
quite up to date as he has not managed to find a 
proportion of the birds listed m the book and has 
drawn heavily on Leotaud and on the publications of 
Sir Charles Belcher and. G D Smooker, On the Birds 
of the Colony of 'T'ranadad. and Tobago, to be found in 
Ibis between 1934 and 1937 This in no way detracts 
from the practical utility of the present volume and 
Dr Herklots must be congratulated on the efficiency 
and clarity of his presentation The glossary, 
blessedly, precedes, instead of follows, the descriptions 
and there 1s & short introduction with two maps 
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For each species there 1s a precise description followed 
by notes on mdification, habitat, voice (not in every 
case), distribution and field identification The plates 
illustrate some 260 species, about 180 ın colour, and 
are, on the whole, very good indeed, but the majority 
are head-and-shoulders only Since most of the 
species are also to be found on the neighbourmg 
mamland, this book 38 a useful guide for English- 
speaking naturalists ın Venezuela, the Guianas and 
Brazil, but above all to those interested m the birds 
of Triudad and Tobago, this is now the guide of 
prime imporvance and, as such, an mdispensable one, 
‘completing’ Dr James Bond’s Birds of the West 
Indies which omits these islands My only regret 18 
that no photographs were included which would 
have given those who have not visited the islands 
some small impression of their charm 
L B. QuESNEL 


AN ARACHNOLOGICAL 
ANTHOLOGY 


Spiders, Men, and Scorpions 

Being the H:story of Arachnology By Theodore H 
Savory Pp. 191+15 plates (London University 
of London Press, 1961 ) 30s net 


N spite of their relatively small numbers, arach- 
nologists have a liking for writing about each 
other as well as about their subject, and without 
doubt this has enriched the literature We have 
already had biographical accounts by W S Bristowe 
and Pierre Bonnet, and Mr Savory has now taken this 
a good deal further in his latest book 
He has again demonstrated his versatility as a 
writer in this history of man’s relationship with 
spiders, scorpions and other arachnids, which begins 
with legend .n Ovid’s story of Arachne to the out- 
standing names in arachnology in modern times 
The first book devoted entirely to spiders was appa- 
rently published in 1544 in Basle, but until the 
seventeenth century the literature appears to have 
added more m the way of superstitions to the know- 
ledge of arachnology than original observations 
The story of she development of tarantism, a curious 
disease whick was supposed to be caused by the bite 
of the taransula (Lycosa tarantula, a wolf spider), 
18 full of interest, however, even though the mystery 
of how ıt came about remams The distressing 
effects supposed to have been produced by the spider’s 
bite could only be reheved by music and dancing, 
and to-day the only vestige which remains 18 a dance, 
the tarantella, probably one of the few contributions 
made by an &rachnid to human culture 
Inevitably in a work of this kind a good deal of 
reference must be made to numbers of minor and 
insignificant writers for the sake of keeping the 
record complete Occasionally this makes the readmg 
rather tediocs in spite of one’s admuration for the 
industry of the writer m tracing historical data 
Most of the great names which are familiar to modern 
students of arachnology are referred to in the later 
chapters of the book, and Mr Savory's enthusiasm 
and style give a fresh and personal picture of people 
who to most of us have never been more than a name 
attached to monographs or scientific papers The 
outstanding workers, such as Simon, Pickard-Cam- 
bridge, Kock and Thorell, worked mainly on the 
Araneida, and a good deal of the book 1s concerned 
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with work on this order Mr Savory considers that the 
foundation of spider taxonomy was laid by French 
and German students 1n the early nineteenth century, 
of which the publication of Hahn and Koch’s Die 
Arachniden ın 1831 was the most striking example 
John Blackwall for Britain made a major contribution 
in 1861 with his Ray Society volume on British 
Spiders, and the three countries Britam France and 
Germany perhaps remamed pre-emment in this 
field until recent times Mr Savory’s review does 
not melude post-1958 works and consequently misses 
H Wiehle’s monograph on the Muicryphantidae, 
one of the most important taxonomic works since 
the War He is perhaps a little unfair to the younger 
generation of German zoologists, which, he says, “Shas 
only just begun to appreciate the Arachnida as 
subjects for research" In fact, since 1942 more 
work has been carried out m Germany on the biology 
and ecology of spiders than probably any other 
country 

This and recent work 1n other countries emphasize 
an important historical pomt not made by the 
author that the taxonomy of European spiders 
18 now at least sufficiently well known for the mam 
interest of the younger generation of arachnologists 
to concern themselves largely with population and 
biological problems ‘This would appear to be the 
field of mvestigation for the future, although outside 
Europe, faunal surveys and taxonomic studies will 
continue to be necessary for many years to come. 

E Durrey 


BRITISH MOTHS 


The Moths of the British Isles 

By Richard South. New edition, edited and revised 
by HM Edelsten, D S Fletcher and R J. Collins 
First Series Sphmgidae, Endromidae, Saturnidae, 
Notodontidae, Thyatiridae, Drepanidae, Lymantin- 
idae, and Noctuidae Pp 427+148 plates Second 
Series Lasiocampidae, Arctiudae, Geometridae, Coss- 
idae, Limacodidae, Zygaenidae, Sesudae, and Hepi- 
ahdae Pp 3794-141 plates (The Wayside and 
Woodland Series ) (London and New York Freder- 
ick Warne and Co , Ltd , 1961.) 35s net each volume 


pose primarily as a guide to the identifica. 
tion of the larger British moths, this new edition 
of a standard work fulfils its function more 
successfully than the editions of 1923 or 1939 mainly 
through the introduction of improved and com- 
pletely new colour-plates The origmal pamtings, 
from which the colour-plates were prepared, are with 
very few exceptions excellent In the few copies of 
the new edition examined by me, however, the 
colour-plates do not always attam the same high 
standard as the artist's paintings there 1s a lack of 
register 1n manv plates and m several of them the red 
element is weak, resulting in unnatural greenish 
tones In spite of these drawbacks the plates are 
far superior to those in any except the first edition, 
and several plates (espee:ally those of the genus 
Eumthecra Curtis) are as good as any illustrations 
previously published m Britain Many of the plate 
legends (for example, Series 1, plate 97) are unfor- 
tunately most confusing and will clearly have to be 
rearranged by the publishers in subsequent editions. 
References to the corresponding pages ın the text 
have been omitted, as m previous editions, and 
numerous species exhibiting httle sexual dimorphism 
contmue to have both sexes illustrated Of some 
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significance is the troduction of references in the 
text to figures of the genitalia of some of the more 
difficult genera (for example, Procus Oken and 
Hydraecia Guenée), an indication that externally 
the species of these genera are extremely difficult to 
separate and that the colour-plates are of little use 
as a means of identification The reproduction of 
many of the half-tone figures 18 very poor. 

Smee the publication of the first edition in 1907 the 
bulk of the text has remained unaltered and, although 
a thorough revision was clearly overdue, to remedy 
the haphazard and inconsistent treatment of many 
species, the opportunity to do this has not been taken 
New text 1s therefore restricted mainly to passages of 
supplementary information, leaving most of the 
remainder almost exactly as ıt was more than half a 
century ago 

An important addition 1s the detailed treatment of 
several httle-known moths, such as Calama tridens 
ocezdentalis Cockayne A further improvement 1s the 
adoption for the first time m this book of the correct 
form of scientific nomenclature in accordance with 
the International Code 

The unsystematic arrangement of the various 
families of moths is regrettable but, as the editore 
state m the mtroduction, this 1s the only way m 
which both plates and text could be arranged to avoid 
dividing the section on Noctuidae between the two 
volumes (a disadvantage of previous editions) 

It ıs remarkable that in spite of the attention given 
to Lepidoptera by British entomologists, the editors 
have seldom been able to cite the sub-specific identity 
of the British representatives of a particular polytypic 
species—a result of the paucity of taxonomic work on 
our fauna at the specific and subspecific levels 

Although several references to other literature are 
given in the text, there 1s still a need for a short 
bibliography, which could have cluded some of the 
more useful general works on British and European 
Lepidoptera No more than the usual number of 
minor errors seem to have arisen, but some of these 
lead to unfortunate confusion concerning identifica- 
tion, for example, on page 347 of Series 1 ab cartham^ 
Herr -Schaf ıs wrongly stated to be ulustrated by 
Fig ll on pl 126 

Tt 1s disappointing to find that while this new edition 
18 certamly an improvement on those 1t follows, 1t 
does not fulfil the expectations of many entomologists 
who had hoped for a more radical revision. of the text 

A WATSON 


THE GROWING TIP OF PLANTS 


Apical Meristems 

By Dr. F A L Clowes (Botanical Monographs. 
Vol 2) Pp vi1+217+32 plates (Oxford Blackwell 
Scientific Publications , Springfield, Il] Charles 
C Thomas, 1961) 37s 6d net 


URING the past twenty years or so, there have 
been many investigations of the apical meristems 

of plants, an interest which ıs understandable smce 
these meristems are in & sense regions of permanent 
embryogeny responsible in most plants for all longi- 
tudinal growth and the continued production of new 
organs ‘The early investigations of shoot and root 
apices were mainly anatomical, but in a considerable 
number of the recent mvestigations biochemical and 
experimental approaches have shed new light on the 
behaviour of the apical meristems Although special 
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aspects of this recent work have been reviewed 
previously, there has hitherto been no reasonably 
comprehensive account of both root and shoot 
apical meristems This need has now been met by 
the new book written by Dr Clowes 

Although Dr Clowes’ own research work has been 
mainly on root apices, shoot meristems receive 
adequate consideration; 1n fact eleven of the seventeen 
chapters deal mamly with shoot apices Recent 
work mvolving new techniques 18 discussed in some 
detail, but the anatomical side 1s not neglected 
Chapters on planes of division m shoot and root 
apices inelude discussions of the tunica-corpus 
hypothesis of the shoot apex and of the simular, 
but less well-known, Korper-Kappe hypothesis of 
the root meristem A complete chapter ıs devoted 
to the bearmg of the evidence from chimeras on 
controversies relating to the shoot apex The sec- 
tions of the book dealing with the rates of cell division 
in both root and shoot apices are particularly in- 
formative, and 1t would seem that the newer tech- 
niques, ineludimg autoradiography, have demon- 
strated the existence of a ‘quiescent’ centre in the 
root apices investigated It has also been shown that, 
in opposition to the views of the French school, 
there 18 no ‘méristéme d’attente’ in the shoot apex 

The book 1s not restricted to a consideration of 
apical meristems in the narrow sense, but covers in 
addition such topics as the development of leaves, 
the determination of sites of leaves, the differentiation. 
and origin of procambium, latitudinal growth in 
apices and the formation of floral apices There 1s also 
a dotailed consideration of differentiation in the root 
apex ~ 

The text figures of apices are not very numerous, 
but are supplemented by 32 photographs including 
some strikmg autoradiographs of shoot and root 
apices The clear readable style 1s an admirable 
feature of the book, which 1s a useful addition to the 
new series of botanical monographs. A ALLSOPP 


ELECTROLYTES AND PLANT CELLS 


Electrolytes and Plant Cells 

By Prof G E Briggs, Dr A B. Hope, and Prof 
R N. Robertson (Botanical Monographs, Vol 1) 
Pp x+217 (Oxford Blackwell Scientific Publica- 
tions; Sprmgfeld, Ill: Charles C Thomas, 1961.) 
408 net 


"ous stated purpose of this new series of Botanical 
Monographs 18 to inform the advanced student, 
assist the lecturer and be a point of departure for the 
specialist The first volume admurably fulfils these 
alms 

Forty pages at the beginning are devoted to an 
account of the physical properties of electrolytes m 
solution The primeiples of ionic exchange receive 
httle attention, but diffusion and Donnan equilibria 
are dealt with handsomely Plant cells merit no 
more than passing mention until Chapter 4, which 
contains an elementary account of the goss structure 
of three types Chapter 5 deals with fine structure 
as revealed, albeit still imperfectly, by electron- 
microscopic investigations One 1s left wondering 
how soon it wül be possible to apply the physico- 
chemical principles outlmed earher to the immensely 
complex and ever-changing cytoplasm At present 
only the inert cellulose wall seems amenable to such 
an approach 
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The concept of ‘free space’ receives detailed con- 
sideration in Part 2 For the benefit of the uninitiated, 
free space may be defined as that part of a cell or 
tissue into and through which solutes move readily 
by physical processes The authors have at various 
times separately suggested that cytoplasm forms part 
of the free space They now concluds that ıt can be 
adequately accommodated in water-filled spaces in 
and around the cell wall This 1s a return to the classi- 
eal view—never relinquished by more conservative 
plant physiologists, who are unable to accept the 
idea of cytoplasm being freely accossible to the 
vicissitudes of the environment The possibility 
that a small but more interesting fraction of the free 
space may be associated with the cytoplasm 
is still not excluded, but adequate evidence 18 
lacking 

Part 3 ıs concerned with the active absorption 
of salts and its connexion with metabolism The 
principles of an ion-carner mechanism are set out, 
and a general scheme lmkmg anion transport to 
electron flow 1s outlined. Cation movement 1s said 
to occur passively along an electro-chemical potential 
gradient established by anion movements No 
explanation is offered for the active extrusion of 
sodium ions which occurs m some algae and m yeast 
It 18 surprising that Conway's ‘redox pump’ 18 not 
mentioned in this context since ıt seems to differ 
fundamentally from the mechanism proposed only 
m that 1+ is designed to transport cations rather 
than anions Presumably m the authors’ minds 
yeast 1s not looked on as a respectable plant cell, but 
surely 1t 18 unwise to confine one's attention narrowly 
in discusung such a fundamental biological process 
as 10n-transport 

In a short final section, some aspects of salt absorp- 
tion and transport m organs and intact vascular plants 
are reviewed It is evident that adequate under- 
standing of these processes which involve yet another 
level of complexity must await further knowledge 
of ion movements at the cellular and sub-cellular 
levels James F SUTCLIFFE 


ORCHIDS OF TRINIDAD AND 
TOBAGO] 


Native Orchids of Trinidad and Tobago 

By Dr. Richard Evans Schultes (International 
Series of Monographs on Pure and Applied Biology 
Division Botany, Vol 3) Pp x+275+421 plates. 
(London and New York Pergamon Press, 1960) 
100s net 


HE third volume in the Pergamon Press’s 
Botanieal Division of 1ts new series of Biological 
Monographs endeavours to maintain the standards 
set by the two previous volumes of Dr Turrill and 
Dr Bor on general botany and Indian gasses 
respectively 
Constitutmg the second largest plant family in 
Trinidad and Tobago the 180 species of Orchidaceae 
occurring there merit an account The continued 
use of Trinidad as an exporting centre for American 
plants, combmed with the fact that so many of its 
orchids are at the same time beautiful, horticulturally 
amenable and scientifically interesting, doubly merits 
an account of the colony’s orchids This was realized 
long ago, and Grisebach (1864), Cogmaux (1910), 
Broadway (1918-32) and Wilson (1925) all published 
accounts of the species of the area, but ıt has been 
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left to Dr Schultes to produce this comprehensive 
account dealing with Trinidad and Tobago only 
The classical Flora style that he adopts is admirably 
suited to the needs of present-day botanists, growers 
and. collectors 

The first pages are concerned with a general treatise 
on the orchids followed by a historical account of 
collecting m Trinidad and Tobago and the subsequent 
research ‘There are dichotomous keys to all genera 
and species, and constant usage durmg the past few 
weeks hes shown these to be as useful and accurate for 
determming pressed specimens as for living plants 

The main text 1s composed of a description of each 


genus followed by a specific key and the descriptions- 


-and synonymy of each species The arrangement 
of genera follows that of Schlechter, which most 
herbaria nowadays adopt To have the genera 
grouped according to ther ‘affinities’ ıs obviously of 
great use, but, unfortunately, the arrangement of 
species follows the same rule as in other recent 
American Floras, that 1s, alphabetical Affinities 
between species are therefore not indicated and this 
can be disastrous when attempting to identify species 
of a critical nature especially when the keys are also 
avowedly artificial The species are numbered, but 
this 18 quite pomtless as the numbers follow the 
alphabetical sequence 

Taxonomic science is a matter of opmion and no 
criticism should be levelled at Schultes concepts, 
but nomenclature and phytogeography are more 
absolute sciences and 1t 1s m the interests of all that a 
few errors be mentioned 

The Jack Spaniard, a commonly cultivated species, 
is named (p 180) as Gongora maculata, but this should 
be G. quenquenervis, a name published for this entity 
thirty-five years before G maculata. as mdeed the 
author states ın hus synonymy Stanhopea grandiflora 
(p 177) 1s an incorrect name as the epithet grandiflora 
was not published ın Loddiges’ Botanical Cabinet, 
which was just a book of coloured plates with none 
of the descriptions or dissections necessary for 
validation of the names The correct name 1s 
Stanhopea eburnea, this epithet being published 
earher than the vahdation of grandiflora A much 
more complicated case 1s that of Polystachya luteola 
(p 154), correctly P eatenctorza (for a full discussion 
of this see Taxon, 9, No 5, 150, 1960) 

A more serious misleading mistake ıs that the term 
ex 18 erroneously used Its use 1s reserved as a con- 
junction linking the authors’ names when the later 
author published an earler author’s manuscript 
name In his citation of Maauillaria bhparophylla 
(p 210) Schultes authorizes ıt with Summerhayes ex 
Sandwith, whereas ıt should be Summerhayes ın 
Sandwith Sandwith did not take up an unpublished 
name of Summerhayes but Summerhayes actually 
published the name ın a general account by Sandwith 

A common misconception m the United States 1s 
perpetuated in page 162 concerning Eulophia alta 
bemg imtroduced into Africa from America Its 
widespread distribution in Africa suggests that this 1s 
impossible and that this species should join the list 
of those common to the Old and New Worlds 

The book 1s typographically well produced and 
well printed on a white paper that does credit 
to the most excellent lme-drawings selected from 
the archives of the Oakes Ames Orchid Herbarium 
at Harvard Species representative of most 
genera are illustrated by the pens of such artists as 
Elmer Smith, Gordon Dillon, G C K Dunsterville, 
Blanche Ames and many others, and although they 
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have all appeared in previous publications this in 
no way distracts from their utihzation here 

Tt 1s unfortunate that photographs were used so 
obviously as an afterthought, probably under the 
erroneous impression prevalent to-day that photo- 
graphs boost sales Good photographs of well- 
selected species probably would help the publication, 
but poor photographs, 111 chosen (of species already 
amply illustrated by the hne drawmgs) as are those 
in this book, moerease the price but detract from the 
value The photographs are of no conceivable 
esthetic or scientific value whatsoever 

In all fairness the book does enable one to achieve 
the prime object of a Flora—to identify plants , but 
just a httle more care and thought would have 
rendered ıt so much more useful 

P Francis Hunt 


ECOLOGICAL BRANCH OF 
RUSSIAN PARASITOLOGY 


Parasitology of Fishes 
By V. A Dogiel, G K Petrushevski and Yu I 
Polyanski Translated by Dr Z Kabata Pp 
x+384 (Edinburgh and London Oliver and Boyd, 
Ltd, 1961) 84s net 


ii book was inspired by the wish of Valentin 
Alexandrovich Dogiel to institute collective 
discussion of theoretical and practical problems 
involved in the parasitology of fishes Wearied by 
lists and descriptions of new species, he yearned for 
knowledge about the whole lıfe of the parasitic fauna 
which he foresaw as a weapon in the fight against 
parasitic diseases In 1927 he founded this ecological 
branch of Soviet parasitology and in 1930 the para- 
sites of fishes became a priority study The vast 
territory of the USSR comprises most of the 
habitats of fishes which exist on the Earth, and ultim- 
ately all the main rivers, most of the large lakes 
and both mternal and bordermg seas were being 
examined in great parasitological detail He wrote 
the first chapter of this book himself, and most of 
the others were written with his guidance Regret- 
tably, he died on June 1, 1955, but ın 1958 his wish 
was to some extent fulfilled when the Russian 
original of this book was published / 

Dogiel recognized the prime peculiarity of the para- 
site, that its environment is furnished by another 
living organism, the host I do not believe that his 
choice of fishes as hosts was accidental, because this 
is the most ancient class of the vertebrates and ıt 
harbours more parasites than does any other class 
Moreover, fishes are important in relation to food 
supply, and m this book we can recognize a great 
urge to implement research for economic reasons 
Dogiel’s study of the dynamics of assemblages of 
parasites inhabiting one host (‘parasitoccenoses’) con- 
vinced him that the environment of the parasite com- 
prises the host (the mucro-environment) and the 
habitat of the host (the macro-environment) The 
composition of the parasitic fauna of fishes depends on 
changes in the habitat of the host and changes m the 
physiological states of the host Geographical loca- 
tion, the season of the year, characteristics of water 
and bottom in rivers, lakes and the sea, related 
organisms m and around the habitat, and many other 
biotic and abiotic features of the environment provide 
the means of life for host and parasites ahke The 
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composition of the parasitic fauna 18 determined also 
by the nature of the food and digestive equipment of 
the host, and other influential factors are age, general 
condition as indicated by states of nutrition or manı- 
tion times of spawning, migration, hibernation and 
even speeds of locomotion The nature of the integu- 
ment of the host and 1ts secretions influence parasites 
which penetiate the skin, some of which are parasites 
of man Many patterns of correlated environmental 
factors fluctuate periodically and modify the com- 
position of the parasitic fauna 

Dogiel’s influence 18 seen ın various chapters of the 
book dealing with such topics as the ecology of 
parasites of marme and freshwater fishes, questions 
concerning host-parasite relationships, specificity, 
life-cycles and zoogeography Some consideration 18 
given to the parasites of fishes living in reservoirs, 
changes in the parasitic fauna of acclimatized fishes, 
parasitic diseases of fishes hving in natural waters 
and also cultured fishes, and fishes as transmutteis of 
human helmimnthie disease The parasites considered 
are mainly Protozoa; Platyhelminthes, Nematoda, 
Acanthocephala and Copepoda Many isolated 
observations provide interesting revelations but 
extensive regional surveys may give the specialist 
more satisfaction The format ıs pleasing, the 
translation 1s readable, and the text ıs illustrated 
with diagrams and maps and supplemented by com- 
prehensive tables More than 700 references to the 
original literature are cited, nearly two-thirds of 
them from the Russian Errors are few and mainly 
typographical but sometimes surprising the state- 
ment on p 105, 'Monogenoideans with a single host", 
refers to severa] digenetic trematodes but no mono- 
genetic forms 

Students and teachers will find in the book a 
fund of readily assimiulable information, and if the 
appetite of the specialist 1s sometimes unsatisfied 
the gaps more often than not indicate the opportun- 
ities for research workers ın the future Al con- 
cerned, with the production of the book deserve 
credit for giving biologists this opportunity to evalu- 
ate Russian progress m a branch of parasitology 
which has been neglected in Britain BEN. DAWES 


SALT MARSHES AND SALT 
DESERTS 


Salt Marshes and Salt Deserts of the World 

By Prof V J Chapman (Plant Science Monographs ) 
Pp xvi+392+45 plates (London Leonard Hill 
(Books), Ltd, New York Interscience Publishes, 
Inc, 1960) 95s net 


ET the good things be placed on record first 
This book brings together a wealth of mforme- 
tion from widely scattered and often inaccessible 
sources and ilummates ıt with the author's own long 
experience of salt marshes Any student undertaking 
work 1n this field in the future will certainly start by 
“looking ıt up in Chapman" For this service all 
botanists will be grateful, but gratitude need not 
blind us to the book's many faults, nor will 1t arm 
the struggling reader against exasperation For the 
book is, frankly, not so much written as thrown 
together 
It opens mauspiciously with a chapter which hovers 
uneasily between a statement of mtentions and a 
summary of findings This ıs followed by three 
chapters on general features of the habitat, the chief 
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fault of which 1s that they are insufficiently general, 
all too often a promising principle collapses into a 
detailed study of a specific example In the next 
five chapters we are taken on a conducted tour of 
the salt marshes of the world, and here the author 1s 
at his best, we realize that mformation about the 
different areas will be uneven, and presentation of 
these scattered and largely unrelated data 1s congenial 
to the author's discursive style Elaborate and 
detailed successional schemes are, however, given with 
an off-hand confidence which is likely to arouse 
misgivings Fmally, there are three miscellaneous 
chapters The first of these summarizes the author’s 
own views on the successions and phytosociological 
entities represented, and these are most welcome, 
but the chapter continues with a quantitative study 
of the affinities between communities which suggests 
that the author is unaware of the diffieulties in 
devising and interpreting parameters suitable for this 
type of comparison The chapter ends, unaccount- 
ably, with a brief account of salt-marsh fucoids 
Then follows a disastrous chapter on “Physiology of 
Halophytes", m which the whole of the thmking 
concerning transpiration i8 out of date, and the 
statements concerning 10n uptake simply fail to make 
sense The book ends with a brief but mteresting 
account of economic uses 

It 1s all clearly the work of a man passionately 
devoted to his subject, avidly and uncritically welcom- 
ing any scrap of mformation which comes his way, 
but still too involved ın minutiz to discern underlying 
patterns If Prof Chapman, secure in his remarkable 
knowledge, had brooded over his information for a 
year or two, and then written, and re-written, and 
revised, he might have given us a new classic, as 1b 
1s, botanists can only weep for what might have been 
and go and, buy the book W T WILLIAMS 


MICROSCOPY IN A MAZE 


The Encyclopedia of Microscopy 

Edited by Prof George L Clark Pp xm+ 693 
(New York Remhold Publishing Corporation, 
London Chapman and Hall, Ltd, 1961) 200s net 


HIS ıs not an encyclopeedia in the ordinary sense, 
but a collection of 140 articles ‘There 1s no 
index, and the subject titles are not always helpful 
It ıs thus very difficult to look up any specific point 
The articles are strung together with little correlation 
or cross-reference, leading to useless repetition or 
omission of important topics The two articles on 
interference microscopy cover much common ground 
and contain several similar diagrams, but no adequate 
discussion of phase contrast 1s to be found There 1s 
a good article on the design of the polarizmg micro- 
scope for detecting very weak birefringence, but no 
proper description of the basic mstrument or its 
use ın crystallography Fluorescence microscopy 18 
repiesented by two pages from a commercial brochure 
Fluorescence labelling of proteins, which has led to 
one of the most important advances in modern 
biological microscopy, is not mentioned 
The section on ultra-violet microscopy contains 
three pages on methods, with almost no discussion 
of results or applications, one page on colour translat- 
ing television systems (with no references) and more 
than nine pages on “Image Formation by a Fresnel 
Zone Plate" The latter article might find a place 
as an original paper in a specialist journal, but why 
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1t was given so much space when so httle was devoted 
to ultra-violet microscopy itself 1s a complete mystery 
This lack of balance and bad choice of material 18 
seen throughout the book There is virtually no 
discussion of resolving power, no description of light 
sources, no section on photomicrography, yet 30 
pages are devoted to non-microscopic refractometry 
This section 18 remarkable, foi although ıb includes 
descriptions of many refractometers and mterfero- 
meters, ıt contains not a single diagram of any sort 
Electron micioscopy 1s equally unbalanced Biological 
microscopy has been revolutionized by new methods 
of fixation, embedding and ultra-thin sectionmg, but 
the article on specimen preparation deals only with 
special non-biological methods used at Los Alamos 
Such an omission can only be described as fantastic. 
The choice of biological subjects is quite extra- 
ordinary Thirteen pages are devoted to ‘kidney 
ultrastructure”, but this ıs the only organ dealt 
with Why kidney ? Why not liver, glands, digestive 
or nervous systems, for example * One turns to the 
heading "Pathology" ın the hope of reading a much- 
needed general article on the use of electron mucro- 
scopy in this field, only to find that another thirteen 
pages are devoted entirely to the kidney Unfortun- 
ately, one could go on writing in this vem for quite a 
long time Any book of 700 pages 1s likely to contam 
some useful information, but 1t 1s a pity to see so 
much effort wasted by bad editing and poor selection 
of material R Barer 


STUDIES IN ENDOCRINOLOGY 


Etudes d’Endocrino'ogie 

Séminaires 1960 de la Charre de Morphologie Experi- 
mentale et Endocrmologie du Collège de France 
dirigés par le Professeur Robert Courrier. (Actualités 
Scientifiques et Industrielles, No 1286) Pp xiv + 
350 (Paris Hermann, 1961) np. 


INCE 1959 some of the advanced courses of lectures 

which it has long been the tradition for professors 
of the Collége de France to deliver have been replaced 
by public seminars at which emment research workers 
are invited to discuss the results of their studies 
Ihe records of two such occasions, both arranged by 
the Department of Experimental Morphology and 
Endocrinology, have now appeared 

Lhe first deals with the gonadotrophins, and was 
organized jointly by Prof Robert Courrier and Dr 
Marian Jutisz The published proceedings provide 
an up-to-date account of the various gonad-stimulat- 
ing hormones which can be extracted from pituitary 
tissue, from the urine of pregnant women, from human 
urine after the menopause, and from the blood serum 
of pregnant mares An account 1s also given of the 
relationship of sheep piturtary prolactin to other 
gonadotrophins The papers which describe these 
various hormonal substances are published in full, 
with a record of the discussion which followed each 
day’s presentation Four general papers concluded 
the seminar, and each raises some issue of wide 
importance The first, by Prof Max Aron, takes up 
the much-debated question of the degree to which, 
both qualitatively and quantitativoly, lutemizing and 
follicle-stimulatmg hormones aie distinct hormones 
The experiments on the guinea pig which he reports 
tend to indicate that as entities they are not as 
separate as is usually taught Dr Robert Henry’s 
contribution on the biological dosage of hypophysial 
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gonadotrophins leads to a contrary view, however, 
with respect to follicle-stimulating hormone and 
interstitial cell-stumulating hormone, and the paper 
by Dr Pierre Aschheim—the son of the Aschheim 
whose name 1s associated with that of Zondek ın the 
discovery of human chorionic gonadotrophin—also 
supports the view of the separate chemical identity 
of various gonadotrophms In the general discussion 
following the presentation of these papers, follicle- 
stimulatmg hormone, interstitial cell-strmulating hor- 
mone, the post-menopausal urinary gonadotrophin of 
women as well as pregnant mare serum were, none 
the less, set aside as substances which had not yet been 
isolated m a state of sufficient purity to be regarded 
as chemically separate Human chorionic gonado- 
trophin and prolactim, on the other hand, seem to 
satisfy the criteria of chemical purity, although it 
was made plain that the criteria of purity are them- 
selves arbitrary 

The broad conclusion which emerges from the whole 
discussion 18 that much more work will need to be 
done before we can expect to understand the under- 
lying chemistry of the reactions of the ovaries and 
testes to the numerous gonadotrophic preparations 
which the biochemist has already isolated Of facts 
about gonadotrophins we have plenty, what we lack 
is an underlying hypothesis which strings them 
together 

The second part of the volume records a seminar 
arranged by Dr Roger Guilemm on the functional 
relations of the hypothalamus to the adenohypophy- 
818, with particular reference to the release of adreno- 
corticotrophic hormone In this field of research 
the facts, while also numerous, seem somewhat more 
untidy than those which were dealt with ın the first 
semmar—while of hypotheses there 1s not a single 
one which 1s not characterized more by empty specula- 
tion than by predictive value 

The opening paper in this symposium was by Prof 
André Delmas, and dealt with the anatomy of the 
hypothalamus and its connexions Prof Delmas was 
followed by Dr Henr Duvernoy, who reported a 
series of observations on the vascular connexions 
between the adenohypophysis, the neurohypophysis 
and the median emmence Contrary to the fashion- 
able belief that has been so assiduously dissemmated 
m recent years, it ıs now clear that the vascular 
system of the anterior pituitary connects freely not 
only with the pituitary portal vessels, but also with 
the vessels of the neurohypophysis and, through the 
portal vessels, with those of the hypothalamus This 
observation 18 a further nail m the coffin of the theory, 
based on ‘negative’ observations, that the pituitary 
portal vessels form a unique connexion between the 
hypothalamus and the anterior pituitary, and that 
through them passes some chemical mediator of 
hypothalamic origm which stimulates the anterior 
pituitary to release 1ts various hormones as demanded 
by the physiological state of the body Dr Duver- 
noy's new data make it plain that any chemical 
mediators which the hypothalamus might produce and 
which enter the pituitary portal vessels could reach 
the posterior pituitary as well as the anterior pituit- 
ary and if any local hormonal action were mvolved 
in the control of the anterior pituitary, there is no 
reason for supposing that there 18 any physical barrier 
to the passage of substances m whatever direction 
one cares to suppose But all this 18 pure speculation 

The second symposium also dealt with the tech- 
nique of measurmg changes in the level of secretion 
and action of adrenocorticotrophic hormone, as well 
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as with the variety of nervous stimulations which 
leads to the discharge of &drenocortieotrophie hor- 
mone The evidence in favour of the alternative 
views that the release of adrenocorticotrophie hor- 
mone 18 mediated by some neurohumoral substance 
of unknown chemical nature (the so-called CRF) 
or by vasopressin, or by melanophore-stimulating 
hormone, was reviewed by Dr Guillemm, but there 
seems little that 1s precise about these matters, and 
as the general discussion at the end of the seminar 
indicated, considerable doubt exists about the 
assumed localization of hypothalamic function with 
respect to the control of pituitary function. 

The verbatim record of what passes at endo- 
crinological symposia has on occasion detracted from 
the value of what might otherwise have been regarded 
as scientific meetings of high quality On this 
occasion this is notso Not only do the papers which 
were delivered at the seminars of the Collége de 
France provide a first-rate account of the matters 
with which they^deal, but 1t 1s also plam from the 
record of the discussions that Prof Courrier kept the 
several sessions of the two seminars very much to the 
pomt He 1s to be congratulated for having maugur- 
ated a series of seminars which will, one 18 certain, 
contmue to enjoy the high standard of the two now 
published S ZUCKERMAN 


HÆMOGLOBIN: NORMAL AND 
ABNORMAL 


Hemaglobin and [ts Abnormalities 

By Prof Vernon M Ingram (A Monograph im 
American Lectures in Living Chemustry ) Pp. 
xıv +153 (Springfield, Ill Charles C Thomas, 
Oxford Blackwell Scientific Publications, 1961 ) 
608 


AEMOGLOBIN 1s! the most mtensively studied 
of protems Many of the techniques available 
to the physiologist, biochemist, biophysicist and 
geneticist have at one time or another been applied 
to hemoglobin All this work has led to spectacular 
progress ın our understanding of the structure and 
function of hemoglobin and its near relative, myo- 
globin 
Last yea: saw the publication of papers that repre- 
sent the culmination of long and detailed analysis 
by the mvestigators concerned Kendrew and his 
colleagues have extended the resolution of data from 
their X-ray diffraction patterns of myoglobin to the 
2 A -level, so that for the first time the helical arrange- 
ment in the polypeptide cham of a protein can be 
unequivocally demonstrated At the same time, 
Perutz et al published the structure of hemoglobm 
at a resolution of 55 A Because of its very great 
similarity to the myoglobm structure, they have been 
able to mfer considerably more than the actual 
resolution allows From these X-ray diffraction 
patterns detailed information about the secondary 
and tertiary structure of protems ın crystalline form 
can be deduced There is already correlation of 
structures deduced from X-ray patterns with the 
amino-acid sequences which are now known for the 
human hemoglobm chains and nearly all known for 
horse hemoglobin chains and myoglobm 
In 1949, Pauling et al demonstrated that the basic 
defect ın sickle-cell disease ıs an abnormal hæmo- 
globin ‘The term ‘molecular disease’ introduced by 
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Pauling for conditions of this kind has caught the 
imagination of many research workers and provided 
a great stimulus to research ın the field Eight years 
later Ingram applied Sanger’s technique of peptide 
analysis to normal adult and sickle-cell hemoglobins. 
He found that the two molecules differ only in a 
single peptide, and later this difference was shown to 
be due to the substitution of the ammo-acid valme 
for glutamic acid which occupies the sixth position 
from the amimo-termmus of the B-polypeptide chain 
of the normal molecule Ingram and his co-workers, 
and later others, have shown that several other 
abnormal hemoglobms differ from the normal by 
single amino-acid substitutions 1m. the B- or «-chain 
There was formal evidence that genes controlling the 
synthesis of normal and abnormal g-chams were 
allelic with one another but not with genes controlling 
synthesis of «-chams 

Ingram’s important discovery could not have come 
at a more opportune time The rmportance of protems 
m mediating genetic effects transmitted by nucleic 
acid had emerged from the publications of Crick and 
others, and there was a great need to know the sort 
of effects on protem structure produced by mutation 
of the genes controlling ther synthesis The studies 
of Ingram and his colleagues provided precisely the 
required information The technique of peptide 
analysis, re-named by Ingram ‘fingerprinting’, came 
to be used in many laboratories for establishing exact 
structural differences between related proteins 

In the book under review Ingram gives a general 
account of these developments, beginning with the 
structure and function of the normal hæmoglobin 
molecule and describmg the structural differences 
in some of the known abnormal molecules The 
arguments are well presented and easy to read. 
There are few mistakes (m caption 2 to Fig 46 S 
should be replaced by P) Diagrams and references 
have been carefully selected and provide an excellent 
mtroduction to the field So much has been done that 
1b 18, of course, impossible to expect a book of this 
length to serve as a comprehensive reference work 
Although the main emphasis of the book ıs bio- 
chemical, the diseases associated with the abnormal 
hemoglobins are briefly discussed and a few of the 
interesting problems m population genetics raised 
by the high frequency of certam abnormal hæmo- 
globm genes m some human populations are 
mentioned In connexion with the latter, Ingram 
quotes the extraordmary and unfounded suggestion 
that “hemoglobin E might have a selective advantage 
because ın the presence of this gene the likelihood of 
an allelic thalassemia disease occurring in homo- 
zygous form 1s removed" 

This book 18 hkely to be read by many people with 
an interest ın biochemistry and genetics, and ıt seems 
a pity that, although only 150 pages long, it should 
cost £3 A C ALLISON 


ADVANCED ORGANIC CHEMISTRY 


Advanced Organic Chemistry 

By Prof G W Wheland Third edition Pp 
xi--871 (New York and London John Wiley and 
Sons, Inc, 1960) 17 50 dollars, 140s 


HIS book constitutes an extended, revised 
edition of Prof G W Wheland’s well-known 
book, Theoretical Organic Chemistry, which, for more 
than a decade, has been of such considerable value to 
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both university students and lecturers The new 
edition has been well produced with most legible 
printing on good quahty paper and the spatial and 
conventional organic chemistry formulations are 
reproduced. with considerable clarity 

The historical approach employed throughout the 
text 1s thought-stimulating and interesting, the earlier 
chapters dealing with the general theories of valency 
bonding, inter-atomic force theories, ete Electro- 
static, covalent, semipolar double bond systems, 
etc, are clearly described, together with valuable 
excursions mto the fields of dipole—dipole interactions, 
solvated chains, polarization and orientation pheno- 
mena. The first chapter, on valency and configura- 
tion, forms a natural precursor to discussions on tho 
determination of structure by various physical 
methods, and general comment is made on the 
appheation of nuclear magnetic resonance, rotatory 
dispersion and parachor applications 

Other chapters deal with the Lowry—Brensted 
theory of acids and bases, and the allied Lewis 
concept, a survey is made of clathrate inclusion 
compounds, of nucleophilic displacements, Sy and 
their relation to Sy, kinetics and to Sy a 1eactions 
of the Walden inversion type 

A most extensive chapter deals with the stereo- 
chemistry of carbon, which 1s well illustrated with 
numerous examples illustrating resolution, solvent 
effects, configuration studies. optical phenomena, 
etc This ıs supplemented by a further chapter on 
stereochemistry of elements other than carbon, 
notably those of nitrogen and sulphur Free radical 
chemistry also receives the most detailed treatment 

The Baeyer strain theory, steric hindrance and 
conformational analysis recerve much attention 
A. memorandum by Prof F W Westheimer on 
electrostatic affects m organic chemistry forms the 
basis of Chapter 11, which concludes with a rather 
abbreviated discussion of the Hammett rho-sigma 
relations References are, however, given to H H 
Jaffe’s excellent review of this quantitative empirical 
relation between the rate or equilibrium constants of 
reactions involving organic compounds ‘The value of 
kinetic data is frequently stressed throughout the 
book, and m all chapters the mathematical treatment 
is of reasonably simple character and will not prove 


over-burdensome to those who find the more abstruse 
mathematical concepts somewhat difficult to 
follow 


This book ıs an able successor to rts authoritative 
predecessors, and. will do much to stimulate original 
thought and constructive discussion in the ever- 
extending and complex field of theoretical organic 
chemistry D T LEWIS 


TEXT-BOOK OF INORGANIC 
CHEMICAL ANALYSIS 


Quantitative Inorganic. Analysis 

By Prof R Belcher and Dr A J Nutten Second 
edition Pp x+390 (London Butterworths 
Scientific Publications, 1960) 35s 


T 1s highly commendable that the authors have so 

thoroughly revised a text-book that 1s only six 
years old Among the novel features introduced are 
choice of appropriate redox indicators for particular 
systems, and criticism of uncertainties involved m the 
dichromate-ferrous reaction It ıs a pleasure to see 
classical gravimetric analysis treated with due respect 
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and yet a pity to miss a reference, presumably due to 
shortage of space, to the solvent extraction technique 

The reviewer disagrees with the condemnation of 
the swinging-pomt balance In its sımpherty and 
versatility, especially as regards control of sensitivity, 
1t ought to remain for a long time a basic instrument 
in the hands of a chemist Some mmor criticisms 
may be mentioned briefly Cleaning of pipettes by 
immersing overnight in a diehromate-sulphurie acid 
mixture 18 in the long run detrimental to the pipette 
inscription On p 150, ıt 1s pointed. out categorically 
that laboratory glassware should on no account 
be warmed which, without definmg temperature limits 
or stating reasons, sounds very dogmatic On the 
other hand, the temperature control in a drying oven 
to withm + 1? C (p 10) seems exceptionally good 
for an average student drying oven In the volu- 
metric section, the conventional ferric alum 1s recom- 
mended as indicator in Volhard’s method, while in 
the colorimetric section the authors state that 
sulphate ions tend to form complexes with iron(II) 
Why not propose ferric nitrate as indicator ın the 
first instance ? 

The book has been edited with great care and the 
occurrence of misprints such as that in the legend 
to Fig 40 ıs exceptional 

This clear, concise, and up-to-date text-book can 
be whole-heartedly recommended for use by students 
and practising chemists G KAKABADSE 


THE POLYNUCLEOTIDE FIELD 


Polynucleotides 

Natural and Synthetic Nucleic Acids By Robert F 
Steiner and Roland F Beers, Jr Pp vm+4 404 
(Amsterdam Elsevier Publishing Company, London 
D Van Nostrand Company, Ltd, 1961) 85s 


N the introductory chapter of this monograph, the 

authors point out that the nucleic acid and 
associated fields have expanded at such a remarkable 
rate m the post-war years that it 1s no longer possible 
to attempt a complete coverage of them in a single 
text They go on to list a fow of the main sub- 
divisions such as chemical genetics, virus biochemis- 
try, protem synthesis, polynucleotide synthesis 
and the physical chemistry of polynucleotides The 
extensive developments ın the last two subdivisions 
in the five-year period ending 1960 have prompted 
Dr Stemer and Dr Beers to write this book In the 
final chapter they touch on some of the other main 
subdivisions by discussing the biological roles of 
nucleic acids 

The introduction, which indicates the scope of the 
book, ıs followed by a chapter on the organic chemis- 
try of nucleotides Then the chemical and enzymatic 
evidence for the nature of the mter-nucleotide hnk- 
ages ın ribonucleic acid, deoxyribonucleic acid and 
synthetic polynucleotides is discussed This is 
followed by two chapters on nucleotide-polymerizing 
enzymes In the first, a description of the procedures 
for isolating and assaying these enzymes ıs given, 
and in the second, the properties of the different 
enzymes are discussed The next three chapters deal 
with some physical methods such as ultra-violet 
spectroscopy, optical rotation and X-ray diffraction, 
and ther application to the determimation of the 
macro-molecular configuration of natural and syn- 
thetic polynucleotides The final chapter, mentioned 
above, 13 preceded by a discussion of the helix-coul 
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transition and the bmding properties of polynucleo- 
tides Besides the maim text are included some 
seventeen appendixes which outline the experimental 
procedures for the isolation of nucleic acids and the 
analysis of their degradation products, and for the 
preparation, assay and use of some nucleotide- 
polymerizing enzymes 

The authors are certamly justified imm writing a 
book on a subdivision of the nucleic acid field as no 
one or two people could. possibly review every aspect 
of the subject critically Such is the scope of this 
book that, if anything, they have tried to cope with 
too much for two people, although 16 1s certainly very 
useful for workers m the polynucleotide field to have 
all this material collected ın one volume For the 
latter reason, Dr Stemer and Dr Beers are to be 
thanked for sorting out such a vast amount of the 
present-day literature 

However, 15 might have been wiser for the authors 
to have co-opted specialists to write the chemical 
chapter m the begmning of the book and help with 
the accounts of some of the other areas to which they 
themselves do not appear to have contributed I 
would single out the chapter on the chemistry of the 
nucleotides for the greatest criticism This contains 
formula, chemical, and factual errors and some 
important omissions, but ıt is nevertheless an 
adequate account of this aspect Perhaps the only 
other adverse criticism of this very useful book 1s 
that 1t 1s not always written m a clear and concise 
style Tho appendixes are a good idea, and should 
be useful The printing and layout are good with the 
exception of some of the chemical formule On the 
whole, this book can be recommended as being of 
considerable value to workers ın the polynucleotide 
feld, for whom ıb is designed, and to other people 
interested in this important subject C B REESE 


TECHNOLOGY OF ETHYLENE 
POLYMERS 
Polythene 


The Technology and Uses of Ethylene Polymers 
Edited by A Renfrew and Philip Morgan. Second 
edition Pp xxi+781+93 plates (London Ihffe 
and Sons, Ltd , New York Interscience Publishers, 
Ine, 1960) 165s net 


HE growth of polythene produetion has been 

one of the major features of the plastics industry 
in recent years The interest aroused by the develop- 
ment of newer types of polythene and the many 
recent technological developments m the field of 
ethylene polymers have necessitated a considerable 
revision of the text of this well-known book The 
present edition—the second—contains approximately 
300 more pages than the previous one , chapters 
have been so revised that the original text has been 
largely re-written m order to bring the book m line 
with rapid developments, particularly m relation 
to materials of higher density In fact, 16 has been so 
changed and enlarged that ıb may be regarded as 
virtually a new book 

The most important additions are as follows 

The chapter “Manufacturing Processes" now appears 
as four contributions describing high-pressure, Zeig- 
ler, Philhps, &nd Standard Oil Co polymerization 
processes , the chapter on the theory and mechanism 
of ethylene polymerization now becomes two chapters 
to cover, respectively, polymerization by free radicals 
and by 10n1e growth Additional chapters are ““Ethyl- 
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ene Copolymers and Polymer Blends", “Vacuum 
Formung", “Reprocessing”? and two chapters on 
packaging which describe those varied and useful 
applications not classified as films Valuable appen- 
dixes are a table of world manufacturers of polythene 
and their production capacities, and a list of would 
proprietary names for ethylene polymers 

The thirty-six chapters of this book deal with every 
aspect of polythene, 1ts manufacture and properties 
(structure, mechanical, electrical, chemical, testing, 
radiation treatment, and modification) , processing 
techniques (compounding, pigmentation, extrusion 
as applied to extruder design, cable covering, tube, 
rod and profile, film and sheet, mjection and blow 
moulding, centrifugal cast, coating and laminating, 
dip and spray coating, vacuum forming and reprocess- 
mg), and appheations (cables, film, coated packaging 
products, pipes, chemical plant, household goods, 
textile yarns and fibres) Each of the chapters, 
written by an expert either from Europe or the 
United States, provides a most complete and authori- 
tative account of the technology and uses of this 
important polymer The book remains the standard 
work on the subject C E H BAWN 


GAS DYNAMICS IN THE U.S.S.R. 


Physical Gas Dynamics 
Edited by A S Predvoditelev ‘Translated from the 
Russian by Dr R C Murray and D R H Phillips 
Pp v+183. (London and New York Pergamon 
Press, 1961) 50s net 


HIS book 1s a translation from the Russian of a 
symposium of twelve papers covering a wide 

range of topics under the general heading of the title 

Five of the papers cover the field of gas kinetics, 
the longest bemg concerned with calculatmg the 
properties of air mn the temperature-range 1,000° K — 
12,000° K, and the pressure-range 0 001—1,000 
atmospheres Two of the other papers calculate the 
changes across normal shock-waves in air considered 
as a real gas 

The next two papers consider experimentally the 
supersonic flow at an oblique-cut nozzle and an 
oblique-cut base. These are related to the flow m 
turbine nozzles and blades 

The next three papers again present a sharp con- 
trast, the subject under discussion being the pressure 
field resultmg from electrical discharges under water, 
while the last two papers in the book discuss shock 
waves associated with flames Four of these five 
papers discuss experimental work 

One of the difficulties encountered by publishers 
of a book of this nature 1s that of making the nforma- 
tion available sufficiently quickly after completion 
of the work on which 16 1s based The references to 
the various papers indicate that most of the work 
presented at the symposium was done prior to about 
1956, so in this sense the book is not up to date, 
but, despite this, there 1s no doubt that 1t gives some 
of the most up-to-date information in English on the 
work being carried out in the U S.S R m the field 
of gas dynamics 

Tt 1s fair to say that the translation mto technical 
English 1s ın general excellent, though ıb 1s noted 
that m some references which were originally m 
Enghsh, but have been translated mto Russian, the 
authors’ names are not correctly translated back into 
Enghsh. The prmtmg is in non-letterpress type 
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setting, but this m no way detracts from the book, 
perhaps the only thing which does being the quality 
of schlieren photographs on which several of the 
papers depend The photographs are m general poor, 
but there 1s no indication whether this 1s due to the 
printing process used or to the poor quality of the 
originals I S DONALDSON 


SURVEY OF ASTRONOMY 


Vistas in Astronomy 

Edited by Arthur Beer Vol 3, Part 1 Dynamics— 
Geophysics—Instruments—Solar System Vol 3, 
Part 2 Stellar Astronomy—Stellar Evolution— 
Photometry — Galaxies — Spectroscopy — Cosmology 
(Special Supplement No 7 to the Journal of Atmo- 
spheric and Terrestrial Physics) Pp  vn--345 
(London and New York Pergamon Press, 1960 ) 
120s net 


Js third volume of Vistas «n Astronomy, 
published, as 1n the case of the two preceding 
volumes, by Arthur Beer, opens with an article by 
R. van der R Woolley, Astronomer Royal, on ‘The 
Dynamics of Stars in the Neighbourhood of the Sun” 
The author deals m particular with the movements of 
stars near at hand, the permanence of very open 
clusters and the equipartition of energy R A. 
Lyttleton poses the following question ‘What is 
the simplest theoretical approach and munmmum 
amount of calculation that could have led to the 
discovery of the planet Neptune ?" Tisserand had 
already posed this question m his Mécamque 
Céleste, when he suggested that ıt would suffice to 
assign successive values to the radius of the planet. 
which 18 supposed to have a circular orbit Lyttleton 
shows that one can simplify the problem considerably 
without altermg the numerical solution much, by 
attributmg circular orbits to both Uranus and 
Neptune The position which he finds for -the 
hypothetical planet does not differ more than one 
degree from the observed position, as for 1ts mass, he 
approximates the real value more closely than 
Adams and Le Verrier But he has the advantage 
over his two predecessors of knowing that Neptune 
exists, whereas in 1845 or 1846 ıt was doubtful, 
as the question posed by Airy to Adams at first and 
then to Le Verrier proves What is more, we know 
that the orbit of Neptune has a shght eccentricity 
The paths of discovery are often tortuous, but one 
does not perceive this unti the goal has been 
attamed 

The contribution of H von Kluber 1s also of great 
interest and of more immediate application It ıs a 
discussion which takes mto account all the determina- 
tions, made since 1919, of the displacement of stars 
around the Sun when ın eclipse The existence of 
this effect 1s not in question, but the extent of 
displacement remains very uncertain Tt appears, 
however, to be greater than that provided by theory 
The observations are very scattered and, in conse- 
quence, the hyperbolical variation of the displace- 
ment as a function of the distance from the Sun 
cannot be considered as established The recom- 
mendations directed by H von Kluber to future 
observers must be acclaimed without reserve 

Of interest are articles, one by W Cochran, the 
other by V Fock, on “The Clock Paradox", some 
studies by G M Sisson on the “Design of Large 
Telescopes”, by Marschal A  Wrubel on “The Elec- 
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tronic Computer as an Astronomical Instrument", 
by A H Jarrett on “Techniques m Auroral Investiga- 
tions" and by D W Beggs on “The Russian Satel- 
htes" Finally, four notes on the brillant comets of 
1957 complete the first part of this volume 

John B Irwm opens the second part with an article 
entitled "The First 70,000". It 1s the exposition of a 
vast programme of observations destined to yield the 
followmg for all stars down to magnitude 8 5 position, 
proper motion, magnitude, multicolours, spectral 
type, luminosity, parallax, radial velocity and 
polarization. The author emphasizes, by an apt 
title, the paucity of mformation we have on the 
southern hemisphere He discusses the use of the 
transit circle for the determmation of positions and 
proper motions, but he does not mention the use of 
the umpersonal astrolabe for establishmg the funda- 
mental catalogue Altogether, the programme 
outhned by John B Irwin ıs excellent, but only 
international co-operation will allow 1t to be executed 
It would be an interesting task for the International 
Astronomical Union 

Modern aspects of stellar photometry are dealt 
with in two articles, one by Gerald E Kron on 
"Multiple Colour Photometry”, the other by 
A N Argue entitled ‘Photometry with the Cam- 
bridge Schmidt Telescope” A long study by B E J. 
Pagel provides interesting 1deas on “The Excitation of 
Emission Lines in the Spectra of Early-type Stars". 

Oln J Eggen has prefaced his article, ‘Colour, 
Luminosity and Evolution of the Stars", with some 
opinions of this evolution by celebrated men of 
science, from Helmholtz (1854) to Eddington (1926). 
This comparison of ideas put forward by very high 
authorities produces an effect of shock on the reader 
of to-day and inspires him to salutary reflexions on 
what H Pomcearé called “La Valeur de la Science” 
Eggen shows, with diverse examples, all that photo- 
metry of stellar clusters in several colours teaches us 
about stellar evolution The volume ends with a 
representation of “The Visual Milky Way" by 
Sergei Gaposchkin and with two theoretical studies, 
one by L Mestel entitled “Star Formation and the 
Galactic Magnetic Field” and another by D. W. 
Sciama called “Observational Aspects of Cosmology”. 

Presented with the same care as the two preceding 
ones, Volume 3 of Vistas ın Astronomy contains an 
abundant bibliography and a very detailed “Name 
and Subject Index”, 16 18 an excellent piece of work. 
The editor announces the publication of two other 
volumes, the authors of which will be drawn from 
fifteen countries orso Vastas «n, Astronomy 18 indeed 
of immense utility for all those who wish to know the 
state of advancement of the diverse branches of 
astronomy. A DANJON 


THE NATURAL HISTORY OF 
GALAXIES 


The Hubble Atlas of Galaxies 

By Allan Sandage Pp vin--32--50 plates. (Wash- 
mgton, DC Carnegie Institution of Washington, 
1961) 10 dollars 


HIS ıs & remarkable and fasemating book. 
Conceived by Edwin Hubble, who did not live 
to see ib finished, and now completed by Hubble's 
pupil and successor, Dr Allan Sandage, it can be 
recommended to a very wide range of readers, from 
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mature specialists in cosmology to young people with 
a good sense of curiosity and wonder It consists of 
roproduetions of photographs of 176 galaxies, taken 
almost entirely with the large reflectors of the Mount 
Wilson and Palomar Observatories, and many made 
by Hubble himself The photographs are of the 
highest technical quality and are unlikely to be sur- 
passed until we learn to build much better telescopes, 
or mvent new techniques, perhaps involving artificial 
satellites Although reproduction is by a half-tone 
process, such care has been taken that one can often 
see detail down to about 1 second of are 1n diameter 
In & number of cases two, or even three, prints are 
given, since the range of surface brightness 1s too great 
for one print to show all structure of interest 

A preface describes the origin of the Atlas and this 
is followed by a chapter entitled “‘Galaxies”, giving 
a summary of immediately relevant information, 
meluding some very mstructive, and sometimes 
amusing, history that ought to be compulsory 
ieading for all astronomers This 1s followed by a 
long and detailed description of Hubble’s system of 
classification, which the Atlas was designed to illus- 
trate, with frequent references to individual photo- 
eraphs. Besides this, each photograph 1s provided 
with 1tg own commentary, usually about 100 words 
but sometimes considerably more. 

If we exclude clusters of galaxies and the universe 
itself, galaxies are the largest physical structures 
known to man We believe them all to be aggregates 
of gas, dust and stars, of total masses mostly m the 
range 109-103 Suns, and with rather ill-defined 
optical diameters of the order of 10:'-10* or more 
hght years Hubble’s system of classification, the 
simplest proposed so far and perhaps for most 
purposes the most useful, 1s a purely morphological 
one The outstanding characteristic of nearly all 
these objects is that their form strongly suggests 
rotation, and spectroscopic measurements confirm 
this Hubble arranged galaxies into an order which 
m general is one of increased flattening, increased. 
development of spiral arms, dunmushmg nucleus, 
growing signs of interstellar dust, probably more 
interstellar gas, more resolution into stars and 
greater abundance of young, hot stars He was 
always careful to pomt out that his sequence 1s not 
necessarily one of evolution, in either direction 
Sandage follows hun, but can add m the hght of more 
recent work that, whether evolutionary or not, the 
sequence as just described appears to run from old to 
young 

One criticism of Hubble’s scheme has been that 1t 
may impose too simple an order on an essentially 
complicated problem. For other reasons too, having 
httle to do with Hubble, most astronomers until 
fairly recently have tended to carry 1n their minds an 
altogether too regular and standardized picture of 
galaxies Fortunately, a better appreciation of the 
problem has been growing and now this Atlas makes 
it abundantly clear that galaxies, lıke most natural 
objects, are very far indeed from being simple, mass- 
produced structures Most of our respectable old 
friends are here, for example, M31, M33, M81, but 
so also are some much more awkward customers 
What of NGOC520, 2685, 2859, 5128, or even the 
Large Magellanic Cloud ? What are we to make of 
the nucle: of four Sc spirals, here reproduced separ- 
ately on a large scale, on page 31 ? 

Hubble’s original scheme, apart from a bifurcation 
between ordinary and barred spirals, 1s essentially 
one-dimensional But even on a purely morphological 
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basis the quite limited sample of galaxies here cannot 
be fitted 1n neatly without qualification As Sandage 
remarks, “the classification sequence 1s not mfinitely 
narrow perpendicular to the Sa — Sb Sec direc- 
tion” Among Sb spirals, for example, he directs 
attention to variations m the size of the nucleus, in 
the thickness and surface brightness of the arms, and 
in the distribution of dust Some Sb galaxies have 
two sets of arms, of different pitch Among the Sc 
galaxies “at least six major sub-groups can be dis- 
tinguished”? Nevertheless, as a broad generality, 
a first approximation, Hubble’s scheme still impresses 
one as valid 

Although a mune of information, The Hubble Atlas 
of Galaxies 18 not a text-book Possibly the author 
should have emphasized this more m his preface 
It makes no pretence of dealmg with the general 
problems of galaxies, of ther dynamical structure, 
of their physical composition as revealed by the 
spectroscope, of their motions, of pairs of galaxies, 
multiple galaxies, colliding galaxies, linked galaxies, 
clusters of galaxies There is nothing of radio- 
astronomy, 1ts results and its perplexities 

There 18 also no discussion of the technical problems 
of photographing galaxies, the outer parts of which 
are much fainter than the natural sky background 
itself. (In these pictures tho sky 1s reproduced nearly 
perfectly black, esthetically satisfymg but scientific- 
ally a little misleading) We are limited not by 
photographic speed but by sky brightness Equally, we 
cannot photograph deta less than about one second 
of arc, not because of the umperfections of telescopes 
and photographic emulsions, or their limited resolving 
power, but because of the optical wregularities of the 
Earth’s atmosphere I think all this needs to be said 
clearly Observational astronomers take these 
familiar limitations for granted, but they are imper- 
fectly understood by many others who may be users 
of this volume 

What ıt comes to, of course, 18 that we need a full 
text-book on galaxies to accompany the Atlas 
Could Dr Sandage provide such a companion volume 
to give us instruction and pleasure in the same 
generous measure as does the Atlas itself ? 

R. O REDMAN 


THE HIDDEN FACE OF THE MOON 


Atlas of the Other Side of the Moon 

Edited by N P. Barabashov, A A. Mikhailov and 
Yu. N Lipskry. Translated mto Enghsh by Leon 
Ter-Oganian First published by the Academy of 
Seiences of the USS R. Pp 1414-30 photographs. 
(London and New York Pergamon Press, 1961) 
50s 


VERYONE ıs familar with the fact that the tidal 

friction operative in the Earth-Moon system has 
gradually slowed down the axial rotation of our 
satellite to the rate with which it revolves around 
Earth (the periods of these two motions being now 
synchronized within at least 0 1 sec )—whieh makes 
the Moon show us always the same face Lunar 
librat1ons (both physical and optical) permit us, to be 
sure, to see from Earth somewhat more than one- 
half of the entire surface of the lunar globe—m 
fact, about 59 per cent of 1t—but the rest remained 
completely hidden to us, until the memorable flight 
of the third Russian space rocket in October 1959, 
which circumnavigated our satellite and by means 
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of its photographic equipment carried aboard took 
at last the veil off 1ts invisible face 

The details of this feat are still sufficiently well 
remembered to require httle repetition A pre- 
liminary report on the photographic data obtained 
in the course of this flight and televised afterwards 
to Earth was released by the USSR Academy of 
Sciences in December 1959 (Farst Photographs of the 
Far Side of the Moon, the English translation of 
which was published by the Pergamon Press, London, 
in 1960), while a definitive discussion of the entire 
material followed a year later ın a volume the English 
edition of which 1s under review 

This volume summarizes the results of an exhaustive 
study of the topographic as well as photometric 
features of all available negatives, carried. out inde- 
pendently at the Pulkovo Observatory, Sternberg 
State Astronomical Institute, Moscow, and the 
Kharkov Observatory, under the respective guidance 
of Profs A A Mikhailov, Yu N Lipskiy and N P 
Barabashov—all well-known students of the Moon 
The outcome of their rmpressive study (the methods 
of which are described 1n the first part of their book) 
resulted ın the identification of 498 details on the 
lunar far side, the catalogue of which (classified 
according to their degree of rehabihty) constitutes 
the major part of the whole volume The formations 
discovered on the far side of the Moon do not, in 
general, differ from those we know on the visible 
face in their photometric or topographic character- 
istics—though even a cursory glance at the first 
photographs of the far side revealed a much greater 
preponderance there of mountainous areas (and a 
corresponding scarcity of the maria) than 1s the case 
on the side that 1s familiar to us 

The last, and most valuable, part of the present 
volume consists of the reproductions of 30 frames 
of the individual photographs secured by the Russian 
space station Needless to stress, no one frame 
reveals all the details ascertamed for that particular 
region from the ensemble of the material, but the 
best single frames appear to attain a ground resolution 
of some 10 miles 

A. map of the far side of the Moon, showmg the 
distribution of topographic details listed in the 
catalogue, concludes the whole volume [It 18 the first 
map of 1ts kind, and comparable in amount of detail 
with maps of the visible face of the Moon available 
by the first half of the eighteenth century 

All considered, the scientific outcome of the flight 
of the Russian third space station must be regarded 
as a splendid success, and a wonderful achievement 
m which the Russian nation and all their fellow 
inhabitants of this Earth can justly rejoice It does 
not mean that the days of discovery on the Moon are 
completely over, for a small part of its surface 
(approximately 40° in longitude) was not visible from 
the Russian space station at the time of photo- 
graphy and remains, therefore, still uncharted Tt 
will, however, certainly not be long before even this 
remaining terra «ncognata, of the Earth-Moon system 
will reveal its secrets to the inquisitive eye of the next 
lunar circumnavigating device, and the pioneer 
days of lunar mapping will irretrievably belong to 
the past 

The volume under review constitutes without doubt 
an important landmark in selenographie hterature, 
and Pergamon Press 1s to be commended for the Speed 
with which ıt introduced ıt to the English reader 
This speed entailed, however, also some obvious 
drawbacks, for by its external appearance the 


Supplement to NA TURE of December 2, 1961 


VOL 192 


English edition (prmted m Poland) does not come up 
to the quality of the Russian ongmal, end the 
translation ıs decidedly weak—m marked contrast 
with the professional fluency and manner in which 
the prelimmary report was translated, the year 
before, by Sykes ZDENEK KOPAL 


IONOSPHERIC RESEARCH DURING 
THE INTERNATIONAL 
GEOPHYSICAL YEAR 


Some lonospheric Results obtained during the 
International Geophysical Year 

Proceedings of a Symposium organized by the 
URSI/AGI Committee, at Brussels, Belgium, 
September, 1959 EditedbyW J G Beynon (URSI 
Monographs) Pp x1+401 (Amsterdam Elsevier 
Pubhshmg Company , London D Van Nostrand 
Company, Ltd, 1960) 72s 


Do the International Geophysical Year a 
vast mass of data was accumulated by mvesti- 
gators of the ionosphere all over the world and some 
considerable time must elapse before these data 
have been analysed and fully interpreted The 
purpose of the symposrum with which the present 
volume deals was to discuss the preliminary results 
derived from the data 

The book contains sixty papers contributed by 
many of the leading ionospheric workers All papers 
are written m English and some of them have summ- 
aries in Fiench They are grouped in approximately 
equal numbers under the headings (1) F-2 layer 
phenomena, (2)high-latitude studies, (3) disturbance 
phenomena, (4) 1onospheric mregulaiities, (5) N (A) 
profiles, (6) absorption, (7) drifts, and (8) noise, 
whistlers, rockets and satellites The first section 
contains papers on such topics as the equatorial 
anomaly in the £'2-layer, the world distribution of 
lonization in this layer, and on the forecasting of 
world values of ionization density Section (2) 1s 
mainly concerned with the morphology of Sporadic-£Z 
i0nization and of black-out ın polar regions In 
section (3) there are eight papers, most of them very 
brief, on 10nospherice storm phenomena Two other 
papers in this section deal with the effects of the 
two Johnston Island nuclear explosions in the iono- 
sphere and on radio signals traversing ıt The pheno- 
mena of spread-F and sporadie-Z] ionization are 
considered in section (4) where some interesting 
observations of both phenomena in equatorial regions 
are described Some of the early results of calculation 
of the variation of 10nospher:c electron density with 
height above Earth are given m section (5 Of 
particular interest in this section are contour charts, 
for four separate times of day, showing the variation 
with height of the plasma frequency along the 75° W 
meridian 

Section (6) deals with investigations of ionospheric 
absorption by the pulse reflexion method and by 
measurement of cosmic noise Section (7) 1s note- 
worthy for three Russian papers on movements of 
i0nospherie irregularities and for a prelimmary 
report on the results of world-wide measurements of 
horizontal drifts in the F-layer The papers on 
atmospheric noise in section (8) include a short 
summary of the measurements made thro ughout 
the world , no results are given 1n this paper but the 
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section includes other papers giving results obtained 
in both the USSR and Japan Rockets and satel- 
lites are dealt with by American authors one paper 
18 a very concise record of the results of 1onospheric 
measurements by American rockets, the other paper 
deals with the determination of total ionospheric 
electron content below a satellite by Faraday rotation 
observations 

As all these papers were written very soon after 
the end of the International Geophysical Year ıb 18 
not surprising that many of them contain information 
of a very tentative character, and others are little 
more than brief reports on phenomena 1n a very early 
state of mvestigation Indeed, some of the papers 
have been made obsolete by later publication by the 
same author before the appearance of the present 
volume [It ıs, nevertheless, a useful record of the 
symposium and ıs well edited and well produced 
It 1s a pity that its high price will deter many workers 
from adding ıt to their private bookshelves 

A FE WILKINS 


PRANDTL’S COLLECTED PAPERS 
Ludwig Prandtl 


Gesammelto Abhandlungen zur Angewandten 
Mechanik, Hydro- und Aerodynamk | Herausgegeben 
von Walter Tollmien, Hermann Sehhehting und 
Henry Gortler, Schrifthetung F W Riegels Erster 
Tol Pp «x+1-574 Zweiter Tel Pp xm+ 575- 


1071 Dritter Tel Pp ziv4-1071-1620 — (Berhn 
Sprmger-Verlag, 1961 ) 273 DM, Ganzlemen 288 
DM 


HE monumental work of leaders of nmeteenth- 

century physical science, such as Helmholtz, 
Kirchhoff, Kelvm, Maxwell, Boltzmann and Rayleigh, 
in creating a structure of concepts by means of which 
physical and engineering phenomena could be under- 
stood and predicted, was of such comprehensive 
character that the task of those who had to follow 
them and lead the way to the explanation of the 
mysteries that remamed was formidable indeed 
No hope lay m continued logical building on the struc- 
ture of their predecessors On the contrary, com- 
pletely new intuitions were required, 

The scientific public knows well how these were 
introduced into the physics of atoms, molecules and 
radiation by Planck, EHinstem, Rutherford, Bohr and 
the rest The revolution in mechanics is less well 
known No better grasp of ıt can be attained than 
by a study of these three admirably produced volumes 
contaming the collected papers of the leader in that 
revolution, Ludwig Prandtl 

The mystery 1n this field at the turn of the century 
was thickest m the mechanics of liquids and gases 
Three of the eight mam groups of papers into which 
these volumes divide Prandtl’s work are devoted to the 
three outstanding new mtuitions by means of which 
hght was to be shed on that mysterious subject 

The first of these, chronologically speaking, a joint 
achievement of Stodola and Prandtl, was the elucida- 
tion of steady supersonic flow, stimulated at the time 
by the requirements of steam turbine nozzles, though 
later to become the foundation of supersonic aero- 
dynamics It meluded a full description of the effect 
of varymg the nozzle back-pressure, through and 
beyond those values which force supersonic flow to 
terminate at a normal shock-wave m a range of 
positions and strengths, to the values where a super- 
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Sonic jet 18 produced, the structure of which was 
sketched by means of the ideas of oblique shock-waves 
and of what were later to be called Prandtl-Meyei 
expansions A prelimmary theory of shock-wave 
structure was also obtamed in these early years 
Prandtl's leter work on gas dynamics, with Busemann, 
evolved a highly versatile and accurate theory of two- 
dimensional supersonic flows, using the geometry of 
their characteristics, and so derived jet shapes and 
flows about aerofois with closer experimental agree- 
ment It 13 interesting to note too, in this group of 
papers, not only the detailed studies of the effect of 
compressibility m subsonic flow but also a short 
work of 1938 giving clear warning of supersonic 
bangs and considerable detail about their geometry 

The famous elucidation of the true role of viscosity 
followed closely that of compressibility, the paper 
stating all the essential properties of lammar boundary 
layers being presented m 1904 The nature of turbu- 
lent boundary layers was appreciated soon afterwards, 
and a 1914 paper used the two concepts to explain 
the extraordinary vagaries ın the drag of spheres 
Each of these well-known papers includes a lovely 
experimentum crucw Later investigations in the 
group of papers devoted to boundary layers and 
frictional drag relate to the law of turbulent resistance 
of smooth and rough pipes and plates 

The third new branch of fluid dynamics created by 
Prandtl, perhaps the one of greatest technological 
importance, was the theory of hft and lift-mduced 
drag It was a complete liftmg surface theory that 
Prandtl, with his pupils Betz and Munk, derived and 
applied to monoplanes, biplanes, propellers and, other 
systems As might be expected, the largest section 
of Prandtl’s collected papers ıs devoted to all its 
ramifications 

The volumes are a reminder, nevertheless, of the 
outstanding achievements of Prandtl in fields quite 
different from those so far mentioned A long 
section devoted to elasticity, plasticity and rheology 
reminds us of Prandtl’s striking contributions 
(followed up by his pupil von Kármán) to a recon- 
cilation of theorv and experiment in elastic stabilty 
We recognize, too, his early appreciation of the 
practical significance of ‘perfect plasticity’ theory, 
which he elaborated mathematically on lines parallel 
to those of the supersonic flow theory to illuminate 
hardness tests, extrusion and the like, and which, 
with his work on permanent set, rupture, and materials 
the stress-strain relations of which include a relaxa- 
tion time, helped to cieate the mechanics of solids as 
we know it to-day 

Another section 1s devoted to vortex development 
and turbulence, including the rollmg-up of vortex 
sheets, flows past sharp edges, rotating cylinders, etc 
In turbulence theory proper, Prandtl’s momentum 
transfer theory attached too little significance to the 
role of big eddies, but the theory and associated 
experiments :lluminated to a substantial degree the 
effect of temperature gradients on turbulence and, 
conversely, of turbulence on heat transfer, as well 
as a host of complex phenomena such as the secondary 
flow m straight pipes of non-circular section. 

The meteorological section includes Prandtl’s 
computation of the distribution of wind velocity and 
direction near the ground (Ekman spiral) using a 
turbulent exchange coefficient It includes also his 
contribution to the understanding of why the west- 
east momentum in the general circulation of the 
atmosphere 1s transported on the average at a positive 
rate from the tropics to the temperate zones (even 
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though any ‘random’ mechanism would cause ıt to 
flow the other way, down its gradient) Prandtl 
noted, in this context, that any loss of energy m the 
high-altitude west-east circulation (due to large-scale 
disturbances) would reduce the Coriolis force balanc- 
mg the poleward pressure gradient, and so permit 
poleward movement down that pressure gradient 
until the energy had been restored, and he noted 
also that the geostrophie relation between poleward 
pressure gradient and west-east momentum implies 
that energy-restoring motions must also make the 
west-easb momentum flow polewards Other illumina- 
tions m this field include work on the structure of 
fronts, and, remarkably enough, an origmal paper 
dated 1950 on the dynamics of the jet stream 

The volumes close with a section covering many 
of Prandtl’s significant contributions to experimental 
technique, which laid the foundations of modern 
low-speed and high-speed wind-tunnel practice (and, 
as a curiosity, included experimental studies in a 
rotating room), followed by & group of miscellaneous 
papers, among which stand out a beautiful piece of 
work on bearmg lubrication and some eloquent 
advocacy of the use of vector analysis 

Those who love theoretical and applied mechanics 
can be recommended, if necessary, to curtail somo 
future holday ın order to be able to afford these 
absorbingly interesting volumes Such a drastic 
measure might also enable them peacefully to enjoy 
the pleasures of their first perusal ! 

M JAMES LranTHILL 


THEORY OF BOUNDARY LAYERS 


Boundary Layer Theory 

By Dr. Hermann Schlichtmg 
Translated by Dr J. Kestm. (McGraw-Hill Series 
ım Mechanical Engmeermg) Pp xx+647. (New 
York McGraw-Hill Book Company, Inc ; London 
McGraw-Hill Publishing Company, Ltd, 1960) 
1288 


New Methods in Laminar Boundary-Layer Theory 
By Dr D Meksyn Pp xxiv+294. (London and 
New York Pergamon Press, 1961) 70s net. 


"qu concept of the boundary layer was discovered 
by Prandtl in the first years of the present 
century, and smce then it has occupied a central 
position in fluid mechanics The boundary layer is 
essentially a skin effect, which occurs in the flow of a 
fluid with small viscosity, but the behaviour of the 
layer may have a profound influence on the general 
character of the whole flow For this reason, the 
mechanics of the boundary layer 1s of great ymportanco 
to engineers and mathematicians interested in the 
problems of fluid flow. In recent years the study of 
boundary-layer flow has attracted mcreasmg atten- 
tion, both theoretically and experimentally, and a 
great number of papers have appeared on this subject 

Prof Schlichting has been one of the leading con- 
tributors in this field, and his book, which was 
originally published ın German ten years ago, has 
now appeared in its fourth English edition This 
follows the same general plan as the first German 
edition, but the accretion of new material has made 
1b considerably bigger The first part provides the 
basic physical ideas and the fundamental equations 
for the flow of viscous fluds Some of the exact 
solutions of these equations are discussed, and there 
18 & chapter on the approximate solutions which 


Fourth edition. 
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are valid when the viscous forces are dominant over 
the mertia of the flud Lammar boundary layers 
are treated ın the second, and longest, part of the 
book This side of the subject is the most fully under- 
stood, and has received extensive mathematical 
treatment A full account of two-dimensional flow 
18 given, including chapters on heat transfer and 
compressibility Axisymmetric and three-dimensional 
boundary layers are treated more briefly, and there 
1S a chapter on boundary layer control 

The third part 1s on the transition from lammar to 
turbulent flow It contains a description of the theory 
of hydrodynamie stability, its experimental verifica- 
tion and its relation to the formation of turbulence 
The factors influencing stability are considered, with 
applications to the flow over acrofoils The last 
section of the book deals with fully developed turbu- 
lent flow Here the treatment 1s of necessity largely 
empirical, and based on the analysis of experimental 
results Separate chapters deal with flow m pipes, 
over flat plates, with the caleulation of turbulent 
boundary layers, and with free turbulence im jets and 
wakes 

Schlichtmg’s book is written for engmeers, and 
emphasis 1s placed on those methods and results 
which are likely to prove most useful Topics which 
are not yet amenable to routine calculation, such as 
the flow over a general three-dimensional surface, are 
dealt with only briefly Each chapter has an exten- 
sive list of references, and there are many figures 
ulustrating theoretical results and experimental 
observations In a book on such a quickly growing 
subject there is mevitably scope for improvement 
and, addition ın detail, but ıb 18 likely to remain a 
standard work for several years. The legend of 
Fig 515, on page 90, has an error, and a correspond- 
ing one 18 made m the description, on page 91, of 
the effect of Reynolds number on the flow m a diver- 
gent channel. The book 1s well produced and clearly 
printed 

Ihe scope of Dr. Meksyn’s book 1s more limited, 
as its title indicates It ıs concerned with mathe- 
matical methods, and deals mamly with steady 
laminar flow and with stability theory The author 
has written several papers on these subjects 
since the War, and his book presents a systematic 
account of his work Other aspects of laminar 
boundary layers are mentioned rather eursorily. 
The reader who ıs already familiar with boundary- 
layer theory may find Meksyn’s methods of mterest, 
but he would be well advised to check the formule 
carefully The original papers contaimed several 
errors, of which most have been corrected, but some 
still survive ‘There are a number of minor slips 

E J Watson 


MEASUREMENT OF WATER-FLOW 
Hydrometry 


Theory and Practice of Hydraulic Measurements, 
By Prof Adam T 'Troskolanski Pp xix+684 
(London and New York Pergamon Press, Wars- 
zawa Panstwowe Wydawnictwa Techniczne, 1960 ) 
120s. net. 


HEREAS ın most other countries ‘hydrometry’ 

means the science of water-flow measurement, 

in Britain 1t has been connected with measuring the 

density of hquids The title of this book 1s therefore 

yet another example of a distinguished foreigner 
teaching us our own language 
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Although water-flow measurement is one of the 
oldest sciences, ıt bas not been well documented 
and we are therefore mdebted to Prof Troskolanski 
for providing a comprehensive survey of the subject 
Before entering the Technical University of Wroclaw, 
the author was chief engmeer of the Polish National 
Bureau of Measures and therefore writes with author- 
ity, both as engineer and scientist He has confined 
himself mainly to water-supply engmeering, although 
water-flow measurements for the hydro-electric 
industry are mentioned briefly 

This new book ıs an enlarged version, in English, 
of Volume 3 of the author’s text-books Hydromech- 
ania Techniczna and includes new chapters on recent 
advances, such as magnetic flow-meters, radioisotope 
techniques and water-level measurements by y-ray 
probes 

The three main sections are — (l1) units, and prin- 
ciples of measurmg length, area, volume, time, 
pressure, velocity, flow-rate and total flow, (2) 
instruments and techniques for measuring these 
physical quantities ; (3) laboratories for cahbrating 
mstruments and absolute standards of flow measure- 
ment 

The subject 18 dealt with logically and ın consider- 
able detail All equations are dimensionally consis- 
tont, but in addition both British and metric units 
are used throughout. The author's philosophy 18 
that measurement of the flow 1s a special branch of 
metrology, depending fundarnentally on measure- 
ments of length, time, ete Such basic aspects are 
covered in detail in the first section, leading up to the 
measurement of flow-rates and total flow 

Tt 18 difficult to understand why the translator 
preferred “intensity of flow” to the more widely used 
term ‘‘flow-rate’’ Similarly, “potential-head” is 
used rather narrowly Jt 1s not generally the same as 
the height of filling of a tank, unless the bottom of 
the tank ıs the zero potential datum However, 
despite such minor criticisms, the translated text 1s 
lue1rd and much careful revision has gone mto the 
notation, where even the mnemonic subscripts 
have been translated into English British standards 
have been widely used and quoted 

The second section gives a full aecount of measur- 
mg instruments and recorders, cluding several not 
usually described ın English text-books, such as the 
Andersson travellmg screen, measuring cascades, 
Danaides, and the detailed analysis of current meter 
performance and calibration Instruments used in 
water-supply practice, such as level gauges, con- 
striction and mechanical flow-meters, are particularly 
well described 

The final section, on hydraulic laboratories and 
meter calibration, provides the sound foundation 
which i8 so often missing in books on measuring 
instruments Accurate calibration 18 essential, 
and it ıs valuable to have detailed descriptions and 
recommendations for reliable test facilites 

The descriptive material 1s excellent and is well 
Wustrated, together with many physical tables and a 
comprehensive index m English, French and German 
Some of the information about fields other than water 
supply 18 a little out of date For example, both the 
Allen and Gibson methods have now been accepted 
mtermationally for the latest International Electro- 
technical Commission code for water turbine testing 
Sodium chloride has been largely superseded by other 
chemicals in the salt titration technique 

The Allen sait-velocity method is reviewed more 
unfavourably than ıt deserves in view of 1ts successful 
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use in the United States and elsewhere On compara- 
tive flow measurement tests no more recent references 
than the Walchensee tests of 1926 are quoted, nor 
18 14 made sufficiently clear that the weir 1s a secondary 
method of flow-measurement and for highest accuracy 
must always be calibrated 

However, in general this 18 a most valuable collec- 
tion of detailed information, set out clearly and 
logically, on a subject which until now has not been 
well documented It can be recommended to all 
hydraulic engineers mterested in flow measurement 

S. P HUTTON 


A HISTORY OF METALLOGRAPHY 
A History of Metallography 


"The Development of Ideas on the Structure of Metals 


beioro 1890 By Prof Cyri Stanley Smith Pp 
xx14-201. (Chicago University of Chicago Press, 
London Cambridge University Press, 1960) 8 50 
dollars, 68s 


HIS volume, which has been eagerly awaited 
by those aware of its preparation, was worth 
waiting for In the author's own words, "Perhaps 
the study even has a certain timeliness, for it 18 abun- 
dantly clear that the proper balance between ‘applied’ 
and ‘pure’ science that 1s necessary for technological 
and cultural well-bemg has yet to be achieved” 
Broadly the book ts divided into three main sections, 
first the background of metallography in ancient 
works of art, then the philosophical background 
and the observations of structure before the use of 
the microscope, and finally, the period of increasmgly 
active observation and theory from the time of Sorby 
onwards It 1s a story that involves the history of 
art, of ‘natural philosophy' and of technology, and 
ends about 1890, by which date metallography had 
begun to be recognized as a definite discipline im its 
own right, though Chapter 16 does carry the story 
down to recent years Two appendixes give in full a 
paper of Sven Rinman of 1774 on “Experiments of 
Etching upon Iron and Steel”, and Sorby’s paper of 
1885 to the Iron and Steel Institute “On the Micro- 
scopical Structure of Iron and Steel” which differs 
considerably from the version published in 1887 and 
of which few are probably aware A long list of 
bibliographical notes bears testimony to the extent 
of the sea over which the author has cast his net, the 
eatch being a work of real scholarship as well as a first- 
rate contribution to the history both of science m 
general and of metallurgical technology in particular 
The earler portion of the book dealmg with the 
relation between esthetic appearance and structure 18 
concerned with the fact that, long before it was 
appreciated by the philosopher that metals are 
aggregates of mnumerable small crystals randomly 
packed together, this existence of ‘structure’ was 
used by the artisan to produce his effects “Differen- 
tial chemical attack was used in Europe to give a 
docorative mark of quality to swords as early as the 
second century 4 D , but the technique passed out of 
use” though m the East surface texture did continue 
in use for this end ‘The superiority of the swords of 
Damascus and Japan stemmed directly from the fact 
that the smith related a certam visible texture to the 
serviceability of the weapon and adjusted his manu- 
facturmg process to produce it’ That metal workers 
have been on occasion inturtrvely sensitive to the 
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inner structure of their materials and have empirically 
developed ways of revealing 1t there can be no doubt, 
and such observations clearly led to the doliberate 
choice of manufacturmg methods as well as of a land 
of metallographic control over the working and 
heat-treatment processes 1equired in order to obtain 
the surface stiucture desired both for beauty and 
service 

The section which describes the gradual develop- 
ment of the idea of a metal as an aggregate of crystals 
18 the most substantial and, in many ways, the most 
interesting of the whole book The anti-Aristotelian 
trend of the early seventeenth century paved the way 
for renewed consideration of the inner nature of 
metals, and Descartes himself must have beon a 
close observer of the operations of the 1ron-smelters 
and of the smith In 1639 he was m correspondence 
with Mersenne regarding the reason for the hardemng 
of steel, and 1t 1s quite clea: that he had watched the 
production of wrought-iron during 1ts manufacture 
m the finery hearth “The whole bath of molten metal 
becomes divided into many small lumps or drops, the 
surfaces of which become smooth" Although these 
early ideas were necessarily crude, often maccurate, 
and, from a modern pomt of view, often bordermg 
on the fantastic, Rohault, in 1671, in his Trarté de 
physique, when discussing the properties of ductility 
and hardness, could say ‘‘we cannot but think that the 
component Parts of Metals are long, otherwise we 
cannot understand how Metals should be so ductile 
as they are, whether they be forged upon an Anvil 
or drawn through a wire-drawing Iron, whereas 1f 
we suppose them to be somewhat long, 1t 1s easy to 
conceive, that when they are pressed on one Side, 
they slip sideways of each other without quite separ- 
ating Further—we cannot but think that they must 
necessarily so order themselves as to place themselves 
by each other’s Side, and correspond Length-ways 
to the Length of the whole Piece, which will make 1t 
easier to bend that Way than any other—And we 
find Strings 1n them, asin the Shp ofan Ozier These 
Strings ought not to be in a Metal that 1s cast and has 
not been forged And so we find that cast Metal 1s as 
easy to break one Way as another" It was, however, 
left to de Réaumur to develop such corpuscular 
theories into something useful, and a century before 
the ‘particles’ of such theories had developed into 
the chemical atom on one hand, and the stacking of 
polyhedra had given rise to mathematical crystallo- 
graphy on the other, Réaumur was using the idea of 
‘parts’ aggregated together on different scales to 
develop theories regarding the nature of iron and 
steel and to explam the structures which he saw on 
fractured metals 

The final section, essentially the work of Sorby 
and his successors, brings the story down to men 
known personally to the older generations still alive 
Sorby himself, Arnold, Stead, Sauveur and evidently 
to the author Martens and Osmond in paxticular all 
play their parts The bitter controversy which raged 
regarding the relative importance of carbon or a hard 
allotrope of iron 1s recalled, and it 1s perhaps not 
without a feeling of justice to those on both s.des to 
remember that, to the best of our present-day know- 
ledge, the true explanation contains an element of 
both theories As MeCanee was probably the first 
to suggest explicitly, a highly distorted non lattice 
the distortion being due not to allotropy but to the 
high state of supersaturation of carbon in the 
quenched steel, 1s as near as the ordinary metal- 
lographer probably needs to go 
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Beautifully produced and iJlustiated, this is a book 
which both Prof Smith and the publishers will look 
on with real pride F C THOMPSON 


THE MECHANICS OF VIBRATION 


The Mechanics of Vibration 

By Prof R E D Bishop and Prof D C Johnson 
Pp xu+592 (Cambridge At the University Press, 
1960) 120s net 


HIS 18 a book written with painstakmg care on 

the subject of the basic principles of mechanical 
vibration and their application to the study of specific 
problems Its title and contents direct attention 
to the diversity of meanings that may be attached to 
the word ‘‘mechanics” To some engineers this book, 
being largely algebraic, will appear to be abstrusely 
mathematical, to a mathematician the mathematical 
operations m ib are elementary The engineer may 
be appalled by the authors’ insistence (on p 96) that 
they are restricting their attention to the mechanies 
of vibration and that the mathematics 1s a separate 
subject that they hope to present m another volume 
He may clutch at a straw floating on p 114 because 
16 suggests that the mathematical part of at least one 
problem may be “reduced to arnthmetie" The 
quantity of arithmetic involved ın some solutions, 
however, implies a generous interpretation of the word 
‘reduced’ 

A. good deal of space ıs rightly used m demonstrating 
applications of the concept called ‘receptance’ in 
1954 after earlier use of the name ‘mechanical admit- 
tance’ for ıt by Prof W J Duncan in Reports and 
Memoranda No 2000 (1947) of the Aeronautical 
Research Committee, mentioned m several places m 
this book It may be added that the application of 
this concept to mechanical problems 1s much older 
than either of these names for 1t 

A chapter on “The Analysis of Real Systems” 
begins with a quotation from Routh and refers to 
Rayleigh’s principle, Dunkerley’s method and South- 
well’s theorem in & succession that directs attention 
to nice distinctions m nouns 

It 18 remarkable to find, m this book, a suggestion 
that for the purpose of calculating 1ts natural fre- 
quencies, a system of rotors and shafts in series may 
be replaced by one composed of distributed masses, 
merely to avoid the Holzer tabulation which ıs 
laborious for a system of more than 3 or 4 masses 
The Holzer procedure 1s m fact a good way of calculat- 
ing relative amplitudes of vibration for a known 
natural frequency, but as a means of determing 
frequencies 1t 18 at least thirty years out of date and 
ought never to be used for that purpose either with 
or without electronic ‘brains’ The rational procedure 
18 a routine well within shde-1ule range 

In Chapter 7, reference 1s made to the method of 
estimating the lowest natural frequency of flexural 
vibration of a small non-uniform beam and the 
calculated value 18 compared with that determined 
by actual trial The smallness of the discrepancy 
inspires confidence in the mathematical procedure 
but without weakening the impression that where 
instruments for exciting and measuring vibration are 
available, testing of a model 1s a quicker and mote 
rehable alternative to calculation as a means of 
determining natural frequencies of certain types of 
systems 
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The chapters on dampmg of vibration show that 
even when the usual drastic assumptions are made 
about the quantitative characteristics of damping, 
it 18 @ seriously complicating circumstance in analys- 
ing any but the simplest vibrating systems Abandon- 
ment of those assumptions leaves difficulties that 
cause the authors to remark that '"The assessment 
of damping 1s a subject in which research 1s needed" 
This describes with great delicacy the present state 
of knowledge of this particular subject 

In the last chapter the authors introduce the sub- 
jects of ‘‘Non-harmonic Vibration and Transient 
Vibration” and show them to present much more 
formidable analytical problems than any solved by 
the authors or others ın the subject of harmonic 
vibration Reflexion on this helps one to understand 
why some practical problems m vibration are 
analytically refiactory and perhaps analytically 
insoluble 

Any mechanical science graduate who studies this 
book and woiks through its numerous and excellent 
examples ensures for himself a thorough grounding 
in the theory of mechanical vibrations 

W A TuPLIN 


INDUCTANCE COILS 


The Theory and Design of Inductance Coils 

By Dr V G Welsby Second edition Pp 232 
(London Macdonald and Co (Publishers), Ltd, 
1960) 30s net 


R WELSBY'S book on the design of inductance 
coils, first published ın 1950, has now reappeared 
as a revised second edition Those who are familhar 
with the first edition will know that the book contains 
very extensive formule for the caleulation not only 
of the mductance of coils but also of the effective 
resistance and the effective shunt capacitance The 
coils considered are air cored with solid and stranded 
wire, and those with laminated ferro-magnetic 
cores, with dust cores, and with ferrite cores The 
theoretical treatment given is nob always as detailed 
as in the original papers but references are given for 
those who wish to study the theory fully, while the 
theory and formule given m the book are fully 
adequate for all whose main concern 1s to design and 
make efficient coils 
The author 1s careful to explain the limitations of 
theoretical formule for coils with magnetic cores, but a 
shght amplification of the parts of the book covering 
experimental results and methods of correlating 
theoretical formule with these results would add to 
the practical value of the book 
The two principal changes 1n. the present edition are 
the use of mxs units and the use of the principles of 
electromagnetic wave propagation to derive some of the 
formule Both changes represent an improvement, 
but ın both cases the new material is not entirely 
happily welded into the old It ıs difficult to justify 
the author's use of the symbol y 1n place of g, for the 
magnetic constant of space, the use of y 1n place of ur 
for relative permeabihty, and the use of po for initial 
permeabihty, except on the basis of preserving 
mviolate some of the formule given 1n the first edition 
The factor 10-9 1s also to be seen in many of the 
formule instead of the factor 10-" more usually 
associated with m x S formule 
The theoretical treatment tends to be most detailed 
for the simpler parts and to be uncomfortably con- 
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densed for the difficult parts In particular, clearer 
and more detailed explanations of the method of 
applying field theory to the solution of coil problems 
would be advantageous It 1s rather surprising also, 
in view of the author's hiking for field theory, 
that capacitance is treated as if ib were in shunt 
across the coil terminals and not as a distributed 
effect 

These mimor defects should not be allowed to 
obscure the real value of the book, covering in the 
space of 230 small pages a great quantiby of most 
ugeful information nob readily found elsewhere 

A H M ARNOLD 


DIFFUSION AND HEAT FLOVV 
IN LIQUIDS 


Diffusion and Heat Flow in Liquids 
By H J V Tyrrell Pp xu+329 (London Butter- 
worth and Co (Publishers), Ltd, 1961) 65s 


HOUGH somewhat uneven in its treatment 
of various themes, this book 1s a valuable and 
scholarly addition to texts deahng with certain 
irrever&ible phenomena in liquids Chapters on the 
principles of non-equihbrium thermodynamics, on 
concentration diffusion, and on thermal diffusion 
are informative and well balanced Descriptions 
of expermmental methods for investigating various 
kinds of diffusion. processes cover present practice 
in a very useful way, by comparison, a chapter 
on thermal conductivity measurements seems much 
less extensive Interpretation of the phenomena 
observed 18 presented m the form of discussions 
This part of the book will probably need revision 
soonest, since experimental information m the fields 
exsmined ıs growing rapidly 
One chief difficulty m discussmg the interpretation 
of transport processes in liquids stems from theu 
correlation with viscosity At present, there seems 
to be no widely apphceble treatment for linking 
viscosity with diffusion, despite the great con- 
venience of viscosity coefficients for describmg 
certam types of relaxation m liquids For hquids 
of very simple structure, viscosity coefficients for 
relaxation of simple macroscopic shear have been 
related theoretically with mass migration, for example 
in the theories of Eyrmg However, Eyrimg's models 
do not deal with the variety of specialized mucro- 
relaxation processes which can occur in hqurds 
containing polyatomic molecules, and in ionic 
solutions and melts Viscosity coefficients tend to 
be injected quite generally into interpretations 
of transport processes without adequate recognition 
or deserrption of ther limitations Ths book does 
nob avoid the difficulty The author's discussion of 
liquid viscosities 15 very meomplete This unavoidably 
restricts the assessment of various molecular models 
devised, to represent transport processes in liquids, 
in terms of them structure 
Despite this gap in the discussion of transport 
processes ın liquids, the present book can be com- 
mended. to research workers and libraries, particularly 
those concerned with diffusion phenomena Koen- 
tific interest in diffusion 18 widening The author’s 
discussions of work on the separation of compon- 
ents by thermal diffusion should help to promote 
tecknical advances m this field 
A R. UBBELOHDE 


846 
RADIOACTIVE WASTE DISPOSAL 


Atomic Energy Waste 

Its Nature, Use and Disposal Edited by E Glueckauf 
Pp x1+420+4 plates (New York Interscience 
Publishers, Inc ; London Butterworth and Co 
(Publishers), Ltd , 1961 ) 95s 


HE days are long past when industrial wastes 
could be discharged uncontrolled to the environ- 
ment, and the new atomic energy mdustry has 
developed 1n a period which has seen new legislation 
introduced generally for the control of environ- 
mental pollution and specifically for radioactive 
discharges Strict legislation (described m one of the 
articles u the book), a very sensitive public awareness 
and an exceptional concern with health hazards 
within the industry have stimulated a considerable 
amount of research on radioactive wastes 
A considerable part of the research is reviewed 
in this book It 18 concerned primarily with the 
fission products separated as waste m the processing 
of nuclear fuels, which are regarded as the source of 
ionizing radiations to be used for man's benefit. 
It develops in more detail, and indeed ın considerable 
detail, some of the views presented by the editor 
in & paper to the Second International Conference 
on the Peaceful Uses of Atomic Energy, wherem 
the fission products were seen as a source of radiations, 
of rare and precious elements and of specific radio- 
nuclides available for peaceful uses of atomic energy 
The book concentrates on the utilization of the 
hquid fission product waste as a source of lonizing 
radiations It is not a general text on radioactive 
waste disposal The small-scale use of radionuclides 
and the wastes arising are deliberately excluded ; 
there 1s no account of the wastes arising at nuclear 
power stations , and although one good chapter is 
devoted to dispersion of activity from chimney 
stacks, there 1s no account of the treatment of solid 
and gaseous radioactive wastes 
The book consists of seventeen separate articles 
The first, nesrly a quarter of the book, describes the 
fission process and the fission products, nearly half 
of 1t ın tabular and graphical form This article and 
one on radiation chemistry, though good in themselves, 
go unto far more detail than ıs required for the dıs- 
cussion of radioactive waste disposal By eontrast, 
the articles on a-emitters in reactor wastes, effects 
of radiation on hvmg cells, movement of radioactive 
substances in food chains and radiation protection 
present the broad aspects and concentrate on the 
essentials 
Whule tbe first half of the book, the introductory 
or background part, ıs somewhat uneven in its 
treatment of the topies covered, the second half 
contains good review articles of the processes and 
operations used in the treatment of liquid radio- 
active wastes, the design of irradiation units using 
packaged sources and the uses of 10nizing, radiations 
for agricultural research, food preservation and 
induction of chemical reactions 
The treatment, perhaps naturally, leans towards 
British practices Space might have been found for 
a moie detailed discussion of wastes from fuel pro- 
cessing in other countries and of wastes from the 
processing of fuel elements made from stainless 
steels and zirconium alloys The work carried out 
1m the United States on disposal in salt formetions 
and by deep-well injection might also have been 
described The therapeutic uso of lonizing radiations 
18 & less easily understood omission Some comparison 
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of radiations from nuclides and radiations from 
machines, particularly m food preservation, would 
have been valuable 

Only a few errors were noted The last entry on 
p 251, referrmg to the allowed discharge from 
the Atomic Energy Research Establishment, Harwell, 
should be 20, not “2” On p 227, what 18 referred to 
as slow sand-filtration, a method of treatment of 
drinking water, is really the trickling filter process 
for sewage purification In the glossary, the ‘rad’, 
a unit of absorbed dose, 18 defined as a unit of smount 
of radiation 

The book 1s authoritatively and well written and 
well produced It should, as the editor intends, 
illuminate “the background from which future 
developments can emerge”’ A W KENNY 


AN AMERICAN TAPESTRY 
OF STATISTICS 


Contributions to Probability and Statistics 

Essays in Honor of Harold Hoteling Edited by 
Ingram Olkm, S G Ghurye, Wassily Hoeffding, 
William G Madow and Henry B Mann. (Stanford 
Studies ın Mathematics and Statistics, No 2 ) Pp 
X+517. (Stanford, Calif Stanford University Press, 
London Oxford University Press, 1960) 52s. net 


"pus name of Prof Harold Hotelhng is chiefly 
familar to English students of statistics as ono 
of the foundmg fathers of that branch of their sub ject 
known as multivariate analysis His share m the 
foundations was laid in half a dozen outstanding 
papers of the early 1930's, and the bibliography 
given here shows that this period saw his major 
contribution to theoretical statistics and that later 
he has been more concerned with applications, chiefly 
to economies It might seem strange, on the face of 
it, therefore, to find a volume of 38 papers offered to 
him on his sixty-fifth birthday by statisticians for 
the most part very much of the mathematical 
variety But Prof Jerzy Neyman’s introductory 
article shows clearly that Hotellmg has beon a power- 
ful formative influence m American statistics and 
provided ıt with much of the dynamie which got 1t 
really under way Not only did his papers help, at a 
crucial time, to demonstrate to the American mathe- 
matical and statistical worlds that statistics could be, 
simultaneously, both scientifically useful and mathe- 
matically rigorous but, over and above this, he 
seems also to have had a talent, akım to genius, for 
picking students and staff of outstanding ability and 
firmg their enthusiasm for statistics The list of 
thirty such men (some no longer living) which 
Neyman gives 1s extremely impressive and of these 
about a score contribute to the Festschrift 

The papers included are all on topical problems of 
theoretical statistics, and ıb 18 not untoward that 
only a mmority refer to Hotelling’s own work, smce, 
as has been said, his major theoretical contributions 
are now embodied 1n the corpus of statistical classics 
There is no unifying theme here The topic treated 
by any given author could have been predicted from 
his own previous publications with some accuracy 
The only obvious difference between this collection 
and, say, the last volume of the J Roy Stat. Soc 
(B) ıs that the papers here are shghtly shorter on 
average This reflects the fact that though the papers 
here tend to be more fluent and essay-like than a 
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typical journal ai ticle, they are, by and large, shghter 
As a consequence, they are for the most part easy to 
read But ıt would be a hopeless task to attempt to 
review all of them, or even to try to pick out object- 
ively the most important All I can do 1s to mention 
some that caught my fancy These include the two 
offermgs from England, by M G Kendall and M 8 
Bartlett, the latter discussing his concept of quasi- 
stationarity which promises to be, in one form or 
another, a key idea in the future development of 
stochastic process theory Bradley and Prendergast 
extend modern ranking theory which already owes 
much to the former author Block and Marshak have 
an intriguing paper on a cognate topic. Roy and 
Bhapkar expound and develop the Pearson-Roy 
logical analysis of multiway contingency tables. But 
perhaps the tributes which do Prof Hotelling most 
honour are the papers by Bowker and Wilks develop- 
ing classical multivariate analysis, and that of Stem, 
who looks at 1t from the most recent Californian 
point of view D E. Barron 


ANALYSIS ON RIEMANN 
SURFACES 


Riemann Surfaces 

By Prof Lars V. Ahlfors and Prof Leo Sario (Prince- 
ton Mathematical Series, Vol. 26) Pp x+382 
(Princeton, N J. Princeton University Press, London: 
Oxford University Press, 1960) 80s. net 


HE modern era of Riemann surfaces was ushered 
in by H Weyl’s book Dre Idee der Rremannschen 
Flache Here we find for the first time the systematic 
development of the idea of an abstract Riemann 
surface as an analytic manifold of one complex 
dimension, essentially a space with local parameters 
related ın such a way that two distmct parameters 
are regular functions of each other m their common 
region of definition. Since the Second World War 
there has been a tremendous development ın the field. 
and books have appeared by Nevanlinna, Pfluger, 
Schiffer and Spencer, and Springer, for example 
Ahlfors and Sario’s Riemann Surfaces goes further 
than 1ts predecessors The first chapter contains all 
the necessary topology which plays a fundamental 
part in the theory The next chapter mtroduces 
Riemann surfaces and some of the basic methods 
for treating them, subharmonic functions, and the 
problem and integral of Dirichlet, Rado’s theorem 
about the separability of Riemann surfaces which 
follows in a particularly sumple and elegant way, 
and the fact that a smooth Ricmanman metric on a 
surface induces an essentially unique conformal 
structure, a result which 1s frequently stated but 
seldom proved The third chapter treats functions 
with singularities on a surface by Sario’s elegant 
method of normal operators and deduces the principal 
mapping theorems for planar surfaces, that 1s, those 
topologically equivalent to plane domains Such 
surfaces ean be mapped on a plane domain bounded 
by various kinds of slits In the simply connected 
case, we obtain the elosed or open plane or the unit 
disk 
The second half of the book consisting of the last 
two chapters 1s more for experts. The fourth chapter 
introduces & complete exposó of the modern theory 
of degenerate surfaces, that 1s, those not admutting 
functions of various kinds and them inter-relations. 
This subject was opened by Ahlfors 1n the late 'forties 
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and the solutions of the problems raised by him have 
now been almost completely obtamed by the authors 
of the present book and others The last chapter 
treats differentials on arbitrary Riemann surfaces 
and finishes with a welcome section on the classical 
theory of mtegrals on closed surfaces and the 
Riemann—Roch theorem 

This 18 an authoritative and long-awaited treatise 
by two of the greatest experts in the field The 
elegant formulation of many of the 1deas and proofs 
have made 1t possible to include more material than 
there ıs ın any other book on the subject The 
presentation 1s fairly clear but the subject 1s difficult, 
and particularly in the latter chapters the approach 
is very abstract If one wishes to have complete 
generality and at the same time prove the classical 
theorems, 15 18 most economical 1n time and space to 
deduce the latter from the former, but 1t 18 not neces- 
sarily the easiest way for the reader Although this 
book 1s completely self-contained, I should recommend 
1t rather to those readers who already know something 
of the subject—having looked, for example, at G. 
Springer’s Introduction to Riemann Surfaces—than 
to the complete tyro. As a reference book, however, 
and a complete survey of all techniques right up to 
the frontiers of the subject, ıt ıs unequalled, and 
every serious mathematical hbrary should contam 
1b W K Hayman 


MODERN GEOMETRY 


Lectures on Modern Geometry 

By Beniamino Segre (Consigho Nazionale delle 
Ricerche—Monografie Matematiche, 7) Pp xv+ 
479 (Roma Edizioni Cremonese, 1961) 7,000 lire 


ODERN geometry 1s a term which has seen 
service in many campaigns and under many 
commanders However, ın the present mstance, the 
use of the title ıs not only justified at the moment but 
also stands a good chance of remaining so for some 
tame to come, for this book, which 1s a greatly 
enlarged version of an Italian original of 1948, com- 
pletes ın various respects a generalization which has 
been under way for centuries 
Algebraic geometry as we know it to-day stems 
from two main sources the invention of co-ordinates, 
and the analysis of axiomatic structure The latter 
process has given a whole series of shocks to intuition; 
these, once absorbed, have led to the creation of new 
geometries which find thew natural expression m 
terms of suitable co-ordinate systems. In a definitive 
account this process may well be reversed; in Prof 
Secre’s work we have examples of both procedures. 
Part I of the book is a lucid exposition of the alge- 
braic concepts and results which are required later 
A useful mnovation here is the term corpus to denote 
a general field, the latter name berg reserved for 
commutative corpora. Part 2 1s devoted to the 
foundations of projective geometry over an arbitrary 
corpus. The first chapter deals with linear spaces, that 
is, geometry based on homogeneous point co-ordinates 
In the second chapter, which 1s concerned with graphic 
spaces, the approach is axiomatic a graphic space 
is any set of abstract elements (‘points’) which satisfy 
the meidence relations of projective geometry On 
this basis one proceeds to erect a co-ordinate system 
At this pomt Desargues’ theorem on triangles m 
perspective comes into play. It can be shown that 
the theorem holds m every linear space, but that there 
are graphic planes m which ıt ıs false. In contrast 
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with the situation in higher space, Desargues’ theorem 
in the plane ıs not a consequence of the axioms of 
projective geometry A second group of results 
concerns Pappus’ theorem (that 1s, Pascal’s theorem 
for a hne-par) i6 may be proved that this theorem 
holds ın a plane if and only if the corpus defining the 
co-ordinate system ıs commutative Also the 
theorem cannot be established on the sole basis of 
the incidence postulates and Desargues’ theorem, but 
Desargues’ theorem can be deduced from these 
postulates together with Pappus’ theorem 

There follows a very mterestmg chapter on finite 
linear spaces, a subject to which the author has made 
fundamental contributions during the past few yoars 
It ıs here, m the geometry of a finite number of 
points, that intuition receives its gravest shocks 
and that seemingly unshakeable theorems tumble 
like ninepins 

A substantial appendix by L Lombardo-Radice 
on non-Desarguesian finite graphic planes takes 
the theory further, but much has happened in the 
two years since the book went to press The style 
and content of this work aie such as we have come to 
expect of the distmguished author, whom all geo- 
meters will thank for this valuable addition to the 
hterature L Rora 


“OPINIONS OF THE LATE AND 
BEST PHISITIANS” 


Tobacco 

Experimental and Clinical Studies—a Comprehensive 
Account of the World Literature By Prof P § 
Larson, Prof H B Haag and Prof H Silvette 
Pp xu+932 (Baltimore, Md The Willams and 
Wilkins Company, London  Bailhére, Tindall and 
Cox, Ltd , 1961) 160s 


Iz 1595, an anti-smoking tract appeared in England 
entitled “Opinions of the Late and Best Phisttians 
concerning Tobacco”, establishing a tradition of 
criticism which has persisted to the present day 
This reference does not appear in the book under 
review, but there can be few of scientific mterest 
which are not mcluded The authors’ stated mtention 
is "to be deliberately non-selective, printing good 
work and bad, sound and uninformed opinion, alike, 
in the same type", for they discovered that ‘there was 
scarcely to be found consistency of data in any area 
of observation, and unanimity of interpretation was 
even more rare" The result is an enormous work 
with more than 6,000 references It 1s not, however, 
an unevaluated mass of contrapuntal observations, 
echoing the disagreements of a century and a half, 
for the authors have decided views expressed by 
length of quotation, melusion of eritical reviews, and 
theu own comments on methods and principles of 
1esearch 

The authors are pharmacologists, and the first part 
is devoted to the pharmacology of tobacco in many 
species 

The human race has experimented on itself with 
tobacco so persistently that short-term effects due to 
nicotine must be relatively unimportant It has been 
said that micotine can be regarded as a naturally 
occurring hormone in regular smokers It is not 
significant that ıt can be toxic m large doses, so, after 
all, 13 adrenaline Simce nicotine 18 the major con- 
stituent ıt has pride of place, and our ignorance of 
the other 150 constituents of tobacco smoke, 10 of 
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which aie eaiemogenie, is startlingly apparent In 
such chronic habits as smoking these ‘tracer’ sub- 
stances must be as worthy of study as nicotine 

A large part of the volume ıs clinical One feels 
that in referring to particula: diseases the aid of 
specialist clinicians might have been an advantage 
For example, the statement 1s made, correctly, that 
most authorities forbid smokmg in thromboangutis 
obliterans, but the patients observed by these 
authorities were almost certainly arteriosclerotic, 
and their conclusions will not stand up to critical 
appraisal 

This ıs a minor criticism The authors’ general 
c1itical appioach could be imitated with benefit 
by many clinicians who ate in the chase afte. chronic 
influences on chronic diseases 

In most cases one must agree with the authors that 
the correct verdict on tobacco ıs “‘Remanded for 
further evidence" The greater part of the literature 
is critical of tobacco, but m this instance quantity 
does not count There is no disease from piles to 
coronary thrombosis for which ıt has not been 
blamed, but ıt has also been used to treat most of 
them It would be a mistake to condemn it from 
puritanical tendencies, when there may be beneficial 
effects as difficult to demonstrate convincingly as its 
alleged disadvantages One supposes that the 
habit ıs of some value to those who use ıt 

KENNETH BLOOR 


FETIOLOGY OF ALCOHOLISM : 
CONTROLLED OBSERVATIONS 


Origins of Alcoholism 

By William McCord and Joan McCord, with Jon 
Gudeman (Stanford Studies m Sociology, 1) 
Pp x+193 (London Tavistock Publications 
(1959), Ltd , 1960) 35s net 


HIS is animportant work It 1s a well-controlled 

study of a large group, of both ‘normal’ and 
‘pre-delinquent’ boys, of which the original purpose 
was to consider the value in prophylaxis of crummality 
of guidance by tramed social workers A vast amount 
of information was obtained ‘In due course the boys 
grew up, and some of them became alcoholes Thus 
for the first time we have unprejudiced mformation 
about the alcoholic, obtained before the onset of the 
disease In other very numerous investigations the 
mformation necessary for evaluating pathogenesis 
has been elicited retrospectively and lable to many 
sorts of bias In the work presented m this book, 
bias seems to have been elmunated— partly by the 
multiplicity of observers and observations, partly 
by the absence of any design, 1n the original scheme, 
of studying alcoholism, and partly by careful coding 
and rating techniques 

They find no support for some widely held views 

for example, glandular diseases, malnutrition, oral 
tendencies, latent homosexuality, do not correlate 
with alcoholism They lst seventeen variables in the 
childhood background that did correlate with alco- 
holism . Six were highly important (1) maternal 
alternation between affectionate and rejecting atti- 
tudes, (2) maternal deviance, for example, alcoholism, 
promiscuity, (3) paternal antagonism, (4) paternal 
escapism, (5) an ‘outsider’ m conflict with parental 
values, (6) absence of high demends on the child by 
the parents 
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They believe that their results indicate that by 
such forces the alcoholic has had developed strong 
desires to be dependent, but these are mcompatible 
with the self-image 1n the stereotype of the American 
male—independent, courageous, dependable and 
resolute Drinking satisfies this by being a ‘manly’ 
pursuit, which yet satisfied dependency desires (I 
oe this less cogently argued than the rest of the 

ook ) 

They note differences between the personality of 
the pre-alcohohe and that of the developed alcoholic, 
and between factors that precede criminality in one, 
and alcoholism ın another 

It would perhaps be dangerous to generalize from 
this investigation about the genesis of alcoholism 
generally—there are some apparent differences 
between the alcoholics that the McCords describe 
and those with whom I am familar Nevertheless ıt 
gives what appeais to be valid and reliable informa- 
tion on an area in which hitherto we have had little 
but speculation W McApam 


THE BRITISH NATIONAL HEALTH 
SERVICE 


The Genesis of the British National Health Service 
By John Jewkes and Sylvia Jewkes Pp x1+67 
(Oxford Basi] Blackwell, 1961) 6s 6d net 


HE human and financial implications of Britain’s 
National Health Service are so tremendous that 

the significance of a survey by Prof and Mrs Jewkes 
cannot be overrated They question the assumptions 
on which the National Health Service was established, 
challenge the validity of comparisons between 
Britam's centrally directed system and those of 
countries where the health services owe less to central 
direction and more to local enterprise, and have con- 
siderable reservations about whether or not the Health 
Service 1s as effective as its protagonists would 
proclaim 

In their essay, the authors make a critical examina- 
tion of the belief that, before the War, the British 
medical system was seriously defective and that 
nothing short of a centrally controlled free system 
could provide appropriate remedies, further inquiries 
are to be made into the economie and social conse- 
quences of the National Health Service As a basis 
for their inquiry, the Jewkes’s have investigated the 
numbers and distribution patterns of doctors, dentists 
and nurses, the numbers of general practitioners 1n 
relation to the number of consultants, comparative 
mortality statistics and the way in which a health 
service might have developed if there had been no 
nationalized direction and control 

Their findings are disturbing Although the statis- 
tics are not always revealing, ıt would appear that, 
even if the number of doctors has contmued to 
increase under the National Health Service, the rate 
of increase has been no greater than that which 
obtained durmg 1921-39 The same can be said of 
nurses and dentists, and although, apart from our 
lesser number of dentists, British medical services 
compared favourably with those of the United States 
in 1939, the average American to-day 1s much better 
served, the gap between us continues to widen 

With the introduction of the National Health 
Service 1t was hoped that the distribution of doctors 
throughout Britam would become more even 
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Between 1911 and 1951 the geographical pattern 
remained largely unchanged and, although there was 
a shght gain in the number of doctors m more un- 
popular areas during 1951-59, the ratio still varies 
widely between north and south, spas and areas of 
heavy industry Specialist services have improved 
under the National Health Service, treatment by 
medical consultants bemg now much more widely 
available Nevertheless, the percentage of consultants 
to be found in the more attractive southern parts of 
the country has varied little between 1938 and 1957 

Prof and Mrs Jewkes also indicate that the increase 
in the number of consultants owes much to the 
up-grading of men who, before the mtroduction of 
the National Health Service, were called general 
practitioners and whose titles alone have changed 

A frequent complaint before the Second Woild 
War was that too many doctors carried too many 
patients on their panels Some improvements have 
taken place, but, since 1954, the position has deterio1- 
ated Between 1952 and 1959, for example, the 
average number of patients per principal in under- 
doctored areas fell only from 2,851 to 2,745 The 
charge, too, that older people have 1eceived far less 
medical attention since the introduction of the 
Service 1s also refuted by the figures 

Two other points emerge from the survey. One ıs 
that, since the inception of the National Health 
Service, mortality-rates in England and Wales have 
not fallen more rapidly than in other Western 
countries The second is concerned with the admuinis- 
trative pattern of medical services and suggests that 
“the more sweeping criticisms of the pre-war organiza- 
tion of British medical services are not to be trusted 
and that the view that the pre-war weaknesses could 
summarily be swept away by a centralized organiza- 
tion was over-sanguine”’ 

The findings of this inquiry raise so many issues of 
national importance that many people will wish to see 
the promised surveys into the social and economic 
consequences of the National Health Service Others 
will see that this inquiry 1s ımportant not only for 1ts 
own sake but also as an exercise in social science 
In many parts of this essay, Prof and Mrs Jewkes 
take exception to statements made by Prof R M 
Titmuss and others which were adduced to support 
the principle of a centrally organized health service 
In so domg they themselves, however unintentionally, 
have 1a18ed the question of whether social scientists 
should begin with a view and look for information. to 
support 1b, or whether more profitable discussion 
might ensue if the mductive method of physical 
science were applied more faithfully Is this one of 
the reasons why so much of social science 1s still 
looking for 1ts basic concepts? T H HaAwkINS 


A NEW MEDICAL DICTIONARY 


The British Medical Dictionary 

Edited by Sir Arthur Salusbury MacNalty Pp xix+ 
1680 (London and New York The Caxton Pub- 
lishing Co, Lid , 1961) 210s 


É appearance of this truly monumental work 
wil be received with delight by everyone who 
has, systematically or occasionally, the need to 
consult medical journals Comage of new words and 
changed meanings for old ones have led to the 
emergence of an English medical vocabulary which 
has become almost the equivalent of a foreign 
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language to many old and new members of the 
profession Now, followmg the devoted efforts of 
Sir Arthur MacNalty and a team of colleagues over 
more than a decade, here 1s the very book for which 
we have been waiting 

The production 1s of the highest quality, an umpor- 
tant feature in a work which 1s bound to receive 
rough treatment The binding is stout and arranged 
so that, when an entry 1s found, the pages do not curl 
back in that maddening way so typical of bigger 
books (This one weighs 74 lb) The paper will 
stand up to thumbing and the layout and type make 
reading easy 

The quality of the 110,000 entries 1 m keeping 
with the standard of the appearance Definitions are 
so clear and precise that room has been found to 
include many variations on a single theme ‘The 
term ‘abscess’, for example, 1s plainly described as a 
“collection. of pus circumscribed in a cavity produced 
by tissue dismtegration and displacement! The 
general entry, however, is followed by succinct 
explanations of more than 200 different kinds of 
abscess ranging from “atheromatous abscess" 
“bicameral abscess" and ‘‘collar-stud abscess” to 
“shirt-stud abscess" and “wandering abscess” 

Each mam entry 1s followed by 1ts pronunciation, 
meaning and derivation, although readers are left to 
find out for themselves the pronunciation of secondary 
entries Where there 1s doubt, the simplest form of 
spelling is used, ‘hemospermia’, for example, being 
preferred to ‘hematospermia’ for the condition in 
which “blood ıs discharged in the semen" Where 
shortening might lead to confusion, each spelling is 
included ‘Hemoblast’, for example, ıs also listed 
as ‘hematoblast’ and ‘hemocytoblast’, the actual 
definition appearing under the last-mentioned entry 

For those who like to know at least a httle about 
men and women whose names have left them mark 
on medicine, the treatment of eponyms 18 satisfying 
Baron von Munchhausen’s connexion with his 
syndrome owes much to Richard Asher’s historical 
knowledge and makes not only Munchhausen but 
also the entry ‘come alive’ The note about Dimitri 
Ivanovich Mendeléeff and, then, his Periodic Law, 
makes light work of mendelevium, a new transuranic 
element announced by Seaborg m 1955 The latter, 
incidentally, shows how recently some of the words 
in this dictionary have been comed and how wide- 
ranging has been the search for them 

To complete this word-picture, words are inoluded 
if they have any significance in medicine at all Thus, 
‘eircuminsular’ and ‘circumvolute’ are defined with 
precision along with more obvious medical words 
like ‘circumocular’ and ‘circumoral’ The only 
deliberate omissions are words which are obsolete 
or valueless, even here eponymous terms are included 
if they are still occasionally used 1n medical literature 
or have some historical mterest Finally, to ensure 
that nothing 1s omitted or causes obscurity, three 
useful appendixes provide a firm base with a list of 
anatomical nomenclature, a number of physico- 
chemical tables and specialized words used by 
pharmacists. The total result ıs a book of some 
1,700 well-packed pages which will be kept up to date 
by cumulative annual supplements 

English-speaking readers who have close or remote 
connexion with medicine will wish to thank the 
publishers for their vision and courage in producing 
such a magnificent dictionary They should see to 
1b that all the editors of medical journals in counti ies 
in Europe and Asia who have been struggling to 
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present articles in the English language should be 
informed of what could be a great aid to them 
These, and all English-speaking readers, have cause 
to be grateful to the editor and his distinguished 
colleagues for labourmg so long to produce such a 
distinguished work | Lexicog1aphers, as Dr Johnson 
knew, are held high in national esteem With all his 
outstanding contributions to medicme, Sir Aithur 
MacNalty may have little thought that he ıs now 
most likely to be remembered as the editor of The 
British Medical Dictionary. K M Hawkins 


APPLICATIONS OF SCIENCE TO 
PEACEFUL USES 


Current Trends in Scientific Research 

Survey of the Main Trends of Enquiry in the Field 
of the Natural Sciences, the Dissemination of Scienti- 
fic Knowledge and the Application of such Knowledge 
for Peaceful Ends By Pierre Auger Pp 245. 
(New York United Nations, Paris Unesco, London: 
H.M 8.0, 1961) 33s 


ROF AUGER'S ambitious survey of the mam 
trends of inquiry in the natural sciences and the 
dissemination and application for peaceful ends of such 
knowledge, and on the steps which the United Nations, 
its specialized Agencies and the International Atomic 
Energy Agency could take to encourage the concentra- 
tion of such efforts on the most urgent problems 
having regard to the needs of the various countries was 
undertaken at the request of the General Assembly of 
the United Nations This survey was carried out with 
the assistance of a special advisory committee and on 
the basis of texts prepared and supplied by the 
several agencies and other bodies Nevertheless, the 
task remains formidable and indeed forbiddmg, for 
the selection or omission of particular features must 
remain a matter of personal judgment which 1s liable 
to challenge, and 1f1t 1s not easy to discern the precise 
purpose which the survey will serve, Prof Auger 18 
to be congratulated on the courage and judgment 
with which he has discharged his mandate rather than 
criticized. for particular omissions 
The survey ıs ın three parts The first, which 
occupies some 180 out of the total 229 pages, surveys 
the trends of scientific research, by functional divisions 
rather than academic diseiphnes, and ıs preceded 
by an excellent introduction on the development of 
research and the transition from discovery to applica- 
tion Here, and also m some of the separate sections, 
as in those on mathematics, the physical sciences, 
the chemical sciences and the biological sciences, 
Prof Auger attempts to set forth his conclusions 
as to the main trends in research, but ın the apphed 
sciences this 1s less frequently done and more open to 
criticism In the second part of the 1eport Prof. 
Auger reviews very briefly the main factors which 
affect the organization of scientific research and the 
dissemination of 1ts results, while ın the third are set 
forth the recommendations concerning the practical 
steps which might be taken by the United Nations 
and the Agencies to concentrate effort on the most 
urgent problems from a general pomt of view By 
and large these two parts may well prove the most 
useful feature of the survey, the second part in 
particular should stimulate useful discussions, though 
here the absence of references 1s something of a draw- 
back R BRIGHTMAN 
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SHORT REVIEWS 


A Bibliography of the Honourable Robert Boyle, 
Fellow of the Royal Society 

By Prof. John F Fulton. Second edition. Pp 

xxvi--217 (Oxford Clarendon Press, London: 

Oxford University Press, 1961) 50s net 


HE late Prof John Fulton's B»bhgraphy of the 

Honourable Robert Boyle has now appeared ın a sec- 
ond edition, almost thirty years after the first edition 
was published m the Proceedings of the Oxford Biblo- 
graphical Socrety Addenda to the first edition were 
also published by this Society m 1933 and 1947. 
In its revised form this exhaustive bibhography, with 
its scholarly annotations, has now been issued ın one 
volume by the Clarendon Press, Oxford To this 
volume Prof Fulton has contributed a new preface, 
m which attention has been directed to changes 
rendered necessary as the result of newly acquired 
information. The preface to the first edition has been 
reprinted with “some omissions, several corrections, 
and a few added notes” This preface also contains 
some interesting notes on the dispersal of Boyle's 
hbrary Major changes are few. The discovery by 
Miss M E Rowbottom (Wellcome Historical Medical 
Museum) in 1950 of a new and, incidentally, the earliest 
published writing of Boyle has necessitated an 
addition to the list of his works, and references to the 
large number of papers and monographs dealing with 
various aspects of Boyle’s life and work that have 
appeared since the first edition have also been added 
Tt 1s a great convenience to have all this information 
incorporated im a single volume, and historians of 
science, librarians, bibliographers, book collectors 
and antiquarian booksellers will all be permanently 
indebted to Prof. Fulton for his work 

V A EYLEs 


The Annual of the British School at Athens 
No 55, 1960 Pp x+238+59 plates (London 
British School at Athens, 1961) 63s net. 


HIS volume from the British School at Athens 
includes a variety of interesting material It 
begins with a report on the rest of the pottery found 
at Karphi during 1937-39 with some observations on 
the relationship between the designs which appear 
on the pamted wares and the patterns used for 
textiles Then there is Part 1 of a survey of pre- 
historic Laconia from the Neolithic period into the 
Bronze Age and even, ın some cases, continuing on to 
Hellenistic and Roman times This 1s a little-known 
area, the scene of many incidents in the Homeric 
poems and other writings, and few excavations have 
taken place there It ıs followed by a consideration 
of Minoan trade relations as reflected by the Minoan 
objects found in Cyprus Four white "lekythor in 
the National Museum at Athens are also described 
and some Euboean floral black-figured vases in the 
Museum at Chaleis ‘There 1s also a discussion of the 
shrine of Kodros, Neleus and Basile at Athens 
Work at Knossos 18 represented by reports on the 
excavation of a well containing Protogeometric and 
Geometric pottery and also of Protogeometric graves 
at Agios Ioannis Several inscriptions at Chios 
provide the material for a review of the local early 


tribal organization, and a fragment in the Puraeus 
Museum forms the basis for a brief study of the cult 
of Apollo Delios It 1s followed by mterestmg discus- 
sions of the Sibylline tradition at Delphi and of the 
connexion between the small clay nodules stamped 
with seal impressions, known as cratulae, and the 
Linear A accounting system The volume ends with 
some further consideration of architectural questions 
concerned with the Temple of Poseidon at Sunium. 
Numismatics and later work are both represented m 
@ survey of the mfluence of the base silver deniers 
made at Tours in the thirteenth century AD on 
the comage of Frankish Greece Altogether a useful 
voliume full of good things JOAN LIVERSIDGE 


Observations and Experiments in Natural History 
By Alan Dale Pp. vi+154+8 plates (London 
William Heimemann, Ltd., 1960) 12s 6d net 


HE aim of this book 1s to appeal to young 
scientists It 18 designed to encourage their own 

observations and experiments—two essentials for 
anyone taking up a scientific career 

The book consists of notes of observations and 
experiments carried out by the author and othors, 
and also suggestions for the reader’s own activities 
Sometimes a problem 1s posed, and & line of experi- 
ment suggested, leaving the reader to discover the 
answer Wherever appropriate, broad or detailed 
biological facts are included 

There are six chapters The first 1s an introduction 
The others cover invertebrate animals, excluding 
insects, insects, vertebrate animals, lower plants, 
higher plants As these titles suggest, 8 wide field 
ig covered and, therefore, a litle is learned about a 
lot ‘This prevents the book from bemg a specialist 
or text-book, and, instead, acts as a stimulus This 
also accounts for the lack of contmuity m style 
Each chapter 18 written 1n note form, with titles and 
sub-titles. There are many small black-and-white 
figures, and eight black-and-white full-page plates 

The book should interest all young people with a 
natural curiosity, not only those with an eye on 
their future B. J G MArTLAND 


Contributions to the Systematics of Oriental 
Termites 

By M L Roonwaland P K Sen-Sarma  (Entomo- 

logical Monographs No 1) Pp xv+ 407 (New 

Delhi Indian Council of Agricultural Research, 1960.) 

Rs 12, 19s 


EE pepers deahng with the systematics of 
termites from the oriental region are presonted 
here m one volume, the publication and distribution of 
which would appear to have suffered a delay of more 
than three years Related contributions by Dr 
Roonwal and his colleagues have continued mean- 
while to appear in a variety of scientific journals, 
resulting in some confusion m the chronological 
sequence of their series 

Four papers are short and deal with a variety of 
genera in several sub-families of the Termitidae The 
fifth paper, comprismg 181 pages and 46 plates, 18 & 
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revision of two genera of Kalotermitidae, Kalotermes 
and Neotermes, m which 29 species are re-described, 
measured in considerable detail and fully illustrated, 
and a further sıx species described as new In addition a 
number of lectotypes have been designated, smee ıt 
was formerly the more usual practice to give a series 
the status of co-types It is noted that m some 
instances the lectotype selected is the only specimen 
at the authors’ disposal, and would not appear to 
have been chosen from a series of co-types 

This revision of two important genera of oriental 
diy-wood termites is a valuable contribution to the 
hterature of the Isoptera, reflecting credit on the 
authors and the Indian Council of Agricultural 
Research, which financed the work It will be of 
much practical assistance to entomologists working 
in the region, and beyond, on the biology and control 
of these insects W V Hargis 


Ornamental Trees for Garden and Roadside 
Planting 

By S A Pearce Chapters on Diseases by Derek A 

Reid, and Insect Pests by Joyce van Konynenburg 

Pp 195+94 photographs (London. W H and L 


Collingridge, Ltd , 1961) 355 net 


HE author, who is on the staff of the Royal 

Botanic Gardens, Kew, m writmg this book 
enjoyed the advantages of bemg able to refer to one 
of the finest collections of living trees 

He has succeeded ın passing on to his readers his 
expert knowledge, for this well-produced book con- 
tams 1n 1ts sixteen chapters most that nearly all those 
interested in trees for ornamental purposes should 
1equire to know when selecting the right tree to plant 
m the right place. Having made this selection, advice 
1s given on the correct plantmg of a tree and its after- 
treatment, wncluding an excellent chapter on danger- 
ous trees and how to deal with these, with some useful 
information on a tree owner's lability. 

Ninety-four good black-and-white illustrations and 
nme helpful line drawings are meluded The student, 
however, who refers to the book may be a little 
disappointed in the absence of & good annotated 
diagram of a cross-section of a complete tree-trunk 
to illustrate the chapter on “Life of a Tree" and the 
omission of a paragraph on the pH of soils m the 
chapter entitled ‘““Knowmg your Sol”. In keepmg 
with the high standard reached by the author when 
dealing with the practical aspects of growing trees 
are the six chapters devoted to descriptive lsts of 
these. 

He ıs to be commended ın arrangmg for the specal- 
ists Derek A Reid and Joyce van Konynenburg to 
contribute the authoritative chapters on “‘Diseases”’ 
and ‘Insect Pests of Trees” F P KmnNriauT 


Cork and the Cork Tree 

By Dr Giles B Cooke (International Series of 
Monographs on Pure and Applied Biology Division 
Botany, Vol 4) Pp. xn+121 (London and New 
York Pergamon Press, 1961) 50s net 


ORK from the bark of the cork oak (Quercus 

suber) of southern Europe has been used by man 
from very early times and has been of importance 
commercially m Europe over a very long period In 
spite of the advance of synthetic materials the demand 
for cork does not lessen, probebly because natural 
cork has a combination of unique properties not to 
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be found in other materials A good idea of the 
manifold uses of cork in the modern world may be 
obtained from a perusal of this book The author was 
previously director of research of a large crown cork 
and seal company m the United States and has 
obviously made a close study of cork and its many 
modern apphcations 

Last century, the cork oak was introduced to cultu- 
vation m many other parts of the world where the 
climate seemed suitable, often through the agency of 
Kew No lasting success or commercial development 
resulted from this, however, and southern Europe 
and north Africa continue to meet the world demand 
for cork Interesting details are given in the book of 
early planting of the cork oak in the southern United 
States and of a recent project to stimulate further 
planting there There 1s also up-to-date and useful 
information on the cultivation and treatment of the 
cork oak in Portugal and on production and trade in 
cork in that country—the world’s largest producer 
The book contams chapters on the physical proper- 
ties, chemical composition, and the manufacture of 
cork articles, and the many forms of composition 
cork so much used to-day FEF N Howes 


Studies tn Paleobotany 

By Prof Henry N Andrews, Jr With a chapter on 
Palynology by Charles J Felix Pp xu+487 
(New York and London John Wiley and Sons, 
Ine, 1961) 94s 


HE appearance of a new and up-to-date book 
about fossil plants 1s of rare occurrence In the 

event, a special welcome must be accorded to Studzes 
wn Palaeobotany, for Prof Andrews writes with great 
clarity and his text 18 accompanied by numerous 
excellent illustrations, many of which are completely 
new or reproduced from publications not easily aval- 
able to the majority of readers Tho larger part of 
the volume 1s devoted to a systematic survey of the 
major groups of vascular plants, but there are 
separate sections dealing with more general aspects 
such as the evolution of the seed, Palwozoic and 
Mesozoic floras, fossil plants of the polar regions, and 
palzobotanieal techniques There 1s also a section on 
bryophytes, and Charles J Felix has contributed a 
most useful chapter on the specialized topic of palyn- 
ology 

Prof Andrews argues in favour of a polyphyletic 
classification of the vascular plants, but many would 
not agree that all the evidence on which his arguments 
are based 1s sufficiently convinemg As one example, 
there may be noted the importance attached to 
Aldanophyton, the supposed lycopsid of Cambrian 
age Very little is really known about this fossil, and 
there 1s no proof of 1ts affinities, still less that 1t was a 
genuine vascular plant It 1s true that the Lycopsida 
and Psilopsida were already co-existent durmg the 
Silurian, but there is no evidence as to which appeared 
first or whether they represent quite separate lines of 
evolution as polyphyletism demands To me, it 
seems that the more conventional outlook, which 
regards the Rhynza-type as having provided the 
ancestral stock for the other groups of vascular plants, 
1s still not seriously challenged 

Two errors need to be noted Fig 9-24 ıs not a 
reconstruction of Calamophyten bwephalum but of 
C pivmaevum, and on p 416 the Cathaysian flora 1s 
incorrectly stated to have overlapped the Angara 
province when, in actual fact, the reverse was the 
ease ALAN WESLEY 
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Introduction to a Submolecular Biology 

By Albert Szent-Gyorgyi Pp xi4135 (New York 
Academic Press, Inc , London Academic Press, 
Ine (London), Ltd, 1960) 5 dollars 


OR some twenty years Prof Szent-Gyorgy1’s 

interest has been in possible mechanisms by 
which the reactions in cells are co-ordinated in 
metabolism and in the transfer of energy He has 
successively viewed this central problem from 
various physical points of view, first, the common- 
energy level or continuum theory, then the triplet 
state (in Broenergetics), and now, in this new httle 
book, the theory of charge-transfer complexes 
Once again, the possible catalytic effect of water 1s 
emphasized, and the author’s lucid and enthusiastic 
prose 1s remforced by photographs of the colourful 
events which happen when various solutions of donors 
and acceptors are mixed and frozen The results of 
extensive molecular orbital calculations by the 
Pullmanns are meluded, and serve as the backbone 
of the discussion, which considers the topies of drug 
action, adenosine triphosphate, the thymus gland 
and the living state There are growmg numbers of 
scientists interested in electron mechanisms in 
biology who will find this book most stimulating, and 
a source-book of problems for some years to come 

D D ELEY 


The Falkland Islands 
By M B R Cawkell, Dr D H Maling and E M 
Cawkell Pp xu--2524-16 plates (London Mac- 
milan and Co, Lid , New York St Martin’s Press, 
Inc , 1960) 18s net 


HE relatively little-known Falkland Islands have 

had a most eventful history since human occupa- 
tion reached them ‘Their initial discovery ıs still 
somewhat obscure, in spite of active research by the 
more politically minded writers of South America 
In the present work, which 1s a worthy successor to 
that of the late Miss V E Boyson, the many facets 
of the islands are carefully described, although 
sometimes with less enthusiasm than others This 
volume proceeds systematically from ‘discovery’, 
through the early and later developments to admuinis- 
tration and the role of the church and the school 
The more scientific aspects of the islands, the climate, 
vegetation, geology and structure, and bird life are 
admirably discussed and give the serious reader 
a very clear insight into the many problems of the 
islands The selected bibliography which appears 
at the end of the book 1s of great assistance m follow- 
ing up any specific subject more closely This volume 
should be read by those who are interested 1n the far- 
flung parts of the British Commonwealth, since 1t 1s 
clearly shown that the Falkland Islands 1s a well- 


developed colony R J ADIE 
Water Supply 
Economics, Technology, and Polhey. By Jack 


Hurshleifer, James C de Haven, and Jerome W 
Milhlman Pp xu+378 (Chicago University of 
Chicago Press, London Cambridge University Press, 
1960) 7 50 dollars, 60s 


i i 18 an interesting but highly critical account 
of the problems of water supply in the United 
States approached through the eyes of two economists, 
Prof J Hurshleifer of the University of California 
and Prof J W Millman of Indiana University, aided 
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by a physical chemist, J C de Haven The work 
has been made possible through the Rand Corporation 
as part of a research programme 

The authors believe that many water supply pro- 
fessionals are living 1n an artificial world of their own 
creation without respect for economic principles and 
rationality The present and approaching shortage of 
water and the proposed remedies are examined in 
tke hght of this belief Many of the conclusions 
reached are as a result highly controversial Much 
of the substance of the book will, however, be of 
considerable interest to those concerned with problems 
of the supply of water m other parts of the world 
Questions of over- and under-investment, financial 
returns on outlay, pricing, water in relation to other 
economic commodities, local regional and national 
organization and control, technological advances, 
and the legal position so far as water 1s concerned are 
all critically considered 

A great deal of blame 1s laid by the authors on the 
mmperfections in water law in the United States, 
where water rights are not clearly defined and cannot 
be transferred with ease as are rights in land and 
minerals, ete As a result ıt is argued that the 
economic market processes that ordimarily direct 
resources to uses that maximize their productivity 
do not operate 

The establishment of clear property rights m water 
poses, of course, difficult problems Waster 1s sometimes 
@ transient resource, sometimes in store, sometimes 
above and at other times below ground, sometimes 
even unwanted But increasingly ıt 1s becoming a 
scarce resource in both semi-arid and humid areas, 
and capital will be mcreasmgly invested to satisfy 
the public demand for more water The plea of this 
book 1s that this capital should be wisely mvested 
with due forethought and on sound economic 
primnerples W G V BALCHIN 


Population Redistribution and Economic Growth, 
United States, [870—1950 

By Simon Kuznets, Ann Ratner Miller, and Richard 

A Easterhn (Memoirs of the American Philosophical 

Society, Vol 51) Pp xv+289 (Philadelphia 

American Philosophical Society, 1960) 5 dollars 


HIS 1s the second volume ofathree-volume project 
designed to lnk various indexes of economie 
growth to the redistribution of American population, 
under the direction of Prof Dorothy Thomas and 
Prof Simon Kuznets In the first volume, which 
appeared four years ago, the difficulties of collecting 
and adjustmg comparable time series of economic 
date for mdividual years since 1870 were described, 
and the validity of the estimates discussed. The 
present volume consists of three monographs, dealing 
respectively with the labour force m different States, 
with the regional growth of income and with the 
changing distribution and structure of economic 
activity 
In each of the three monographs there is noted a 
process of convergence of inequalities between ind1- 
vidual States Labour force participation-rates 
(that 1s, the proportion of the population in gainful 
employment), mcome per head, and structure of 
manufacturing all show this trend ‘The authors are 
content to describe what has happened, and do not 
attempt to theorize about the future, nor do they 
suggest that the process of convergence that they 
describe was a necessary condition of growth in the 
past 80 years 
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The third volume will deal with the role of migration 
and the interrelations between economic and demo- 
graphic variables The whole project promises to be 
an important contribution to the study of American 
economic history and development E GRrEBENIK 


Advances in Enzymology and Related Subjects of 
Biochemistry 

Vol 22 Edited by F F Nord Pp v+567 (New 

York Interscience Publishers, Ine , London Inter- 

science Publishers, Ltd , 1960) 105s 


HE twenty-second volume of this useful series 

contains three articles on metabolic topics, two 
about the mechanism of action of enzymes, one on 
practical techniques, two on more biological topics, 
and one on pure chemistry 

The sections of metabolism reviewed are tho 
synthesis and hydrolysis of sulphate esters (by A B 
Roy), the biochemistry of sulphonium compounds, 
particularly with regard to transmethylation (by 
S K Shapiro and F Schlenk), and the biosynthesis 
of cholesterol (by G Popjak and J W. Cornforth) 
The last-mentioned review follows appropriately the 
review on carotenoid synthesis in the previous volume 

An important article by D E Koshland on “The 
Active Site and Enzyme Action’? summarizes the 
methods which may be used to label and identify the 
active centre of an enzyme, as well as putting forward 
some conclusions about the chemical mechanism 
of enzymatic catalysis S. Shifrm and N O Kaplan 
discuss the binding of coenzymes by enzymes, princi- 
pally 1n cases where this may be studied by spectro- 
scopic methods 

The genetic control of enzyme activity, and the 
duced synthesis of enzymes, are considered in 
articles by J. R. S Fimcham and H O Halvorson 
respectively These two articles emphasize the 
increasing interest in ‘enzyme biology? 

Two articles are of great practical importance to 
the practismg enzymologist F Turba gives a 
valuable account of the purification of enzymes by 
column chromatography, with many well-docu- 
mented examples J Baddiley and N A. Hughes 
give an up-to-date account of the chemical methods 
now available for the synthesis of nucleotide coen- 
zymes and their analogues E. C. WEBB 


Róntgenstrahlinterferenzen 

Von Max von Laue Unter mitarbeib von E. H 
Wagner Dritte, neubearbeitete und erweiterte 
auflage Pp x+476 (Frankfurt am Main: Akadem- 
sche Verlagsgesellschaft 1960) 75 DM 


T is always interesting and mstructive to read a 

book written by the founder of a subject and to 
see how he considers that ıt has developed since ıt 
began  Laue's book has, of course, been a standard 
work for many years and most other text-books 
have been based on it, either directly or indirectly 
Modern treatment of diffraction theory, for example, 
18 much nearer to Laue's treatment than to the more 
vital and productive, but less clearly rigorous, 
treatment through Bragg's law 

It 18 interesting, and not a httle salutary, to see 
the difference between Laue’s treatment of X-ray 
diffraction and that of British authors He justifies 
this third edition by stating that a great deal of 
progress has recently been made in research on the 
structure of crystals , yet this section of the book 
looks curiously old-fashioned, with its diagrams of 
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diamond, graphite and fluorspar. The author’s 
interests lie much more in diffraction by imperfect 
structures—liquid crystals, temperature-affected lat- 
tices and deformed crystals—than in the structures 
m which workers in Britain aie mainly interested 
The names that appear frequently m our text-books— 
Bernal, Lonsdale, Hodgkin, ete —are scarcely men- 
tioned in this book, but the elegant diffraction work 
of Hosemann and Renninger is given considerable 
prominence 

It 18 sad to think that Laue’s death ın an accident 
has withdrawn the founder of the subject from 
among us and that he will not be present next year 
at the fiftieth anniversary celebrations of his great 
idea in Munich This book will serve as a constant 


memorial to him H Lrrson 
Modern Physics 
By M.S Smith Pp ix--254. (London Longmans, 


Green and Co , Ltd , 1960) 15s net. 


HIS 1s a lively and well-written account of the 
way physics has developed ın the past sixty 
or seventy years The author has a refreshingly 
original style and has attempted to convey the spirit 
of the investigations he describes as well as the essen- 
tial detail , he has avoided the rather dreary repoti- 
tion of standard diagrams and tables that so many 
text-books adopt 
He ıs, however, rather unrealistic ın claiming that 
it will serve as an introduction to the subject for 
sixth formers and undergraduates , ıt can scarcely 
yet be claimed, for example, that a detailed consider- 
ation of Schroedinger’s equation is merely intro- 
ductory The book 1s much more likely to be useful 
to the more mature physicist who wishes to have a 
readable survey of atomic and nuclear physics and 
who may wish to have some help in straightening 
out his ideas for presentation to others 
Moreover, the book scarcely justifies its title , 
it contains nothing of solid-state physics, biophysics 
or modern developments ın optics Admuttedly a 
book of this size and modest cost could not be expected 
to be so general, but the title ought to have been more 
specific 
The book ıs attractively produced and misprints 
and mistakes seem to be few But ıt was copper 
sulphate, not zie sulphide, that was first used to 
diffract X-rays (p 40); the field of & dipole is 
inverse cube, not inverse fourth-power (p. 72), 
and the word ‘anticipate’ 18 incorrectly used on p 80 
H Lieson 


Laboratory Management and Techniques 
By J. A. Edwards Pp xvi+207. (London : 
worth and Co (Publishers), Ltd , 1960 ) 35s. 


HE author makes clear in his introduction that 

this book does not pretend to deal with the 
higher problems of laboratory administration as this 
subject has been so adequately covered by E. S 
Hiscocks in his excellent book (Laboratory Admanas- 
tration, London, 1956) A reading of Mr Edwards’ 
book, however, reveals that he too 1s dealing largely 
with administrative matters The essential difference 
appears to be one of pomt of view Mr Edwards’ 
conception of laboratory management is that of a 
laboratory steward This conception 18, 1n my opmion, 
better suited to the organization of teaching labor- 
atories than to industrial and research laboratories 
The value of the contents of the main part of the book 
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to all laboratories ıs nevertheless mdisputable and 
quite mdependent of the organization-level from which 
it 18 viewed There are six parts to the book, dealing 
with the new laboratory, laboratory organization 
and maintenance, accident precautions, special and 
auxiliary units, purchases and records, and staff 
problems and human relations These parts are 
subdivided and filled with information and advice 
on design, organization, equipment and documenta- 
tion This mformation and advice is of a kind which 
is obviously based on a wide experience of practical 
laboratory management and has rarely been recorded 
in an accessible form 

Stores organization and fire precautions are parti- 
cularly well dealt with The special and auxiliary 
units include the radioactive materials laboratory, 
lecture theatre, photographic processes, workshops 
and library 

Those who occasionally import apparatus or chem1- 
cals will welcome the chapter on Customs and Excise 
procedures. This chapter deals also with applications 
for industrial methylated spirit, duty-free spimt and 
permission to use stills It is admurably concise 
and informative 

The book ıs well produced and Wustrated It will 
be of great value to all whose duties include the 
provision of the ways and means of scientific endea- 
vour E I JOHNSON 


Lehrbuch der Organischen Chemie 
13, neubearbeitete und erweiterte Auflage Von 
Prof Paul Karrer Pp xx+1080 (Stuttgart 
Georg Thieme Verlag, 1959) 60 DM 


RGANIC chemistry has undergone a great 
transformation both ın extent and depth since 
Prof Karrer’s classic text-book first appeared in 
1927, and much of this change has come about during 
the ten years that separate the last English from the 
new German edition of this work Prof Karrer has 
given recognition to this fact by inviting a group of 
authorities to revise and enlarge the existing text 
and to contribute a number of new chapters The 
general layout and the major portion of the contents, 
however, remain unaltered 
While some of the newly written chapters, as, for 
example, those on conformational analysis, steroids, 
and amino-acids and polypeptides, are excellent, the 
shorter sections inserted into the old text are generally 
not well assimilated so that a consistent presentation 
fals to emerge In particular the treatment of 
reaction mechanisms leaves an unsatisfactory 1mpres- 
sion Throughout the book they are presented 
without formal consistency and the basis for their 
inclusion or omission 18 not readily apparent, alterna- 
tive mechanisms are listed uncritically (Cannizzaro 
reaction, pinacol rearrangement, aldol condensation) 
and some are of an unorthodox nature (ester saponifi- 
cation, hemiacetal formation) Two further points 
of criticism force themselves on the reader’s attention 
A good deal of up-to-date information has been 
included, but at times abbreviated to an extent which 
obscures its significance (chemistry of caryophyllene, 
biogenetic role of phenol dehydrogenations) On the 
other hand, there are some surprising omissions 
(mechanism of halogen and halogen acid addition to 
olefins, Michael addition, Bredt’s rule) 
Prof Karrer’s book has for many years occupied 
a leading place among the text-books of organic 
chemistry Its principal virtue still lies m the 
generous amount of factual information to be found 
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within 1ts covers, but one wonders whether its value 
as a pedagogic text can be effectively maintained by 
the method that has been adopted in this latest 


edition K H Overton 
Radiation Use and Control in Industrial Appli- 
cation 


By Charles Wesley Shillmg (Modern Monographs 
in Industrial Medicine, Vol 5) Pp vin+ 223 (New 
York and London Grune and Stratton, Ine , 1960 ) 
6 75 dollars 


| fe his preface, Dr Shilling emphasizes that this 
book 1s non-technical and 1s intended for the person 
who needs only a working knowledge of the subject; 
in particular “‘the physician who must handle radia- 
tion exposure and injury cases and who must answer 
questions concerning the mysteries of radiation" In 
consequence the book has been written with a medical 
bias, but the author's aims have not been achieved 
since the treatment of the physical aspects of protec- 
tion, such as shielding, 1nstrumentation and monitor- 
ing techniques, 1s meagre and rather madequate 

The first section of the book covers the origin and 
nature of the radiations and the dose to man due to 
natural sources, and 1s followed by sections on the 
prevention and treatment of radiation myury, the 
control of radiation and the use of radioisotopes 
Although the treatment of each topic 1s, of necessity, 
concise, the subject-matter on the medical aspects 1s 
sufficient to acquaint the industrial physician with 
the various problems and to provide a basis for further 
reading It should be noted, however, that the control 
procedures are considered from the United States 
pomt of view, and British readers should acquaint 
themselves with the national legislation and recom- 
mendations 

Some of the illustrations appear unnecessarily 
elementary and there are one or two errors in the 
text, for example, the maximum permissible concen- 
tration of radionuclides m air and water for the 
exposure of the entire population 18 given as one- 
tenth of the occupational exposure-level, whereas for 
individuals the International Commission on Radio- 
logical Protection recommends a reduction factor of 
one hundred However, these errors are not serious 
provided the book 1s used for general reading rather 
than as a text-book B E Jowzs 


Commutative Algebra 


Vol 2 By Prof Oscar Zarisk and Prof Pierre 
Samuel (The University Series in Higher Mathe- 
matics) Pp x+414 (Princeton, NJ. D Van 


Nostrand Company, Inc , London. D. Van Nostrand 
Company, Ltd, 1960) 58s 6d 


HE first volume of this work was published in 
1958 Now that the second volume has appeared 
it 18 possible to be much clearer on the motivation 
behind the subject as a whole ‘This ıs buried in the 
history of algebraic geometry, and the authors have 
been careful to indicate what parts of geometry have 
led to the immense algebraic developments of recont 
years The book ıs very carefully written and will 
be an essential reference, and even a text-book, for 
the pure mathematician who moves or wishes to 
move m this field 
There are three long chapters, given to valuation 
theory, polynomial and power series rings and local 
algebra In addition there 1s an appendix of about 
eighty pages containing a good deal of previously 
unpublished material. The contents of the chapter 
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on valuation theory are illustrated largely by examples 
from the theory of algebraic function fields, and the 
notions of normal and derived normal models, of 
great importance ın geometry, are introduced 
Geometry 1s seriously mtroduced in the chapter on 
rings, and mcludes an account of algebraic varieties 
in affine and projective space, together with a treat- 
ment of dimension theory, the Hilbert characteristic 
function and chains of syzygies The chapter on 
local algebra gives an account of local rings and ther 
properties, and then makes use of these rmgs m the 
local study of algebraic and analytical varieties This 
study culminates in a section on analytical irreduci- 
bihty and analytical normality of normal varieties 
This volume, together with its predecessor, 18 
abstract from cover to cover But the exposition 1s 
not condensed, and the work ıs likely to become the 
standard introduction to the arithmetic foundations 
of algebraic geometry For this reason 1t seems a pity 
that, apart from a few scattered references, there 1s 
no bibliography L S GODDARD 


Reciprocals of the Integers from [000 to 9999, with 
an Appendix on Mechanical Barrel-setting Cal- 


culators 
By T H Redding Pp iv+42+2 plates (London 
Taylor and Francis, Ltd, 1960) 18s 6d net 


HE actual entries are the reciprocals to six 

figures, multiphed by 10°, so that each entry is 
divided into two blocks of three digits by the decimal 
point, thus facilitating transfer from table to machine 
The author does not say much about how the calcula- 
tions have been checked, but some small sampling 
has revealed no error There are no horizontal rules 
except in the frame, so the page 1s fairly clean, with 
1,000 entries at an opening and a thumb-index A 
clear modern ‘equal height’ fount is used, though 1t 
is scarcely as effective as the old-style ‘head and tail’ 
fount used by Comrie and Peters There is an appen- 
dix of some twenty pages, in which the nature and 
use of barrel-setting desk machines are described in 
simple terms for the novice The book should be of 
most value to those who are not expert at computa- 
tion but have need now and then to make desk 
calculations. T A A BROADSENT 


An Introduction to the Theory of Numbers 
By Prof Ivan Niven and Prof Herbert S Zuckerman 
Pp viu-F250 (New York and London John 
Wiley and Sons, Inc, 1960) 6 25 dollars, 50s 


HIS compact and lucid text could be used by 

good sixth-form specialists or first-year honours 
students In the first part of the book the basic 
concepts and theorems are presented  divisibihty, 
primes, congruences, quadratic reciprocity, number- 
theoretic functions, diophantime equations, Farey 
series and continued. fractions, the sunpler properties 
of the distribution of the primes’ The last three 
chapters mtroduce more specialized topics algebraic 
numbers and number fields, the partition functions 
with the formule of Euler and Jacobi, and the fairly 
recent study of the density functions of a sequence of 
integers The proofs are clear and concise, but they 
rightly demand a certam sophistication of outlook 
without which the reader 18 unlikely to be able to see 
why a particular line of argument is chosen An 
excellent feature 1s the supply of exercises for the 
student; these range from simple corollaries on the 
main text to quite searching extensions of 1t, answers 
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are given where appropriate A young student with 
a taste for number theory and a firm grasp of elemen- 
tary algebra would find the book profitable reading 


Elementary Logic of Science and Mathematics 
By Dr. P H Nidditch Pp vu+371 (London 
University Tutorial Press, Ltd, 1960) 18s 


HIS book has two arms to provide a detailed 
but elementary course ın modern logic and to 
present basic material in the philosophy of science, 
covering probability and measurement, the scientific 
method and the construction of theories The author 
has succeeded well m writing a book that 1s both 
accurate, informative and easy to read About one- 
third of the book deals with formal logic, sentence 
logic 18 studied by means of a valuation theory 
(truth tables), and in terms of axiom systems The 
predicate calculus 18 developed both as an axiomatic 
system and as a Gentzon-type system of natural 
inference; some attempt is made to wed the two 
codifications but a full equivalence proof 1s wanting 
Among other axiom systems presented are Boolean 
algebra and a theory of probability Definitions are 
given with great care, there are numerous historical 
references and a good collection of examples, with 
solutions or hints for solution 
The method used in the second part of the book 1s 
largely that of judicious quotation, the great scientists 
are allowed to speak for themselves and there 1s no 
attempt at criticism or comparative study, but there 
is a valuable selection from original sources 
R L GoopstEm 


Health ın Industry 

A Guide for Engineers, Executives and Doctors 
By Prof R C Browne Pp. vu+157 (London 
Edward Arnold (Publishers), Ltd, 1961) 18s net 


VER the years the Nuffield professor of industrial 
health at King’s College, Newcastle upon Tyne, 
has delivered courses of Jactures to science, medical 
and technological students at the University on 
various aspects of occupational health The subjocts 
have been varied and topical. and have shown concern 
for the health of the executive, the heavy cost of 
sickness absence, the importance of good design, the 
causes and consequences of accidents and fatigue, 
automatic processes and their effects on the worker 
and the part played by good working conditions on 
output Particular attention ıs directed to the 
essential precautions which must be taken m using 
lomzing radiations, while Prof Browne also analyses 
the mfluence of various chemical substances on the 
factory worker 
The author has now addressed his lecture-material 
to all employers and managers who are, 1n some way 
or other, responsible for the mduitrial environment 
Much of it will be of interest and value, and the 
book should appeal to many who bear responsibility 
for people in industry The book could also be used 
in industrial health sessions durmg courses on 
industrial administration In such a book a sur- 
prising feature 1s the absence of all reference to skin 
diseases and the use of barrier creams which may 
cause more complaints than they cure In the 
section on the health of the manager, the author might 
also have given some practical advice about diet 
Many industrial executives become ıll because they 
are unaware of the simple rules of health, although 
they sometimes call their complamt ‘pressure of 
work’ T H HAWKINS 
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LETTERS TO THE EDITORS 


SEISMOLOGY 


Microbarograph Records from the 
Russian Large Nuclear Explosions 


Duniwa the recent series of Russian atomic weapon 
tests, mucrobarographs were oper- 
ated at this Establishment The 
instruments used were purely mech- 
ancal devices having hmited fre- 
quency response Excellent records 
were obtamed from several of the 
larger firmgs at Novaya Zemlya and 
particularly from the 50-megaton 
firmg of October 30. Taking the 
origin time as 08 33 hr from a study 
of the seismic signal, we saw the 
start of the first characteristic 
mierobarograph record (Fig. 1a) 
3 hr. 11 min later at 1144 hr 
on October 30, subsequent to this, 
we obtained clear signals at approx- 
mately 1640 hr on October 31 
(Fig 1b), 00.10 hr on November 1 
(Fig Ic); and 12 40 hr on Novem- 
ber 2 (Fig le) We looked for a 
signal at around 05.10 hr on Nov- 
ember 2 but could not see one 
against the background (Fig 1d) 

It would appear that the waves 
are being successively reflected at 
the antipodes of Novaya Zemlya 
and at Novaya Zemlya, with 
ielatively httle absorption or secat- 
termg. We have re-examined our 
records of the 30 megaton firing on 
October 23 and they show simular 
evidence of reflexions corresponding 
ielatively in time to those shown in 
Figs 1b and c for the 50-megaton 
firmg, but with the signal to noise 
ratio much smaller. 

Observations made on the pheno- 
mene with more refined instruments 
or arrays and a compilation of 
results on a world-wide scale could 
yield extremely :nteresting data 
about the Earth’s atmosphere We 
have noticed a number of points of 
interest alre&dy ın our brief examin- 
ation of the records For example, 
there 1s a good agreement between 
the wave shape observed and the 
form one would expect from a 
study of the paper by Hunt et al (ref 1, particularly 
Wig 10). Brune e£ al.? have recently treated the 
problem of an elastic surface wave on a sphere and 
found a 1/2 phase shift at each polar reflexion, our 
observations, although difficult of interpretation 
because of dispersion, do suggest a phase reversal 
after two such reflexions The waves diverging 
from the orig (Figs. lo, c and e) also appear 
to have a simpler, more compact, waveform 
than the waves converging on to the origin 
(Fig 15). 
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Fig 1  Microbarograph records taken at the Atomic Weapons Research 
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An interesting comparison can also be made with 
the records obtained following the eruption of 
Krakatoa in 1883? The average time along several 
paths for waves to pass around Earth following 
Krekatoa was 36 hr. 20 mm +10 min (SE 35 
readings), the corresponding figure from our records 
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Establishment, Foulness 


bemg 367hr 27 mm with an accuracy of a few 


minutes E W CARPENTER 
G HARWOOD 
T WHITESIDE 
Atomic Weapons Research Establishment, 
Foulness, Southend-on-Sea, Essex 


1Hunt, J N , Palmer, R , and Sir Wulam Penney, Phil Trans Roy 
Soc, A, No 1011, 275 (1960) 
1 prune, J N , Nafe, J. E , and Alsop, L E, Bull Sesm Soc Amer 
51, 2, 247 (1961) dnd LR , 
38ymond, G J (ed), The Eruphon o rakatoa @ ubseque 
Phenomena (Trubner and Co, London, 1888) 
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ASTRONOMY 
The Galactic Red Shift 


Tue recent development of the technique of 
resonant scattering of y-rays, using the Mossbauer 
effect, appears to raise the possibility of a terrestrial 
test of one theory of the red shift observed by Hubble 
m the hght coming from distant galaxies 

The usual interpretation of the galactic red shift 1s 
that ıb 1s a Doppler effect due to mutual recession of 
the centres of the galaxies, there are, however, other 
possible interpretations, and among these 1s the 
suggestion by Fmlay-Freundlich! that 1t is due to loss 
of energy by light in passage through a radiation 
field Finlay-Freundlich was led to this conclusion 
from a study of stellar red shifts and put forward the 
empirical relation that the fractional energy loss 1s 
proportional to the path-length and the fourth power 
of the temperature (energy density) of the radiation 
field With this simple empirical relation and using 
the observed stellar and galactic red shifts, he deduced 
a value for the average intergalactic (radiation) 
temperature which does not seem unreasonable on 
general thermodynamic grounds 

Born? pointed out that Finlay-Freundlich’s empiri- 
cal relation might correspond to an otherwise unknown 
photon-photon interaction in which loss of energy 
occurs without change in direction of the photon 
Born showed that there was some evidence in the 
empirical relation for a fundamental length which 
ought perhaps to be part of a general description of 
the radiation field, and suggested that the energy 
apparently lost might reappear as radio emission 

These suggestions by Finlay-Freundlich and Born 
if correct, would have very far-reaching consequences 
in cosmology and in the field theory of elementary 
particles However, several authors? have directed 
attention to certain difficulties Among other points 
it 18 asserted that the observed stellar radio emission 
and the change im red shift of binary stars ın eclipse 
are too small to be consistent with the proposed 
theory Some of these difficulties may be very real, 
but bearmg in mind the experimental difficulties in 
measuring stellar red shifts, the variety of causes 
which can result ın both red and blue shifts, and that 
an otherwise unknown photon-photon interaction 
could result in the appearance of an entirely unknown 
particle, ıt seems worth considering the possibility 
of a terrestrial experiment under contiolled con- 
ditions 

At present, attempts are bemg made at Harwell 
and elsewhere to observe the gravitational red shift 
using y-rays from 1ron-57 and the Mossbauer effect 
The resolution using 1ron-57 i8 ~ 6 x 10-13 It is 
easy to show that if the y-rays ın these experiments 
were allowed to pass through a radiation field of 
similar quality and the same order ın energy density 
as on the surface of the Sun, extending over a distance 
of about a metre, the red shift expected from Finlay- 
Freundlich’s relation ıs about I per cent of the 
resolution l per cent 1s not far from the expected 
gravitational red shifts m the present experiments in 
which the photons fall considerably larger distances 
In a practical attempt to test Fimlay-Freundlich’s 
relation, 1$ would probably be necessary to have a 
radiation density times path-length such that the 
expected shift would be of the same order as the 
resolution, and although this would require a con- 
siderable effort, 16 does not seem entirely beyond 
present pulse techniques such as are used mn thermo- 
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nuclear work, but ın this ease involving lower plasma 
temperatures It should be a reasonably fair test if 
most of the energy 1n the radiation field lies im or near 
the visible region, and if the dependence on energy 
of the incident photon m Hubble's law can be 
regarded as sufficiently well established 

A negative result for this proposed experiment 
would serve the useful purpose of removing one 
theory of the galactic red shift At present 16 would be 
idle to pursue in detail the various possible mter- 
pretations of an unambiguous positive result, but ıt 
may be of interest to outline one of these briefly and 
simply here 

If we can regard our Sun as typical of about 101 
stars in a typical galaxy and use a value of ~ 2 x 108 
hght years as the average intergalactic distance, 1t 18 
easily shown that the average rate R, of release of 
radiation into unit volume of mtergalactic space 1s 
^ 9 x 10- erg/ec/sec The average rate R, of 
apparent loss of energy by photons m the galactic 
red shift ıs Ke, where K 1s Hubble’s empirical 
constant and p is the average energy density of 
radiation in intergalactic space Using a value for 
K of 5 x 10-1* sec -! and for p of ~ 6 x 10-12 erg/e c., 
ib 18 clear that R, ~ R, Confirmation of Fimlay- 
Freundlich's relation would justify this value of o and 
also the qualtative interpretation R, = Ko In 
these circumstances the galactic red shift becomes a 
vast sink which receives the radiation from the stars 
and transforms ıt into some other form, the processes 
involved being 1n approximate equilibrium at present 
It does not seem entirely conceivable that at least 
some of the energy thus transformed might reappear 
eventually ım space as neutrons by a net reaction 
involving unknown particles The hydrogen from the 
neutron decay would provide fuel for new stars as m 
Hoyle’s theory of continuous creation The net effect 
of the entire process would be to slow up what seems 
at present an inevitable decline towards a universe of 
black dwarfs, photons and neutrimos as the hydrogen 
m the stars 1s steadily transformed to helrum photons 
and neutrmos The amount of recycling of hydrogen 
by such a hypothetical process could be quite large, 
as most of the energy released in the net reactions in 
the stars goes to the photons which escape from the 
stellar surfaces Approximate equilibrium at present 
need not conflict, at least qualitatively, with the 
recent results of Ryle, 1f a ‘begmnimg’ consisting of a 
vast hydrogenous cloud 1s assumed, for in the early 
stages of condensation the low value of p would 
correspond now to an apparent increase in the 
frequency of observation of low-intensity (assumed 
distant) sources 
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A Warp 
Royal College of Science and Technology, 
Glasgow 


! Finlay-Freundlieh, E , Phil Mag , 45,303(1954), Proc Phys Soc ,AÀ 
67, 192 (1954) 

*Born, M, Proc Phys Soc, A, 67, 193 (1954) 

° McCrea, W H, Phil Mag , 45,1010 (1954) Burbridge, E M , aod R 
45, 1019 (1954) Ter Haar, D , sbid , 45, 1023 (1954) Helfer, 
Hon] Phys Rev 96, 224 (1954) Melvin, M A, eid, 98, 884 


OCEANOGRAPHY 


Ultra-violet Absorption of Sea Water 


It has been shown that at wave-lengths less than 
230 my , the absorbency of sea water 1s about double 
that of a solution containing the same concentration 
of inorganic salts? We ascribe the difference to the 
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presence of organic matter which may be the same 
as the blue-absorbent substances named “‘Gelbstoff”’ 
by Kalle*. We have found regional differences in the 
east Atlantic and English Channel, high ultra-violet 
absorbencies usually being characteristic of coastal 
water?. This property may be used in hydrographic 
surveys, and for this purpose we have measured the 
absorbencies of filtered samples at 220 mu, using a 
10-cm. cuvette in a Unicam S.P.500 spectrophoto- 
meter. 
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Ultra-violet absorbencies of samples from 10 m. 
depth from a survey across the English Channel in 
April, 1961, are compared with salinities in Fig. 1. 
Water of low salinity and high ultra-violet absorption 
was found in the south-east corner of the area, and 
has presumably come down Channel on the French 
side, being diluted with land drainage. On the 
English side there is an intrusion from the west of 
higher salinity water of low ultra-violet absorption 
which we think is of Atlantic origin. This water 
appears to have displaced water of salinity 35:1- 
35-2 per mille but of higher ultra-violet absorption 
(E(200 my, 10 em.) approx. 0-7) which was found off 
Plymouth in February, 1961 *. This displaced water, 
though indistinguishable by its salinity, is made 
evident as a band of high ultra-violet absorption in 
mid-Channel. 

F. A. J. ARMSTRONG 
G. T. Boarcu* 


Marine Biological Association, 
Citadel Hill. 
Plymouth. 


* International Paints Research Fellow. 
' Chanu, J., Ree. Opt. (théor. instrum.), 38, 569 (1959). 
: Armstrong, F. A. J., and Boalch, G. T., J. Mar. Biol, Assoc. U.K., 
41, 591 (1961). 
s Kalle, K., Ann, Hydrog. (Berl.), 85, 276 (1937). 
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Proposed Harmonic Generator or Mixer 
for Optical Frequencies 


IN a recent communication’, Lainé has suggested 
the use of my latest form of ‘cold cathode’ arc 
harmonic generator as a mixer for obtaining beats at 
high mierowave frequencies (that is, frequencies 
corresponding to submillimetre waves) between the 
outputs from two optical masers. I would like to 
comment on this proposal and suggest a simpler 
alternative device. 

If one accepts the principle of field emission as the 
source of electrons from the cathode of the arc 
harmonie generator, then Lainé's suggestion is indeed 
feasible. On this basis one calculates that for the 
liquid platinum cathode used at present, the electron 
emission current density must be about 10* amp./em.* 
for a cathode spot diameter of about lu. The positive 
ion field required to produce this emission must be of 
the order of 10* volts/em., extending over a region of 
only 10 A. outwards from the cathode surface. The 
time-constant of the eleetron emission process should 
thus not exceed 10-!5 sec. If the outputs from the 
two optical masers were first plane-polarized with the 
electric vectors perpendicular to the cathode surface 
and then focused into a region one optical wave-length 
in diameter (at glancing incidence) at the cathode 
spot then the positive ion space-charge field would 
have a superimposed field at optical frequencies and 
the electron emission should vary at the beat fre- 
quency. To produce a reasonable effect. optical 
fields in excess of 3 x 107 V./em. would be required— 
implying maser powers of tens of kilowatts. A second 
disadvantage is that microwave conduction along the 
are plasma (the only means of communication with 
the cathode spot) is shunted by diffusion spreading of 
the plasma in the region of the cathode, thereby 
imposing an upper limit to the beat frequency which 
can be detected. For the argon plasma at 300 atmo- 
spheres pressure this limit is about 700 Go./s. 

However, a possible field emission mixer can be 
made very simply. All that is required is a small drop 
of liquid cæsium in a glass vacuum enclosure. The 
energy from the optical masers should be plane 
polarized with the electric field perpendicular to the 
cæsium surface and focused into a spot about ly 
diameter striking the cæsium at glancing incidence. 
Strong field emission would take place for field 
strengths of 10? V./em. which could be obtained with 
3 kW. of maser power. The optical waves would 
penetrate the liquid surface to a depth more than an 
order of magnitude greater than that needed to over- 
come the potential barrier. During the positive 
going half-cycle of the optical electric field, electrons 
would thus be emitted in a highly ‘non-linear’ 
manner, travelling outwards for about 20 A. in 10-" 
sec. This oscillating charge would radiate at the beat 
frequency and at harmonies of the optical frequencies. 
As an optical frequency doubler, efficiencies approach- 
ing 1 per cent might be attained. 

Further reduction of the maser power required for 
beat production should be possible if one makes use 
of the field emission studies of Martin, Trolan and 
Dyke*. They have drawn electron currents of several 
m.amp. continuously from a tungsten point of Oly 
radius. If the maser output could be focused on to 
such an emitting point, the electron current would be 
modulated at the beat frequency. Some sort of 
magnetic focusing of the electron beam would be 
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necessary to prevent space-charge demodulation and 
to enable the energy in the electron bunches to be 
coupled to a microwave waveguide circuit. Beat 
frequencies in excess of 1,000 Ge./s. should be practi- 
cable by such a method. 

This communication is published by permission of 
the Director of the National Physical Laboratory. 


K. D. Froome 


Standards Division, 
National Physical Laboratory, 
Teddington, Middlesex. 


! Lainé, D. C., Nature, 191. 795 (1961). 


! Martin, E. E., Trolan, J. K., and Dyke, W. P., J. App. Phys., 31, 
782 (1960). 


Detection of Spin Magnetization 
Variation in a Two-level Maser 
Oscillator 


THE phenomenon of amplitude modulation in the 
spontaneous emission of two-level masers has been 
observed by several investigators'-*, and has been 
the subject of a number of theoretical diseussions?-5, 
The basic mechanism underlying most of the semi- 
classical treatments is an oscillatory transfer of 
energy between the spin system, in the working 
substance, and the cavity radiation field. In such a 
process the spin magnetization vector M should 
undergo damped, pendulum-like nutations, correlated 
to the modulation of the emission, between the 
inverted state, M anti-parallel to the steady magnetic 
field in the z direction, and the thermal equilibrium 
state, M parallel to the steady field. The quantum 
mechanical treatment* of the interaction between the 
spin system and the radiation field in the cavity also 





Fig. 1. 
Cavity, 0-9 x 0-1 x 0-8 in., sample, 17-5 x 2-0 mm. 
plated copper foil with iris to wave-guide 


Cavity with sample, pick-up colls and co-axial lead. 
F, Silver- 
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100 ps 


Fig. 2. A, Modulated emission from field-&wept two-level maser: 

maximum power, 17 mW, B, Shock excitation of pick-up coils 

due to nutation of magnetic moment of the spin system; maxi- 
mum pick-up voltage, 0-5 mV, 


suggests the oscillatory behaviour of M;. Stevens’ 
further suggested that the direct observation of the 
variation of M;, during an oscillation pulse, would be 
a more instructive test of the theories mentioned than 
monitoring the modulated cavity energy. Evidence 
confirming the suggested behaviour of M has been 
obtained in an induction experiment designed to 
detect the variations in the 'dipole' field of M;. 

The maser operated in this laboratory? is of the 
field-swept type. The sample, neutron-irradiated 
magnesium oxide containing about 5 x 10!5 spins, was 
mounted in a rectangular 'TZ,,' plastic cavity 
resonator*. Oscillation pulses have been observed in 
which the amplitude modulation frequency was 
dependent upon tke rate of field sweep. It was 
estimated that the skin-depth at these frequencies 
was greater, by orders of magnitude, than the cavity 
silver plating, so that variations of the field of M, 
would not be totally confined within the cavity. 
Furthermore, calculations predicted that the voltage 
indueed by this flux in an external coil, of 800 turns, 
surrounding the sample would be of the order of à 
millivolt. 

Such a coil system should be balanced against 
pick-up from the swept field. The coil assembly used 
in this experiment satisfies this requirement, to a 
sufficient extent, and is shown in Fig. 1. The field of 
M; would couple only to the inner coils, whereas the 
outer coils compensate for the pick-up of the swept 
field in the inner coils. At 1:2? K. the coils had a 
resonant frequency of 150 ke./s.; Q — 4 and a 
damping time constant of 60 usec. 

Maser oscillations and the corresponding pick-up 
voltage in the coils were simultaneously recorded on 
two oscilloscopes. Typical oscillograms of these 
recordings are shown in Figs. 2A and 2B respectively. 
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The oscillation envelope, shown in Fig 24A, 1s not 
contmuous so that variations of M, should occur only 
during the intermittent pulses, leading to shock 
excitation of the pick-up coils This was found to be 
advantageous because the response time of the system 
1s too long to record completely the variations of Mz 
In Fig 2B there are shock excitations comerdent with 
the first three oscillation pulses This comeidence 
was checked 1n a special experiment The rising base- 
line ıs due to the residual pick-up from the swept 
field This evidence, ın support of the nutating 
character of M, 1s further substantiated by the fact 
that no effect was observed when the inverting micro- 
wave power was reduced below the level necessary to 
sustain maser oscillations so that only the residual 
pick-up was observed. 

This experiment establishes the existence of 
variations of M, and therefore of the nutations of M 
during emission. Further measurements of M; will, 
very likely, provide useful mformation on the mode of 
operation of maser oscillators The technique de- 
scribed could be improved, to give detailed measure- 
ments of M,, erther by using critical damping in the 
pick-up coils, or by modifying the system to respond 
to the nutations of M as modulations of a high- 
frequency carrier wave fed to the coils 

We are mdebted to Prof J F Allen for placmg 
low-temperature facilities at our disposal and to the 
Royal Naval Scientific Service for the interest shown 
m this work 
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GEOLOGY 


Occurrence of Magnesite-Dolomite 
Sediments in South Australia 


Ix November 1960 samples of precipitating sedi- 
mont were taken from a lagoon of saline water near 
Salt Creek m the south-east province of South 
Australia These were found to consist of magnesite 
and dolomite in about equal proportions The salimty 
of the water was 32 per cent, and analysis showed 
that calcium constituted a much smaller proportion 
of the total salts than in normal sea-water The 
proportion of magnesium was also lower. The pH. 
was about 10 

Samples were taken from the bed of the lagoon 
after 1+ had become dry durmg the summer At 
the surface the proportions of magnesite and dolomite 
were approximately equal. At a depth of 6 in. the 
approximate composition was mugnesite 20 per 
cent, dolomite 80 per cent. At 10 m, magnesite 
was no longer detectable and the sediment consisted 
entirely of dolomite This persisted to a depth of 
20 ın , where it graded sharply into black sulphide- 
bearing sands 
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X-ray examination of the magnesite showed that 
the lattice was expanded when compared with normal 
magnesite The lattice constants were estumated as 
a, = 466 and c, = 15-23 This may be compared 
with the magnesium carbonate described by D L 
Graf, A J Eardley and N F. Shimp! from Lake 
Bonneville, USA, which has a significantly ex- 
panded unit cell with lattice constants a, = 4 669 
and e, = 15 2] 

Last year we? recorded the occurrence of hydro- 
magnesite—aragonite sediments 1n a similarly situated 
lagoon which 1s about 8 miles south of the lagoon 
m which the magnesite-dolomite ıs forming ‘This 
new discovery may throw more light on the origin 
of the magnesite-dolomite sediments of Proterozoic 
age m South Australia. 

We believe this to be the first recorded observation 
of naturally precipitating magnesite-dolomite sedı- 
ment. 

This work 1s supported by grants from the American 
Petroleum Institute. 

A. R. ALDERMAN 


C C von DER BORCH 
School of Geology, 
University, Adelaide. 
t Graf, D L , Eardley, A J , and Shimp, N F,J Geol , 69, 219 (1961) 
3 Alderman, A R , and von der Borch, C C , Nature, 188, 931 (1960) 


CRYSTALLOGRAPHY 


X-ray Data for the Chrome-Urania 
System, Cr,0;2U03 


A NEW bmary compound in the chrome-urania 
system has been briefly described by Borchardt* This 
compound has been prepared by mechanically mixing 
78 weight per cent uranium oxide (UO,) and 22 
weight per cent chromium oxide (Cr;O;), pressing the 
mixture into pellets and firing to 1,250? C ın platinum 
dishes The samples were reground and refired and 
then examuned by chemical, optical, and X-ray 
techniques. A trace of free chrome was observed. 
optically m mixtures where the chemical analysis 
indicated. excess chromium over a Cr U atom ratio 
of 1. The X-ray powder patterns indicated only one 
phase 

The preparations were black, with grain sizes less 
than 50u Two small crystals which were recovered 
from the preparations showed external morphology 
with 6/m symmetry Single-crystal precession photo- 
graphs, however, showed the crystals to be truly 
orthorhombic with three-fold interpenetrant twinning 
produemg the pseudo-hexagonal habit Fig 1 
shows the true orthorhombic lattice and its relation 
to the twin in the Ok] zone Of particular interest 1s 
the superposition of the 002 and 041 reflexions 
Table 1 lists the X-ray powder pattern along with the 
indexing based on the cell determined from the single- 
crystal patterns Table 2 lists the cell data and optical 
properties of the compound 

The presence of the pseudo-hexagonal twinning 
suggested the possibility of a high-temperature mver- 
sion to a truly hexagonal phase Using a hot-stage 
furnace (Matemals Research Corporation), samples 
were examined ın air up to 1,400? C , but no evidence 
for the expected phase change was found. However, 
samples left at 1,250? C. for several days developed 
clusters of multiple and single crystals of the com- 
pound on the surface of the sample The crystals 
were yellow-brown tabular crystals with a rectangular 
outline Most of the crystals were twinned, producing 
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Fig 1 Relationship of the true cell in the 042 zone with respect 

to the twimned lattices The true cell ıs shown as heavy Imes 

Only pomts with & = 2n are included, since reflexions with 

LÀ = 2n + 1 are extinct Notice particularly the superposition of 
041 and 002 in different lattices 


a ‘cockscomb’ effect around the periphery of the 
plates 

Several crystals were examined with the precession 
camera The twinning was the same as mentioned 
above Untwmned crystals showed extinctions in 
hk0 when h + k = 2n + 1, hOl when l = 2n + l; 
and\0kl when k = 2n + 1. Very weak reflexions are 
noted for hkl when h + k = 2n + l1, and RO 
when l = 2n + 1 The extinctions indicate the 
unique space "group Pben with a pseudo symmetry 
Cmem The specifice gravity of the crystals 1s greater 
than 3 3, which suggests either one molecule per unit 
cell with a calculated specific gravity of 4 18 or two 
molecules with a specific gravity of 836 One 
molecule would produce a problem with respect to the 
position of the nmth oxygen ın the unt, because the 
space group does not allow any odd-fold special 
positions This mconsistency can indicate either that 
the oxygen 18 statistically distributed over 2-, 4-, or 
8-fold sites, or the chemical analyses are incorrect in 


Table 1 X-Ray POWDER PATTERN FOR CR:0, 2U0, 

hki Sim? zale — Sin?0obs I hkl Sim? @cale Sin? Bobs I 

020 0 0174 0 0174 vw 240 0 1700 0 1686 w 

110 0 0295 0 0294 Ww 202 0 1931 

021 0 0405 00408 vw 0 1930 S 

111 0 0526 0 0532 v8 241 01932 

130 0 0642 0 0643 8 222 02105 0 2105 vw 

010 0 0694 0 0687 w 023 02255 0 2259 m 

131 0 0873 0 0874 vw 310 02307 0 2308 vw 

041 0 0926 ) ? 0 2347 wW 
0 0925 m 113 02877 

002 0 0925 0 2384 m 

200 0 1006 01006 mw 170 02378 

022 0 1099 0 1108 wW 062 02488 0 2474 W 

220 0 1180 0 1179 wW 311 0 2538 0 2535 m 

112 0 1220 0 1225 Ww 200 0 2568 0 2579 m 

150 0 1337 0 1323 m 330 02054 0 2640 In 

221 01411 0 1412 ms 133  Á 09724 0 2735 vw 

060 0 1562 ) 043 0 2776 | 

132 0 ioa f 0 1507 8 0 2778 m 

151 0 1568 080 0 2778 

042 0 1620 0 1614 w 081 03009 0 2974 m 

Table 2 X-RAY AND OPTIOAL DATA FOR Cr,O, 2U0, 


Gy, = 4857 € 10À pale = 836 gm/oc 
b, = 11692 * 10À Colour = golden brown 
ĉ& = 5074+10A  Nz»211 
y = 9880À 3 Ny > 211 
Z= 2 Nz > 211 
We thank Dr J $ Kahn, of this Laboratory, for the optical data 
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mdicating a fully oxidized uranium The specific 
gravity of 8 36 1s reasonable when compared with 
specific gravities of the components Using Vegard’s 
law and values of 5 24 and 8 24 for Cr,O, and UO, 
respectively, the calculated specific gravity for 80 
weight per cent UO, and 20 weight per cent Cr,O, 18 
764. Because deviations from Vegard’s law would 
tend toward smaller unit-cell dimensions and high 
specific gravities, the values of 8 36 for two molecules 
per unit cell 1s acceptable 
Single-crystal intensity data are now being collected 
for determination of the crystal structure 
This work was carried out under the auspices of 
the US Atomic Energy Commussion 
DEANE K Smite 
CARL F CLINE 
Donatp E SANDS 
Lawrence Radiation Laboratory, 
University of California, 
Livermore, California. 
‘Borchardt, H J, J Inorg Chem , 12, 113 ( 1959, 
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Structure of Asparagine Monohydrate 


THE structure of asparagine has been discussed 
several times durmg recent yeais!-> A number of 
properties would be better explamed by a ring 
structure than by the conventional straight-cham 
structure’?, but on the other hand, the carboxylic 
group had to be free? The structure of crystalline 
asparagme monohydrate has now been determmed by 
us with X-rays, and although this does not give 
definite information about the structure of the 
molecule in solution, 1t does give some indications 
about 1t 


Table 1 ATOMIC CO-ORDINATES (A )* 
y 2 H 
Ci 4 888 9 247 0 421 
Cs 3 867 9 540 1 529 
C; 4 404 0 563 2 079 
C, 0 097 9 795 8 204 
Ni 3 257 8 272 2 029 
N; 0 584 0 629 4 344 
Oi 5 554 0 428 0 008 
O; 4 916 8 091 11 747 
O; 0 621 8773 2818 
O, 1 695 2 258 1319 


* With the origin halfway between three pairs of non-intersecting 
screw axes 


The molecules in the crystal appear to be held 
lightly together by several hydrogen bonds, as could 
be expected (Fig 1 and Table 2) Furst of all, there 
18 & continuous spiral of hydrogen bonds, in the 
direction of the a axis, mvolving the water molecules 
(O,) and the double-bonded oxygens of the carboxylic 
groups (O,) ‘Then there are three hydrogen bonds 
hnkmg the mtrogen of the ammo group (Ni) with 
different oxygen atoms OQ, (in another molecule), 
O, and O, The nitrogen of the amido group (N,) 
forms only one good hydrogen bond with O,, the 
other one, with O,, 1s weaker 

Of interest ın connexion with the discussion 
whether the structure of asparagine is a ring or an 


Table 2 INTERATOMIC DISTANCES (A ) 
Covalent bonds Hydrogen bonds 

€1— 0, 1 27 0,— 0, 2 84 
Cı — 0, 1 34 0, — O*i 2 80 

1— Os 154 N,- 0^ 2 80 
Cy 3 Ni 1 50 Ny— O^; 2 81 
€, — C, 151 N,- 0’, 2 85 
0, — C, 1 53 3— 05 2 92 
C, = O, 1 24 
C: — Na 133 


A prime indicates an atom from a different molecule 
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Fig i Arrangement of the molecules of asparagine and water 

in the unit cell, as seen along the a axis, origin on two-fold screw 

axis parallel to the a axis Covalent bonds and the hydrogen 
bonds x30 À areshown O, Carbon 2,nirogen, @, oxygen 


open chain 1s the question whether there 1s some 
kind of a bond between N, and O; atoms of the same 
molecule The distance between N, and O, within the 
game molecule 18 rather short (309 A), but the 
distances between N, and three other oxygen atoms 
are stil shorter (Table 2) Moreover, the difference 
Fourier shows hydrogen atoms in correct positions 
for hydrogen bonds between those atoms, but nothing 
between N, and O, atoms of the same molecule 
Therefore, 16 can be concluded that there 1s no mtra- 
molecular hydrogen bond between N, and O; m 
crystalline asparagine However, this does not rule 
out the possibility of a hydrogen bond in this position 
in solution. The structure would then be a kind of 
mtermediate between a ring and a chain and so 
could account for all properties The ring, for example, 
looks lke the rig im prohne and could therefore 
explam why asparagme reacts with nmnhydrm ım the 





Fig 2 Fourter projection of asparagine monohydrate on the 
{Oyz) plane, after two cycles of refinement of the y and 2 co- 
ordinates Origin asin Fig 1 
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same way as proline, and not as the other amino-acids, 
including glutamuine?? 

Crystallographical data about the structure are: 
space group P2,2,2,, a = 5582 A, b=9812 A, 
c = 11796 A, umt cell volume = 6461 A%, four 
molecules per unit cell D, = 1 543 gm /cm 3 (ref 6). 
Dz = 1543 gm fem 3. 

The structure was solved using the three-dimen- 
sional sharpened Patterson The y and z co-ordinates 
were first refined using the Fourier projection on 
(0yz), after two cycles giving an R factor of 16 2 per 
cent and the Fourier projection represented in Fig 2. 
Then all the co-ordinates and the anisotropic tem- 
perature factors were refined usmg least squares 
programmes on the IBM 704 The final E value 
was 7 4 per cent 

The final atomic co-ordinates are shown 1n Table 1, 
the mtra-molecular bond-lengths and the hydrogen 
bond-lengths < 30 A are shown in Table 2 these 
hydrogen bonds are also shown in Fig 1 Other 
distances between nitrogen end oxygen shorter than 
325 Å are N,-O, = 302A and N,-O, (intramolecu- 
lar) = 309 A There were no intermolecular dıs- 
tances involving carbon atoms shorter than 33 A 

This work was supported by the United States 
National Institutes of Health 

G KARTHA 
A DE VRIES* 
Biophvsics Department, 
Roswell Park Memorial Institute, 
Buffalo 3, New York 
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Crystal Structure of 2-Phenylazulene 


AFTER a long controversy, the space group of 
azulene 18 now apparently established as the centro- 


.symmetnre P2,/a, with two non-centro-symmetric 


molecules ın the unit cell^?, a result which leads to a 
disordered, structure in which successive azulene 
molecules in the crystal are reversed m direction at 
random ‘Two previously observed cases of random 
positioning, namely, between chlorine and bromine 
m p-chlorobromobenzene*® and between methyl and 
chlorme in 2-amino-4-methyl-6-chloropyrimidine’4, m- 
volve atoms or groups of comparable size, and are not 
as surprising as 1s the case of azulene, where there 1s & 
rather large difference m size between the five- and 
seven-membered rings 

The disorder in the azulene structure complicates 
the precise determination of the bond-lengths m this 
interesting molecule Accordingly we muitiated an 
X-ray study of a derivative, 2-phenylazulene 
Crystals of this substance were found to be mono- 
ehnic, with a = 792 + 002, b = 579 + 003, 
c = 1181 + 002 À,8 = 90° The observed density 
is 124, gm /em?, the density calculated for two 
molecules per unit cells ıs 1 252 gm /em* Weissenberg 
photographs taken about the three principal axes 
showed the absences (ROL) with A odd and (050) with 
k odd ‘The space group ıs therefore also P2,/a The 
lattice constants of azulene itself are! a = ^7 91, 
b = 600,c = 784 Å , B = 101? 30’, and ıt may be 
noted that the values of a and b are quite similar for 
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Fig 1 The unit cells of azulene (a) and 2-phenylazulene (b) 
both crystals In the azulene structure, the long axis 
of the molecule lies very elose to the direction [102] 
If the molecule 18 now lengthened by the substitution 
of a phenyl group in the 2 position while at the same 
time preserving the relation between adjacent mole- 
cules as found in azulene, then the umt cell of 
2-phenylazulene is reproduced very closely In the 
broad sense, then, the two structures are 1sotypie, as 
may be seen in Fig 1, which shows the close relation- 
ship between the two unit cells 
^" A trial structure for 2-phenylazulene was formu- 
lated on the basis of the above assumptions, and after 
trial and error adjustments the Fourier transform of 
two superimposed molecules yielded satisfying agree- 
ment with the observed values of Fo The electron 
density projected down b, as calculated with 48 of the 
72 observed Fo, together with the signs obtained 
from the transform, 1s shown ın Fig 2 

These considerations strongly imply that the 
structure of 2-phenylazulene, like that of azulene, 1s 
disordered, with the direction of the long molecular 
axis reversed at random A disordered structure for 
azulene 1s unexpected, but a simular structure for the 
2-phenyl derivative seems even more unexpected 
since 1t suggests that the two ends of the molecule 
are essentially indistinguishable durmg the crystalliza- 





Fig. 2 Projection of the 2-phenylazulene structure on (010) 
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tion process Additional refinement of the structure 18 
proceeding 

We wish to thank Prof E. Heilbronner for excellent 
crystals of pure 2-phenylazulene This work was 
supported by the US National Science Foundation 
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Preparation of Single-Crystal Graphite 
from Melts 


SINGLE-CRYSTAL graphite demonstrates & very high 
degree of anisotropy between the properties obtamed 
in directions parallel and normal to the basal plane 
This has generated a great deal of scientific curiosity 
The closest approach to single-crystal graphite so far 
has been m the purification and recovery of flakes of 
natural graphite Unfortunately, the flakes of 
natural graphite are imperfect, well-developed single 
crystals are rather scarce, especially m the larger 
sizes It is felt that the following technique for 
producing single-crystal graphite will provide basic 
material for work on carbon and graphite and for 
optical work requiring single-crystal lamellæ 

We have been successful in producimg single-crystal 
graphite by heatmg in a graphite crucible some 
titanium boride powder at 2,500°C under vacuum 
for2 hr A thin, highly reflecting, flexible film forms 
at the surface of the melt, which may then be care- 
fully removed from the substrate (Fig 1) Altern- 
atively, single-crystal graphite films can be produced 
in graphite crucibles on the surface of melts of 
tungsten, zirconium carbide, nickel, chromium 
rhenium and molybdenum, heated at the proper 
temperatures 

Results from X-ray diffraction of the films indicate 
that the material possesses the highest degree of 
orientation, having lattice spacings identical with 
the classical values given in the literature Electron 
diffraction observations (Fig 2) and electron optical 
investigations confirm the single crystallimty of the 
material (ref 1 and personal communication between 
T H Johnson and H Fernandez-Moran) 

The mechanism of the technique described foi 
graphite single-crystal growth 1s undoubtedly different 
from that ın the decomposition of aluminium carbide?, 
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Fig 1. Cross-section of single-crystal graphite (x 500) 
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Fig 2 Reflexion electron diffraction pattern of single-crystal 
graphite (Radio Corporation of America EM L-1 electron miero- 
scope, at 50 kV electrons and 50 cm distance) 


1n the present instance, the growth may be attributed 
to the formation of supersaturated solutions of carbon 
in the melt A detailed investigation of the mech- 
anism in the present technique for graphite growth 


has b 
ste ea Per Came Li 


Research Division, 
Raytheon Company, 
Waltham, Massachusetts 
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Definition of Rate Constant and Activation 
Energy in Solid State Reactions 


DisrocATIONS m alkalh halide crystals doped with 
silver 10ns can be ‘decorated’ by a hydrogen treat- 
ment, which causes reduction and subsequent pre- 
cipitation of silver? In the course of work on the 
kinetics of this solid state reaction, the problem arose 
of deducing the reaction constant and the activation 
energy without exact knowledge of the reaction 
mechanism, which 1s rarely discussed in the litera- 
ture. 

The definition of a rate constant k and an activa- 
tion energy E for solid state reactions in analogy 
with reactions taking place m gases or solutions 
gives rise to several difficulties In the latter reactions, 
the rate constant 1s the proportionality factor between 
the reaction velocity and the concentration of the 
starting products Thus, ıt can be defined as the 
velocity for unit concentrations The dimensions of 
k are sec -! for first-order, and 1 mol-! sec -! for 
second-order, reactions The activation energy / 18 
derived from the dependence on temperature of k 
according to Arrhenius’s law 

In solid-state reactions, the concepts of concentra- 
tion and order of reaction generally have no signific- 
ance. The reaction velocity 1s defined here as the 
change with tme of the thickness of the layer of 
product formed, or of the weight of this layer, or of 
the number of gram equivalents of product formed. 

Consequently, a rate constant cannot be defined 
in the same way as for reactions 1n gases or solutions 
If we accept the same conditions as for gas reactions, 
k must be independent of time and have the factor 
sec -1 m its dimensional formula, and increase with 
temperature according to an exponential law, from 
which an activation energy for the reaction could be 
derived It will be difficult to predict whether the 
latter condition will be fulfilled, since the well-known 
assumption for gas reactions of an equihbrium 
between activated and non-activated molecules 
according to the Boltzmann distribution 1s not valid 
here. In certam cases, other circumstances will lead 
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to tho same exponential dependence on temperature 
ofk 

This ıs generally the case for many reactions such 
as tarnishmg reactions (for example, oxidations), 
substitution reactions and double decompositions 
which follow the parabolic reaction law In these 
cases, the velocity 18 governed by a diffusion process 
through a growmg layer ‘The velocity dæ/dt 1s pro- 
portional to the reciprocal of x, the thickness of the 
layer, hence dv/dt: = k,/x, which leads to x = (25,27)! 
The rate constant k, 18 expressed in em ? sec 7! 

If we consider the weight of the layer per unit 
aroa instead of 1ts thickness, a rate constant k, having 
as dimensions gm ? cm ~‘sec -1 18 defined If we con- 
sider the number of gram equivalents of product 
formed, a new constant k, can be defined from the 
differential equation of reaction-rate with dimensions 
gm equiv. em ~l sec ^ 

In tarnishing reactions, the rate-constant 18 
generally proportional to the diffusion coefficient D 
of one of the reaction partners m the product formed. 
The exponential dependence on temperature of D 
leads to the validity of the Arrhenius relation for the 
rate constant: 


kı = k,exp(—E[RT) 


where Æ ıs the activation energy for self-diffusion 
Nevertheless, Jost? emphasizes that, on account 
of the complexity of the tarnishing process, & simple 
dependence on temperature of the net process often 
cannot be expected 

The theory of Wagner? for the velocity of sub- 
stitution reactions and double decompositions, based 
on the model of the closed galvanic cell, leads to an 
expression for k which 1s proportional to the specific 
conductivity o of the products formed For the 
reaction AgCl +Cu —> Ag + CuCl, for example, k 18 
proportional to 9ougi The exponential dependence 
on temperature of k will be a consequence of the 
exponential dependence on temperature of o 1n solids 
The activation energy of the reaction will be that of 
electrical conduction (which 1s the same as for 
self-diffusion) 

Thus, for reaction laws of the parabolic type, a 
rate constant can be defined in a similar way as for 
gas reactions, 1ts exponential dependence on tem- 
perature mcluded  Dimensionally ıt 18 dependent on 
the way the reaction velocity 18 defined. 

Consider now a reaction followmg the linear law, 
for example, tarmshmg reactions when the formed 
layer 18 porous or incoherent Here, the reaction 18 
governed by phase-boundary processes, and the 
velocity ıs mdependent on time 


dx/dt = 


The constant ¥, which 1s expressed m cm sec ~, 18 
the rate of the phase-boundary process (for example, 
chemisorption) which will generally not increase 
exporentially with temperature Consequently the 
Arrhenius relation will not be valid 

In solid state reactions governed by logarithmic 
laws, new difficulties arise on account of the presence 
of several constants mdependent of time and de- 
pendent cn temperature 

Hence for solid state reaction kinetics, rate con- 
stant and activaton: energy can only be clearly 
defined when a suitable hypothesis for the mechanism 
of the given reaction 1s available If the rate con- 
stant ıs defined from the experimental relation be- 
tween the quantity of product formed and time, 1t 
is difficult to predict whether 16 will show an expon- 


ka OP 3 = kat 
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ential dependence on temperature Even if this 
18 approximately the case, the mterpretation of the 
activation energy thus found remains dubious (see, 
for example, ref 4) 

Suppose that no hypothesis for the parabolic law 
was available, and that the rate constant k, had 
been defined by x = k,t!!? The activation energy 
deduced from the temperature dependence of ks 
would not be E, the activation energy for diffusion, 
but à E 


ks = (2k) = (241? exp(—} E/RT) 


Moreover, k; has not the right dimensions (em sec -1/2 
instead of cm ? sec -1) 

This work is part of a research scheme supported 
by the Institut pour l’encouragement de la Recherche 
Scientifique dans l'Industrie et l'Agriculture, Comité 
d'étude de l'Etat Solide I thank Prof W Dekeyser 
for many valuable discussions 

W GOMES 
Laboratorium voor Kristallografie en 
Studie van Vaste Stoffen, 
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Heat of Formation of the Difluoro- 
methylene Radical 


ATKINSON! has accounted for the products of the 
mercury photosensitized decomposition of tetrafluoro- 
ethylene by supposing that the excited mercury atoms 
(Hg °P,) are able to decompose tetrafluoroethylene 
to give two difluoromethylene radicals This requires 
that the dissociation energy of the carbon-carbon 
bond m tetrafluoroethylene 1$ equal to, or less than, 
112 kcal/mole Since this value is significantly 
smaller than the lower (125-80 kcal /mole)? of many 
values suggested for the dissociation energy of the 
carbon-carbon bond in ethylene, ıt 1s of some 
interest to obtain independent estimates of the heat 
of formation of the difluoromethylene radical 

The fluorobenzene ion (C,H,F*) is an abundant 
species in the mass spectrum of benzotrifluoride. 
Similarly, difluorobenzene 10ons are abundant in the 
mass spectra of fluorobenzotrifluorides This appears 
to be a specific rearrangement similar to that observed 
by Beynon? ın the case of oxygen-containing com- 
pounds Energy considerations suggest that the most 
probable process m these cases involves the expulsion 
of a difluoromethylene radical from the trifluoro- 
methyl group, as for example 


C,H,OF, + e > C,E,E* + OF, + 2e 


In this case, the appearance potential (A(C,H,;F*) ) 
of the fluorobenzene ion (13 35 eV.) taken together 
with the ionization potential (I(C,H,F)) of fluoro- 
benzene (9 30 eV , cf the value of 9 20eV from photo- 
1onization work), and the heats of formation of 
fluorobenzene$ (—26 5 kcal/mole) and of benzo- 
trifiuoride* ( — 138 9 kcal /mole), the heat of formation 
of the difluoromethylene radical ıs found to be equal 
to or less than —17 kcal /mole Thus, using the value 
for the heat of formation of tetrafluoroethylene’ 
(—152 kcal/mole), the dissociation energy of the 
carbon-carbon bond in this compound 1s found to 
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be 118 kcal/mole Within the uncertainties in the 
experimental quantities (which amount to about 
+ 5 kcal /mole) this 1s a maximum value for this 
quantity In a similar way the appearance potential 
(13 15 eV ) of the p-difluorobenzene 10n from p-fluoro- 
benzotrifluoride together with the ionization potential 
of p-difluorobenzene (9 15 eV ), the heat of formation 
of p-difluorobenzene (—722 kcal /mole, calculated 
from AH;s(p—C,H,F,) (@) = —795 (Scott, D W, 
private communication), takmg AZ, (estimated) = 
7 3 keal /mole), and the heat of formation of p-fluoro- 
benzotrifluoride (assumed to be close to that of 
m-fluorobenzotrifluoride, — 184 2 kcal /mole (Scott, 
D W, private communication) ), give a further 
estimate for the heat of formation of difluoromethyl- 
ene (—21 kcal /mole) consistent with the first value 
Since there ıs no value available for the ionization 
potential of m-difluorobenzene ıt is impossible to 
make any calculation based on the appearance 
potential (13 75 eV ) of the 10n of this molecule from 
m-fluorobenzotrifluoride 

A less-certain but independent estimate of the heat 
of formation of the difluoromethylene radical may be 
obtained from some kinetic data of Atkinson and 
Atkinson’, who have shown that octafluorocyclo- 
butane 1s able to decompose by the process 


c—C,F, — CF,—CF-CF, + CF, 


The energy of activation for this process must fulfil 
the condition 


E AH;(CF,CF=CF,) + AH;(CF, — AHj(c-C,F;) 


Atkinson and Atkmson® give for the rate coefficient 
for this reaction 


k = 39 x 10% exp —79,000/RT si 


Taking the energy of activation together with the 
heats of formation of octafluorocyclobutane (— 352 
kcal ;mole from the heat of dimerization! and the 
heat of formation® of tetrafluoroethylene) and of 
hexafluoropropene (— 259 from Duus’s results!!, and 
the heat of formation of tetrafluoroethylene) requires 
that the heat of formation of difluoromethylene is 
equal to, or less than, —13 keal/mole The value 
quoted for the rate coefficient, however, was obtained 
from an analysis of the data that supposed that the 
quasi-stationary concentration of octafluorocyclo- 
butane was controlled by its decomposition into two 
molecules of tetrafluoroethylene A fuller analysis 
would probably require a slightly larger energy of 
activation and a larger pre-exponential factor for 
the rate coefficient. and this 1n turn would requiro a 
shghtly more positive limiting value for the heat of 
formation of difluoromethylene 

Our value for the heat of formation of difluoro- 
methylene (about -—17 kcal/mole) supports the 
values proposed by Reed and Rabmowitch!4, and by 
Mann and Potocki?, It suggests that the radical ıs 
more stable than does the value (about ~5 kocal/ 
mole) implied by the results reported by Reed! from 
a study of electron mnpaet processes with carbon 
tetrafluoride Our conclusions about the bond 
dissociation energy m tetrafluoroethylene are similar 
to those of Margrave!5, but there remain the problems 
of the discrepancy between the value assumed by 
Margrave" for the 10nization potential of the difluoro- 
methylene radical (11 eV ) and that found by Reed! 
(13 35 eV ), and of the nature of the process by which 
the difluoromethylene ion ıs formed from tetra- 
fluoroethylene Our values for the heat of formation 
of difluoromethylene and the heat of formation of 
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the tmfluoromethyl radical (—115 keal /mole) give 
for the carbon—fluorine bond dissociation energy in 
the latter radical the value 117 kcal /mole. This 18 
a httle less than that (121 kcal /mole) of the carbon 
fluorine bond ın carbon tetrafluoride!* 
J R Maser 
C R PATRICK 
Chemistry Department, 
University of Birmingham 
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Dislocations as Active Centres in 
Heterogeneous Catalysis 


Mocu work has been carried out m recent years 
on the relation of heterogeneous catalysis to point 
defects ın solids or to semuconductivity We have 
found an example of catalysis in which disloca- 
tions play the part of the active centre in the case 
of copper for the decomposition of diazonium salt 
(Gattermann’s reaction) A sample of copper, free 
from pomt defects and containing dislocations only, 
is obtamed by annealing the cold-worked sample in 
an appropriate temperature-range The necessary 
data on annealig, a twisted sample, ar given by 
Boasi, are summarized m Fig 1 





100 300 500 
Annealing temperatures (° C ) 


Fig 1 Changes of hardness (H) and electrical resistivity (2), 

and the release of defect energy (E) during annealing of copper 

samples (99 96 per cent) deformed in torsion to ndjl=18, 

where a is the number of s v: E diameter and I the length 
see re 
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Fig 2 The heterogeneous catalvtic actyyity at 25° (V') and 
hardness (H) of copper cold-worked and annealed at various 
temperatures x, Values for samples not cold-worked 


In a temperature-range Tp, a sudden change 
takes place ın hardness, in electric resistivity and in 
density, with the rapid release of defect energy and 
recrystalhzation* These phenomena have been 
attributed to the disappearance of dislocation in the 
deformed metal, because point defects produced m 
copper by deformation or irradiation at sub-zero 
temperatures disappear by annealing below room 
temperature 

In our experiments pieces of copper wire (99 96 per 
cent pure) were twisted to nd/l = 1 0 after complete 
ennealing at 550°, and then were annealed again at 
various temperatures The samples were washed with 
ammonia water and thrown into a solution of diazon- 
ium chloride, the reaction velocity was measured 
by the total volume of nitrogen ( V) evolved in 20min , 
the part of V to be ascribed to heterogeneous catalysis 
(V^) ıs shown m Fig 2 together with hardness of the 
samples Though the value of Tp 1s considerably 
influenced by impurities as well as by the degree of 
cold-working of different samples, the sudden and 
concurrent changes in hardness and in catalytic 
activity ın the annealing temperature-range, 300- 
430°C, are ascribed to the disappearance of dis- 
locations Consequently, 11 may be concluded that 
the reaction corresponding to (iv) m Fig 2 1s a 
catalytic effect due to dislocations, amounting to 
84 per cent of heterogeneous catalysis m the case 
shown The value of V consists of the rate of (1) 
natural decomposition, (11) homogeneous decomposi- 
tion catalysed by cuprous 1on dissolved from the 
metal, (111) heterogeneous decomposition catalysed by 
the normal surface of copper and (1v) heterogeneous 
decomposition catalysed by the end of the dislocation 
at the surface The change of surface area on anneal- 
ing 1s considered to be negligible, because it was 
found that catalytically active copper powder de- 
posited from copper sulphate solution by means of 
the reaction with zine dust has almost the same 
adsorption capacity for methylene blue even after 
1$ 18 annealed at 500? and loses most of the activity 
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(32 x 10-7 and 31 x 10-7 mole/gm, respectively) 
The volume of nitrogen evolved, V, for a sample 
without dislocations (obtamed by annealing at tem- 
peratures higher than Tp) 1s the sum of (1), (11) and 
(11), and the decrease in V on removing copper from 
the solution 18 the sum of (11) and (1v) when reduced 
to the initial concentration of the solution, hence 
each value ean be obtamed separately For example, 
(1) 18 4 6, (11) 1 5, (3) 16 and (iv) 836 c for samples 
annealed below Tp as shown m Fig 2, (1) as well 
as (ni) bemg almost constant irrespective of the 
annealing temperature 

In the case of nickel, the catalytie activity for the 
hydrogenation of ethylene 1s greatly enhanced by 
rolling the metal foul, but this effect 18 eliminated by 
annealing at & temperature between 200? and 300° 
(ref 3). From the results of annealing experiments 
for deformed nickel!:4, the evolution of energy and 
the change of physical properties between 90° and 
320* and those between 520? and 660? were concluded 
to be due to the disappearance of vacancies and 
dislocations, respectively. Consequently, the greater 
proportion of the enhanced activity found by us may 
be attributed to pomt defects at the surface formed 
by cold-working (although the value of Tp may not 
be exactly the same as that with vacancies in the 
bulk crystal), contrary to Cratly and Granato’s 
postulate* ascribing the activity to dislocations. By 
means of the method described, we hope to obtain 
some knowledge of the physical nature of the active 
centres m metallic catalysts 

We wish to thank Dr M Kikkawa and the late 
Mr H Ushio for supplying us with copper samples, 
and Prof. H. Wakeshima for his advice 
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BIOCHEMISTRY 


Polysaccharide Content of the Prolapsed 
Nucleus Pulposus of the Human Inter- 
vertebral Disk 


THE nucleus pulposus of normal human uinter- 
vertebral disk contains the two acidic mucopoly- 
saccharides, chondroitin sulphate and  keratosul- 
phate'-* Durmg agemg an increase of collagen 
occurs? leading to a decreased ratio of mucopoly- 
saccharide to collagen, although the absolute amount 
of mucopolysaccharide remains constant?. 

A recent paper by Hendry’ has shown that the 
prolapsed nucleus pulposus is in fact relatively 
desiccated ın sutu He postulated that this was due 
to a loss or deterioration of the protein—polysaccharide 
complexes present. We have analysed a series of 
nucle pulposi, from prolapsed disks, for ester-sulphate 
and have found that without exception these contain 
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very low amounts compared with our measured 
normal specimens 

The values obtamed for the prolapsed nuclei 
pulposi are considerably lower (ım most cases less 
than half) than values 1n the literature for the normal 
nucleus The decrease in ester-sulphate content on 
ageing shown m Table 1 1s apparent rather than 
absolute, due to merease of collagen increasing the 
total percentage dry weight It is unlikely that all 
these low ester-sulphate values are only due to an 
abnormal mcerease in the collagen content of the 
nucleus, m fact, percentage dry weights of up to 
75 per cent would be required to explain these values 
It seems more likely that a genume decrease in the 
absolute quantity of mucopolysaccharides has 
occurred, before or during prolapse 


VOL 192 


Table 1 EsTER-SULPHATE ANALYSES OF PROLAPSED HUMAN NUCLEUS 
PULPOSI AT VARIOUS AGES 


Ester-sulphate sulphur as 


Age (yr.) percentage of dry weight 
18f 11 
10 f 12 
26 m 10 
89 m 10 
40 m 06 
53 f 06 


m, Male, f, female (free sulphate in all cases was found to be 
negligible) 


It 1s seen that these results appear to favour 
Hendry’s theory of relative dehydration of the 
nucleus leading to prolapse An alternative hypo- 
thesis arises which involves the possibihty that the 
normal deposition of collagen fibrils, which with a ge 
tends to make an intervertebral disk more rigid and 
less hkely to prolapse, might not occur so completely 
with a genuine deficiency of mucopolysacchanide, 
thus allowing the nucleus pulposus to remam a 
relatively unstrengthened gel Such a disk would 
then be the one more hable to prolapse than a normal 
disk of the same age group The possibility arises 
that the mucopolysaccharides m tho surrounding 
annulus fibrosus may also be reduced, giving rise to 
more friable wall structure 

The cause of the loss ın acidic mucopolysaccharides 
is unknown, although ıt 18 of mterest that we have 
found that all samples of nuclei pulposi contam a 
hitherto unreported free monosubstituted guanidine 
compound (Sakaguchi test and electrophoretic iso- 
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Metabolism of Propionate by Homogenates 
of Normal Sheep Liver 


PROPIONIO acid, one of the major products of 
cellulose fermentation m the rummant stomach, ıs 
of unique importance im the carbohydrate economy 
of the sheep!, m addition to rs presumed function 
as a direct source of energy — Following inJeetion of 
propionate mto tho blood-stream of a fasting sheep, 
there may be observed both a sharp rise in blood 
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glueose?, and an increase in the rate of consumption 
of oxygen of the animal 

This communication deals with the metabolism of 
propionate by whole homogenates of sheep liver, 
prepared to retam mitochondrial respiration. Meas- 
urements were made of the rate of consumption of 
propionate and the rate of uptake of oxygen In 
addition, the nature of the products of propionate 
metabolism was examined, and a hypothesis 1s pro- 
posed which relates these findings to the mechanism 
of propionate metabolism by the sheep 

The expermnental conditions were designed to 
permit the measurement of oxygen consumption m 
an atmosphere of 95 per cent oxygen, 5 per cent 
carbon dioxide, by the indirect method ın ref 3 
The apparent solubility of carbon dioxide in the 
medium used was determined to be 167 pl carbon 
dioxide/ul fluid/atmosphere (37? C) Volumes of 
6 ml. and 3 ml, contammg 10 ml and 05 ml of 
@ 1/7 homogenate ın 0 25 M sucrose, were used, the 
high solubility of carbon dioxide m the medium 
permitting standard Warburg flasks to be used despite 
the similar gas volumes of the pairs of flasks Repl- 
cate measurements indicate a precision of +6 per 
cent for oxygen consumption-rates, and +9 per cent 
for rates of evolution of carbon dioxide 

It was found that propionate was not consumed in 
the absence of oxygen, carbon dioxide, adenosine 
triphosphate (ATP) (or adenosine diphosphate), or of 
additional cytochrome c In the complete medium 
the mean rate of propionate consumption was 2 39 
uequiv. / mgm. nitrogen / hr, with a standard error 
of 0 15 (eighteen observations) Gas-hquid chromato- 
graphy* of reaction products failed to demonstrate 
either the accumulation of other volatile acids, or 
the disappearance of any volatile acid other than 
propionic 

Fig 1 shows the relationship between the rate of 
propionate consumption and the rate of uptake of 
oxygen, only those experiments having been included 
in which ıt was demonstrated that the rate of con- 
sumption of propionate was identical m both 6-ml. 
and 3-ml volumes This criterion 1s necessary because 
only under these conditions 1s the measure of oxygen 
consumption-rate valid, and because the rate of 
propionate consumption was found to be extremely 
sensitive to loss of carbon dioxide from the medium 
during the imitial manipulations The regression 
derived from the results shown m Fig 1 yields a 
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Relation between uptake of oxygen and consumption of 
propionate 


Experimental conditions were as described 1n the legend to Table 1, 

but with varying homogenate concentrations Propionic acid 

consumption was measured as steam-volatile acid consumed, 

volatile acid being distilled from constant volume and titrated 
under nitrogen 


Fig 1. 
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value of 391+ SE 10 yl oxygen/pequiv of 
propionate consumed ; this 15 equivalent to the com- 
plete oxidation of half the propionate metabolized 

The only detectable products of propionate metab- 
olism were carbon dioxide and the dicarboxylic 
acids succinic acid, fumaric acid and malic acid 
Lactic acid production, presumably from endogenous 
glycolysis, was identical in the presence and absence 
o? propionate and no consistent effect was found on 
the small endogenous ketone production. The di- 
carboxylic acids were detected followmg exhaustive 
extraction with ether, by paper chromatography 
using four different solvent systems*-*. Methyl 
malonic acid could not be detected in these reaction 
mixtures, but has been found to accumulate when 
propionyl coenzyme A and labelled carbon dioxide 
are incubated with sheep liver homogenates in which 
mitochondrial structure has been disrupted by 
homogenizing m pH 8 tres buffer for 5 mm in a 
Servall Omni-mixer 

Table 1 shows the rates of uptake of oxygen by 
homogenates respiring in the presence of succinate, 
L-malate and propionate These rates are con- 
sistent with an oxidation of propionate via L-malate, 
and since 1t has also been found that the stimulation 
in the rates of oxygen consumption caused by pro- 
pionete and r-malate is not additive, ıt ıs inferred 
that propionate oxidation proceeds via the complete 
oxidation of r-malate 


Table 1 OXIDATION OF PROPIONATE, SUCCINATE AND MALATE BY 
SHEEP LIVER HOMOGENATES 





pl. oxygen/mgm mnitrogen/hr. 


Exp 
No 
| No substrate] propionate succinate malate 
OO ————— a gy | —— | — —MÀ |——————— 
25 48 100 168 103 
26 27 60 125 83 
27 28 76 125 85 
95 50 110 173 120 


Oxvgen consumption was measured by the indirect method of 
Warburg in 60 ml and 30 ml volumes of a medium having the 
following composition KH,PO,36 x 107? M, K,HPO,1 64 x 10° M, 
NaHCO, 2 50 x 107* M, KC1 9 0 x 107? M, MgCl, 5 x 10 ? M, sucrose 
40 x 1032M, ATP13 x 107? M,evtochromec11 x 107* M, substrate 
50 x 107? M and liver protein contributing 38-4 mgm nitrogen/6 0 ml 
After gassing with 95 per cent oxygen, 5 per cent carbon dioxide for 
9 min in the bath at 37° C , flasks were equilibrated for 10 min and 
buffered isotonic substrate added from the side-arm to a final con- 
centration of 50 x 107? M Manometric readings were taken at 
6-min intervals for 36 min, oxygen consumption-rates being 
computed over the fina] 30 mn Homogenates were prepared from 
the livers of freshly killed sheep in 0 25 M sucrose in a glass homo- 
genizer 1mmersed ın ice water Nuclei and cell debris were removed 
by centrifuging at 600g for 10 min in a refrigerated centrifuge 


In attempting to explam the quantitative lnk 
between the rates of consumption of propionate and 
uptake of oxygen, two possibilities have been con- 
sidered, either of which may be expressed by the 
reaction sequence shown in Fig 2, m which ib 18 
proposed that the complete oxidation of 1 mole of 
r-malate leads to the activation of 2 moles of carbon 
dioxide. 

One means by which this could be achieved 1s by 
the maimtenance of a stable rate of oxidative phos- 
phorylation Assuming the activation of propionate 
to release pyrophosphate’, and the fixation of carbon 
dioxide to release orthophosphate’, then the 
P/O ratio necessary to sustain the rate of propion- 
ate uptake found would be 6/7 (086 + 002, cf 
Fig 1), a curious value, mamtaimed with unusual 
precision 

A more probable explanation may he m the direct 
transfer to propionyl coenzyme A of carbon dioxide 
derived from oxidation of the malate carbon skeleton. 
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2 fumarate 2 succinate 


I malate 


] malate 2 succinyl CoA 
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2actve CO; 


2 methyl malonyl CoA 


2 propiony! CoA 


2 propionate 


Fig 2 Proposed mechanism u propionate metabolism by sheep 
ver 


The recent observation of Swiek and Wood! of the 
direct transfer of the oxalacetate B carboxyl group 
to propionyl coenzyme A to form methyl malonyl 
coenzyme A 1n cell-free extracts of Propwonibactervum 
sherman supports this hypothesis Swick and Wood 
pomted out that such transferable carboxyl groups 
exist in methyl malonyl coenzyme A and malonyl 
coenzyme A in addition to oxalacetic acid, and that 
these molecules have a common structural feature 
in that the active carbon dioxide group 1s derived 
from a carboxyl group f to a carbonyl function which 
1s in turn adjacent either to a second carboxyl group 
or to a coenzyme A moiety Durmg complete oxida- 
tion of malate via pyruvate and the tricarboxylic 
acid cycle, both oxalacetic acid and oxalosucemic 
acid lose carboxyl groups of this nature With this 
in mind, work on the mechanism of propionyl 
coenzyme A carboxylation in sheep lver mito- 
chondria 1s bemg continued 

The relationship between uptake of oxygen and 
consumption of propionate by liver homogenates 1s 
of considerable mterest m relation to the n vwo 
synthesis of glucose from propionate The observa- 
tions reported here demonstrate a mechanism whereby 
precursors of carbohydrate are derived from pro- 
pionate at twice the rate at which propionate may 
be oxidized 

We thank Dr H R Marston for suggesting 
this work, which was undertaken as part of a general 
investigation of cobalt deficiency in sheep 
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Binding of RP2-L—a Nuclear Protein of 
Neoplastic Tissues—to Deoxyribonucleic Acid 


RECENT work in this laboratory has indicated that 
the incorporation of radioactive amino-acids mto 
nuclear protems, especially the acid-soluble nuclear 
proteins, represents an important metabole pathway 
in transplantable rat tumours’ The acid-soluble 
nuclear protems obtaimed from rats myected with 
L-lysine-U-44C were chromatographed on carboxy- 
methyl-eellulose columns‘ after the acid extracts had 
been dialysed against 0 5 N acetic acid The cellulose 
columns (sodium form) had been equilibrated against 
005 M sodium acetate buffer, pH 40 Gradient 
elution was used with N formic acid followed 
by 8 N formic acid All procedures were carried 
out at 4° C The resolvmg power of this method 
provided specific chromatographic patterns for pro- 
tem distmbution and distribution of radioactivity 
for the acid-soluble nuclear protems of the Walker 
tumour and various tissues of the tumour-bearmg 
rat The chromatograms of the acid-soluble nuclear 
proteins from the various non-tumour tissues con- 
tamed one to three radioactive peaks with relatively 
low specific activities The chromatograms of the 
nuclear extracts of the Walker tumour, and a number 
of other malignant tumours, contamed a radioactive 
peak which was not found in any of the growing or 
non-growing*? non-tumour tissues studied 

In the present work, deoxyribonucleoprot¢ins were 
extracted with water from cell nuclei, isolated from 
the Walker tumour and liver of tumour-bearmg 
rats*3" The deoxyribonucleoprotems were then pre- 
cipitated by making the medium 0 15 M with respect 
to sodium chloride (ref 10) r-lysme-U-*C (10 po.) 
was injected 1 hr before the tissues were ex- 
cised?* The nucle: from 3-5 gm of tissue were 
blended in 50 ml distilled water 6 times for periods 
of 10 sec. The temperature was maintamed at 4? C 
The sample was centrifuged at 2,000g for 30 mm 
and the nuclear residue was washed twice with 50 ml 
distilled water. To the combined supernatant solu- 
tions eontamuing the deoxyribonucleoproteins, solid 
sodium chloride was added to make a final concen- 
tration of 015 M and the sample was kept m 
the cold laboratory (4? C for 1 hr) and was again 
centrifuged at 2,000g for 30 min after the supernatant 
solution (the ‘nuclear sap’) was decanted The white 
deoxyribonucleoprotem precipitate was stirred with 
025 N hydrochloric acid for 20 mm and then was 
centrifuged at 100,000g for 30 min After centri- 
fugation of the supernatant nuclear sap at 100,000g 
for 30 min , 2 N hydrochloric acid was added to the 
combined supernatant solutions to make a final 
concentration of 0 25 N hydrochlone acid Of the 
total deoxyribonucleic acid (DNA) found in the 
various fractions, 80-90 per cent was in the residue 
which was precipitated after the acid extraction of 
the nucleoprotems The remaming 10-20 per cent 
was in the water-msoluble residue No DNA was 
found in the supernatant solutions ın which the 
concentration of sodium chloride was 015 M In 
this communication the DNA-bound protem 1s re- 
ferred to as ‘chromosomal protem’ and proteins of 
the supernatant fractions are referred to as protems 
of the nuclear sap 

The optical densities at 280 mu of a standard volume 
of 30 ml of extracts of chromosomal protems of 
tumour and liver respectively were 030 and 020 
per gm wet weight of tissue The optical densities 
of the acid-soluble protems of the nuclear sap of 
tumour and liver respectively were 2 0 and 10 The 
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Fig 1 Chromatographic patterns of both iadioaetivity and 

protein-concentration for chromosomal proteins of the Walker 256 

carcinosarcoma The data are averages of three experiments 

Gradient elution was employed with N formic acid followed bv 

elution with 8 N formic acid at fraction 80 Solid line, optical 
density , broken line, radioactivity 


N-2 
600 





o 20 40 60 BO 100 120 
FRACTION NUMBER 


Fig 2 Chromatographic patterns of both radioactivity ‘and 

protein-concentration for nuclear sap proteins of the Walker 2586 

carcinosarcoma The data are averages of three experiments 
Solid line, optical density , broken line, 1adioaetivitv 
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Fig 3 Chromatographic patterns of both radioactivity and 
protein-concentration for chromosomal proteins of the liver of 
the tumour-bearing rat The data are averages of three 
experiments Solid hne, optical density , broken line, radio- 
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Fig 4 Chromatographic patterns of both radioactivity and 
protem-concentration for nuclear sap protems of the liver of 
the tumour-bearing iat The data are averages of two experi- 
ments Solid line, optical density, broken line, radioactivity 


extracts obtamed were chromatographed on carboxy- 
methylcellulose as described above, after dialysis 
against 05 N acetic acid 

In order to maintain maximum resolution of the 
proteins, extracts of ‘chromosomal protems’ from 
4-6 gm of tissue and extracts of nuclear sap from 
2-3 gm of tissue were chromatographed 

The patterns for the protein distribution and radio- 
activity m the chromatograms of ‘chromosomal’ 
(DNA-bound) protems and the cationic protems of 
the nuclear sap of tumour and liver are presented m 
Figs 1-4 The specific activity of the chromosomal 
proteins of the tumour was much higher than that 
of the other extracts The most radioactive proteins, 
that is C-1 of the tumour (Fig 1), were eluted with 
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N formic acid in the same position as RP2-L, the 
protem. peak found ın neoplastic tissues Like RP2-L, 
the specific activity of the protem of peak C—1 was 
high (10,050 cpm /Ezs) In addition, the protem 
of peak C-1 of the tumour contained 35 per cent of 
the total counts of the total acid extract Since 
C-1 o RP2-L was concomitantly dissolved and 
precipitated with DNA, and was not found in the 
preparations which did not contain DNA, these data 
indicate that C-1 or RP2—L 1s a DNA-bound chromo- 
somal protein 

The fincing that a protem, found thus far only in 
neoplastic tissues, 1s synthesized rapidly on the 
chromosomes suggests that the genetic change m 
tumour cells may be reflected ın production of 
abnormal chromatin These findmgs may provide 
a tool for mvestigation of the nature of the abnormal- 
ities of the DNA im neoplastic cells 
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Isolation and Identification of Rhamnose 
from Rabbit Skin 


THE presence of neutral sugars such as galactose, 
mannose and, L-fucose ın several animal sources such 
as glycoprotems or blood group substances 18 well 
known! but r-rhamnose has not been previously 
reported as & constituent of mammalian tissues 

Skin from rabbits (1-2 years old), myjected with 
glucose-t-4C, was treated with a depilatory, cut mto 
strips, frozen in liquid nitrogen and ground into a fine 
powder in Wiley mill The powder was homogenized 
with water in & Virtis-45 homogenizer at maximum 
speed for 30 mun, the extract centrifuged at 5,000 
rpm. for 30 mm, the supernatant filtered through 
glass wool and lyophilized to yield 0 10-0 20 gm /10 
gm of milled powder 

Hydrolysis of the lyophilized material with 0 25 N 
hydrochloric acid for 30 min—1 hr, followed by 
methyl pentose analysis? of the supernatant, indicated 
that the lyophilized material contamed 1-3 mgm. 
methyl pentose/100 mgm of material The presence 
of rhamnose was suggested by the relative mobility 
of reducmg substances in butanol/pyridme/water 
(6 4 3), butanol/acetic acid/water (4 I 5) and 
isopropenol/water (9 1)-5 The latter solvent gave 
the best separations from other methyl pentoses such 
as fucose 

250 mgm of the water-soluble fraction were hydro- 
lysed as above (1 hr) and salts removed on & 
‘Dowex 50 H+-Dowex 1’, HCO; mixed-bed resin 

The resultmg solution was concentrated, banded on 
acetic acid washed Whatman BMM paper, and 
chromazographed for 17-20 hr at room temperature 
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in a solvent system of 9 parts-isopropanol : 1 part 
water Visualization of reduemg substances with 
silver nitrate on a parallel strip showed three spots, 
one of which had a mobility corresponding to that of 
rhamnose. The appropriate area was eluted with 
water, and an aliquot assayed for radioactivity n a 
Packard “Iri-Carb’ liquid scintillation counter using 
dioxane/amisole/dimethoxyethane (6 1:1) as sol- 
vent and 2,5-diphenyl oxazole 1,4-bes-2-(5-phenylox- 
azolyl) benzene (40.1) This fraction was found to 
contain carbon-14. 50 0 mgm of crystalline r-rham- 
nose hydrate was added as carrier, the solution con- 
centrated to a thick syrup and allowed to crystallize 
for 2 hr -3 days The crystalline rhamnose obtamed m 
several experiments was identified by m~fra-red 
spectrometry and contamed 85-98 per cent of the 
total radioactivity present in the water eluate of 
the chromatogram, the specific activity was not 
lowered on recrystallization 

The fine structure of the rhamnose-containmg com- 
pound ıs at present unknown and will be the subject 
of subsequent mvestigation 

This work was supported by research grants 
4—2903(C2), 4—4315 and H-3582 and M-—2109, from 
the National Institutes of Health, U S Public Health 
Service, Bethesda, Maryland 
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Formation of Histamine and Histamine-like 
Substances from Histidine by Quartz Dust 


It has been shown! that quartz dust 1s capable of 
participating m a number of oxidative and hydroxyl- 
ative reactions The present communication reports 
the prodnetion of histamine, from the interaction of 
quartz dust with histidme, and the chromatographic 
isolation of additional products of this reaction, 
namely, xmidazole-carboxyle acids from the lungs of 
guinea pigs treated with quartz dust 

Attention was first directed to a possibly harmful 
effect of histamine ın silicosis by Uspensky et al 2, who 
in 1957 reported an overall increase of this material in 
the lungs of silicotic animals over that mn the lungs of 
normal animals, and ascribed the toxic action of 
quartz to its release of histamine m excessive amounts 
into the tissue 

It has now been shown in this laboratory that 
quartz dust, when treated with the a&muno-acid 
dl-histidine base, produces several ımıdazole-lıke 
substanees, one of which has been identified as 
histamine both chromatographically (descending uni- 
dimensional system using Whatman No 1 paper, 
n-propanol / 0 2 N ammonia (3 1), spraying reagent: 
Pauly’s sulphamlic acid reagent) and biologically 
(guinea pig uterus) Similar chromatographic products 
were obtained when hydrogen peroxide was treated 
with histidine under the same conditions. The 
reaction of quartz with histidine may be of the 
oxidation-reduction type due to the peroxidative 
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properties of quartz reported earher! Deamimation 
and partial decarboxylation of histidine were obtained 
by Holtz? by treatmg ıt with ascorbic acid and 
glutathione in air or oxygen, or by passing oxygen 
and hydrogen through a medium contaming histidine 
and metal catalysts 

In the present work a yield of at least 5 pgm 
histamine (0 1 per cent) was obtaimed by alternatively 
shaking and incubatmg 1 gm of quartz dust with 
5 mgm. histidine m 5 ml water at 37° for 5-10 days 
After centrifugation, the dust was washed with 
ethanol—hydrochloric acid and this washing was added 
to the supernatant mother liquor before concentrating 
to about 0 2-0-5 ml The reaction was accelerated and 
the yield was increased when the medium was made 
shghtly alkaline with sodium carbonate This was 
also found when the contents of the vessel were 
allowed to dry out durmg shaking When carried out 
in acid solution (hydrochloric acid), which also stabi- 
hzed any histamine formed, the reaction took place 
rapidly at 85—90? C. Iron 10ns ın the medium either 
retarded or inhibited histamime formation: this 
finding agrees with that of Holtz’. Furthermore, 
acid-washed quartz produced more histamine from 
histidme than did untreated quartz with an iron 
content of 0 03 mgm /gm 

The asbestos dusts, crocidolite and chrysotile, and 
mune dust (a dust collected from ventilation shafts 
in a Witwatersrand gold mine) were also able to 
produce histamine from histidine m the presence of 
sodium carbonate, but the relatively mert dusts, 
kaolin and tale, were without effect These latter have 
already been reported? to have low or negligible 
oxidizing or hydroxylating abilities. 

Dusts produeing histamine also gave rise to a second 
Pauly-positive material which was detected chromato- 
graphically (orange red, Rr value 0 1-014), and 
which was later identified by the use of other solvents 
as & complex spot consisting of a number of mmidazole 
carboxylic acids Glutamic acid, a well-known 
degradation product of histidine‘, was also produced. 

Quantitative assays of lung tissue for histamme 
indicated that this reaction between active dusts and 
histidme might occur s» vwo The assays were 
carried out on the wet, unperfused lungs of two 
groups of four gumea pigs, the animals of one group 
were exposed for 140 days to a superfine quartz dust 
(80 per cent of particles less than 2u) at a concentra- 
tion of 25,000 particles/o c for about 73 hr a day; the 
other group were controls. A mean value of 87 
mgm /100 gm. dried tissue for histamine (as the dı- 
hydrochloride) was obtamed for the lungs of the 
group treated with quartz dust compared with 54 
mgm /100 gm. for the control group This represents 
a 29 per cent increase of histamine in the dusted groups 
of animals. In a further group of animals dusted for 
a period of 180 days, the increase was of the same 
order (namely, 31 per cent) Chromatographic 
analyses of the trichloroacetic acid extracts of lungs 
after adsorption with activated charcoal and elution 
with ethanol / hydrochloric acid (2 1) showed the 
presence m the dusted group of the Pauly-positive 
spot described above (Rr 0 1-0 14), but not in the 
control sample even when much higher concentrations 
of lung extracts were used This spot, however, was 
absent when lung extracts of animals treated with 
dust for only 70 days were chromatographed. On 
further resolution in other chromatographic solvent 
systems, the imidazole carboxylic acids listed in 
Table 1 were identified In addition, traces of 
urocanic acid were identified m lung extracts from 
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Table 1 Hp VALUES OF MATERIALS FOUND IN TWO SOLVENT SYSTEMS 


Solvent system Material Hp value 
n-Butanol/acetic acid/ Imidazole pyruvic acid 0 24 
water (50 12 50) Imidazole lactic acid 0 27 
Imidazole acetic acid 0 34 
Hydroxymethyl imidazole 0 41 


Isopropanol/ammonia (0 88)/ Imudazole pyruvic acid 0 04 
water(160 8 16) Imidazole lactic acid 
Imidazole acetic acid 


animals treated with dust, this might be a hydro- 
lysis product of 1ts choline ester, murexine, a substance 
producing pronounced pharmacological effects Very 
small amounts, or none, of these materials were 
detected ın extracts from the lungs of the control 
group ‘The enzymatic conversion of histidine to 
some of these degradation products has been reported 
by van Thoai5, who treated L-amuino-acid-oxidase 
with histidine 

The evidence obtamed from these experiments 
suggests that not only can quartz produce histamine 
from histidine wn wiro, but also a number of other 
derivatives, some of which are biologically active 
The presence of these substances in the lungs of 
animals exposed to quartz dust but not m controls 
makes 15 seem likely that the «n vitro course of events 
shown above may occur n vwo. 

The possibility of histidine as a basic substance 
being adsorbed on quartz dust after this has entered 
the lung tissue, and 1ts continual transformation into 
small amounts of histamime and other potentially 
harmful substances might over a long period of time 
be of importance 1n the pathogenesis of silicosis 

I wish to thank the director of this Unit, Dr H S 
Gear, for facilities extended to me during this work, 
the senior biochemist, Dr J S MHarington, for 
valuable assistance with the preparation of this 
manuscript, and Mrs Lippuner, of the Department of 
Pharmacology, University of the Witwatersrand 
Medical School, for carrying out the biological assays. 
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Influence of pH and Urea on the Ultra-violet 
Fluorescence of Several Globular Proteins 


REcENT work by Weber?- has shown that the ultra- 
violet fluorescent spectra of globular protems differ 
from those predicted for the summation of the 
independent contributions of their aromatic amuno- 
acid constituents Those examples investigated which 
contamed tyrosine, but no tryptophan, showed 
a tyrosine emission spectrum, but with a reduced 
quantum yield Those contaming both tyrosine 
and tryptophan showed an emission spectrum 
predominantly resembling that of tryptophan alone, 
with an emission maximum 1n the range 320-350 my 
The present communication will be concerned solely 
with protems of the second category 

These include a protem showing a reversible 
structural transition at extremes of pH (bovine serum 
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pH 


Fig 1 Relative fluorescence intensities Upper 9, Armour 


bovine plasma albumin m water, ©, bovine plasma albumin 
fraction from diethylaminoethyl cellulose column (containing 
0 24 mole —SH per mole albumin in water, A, same, n 20 M 


potassium chloride, [], same, in 8 M urea, $» bovine plasma 


albumin fraction from diethylaminoethyl cellulose column (con- 
taining 0 98 mole —SH per mole albumin) in water, o, Armour 
crystalline lysozyme ın water The curve 1s displaced downward 
by 05 unit with respect to the albumin curve The right-hand 
ordinate applies Lower ©, Armour crystalline pepsin in water, 


D» aame, in 0 2 M potassium chloride The protein concentration 


1s 0 1 gm /1 ın each case The filled circles represent reverse points 

The ordinate 13 the fluorescence intensity relative to that at 

pH 6, which 18 the starting point for either acid or alkaline titration 

The wave-lengths of activation and of emission are 290 my and 
340 my, respectively 


albumin), a protem the internal structure of which 1s 
probably invariant to pH (lysozyme), and a protem 
undergoing a simultaneous denaturation and unfolding 
into a random coil at neutral pH (pepsm) An 
Amuneo-Bowman spectrofluorometer, equipped with 
a, thermostatted cell-holder, was used for all measure- 
ments Unless otherwise specified, the temperature 
of measurement was 24°C The wave-lengths of 
eacitation and of emission were 290 my and 340 my, 
respectively 

All the proteins under examination had an emus- 
sion spectrum characteristic of tryptophan, with a 
maximum ın the range 320-350 mu The dependence 
of fluorescence intensity on pH was very different 
for the various proteins All these had, however, 
the common feature of undergoing a pronounced 
quenching in the pH region 9-12 (Fig 1) 

In the cases of bovine serum albumin and lysozyme, 
the reverse curve obtained on back titration from 
alkaline pH showed no major deviation from the 
forward curve, ın harmony with expectations arising 
from the reversible character of the alkalne titrations 
for these proteins 

The presence of urea 1n high concentration (10 M) 
appears to reduce the magnitude of alkaline quench- 
ing at a given pH for bovine serum albumin consider- 
ably 

At pH's acid to pH. 5 the various proteins examined 
showed & wide divergence of behaviour  Lysozyme 
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and native pepsin, the macromolecular properties 
of which appear to be invariant to pH in this range, 
show a small decrease m intensity However, bovine 
serum albumin, which 18 known to undergo a struc- 
tural transition ın this zone? of pH, shows a reversible 
quenching of fluorescence if the titration 1s carried 
out m the absence of added electrolyte In 20 M 
potassium chloride the acid quenching ıs reduced 
somewhat, presumably because of the suppression 
under these conditions of the mflation of the mole- 
cular domain occurring at low 10n1e strengths® 

In addition to the acid and alkaline quenchings 
bovine serum albumm showed a small but definite 
quenching ın the region pH. 7 0-9 0 (Fig 1) It is of 
interest that spectral evidence exists for a munor 
structural change in this zone? Katz and Klotz 
have reported changes in ealenum ion binding pro- 
perties ın this region? 

Pepsi, which ıs known to undergo an irreversible 
denaturation, accompanied by a gross molecular 
disorganization at a critical neutral pH zone*-, 
shows somewhat different behaviour® ‘The emission 
increases shghtly between pH 2 and pH 5 The onset 
of irreversible denaturation, which occurs at pH 
7-5-8 5 1n the absence of added electrolyte, 18 reflected 
by a sharp drop im fluorescence mtensity (Fig 1) 
If 0 2 M potassium chloride 18 present the extent of 
the drop is greatly reduced In either case a second 
region of decrease ıs noted m the zone of tyrosine 
1onization, pH 9-12 

A complete mterpretation of this fairly complex 
behaviour will certamly require the disentangling 
of several effects in each of the examples considered 
It ıs hkely that the ionized form of tyrosine is the 
only group the absorption spectrum of which overlaps 
sufficiently with the tryptophan emission spectrum 
to permit an important degree of 1adiationless energy 
transfert From the behaviour of pepsin and bovine 
serum albumin, it 1s clear that the mtensity of 
fluorescence of globular proteins 1s a function of their 
molecular organization and can be expected to be 
influenced by molecular events which alter the 
secondary or tertiary structure and thereby modify 
the environment of the fluorescent group 

Bovine plasma albumin fractions were obtained 
through the courtesy of Dr R Hartley 

Note added ın proof In subsequent work with 
another lysozyme preparation a minor (10 per cent) 
quenching was found between pH 6 and pH 2 The 
acid branch of the lysozyme curve of Fig 1 may 
thus require revision 
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Retinene-l in Insect Tissues 


ATTEMPTS to detect vitamin A in insect tissues 
have been largely unsuccessful One species of cock- 
roach (Blatella germanica) has been raised for genera- 
tions on a diet devoid of vitamin A and earotenoids!. 
As no vitamin A could be detected ın oi extracted 
from these insects, ıt appeared that the vitamin 
played no part in their metabolic processes Other 
workers? similarly have reported ther imability to 
detect vitamm A in Blattidae Acetone extracts of 
the locusts Schistocerca gregarva and Locusta magra- 
tora magatoriowdes gave negative tests for the vita- 
min’, while extracts of the heads of fruit-flies, grass- 
hoppers, and dragonflies also have been reported to 
be lackmg in vitamin A (ref 4) No dietary require- 
ment for vitamm A could be demonstrated for either 
Drosophila melanogaster**5 or Anopheles labranchaae 
avi oparvus? 

However, extracts of the pups of the silkworms 
Bombyx mor» and Antherea pernye have been re- 
ported*? to contam vitamm A, while Goldsmith’ 
recently has demonstrated that extracts of the heads 
of honey-bees contain retinene-1, and that a visual 
pigment of this msect 1s a rhodopsin compound 
analogous to vertebrate visual pigments Wolken 
et al , m a recent report", have announced the detec- 
tion of retinene-l in house-flies 

In the experiments reported here, the presence 
of retinene-1 ın the honey-bee and the house-fly was 
confirmed, and the compound detected in extracts 
of the following insects, which represent many major 
orders of insects Paracolletes fulvescens (Hymen- 
optera), Locusta migratoria (Orthoptera), Uropetala 
carover (Odonata), Cicindela tuberculata (Coleoptera), 
Nyctemera annulata (Lepidoptera), Cutelia sedalotts 
(Orthoptera) 

Adult specimens of these insects were collected 
locally, and 1n some cases were preserved by deep 
freezing, and in others were killed by decapitation 
and ummediately experimented on The heads were 
separated from the rest of the body and the two 
tissues extracted separately In the case of the 
bees, the legs were removed to avoid excess caro- 
tenoids from pollen The tissues were ground with 
anhydrous sodium sulphate and the mixture ex- 
tracted with anhydrous acetone. This treatment 
releases carotenoids, vitamin A and retinenes from 
proteins The resulting extracts were evaporated 
and the residues taken up in petroleum ether 
On chromatography on aluminium oxide columns, 
yellow absorption bands developed, and were 
eluted. with acetone-petroleum ether mixtures (4 pei 
cent, 10 per cent and 40 per cent v/v) | Each 
fraction was evaporated and the residues taken up 
in a small amount of chloroform A Carr-Price 
reaction with saturated antimony trichloride solu- 
tion in chloroform, and acetic anhydride, was 
conducted on each fraction One fraction from 
insect heads of each species gave & noticeable blue 
coloration and an absorption maximum at 664 mu 

These observations demonstrate the presence of 
retinene-l ın the heads, and 1ts absence m the bodies, 
of each of the insect species investigated It ıs a 
reasonable conclusion, considermg the known func- 
tions of retinene in vertebrates and in other ım- 
vertebrate phyla, that the retinene detected occurs 
in the msect eyes and is involved in their visual 
processes It is of considerable interest that no 
vitamin A alcohol was detected in the above expert- 
ments Moreover, the amounts of retmene present 
in the msect heads was very small and about 10 gm 
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of e was necessary to give a satisfactory positive 
result 

These findings indicate that the rhodopsin type of 
visual pigment occurs m many insects This being 
the ease, the experrnentsó5- ın which msects have 
been raised on diets devoid of vitamin A and cerot- 
enoids are difficult to understand Perhaps there is 
some other insect visual system that does not mvolve 
ietmene, or alternatively, and more hkely, perhaps 
the msects raised m these nutritional experiments 
were visually defective 
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PHYSIOLOGY 


Oscillatory Flow in an Air-filled Elastic 
System 


A REPORT has been published by me! of the study 
of oscillatory flow in a fluid-filled elastic system, 
using an ‘oscillator’ It has now been discovered 
that the same device (Fig 1) will oscillate, 1n station- 
ary wave motion, when there passes through it a 
stream of air, mstead of water or blood 


| 





Diagram to show the component parts of the ‘oscillator’ 


Fig 1 


Air compressed to a pressure of about 0 7 kgm /em ? 
18 delivered from a tank of which the outlet 1s con- 
trolled by a screw valve The air 18 led by the rigid 
tube (A) to the elastic tube (BC), which 1s composed 
of latex rubber, 0 7 em in diameter and 97 cm long 
The other end of BC is connected to the rigid outlet 
tube (D) Extensions of the torsion springs (E) and 
(F) compress the elastic tube at the sites of antmodes, 
the extension of the torsion spring (G), at the site 
of a pseudo-stationary node, the loops being as shown 
The waves are both transverse and longitudinal, 
belonging to two systems of differing length, namely, 
1-2 em and approximately 75 cm As the wave- 
length approaches the diameter of the tube, the part- 
icles of air describe more or less circular orbits 
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The correct position of the sprmgs may be determ- 
med previously, by runnmg water through the 
model from a reservoir, as already deseribed At 
this stage, the quarter-wave matching stub (H) is 
useful m suppressing stationary waves at the proximal 
end of BC one end of the stub is connected to a 
node, as shown, the other closed by the piston (I) 

Usmg compressed air, the model can be made 
to produce a great variety of noises and sounds, 
mcluding musical notes Oscillations of low fre- 
quencies resemble purrmg noises at high frequencies, 
squealing noisesresult Harsh sounds occur, resembling 
those made by parrots or chirrupmg sounds such as 
those of other birds 

Tuning 1s effected by altermg the pressure of the 
springs on the elastic tube In the case of the 
spring (G), however, tuning 1s also effected by moving 
the point of application with relation to the junction 
of BO and D Tunmg 1s particularly sensitive at this 
site The effect of transverse compression appears 
to be analogous to the application of a ‘shunted 
inductance’ the greater the pressure, the higher the 
frequency and conversely Movement of the pomt 
of the spring, in relation to the end of the tube, 
alters the length of the system of short stationary 
waves The segment of elastic tube involved can be 
regarded as a cavity resonator, so that the effect 1s 
analogous to that of altering the ‘capacitance’ The 
shorter the wave-length, the higher the frequency 
and conversely Increase of ‘resistance’, brought 
about by closing the screw valve which controls 
delivery of a, causes the pitch of the note, or 
noise, to rise and conversely 

The spring (G), pressing on the elastic tube, pro- 
duces a shape closely resembling that of one vocal 
cord It may be assumed that, in the larynx, the 
wave-lengths of the vibrating expired air approach 
the dimensions of this structure and of the related 
cavities ‘The system of long waves of the tube (BC) 
is then related to the vibrating columns of air in the 
trachea and bronchi durmg speech and the apparatus 
can be regarded as an analogue for study of the 
mechanism of phonation 

The model suggests that, m addition to approxi- 
mation of the vocal cords, elevation and depression 
of the larynx when the pitch of the voice rises and 
falls, respectively, are also of significance m tuning 
In phonation, moreover, the action of the thorax and 
lungs 1s that of velocity modulation of the expelled 
air, whereas that of the larynx is to effect density 
modulation of this air 

Acknowledgment 1s due to the Royal Air Force 
and to the Postgraduate Medical School of London 
for research facilities and supply of equipment 
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Hormonal Control of the Development 
of the Thymus of the Feetal Rabbit 


Tat the foetal adrenal 1s physiologically active has 
been firmly established, for example, Jost and 
Jacquot have shown its importance m the develop- 
ment of foetal liver glycogen!-® That the adrenal 
itself ıs influenced ın 158 development by a structure 
or structures withm the skull—generally assumed 
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to be the hypophysıs—has been demonstrated ın the 
rabbit? and rat®? by foetal decapitation, followmg 
which there 18 à considerable reduction m the adrenal 
by full term Since 1t 1s well recognized. that in the 
adult anımal adrenal hormones have a thymolytic 
action, 1t was considered possible that the develop- 
ment of the foetal thymus might be influenced by the 
foetal adrenals To test this hypothesis rabbit foetuses 
were decapitated at 20-21 days of development and 
the thymus glands were weighed when the foetuses 
had reached almost to term The results were clear 
cut, for in the operated foetuses the thymus on average 
was 72 per cent heavier than in their litter mate 
controls® 

The operation of decapitation of the foetus, per- 
formed to remove the pituitary, does not affect the 
development of the fcetus, as judged by gross 
weight? The operated foetuses, together with their 
hitter mates, continue to develop within the uterine 
cavity for a further eight days It was thought that 
the resulting increase in thymus weight might be the 
result of the reduction mn the development of the 
adrenals secondary to the decapitation of the foetus 
which abolishes foetal pituitary secretions, m particu- 
lar, foetal adrenocorticotrophic hormone (ACTH)§ 

However, it could be argued that the mecrease in 
size of thymus in the decapitated foetuses might be due 
to the absence of other foetal pituitary hormones 
apart from ACTH, or even to the removal of some 
other structure in the head, such as the bram or the 
pmeal To investigate this pomt further, ıt was 
decided to inject ACTH into the foetus, at the same 
time as the decapitation was performed, to replace the 
foetal ACTH, and to investigate the effect of this 
combined procedure on the development of the 
adrenals and the thymus A long-acting preparation 
of ACTH in gelatin was used to avoid having to 
repeat the mjection into the foetus 

Eight foetuses were decapitated by the method 
described by Jost!? between the 21st and 22nd day 
of development, and 02 ml of ‘Acthar’ gel was 
injected subcutaneously ın the imterscapular region 
of each foetus just before 15 was returned to the uterus 
The foetuses were recovered after a further seven days 
of mtra-utermne development, by Cesarian section, 
and the adrenals and thymus removed and weighed 
to the nearest 01 mgm The weights were expressed 
per 100 gm of body-weight, and were compared with 
15 htter-mate controls 

The results are shown m Table 1 There 1s no 
signifieant difference between the weights of the 
decapitated foetuses myjected with ACTH and the 
hitter-mate controls The adrenals were found to be 
shghtly larger in the decapitated foetuses injected 
with ACTH compared with the control foetuses, but 
this difference 1s not significant The thymus of the 
experimental foetuses showed no significant increase 
in weight over the thymus of the controls 

These results provide confirmation of the view that 
the increase m. weight of thymus found ın decapi- 
tated foetuses® 1s due to the retarded adrenal develop- 


Table 1 THYMUS AND ADRENAL WEIGHTS OF THE RABBIT FO TUS 
FOLLOWING DECAPITATION AND INJECTION OF ACTH 


Age at Body- Adrenal Thymus 
investi- weight weights weight 
Fotuses No gation (gm ) (mgm / (mgm / 
(days) headless 100gm)  100gm) 
Decapitated + 
ACTH (at 21- 
22 days) 8 28-29 2384418 254+4* 2753+413* 
Controls 15 28-29 280+15 196+1* 2616413* 


* These differences are not significant 
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ment, caused by the absence of foetal ACTH followmg 
the decapitation 

These findings also provide an explanation for some 
of the endocrine abnormalities present ın the human 
anencephalic foetus It has long been known that the 
pituitary of these foetuses 1s very small or absent", 
and the small adrenals and large thymus reported m 
this human abnormality" are likely to be secondary 
to the deficiency of foetal ACTH 

I am indebted to Prof A Jost for his help with the 
technique involved in intra-uterine surgery of the 
foetus, to the Medical Research Council for a grant for 
apparatus, to Armour Laboratories for a supply of 
ACTH, and to Prof E W Walls for his help and 
encouragement in this work 
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Luteinizing Hormone in Persistent 
Vaginal CEstrus 


Tae placement of experimental lesions m the 
anterior part of the hypothalamus may be followed 
by persistent vaginal cestrus in the guinea, pig and rat 
Such animals possess relatively small ovaries which 
have no fresh corpora lutea Various attempts have 
been made to explain these effects in terms of an 
altered output of gonadotrophins by the pituitary 
gland The original view that the secretion of lutemiz- 
ing hormone was blocked! was supported by Van Dyke 
et al?, who found that in animals with persistent 
estrus induced by lesions, the ovarian interstitial 
tissue showed a high lipid content indicative of 
deficiency ın lutemizing hormone. Recently, Taleisnik 
and McCann? reported a pituitary luteinizing hormone 
content in animals with persistent oestrus which was 
lower than 1n intact animals However, after gonad- 
ectomy the amount of lutemizing hormone of persis- 
tently cestrous rats showed an increase, but the level of 
hormone ın plasma remaimed low, indicating that the 
pituitary release of the hormone 18 blocked On the 
other hand, Hillarp* concluded, also on the basis of 
the condition of the ovarian interstitial tissue, that 
during persistent cestrus lutemizing hormone was 
still being secreted ın considerable amounts In other 
work, the possibility was stressed that im persistent 
cestrus induced by lesions, secretion of follicle stimu- 
lating hormone may be enhanced, because ın animals 
which had been operated durmg the first two weeks 
after birth, puberty occurred at an earlier age than in 
control animals After puberty, a number of these 
animals showed, persistent cestrus* A third possi- 
bility has been advanced by D'Angelo and Kravatz?, 
who assumed that in persistently cestrous rats 
secretion of follicle-stimulating hormone may be 
decreased This assumption was based on their 
finding that the serum of unilaterally gonadectomized 











Table 1 
K l Regular cycles 
Donor rats Persistent costrus Early di-cestrus Late P Pired ý Pro-costrus 
22 A B C 
: Recipients: D 
19 TUE " 21 7 16 16 5 
ody-weight (gm. 50-4 + 0-9 90-5 + 08 566 € L5 50-8 12 boo. 
Ventral prostate (mgm.) —— 920-0 X 1-52 14-2 + 0-53 19-0 £ 1-80 1581 105 PEE EE 
Both rA xc (mgm.) 1892 + 9:2 157-2 + 78 164-9 + 10-0 137-8 + 21-8 147-24 118. . 
i Student's /: Prostate weight Testes weight n 
A-B 9-61 2060 
A-—E 914 2.72 
—C 1:76 
HB—C 2-56 0-92 
C—E 227 1:2 


rate with persistent cestrus contained lesa follicle- 
stimulating hormone than that of cycling animals 
after removal of one ovary. 
-. here is no conclusive evidence for any of these 
. hypotheses. Cook’ was unable to detect differences 
. between. separate pituitary contents of follicle- 
. stimulating and luteinizing hormone when the pooled 
glands of rats with persistent cestrus were compared 
with those of intact or operated rats with regular 
eyeless. 
We are investigating gonadotrophin contents in 
| pituitary gland and serum of rats with persistent 
estrus following a basal lesion in the anterior part 
of the hypothalamus; the lesions involved the 
|. (dorsal and caudal end of the optic chiasm. This 
;, preliminary report concerns results on pituitary 
|. luteinizing hormone. Assays were carried out 
| in the following manner. Individual pituitary 
|. glands were homogenized in saline solution with a 
«o Potter-Elvehjem apparatus, the final volume of each 
|: homogenate being 12 ml. Twice daily 0-5 ml. of each 
" homogenate was injected beneath the skin into one 
. hypophysectomized immature male rat (body-weight 
80-40 gm.) for six days, resulting in a total dose of 
"s. 0:5 equivalent of one single hypophysis. The weight 
-~ Of the ventral prostate served as an index of the 
Cc luteinizing hormone potency of the pituitary homo- 
^. genate. The control group consisted of twenty-five 
cUFa8ts with a lesion which showed normal cycles, and 
twenty-three intact rats. Since no differences were 
apparent between the results obtained in these two 
^ s eBtegories they were combined in this work. Gans 
and De Jongh’, using a slightly different method for 
(s assay of luteinizing hormone, have found that pitui- 
tary luteinizing hormone fluctuates during the 
estrous cycle with a peak during late di-cestrus 
followed by a decline in pro-cestrus. In the present 
< work, therefore, the data on control rats were related 
to the phase of the cstrous eycle prevailing at the 
time of death. The finding of Gans and De Jongh 
was confirmed as may be seen from Table 1. Animals 
‘with persistent cestrus possessed a high pituitary 
luteinizing hormone potency, comparable with that 
noted in the late di-cestrus phase of the normal cycle. 
Both the weights of the ventral prostate and of the 
testes of recipients of pituitary homogenates derived 
from these two groups of individuals were significantly 
higher than those of recipients of homogenates 
obtained from rats in cestrus or early di-cstrus. 
- These findings show that a hypothalamic lesion 
-causing persistent cestrus and inhibition of ovulation 
does not necessarily bloek the production of luteiniz- 
ing hormone within the pituitary gland. The high 
pituitary content may be the result of an enhanced 
production or an inhibited release of luteinizing 
= hormone. It is of great interest that preliminary 
results on serum luteinizing hormone have brought to 
- light a marked contrast between the conditions of 




































persistent cestrus and late di-cestrus; while the high 
pituitary luteinizing hormone eontentoflatedi-cstrus 
has a parallel in the high serum content, the serum of 
rats with persistent cestrus possesses luteinizing hor- - 
mone in only barely detectable amounts. If the latter 
finding can be confirmed, it would seem that a 
hypothalamic lesion which does not necessarily affect ves 
production of luteinizing hormone may inhibit ite 
release from the gland. 
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Morphological Changes following Trans- 
plantation and Chronic Obstruction 
of the Rabbit Appendix 


EXPERIMENTS reported by Sholpo! from the 
Moscow Medical Institute are claimed to be evidence 
in support of the theory that morphology and funetion 
depend om environment. In a series of 46 animal 
experiments Sholpo transplanted the rabbit cecal... 
appendix to various sites in the small bowel, almost 
all in the ileum. After three months the transplanted 
appendices showed marked reduction in the size ofo . 
the lymphoid tissue. The results were cummnarieed ES 
as follows: S 

“The vermiform appendix appears to be. a eo 
venient object for experimental researches | : 
re-activity and plasticity of tissues of the diges 
system. When surgically inserted into the dige 
tube at different levels of the latter, the apper 
finds itself in (an) unusual functional eond 
operation results in & substantial recon 
the wall c£ this organ: the glandular laye 
intensively, the lymphoid layer reduces. 
thiekness and in numbers of rows of lymph 
The appendix of (the) rabbit begins to disp 
siderable muscular activity which is wanting under 
normal conditions”. ` 

It seemed to us unlikely that the changes which | 













 Sholpo described could oceur as a result of an alteras- . 








Fig. 1. The microscopical appearance of the wall of (a) the 

appendix; (b) the saccus rotundus and (c) an agminate patch, 

e villi of the glandular layer are on the top, the main thickness 

is formed by the lymphoid Te and a thin muscular layer lies 
wTnea 
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Fig. 2. (a) A cross-section of the wall of an appendix three 
months after transplantation to the ileum (experiment 1). 
There i5 little change from the normal appendix. (b) Appendiceal 
wall three months being subject to chronic obstruction 
(experiment 4). The glandular and muscular layers have increased 
and the lymphoid layer decreased 


tion of environment as there are normally present in 
the terminal ileum lymphoid structures identical to 
those of the appendix. Four or five of these so-called 
‘agminate patches’ are present along the anti- 
mesenteric border of the ileum, and at the ileo-c#cal 
junction is found a large collection of lymphoid 
tissue, the saccus rotundus. The similarity of the 
microscopical structure of these lymphoid areas to 
that of the appendix is shown in Fig. 1. Their func- 
tion also is similar*. We therefore felt that an environ- 
ment compatible with the development of an agminate 
patch was unlikely to result in the structural altera- 
tion of the lymphoid tissue in the appendix, yet we 
too had observed changes similar to those found 
in Moscow in appendices transplanted into the ileum. 
However, as we became more practised at performing 
the anastomosis we found that these changes occurred 
less frequently, and stenosis at the suture line became 
less common. 


Table 1 
Showing 
Histo- marked With 
No. of logically histological obvious 
Operation rabbits Died norm change anastomotic 
after 3 after stenosis 
"A m months 3 months 
" pendico- 
deostrany 8 0 5 1 1 
2. Appendiceal 
in p eic 6 0 3 3 2 
3. Tleal diversion 6 3 3 0 0 
4. Cereal 
obstruction 6 0 0 6 — 
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Four experiments were therefore devised, the first 
three exactly like those of Sholpo and the fourth 
providing obstruction without transplantation: (1) 
The base of the appendix was separated from the 
cæcum and the tip anastomosed to the ileum. (2) 
The appendix was used as a replacement for an excised 
piece of ileum of equal length. (3) The ileal stream 
was diverted through the appendix into the cecum 
by an end-to-end anastomosis. (In each operation 
the blood supply to the appendix was preserved and 
the anastomosis performed with 5/0 arterial silk 
sutures.) (4) In a further six rabbits the appendix 
was not disturbed but subjected to a chronic obstruc- 
tion by producing a proximal cecal stenosis with 
carbolized tape. 

The normal histological appearance following three 
months transplantation is shown in Fig. 2a. After 
three months of chronic czecal obstruction the glandu- 
lar layer had developed, the lymphoid thickness 
reduced and the muscle thickness increased (Fig. 26). 
In only one of the four transplanted appendices which 
showed a structural change was there no demonstrable 
suture line stenosis and here there appeared to be a 
functional obstruction as there was hypertrophy of 
the proximal ileum. 

Sholpo's thesis is therefore rejected. The changes 
he described following appendiceal transplantation 
are, we suggest, the result of chronic obstruction as a 
result of the anastomosis and not the result of altered 
environment. 

J. A. WILLIAMS * 
W. O. GRIFFEN, JUN. 
A. SHARMA 
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Increased Iron Absorption without 
Increase in the Rate of Erythropoiesis 


IT is generally agreed that under normal conditions 
in man the total body iron is maintained at a rela- 
tively constant level by some mechanism which 
regulates the amount of iron absorbed from the 
gastro-intestinal tract. Apart from manipulating 
intra-luminal conditions within the intestine, num- 
erous experimental conditions are known which in- 
crease iron absorption and which have in common 
an accelerated erythropoietic rate. These include 
anoxic hypoxia', cobalt administration’, erythro- 
poietin administration (Mendel, G. A., unpublished 
observations), pyridoxine deficiency*, acetyl phenyl- 
hydrazine induced hemolytic anemia‘ and anemia 
induced by loss of blood*. The rate of erythropoiesis 
has been considered of major importance under 
‘physiological’ conditions in regulating iron absorp- 
tion*". In certain disease states, such as hemo- 
chromatosis, however, iron absorption may be in- 
creased without measurable increase in erythropoietic 
rate*. It is the purpose of this preliminary com- 
munication to report an experimental condition in 
which gastro-intestinal iron absorption is increased 
above normal in the virtual absence of erythropoiesis. 

Erythropoiesis in the bone marrow of young adult 
CF No. 1 female mice was greatly reduced by the 
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Table 1 EFFECT OF HYPOXIA ON IRON ABSORPTION AND ERYTHRO- 
POIESIS IN NORMAL AND SPLENECTOMIZED MICE TREATED WITH 
STRONTIUM-89 


No 4805 


Percentage of 
iron-59 absorbed 
from gastro-in- 

testinal tract 


Percentage of Average reticulo- 
intravenous cyte count at 
administered tıme of 1ron-59 

iron-59 ineor- admunistration 


Treatment 


porated into (per cent) 
red blood cells 
(24 hr ) 

Normal controls 1554398 (8) 888+4257 (8) 4 4 
Splenectomy 

strontium-89 11 61 32 (10) 41+0 36 (0) 02 
Normalhypoxue 331193 (10) 656524895 (6) 42 
Splenectomy 

strontium-89 

hypoxic 303+448 (8) 40+0 02 (6) 01 


No of animals in each group in parentheses 


* Standard error of mean 


intraperitoneal administration of 4 uc /gm of stron- 
tium-8994 chloride Jacobson® has shown that 
animals so treated rapidly develop compensatory 
ectopic erythropoiesis in the spleen For this reason 
splenectomy was performed on the day prior to the 
administration of strontium-89 Eleven days after 
injection of strontium-89, the rate of erythropoiesis 
as measured by the incorporation of 1 pe of intra- 
venously administered ferric 1ron-59 citrate mto red 
cells was reduced from the norma! of 38 8 per cent to 
41 per cent (Table 1)  Reticuloeyte values were 
correspondingly reduced The gastro-intestinal 
absorption of 15 uc of force-fed ferrous iron-599.. 
sulphate was measured, as previously described’, 
using total body counting m a Geiger-Muller well 
counter Iron absorption was somewhat reduced 
from the normal value of 15 5 per cent to 11 6 per 
cent in the splenectomized animal treated with 
strontium-89 It should be noted that in these 
experiments iron absorption was measured over & 
3-day period to allow time for the elimination of 
unabsorbed radioiron from the gut The incorpora- 
tion of intravenously administered iron into red cells 
was measured durmg the 24-hr period coinciding 
with time of maximum iron absorption? 

The influence of hypoxic anoxia on the gastro- 
intestinal absorption of 1ron-59 sulphate was studied 
in groups of normal and splenectomized mice myjected 
with strontrum-89 Hypoxia was produced by placing 
the animals in a chamber in which a gas mixture 
containing 10 per cent oxygen was maintained 
Twenty-four hours after being placed in the hypoxia 
chamber, intravenous or intra-gastrie iron-59 was 
administered Twenty-four hours later, the animals 
were removed from the chamber Normal mice made 
hypoxic showed a marked increase in iron absorption 
(33 1 per cent) as well as an increase m erythropoietic 
rate (56 5 per cent) (Table 1) The splenectomized 
mice treated with strontium-89 that were made 
hypoxic hkewise showed a marked merease in iron 
absorption (30 3 per cent) but no increase in the rate 
of erythropoiesis (4 0 per cent) 

Mazur!? has presented evidence that the transfer 
of iron from liver ferritin to the plasma under hypoxic 
conditions in rabbits, guinea pigs and dogs 1s mediated 
by the enzyme xanthine oxidase The present demon- 
stration of increased iron absorption independent of ın- 
creased utilization of iron by the bone marrow under 
hypoxic conditions suggests that a similar enzymatic 
mechanism may be of importance in the regulation 
of iron absorption The hypoxic splenectomized 
animal injected with strontium-89 should provide a 
useful model for the study of enhanced iron absorption 
that 1s mdependent of accelerated erythropoiesis 
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The details of these experiments as well as related 
studies wil] be reported at length elsewhere. 
GERALD A MENDEL 
Argonne Cencer Research Hospital *, 
950 East 59th Street, 
Chicago 37 

* The Argonne Cancer Hospital is operated by the University of 

Chicago for the US Atomic Energy Commission 
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PHARMACOLOGY 


Hypertensive Effects of Bradykinin in 
Rats 


BRADYEININ Obtamed from ox plasma! and 
synthetic bradykmin cause intense vasodilatation in 
many mammalian species Intravenous injections of 
bradykinin lower arterial blood pressure m anzsthet- 
ized animals. On a molar basis, bradykinin ıs only 
ten times !ess active than acetylcholine and as active 
as histamme! Two crude bradykmin-contaming 
extracts from ox plasma—one prepared by us and the 
other kindly supplied by Prof Rocha e Silva—were 
shown to have the typical depressor action in normal 
rats, but frequently produced a striking hypertensive 
effect 1n rats nephrectomized 16-24 hr before These 
results are sımılar to those obtamed with anephro- 
tensm. prepared from rat serum? 

It seemed of interest to mvestigate whether pwe 
bradykmin has the same hypertensive action in 
nephrectomized rats as the crude extract Forty-six 
male rats (180—200 gm ) were nephrectomized unde: 
brief bromethol anesthesia, 8-24 hr later they were 
agam anesthetized with allobarbitone and ther blood 
pressure recorded from a carotid by a membrane 
manometer Twenty-four sham-operated animals 
were used as controls Synthetic bradykinin (Sandoz) 
supplied 1a sterilized ampoules, and a natural (89 per 
cent) purified product prepared by Dr Elliott were 
d:luted with Tyrode solution and injected mto a 
femoral ven Three ranges of dose were used (ugm / 
100 gm body-weight) low (0005-01), medium 
(0 15-0 5) and high (055-60) Anguiotensin-amide 
(5-valyl) and anephrotensin were tested in the same 
animal Anephrotensin was obtained from the serum 
o? dogs nephrectomized 48 hr before, 0 005-0 I ml of 
the purified extract was given intravenously 

In the intact rat with normal blood pressure (110—- 
130 mm mercury) pure bradykinin, whether natural 
oz synthetic, decreased arterial pressure Occasionally 
a small rise followed the hypotensive response In 
nsephrectamized rats three different types of response 
were observed (a) arise in blood pressure, (b) a rise 
in blood pressure preceded by a tiansient and slight 
drop, and (c) a weak depressor effect, which was 
usually less pronounced than the effect of the same 
dose m a normal rat 
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The type of response obtained depended both on the 
level of arterial pressure at which the injection was 
given and on the dose Out of a total of 61 myections 
of ‘low’ doses given to nephrectomized rats with an 
arterial blood pressure less than 100 mm (60-100 
mm ), 62 per cent purely hypertensive, 36 per cent 
diphasic and 8 per cent hypotensive responses were 
obtained. The incidence of hypertensive effects 
decreases when higher doses are used But when low 
and medium doses were injected mto nephrectomized 
rats with blood pressures of 60 mm or less, a hyper- 
tensive effect was observed in all instances In 
nephrectomized rats with high arterial pressures 
(100-140 mm ), a hypertensive effect of low doses of 
bradykinm was observed in 31 per cent and after 
medium doses 1n 17 per cent 

When intact rats (m which bradykinm 1s uniformly 
hypotensive) were treated with a ganglion-blocking 
drug such as pentolnium, bradykmin produced a 
hypertensive effect m 76 per cent and a diphasic 
response in 24 per cent In rats with low blood 
pressure due to pentohnium, bradykinm had a hyper- 
tensive effect m all instances 

These results in anesthetized rats show that the 
hypotensive action of bradykinin is converted into a 
hypertensive one when basal pressure 1s lower than 
usual Ths was seen in nephrectomuzed animals 
investigated 8-24 hr after removal of the kidneys and 
m intact rats treated with pentolmium; a purely 
hypertensive action of bradykmin 18 more frequently 
observed with small doses The hypertensive action 
of bradykinin seems to be more dependent on the 
initial level of the blood pressure than on the absence 
of the kidneys In contrast, dog anephrotensn 
produces stronger hypertensive effects in nephrectom- 
ized rats than in normal animals, irrespective of the 
muitial blood pressure 

The fact that low and medium doses of bradykimin 
in pentoliium-treated or nephrectomized rats cause 
hypertensive effects will have to be taken mto account 
when such animals are used in tests for angiotensin 
ın extracts of blood which contam bradykinm 

We wish to thank the Gildemeister Foundation for 
financial aid for the work reported We are indebted 
to Dr Elhott, Dr Boissonnas (Sandoz, S A ) and Dr 
Gaunt (Ciba, Ltd ) for their generosity in supplymg 
natural bradykinm, synthetic bradykinin and angio- 
tensinamide (5-valyl) 
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Release of Noradrenaline from the 
Spleen of the Cat by Acetylcholine 


ACETYLCHOLINE contracts the spleen of the dog! 
and cat?. In those species the effect of acetylcholine 
ın contracting the spleen ıs not blocked by atropine, 
but ıs blocked by dibenzylme and reduced by prior 
treatment of the animal with reserpmo, thus it 
appears that the action of acetylcholine may be 
mediated by releasing noradrenaline from its stores 
in the spleen, which afterwards causes a contraction 
The work reported here provides further evidence 
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that acetylcholine liberates noradrenaline from the 
cat spleen 

The cat spleen was prepared for the collection of 
samples of 1ts venous blood by a method simular to 
that ın ref 3,m which a large vem branching from the 
main splenic vein was cannulated In addition a 
branch of the splenic artery was cannulated to permit 
intra-arterial injections into the spleen Heparm was 
given intravenously The splenic nerves were divided 
to exclude the reflex liberation of noradrenaline 
Acetylcholine bromide (1 5 mgm ) was diluted with 
the animal's own plasma immediately before use, and 
injected into the splenic artery Splenic venous blood 
was collected durmg the next 40-sec period by 
temporarily occluding the main splenic vem, so 
diverting the flow through the cannulated branch, 
the blood was centrifuged and the plasma stored at 
— 10°C until required for assay Control samples of 
plasma were collected before acetylcholine mjections 
Plasma noradrenaline was assayed on the blood 
pressure of the pithed rat recorded with a strain-gauge 
transducer as deseribed in ref 4 The acetyicholine 
in the plasma was assayed on the blood pressure of the 
cat, to see whether there was sufficient to interfere 
with the assay for noradrenaline It was found that 
the volume of plasma myected into the rat contained 
less than 2 ugm of acetylcholine As a further pre- 
caution against acetylcholme interfermg with the 
noradrenaline assay the pithed rat was mjected with 
1 mgm of atropine and 1 mgm of hexamethonium 
This treatment blocked both the muscarmic and 
nicotinic effects of 1 mgm of acetylcholine 
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Table 1 EFFECT OF ACETYLCHOLINE (1 5 MGM ) INJECTED INTO THE 

SPLENIC ARTERY ON THE NORADRENALINE CONTENT (MQM JML ) OF 

VENOUS PLASMA FROM THE CAT SPLEEN BEFORE AND AFTER PHENOXY- 
BENZAMINE (10 MGM /KGM ) 


Before phenoxvbenzamine After phenoxybenzamine 
Aft After 


er 
Control acetyl- Increase Control acetyl- Increase 


Cat No 
choline choline 
1 30 30 0 30 50 
2 60 100 40 80 170 90 
3 50 50 0 50 75 25 
4 10 25 10 20 10 
5 15 15 0 15 25 10 
30 30 0 35 70 35 
(reserpine- 10 8 —2 75 75 0 
Men) 
(reserpine- 20 20 0 12 12 0 
treated) 


The results are summarized in Table 1 The 
myection of acetylcholine into the splenic artery pro- 
duced contraction of the cat spleen, but only m two 
out of six experiments was this accompanied by a 
detectable increase ın the noradrenaline content of 
the splenic venous plasma 

Brown and Gillespie? found that phenoxybenzamine 
(dibenzyline) mereased the amount of noradrenaline 
which appeared m the venous plasma after stimulat- 
ing the splenic nerve, therofore phenoxybenzamme 
(10 mgm /kgm ) was injected intravenously into the 
cats After phenoxybenzamine the injection of 
acetylcholine did not contract the spleen, but the 
amount of noradrenaline appearing in the venous 
plasma was increased in every expermment. This 
observation provides a parallel with the experiments 
of Brown and Gillespie?, who found an increased 
output of noradrenaline mto the splenic vem after 
splenic nerve stimulation m the presence of phenoxy- 
benzamine They suggested that phenoxybenzamine 
prevented the access of noradrenaline to receptor sites 
so that more was detected in the venous blood 
However, phenoxybenzamine also has anticholines- 
terase activity® An anticholmesterase would increase 
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the effect of injected acetylcholine in releasing nor- 
adrenaline, and the effect of nerve stimulation if 
acetylcholine were an intermediary in the release of 
noradrenaline produced by sympathetic nerve stimu- 
lation. Evidence for such an intermediary action of 
acetylcholine in the sympathetic nerves to the spleen 
has recently been obtained?. 

Two cats were pre-treated with reserpine as 
described in ref. 6 in order to deplete the spleen of 
noradrenaline. In these cats acetylcholine did not 
produce a contraction of the spleen, nor did it cause 
an increase in plasma noradrenaline either before or 
after phenoxybenzamine. 

These experiments show that the intra-arterial 
injection of acetylcholine releases noradrenaline from 
the spleen of the cat. When the noradrenaline stores 
were depleted by reserpine the intra-arterial injection 
of acetylcholine failed to increase the noradrenaline 
content of the splenic vein blood. These observations 
provide evidence that the sympathomimetic effect of 
acetylcholine on the spleen is due to release of 
noradrenaline from stores within the spleen. 

We thank Smith Kline and French (Australia) for a 
gift of phenoxybenzamine (dibenzyline). 


K. W. BRANDON 
HELEN Boyp* 


Department of Pharmacology, 
University of Sydney, 
New South Wales. 


* Present address: De ment of Zoology, University of Mel- 
bourne, Victoria, «i á 
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Protection by Antioxidants against 
Lethal Doses of Carbon Tetrachloride 


Rees, Spector and Sinha! have shown that 
'Phenergan', 10-(2-dimethylamino-isopropyl) pheno- 
thiazine hydrochloride, protects against necrosis of 
liver cells in rats dosed with earbon tetrachloride. After- 
wards, Gallagher and Rees* found that 'Phenergan' 
maintained normal concentrations of oxidized pyrid- 
ine nucleotides in the liver despite the administra- 
tion of carbon tetrachloride. These findings, together 
with those of McLean** and Gallagher, Gupta, Judah 
and Roees* that ‘Phenergan’ protects rats against liver 
necrosis due either to vitamin E deficiency or to 
&dministration of thioacetamide, suggested that 
‘Phenergan’ operates on a general metabolic 
mechanism involved in the maintenance of cellular 
and mitochondrial integrity. The value of ‘Phenergan’ 
as an alternative to vitamin E indicated that its 
action might be associated with antioxidant proper- 
ties. Therefore, the antioxidants“? «-tocopherol, 
sodium selenite and NWN'-diphenyl-p-phenylenedia- 
mine were investigated as possible protective agents 
in carbon tetrachloride poisoning. 

Female Wistar rats weighing 150-180 gm. were 
used. They were observed for 14 days after carbon 
tetrachloride had been administered. 

(a) Vitamin E. Table 1 shows that 95 rv. of 
a-tocopherol acetate administered intraperitoneally 
40 hr. before 4 ml. of undiluted carbon tetrachloride/ 
kgm. was given by stomach tube protected all of 15 
rats against death. 'The death-rate was also reduced 
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Fig. 1. Sections of liver stained with hematoxylin and eosin. ( x 5). 
(1) Rat killed 24 hr. after receiving 4 ml. carbon tetrachloride/ 
pps. ay stomach tube; the section shows widespread centri- 
lo necrosis and fatty change. (2) Rat killed 24 hr, after 
receiving 4 ml, carbon te oride/ em. by stomach tube. 
The animal had been given 100 mgm. DPPD in 0-3 ml. arachis 
oll intraperiteneally at 48, 24 and O hr, before carbon tetra- 
enloride; the histology is almost normal 


by administering 2 doses of 95 1.0. vitamin E at 24 
and 6 hr. before carbon tetrachloride. Doses of 95 r.v. 
given with, and 5 hr. after, carbon tetrachloride were 
of negligible protective value. A smaller doso (19 r.v.) 
of «-tocopherol given daily for 3 days prior to adminis- 
tering carbon tetrachloride reduced the death-rate to 
72 per cent cf 18 rats as compared with 98 per cent of 
43 rats given carbon tetrachloride only. 

(b) Sodium selenite. Intraperitoneal injections of 
0-5, 0-25, 0-25 and 0-25 mgm. sodium selenite at 72, 
48, 24 and 6 hr. before the administration of 2-7 ml. 
carbon tetrachloride/kgm. reduced the death-rate to 
51 per cent of 18 rats as compared with 89 per cent 
of 18 rats ziven this dose of carbon tetrachloride only 
(Table 2). 

(c) NWN?*-diphenyl-p-phenylenediamine (DPPD). 
Three intraperitoneal injections of 100 mgm. DPPD 


Table 1. ErFrFEOT OF a-TOCOPHEROL IN THE PREVENTION OF CARBON 
TETRACHLORIDE POISONING 


Treatment with a-tocopherol 


No. of Time (hr. before or Carbon Deaths 

rats after carbon tetra- Dose  tetrachlori 
chloride) (1.U.) (mL/kgm.) ^ No. Per cent 
43 — — 4-0 42 08 
15 —40 05 40 0 0 
10 — 24, -—6 95 4:0 6 

15 0 95 40 12 80 

15 a, +5 95 4-0 13 87 

18 —72, —48, —24, - 6 19 4:0 13 72 


Table 2, EFFECT OF SODIUM SELENITE IN THE PREVENTION OF 
CARBON TETRACHLORIDE POISONING 
Treatment with sodium 
selenite Carbon Deaths 
No. Time (hr. be- ride 
Group of fore carbon Dose J(ml/kgm.) No, Per cent 
rats tetrachloride) (mgm.) 
1 18 — — 2:7 16 89 
2 18 72 0-5 
48 0-25 
24 0-25 
6 0:25 2:7 10 61 
8 18 72 0:5 
48 0:25 
24 0:25 
6 0-25 — 0 0 
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PREVENTION OF CARBON TETRACHLO 


Er M Treatment with DPPD . M 
No. of ‘Time (hr. before Carbon Deaths 
rats carbon Dose tetrachloride 
tetrachloride) — (mgm.) —(mlj/kgm.) No. Per cent 
32 — — 4:0 32 100 
19 48, 24, 0 160 40 0 
131 48 100 4-0 6 55 
17 0 100 40 16 59 
12 48, 24, 0 50 4:0 8 07 
11 48, 24, 0 16 4-0 7 64 


in 0-4 ml. arachis oil at 48, 24 and 0 hr. before giving 
4 ml. carbon tetrachloride/kgm. protected all of 19 
rata against death (Table 3). One dose of 100 mgm. 
DPPD either 48 hr. before or with carbon tetra- 


chloride reduced the death-rate to 55 and 59 per cent. 


respectively of 11 and 17 rats, as compared with 100 
per cent of 32 rats given carbon tetrachloride only. 
Courses of 3 injections of 50 or 10 mgm. DPPD during 

the 48 hr. prior to administering carbon tetrachloride 
also reduced the death-rate. 

The photomicrographs illustrate the protective 
effect of DPPD against histologically observable 
damage to the liver by carbon tetrachloride. Fig. 1 
shows a section of the liver of a rat killed 24 hr. after 
having received 4 ml. carbon tetrachloride/kgm. The 
liver is typical for rats with severe acute carbon 
— tetrachloride poisoning, showing centrilobular necrosis 
and fatty change. This contrasts with the virtually 
normal appearance of the liver section in Fig. 2, 
which is typical for rats killed 24 hr. after the same 
dose of carbon tetrachloride but which have been 
given 3 intraperitoneal injections of 100 mgm. DPPD 
during the 48 hr. before administration of carbon 
tetrachloride. 

It seems likely that the antioxidants protect rats 
against the lethal effects of large doses of carbon 
tetrachloride by acting on a general permeability 
mechanism, and thus prevent the loss of mitochondrial 
and cellular pyridine nucleotides which would other- 
wise result from the physical damage to the cell 
produced by carbon tetrachloride. 

C. H. GALLAGHER 
Division of Animal Health, 
Commonwealth Scientific and 
Industrial Research Organization, 
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New South Wales. 
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H/EMATOLOGY 


Thromboplastic Activity of Red Cells 


THE problem concerning the relationship of the 
thromboplastic activity of red cells to that of plate- 
lets which Inglis and Halliday! have recently studied 
has, in part, been answered by the work of my 
associates and me. 

It was repeatedly noted that in very mild hemo- 
philia the prothrombin consumption earried out by 


ae Amy original method was often normal when whole 
blood was clotted, but not when the platelet-rich 


lasma was clotted under otherwise identical con- 
‘This observation led to an investigation of 


cea Kent 


itions*, 










eee! a: IU Ve 
— that the activity of hemolysed erythrocytes (hemo- 









clotting factor in red cells and its probable role - PS 
the generation of thromboplastin. It was found ^. 


lysate) is similar to that of platelets but quantitatively —- 
much greater*4. It is significant that, when a con- > > 
centrated extract of platelets is added to normal 
native platelet-poor plasma that has been in contact. 
only with silicone-coated surfaces, the consumption 
of prothrombin is too small to be determined; ^ 
whereas, when the plasma is first brought in contact . 
with a glass surface or treated with a minute amount . 
of thrombin, the addition of a platelet extract brings 
about good consumption of prothrombin’. In marked 
contrast, the addition of an extract of red cells results =... 
in a high consumption of prothrombin even when ^ 
added to native plasma that has been exposed only 

to silicone-coated surfaces’. 

These findings suggest that platelets ean enter the  . 
coagulation reaction only after a plasma factor has .. 
been activated. Because this activation can occur by — 
exposure to glass, the agent has been designated. 
‘contact factor’. It appears that a platelet constituent 
interacts with the activated contact factor and that 
the resultant product is either very similar to, or  . 
identical with, the clotting agent found in the red - 
cell. The latter factor, which appears to be a phospho- = 
lipid?, does not require contact factor to enter into . 
the clotting reaction. From recent work it appears — 
that some of the clotting agent formed from the  . 
platelets during clotting is removed by the red cells*. o- 

Whether the clotting activity of the intact red coll, — . 
which is feeble, has physiological significance remains 
unanswered. The alternative view that the red cell - 
may be constantly removing this potent agent, which 
perhaps is being produced continuously, also deserves 
recognition and consideration. 

ARMAND J. QUICK 
Department of Biochemistry, 
Marquette University School of Medicine, 
Milwaukee 3, Wisconsin. 
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We freely acknowledge the priority of Prof. | 
Quick in discovering and reporting the platelet-like < 
thromboplastic activity of red-cell hemolysate. No 
reference was made to his work, as it was our opinion 
that it would be well known to all workers in this 
field. | 

The activity reported by us is, however, manifested. 
by non-hemolysed cells. According to previous re- 
ports, non-hemolysed red cells are capable of exerting 
only feeble platelet-like activity. Prof. Quick concurs 
with this. Our work, however, has shown that this 
is true only in regard to the initial stages of coagula- 
tion, but that after the formation of fibrin becom 
evident red cells which are still intact develop mue 
greater activity. We have not, as yet, investigated 
whether this is due to the envelope of the red cell 
being attacked by thrombin. The activity may be 
due to the same element in the red cell as is responsible 
for the platelet-like activity of red cell hamolysate; 
but if so, this element can act while still attached 
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to an intact cell, provided that 1ts activity 1s released 
by coagulation ımtıated in some other way This 
activity 1s not manifested m the prothrombin con- 
sumption test described by Prof Quick because the 
clot 18 separated by centrifugation, which also effect- 
ively removes the red cells That centrifugation has 
this effect also demonstrates that the activity ob- 
served ıs not due to red cells which have been hemo- 
lysed Some of our recent observations tend to show 
that, prior to the red cell developing this activity, ıt 
has a contrary inhibitory effect This 1s in agreement 
with findings reported by Prof Quick 
Jamas A INGLIS 
JUNE W HaLiipay 
Department of Pathology, 
Faculty of Medicine, 
University of Queensland, 
Brisbane 


P, Antigen in the Human Foetus 


Ir is well established that m the human fetus 
and new-born the P, antigen is mcompletely ex- 
pressed? In the course of testing blood from 403 
foetuses between the ages of 12 and 28 weeks we 
have confirmed that the meidence of P, 1s below the 
adult-level, however, 1t was found to be considerably 
higher in young than m old foetuses Moreover, in 
the early foetuses the strength of the agglutination 
also tended to be greater 


Table 1 
Crown-rump length P,t Pi Total Forcentaga 
Less than 10 em 50 36 86 58 14 
More than 10 cm. 67 250 317 2114 
Adults (ref 3) 1,984 641 2,625 75 58 


Takmg a dividing hne at 10 cm it can be seen 
from Table 1 that the distinction between these two 
groups of foetuses is highly significant 
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IMMUNOLOGY 


Selective Secretion of Circulating Anti- 
bodies in the Milk of the Rat 


PASSIVE mnmunity is transmitted from mother to 
young m the rat, as in the mouse’, partly before birth, 
but chiefly after birth by way of the milk and the 
gut of the suckling. Postnatal transmission continues 
until the twentieth day of age?, when the capacity of 
the gut of the young rat to absorb antibody terminates 
although antibody continues to be secreted in the 
milk The lactating female rat was chosen for 
investigating the transmission of antibody from the 
circulation to the milk. 
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Table 1 CORRELATION TABLES OF MILK WHEY AND SERUM TITRES 
OF RATS AFTER PRIMARY (d) AND SECONDARY (B) IMMUNIZATION 


1/1,280 
640 
320 
160 


80 


Milk whey titre 


40 


20 


10 





ill 10 20 40 80 640 1280 2,560 


Milk whoy titre 





20 40 80 
Serum titre 


160 320 640 1,280 2,560 


Female rats were actively immunized within a 
day or two of the first httermg with Brucella abortus 
Two mjections, one of 05 and another of 0 75 ml 
of the World Health Organization standardized 
Brucella abortus agglutination concentrate, washed 
and resuspended im a five-fold dilution in saline, 
were given two days apart subcutaneously m the 
neck region Paired samples of blood and milk 
were collected daily, or on alternate days, and the 
serum and milk whey titrated m parallel. The same 
procedure was repeated at the termination of subse- 
quent pregnancies of these same animals 

Antibody appeared m the serum five days after the 
primary immunization and by the ninth day had 
attaimed titres of 1/160-1/640 Thereafter the titres 
Gechned gradually to 1/40-1/80 by the end of the 
first lactation and were at or near this level at the 
time of each subsequent 1immumzation The second- 
ary response was more variable the majority of 
animals had attamed comparable serum titres of 
1/160-1/320, while a few animals showed titres of 
1/640—1/2.560, by the seventh day 

The appearance of antibody m the milk was 
strikingly different after primary, as compared with 
subsequent, immunizations After primary mmmuni- 
zation antibody appeared in the milk one or two days 
later than m the serum, and by the tenth day reached 
maximum titres equalhng or exceedmg those in the 


884 


serum Thereafter these declined more rapidly than 
in the serum After secondary immunization the milk 
titres did not rise appreciably, as did the serum 
titres, and remained nearly constant throughout 
lactation, seldom equalling and never exceeding the 
serum tities This difference m the ratio of milk to 
serum titres 1s shown clearly by comparing the data 
m A with B ın Table 1 Evidently the antibody 
formed m response to a primary immunization appears 
m the mik much more readily than the antibody 
formed afterwards 

It has been known since the pioneer work of 
Ehrlich! on mice that circulating antibodies, whether 
actively or passively acquired, do appear m the milk 
If ıt were assumed that the antibody was derived 
exclusively from that in the circulation, as seems 
probable, then that which was produced in response 
to primary immunization was transmitted more 
readily than that synthesized later This mterpre- 
tation involves a selective transmission to the milk of 
certain molecular types of antibody in preference to 
others The only alternative mterpretation would 
require the assumption of local production and 
direct secretion into the mulk of antibody ın response 
to the primary subcutaneous injection of antigen in 
the neck region, for which there 1s no evidence. 

Selective transmission of antibodies and of labelled 
globulin has been demonstrated repeatedly ın recent 
years across the foetal membranes and 1s known to 
occur 1n the guinea pig’, rabbit‘, monkey? and man* 
It occurs across the neonatal gut-wall in the mouse’, 
rat® and hedgehog®, though 1t has not been observed 
m the ruminants, horse or pig It occurs also across 
the yolk-sac wall of the chick!® Hitherto, so far as we 
are aware, 1t has been recognized only in transmission 
across the foetal membranes and the neonatal gut, 
so that this ıs the first mstance recognized in an 
adult and m a glandular secretion 

It will be a matter of considerable mterest to de- 
termine whether the relative rates of transmission of 
different antibodies from the circulation to the milk of 
the mother rat correspond to, or are independent of, 
those across the gut wall of the suckling rat, or 
whether these two membranes, across which the 
antibodies must pass 1n transit from the maternal to 
the neonatal circulation, exercise selection on a 
simular or dissimilar basis 

I am much indebted to Prof F W Rogers 
Brambell for helpful advice and encouragement 
m this work and Mr W A Hemmings and Dr R. 
Halliday for their interest, and to Dr A W Stable- 
forth and Mr W T Rowlands, of the Animal 
Health Division of the Ministry of Agriculture, 
Fisheries and Food for supplies of antigen 
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5/-Adenylic Acid Deaminase in Dystro- 
phic Mouse Muscle 


THE discovery!, 1n 1955, of a hereditary myopathy 
in & strain of mice has provided a useful subject for 
the investigation of muscular dystrophy Although 
the ultimate cause of the mouse disease may not be 
identical with the cause of any of the human muscular 
dystrophies, 16 18 8 reasonable assumption that many 
of the secondary changes will be similar A number 
of workers have reported quantitative enzyme 
changes in the dystrophic mouse muscle Some 
activities, for example, cathepsins? and glucose- 
6-phosphate dehydrogenase’, show an increase, 
others, for example, lactic dehydrogenase* and phos- 
phorylase®, are decreased 

5’-Adenylic acid deammnase, which converts adenos- 
ine-5’-phosphate into inosine-5’-phosphate (apparently 
irreversibly) 1s known to be present m much higher 
concentration in skeletal muscle than ın any other 
tissue Its physiological function is, however, uncer- 
tam The experiments reported here show a sharp 
decrease ın the activity of this enzyme in dystrophic 
mouse muscle 

Four pairs of female mice, of the Bar Harbor 
strain, 3-5 months old, were used The animals of 
each pair were htter-mates, the ‘normal’ mice were 
heterozygous with respect to the recessive gene 
responsible for the disease Muscle from the hind 
limbs was chopped finely and homogenized for 3 min 
with about 5 volumes of ice-cold distilled water in a 
Potter—Elvehjem homogenizer rotating at high speed 
The homogenate was kept m ice for about 30 mn, 
and diluted (usually 1: 50) with distilled water 
Suitable volumes were shaken gently at 37°C for 
10 mm in a medium (total volume, 1 ml ) contammg 
eitric acid—sodium citrate buffer, pH 6 7 (0 1 M) and 
5’-adenylic acid (sodium salt) (5 moles) Perchloric 
acid (1 mi, 10 per cent) was then added, after 
centrifuging the sample, the ammonia content of the 
supernatant was measured with Nessler’s reagent 
Homogenates produced no measurable ammonia from 
adenosine under the same conditions 

The reference base was ‘non-collagen N', determined. 
by standing samples of the homogenate overnight 
at 30°C with 01N sodium hydroxide; they were 
then centrifuged and total mtrogen of the clear 
supernatant determined by a mucro-Kyjeldahl pro- 
cedure (Such 'non-collagen N’ represented on the 
average about 90 per cent of the total nitrogen of 
the tissue ) 

The results are shown in Table 1 It may be seen 
that the mean activity of the muscle from the affected 
animals was only about one-third that of the normals 
The activities bore no relation, m either group, to 
the age of the mice 

Mixtures of homogenates from normal and dys- 
trophic muscle were also tested. The combined 
activities were equal to the sum of the activities 
when tested separately, thus makmg ıt unlikely that 


Table 1 6’-ADENYLIO DEAMINASE ACTIVITY IN SKELETAL MUSCLE 


FROM DYSTROPHIO AND NORMAL MIOE 
Ammonia product (umoles/mgm of non-collagen mitrogen) 


ormal Dystrophic 
192 516 
127 608 
217 648 
206 546 
mean 186 579 


Muscle homogenates were incubated with 5’-adenvhe acid as described 
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the low activity of the dystrophic muscle is due 
to an inhibitory factor 

The pH-activity curves m citrate buffer for normal 
and dystrophic muscle were similar, with a peak at 
67 The relative activity of the two was approxim- 
ately the same in succinate buffer (pH 64) as in 
citrate buffer, although the measured activities were 
about 25 per cent lower 

This work was aided by research grants from the 
Muscular Dystrophy Group of Great Britai and 
from the Muscular Dystrophy Associations of America, 
Inc D 
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identification of Antibody in g;-Globulins 
of Mouse Serum and Ascitic Fluid 


Mick given intraperitoneal injections of antigen- 
adjuvant mixture!-? produce large amounts of ascitic 
fluid which contains specific antibodies Inbred AKR 
mice injected intraperitoneally with isologous tumour 
cell fragments in modified Freund’s adjuvant devel- 
oped large amounts of peritoneal fluid which contamed 
specific cytotoxic and neutralizing  antibodies?^ 
These observations had immediate practical umport- 
ance since mmunological studies have been limited 
by the small amount of antiserum obtamable from 
each mouse Since httle or no information on the 
biophysical properties of mouse ascitic fluid 18 aval- 
able, an investigation was made of its electrophoretic 
and immunological characteristics 

Female AKR mice were injected intraperitone- 
ally with complete Freund’s adjuvant, incom- 
plete Freund's adjuvant from which Mycobactervum 
butyrecum was omitted, or complete Freund’s 
adjuvant containing isologous lymphoma cell frag- 
ments Female C.P] mice were injected with erystal- 
hne bovine serum albumin in complete Freund’s 
adjuvant Complete Freund's adjuvant (85 parts 
Drakeol mineral oil, 15 parts 'Arlacel A’, 1 mgm of 
Mycobactervum butyricum/ml ) was modified so that 
the aqueous phase was due only to the water con- 
tained m the packed lymphoma cell fragments or 
erystallme bovine serum albumin ÀÁntigen-adjuvant 
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Fig 1 Electrophoretic patterns of AKR mouse sera and ascitic fluids : 
A, Normal AKR mouse serum, B, serum from mice injected with complete Freund’s 
adjuvant, C, serum from mice injected with lymphoma cell fragments in complete 
Freund’s adjuvant D, ascitic fluid from mice injected with complete Freund's adjuvant, 
E, ascitic fluid from mice injected with 1y mphoma cell fragments in complete Freund's 


&djuvant 


NATURE 


DESCENDING 


885 


ALBUMIN 





DESCENDING 


Fig 2 Electrophoretic boundary disturbance patterns of ascitic 
fuid from CF1 mice immunized with bovine serum albumin 
Top, control, bottom, 1 ugm bovine serum albumin/ml buffer 


mixtures with little or no aqueous phase were more 
effective ın causing ascites formation than conven- 
tional water-m-oil emulsions Animals received three 
0 25 ml injections one week apart Approximately 
2 weeks after the last injection ascitic fluid was 
obtamed by paracentesis and blood by cardiac 
puncture Serum and ascitic fluid were clarified 
by centrifugation Moving-boundary electrophoretic 
analyses were made in a Spinco model H instrument 
(barbital buffer pH 86, y = 0-1) The component 
containing antibody was identified by the boundary 
disturbance test? In this procedure antigen is added 
to the buffer 1n the electrophoretic cell Combination 
of antigen with antibody in a specific component 
forms a precipitate which mterrupts the hght and 
produces a clear area ın the electrophoretic pattern 
Aseitic fluid was fractionated by starch block electro- 
phoresis (barbital buffer pH86, u = 0 075), and the 
fractions tested for precipitins by the interfacial rmg 
test 

Normal AKR serum (Fig 1A) consisted of seven 
discernible components conventionelly designated as 
Y-, Ba- Bi- œo- &,-globulin, albumin, and a prealbumin 
component, p The concentration boundary 1s 
designated as € Comparison of the electrophoretic 
patteros and analysis of the relative percentage of 
each component were made Serum pools and ascitic 
fluid pools from AKR mice injected with complete 
Freund's adjuvant (Figs 1B, 1D) or with complete 
Freund’s adjuvant with lymphoma cell fragments 
(Figs 1C, LE) had increased relative percentages of 
œ- and B-globulins compared with normal serum The 
«,-globuhns were in greater concentration in the 
sera of mnmunized anunals (Figs 1B, 1C) than in 
corresponding ascitic fluids (Figs 
1D, LE) The prealbumm com- 
ponent present in all serum pools 
was not detectable in ascitic fluid 

Animals injected with incom- 
plete Freund’s adjuvant did not 
produce ascites The Mycobacte - 
vum. butyricum component of the 
adjuvant mixture was necessary 
for the mduetion of ascites by 
the ummunization procedure de- 
scribed 

Ascrtic fluid from CF1 mice con- 
tamed anti-bovme serum albumin 
precipitins A well-defined bound- 
ary disturbance (X m Fig 2) was 
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produced in the @,-globulin component when. ascitic 
. fluid (475 pgm. anti-bovine serum albumin protein/ 
ml ) was treated with I pgm of bovine serum albumin/ 
ml. buffer Eluates obtamed from starch-block 
electrophoresis of ascitic fluid contamed anti-bovme 
serum albumin precipitins in fractions corresponding 
to-globuhns The CF1 serum was also shown to con- 
tain anti-bovine serum albumin precipitins in the ß,- 
globulin region by the boundary disturbance method 
Serum and ascitic flud from AKR mice had a 
similar distribution of electrophoretic components 
with one major difference — Ascitie fluid did not con- 
tam prealbumin Relative concentrations of g,- and 
8-globulins were greater ın serum and ascitic fluid from 
immunized animals than 1n serum from normal mice, 
however, there was very httle change m the relative 
concentration of y-globulin This raised the question 
as to which component contamed the antibody 
Boundary disturbance experiments showed that the 
anti-bovine serum albumin precipitins of mouse 
ascitic fluid and serum were contamed m the 6,- 
globulin Prolonged immunization of the mouse 
might result in localization of antibody m a serum 
component other than §,-globulin 
Mouse serum contains a prealbumm component 
not detected in ascitic fluid The relative concentra- 
tion of «,- and 8-globuhns wes greater m the serum 
and ascitic fluid of mmunized animals than in the 
serum of normal mice, whereas y-globulin remained 
relatively unchanged Anti-bovme serum albumin 
precipitins have been demonstrated ın the serum and 
ascitic fluid of immunized mice and have the electro- 
phoretic properties of 8 B,-globulin 
This work was supported by research grant 
CY-5188 from the National Institutes of Health, 
US. Public Health Service 
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Nature of Increased Protein and DNA 
in Chronic Hepatic Injury 


Excess protem and deoxyribonucleic acid (DNA) 
are found in chronic hepatic myjury, for example, 
after administration of ethionine!-*, butter yellow:5, 
2 acetyl aminoduorene®:’, and a high fat—low choline— 
low protem diet! This suggested that the excess 
protem or DNA 1s an abnormal product of the 
hepatocytes!-? This 1s supported by the incorpora- 
tion of ethionine into hepatic proteins?, presumably 
the abnormal protems These proteins, or DNA, have 
been related to cancer^? This communication 18 to 
point out that the excess protem formation results 
from alterations in cell population, rather than from 
formation of abnormal proteins 
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Fig 1 Changes in hver weight, hepatic protein and DNA content, 
and cell population during ethionine intoxication 


A group of 42 rats was fed a synthetic diet supple- 
mented by 0 5 per cent ethionine, with groups killed 
weekly up to seven weeks An additional 12 rats 
were similarly treated and then placed on the syn- 
thetic diet supplemented by 1 per cent methionine 
They were killed after one week or two weeks Twenty 
rats fed the synthetic diet alone were controls 

From the third to seventh week the liver enlarged 
and its total protein content nearly doubled (Fig 1), 
with collagen (determined as hydroxyproline) account- 
ing for only 5 per cent of the increment The total 
DNA. content increased almost five-fold, while the 
RNA/DNA ratio decreased from 4 to 18 While im 
the control liver the ductular cells accounted (on the 
basis of differential cell counts) for only a small frac- 
tion of the population, with a ductular cell hepa- 
tocyte ratio of 1 10, after seven weeks on ethionine 
the ductular cells predommated, the above ratio 
bemg 7 1 Calculating the change in the total 
number of cells, the ductular cells increased about 
50 times, while the number of hepatocytes decreased 
shghtly (Fig 1) After two weeks of methionme 
supplementation, total protem and DNA. reverted 
almost to control-levels, parallel with the disappear- 
ance of almost all ductular cells and a restoration of 
the cytological pattern of the liver After admunistra- 
tion of 03 pe tritiated thymidine/gm body-weight 
at the seventh week of ethionine intoxication, 
incorporation of thymidine determined by scintillation 
counting was about 30 times the control (Table 1) 
Radioautographs demonstrated the label almost 
exclusively ın ductular cells (Fig 2) 

The rise in DNA 18 accounted for by the prolifera- 
tion of bile ductules, qualitatively and quantitatively, 


Table 1 INCORPORATION OF THYMIDINE-H INTO Liver DNA, 

AND THE DISTRIBUTION OF RADIOAUTOGRAPHIO LABEL IN DIFFERENT 

CELL TYPES IN CONTROL RATS AND RATS INTOXICATED WITH 
ETHIONINE 


Total activity No of labelled cells per 100 high-power 
in DNA fields 


Mesenchymal 
Diet c [min Hepatocytes cells Ductules 
Control 1,760 4 6 8 
Ethionine 
(7 weeks) 47,250 12 18 200 
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M. 2. Radioau 
and then given tritiated thymidine, 
cells. Hematoxylin. (x 120) 


ph of liver of rat fed ethionine for 7 weeks 
€, Labelled cells are all ductular 


as shown by cell counts and autorad'ography. Allo- 
metric analysis of the individual results for DNA and 
total protein shows a close relationship, indicating 
that the increase in liver weight and total protein 
are functions of proliferation of ductular cells. The 
smaller rate of increase in total protein and RNA than 
in DNA is explained by the much smaller cytoplasm 
to nucleus ratio of the ductular cell. In addition, the 
d sappearance of excess protein and ductules during 
recovery run parallel. After a high-fat — low-protein 
diet, bile duct ligation and administration of 
«-naphthyl isothiocyanate and  2-acetyl amino- 
fluorine, the same chemical and histological relation- 
ships hold tzne. 

The excess protein and DNA are thus the structural 
protein of another cell type pre-existing in the normal 
liver rather than the accumulation of abnormal 
proteins as a reflexion of metabolic alterations of the 
hepatocytes. That the average cell size becomes 
smaller*:* is also explained by the proliferation of this 
new cell type. Rad oautographs demonstrate that the 
previously observed increased uptake of thym'dine-*H 
(ref. 2) in eth onine intoxication is merely a reflexion 
of proliferation of ductular cells. No evidence exists 
that proliferation of ductular cells in the rat is related 
to carcinogenesis. The correlated approach applied 
emphasizes the value of morphological controls in the 
study of liver injury. 

This work was supported by research grant A-3846 
Path. from the U.S. Public Health Service and by 
contract DA-49-007—M D-790 from the U.S. Army 
Medical Research and Development Command. 
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Translocated Heat Injury in Plants 


TRANSLOCATED heat injury is common in burns of 
human beings! but is apparently not recorded in 
plants. When one of the two primary leaves of pinto 
bean (Phaseolus vulgaris L.) or cowpea ( Vigna sinensis 
((Torner) Savi) or the cotyledons of National Pickling 
cucumber (Cucumis sativus L.) was heated in water 
(5 sec. at 70° C. was suitable) and the opposite leaf 
abraded as in mechanical inoculation with viruses, 
the heated leaf was killed and the unheated leaf was 
severely injured. There was no apparent injury to the 
petioles and stem through which the injury stimulus 
passed. When the heated leaf was removed from the 
plant within 4 hr. after heating, the translocated 
injury to the opposite leaf was prevented, or recovery 
was favoured. Translocated injury still occurred if 
heating followed abrasion by as much as 12 hr., or 
if abrasion followed heating by as much as 16 hr., but 
comparable injury never occurred from abrasion or 
heat only. As the ratio of the area of the heated leaf 
to that of the unheated leaf was increased by removal 
of part of the leaf area, translocated injury was 
increased. The time of day to produce maximum 
translocated injury quickly was in the morning, but 
translocated injury could be produced at any time of 
day. Translocated injury was favoured by light and 
high temperatures in the environment. As the age of 
plants was increased from 12 to 23 days the degree of 
translocated injury was increased. The temperature 
coefficient for translocated heat injury was about 10. 
This translocated heat injury had various effects on 
infections which will be reported elsewhere. While no 
chemical responsible for translocated heat injury has 
been demonstrated, these results suggest a similarity 
between translocated heat injury in plants and 
animals. 

This work was aided by a grant (G 9820) from the 
National Science Foundation. 
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A Distinction between Bolting and Flowering 
Effects on Senescence 


I7 is well known that flowering and fruiting pro- 
cesses bring about the senescence of most annual 
species of plants. Molisch! interpreted this senescence 
as due to the mobilization of food materials into the 
fruits. His interpretation has been questioned by 
Leopold, Kamien and Janick?, for staminate as well as 
unpollinated pistillate plants of spinach show senes- 
cence after fiowering. Both staminate and pistillate 
spinach plants develop a large seed stalk with the com- 
mencement of reproductive development, and it may 
be that Molisch's interpretation could be made more 
correct by ineluding the mobilization of food materials 
into the stalk as an explanstion of the imposition of 
senescence. The application of gibberellin to spinach 
which has not experienced photoperiodic induction 
will result in the formation of a stalk without the 
further development of flowers, providing an oppor- 
tunity for distinguishing between the effects of bolting 
and of flowering on senescence. 
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Spinach plants of the ‘Spica’ variety planted on 
November 14, 1960, were grown under natural winter 
day-length. On March 31, 1961, twenty plants were 
selected for uniformity and divided into four groups of 
tive plants each. Two groups were placed under short 
days (8 hr.) and two groups under long days (17:5 hr.). 
Day-lengths were shortened with curtains or length- 
ened with about 100 ft.-candles of tungsten light. 
Within eaeh photoperiodie regime, one group was 
sprayed with 1,000 p.p.m. of gibberellie acid with the 
other group acting as a control. 





F Fig. 1. Separation of bolting and flowering effects on senescence 

b in spinach. Treatments from left to right: 1, short day; 2, short 

day + gibberellic acid; 3, long day; 4, long day + gibberellic 
acid. Photographed 49 days after treatment 


Under conditions of long days, all plants bolted and 
flowered and afterwards showed senescence. The 
dates of death of plants treated with gibberellic acid 
and controls were essentially the same. Four of the 
ten plants were staminate and died in 33-51 days while 
the six pistillate plants died in 46-56 days. The final 
height of the plants treated with gibberellic acid was 
only slightly greater than the controls. Under the 
short-day treatment all plants were non-senescent at 
the end of 46 days, although the treated plants had 
elongated to an average height of 11 in. (Fig. 1). At 
this time two plants each from the gibberellic acid 
treatment and control were transferred from short- to 
long-day treatment. These flowered in two weeks and 
all showed normal senescence, the plants dying 
between 45 and 51 days from this date. Of the six 
remaining plants left under short days, four were 
abandoned as a result of insect infestation. The two 
remaining, one treated and one control, were non- 
senescent at the end of 74 days, a total of 120 days 
from the start of the original treatments. at which 
time the experiment was terminated. 

The results demonstrate that the stimulation of an 
amount of stem growth in vegetative plants compar- 
able with that produced in flowering spinach plants 
does not produce the stimulus for senescence which the 
bolting and flowering do. We suggest this as further 
evidence that the simple mobilization of materials is 
not the principal cause of senescence following 
reproduction, for the development of the small 
staminate inflorescences induces senescence whereas 
in contrast the growth of the massive central stem of 
plants treated with gibberellic acid had no detectable 
effect. For rapid growth of the stalk there must be a 
large mobilization of food substrates into the stalk 
and yet the death of the plant does not follow. It 
would appear that not all mobilizing forces within the 
plant induce senescence. 
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Biosynthesis of Gossypol by Excised 
Cotton Roots 


GOSSYPOL, a toxic phenol, occurs primarily in the 
resin glands of cotton seed but also has been isolated 
from the tap-root bark of the cotton plant'. A study 
of the distribution of gossypol in the cotton plant 
revealed that the roots, especially the feeder roots, 
contained high levels of gossypol. This was true for 
strains of cotton in which the plants and seed were 
free of resin glands as well as for strains which 
contained many glands in plants and seed. The high 
levels of gossypol in the roots and the minute amounts 
in the seed of the glandless plants suggest that the 
gossypol was synthesized in the root tissue. 

Since techniques for the growth of excised root 
tissue in sterile nutrient solutions have been devel- 
oped*? it seemed feasible to investigate the bio- 
synthesis of gossypol by cotton root tissue. Excised 
root tips ineubated in a sterile nutrient solution were 
used to determine if gossypol is synthesized by growing 
eotton root tissue. Dawson* found that excised roots 
of the tobacco plant synthesized nicotine. 

The technique used for the culture of the excised 
root tissue was similar to that of Robbins with the 
tomato?, 

Cotton seed from both glanded and glandless strains 
were delinted with concentrated sulphuric acid and 
washed well with water saturated with caleium oxide. 
The seeds were sterilized by suspending them for 5 
min. in a 0-5 per cent sodium hypochlorite solution 
(Clorox' diluted 1: 10). The treated seeds were 
washed three times with sterile distilled water and 
then transferred to sterile plates containing nutrient 
agar. The plates were incubated at about 30° C. until 
the roots had emerged from the seed to a length of 
0-5-0-75 in. 

The root tips were excised with a sterile razor blade 
and sampled randomly (Table 1, samples la and 
2a) to determine the initial gossypol content. The 
remaining tips were transferred aseptically to 500-ml. 
Erlenmeyer flasks containing 150 ml. of sterile 
nutrient solution. The solution was identical, except 
for the inclusion of 0-05 p.p.m. of iodine, to that of 
Robbins*, which contained the following in mumoles 
per litre: thiamine 20, pyridoxine 200 and nico- 
tinamide 200. The flasks were incubated for about 
4 weeks. Some of the roots grew well, while others 
made little or no growth. At the end of the incubation 
period the roots were washed with water and, after 
separating the new growth (Table 1, 15 and 25) fromthe 
original tips (Table 1, le and 2c) that were used to 
initiate the root culture, were dried. Both of these 
parts and the tips that were removed as control 
samples (Table 1, la and 2a) at the time of transfer 
into the nutrient solution were analysed separately 
for total gossypol content as I have already de- 
seribed*, 
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k  Gossypor CONTENT OF Exeisen COTTON ROOTS Grown 
IN NUTBIENT SOLUTIONS* 





Mean gossypol 
Heavies No. of ntent 
eultures (per cent) 
Glanded strain (1) 
Tips at time of transfer 0-080 
New growth in nutrient solution 2 2-300 
Ineubated tips, new growth removed 2 6-320 
Glandless strains (2) 
Tips at time of transfer 2 0-051 
New growth in nutrient solution 2 2-018 
Incubated tips, new growth removed 2 1:361 


* Values are expressed on an air-dried basis 


= "The results of the analyses which are expressed on 
an air-dried basis are presented in Table 1. The con- 
centration of the gossypol in the root tips (la and 2a) 
&t the time of transfer into the nutrient solution was 
low, although the level in the glanded strains was 
somewhat higher than that in the glandless strain. 
. During incubation, however, the gossypol content of 
the original tips (le, 2c) increased very markedly. 
This change was more apparent for the glanded 
| vs strain, a 78-fold increase, than for the glandless strain. 
|^ —; Moreover, the concentration of gossypol in the new 
— croot growth (1b, 2b) was many times higher than that 
‘observed in the original root tips at the time of 
- transfer into the nutrient solution. 

cos Thus these results clearly indicate that gossypol 
was synthesized by the excised root tissue. Further- 
more a sample of root tips from the glandless strain 

that made no growth when incubated in the nutrient 
.8olution contained 2-315 per cent gossypol. This 
observation indicates that the root tips of the cotton 
| plant have the enzyme systems for the production of 
-= gossypol even when they make no growth. 
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Juvenile Stage in Cultivated Forms of 
Brassica oleracea 


/.. Stokes and Verkerk? showed that while chilling 
induces flowering in Brussels sprouts, there was a 
juvenile stage during which chilling was ineffective. 
‘This is reflected in the horticultural practice of over- 
wintering small seedlings derived from an August 
sowing of Brussels sprouts, which then grow vegeta- 
tively for a whole season without flowering. A similar 
procedure is suecessfully followed in the cultivation of 
spring and some autumn and cattle cabbage, suggest- 
ing the existence of a juvenile stage in these also, 
as if the plants, as a result of a too early sowing, are 
too large (that is, beyond the juvenile stage); winter 
. ehilling induces premature flowering (bolting) in the 
— following spring^?. I have, from August sowings, 
- successfully overwintered outside, seedlings of autumn 
. and winter cabbage (3 cultivars), kale (cottagers, 
. hearting, marrow stem and thousand-headed), kohl 
^ rabi (4 cultivars), sprouting broccoli (2 white and 2 
purple cultivars) and heading winter cauliflower or 
` broccoli (9 cultivars), as well as those of spring 
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cabbage. With all these cultivgded fori 
proportion have, when transplanted to pe 
quarters either in the October or April. 4 1 
sowing, continued to grow vegetatively, . wheres 
plants from a July sowing all flowered in the spring 
following. This experience suggests that in all these 
cultivated types a juvenile stage exists during which- 
chillmg in ineffective in inducing flowering. dee 
This feature was even more marked in plante E 
raised from seed of a wild, although perhaps not. 
indigenous, cabbage collected from the Yorkshire 
cliffs. Plants of this, from a sowing made on. 
did not flower in the following spring, whereas 
plants from a corresponding sowing of the. culi 
forms enumerated above did flower. 
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Kinetin-induced Meiotic-Prophase Accelera- a 
tion and Stasis in Tradescantia. Anthers _ 
cultured on Media Deficient in Sugar 


Tue ability of kinetin to accelerate mitotic division 
has been demonstrated for Paramecium, and 
an apparent effect of accelerating prophase has been 
inferred from onion root-tip work?. That the . 
acceleration may be a direct consequence of a hor- | ^ 
monal acceleration of discrete phases of cellular =ž < 
metabolism has been suggested*. The former 
workers found that synthesis of deoxyribonueleic pos 
acid (DNA) could be induced. in tobaceo pith tissue < 
by kinetin ; the latter found that it increased the 
activity of deoxyribonuclease and ribonuclease from. . 
bean hypocotyls. It is known that indole-3-acetic  . 
acid is also required for stimulation of division by = 
kinetin and it has been shown that it is also required 
for the effect on nucleic acid metabolismi"; In 
contrast with the stimulation of nuclear and cellular 
division, most workers have found that in higher 
concentrations kinetin causes abnormalities of divi- 
sion and eventually mitotic activity ceases. 

We planned to determine whether acceleration ^. 
could be detected in the prophase of meiosis in anthers. 
of Tradescantia paludosa, in which the prophase- 
stages investigated (from pachytene and dipletene 
onwards) are of sufficient duration to do so. The -o 
anthers were cultured on a modification of the. basic [E Qs 
medium used by Taylor’ in which 4 per cent lactose 
was substituted for the equivalent of sucrose, toco > 
which kinetin at a concentration of 0-25 p.p.m. and/or = = 
different sugars were added. This medium provides c 
semi-starvation conditions, in spite of which approxi- == 
mately two-thirds of the meioeytes in an anther 
proceed through both stages of the meiotie divisio 
with regular nuclear products when cultured at 27 

It was found that, among a group of fifteen anthers 
excised at pachytene or very early diplotene, seven ? 
anthers treated with kinetin had advanced to d 
kinesis or beyond in 24 hr., and one was at. 
diplotene; six of the untreated anthers. from th 
same buds were at early or mid-diplotene and one.” 
at diakinesis. In addition, in a test involving com- 
parisons between the two lobes of an anther, one 
treated with kinetin, the other not, five of the treated . 
lobes markedly outstripped the control, and only one 
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showed apparent retardation. We conclude that 
kinetin accelerates prophase stages beyond pachytene. 
Since synthesis of DNA in the meiocytes of Lilium 
longiflorum is already completed before this stage* 
but synthesis of ribonucleic acid (RNA) reaches a 
peak during it, it is suggested that an enhancement 
of RNA synthesis, as indicated by observation of 
enhanced ribonuclease activity (ref. 4), may be 
responsible for this acceleration. 

A large number of tests indicated that in anthers 
cultured for 48 hr. at mid-diplotene, kinetin caused 
a cessation of kinetic activity during the meiotic 
process that we have termed ‘meiotic stasis’ (Fig. 1). 
The observed pattern (‘random stasis’), in which all 
the stages from diplotene to anaphase 2 have been 
detected, suggests that the phenomenon is caused 
by depletion of the cellular energy or substrate 
reserves, as a result of the accelerated development 
of prophase. Citrate, when added at a concentration 
of 83 p.p.m., markedly alleviated this nuclear stasis, 
and hence it appears probable that energy through 
the tricarboxylic acid cycle may be more critical than 
substrate. 
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Fig. 1. Microsporocytes in stasis (see text) from a mid-diplotene 
anther cultured for 48 hr. sucrose-deficient medium containing 
kinetin ( x 665) 


In describing the inhibition of mitosis in onion 
root-tips induced by high concentrations of kinetin 
(1-5 p.p.m.) Guttman? mentions binucleate cells, 
massed prophases and small, dense cells with heavily 
stained nuclei. These observations coincide quite 
closely with our own observations of microsporocytes 
in kinetin-induced stasis. It appears probable that 
these abnormalities in mitosis also were a result of 
energy starvation brought about in the root-tips by 
nuclear acceleration induced by kinetin. 





Fig. 2, 8-micro«pore ‘tetrad’ produced by an immediate division 
of the microspore nuclei, from a mid-diplotene anther cultured 
for 48 hr. on a sucrose-sulficient medium containing kinetin ( x 665) 
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When citrate or sucrose was supplied, mid-diplotene 
meiocytes in kinetin-treated anthers frequently under- 
went three successive nuclear divisions within 48 hr. 
(Fig. 2). In contrast, under natural conditions on the 
plant, a period of 7 days elapses between the com- 
pletion of the second meiotic division and the first 
mitotie division of the microspore’. Hence the action 
of kinetin in this instance apparently involves an 
elimination of almost the whole of the long inter- 
vening metabolic period in the microspores. This 
would suggest that it controls at least the conditions 
for the replication of DNA, since in T'radescantia 
microspores the replication occurs at the end of the 
interphase*. This evidence therefore supports that 
of Patan et al.* from mitotic work with tobacco pith 
tissue that the induction of DNA synthesis in the 
interphase nucleus is a significant feature of kinetin 
activity. 


G. W. R. WALKER 
J. DIETRICH 
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University of Alberta, 
Edmonton, 

Alberta. 
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Plankton on the North Kenya Banks 


Durine the investigations of the East African 
Marine Fisheries Research Organization into the 
resources of part of the coast of East Africa a hitherto 
uncharted shallow area was located off the north 
Kenya coast in the vicinity of Lamu’. Subsequent 
investigations have indicated that this area. designat- 
ed the North Kenya Banks, has a good fish popula- 
tion and is of importance as a potential fishery*:*. 

Due to lack of specialists it has been difficult to 
make an extended and continuous investigation of 
the various facets of this marine environment which, 
together, result in the production of a good fishery. 
However, during plankton investigations along the 
East African coast, facts were discovered which 
substantiate the claim that the North Kenya Banks 
is a fertile area and potentially a good fishery. 

Part of the plankton investigations constituted 
taking a series of lines of samples from the coast 
(c. 100 fm., or 50 fm. when the fringing reof permitted) 
outwards for some 40 or 50 miles. "These lines of 
stations were worked from Cape Delgado, near the 
southern Tanganyika border, to Dick's Head, near 
the northern Kenya border; the outward lines from 
the coast were at approximately 30—50-mile intervals. 
The plankton net used was a Currie and Foxton 
70-em. net* without the meter. A filtration coefficient 
of 1 : 1 has been assumed (reasonable in the light of 
former experience), in view of the short duration of 
the haul, the speed of hauling (c. 1 m./sec.) and the 
evident lack of clogging. All were vertical samples 
from, usually, both 200 m. and 50 m. to the surface at 
each station. In shallower water the samples were 
from the bottom to the surface. All samples were 
duplicated, the first being for numerical and specific 
analysis, the second for dry weights. These latter 
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to a constant weight at 50° C. ina 
The resulting weights were applied 
t of the water column from which My 


Full analysis of the results is not yet complete, but 
‘the preliminary results are of much interest. Towards 
. Cape Delgado the plankton dry weight is about 
= 8-12 mgm./m.?, with no great variation in off-shore 
samples. Farther north in the Mafia area the coastal 
water is rather richer with c. 20-30 mgm./m.?, 
deereasing to c. 8-12 mgm./m.* in off-shore waters. 
This. trend towards a relatively enriched coastal 
ater increases to the north, and in the Dick's Head 
<area in-shore figures are c. 30-40 mgm./m.?*, the off- 
x shore figures being c. 10-15 mgm./m.', 
A preliminary Survey Report of the 1960 cruise of 
(c the Russian research vessel Vitiaz, for the Interna- 
- «. tional Indian Ocean Expedition, shows the contouring 
-~ — of the plankton dry weight in the top-most 100 m. of 
the Indian Ocean. 
with a low plankton dry weight (7-5 mgm./m.?) is 
s much nearer the coast-line in the Cape Delgado area 
«than farther north in the Dick's Head area. 
"The stations worked over the North Kenya Banks 
showed the highest figures. Thus, among others, 
plankton dry weights of 65-1, 55-0 and 62-8 mgm./m.? 
were recorded at the bottom end of the range, with 
the largest reading being 161-6 mgm./m.?. This 
sample was taken at a depth of 108 m., the position 
«being 2? 25-5' S. 40? 54' E. 

These readings show that the water over the North 
Kenya Banks is demonstrably richer than the 
remainder of the Tanganyika-Kenya coast. Further 
readings will have to be taken before it can be stated 

confidently that this applies throughout the year, 
although there is reason to believe that this is, in fact, 
ihe case. 

dt is worth noting that the colour of the sea over 
these Banks was the ‘bottle-green’ associated with 

| such temperate water as the North Sea, and neither 
the clear blue of the off-shore East African waters nor 
the dirtier blue or pale greens of the in-shore waters 
was in evidence. 

Of interest is the consideration of the plankton dry 

. weight underneath one acre of water over the North 
Kenya Banks. Assuming a mean depth of 80 m. and a 
plankton dry weight of 100 mgm./m.? the resulting 
figure is 32:27 kgm. plankton dry weight beneath 
.] aere of water. 

Analysis of the preserved samples has not yet been 
eompleted, but random examinations give every 

^ indication of a richer population of fish eggs and 
` larvæ compared with the rest of the coast. This poses 
the problem, to be investigated later, of whether the 
North Kenya Banks are a breeding ground, with the 
fish eonverging from outlving waters to breed, or 
whether the North Kenya Banks are mainly a feeding 
ground, the breeding being resultant and dependent 
on this. 








J. WICKSTEAD 
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CYTOLOGY 


Increase in the Dense Cytoplasmic Bodies | 
in Radiation-induced Giant Cells of the 
Cultured Fibroblast | 


THE formation of giant cells after the irradiation of 
cell cultures was described by Puck and Marcus! in 
HeLa cells. The phenomenon also occurs in cultured 
fibroblasts. After a dose of 1,000 r., a high percentage - 
of the cells in the cultures cease to undergo- c 
but continue to grow in bulk, forming charac 
giant cells which survive for about two woe 
normal culture conditions. ^ Dickson, Pa 
Davidson? have shown that the giant cells co s 
twice the deoxyribonucleic acid, ribonucleic acid, — 
protein and lipid of the normal cell and that the 
synthesis of these compounds appears to be normal. 
The primary radiation effect, therefore, would seem 
to be on the mechanics of mitosis. 

The non-irradiated, mouse subcutaneous fibroblast 
(strain L (ref. 3)) is roughly circular in thin sections 
under the electron microscope, with a single nucleus 
and cytoplasm containing typical mitochondria, 
sparse granular endoplasmic reticulum, a. diffuse 
Golgi apparatus, numerous vesicles and ‘dense cyto- 
plasmic bodies’. The last-named are a characteristic 
feature of these and other cultured cells‘. They are 
circular bodies, approximately 0-5 my in diameter, 
with a single outer membrane and opaque ground 
substance, and occur three or four to a cell in the thin 
sections. In a few cases the outer membrane is 
duplicated for part of its length, or even laminated. 
Rarely, a myeloid body is seen. Other structures are 


present, the ground substance of which is intermediate |. 
in density between that of the dense bodies. and that — — 


of the eytoplasmie vesicles. 


Pinocytosis can be demonstrated easily in these — pr 
cells by growing them in a medium containing 2 per — — 
After an hour, 
granules of thorium dioxide are present throughout 


cent "Thorotrast' (‘Testagar’). 
the eytoplasm on the inner surface of membrane- 
bound vesicles. A few of the dense bodies also contain. 
one or two granules at this stage. If cells treated with- 
the ‘Thorotrast’ are returned to a normal medium for. 
a further 24 hr., all the intracellular granules are . 
segregated within the dense bodies which, therefore, 
correspond to the residual bodies of Palade*. | 
In the giant cells developed from the fibroblasts 
after irradiation, the nucleus is large and convoluted 
so that thin sections often give an impression, seldom 
confirmed on light microscopy, of multi-nucleation. 
Individually the cytoplasmic structures are identical 
with those of the non-irradiated cells, though the 
Golgi apparatus may appear more diffuse. The 
striking feature of these cells, however, is the increase — 
in the number of the dense bodies, which oceur in 
gromps of 12-15 in each cell in the thin sections. 


As in the normal cell, they are approximately 0-5 m I 


in diameter, with a smooth outer membrane an 
opaque ground substance. Their internal structure. 
moro variable, most have some lamellations ar 
myeloid bodies are fairly common. After "Thorotras 


treatment for 1 hr., the dense bodies of the giant x e 


cells, in contrast to those of the normal cells, show . 


a considerable concentration of granules (Fig. 1). . 
"Thorotrast'-treated giant cells, returned to a normal — uc 
medium for a further 24 hr. show the substance to be. 


entirely loealized in the dense bodies. 
It is concluded that, as & result of eontinuous 
pinocytosis, when cell division in cultured fibroblasts 



















Dense cytoplasmic bodies in an irradiation giant cell 
after 1 hr. in a medium containing "Thorotrast'. The structures 
have internal membranes and contain granules of thorium dioxide 


Fig. 1. 


is prevented by radiation, the dense cytoplasmic 
bodies inerease in number. The build-up of these 
structures, possibly with a high enzyme content, may 
be a factor in the death of these cells. The greater 
concentration of "Thorotrast' in the dense bodies of the 
giant cells suggests that the rate of pinoeytosis is 
greater than in the normal cells. Such a change could 
be eorrelated with the inereased volume of the cell 
and the relatively decreased surface area available for 
the diffusion of nutrients. 

I am grateful to Dr. J. Paul, of the HERT Tissue 
Culture Laboratory in the Department of Biochem- 
istry, University of Glasgow, and to Miss M. Struthers, 
for technical assistance with the cultures. 
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MICROBIOLOGY 


Incorporation of Molecular Oxygen 
during Microbial Utilization 
of Olefins 


THe utilization of various alkanes by certain 
bacteria involves the incorporation of molecular 
oxygen into the conversion products! and into the 
bacterial cells?. The attack of the olefin 1-hexadecene 
at the saturated end of the molecule? probably is 
not different from that of the alkanes. Instances 
where the oxidative attack occurs at the double bond 
in olefins*" have now been examined with the use 
of oxygen-18. Also, the cells of an ethylene-utilizing 
bacterium were analysed similarly. 
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The yeast Candida lipolytiea A,.T.C.C. 8661 was 
incubated , at 30°C. for 4 days with continuous 
shaking in a closed 4-litre flask containing 800 ml. 
of the mineral salts solution of Bruyn‘, supplemented 
with 30 ml. of l-hexadecene or l-octadecene. The 
gas phase contained 80 per cent of labelled oxygen. 
The culture was extracted with diethyl ether. 
Chloroform was added to dissolve the diol crystals 
in the extracted unutilized olefin and the diols were 
purified by column chromatography*. The diols were 
recrystallized twice from n-hexane and dried in 
vacuo over phosphorus pentoxide (Table 1). 


Table 1 
Hexadecane-1,2-diol Octadecane-1,2-diol 

Substrate ]-hexadecene l-octadecene 
Yield of recrystallized 32-5 mgm, 70-0 mgm. 

product 
Melting point 85* C. 86:5^ C. 
Bromine test for double 

bond (ref, 6) Negative Negative 
Periodate test for diol 

(ref, 7) Positive Positive 
Purity, by periodate 

titration (ref. 8) 97:2 per cent 900-0 per cent 


75:12 per cent; 


C, 73:01 per cent ; 
H, 12-91 per cent 


Analysis, found 
H, 12:75 per cent 


theory C, 744 r cent; 7074 per cent; 
H, 13:2 per cent H, 13-2 per cent 
Formaldehyde produced 
by pisiooete oxidation 
(ref, 9) Positive Positive 


The Candida cells from the octadecene culture were 
also analysed for oxygen-18. Cells of the ‘ethylene 
bacterium’ were recovered from mineral-salts medium 
in an atmosphere containing 10 per cent ethylene 
and 30 per cent of labelled oxygen. Cells of this 
bacterium were also obtained under comparable 
conditions with 1 per cent sodium acetate instead of 
the ethylene. 

Isotopic composition of the products was do- 
termined by established procedures'®" (Table 2). 


Table 2 
Percent- 
Atom percent- age of 
Product Substrate age excess O oxygen 
Mo 
rived 
O, Product from O 
Hexadecane-1,2-diol l-Hexadecene 2:66 1-50 56:4 
Octadecane-1,2-diol 1-Octadecene 5:47 1:69 31-0 
Octadecane-1,2-diol 1-Octadecene 5-50 1-62 29-6 * 
Octadecane-1,2-diol 1-Octadecene 5-50 — 1:09 36:2* 
Candida lipolytica cells 1-Octadecene 5°50 0-057 1-04 
‘Ethylene bacterium’ cells Ethylene 502 0-104 387° 
‘Ethylene bacterium’ cells Ethylene 502 0164 $:27* 
‘Ethylene bacterium’ cells Ethylene 402 0-075 1-62 
‘Ethylene bacterium’ cells Sodium 
acetate 5°36 0-006 0:11 


* Duplicate flasks in the same experiment. The orange-yellow 
pigmented ethylene bacterium was isolated from soil. 1t is a Gram- 
positive, aerobic, motile, non-sporulating rod. The minimal purity of 
the ethylene used in these experiments was 99 mole per cent, 


Although a large fraction of the diol oxygen was 
derived from molecular oxygen, the results do not 
show whether one or both oxygen atoms of the diols 
came from the atmosphere. Assuming that the 
oxygen in any one position in the diol molecule was 
introduced by only one mechanism, the minimal 
theoretical value for incorporation is 50 per cent. 
The decidedly lower values for octadecane-1,2-diol in 
all probability indicate that an exchange had taken 
place whereby the oxygen-18 originally incorporated 
was partially replaced by oxygen-16 derived from 
water, The value of 56-4 per cent in the case of hexa- 
decane-1,2-diol suggests that both oxygen atoms were 
derived initially from the atmosphere, but better 
evidence is required. 
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The cells of Candida lipolytica were also enriched 
in oxygen-18, as expected* from the assimilation of 
labelled intermediate diol. The 15- to 35-fold enrich- 
ment in oxygen-18 of the bacterial cells grown on 
ethylene over those grown on sodium acetate is 
indicative of an incorporation of molecular oxygen 
in the primary attack on the ethylene. By analogy. 
these results may be taken to imply, but not prove, 
that oxidation of ethylene by this bacterium takes 
place via ethylene glycol formed by the incorporation 
of molecular oxygen. Ethylene glycol was shown to 
serve as a sole source of carbon and energy for the 
‘ethylene bacterium’. 

This work was supported in part by the U.S. 
National Science Foundation, the U.S. National 
Institutes of Health and the U.S. Office of Naval 
Research. 
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Antigenic Structure of Entameba 
histolytica 


[IMMUNOLOGICAL investigations on the specific 
antigens of Entamoba histolytica are complicated by 
the presence of concomitant bacterial flora in the 
culture. The precipitin reaction in cases of clinical 
amcebiasis has been investigated^*, Menendez? 
reported the presence of precipitin antibodies in the 
serum of rabbit immunized with cultures of Entamæba 
histolytica. In the present work the precipitating 
antigens of these parasites were analysed by agar-gel 
diffusion and intragel absorption techniques. 

Entameba histolytica, strain E.H. 1, was used in 
this work. The associated bacterial flora in the 
culture were Escherichia coli and Pseudomonas pyo- 
cyaneus. Ent. histolytica grown in Row’s hemoglobin 
media at 37° C. for 48 hr. was treated with dihydro- 
streptomycin sulphate to kill the bacteria. In each 
test, materials from thirty culture tubes were pooled 
and centrifuged at 2,000 r.p.m. for 5 min. The super- 
natant fluid was discarded and the deposit was 
re-suspended in Ringer's solution so as to contain 
about 100-150 parasites/low-power field. Sera of 
rabbits hyperimmunized with cultures of Ent. hista- 
lytica were used and are referred to as 'antiamcba' 
sera in this communication. Sera were also cultivated 
against E. coli and Ps. pyocyaneus. 

Diffusion of antigen and antibody in agar gel was 
carried out according to the method of Feinberg* as 
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Fig. l. a, Central well; antiam«o ba serum: 
2, E. coli antigen ; 3, Ps. pyocyaneus antigen. b, Intragel specific 
— 50 per cent anticoli and antipyocyaneus sera (v/v) 


1, amaba antigen ; 


in ge Arrangements of the wells are the same as in Fig. la. 


Note unmasking of three specific bands of ammba 


adapted by Ghosh and Mukerjee*. In order to 
eliminate the reactions due to the antigens of associate 
bacteria, controls were set up with E. coli and 
Ps. pyocyaneus antigens in each test. It can be seen 
in Fig. la that ‘antiamoeba’ serum gave rise to three 
precipitin bands against E. coli and two bands against 
Ps. pyocyaneus antigens. But when the ameba 
culture was used, a number of bands appeared 
between the antigen and antiserum wells and it was 
not possible to delineate the specific bands of amcebe. 
This was due to the presence of antibodies against 
E. coli and Ps. pyocyaneus in the ‘antiamceba’ serum 
and the corresponding antigens in the antigenic 
preparations of amceba. By incorporation of 50 per 
cent (v/v) anticoli and antipyocyaneus sera in the 
media, it was possible to absorb the bacterial antigens 
and identify the three specific precipitin bands of 
amoebae. 

On adding ‘antiamoeba’ serum to the media all the 
bands, including those due to Ent. histolytica, were 
eliminated. 

Since the rabbit’s blood was used both for the 
preparation of Row’s hæmoglobin media and as the 
source of antisera, no precipitin band appeared 
against media controls. 
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GENETICS 


Skewed Recombination in a Rare Inter- 
specific Jute Hybrid 


Islam and Rashid! and Swaminathan et al.* have 
recently described the morphological and cytological 
characteristics of the F, hybrids between the two 
cultivated jute species, Corchorus olitorius L. and 
C. capsularis L. The F, plants studied were inter- 
mediate in phenotype, but an interesting genetic 
situation was found when we examined the F, and 
F, generations of two hybrids of C. olitorius (9) x €. 
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capsularis (d). Chromosome associations during 
microsporogenesis were analysed in the two F, 
hybrids, and five bivalents and one quadrivalent, or 
one trivalent and a univalent, occurred in several 
cells at diakinesis and metaphase I (ref. 2). One of 
the bivalents was heteromorphic. The F, progenies 
of these two hybrids contained more than 40 per cent 
of non-viable seedlings. Also, about 11 per cent of the 
F, population had various types of chlorophyll 
deficiency, abnormalities in leaf shape and poor 
vigour. 

The varieties of C. olitorius and C. capsularis used 
in this work differed prominently from each other in 
branching habit, leaf index, flower size, number of 
stamens, size and shape of capsules, and seed colour. 
The F, population of one cross, comprising 138 
individuals, was analysed for these characters accord- 
ing to the hybrid index procedure of Anderson?. The 
results (Fig. 1) show that there is a preponderance in 
the population of plants with an index value approach- 
ing that for C. olitorius. While a wide range of 
segregation was observed for the shepe and size of 
capsule, no plant had the capsularis type of globose 
fruit. 

Chromosome associations were studied in seven F, 
plants, and differential segments and inversion loops 
at pachytene, a heteromorphic bivalent at metaphase 
I, and a dicentric bridge and an acentric fragment at 
anaphase I were recorded. Two plants proved to be 
trisomics with 2n = 15 and in both of them the 
capsules occurred in clusters of 5-7 as in the capsularis 
parent (Fig. 2), thereby indicating that the extra 
chromosome may be a capsularis one carrying the 
gene for this trait. In the F, population raised from 
one of the hybrids, phenotypic segregation was even 
more prominently skewed in the direction of olitorius 
than in the F,. 

The cytological results, the occurrence of a high 
proportion of unthrifty and non-viable seedlings and 
the skewed segregation behaviour observed in F, and 
F, progenies indicate that the genomes of C. olitorius 
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Fig, 1. Histogram showing the number of F, plants under each 
index value in the cross C, olitorius x C, capsularis, The popula- 
tion was scored for six different morphological characters and 
to each character typical of C, olitorius an index number of 
1 was assiuned. Thus plants totally like C, capsularis will have 
an index value of 0 and those like C. olitorius will have a value of 6. 
A value of 0-5 was given when the phenotype for a character was 
intermediate between that of the parents 
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Fig. 2. 
trisomic F, with bunched — and C, 
size 


Fruiting branches of (left to right), bus osi m ry 
cap ris (d). nat. 


and C. capsularis have differentiated in the direction 
of increased coherence’, which automatically decreases 
the possibility for effective recombination. It has not 
been possible, so far, to make this cross with C. 
capsularis as the pistillate parent. Whether or not 
cytoplasmic factors have any role in determining 
coherence and the direction of skewness in segregation 
can be ascertained only when the reciprocal hybrid 
becomes available. From the point of view of breed. 
ing, the occurrence of trisomics in the hybrid pro- 
genies is & useful feature, since a way is thus open 
for substituting whole pairs of chromosomes that 
cohere but do not recombine. 
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Hzmoglobin Polymorphism in Fishes 


Meristic and morphometric characters have been 
the most commonly used traits in the investigation of 
races or sub-populations of fishes. The differences in 
such characters among various populations may be 
due to variation in genetic as well as environmental 
factors. However, the relative influence of these two 
factors is usually unknown!, Consequently, it would 
be advantageous to use gene-frequency data based on 
Mendelian characters, the expression of which may 
be considered not to be influenced by environmental 
variation. 

In mammals, especially man, this has been success- 
fully done with blood types and hemoglobin types*:?, 
Variation of blood-groups within fish species has been 
described by several authors‘-*, Although zone 
electrophoresis of fish hamoglobins has been reported 
by Buhler and Shanks’ and by Chandrasekhar’®, 
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Fig 1 Hemoglobin patterns of whiting 1, Type Hb I-1; 


2, type Hb I-1-2, 3, type Hb I-2 
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Fig 2 Hemoglobin patterns of cod 1, Type Hb I-1, 2, type 
Eb I-1-2, 3, type Hb I$ E 


no intraspecific variation in electrophoretic mobilities 
was detected 

This communication describes hemoglobin poly- 
morphism 1n two species of fish, namely, whiting and 
cod. Polymorphism was detected by a modification 
of the agar electrophoresis technique described by 
Giri! The present experiments were carried out 
with phosphate buffer (pH 7 3, 1onic strength 0 02) 
Only freshly prepared oxyhxmoglobin solutions 
have been used 

In whiting (Gadus merlangus) three different 
electrophoretic patterns were found (Fig 1) The 
whiting hemoglobins were run at room temperature 
for 30 mm at 200 V. between electrodes The 
patterns all have a slow-moving component (Hb IT) 
ın common In addition, they may have either one or 
both of two faster-moving components (HbI-1 and 
HbI-2) The three types of individuals are called 
type Hb I-l, type Hb I-1-2, and type Hb I-2 Both 
m type Hb I-1 and ın type Hb I-1-—2 the Hb I-1 com- 
ponent is accompanied closely at the cathodic side 
by a weak minor component. No correlation of 
hzmoglobin type with sex or size of the specimen 
could be detected 

Apart from the common Hb II component the 
situation observed here is similar to the hemoglobin 
polymorphism described in man, cattle and sheep 
In these species, the underlying genetics have been 
elucidated? By analogy a genetic hypothesis involv- 
ing two alleles may be tentatively adopted to explain 
the genetics of the hemoglobin variation observed in 
whiting According to this hypothesis two co-domun- 
ant allelic genes Hb Y! and Hb I? determme the 
hæmoglobin components Hb I-1 and Hb I-2 respec- 
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tively Type Hb I-1 and type Hb I-2 are considered 
as homozygous for the corresponding allele, and type 
Hb I-1-2 would represent the heterozygote This 
hypothesis recerves some support from the fact that 
the distribution of the supposed genotypes 1s con- 
sistent with the distribution calculated according to 
the Hardy-Weinberg law (Table 1) There ıs no 
significant heterogeneity between the samples repre- 
sented in Table 1 

In eod (Gadus morrhua) three distet patterns 
were agam observed (Fig 2). The hemoglobin 
components of cod require longer time and coohng 
of the apparatus for their resolution They were 
run for 60 mm at 200 V. between electrodes It 
should be noted that although the same designations 
(Hb I-1, Hb I-2, and Hb IT) have been used for cod 
and whitmg hamoglobm components, it i8 not 
known whether the two species have any component 
in common 

Both the Hb I-1 and the Hb I-2 component of 
cod hemoglobin are accompanied at the cathodic side, 
by & minor component, Hb 1-1' and Hb I-2’ respec- 
tively The Hb I-2' component was inseparable from 
the Hb I-1 component in the supposed heterozygote 
as well as in an ın oro mixture of hemoglobm from 
individuals of type Hb I-1 and Hb I-2 This situation 
is &umilar to that described for serum transferri 
types in mice!?, Smce stormg the eod hemoglobm 
solutions tends to merease the relative amount of 
minor components, they may represent denaturation 
products 

A two-allele genetic hypothesis may also be 
adopted to explain the findings with cod The results 
obtained are presented m Table 2 A highly signifi- 
cant differenee in gene frequencies ean be seen 
between the Bornholm sample and the three other 
samples Apart from the Bornholm material the 
samples are consistent with the Hardy-Wemberg 
distribution and show simular gene frequencies The 
poor fit (P = 00004) of the Bornholm sample 1s 
most easily explained by assuming that it represents a 
population homozygous or nearly homozygous for the 
Hb I? allele with some admixture of migrants from a 
population having gene frequencies similar to those 


Table 1 DISTRIBUTION OF HJEMOGLOBIN TYPES IN SAMPLES OF 
WHITING FROM DIFFERENT AREAS 
Frequency 
Type HbI-1 HbI-1-2 mr Total of HbE 
Supposed genotype HblI'.| Hbi?) HbI?/ allele 
HbI? HbI* HbI? 
Inner Danish Waters 
(Kattegat, The Sound, 16 78 72 166 0 33 
and Fehmarn Belt) 
Southern North Sea 
(near Holland) 10 40 46 96 0 31 
Northern North Sea 
(near Aberdeen) 10 21 21 52 0 39 
Irish Sea 4 18 16 38 0 34 
Totals observed 40 157 155 352 0 34 
Totals expected accord- 
ing to the Hardy- 
Weinberg law 39 9 1572 1549 


Table 2 DISTRIBUTION OF HAMOGLOBIN TYPES OBSERVED IN SAMPLES 
OF CoD FROM DIFFERENT AREAS COMPARFD WITH THE DISTRIBUTION 
EXPECTED ACCORDING TO THE HARDY-WREINBERG LAW OF GENOTYPE 


FREQUENCIES 
Type Hbi-1 HbI{-1-2 HbI-2 Frequency 
Supposed genotype Hbr bI!/ TU Total of Hb? 
HbI HbI? allele 
The Sound observed 93 112 Pun 242 0 62 
expected 917 114 6 35 7 
Fehmarn Belt observed 27 30 12 69 0 61 
expected 256 32 8 106 
Great Belt pbeerved 37 50 15 102 0 61 
expected 377 48 6 157 
Baltic Sea, 
near Renne, observed 2 2 74 78 0 04 
Bornholm expected 01 68 721 
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observed ın the Sound and Fehmarn Belt This inter- 
pretation, although supported by results from Danish 
tagging expermments!?, should be tested by further 
investigation 

In addition to cod and whiting, distinct intra- 
specific variation m hemoglobin patterns has been 
observed ın sole (Solea solea) and eel-pout (Zoarces 
vwiparus) These prelimimary results suggest that 
hemoglobin polymorphism may be of rather common 
occurrence m fishes and that zone electrophoresis of 
hemoglobins may become a valuable tool in 
taxonomic investigations of fishes at the sub-specific 
level 

This work was supported by a grant from the 
Carlsberg Foundation Acknowledgment is due to 
Dr B. B Parrish, Marine Laboratory, Aberdeen, 
Scotland, to Dr M Roessngh, Ruijksinstitutt voor 
Visser] Onderzoek, Ijmuiden, Holland, and to 
Dr L  Birkett, Fisheries Laboratory, Lowestoft, 
Suffolk, England, for providing samples of whiting 
blood 

I am indebted to Dr O Frydenberg for suggesting 
this type of work to me and for helpful discussion and 
suggestions 

KNUD Sick 
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VIROLOGY 


Inactivation of Rous Virus 
by Phospholipase A 


Rovs virus 18 known to consist of protem, ribo- 
nucleic acid (RNA) and lipid, about 40 per cent of 
which 1s m the form of phospholipids!2 Partially 
purified preparations of the virus are inactivated by 
a wide range of lipid solvents—organic solvents, 
bile salts and synthetic deteigents—and the loss of 
infectivity 18 associated with the shedding from the 
virus particles of protem-lke material? 

Anderson and Ada‘ have shown that Murray 
encephalitis virus—an arthropod-borne virus con- 
taming RNA, protem and hpid—is mactivated by 
phospholipase A Ths communication reports a 
similar loss of infectivity m Rous virus preparations 
incubated with phospholipase A 

Partially purified Rous virus suspensions were 
made from fresh fowl-grown tumours according to 
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the method of Carr and Harris as modified by 
Bather®. Phospholipase A, supphed by Miss H 
Doery of the Commonwealth Serum Laboratories, 
had been purified from the venom of the black snake 
(Pseudechis poiphyrvacus) The concentration of 
enzyme used in these experiments was 100 ugm 
per ml of 0 9 per cent sodium chloride , each sample 
was boiled for 10 min to ensure that phospholipase 
A was the only functional enzyme present 

Equal volumes of virus suspension (m phosphate- 
eitric buffer pH 7 2) and phospholipase A were mixed 
and meubated at 37° C for 30 mm As a control, 
the virus suspension was mixed 1n 0 9 per cent sodium 
chloride and kept at the same temperature and for 
the same time as the experimental tubes The 
infectivity of the control and treated samples was 
estimated by titration m young chieks? 

Table 1 shows the loss of infectivity which resulted 
from the incubation of Rous virus with phospholipase 
A in two experiments | Experiments with MH, 
tumour virus preparations have yielded similar 
results (Table 2) 
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Table 1 ErFrECT ON INFECTIVITY OF ROUS VIRUS INCUBATED WITH 
PHOSPHOLIPASE A (100 GM JML) AT 37°C FOR 30 MIN 


Dilution of sample and No of tumours/No of 
chicks inoculated at each dilution 


10 310-7 ]0- 10-2 10-3 10-5 ]J0-* 


Infectivity 


1 Control 2/2 2/2 4/4 4/4 4/4 4/4 0/4 10° 5 
Treated 2/2 2/2 0/2 0/4 0/4 0/4 0/4 10! 
2 Control 2/2 2/2 2/2 4/4 4f4 | 4[4 4/4 »10* 
Treated 2/2 1/2 0/2 Of4 0/4 0/4 Of4 10! 


Table 2 EFFECT ON INFECTIVITY OR MH, VIRUS INCUBATED WITH 
PHOSPHOLIPASE A (100 KGM /ML) AT 37°C FOR 30 MIN 


Dilution of sample and No of tumours/No of 
chicks inoculated at each dilution 


10 10-3 10- 10- 10-3 10- 10- 

1 Control 1/2 2/2 2/2 1/4 4/4 1/4 0/4 10*? 
Treated 0/2 0/2 O/2 0/4 0/4 0/4 olá 0 
2 Control 2/2 2/2 4/4 4/4 2/4 Of4  Oj4 10*° 
Treated 0/2 0/9 O/f O/4 Off — — 0 


Infectivity 


Since phospholipase A splits specifically only 
fatty acids bound ın the — position, 1b was concluded 
from these results that Rous virus (and probably 
the other fowl tumour viruses as well) are inactivated 
by the cleavage of fatty acids from phospholipids 
contained in their structure 

This result would support a previous suggestion? 
that the integrity of at least some of the protein 
bound to the phospholipid moiety m the extra- 
nucleoid region of Rous virus particles 1s essential 
for infectivity It may be that disruption of this 
phospholipid-protem wrapping 3s so radical as to 
cause irreversible injury to the virus RNA, and that 
1t 1s this secondary effect which destroys the repro- 
ductive capacity of the vuus On the other hand, 
the lipoprotein shell of Rous virus may allow the virus 
particles to react with some intracellular system and 
this ‘acceptance’ may bo a necessary pierequisite 
for virus replication 
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FORTHCOMING EVENTS 


(Mestings marked wih an asterisk * are open to the public) 
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Monday, December 4 


INSTITUTE OF METAL FINISHING (1n the Gower Room, Hotel Russell, 
London, W C 1), at 3 30 pm—Dr G L J Batley "The Changing 
Face” (Presidential Address) 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 4 pm —Dr H E Huxley 
* Mechanism of Muscular Contraction’’ * 


INSTITUTION OF HLEOTRIOAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATIONS SECTION (at Savoy Place London, W C 2, at 5 30 pm 
Discussion on "Baekward Waves m Waveguides’, opened by Dr 
P J.B Clarrneoats, Mr R A Waldron and Mr G H B Thompson 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS, 
THEORY OF MATERIALS OF CONSTRUCTION GROUP (at 1 Birdcage 
Walk, Westminster, London, 8 W 1), at 6 p m —Driscussion on “Can 
Plastic Components be Designed Rationally ?'' 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 6 pm —Prof W K Estes 
(Indiana) "Current Hoc: of Research m Mathematical Behaviour 
Theory” * (Further lectures on December 7 and 11) 


SOOLETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 6 30 p m —Scientific Film Exenmg 


Tuesday, December 5 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C1), at 1 15 p m —Dr H Kalmus 
' Biological Time-keeping”’ * 


INSTITUTION OF ELEOTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 5 30 p m — 
Prof L F Bates, FRS ‘Domains and Domain Patterns” 


PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COM- 
MITTEE (in Committee Room 12, House of Commons, London, S W 1), 
at530pm-—Dr D W Hilland Sir Charles Goodeve, FRS “The 
Developing and Financing of Research Associations" 


ROYAL SOCIETY OF MEDICINE, PATHOLOGY SECTION (at 1 Wimpole 
Street, London, W 1), at 5 30 p m —Symposium *‘On Histochemistrs 
and Cytochemistry" Speakers Dr N, M Hancox, Mr S J Holt 
and Mr A J Hale 


UNIVERSITY OF LONDON (at Imperial College of Science and 
Technology, London, S W 7), at 580 pm —Prof M G Fleming 
Inaugural Lecture 


INSTITUTION OF POLISH ENGINEERS IN GREAT BRITAIN, GROUP 
FOR ECONOMIC, SOCIAL AND MANAGEMENT STUDIES (af 55 Princes 
Gate, Exhibition Road, London, S W 7), at 7 pm —Mr E A Cooper- 
Key “Management Training m the Armed Forces and m Industry" 


ROYAL PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN (af 16 Princes 
Gate, London, S W 7),at7pm-—Dr R G W Ollerenshaw ‘Design 
ce ro a a Study of Legibiity" (Eleventh Renwick Memorial 

ecture 


SCIENCE Forum (at Friends House, Euston Road, London, N W,1), 
at 7 30 pm —Dame Kathleen Lonsdale, FRB ‘Statistical Ethics" 


Wednesday, December 6 


INSTITGTE OF PHYSICS AND PHYSICAL SOCIETY, COLOUR GROUP 
(at the Northampton College of Advaneed Technology St John 
Street, London, EC 1), at 8 pm —Dr B H Crawford "Colour 
Matching and Visual Adaptation" 


INSTITUTION OF AGRICULTURAL ENGINEERS (at Cromwell Hall, 
Earls Court, London), at 4 pm —Dr A H Willis “Agricultural 
Engmeenng Problems m Austraha" 


ROYAL STATISTICAL SocIETY (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W C 1) 
at 5 pm-——FProf C, R Rao “Efficient Estimates and Optimum 
Inference Procedures in Large Samples” 


INSTITUTE OF BIOLOGY (n the Lecture Theatre of the British 
Museum (Natural History), Cromwell Road, London, S W 7), at 
515 pm—Dr J M Tanner “Human Growth im its Comparative 
and Evolutionary Aspects" (Second Darwin Lecture) 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W 1j,at5 30pm—Dr J A Carruthers and Mr K J Marsh “Charge 
Relaxation in Hydrocarbon Iaquids flowing through Conducting and 
Non-conducting Pipes", Mr K J Wigley and Dr J A Carruthers 
“The Estimation of Electrostatic Potentials, Fields, and Energies in 
a Rectangular Metal Tank contaimng Charged Fuel" 


BRITISH INSTITUTION OF RaDIO ENGINEERS, COMPUTER AND 
MEDIOAL ELECTRONICS GROUPS (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 6 pm —Diseussion on “Possible Uses of Computers in Medical 
Diagnosis” opened by Dr A D Booth 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISOUSSION 
CIRCLE (at Savoy Place, London WC2), at 6 p m —Duiscussion 
on “Teaching Protective Systems" opened by Mr G, Heywood 


Wednesday, December 6—Friday, December 8 


ROYAL PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN, SCIENTIFIC 
AND TEOHNICAL GROUP (at the Royal Society of Arts, John Adam 
Street, Adelphi, London, WC 2}, at 930 am daily—Symposium 
“Document Copying by Photography" 
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Thursday, December 7 


ROYAL Soctzuty (at Burlington House, Piccadilly, London, W 1), 
at 430 pm —Sir Gavin De Beer, ERS “The Origins of Darwin’s 
Ideas on Evolution and Natural Selection’ (The Wilkins Lecture) 


INSTITUTE OF REFRIGERATION (at the Institute of Marine Engin- 
neers, The Memorial Buildmg, 76 Mark Lanc, London, EC3), 
at 530 pm—Dr J C Fidler "Developments m Storage of Fruits” 


INSTITUTION OF ELECTRICAL EXGINEDRS (at Savoy Place, London 
W C 2), at 6 80 pm —Prof M W Thrmng “Magnetonydrodynamuics”’ 
(Parsons Memorial Lecture) 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Aibemarle Street, 
London, W 1), at 5 30 p m —Mr K D Vernon “Forgotten Worthies 
of the Royal Institution 2 Willam Savage and Thomas Webster” 


ROYAL METEOROLOGICAL SOCIETY On the Conference Hall, County 
Hall, London, S E 1), at 5 380p m —Mr € E Wallington “Meteoro- 
logy and Gliding” 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropieal Medicine, Keppel Street, Gower Street, London, W C1), 
at 530 pm —Dr F Kingsley Sanders “Infective Nucleic Acids 
and Virus Synthesis” * (Sixteenth of seventeen lectures on “The 
Scientific Basis of Medicme’’ organized by the British Postgraduate 
Medical Federation ) 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON BECTION (at the 
Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W 1), at 7 pm —Mr A Macmaster 
“Aircraft Pamts" 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the North- 
ampton College of Advanced Technology, St John’s Street, London, 
EC1,ab7pm-—Mr T M Dunn “Ultra-violet Spectroscopy” 


Thursday, December 7—Friday, December 8 


POWDER METALLURGY JOINT GROUP of the IRON AND STEEL 
INSTITUTE and the INSTITUTE OF METALS (at Church House, Great 
Smith Street, London, S W 1), at 230 pm on Thursday and 10 a m 
on Frday— Winter Meeting 


Friday, December 8 


ASSOCIATION OF APPLIED BIOLOGISTS (at the British Museum 
(Natural History), South Kensington, London, 8 W 7}, at 10 50 a m — 
Paper reading meeting 


INSTITUTION OF ELEOTRICAL ENGINEERS, MEDICAL ELECTRONICS 
Discussion GROUP (ab Savoy Place, London, W C2), at 6 pm— 
Discussion on “The Peltier, Hall and Seebeck Effects”’ 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9p m—Dame Kathleen Lonsdale, F RS “Restless Atoms 1n Solids” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned 

SENIOR DEMONSTRATOR (with a degree with biochemistry as a 
major subject and preferably some teaching or postgraduate ex- 
perience) IN BIOCHEMISTRY at the University of Melbourne, Austraha 
—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Australia and London, December 15) 

LECTURER (with an honours degree with special interest in inorganic 
and/or physical chemistry, and preferably experience in university 
teaching) IN CHEMISTRY at the University College of Townsville, 
University of Queensland—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (December 18) 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with 
Higher National Certificate, degree or simular qualification) IN TH} 
DEPARTMENT OF ELECTRICAL ENGINEERING—The Registrar, The 
Universitv, Manchester 18 (December 18) 

ORGANIC CHEMIST or BIOCHEMIST (with a good honours degree or 
equivalent quahfication), for research xm structural carbohydrate 
chemistry and immunochemistry—The Secretary, Lister Institute of 
Preventive Medicine, Chelsea Bridge Road, London, 8 W 1 (Decem- 
ber 30 

Teoma IN GEOGRAPHY, a LECTURER IN PHYSICS, and a LEC- 
TURER IN PSYCHOLOGY at the Univermty of Tasmania—The Secre- 
tary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (Australia and 
London, December 31) 

LECTURER (medical graduate of at least two years standing with 
experlence in teaching and research) IN ANATOMY-—The Secretary, 
The Medical College of St Bartholomew’s Hospital, West Smithfield 
London, E C 1 (December 31) 

OFFICIAL FELLOWS (2) IN PHYSICS, to carry responsibility for the 
teaching of theoretical and expermental physics— The Warden, 
Wadham College, Oxford (December 31) 

ASSISTANT IN THE SUB-DEPARTMENT OF PHARMACOLOGY, Univer- 
sity College of The West Indies, for duties which mclude research, 
demonstration and some teaching for M B , B S, degrees of London 
University—The Secretary, Senate Committee on Colleges Overseas 
in Special Relation, University of London, Senate House, London, 
W C1 (January 1) 

LECTURERS OR ASSISTANT LECTURERS (2) (with a major interest 
in the theory of machines, and preferably an interest ın metallurgy, 
machine design or engineering drawing) IN MECHANICAL ENGINEER- 
ING at the University rose of The West Indies—The Secretar}, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W C 1 (January 1) 

LECTURER or ASSISTANT (preferably with a special interest in solid 
state physics) IN Puysics—The Secretary, Queen's College (Umver- 
sity of St Andrews), Dundee (January 8) 
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TECHNICIANS (2) IN THE DEPARTMENT OF ANATOMY, Makerere 
University College, East Africa—The Secretary, Inter-University 
Counei for Higher Education Overseas, 20 Woburn Square, London, 
W C1 (January 10) 

CHAIR OF ANATOMY m the University of Malava, Singapore—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W C1 (January 15) 

CHAIRS (4) IN. ENGINEERING m Monash University, Melbourne— 
The Secretarv, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall London, S W 1, 
or The Registrar, Monash University, PO Box 92, Clayton, Victoria, 
Australa (Australia and London, January 31) 

SENIOR LECTURER (with an appropriate sclence qualification and 
wide experience of clinical biochemistry) IN CLINICAL BIOCHEMISTRY 
at the University of Otago, Dunedin, New Zealand—The Secretary, 
Association of Universities of the British Commonwealth (Branch 
Office}, Marlborough House, Pall Mall, London, S W 1 (New Zealand 
and London, January 31 

OFFICIAL FELLOW AND TUTOR IN PHYSICS, or & LECTURER IN 
Puysics—The Prinespal, 8t Hugh’s College, Oxford (February 1) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSICS, METALLURGY, ENGINEERING, GEOLOGY, AGRICUL- 
TURAL SCIENCE or related subjects—The Registrar, University of 
Wales, University Registry, Cathays Park, Cardiff (March 5) 

ASSISTANT (graduate in astronomy, or in physics or electrical 
engineering (electronics) with some training or interest ın astronomy) 
TO THE DIRECTOR OF THE JEREMIAH HORROOKS AND WILFRED HALL 
OBSERVATORIES—Chief Education Officer, Municipal Building, Preston 

ASSISTANT PROFESSOR (with a Ph D in pharmacology), and an 
ASSISTANT PROFESSOR (with a Ph D m pharmacognosy or plant 
chemustry)—Prof J R Murray, Director of the School of Pharmacy, 
University of Manitoba, Winnipeg, Canada 

BIOCHEMIST for fundamental research on collagen and gelatin— 
The Director of Research, British Gelatine and Glue Research 
Association, 2a Dalmeny Avenue, Holloway, London, N 7 

CAIEF LABORATORY TECHNICIAN— Head, Applied Physics De- 
partment, Northampton College of Advanced Technology, St John 
Street, London EC 1 

LECTURERS, ASSISTANT PROFESSORS, and ASSOCIATE PROFESSORS 
IN THE DEPARTMENT OF MATHEMATICS (Edmonton campus or Calgary 
eampus)—Prof M Wyman, Mathematics Department, University of 
Alberta, Edmonton, Alberta, Canada 

LECTUEERS (with a first- or second-class honours degree in mathe- 
matics, physics and most branches of enginecring), to teach students 
for the BSc degrees of London University—The Registrar, Royal 
Military College of Science, Shrivenham, near Swindon, Wilts 

LIBRARIAN (with a knowledge of chemistry or physics) IN THE 
DEPARTMENT OF CHEMICAL ENGINEERING AND CHFMICAL TECHNOLOGY 
—Head of the Department of Chemical Engineering and Chemical 
E COUADIOEY, Imperial College of Science and Technology, London, 


NATIONAL COAL BOARD RESEARCH ASSISTANT (good honours 
graduate or equivalent) IN THE DEPARTMENT OF PURE AND APPLIED 
CHEMISTRY, to continue a study on the origin of coal tar components 
—The Reader m Industrial Chemistry, Northampion College of Ad- 
vanced Technology, St John Street, London EC1 

RESEARCH ASSISTANT (with a good honours degree, or 1f8 equivalent, 
in physiology, biochenustry or zoology, and preferably experience in 
some field of hormone research or immunochemistry) IN THF PHYSIO- 
LOGY DEPARTMENT, to studv the physiology of prolactin with special 
reference to its assay In body flurds—The Secretary, National Institute 
for Research in Dairying (University of Reading), Shinfield, Reading, 
quoting Ref 61/31 

RESEARCH ASSISTANT (with experience of numerical analvsis and 
the writing of computer programmes) IN THE MATHEMATICS DEPART- 
MENT—The Registrar, Brunel College of Technology, Woodlands 
Avenue, Acton, London, W 3 

SENIOR LABORATORY TECHNICIAN IN THE BACTERIOLOGY DEPART- 
MENT, Connaught Hospital, Walthamstow, London, E 17—The 
Secretary, Forest Group HMC, Langthorne Road, Leytonstone, 
London, E 11 

SENIOR LECTURER IN PHYSICS, and a LECTURER IN PHYSICS— 
Clerk to the Governing Body, Northern Polytechnic, Holloway, 
London, N 7 

SENIOR RESEARCH ASSISTANT (preferably with some research 
experience) IN THE DEPARTMENT OF PHYSICS, for a programme of 
work on the magnetic properties of thin films, provisionally for one 
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with “A” level GC E or equivalent), to assist in biological research 
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Secretary, Institute of Cancer Research, 33 Sumner Place, London, 
SW7, quoting Ref 301/B/83 
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EXCELLENCE AND LEADERSHIP IN A DEMOCRACY 


HE need to foster outstandmg qualities among 

democratic peoples has formed the theme of a 
series of articles ın Daedalus A number of draft 
papers were prepared and considered, at a closed con- 
ference held at Middletown, Connecticut, during 
April 28-30 The final papers have now been brought 
together and published in the Proceedings of the 
American Academy of Arts and Science (90, No 4, 
Autumn 1961) Among the papers 18 one by Robert 
S Morrison, director of med'cal and natural sciences 
at the Rockefeller Foundation, who discusses the 
need for new types of excellence 

Morrison began his inquiry by means of an informal 
survey among a representative gioup of friends 
Almost all found time to formulate thoughtful 
analyses of future needs This fact serves to document 
an awareness among intellectual leaders for something 
different and a good deal better than now exists All 
seemed well satisfied with the progress bemg made 
m expandmg knowledge of the physical world and in 
applying that knowledge to the reduction of poverty 
and suffermg Most of present pre-occupation 18 
with organization, inteidisciplinary co-operation, 
decision making, and value pioblems Science 18 
increasingly confronted with large problems the parts 
of which are so interdependent that they cannot be 
dissected without spoiling them for future study A 
contribution by Warren Weaver shows how the 
scientific problems of the future merge without per- 
ceptible transition into the classical problems of the 
humane arts 

“I have a very strong conviction", he wrote, “‘that 
the ‘new forms of excellence’ required by science over 
the next half-century will in considerable part consist 
of techniques for dealmg with broader problems, 
larger problems, problems which arise when @ 
moderate number of small problems are organically 
interrelated ”’ 

One can start with the very obvious and over- 
simplified examples ‘The day ıs past", Dr Weaver 
claims, *^when science can properly treat food supply 
as an isolated problem, birth-rates as another, public 
health as another The whole body of servo- 
mechanism and feedback theory, many of the 
techniques of operations research, the emerging 
knowledge concerning information and communica- 
tion theory—these are all groping toward the capacity 
to deal with problems of organized complexity 

“We have been good at producing bits of informa- 
tion, fragments of knowledge We now need to devote 
more attention to the fittmg together of these bits, 
to broaden interrelations, and hence to broader 
utilization We have to humanize science, and give 
more general meaning and structure—and even 
value—to it” 


Most of the other correspondents to Dr Morrison’s 
inquiry came directly to the need foi synthesizing, 
interdisciplmnary research, better organization, and 
better decision-making, without bothermg to analyse 
how All recognize that it ıs the extraordinary 
dimensions of this pile which shape the demand for 
new forms of excellence 

It 1s science which has (1) given so much informa- 
tion that no man can master more than a small 
portion of it, (2) given reality to the concept of one 
world, (3) given the populations of some parts of 
that world so many material possessions and so 
much power over thew own destimes that for the 
first time the paramount question 18 not "How do 
I get enough to stay alve?” but “What do we do 
with a hfe that ıs more or less guaranteed?" * 

Each gift calls for 1ts own sort of expertize, and, 
taken together, requires a form of human activity so 
new that there 1s no word to describe 1t The rapid 
accumulation of raw information and digested know- 
ledge places unprecedented burdens on the minds 
and characters of those who follow the learned pro- 
fessions It 18 not cheering to know that this year's 
class of new medical students aie confronted with 
four times as much to learn as thew teachers encoun- 
tered a short twenty years ago By the time these 
young men finish their courses they should return 
immediately to the basic sciences they studied as 
freshmen There will be as much that 1s new to 
them as there was when they studied the basic 
sciences the first time 

It 1s not only the possession of specialized bits of 
knowledge that sets a specialist off from his fellows 
but also his different way of looking at things, and 
this may erect even more serious barriers Whole 
schemes of thought and discourse have developed to 
deal appropriately with the findings provided by 
separate skills, until ultimately the specialities are 
divided from one another not only by the possession 
of special mformation and manipulative skills but 
also by wholly different ways of thmkmg and talkmg 
Nowhere ıs this more clear than ın the field of psy- 
chology Here there are psychoanalysts, learned 
theorists, conditioned-reflex addicts, physiological 
psychologists and ethologists, all looking at the same 
set of phenomena in such wholly different ways that 
they can scaicely hold sensible conversations with 
one another 

The unsatisfactory nature of this state of affairs 
is widely recognized and lies behind the persistent 
cries for more ‘inte: disciplinary’ research and better 
‘generalists’ How does one set about becoming 
excellent in a general way ? If there 18 substance to 
the view that specialization arises from the invention 
of special methods of observation and 1s perpetuated 
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by human incapacity to store and recall more than 
a small fraction of our exponentially increasing pile of 
data, i6 seems reasonable to give primary attention 
to sunplifyimg these functions or transferring them to 
other hands Our best minds might then become 
freer to deal with conceptual and communication 
problems which worry us so much 

There seems reason to hope that many of the basic 
scientific specialities are less separated by technique 
than they used to be The electron microscope was 
invented by physicists, but methods for its use have 
been. worked out by chemists, cytologists, histologists, 
microbiologists, and an occasional physiologist It 1s 
beginning to give a view of biological work which 
is Clearly more unified than anything before Now 
that instruments exist for analysing events at what 
1s essentially molecular level, the attention of all 
specialities 18 beginning to focus at the same point 
As a result, the histologists, biochemists and physio- 
logists are now holding hvelier conversations with 
one another than at any time It is increasingly 
difficult to differentiate the basic science departments 
on the basis of the instrumentation used, within them 
Basic biochemical apparatus, electron and light 
microscopes, cathode-ray oscillogiaphs, and radiation 
counters may well be found in any of them Part of 
the increasmg homogeneity 1s due to the recognition 
that all biological events can be traced to biochemical 
ones ‘This means, in tuin, that all biologists must 
learn to speak the lingua franca of biochemistry— 
and ultimately of atomic physicists, at least 1n so far 
as the nature of the chemical bond between atoms 
18 concerned 

The splitting of our scientific culture nto language 
blocks does not doom man to the splendid isolation 
of the “Tower of Babel’ The separate ways, if 
puisued long enough, can lead to an even more 
splendid and imperial synthesis of crystal clarity. It 
18 possible for a smgle individual to select and give 
a meaningful synthesis to the most significant facts 
and concepts of economics, sociology, history, busi- 
ness management, and political science—wde W W. 
Rostow, The United States «n the World Arena As 
knowledge expands beyond a certam point, the 
burden on the individual can become less For it 1s 
much easier to grasp and to remember interrelated 
schemes in which a set of observations developed in 
one language can be interpreted ın terms of another 
than it is to hold on to a mass of umielated 
1tems 

It also seems probable that the pursuit of excellence 
in the technology of gathering and processing data 
will help to free mankind from the burdens of special- 
ization In the early stages of any natural science, 
the great advancos come from devising new ways of 
observing Recent technical advances have reduced 
many of the essential manipulative skuls to semi- 
automatic mechanical processes There is now, for 
example, a machine which will automatically analyse 
a complex protein for all its constituent amino-acids 
in & matter of hows Only a few years ago whole 
teams of skilled chemists were trying to find out how 
the job could be done at all 
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The second problem—how to handle the data after 
they are accumulated—is more difficult It remains 
for the future to devise an excellence which will 
make the most of the speed and accuracy with which 
mechanical computers handle large volumes of data, 
while at the same time maximizing the associative 
capacities and instinct for relevance contaimed within 
oui own brains Enough piogiess has been made to 
suggest that computer techniques will be useful not 
only m stonung and recalling existing mnformation, 
that 1s, ın mnpioving the library function There 
are great possibilities for the development of machines 
which will analyse and correlate data as they occu 
For example, neurophysiologists and psychologists 
are now much interested, in the possibility of corre- 
lating electrical events ın the nervous system with 
functions such as perception, learning and memory 

New forms of excellence are required for developing 
these new technologies for the accumulation and 
analysis of data More interesting, perhaps, 1s the 
challenge the new techniques offer for the develop- 
ment of even newer excellences It will not be easy to 
relinquish to the machine the arts and techniques 
which have taken decades to master, and to concen- 
trate on the even more demanding tasks of general- 
ization, synthesis and judgment which only men 
can carry out Perhaps the greatest demand for 
ingenuity will fall on the field of education, once 1t 15 
deeided to hand over to other means the mere 
memorization of information, the computing of sums, 
and such other routine intellectual tasks as may be 
found appropriate It will be an excellent teacher 
who shows how to programme school and college 
experience so as to maximize the capacity to grasp 
general principles, detect 1elevance where none was 
seen before, and create new conceptual schemes 
When that day comes, all education will be general 
education since the technical problems which now 
divide the specialities will in large part have been 
handed over to the computers, and “we will have 
taught ourselves a language we can all use in 
common,.”’ 

Dr Morrison also examines the set of problems 
arising from the emergence of “one world" When 
radiation fall-out affects both the just and unjust of 
all peoples ın the world, ıt 18 time to invoke Wadding- 
ton's concept of ‘stochastic’ or ‘statistical morality’ 
which calls for a new kind of excellence that must be 
invented to deal with this new state of affairs The 
whole future of the race 1s at stake 1n such matters 
as the uncontrolled expansion of its numbers 1n the 
‘population explosion’, or the decline in its quality 
brought about by the genetic effects of advances in 
modein medicine in combination with our present- 
day casual bieeding patterns 

There 1s a school of thought, particularly well 
exemplified by the tobacco industry, which attempts 
to shrug off the evidence fou all such dangers as ‘only 
statistical’ At present the evidence available sug- 
gests that men who smoke a package or more of 
cigarettes a day are likely to die earher than men 
who do not smoke at all Yet smokmg habits have 
httle changed The explanation seems to he in the 
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fact that men still find ıt very difficult to pay serious 
attention to contingencies that le more than a few 
years in the future and are coupled to present events 
with a probability of less than one 

After examining the need for improving standards of 
government, Dr Morrison shows how compulsive are 
the mass uses of indoctrination techniques. There is 
great need for responsible people to be constantly 
aware of the dangers mherent m specialities and in 
propaganda machinery. There ıs need for a com- 
bination of the highest sort of intellectual and moral 
attainments In the first place, 16 should be unneces- 
sary ın a democracy to pomt out that a speaker has 
no business to try to make the final decision for his 
hearers This would be, in fact, the simple way out 
and 1s common procedure in dictatorships, theo- 
cracies, and other controlled societies Democracy 
rests on the assumption that people ın general will 
reach the right decision if they are given the truth 
But the truth ıs immpossible to define in abstract 
terms, and even in concrete matters lke the effect 
of radiation on genetic anomalies, 1s not much more 
than a fluctuating area of agreement 

The telling of this kind of truth cannot be guaran- 
teed by constitutional articles or perjury laws As 
more and more features of our life fall under the 
control of those who wield a specialized body of 
knowledge, control measures must be sought These 
ean be found only in the individual moral and intel- 
lectual excellence of those who develop, hold, and 
disseminate knowledge 
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THE HISTORY OF SCIENCE 


The Search for Order 

The Development of the Major Ideas m the Physical 
Sciences from the Earliest Times to the Present. 
By Cecil J Schneer Pp xvu+398 (London 
Enghsh University Press, Ltd , 1960) 21s. net 


HIS book belongs to the class, of which there 
have been several examples of late, of bird’s- 
eye views of the history of physical science from 
early times to the present The chief defect of this 
type of work is that ıt mevitably omits everythmg 
but the direct ancestry of the science of our time, and 
makes what 1s ın fact an almost mdeseribably devious 
course, constantly doubling back on itself, appear like 
a straight hne Of its kind, however, 1t 1s among the 
best The story is told in a clear, straightforward 
and interesting manner, and, apart from an excessive 
number of small maccuracies that could well have 
been avoided, the subjects dealt with are on the whole 
presented faithfully Those subjects include, mainly, 
physics, with some chemistry and a brief glance at 
geology and evolution. Despite a picture of a spiral 
nebula on the dust cover, there 1s no cosmology and 
next to no astronomy 
There are a few surprising passages For example, 
the conflict between physicists and geologists over 
the age of Earth 1s presented as a conflict between 
"historical knowledge” and ordmary physical know- 
ledge, as though these were different in kind, instead 
of as an instance of the different conclusions that can 
be drawn from two moeomplete sets of data On a 
smaller scale, while it is certamly true that J J. 
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Thomson “lrved on into the electronic era’’, the essence 
of the fact scarcely appears in that expression of ıt, 
and there are numerous quotations of which the 
authorship ıs either not given or indicated ambigu- 
ously. 

But the chief criticism to which the book 1s open 
concerns its underlying attitude, which, though 1t 
appears overtly only here and there, can be felt 
throughout—the attitude, namely, that identifies 
present knowledge, so far as ıt goes, with truth. 
Whatever 18 1s right, and ever will be, and whatever 
else was 18 wrong, and will never be agam We are 
told, for example, that “the [relativity] theory must 
for eve» remain ”, and that “‘the assertion of the 
unity of all lhvmg things through the theory of 
evolution, 1s contradicted only by the ignorant or 
the intellectually vain” What one should learn from 
the history of science 1s that the fact that one 1s living 
now is & mere accident, and that the science of our 
time will appear to & historian of the future as crude 
as thai of the seventeenth century appears to us, 
while some of the latter crudities (the transmutability 
of elements has already done so) may then have 
returned to displace our present superstitions The 
present time is an utterly undistinguished point in 
an indefinitely long sequence, 1t 1s not the culmmating 
moment “for which the floating forceless ages waited” 
Unfortunately, few historians of science make this 
their central theme HERBERT DINGLE 


PSYCHICAL RESEARCH 


William James on Psychical Research 

Compiled and edited by Gardner Murphy and Robert 
O. Ballou. Pp vm+339 (London Chatto and 
Windus, Ltd , 1961 ) 30s net 


ONDITIONS ın New England around the mid- 
nineteenth century were such as to throw up a 
number of people of exceptional talents Among 
them were the brothers James—Wilham, investigator 
of the paranormal, and Henry, the novelist We are 
concerned here with the former, the elder of the two 
by one year They had much m common, especially 
a marked streak of pragmatism Its manifestations 
were different, practical and empirical for William, 
introspective and self-observational for Henry. So 
we find Wiliam takmg Medical School at Harvard, 
and receiving an mvitation to teach physiology to 
students, which soon led, as one would expect, to the 
borders of psychology and the associated problems 
of the mind 
Walram James on Psychical Research deals with the 
last forty years (1870-1910) of Wilham's hfe by 
presenting his papers, combined with an illummating 
introduction and retrospect. The collection 1s valuable, 
more perhaps on account of the personalities involved 
than for the content of the contributions themselves. 
As a commentary on the state of psychical research, 
and indeed of much advanced philosophical thought 
of the period, ıt 18 admirable But if the reader ıs to 
enjoy these pages as he should—and as they deserve 
to be enjoyed—he might try the experiment of 
overlooking a good deal of the descriptions of séances, 
media, occult happenings and so on—which naturally 
aroused a fair amount of suspicion and controversy— 
and concentrate on the courage and sincerity of the 
people m question. We need pass no verdict on what 
they did, or what they thought ıt all meant what 
stands out is & monument of intellectual valour. 
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James was always asking ‘ Is ıt really so?" Herem 
lay his strength, devoted as he was to his friends and 
their common purpose Not always could he go the 
whole way with them 

Seen against the background of the jin de siècle, 
one 18 struck by the powe1 for good of Anglo-American 
co-operation the foundation m 1882 of the Society 
for Psychical Research in England with a ‘cell’— 
later a full society—in the United States 

In Great Britain the movement got away to a flying 
start with the active support of such figures as 
Henry Sidgwick, Edmund Gurney and Frederic 
Myers, not to mention Lord Rayleigh Sidgwick’s 
critical powers and Gurney’s passion for hard work 
were essential, but the genius of the group was 
undoubtedly Myers, his hfe (largely) a tragedy and 
his death heroic To his contemporaries he was a 
hterary and historical scholar of exquisite sensibility, 
a Fellow of Timity College, Cambiidge, who, having 
no love for teaching, became an inspector of education 
But as some will recollect his name as the author of 
the great poem St Paul, the question can scarcely 
be avoided What 1s the relation between these verses 
and his intense search for the nature of the survival 
of personality after death? We may never know, 
except to be humbled by the magnitude of the en- 
deavour, for he was not one to count the cost or heed 
the wounds Indeed, as Myers himself wrote 
‘Desperate patience of a brave desire ” 

An event of consequence, not mentioned by the 
compilers, was the short but brillant hfe of the 
Metaphysical Society (1869-80) Among its mem- 
bers were Shadworth Hodgson, who founded the 
Aristotehan Society, and G C Robertson, who 
mitiated Mind Both those were closely connected 
with the Society for Psychical Research, having no 
doubt sharpened their wits and deepened their 
perception in discussions aforetime with such giants 
as Cardinal Manning, Father Dalgairns and Dean 
Stanley. 

Meanwhile, James continued to press for exper- 
mental evidence We gain little information as to 
how this was answered ‘There was much checking of 
mediumistic phenomena, trances and so on, but 
surely something more directly physical could have 
been attempted, even if the results were negative 
It 18 worth 1emembering that the Emthoven string 
galvanometer appeared in 1903, and made possible 
an enormous increase in sensitivity for the measure- 
ment of minute electrical effects . Seemingly, com- 
paratively little was done by direct mstrumental 
means, or deliberate laboratory controls 

Prof Gardnei Muiphy in the retrospect already 
mentioned, and writing about 1958, refers to four 
accomplishments of Wilham James which make him 
a leadmg character in the history of psychical 
rescarch Theseare (1) he gave the subject the neces- 
sary prestige, (11) he set things well and truly on 
their feet in the United States, (11) he kept facts well 
to the fore, and (1v) he discovered the famous Mrs 
Pipe: as a wholly exceptional medium Now, long 
after the event, these do not appear to be very striking 
achievements, but m the intellectual climate of the 
time they counted for much 

But they were symptomatic of a fundamental 
quality Prof R B Perry wiote that James always 
“Knew there was more’’, and that 1s the outlook of 
the born explorer Somebody once said to James, 
"the great field for new discoveries ıs always the 
unclassified residuum" (How forcibly mdeed this was 
illustrated, for example, in the discovery of argon by 
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Rayleigh and Ramsay ) Evidently 16 must be a basic 
tenet for students of the paranormal, from whatever 
direction they may approach ıb 

Nevertheless, 1t was left to Myers to pose the 
elemental question ‘Is the Universe friendly?". We 
cannot tell What matters 18 that this timely volume 
shows William James and his circle following the 
hght as they saw it, and leaving behind them a 
cherished example of dedicated research 

F IG RAWLIINS 
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CHEMISTRY IN INDUSTRY 


Ammonia 

Manufacture and Uses By Dr A J Harding Pp 
xi1+41+4+7 plates (London Oxford University 
Press, 1959 Pubhshed under the auspices of Imperial 
Chemical Industries, Ltd ) 6s 6d net 


Electrolytic Manufacture of Chemicals from Salt 
By Dr D W F Hardie Pp xu+74+7 plates 
(London Oxford University Press, 1959 Published 
under the auspices of Imperial Chemical Industries, 
Ltd) 7s 6d net 


HE books under review are the second and third 
ın & series which 18 being published by Imperial 

Chemical Industries, Ltd , with the assistance of the 
Science Masters’ Association and the Association of 
Women Science Teachers. The aim of the series 18 to 
help correlate academic chemistry as taught 1n schools, 
colleges and universities with chemistry as 1b 18 
applied industrially 

Dr Harding’s book on ammonia has chapters on 
its manufacture, 1ts properties and technical data, 
and its uses There 18 also a bibbography and a short 
appendix on the application of physical chemical 
principles The first chapter 1s by far the longest: 1t 
18 concerned, with the sources of the raw materials, 
the purification of hydrogen and nitrogen, and the 
actual synthesis process rtself Apart from the under- 
lymg chemistry, the mechanics and economics of the 
processes are briefly deseribed 

Dr Hardie, in his discussion of the salt industry, 
has chapters on the fundamentals of salt electrolysis, 
raw materials and energy, the manufacturing pro- 
cesses, packing, storage and transport of the products, 
production statistics and trends, physical and 
chemical properties of the products, principal uses of 
the products, and an outline of historical development 
In addition, there are a bibliography, a brief list of 
important dates m the development of the industry, 
and a glossary 

Both volumes deal with their respective subjects 
clearly and m a way that should appeal to sixth-form 
student, university undergraduate and graduate alike 
The authors kring home to the non-industria] chemist 
the interplay of chemistry, engineering and economics 
which 1s such an mmportant part of industrial chem- 
istry Perhaps the most valuable service to the 
academic chemist is the way in which the authors 
show how the production of one particular chemical 
is co-ordinated with that of so many others in modern 
chemical industry An example of this, quoted from 
Er Hardie’s kook, ıs that of chlorine production 
Electrolytic chlorine production must go hand in 
hand with caustic soda product on (sodium production 
18 of relatively mnor 1mportance) However, recently 
the demand for chlorine for the production of chlorm- 
ated organic compounds has outstripped the demand 
for caustic soda Hence investigations have been 
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made into the aerial oxidation of the hydrochloric 
ac d which ıs produced as a by-product of organic 
chlormation processes The academic chemist finds 
to his surprise that the obsolete Deacon and Weldon 
processes are likely to be resuscitated on economic 
grounds 

These two books are well illustrated with line 
diagrams and plates The authors and publishers are 
to ke congratulated on these books which keep up 
the Ingh stardard set by the first volume in this 
series Sulphuric Acid Manufacture and Uses, pub- 
hshed by the Kynoch Press for Imperial Chemical 
Industries, Ltd in 1955 M J NxwrANDS 


ISOTOPES IN HAMATOLOGY 


The Use of Isotopes in Hamatology 

By L G Lajtha Pp x+83 (Oxford: Blackwell 
Scientific Publications, Springfield, I] Charles C 
Thomas, 1961) 21s net 


HE appheation of isotopic techniques to hema- 
to.ogical problems is standard procedure im 

modern medicine All too often their use has assumed 
the significance of & status symbol. Estimation of 
blood and plasma volume, the mean life-span of the 
erythrocyte and the absorption of radioactive 
cobalamm are procedures of established value There 
is therefore a place for an authoritative account 
covering these and related topics 

The first two chapters of Dr Lajtha’s book describe 
the estimation of plasma and red cell mass and the 
estimation of the mean cell life of the erythrocyte 
The next two are concerned with radioactive vitamin 
B.: and iron, and there are two short chapters on 
white cell and platelet tagging and autoradiography 

The section on autoradiography ıs undoubtedly 
the best and reflects the author's vast experience in 
this field The technique of preparing autoradiographs 
1s set out in precise detail and the description is 
warmly recommended to anyone proposing to work 
in this field The other sections are less happy The 
description and comment may well meet the need of 
the general hematologist who looks for guidance in 
setting up and interpreting tests mvolving the use 
of isotopes, but 1s unlikely to please the expert in the 
various fields 

Surface counting techniques are mentioned in 
somewhat general terms, but a detailed account of 
how one should set about domg them and how to 
interpret the results 18 absent The estimation of 
mean cell life using chromium-51 18 always of interest 
in a hemolytic anemia, but occasionally informa- 
tion about the site of destruction of the red cells may 
provide decisive information as to whether splenec- 
tomy 18 indicated or not Simultaneous iron-59 and 
chromium-51 studies, the former providing the 
additional information about the site of red cell 
formation, are often performed together and perhaps 
should have found a place 1n this book 

Equally important ıs the emphasis the author 
places (or fails to place) on various procedures Both 
an un viro and «n vivo method for labelling red cells 
with chromium are described and little guidance 18 
given as to which 1s the method of choice 

Similarly, four methods of estimatmg absorption 
of vitamin B,, labelled with cobalt-58 are listed and 
discussed, namely. the fecal excretion test, the 
urinary excretion test, the hepatic uptake test and 
the plasma test The change in plasma radioactivity 
after an oral dose of vitamm B,, does not merit 
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consideration as a routine test of absorption of 
vitamin B,, even if material of sufficiently high 
speoific activity were available It certainly has no 
place as a screening procedure On the other hand, 
many would regard the hepatic uptake of vitamin 
B- labelled with cobalt-58 after an oral dose ın a far 
more favourable light than does Dr Lajtha It 1s 
independent of the ability and wilbngness of the 
patient to collect his fæces (? for 15 days) or urine 
Finally, a section devoted to the behaviour of the 
limited range of isotopes of use ın the hematological 
laboratory and to the equipment that the hzma- 
tologist could most profitably invest m in order to 
count these isotopes would have greatly enhanced the 
value of the book I CHANARIN 


ZOOLOGICAL LITERATURE FOR 
1958 


The Zoological Record 
Vol 95 Records of Zoological Literature relating 
chiefly to the year 1958 Edited by G  Burder 


Stratton, assisted by Marcia A Edwards Pp 
v+2234 (London Zoological Society of London, 
1961) 160s 


HE present volume of The Zoological Record, 
relating chiefly to tho literature of 1958, ıs 
bigger than ever, and provides good evidence, 1f this 
were necessary, of the great expansion of the subject 
in recent years The kecord, apart from bemg a 
necessity to anyone engaged 1n taxonomic studies, also 
furnishes a good indication of the amount of work 
bemg carried out in the different pioups of the 
animal kmgdom In addition, the valuable system of 
classifying publications according to subject enables 
one to see the relative attention bemg devoted to the 
various aspects in each of the eighteen groups of 
animals listed <A study of the Insecta, by far the 
largest section, comprising 660 pages, shows an 
increasing number of publications dealmg with 
physiology and ecology, and m the subject index the 
number of pages under each heading is as follows: 
insect morphology 9, development 12, physiology 21, 
bionomics 10, ecology 19, evolution 8, geographical 
and faunistic 27 The mam divisions show little 
difference from those m recent years Mollusca, with 
187 pages, 18 followed by Protozoa 147, Pisces 141, 
Vermes 131, Mammalia 125, Arachnida 123, Aves 112, 
Crustacea 110, Amphibia 100, Reptiha 93, Trilobita 
86 and m gradually diminishing size to Porifera 7 
The number of new genera and subgenera 18 nil m 
Protochordata, one m Amphibia, and ieaches a 
maxunum of 949 1n the Insecta It is noteworthy that 
the total number of new genera and subgenera has 
shown no diminution m recent years and as evidence 
of the amount of taxonomic work ın progress does 
not support the pessimistic views of certain authori- 
ties concerning the dearth of taxonomists 
This 18 the last volume to be issued in bound form 
Startmg with Volume 96 (literature for 1959) the 
separate sections will be sent to subseribers as soon 
as they are published, a title-page and bmding case 
will be forwarded when the volume 18 complete This 
will bring information of current research to users of 
the Record more quickly In addition, the format, 
begmmng with Volume 96, will be changed to crown 
octavo, to give the larger type area necessary for 
recording the expanding volume of literature each 
year EDWARD HINPLE 
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Elsevier’s Dictionary of Automation, Computers, 
Control and Measuring in Six Languages 
English/American, French, Spanish, Italian, Dutch 
and German Compiled and arranged on an English 
Alphabetical base by W. E Clason. Pp. vit 848. 
(Amsterdam . Elsevier Publishing Company , Lon- 
don . D. Van Nostrand Company, Ltd, 1961) 140s 


HE increase ım technical and scientific knowledge 
has occasioned a crying need for multilingual 

technical dictionaries Bilingual technical dictionaries 
(many of which are of indifferent standard) are com- 
mon enough, multibngual dictionaries are less 
common The present Dchonary 18 one more attempt 
to make good the deficit 

There are 3 390 entries with an excellent index 
in each of the five non-English languages giving 
quick access to any of the entries in any of the 
languages used. Clearly, because of the extent of 
the scientific field covered, there must be a priority 
among the entries selected since 1t 1s not be to expec- 
ted that 3,390 entries could cover such a number of 
highly specialized fields As with all choices, the 
present one cannot be expected to mcet with whole- 
sale approval or to be evervone’s taste and must 
inevitably be a function of the compiler's bias 
Nevertheless I question why, for example, there 
are no ontries for ‘electronic counter’, ‘core’, ‘obey’, 
whereas there are entries for “Westphal balance” 
and *mobilometer". On the other hand, ıb 1s only 
fair to point out that one welcomes the (unexpected) 
entries "tape travel" and “pigeon hole pocket". 
One might comment at random in this way but xb 
does not detract from the fact that this appears 
to be an excellent addition to the long line of Elsevier 
multibngual dictionaries covering other scientific 
fields Its price may place it outside the average 
scientific pocket, but ıt will eertamly be of help in 
the libraries of scientific and industrial research 
laboratoiies 

The printing, binding and lay-out of the work 
are of the high standard and quality one has long 
come to expect from Elsevier. S. WHELAN 


Practical Microscopy 
By Dr € L Duddmgton Pp i1x+237. (London 
Sir Isaac Pitman and Sons, Ltd, 1960) 30s net. 


Histological and Histochemical Technics 

By Prof Harold A Davenport Pp xxu--401 
(Philadelphia and London W B Saunders Company, 
1960) 495 


Section Cutting in Microscopy 

By Dr H F Steedman Pp. vi+172. (Oxford 
Blackwell Scientific Publications, Springfield, Ill. 
Charles C Thomas, 1960) 21s net 


O many books on microscopy and microscopical 

technique bave appeared in the past few years that 
new publications on these subjects may seem unwar- 
ranted All three books reviewed here, however, 
seem to have much to justify their publication. Dr 
Duddington has addressed his work to the serious 
amateur, and to the elementary student of biology 
He assumes no previous scientific knowledge, and 
introduces the reader in turn to the component parts 
of the microscope and to some of the basic techniques 
of microscope manipulation The second part of the 
book consists of an introduction to the methods of 
preparing botanical, zoological and bacteriological 
specimens for investigation There 18 a short biblio- 
graphy, listing most of the standard reference works 
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on the subject, some of which may, however. prove too 
technical for those who have only just taken up this 
type of study. Perhaps a future edition might grade 
the references and indicate those likely to prove most 
useful for elementary students. The book is well 
produced and clearly illustrated. 

Histological and Hastochemacal Technics, by Prof 
Davenport, 1s designed for the advanced worker, and 
1s concerned entirely with methods of preparing 
specimens It provides a survey in some detail of 
the processes of fixation, embedding and stamung, 
including an extensive discussion of their more 
theoretical aspects as well as the actual formule 
One useful chapter describes techniques of stam- 
ing in the block, a method of preparation which seems 
to attract comparatively little interest at the present. 
The final chapters are devoted to a bref survey of 
histochemical methods. and would serve as a good 
introduction and source-book for those who use 
such methods only occasionally 

Section Cutting in Microscopy, by H F Steedman, 
is & book largely for the expert It presents details 
of all the usual methods of microtomy, ın addition to 
deseribing several new techniques developed by the 
author The approach 1s logical throughout and the 
author has made a most commendable attempt to 
rationalize some of the more common microscopical 
techniques It ıs pleasing to see the melusion of a 
section on possible faults which may present them- 
selves during the cutting of paraffin sections Other 
chapters deal very fully with the use of ester waxes, 
the water-soluble waxes and with the use of wea 
formaldehyde resin There ıs also a chapter on the 
preparation of ultra-thin sections for electron micro- 
scopy ‘This book 1s a welcome addition to the 
reference works which one expects to find in every 
histological laboratory S BRADBURY 
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The Theory of Crystal Structure Analysis 

By A. I Kitaigorodsku Translated from the Russian 
by David and Katherine Harker Pp. x1+275 (New 
York : Consultants Bureau, Inc , 1961 ) 12 50 dollars 


N the preface of this book, which appeared m the 
original Russian version in 1957, the author 
makes 1t clear thet he 1s describing his subject-matter 
up to the year 1955 It is perhaps a tribute to the 
rate of development ın this field that many of the 
author's analyses and opinions seem either outmoded 
or bizarre at the present time In particular, the 
analyses concerned with distribution functions have 
been repeated more formally and elegantly in the 
past few years ; the author also dismisses anomalous 
dispersion as of ‘no importance’ and the difference 
synthesis as ‘devoid of interest! (this even drew a 
translators’ comment). 

However, much of the book 1s devoted to the basic 
theories of the Patterson method, mtensity statistics 
and direct methods and, for these, lack of topicality 
is of less consequence The treatment of these 
topics 18 such as will commend itself either to the 
erystallographer of mathematical melmations or to 
the mathematician with some knowledge of crystal 
structure analysis The section dealing with inequality 
relationships 1s of particular interest, being concerned. 
to a large extent, with the author’s own excellent work. 
The book reads well, which 1s symptomatic of the 
quality of the translation. 

To summarize. a work of considerable interest 
to those able to appreciate 1t and one the main faults 
of which are due to the lapse of time since it first 
appeared. M M. Woo trson 
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THE ROYAL SOCIETY 


ANNIVERSARY ADDRESS* 


By Sir HOWARD FLOREY, F.R.S 


AWARD OF MEDALS, 1961 


Copley Medal: Sir Hans Krebs, F.R.S 


Se HANS KREBS has made outstandmg contri- 
butions to knowledge of the chemical pathways 
of metabolism In 1932, with Henseleit, he used 
tissue slices to demonstrate the synthesis of urea and 
found that additions of ornithine stimulated the 
process Ornithine was regarded as unitmg with 
carbon dioxide and ammonia to give arginme, with 
citrulline as an intermediate The enzyme arginase 
liberated urea and & molecule of ornithme, so that the 
process could begm again Subsequent research has 
shown that the postulated cycle is essentially valid, 
although more detail has been introduced, carbamyl 
phosphate, argiminosuceinate and adenosine triphos- 
phate have been brought in and aspartic acid has 
replaced ammonia in the reaction with citrulline 
The more complicated version owes much to the 
fundamental work initiated by Krebs ın 1937 on the 
tricarboxylic acid cycle This process 18 now seen as 
the main route for oxidizing the two-carbon fragment 
produced ım the biological degradation of carbo- 
hydrates, fatty acids and ammo-acids 

The initial acceptor of acetyl coenzyme A 1s oxal- 
acetate and the completion of the cycle ıs marked by 
regeneration of a molecule of oxalacetate, and by the 
oxidation of one C, fragment to carbon dioxide and 
water Tho product of the interaction of oxalacetate 
and acetyl coenzyme A ıs ertric acid, and the later 
steps in the cycle result in the liberation of carbon 
dioxide and pairs of hydrogen atoms These latter 
finally unite with oxygen to form water but the inter- 
mediate stages are coupled with the formation of 
adenosine triphosphate from adenosine diphosphate 
The Krebs cycle does not allow for the net syn- 
thesis of the intermediates, which are themselves 
mnportant in providing the carbon framework for 
many biosyntheses The main cycle therefore needed 
to be remforced by postulating ancillary mechanisms 
leading to the synthesis of available four-carbon mter- 
mediates Krebs’s work on the glyoxylate cycle 
showed that 1so-citrate, by yielding succinate and 
glyoxylate, permitted the formation of malate by the 
interaction of acetyl coenzyme A and glyoxylate 
The malate led directly to the oxalacetate needed by 
the main cycle, and the succinate could be used as a 
precursor or could permit the replacement of inter- 
mediates drawn out of the cycle by synthesis of cell 
substances 

The very complex overall picture 1s both useful and 
elegant Nobody deserves more credit for this than 
Krebs 


A Royal Medal: Prof. C. F. Powell, F R.S. 


Prof. Powell is distinguished by his outstanding 
contributions to our knowledge of cosmic rays and 
of the fundamental particles 


* Delivered at the Royal Soclety on November 30 


He started research under Piof. C T R Wilson: 
and made important contributions to the problem of 
condensation of water vapour to form drops at 
elevated temperatures He then worked with Prof 
A M Tyndall at Bristol on the mobility of positive 
1ons in gases ‘This was a difficult subject, bedevilled 
by the effects of impurities, and Tyndall and Powell 
raised ıt to new levels of definiteness and rehabihty. 

About twenty years ago Powell turned his attention 
to the development of the use of photographie tech. 
niques for studying the interactions and other proper- 
ties of fast particles Up to that tıme such techniques 
were rarely used but, through collaboration with those 
concerned with the production of photographio 
emulsion, Powell established a new and powerful 
technique which ever since has played a most import- 
ant part in the study of energetic particles 

The first applications were to the study of nuclear 
interactions, but quite soon the technique was 
apphed to mvestigate cosmic 1adiation This soon 
resulted in the discovery with Occhialini of the 
m-meson by analysis of the tracks of cosmie ray 
particles ın emulsions exposed at high altitude im 
the Bolivian Andes Further major discoveries 
followed from the work of the laboratory at Bristol 
which was so enthusiastically Jed by Powell These 
included the +-meson and evidene» for the decay of 
neutral mesons into y-radiation Improvements in 
emulsion technique to mcrease tho rate of detection of 
fast electrons resulted. in the iecent observation of 
multiple meson production m nuclear encounters 

Apart from these outstanding individual dıs- 
coveries, Powell and his collaborators have made a 
great number of significant contributions to many 
aspects of cosmic ray and fundamental particle 
studies They have introduced new and improved 
techniques whenever the scope of existing techniques 
has become madequate Thus they developed the 
use of balloons to carry emulsions to high altitudes for 
cosmic ray studies and they introduced the emulsion 
stack which made ıt possible to follow the tracks of 
very fast particles, right through to their end- 
points 

With the introduction of artificial accelerators 
capable of providing beams of particles of energy 
comparable with the mam bulk of cosmic ray particles, 
Powell and his gioup have turned part of their 
attention to fruitful use of emulsion stacks to study, 
in more detail than hitherto, the properties of mesons 
and hyperons They have, however, taken up as well 
the difficult problem of studymg the ultra-high-energy 
cosmic radiation and already have obtained mforma- 
tion of interest 

Powell has not only made many outstanding 
personal contributions to this work but has been, 
through his enthusiasm and organizing ability (which 
has involved large-scale mternational co-operation), 
a continual source of inspiration to everyone con- 
cerned ‘The pioneering work at Bristol has been, 
and will continue to be, of the greatest importance mn 
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the physics of high-energy phenomena and of the 
fundamental particles 


A Royal Medal. Sir Wilfrid Le Gros Clark, FRS 


Sir Wilfrid Le Gros Clark 1s internationally known 
for his work in two apparently unrelated fields, 
namely, neuro-anatomy and primate evolution 
However, an important feature of his neurological 
work has been the way in which he has used the 
evidence of comparative anatomy to shed light on the 
evolution of the human brain His work on the con- 
nexrons of the thalamie nuclei with the cortex and the 
hypotha'amus 18 especially noteworthy tn this respect 


He and his collaborators have studied the mter- ` 


relationships of various parts of the bran using im 
particular methods depending on retrograde and trans- 
neuronal degeneration He was able to show that 
following a small retinal les'on, localized patches of 
atrophy appeared in the lateral geniculate body and 
by these means he mapped the projection of the 
retina on the lateral geniculate body and on the 
cortex Other investigations of this type have added 
considerably to our knowledge of the olfactory system 
and have removed misconceptions concerning the 
relationship between the hippocampus and the 
1hinencepha/on 

Le Gros Clark 1s generally recognized as a leading 
authority on primate evolution His early work on 
the anatomy and behaviour of Tarsius, based on 
painstaking personal observations ın Borneo, 18 a 
model of its kind During the past fifteen years he 
has played a leading part m the examination of 
many important fossil discoveries, especially in 
Africa His critical assessment of the Australo- 
pithecinae and the tentative conclusion that they 
may be closely related to the ancestral stock from 
which the Hominidae are derived, 18 one of the land- 
marks in this branch of antmopology He was also 
closely associated with the unmasking of the Pilt- 
down forgery, thus helping to remove a puzzling 
discrepancy from discussions on human evolution 

Apart from these major fields of work Le Gros Clark 
has contributed much to general anatomical and 
biological problems His work on muscle regenera- 
tion, for example, showed elegance and clar.ty, and as 
honorary director of the Medical Reseaich Counoil 
Ergonomics Research Unit he has supervised 1esearch 
in & new and expanding field and has grven a new 
impetus to apphed anatomy 


Davy Medal Prof D H R Barton, FRS. 


Prof Barton’s iesearches have for the most part 
been concerned with the chemistry of natural pro- 
ducts, a field which has provided him with numerous 
opportunities to demonstrate his brilliance in the 
elucidation of complex structures, the unravelling 
of stereochemical complications, and the elaboration 
of syntheses He has always taken every opportunity 
to make good use of physical methods in solving 
problems of organio chemistry, and much of his 
earher work on the applications of differences of 
molecular rotation, particularly in the terpene and 
steroid fields, has had far-reaching offects on our 
knowledge of stereochemical relationships. His 
pioneering work on conformational analysis in 
alicyche systems has revolutionized concepts of the 
relationship between stereochemistry and reactivity 
More recently he has been studying long-range effects, 
by which, for example. a remote ethylenic linkage 


NATURE 


December 9, 1961 


can exercise & marked influence on the condensation 
reactions of a carbonyl group in a triterpene system 

His notable contributions to the establishment of 
the structure and mtricate chemistry of caryo- 
phyllene have been followed by fruitful investigations 
on many other sesquiterpenes, such as tenulin, pyre- 
throsm, Jactucm, and geigerm, while m the dı- and 
tri-terpenoid series partial or complete structures have 
been established for a substantial number of natural 
products, these include the citrus bitter principle, 
limonin, the structure of which had defied elucidation 
for a considerable time, and clerodin, also a bitter 
principle His investigations on steroids and ther 
derivatives have been prolific, and melude some 
particularly elegant work on cevine and related 
steroid alkaloids The biogenetic mechanisms by 
which natural products aie built up from simple 
precursors in Nature have interested him for some 
time, and studies on these processes led to & simple 
two-stage synthesis of usnie acid from methylphlor- 
acetophenone 

The most remarkable results of his researches have 
probably been those arising from his investigations 
onthe photochemical transformations which sometimes 
occur when compounds are irradiated with ultra-violet 
light The classical work carried out more than sixty 
years ago on the irradiation of santonin gave some 
indication of the problems involved ın studying such 
reactions, but Barton has succeeded in establishing 
the structures of the three products, isophotosantonic 
acid lactone, photosantonic acid, and lumisantonin, 
and has explamed mechanistically the remarkable 
ways 1n which these unusual compounds are derived, 
he has shown, furthermore, that other cyclohexa- 
dienones, such as prednisone, behave similarly Quite 
recently he has used photochemieal methods to bring 
about an attack, by a group 1n a favourable stereo- 
chemical position, on a non-activated carbon atom, 
and by most brillant applications of this method he 
has achieved spectacular syntheses of aldosterone 
acetate (in three stages from corticosterone acetate) 
and of 19-noraldosterone acetate Perhaps even more 
remarkable 1s his beautiful synthesis of conessine, m 
which the heterocyclic ring involving C,, 18 formed by 
photolysis of a steroidal Cy. azide 

The brühanee and originality of Prof Barton’s 
work has gamed him an international reputation 
and his laboratories at the Imperial College of Science 
and Technology have become @ rendezvous for re- 
seaich workers from many countries 
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Sylvester Medal Prof P Hall, F.R.S 


In his first two papers on finite group theory, Prof 
Hall broke new ground m the fields of soluble groups 
and groupsof prime-power order In 1928 heestablished 
the validity of soluble groups of some striking exten- 
sions of the classical theorems of Sylow, thereby 
opening a new epoch in the study of finite soluble 
groups Five years later he laid the foundation for all 
subsequent work on groups of prime-power order with 
a long and systematic paper, the many original and 
fruitful ideas of which included that of the regular 
p-group In the years between the appearance of 
these landmarks ın the history of group-theory and 
the War he published many other papers on groups of 
finite order 

The culmination of this extremely productive period 
occurred at the group-theoretical colloquium at 
Gottingen m June 1939, the central feature of which 
was a series of lectures by Hall, afterwards published 
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in Crelle’s Journal in 1940. His expositions of a 

classification theory for prime-power groups and of a 
— structure theory for soluble groups, and his papers on 

automorphism groups and on verbal and marginal 
- subgroups, have taken their place in the canon of 

essential material for any student of finite groups, 
and together embrace many of the leading themes of 
his work up to that date. 
.. Hall’s election into the Saldeirian chair of pure 
.. mathematics at Cambridge in 1953 marked the 
. beginning of another sequence of publications of the 
greatest importance. In the intervening years much 
work had been done—notably by Russian mathema- 
- ticians—on extensions and generalizations of Hall's 
. theorems on soluble groups, and in 1956 Hall gave a 
ae systematic account of these and earlier results on the 
existence, conjugacy and inclusion properties of sub- 

- groups with coprime orders and indices, adding many 
202 new results of his own. Another remarkable w vork on 
5 (0 finite groups, carried out in collaboration with 

E Graham Higman, dealt with p-soluble groups and had 
 .. as its most striking application certain reduction 
DS iheorere for à celebrated conjecture of Burnside's. 

Halls researches have thrown much light on the 
interrelation of various finiteness conditions which 
may be imposed on groups of infinite order, and they 
have been illustrated by many examples constructed 
to delimit the range of applicability of the results. 
Among other types of infinite group considered by 
Hall may be mentioned Abelian-by-nilpotent groups, 
locally finite groups and periodic FC-groups. 

Hall’s influence on British algebraists-—of whom he 
is the acknowledged doyen—has not been confined 
to specialists in the branch of algebra with whieh 
Hall’s name, like that of his forerunner Burnside, 
will be enduringly linked. 
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Hughes Medal: Prof. A. H. Cottrell, F.R.S. 


< Prof. Cottrell’s contributions to the field of struc- 
tural metallurgy have been outstanding whether they 
be regarded from the point of view of the physicist, 
the metallurgist, or the engineer.  Utilizing to the 
full the current methods of the physics of metals, and 
in particular the pioneer work of Taylor, Mott and 
Frank on dislocations, Cottrell has been able to 
explain, in a remarkably clear physical manner, 
many important mechanical properties of metals. 

. Typical of this work is his early explanation of the 

. yield-point phenomena in steels, which he showed to 

-. be associated with the anchoring of dislocations by 
solute atoms. He has become a leader in the under- 
standing of the many and decisive ways in which 
crystal defects, particularly dislocations and vacant 
atomic sites, control the behaviour of metals in 
practice. 

Engineers and physicists alike owe much to 
Cottrell’s books on Dislocations in Crystals and on 
Theoretical Structural Metallurgy. Remarkable for 
their clarity of thought and composition, they have 
been a major cause of the current trend towards a 
more fundamental understanding of their materials 
by both engineers and metallurgists. In the past 
decade, British metallurgy has found much inspira- 
tion in the work of Cottrell and his associates. 

In recent years Cottrell has given attention to 
irradiation problems arising in nuclear power develop- 
-‘ments. He has applied his ideas to the effects of 
irradiation on the properties of both metals and non- 
metals, and his name is particularly associated with 
irradiation-induced creep in anisotropic materials 
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such as uranium; but much more than t 
done. It is fair to say that the effects of irr 
on the growth, swelling and creep of uranium, 


precipitation in alloys, brittle fracture of steel, “ani c E 
energy storage in graphite have now a solid theoretical 


background which is largely due to Cottrell. 


Leverhulme Tercentenary Medal: 
Sir Cyril Hinshelwood, F.R.S. 


This is the first occasion on which the Leverhulme 
Medal has been awarded. It will therefore be appro- 






priate to remind Fellows of the circumstances’ ir ee 
which it was instituted. In 1960 the Council of the 








Society accepted an offer from the Trustees of the — . 
Leverhulme Trust Fund of a gold medal to mark the Sev 
The medal has been .. 


tercentenary of the Society. m 
named the Leverhulme Tercentenary Medal and is to 


be awarded every three years to the individual who, 


in the opinion of the Council, has made the most 


iB contribution in the field of pure or applied 
Leverhulme 


chemistry or engineering, The first 
Tercentenary Medal has been awarded to our immedi- 
ate past president, Sir Cyril Hinshelwood. : 

Few working scientists to-day have not profited 
from a study of one or more of the profound and far- 
ranging contributions which Sir Cyril Hinshelwood 
has made to the advancement of natural knowledge. 
The range of his interests and attainments is enormous. 
and he has touched nothing which he has not adorned. 
His publications illustrate not only the diversity of 
his learning and culture but also its basic unity. i 

The Leverhulme Tercentenary Medal is being 
awarded to him for his contributions to pure and 
applied chemistry. For several decades he has been 
recognized as one of the leading physical chemists | 
of the world. His work on chemical ‘kinetics is 
classical; it has combined simplicity and elegance of 
experimental approach with far-ranging theoretical 
implications. 

He first clarified the mechanism of reactions in the 
gaseous phase in terms of moleeular collisonal pro- 
cesses and molecular activation, and direeted atten- 
tion to the essential characteristics which arise from 
chain propagation in thermal systems. This work has 
since stimulated the application of many other 
methods to the determination of intermediate reactive 
species. 
understanding of reaction mechanisms in both the — 
liquid and solid phases. By applying the same . 
principles to systems involving bacterial growth he 
has been able to separate phases in the growth process - 
and to examine the effect of inhibitors and the- 
mechanism of drug resistance, and the effect of vary- 
ing growth media on the growth process: 
investigated the cellular content of nucleic acids — 
during the growth cycle and also the spe 
of elements such as potassium, sodium, phos ol 
and sulphur. These researches make comr 
ground between the chemical and biological: sciences 








Nor has his work been confined to basie science; he. p 
has done memorable things in the application ofc 


chemistry to useful ends. 


He has not only worked as a scientist but, tirelessly, "ME 


for scientists; for the University of Oxford, for- 


international science, for scientifie societies in. general 24 


and for the Royal Society in particular. 

We rejoice that the Leverhulme Medal is being 
given to a most eminent chemist, and we regard it as 
particularly happy that a medal which commemorates 
the tercentenary is going to the man who presided 





He has made similar contributions to our — 


He has. 
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over that great event with such eloquence, dignity 
and grace. 


ACTIVITIES OF THE ROYAL SOCIETY 


It is a pleasure at the end of a year of office to record 
that I can heartily endorse all that has been said 
by my predecessors of the admirable way in which the 
interests of the Society are fostered by Dr. Martin 
and his staff. The smooth running of its many 
activities depends to a very large extent on their 
efforts and I personally am greatly indebted to them 
for all the help I have received during the past year. 

The tasks of my fellow Officers are many and 
various. We are all very grateful to the Treasurer 
for the care and attention which he has devoted to 
the Society’s affairs. The Secretaries not only have 
had to work with their accustomed vigour at their 
increasingly heavy tasks, but they have had to exer- 
cise more than their usual forbearance in dealing 
with my many naive questions. I am sure the Society 
would wish me to thank all these Officers for their 
work on its behalf. 

The Officers and Council always hope that the report 
of Council has been read by the Fellows, and in any 
case you will not want me to give you now a catalogue 
of the Society’s activities. There are, however, one 
or two points which call for comment. 

The Society has been so fortunate as to receive a 
great benefaction from the Wellcome Trust for the 
establishment of a professorship. We are, indeed, very 
grateful for this gift, and we are delighted that the 
name of Sir Henry Dale is to be permanently associ- 
ated with it, for he has ably served not only the 
Wellcome Trust but also the Society and, indeed, 
science generally. 

During the past year a number of Fellows have 
devoted considerable time to surveying the needs of 
biological research in Britain. Their survey leaves 
little room for doubt that much more could be done 
to encourage advances in fundamental knowledge 
and to foster their application. This may well apply 
to many branches of physical science as well. 

The earning of the national living becomes increas- 
ingly difficult in a fiercely competitive world, and it 
would seem to beself-evident that the country should be 
straining every nerve to foster science and technology. 
We must therefore deplore the evident signs that some 
scientific activities, which to a large extent depend on 
Government aid, are to be curtailed, or at least are not 
to be allowed to expand at the present time. Even 
if this is a ‘temporary measure’, as it is claimed to 
be, damage is being done to the confidence of scientists 
and technologists. They observe that those who 
control the situation have apparently not yet recog- 
nized that the brains of the citizens are one of our 
greatest remaining national resources, and that the 
country’s future prosperity will be, in a large measure, 
dictated by the use that is made of this asset. 

There are good grounds for believing, for example, 
that the creation of new senior scientific positions, 
such as professorships in universities, is not even 
keeping pace with the expansion in the number of 
undergraduates. The opinion has been expressed 
by many Fellows that Britain particularly needs 
more profesorships equipped with adequate research 
facilities if it is to give reasonable and proper encour- 
agement to all its best men and women. Perhaps we 
can all do something towards letting it be widely 
known that we are by no means satisfied with the 
present overall position. 
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The maintenance of relations with foreign academies 
and scientists is one of the important activities of the 
Royal Soeiety. During the past year this phase of 
our work has been fully maintained. "There have, for 
example, been visits from Russian and Chinese 
colleagues, and in September very successful meetings 
of the Bureau, Executive Committee and General 
Assembly of the International Council of Scientific 
Unions were held in London under the sponsorship 
of the Royal Society. It is very much in the mind of 
Council to increase as much as possible all activities 
which impinge even remotely on maintaining contact 
with colleagues both from the Commonwealth and 
from other countries. We can only hope that we 
shall be able to secure means adequate for the task. 
Not the least of our problems is lack of accommoda- 
tion for this and other responsibilities that we seek 
to discharge. Although I cannot give any satisfactory 
assurances on this point now, strenuous efforts are 
being made to try to overcome this very serious 
handicap. 


EXCHANGE OF SUBSTANCES BETWEEN THE 
BLOOD AND TISSUES 


On these annual occasions the President has 
eommonly taken the opportunity to make some 
remarks about matters of scientific interest. This, 
I suspeet, is done mainly to demonstrate that he is 
not entirely out of touch with scientifie experiment. 
More than once a President has pointed out the 
impossibility of having a sufficiently wide knowledge 
to comment adequately on the many outstanding 
scientific discoveries that are being made under 
modern conditions. In following in the presidential 
footsteps, I have been considerably influenced by the 
remark made by one of my more candid friends, that 
I was not so highbrow as my predecessors, and by a 





Fig.ll Continens Cellulam fimpliciffimam abfque. intermediis. parietibus 
aukla in magnitudine. 

A Cellule area interior. 

B Parietes divulfi € inclinati. i 

C Arteria pulmonarie truncus cum appenfis ramis, quaft reticulato opere 
definentibus. 

D Vena pulmonarie truncus parietum fafligia pererrans [uis decurrentibus 
ramis. 

E Vas in fundo & angulis parietum commune lateralibus , €» continuatis 
retis ramificationibus 


Fig. 1. The first illustration of the capi circulation with its 
legend. Malpighi described the iex pee d circulation in a frog's 
lung in a letter to Borelli which was published in 1661 
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. 2. The capi circulation in a frog's lung, from a work 
shall ir 


comment of another colleague after I had had the 
honour of delivering a lecture to the Society—he 
said that it had been a good idea to turn the 
lights on and off frequently as it kept everyone awake. 

Following these hints, therefore, my aim is very 
modest in that I propose to review and to illustrate 
briefly some researches in biology the history of 
which is almost exactly coeval with that of the Royal 
Society, and which have been greatly influenced by 
the development of special physical techniques during 
the past ten years. 

In 1628, Harvey published his great work demon- 
strating the circulation of the blood with irrefutable 
clarity. The blood left the heart by the arteries and 
returned to it by the veins. It was not, however, 
until 1661 that an Italian, who a few years later 
became a Fellow of the Royal Society and whose 
portrait now hangs in the Society’s house, discovered 
the vessels which connect the arteries to the veins. 
I refer, of course, to Marcello Malpighi. By means of 
his very early compound microscope he observed 
in the living animal what we now know as blood 
capillaries. 

He saw and illustrated the branching of the pulmon- 
ary artery to form a network in the walls of a vesicle 
in the lung of a frog. The network united to join a 
pulmonary vein (Fig. 1). 

Another Fellow of the Royal Society, Antony van 
Leeuwenhoek, amply confirmed and greatly extended 
Malpighi's observations in a large number of species, 
so that by 1688, in which year Leeuwenhoek sent a 
letter to the Royal Society describing his observations, 
there was sufficient evidence to justify the conclusion 
that blood capillaries were present in all the tissues 
of animals with a blood circulation. 

No great progress was made in the next century 
and a half in the understanding of the structure of 
the smallest blood vessels. In 1831, Marshall Hall, 
& Fellow of the Society who has some claim to have 
discovered reflex nervous action, wrote: “It is 
singular that in the midst of the dispute concerning 
the irritability of the capillaries, there should be a 
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doubt whether the vessels be real tubes or mere 
canals. There are many reasons which incline me 
to the latter opinion". That is to say, he thought 
that they were probably mere spaces in the tissues 
rather than tubes with their own distinctive wall 
(Fig. 2). 

The knowledge of the structure of the capillary 
wall was strikingly expanded about the middle of 
the nineteenth century by the discovery that treat- 
ment of the blood vessels, including the capillaries, 
with dilute silver nitrate resulted in the appearance 
of a network, which was rightly considered to repre- 
sent the boundaries between contiguous lining cells, 
This layer of lining cells, which has proved to be 
present in all the vessels of the body, was given 
the name of endothelium (Fig. 3). 

As & result of this and other histological observa- 
tions, the walls of the capillaries were conceived of 
as being composed of a mosaic of flat cells which 
were joined together by a cement substance, repre- 
sented by the material stained black by silver nitrate. 
In these vessels there are few supporting cells, and 
the wall is, in effect, composed of endothelial cells 
with such fibres and tissue matrix as may be closely 
apposed to them. 

1t is through the walls of the fine blood vessels that 
most of the important exchanges of material between 
the blood and the tissues take place. The walls of 
the fine blood vessels appear to form a membrane 
which is freely permeable to gases, such as oxygen 
and earbon dioxide, which pass to and fro by diffusion. 
It is thought that substances like sodium chloride 
and glucose also pass freelv, but that the normal 
capillary wall is almost, though not quite, imperm- 
eable to proteins. Ernest Starling, at the end of last 
century, adumbrated the theory that the capillary 
wall was of the nature of a semi-permeable membrane, 
across which the plasma proteins were able to exert 
an osmotie pressure, and that normally there was & 
near balance between the hydrostatic of the 
blood tending to filter fluid out of the vessels and the 
osmotic pressure of the plasma proteins tending to 
draw fluid in from the surrounding tissues. This 
theory of Starling’s was given strong support by the 
experiments of Landis, who measured directly the 
forces involved, but although Starling’s theory is still 
almost universally accepted it has not been immune 
from criticism. 





Fig. 3. Endothelium lining the aorta of a rabbit, viewed en faee. 
The flat nucleated cells have been outlined by treatment with 
silver nitrate. (x 390) 
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Fig. 4. Electron micrograph of a capillary, seen in cross-section, 


from the subcutaneous tissue of a guinea pig. At this site the 
wall is composed of parts of two cells; and a nucleus (n), mito- 
chondria (m), two cell junctions showing adhesion belts (j), and 
many cytoplasmic vesicles can be seen, A basement membrane 
(bm) surrounds the vessel, and external to it collagen fibres (col.) 
have been cut longitudinally and transversely. (x 12,600.) Inset 
is a cross-section of a similar capillary viewed with a light micro- 
scope with a 2-mm. oil-immersion objective. (x 780) 


Much attention has been directed to the detailed 
structure of the living membrane which was thought 
to have these semi-permeable qualities. When viewed 
in cross-section by the light microscope with a 2-mm. 
oil-immersion lens the capillary wall seems to be 
composed of a very thin membrane with little recog- 
nizable structure except for the nuclei of the endo- 
thelial cells, which make a bulge where they occur 
(inset to Fig. 4.). A basement membrane composed 
of polysaccharide, and not clearly differentiated from 
what is known as the pericapillary sheath. is also 
recognized as a regular constituent of the fine blood 
vessels. 

It was conceived by some that the exchange of 
water and dissolved solids between the blood and the 
tissues took place through hypothetical pores in the 
intercellular cement which, on the basis of the 
appearances produced by silver impregnation, was 
thought to be present in substant/al amounts. Others 
believed that minute pores existed in the cytoplasm 
of the endothelial cells themselves through which 
substances escaped from the blood. If either of these 
views were correct, it would not be difficult to visualize 
conditions in which Starling's hypothesis would be 
easily credible. 

Work during the past ten years has added con- 
siderably to our knowledge of the structure of the 
capillary wall, knowledge which necessitates examin- 
ing old theories further. This work is a good example 
of the influence of progress in one science on that in 
another. Our increased knowledge is due essentially 
to the invention of the electron microscope, for this 
remarkable instrument has opened up entirely new 
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possibilities to the biologist who is attempting to 
correlate structure and function. 

Another branch of the physical sciences is also 
involved in making this possible, for biologists are 
indebted to polymer chemists for embedding materials 
in which tissues can be cut sufficiently thin to be 
examined in the electron microscope. 

The electron miscoscope reveals that the mem- 
brane forming the wall of a capillary, which is appar- 
ently almost structureless and might be likened to a 
piece of ‘Cellophane’ when observed in the light 
microscope, is composed of cells with all the usual 
cellular organelles (Fig. 4). As well as the nucleus 
there are small mitochondria, a Golgi complex and a 
centrosome. There are granules of ribonucleoprotein 
which are sometimes free and sometimes attached to 
vesicular structures. The junctions between the cells 
are regular narrow gaps about 200 A. wide, and there 
is no sign of the apparently substantial band of 
intercellular cement substance which was thought to 
exist. At the cell junctions there is an electron-dense 
area which is known as an attachment belt or desmo- 
some. It is thought to be the region at which the cells 
are most firmly attached to one another. Surrounding 
the vessel is a basement membrane which apparently 
contains very fine fibrils. 

Palade, the first observer of capillary structure by 
the electron microscope, described intracellular 
vesicles which, though found in other cells, are 
particularly prominent in endothelium. On the 
luminal surface of the endothelial cell there are 
indentations of the bounding membrane known as 
cavenlæ intracellulares. Similar caveol# exist on the 
external surface of the cell. Between these, two surface 
profiles of vesicles, which are usually some 500—600 A, 
in diameter, can be recognized in the cytoplasm of the 
cell (Fig. 5). 

Palade proposed the theory that fluid is transported 
from the lumen of the capillary to the outside by 
means of these structures. According to this theory. 
a minute amount of plasma is enclosed in the caveola, 
which is then pinched off by a membrane to form an 
intracytoplasmic vesicle. The vesicle is ferried across 
the cytoplasm to be discharged on the external sur- 
face beneath the basement membrane. It is difficult 
to see how the cells of the capillary wall can exercise 
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Fig. 5. Capillary wall from a normal rat heart fixed immediately 

after death. Part of the cytoplasm of an endothelial cell is seen 

showing caveole intracellulares and vesicles, The basement 

membrane appears as a dark band (bm) along the external surface 
of the cell, (x 28,000) 
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Fig. 6. Capillary from a rat heart perfused for 15 min. with saline 
ution containing particles of saccharated iron oxide, rticles 
are present in the lumen of the vessel and in the pericap 
— They can be seen in the caveolae intracellulares on bo 
luminal and external surfaces of the cell, and in vesicles in 
the cell cytoplasm, bm, basement membrane, (x 33,600 


selective permeability if this is the mechanism for 
fluid transport, since the vesicles are very much 
bigger than protein molecules. To meet this difficulty 
Palade proposed that the selective permeability of 
capillaries resided in the basement membrane, which 
is usually a well-marked feature in the capillary wall. 

Palade and Wissig attempted to show that the 
vesicles did, in fact, constitute a transport mechanism 
by injecting into the blood stream the protein ferritin, 
the large molecule of which contains sufficient iron to 
make it opaque to electrons. They found that ferritin 
molecules could be seen in some of the vesicles but 
that they also lay free in the cytoplasm. Later Palade 
used colloidal gold in the same way, and stated that 
the particles of colloidal gold were always found 
within the vesicles and not free in the cytoplasm, and 
he inferred that fluid must be transported through the 
endothelial cells in the vesicular system. 

One of the difficulties attending such observations is 
to procure a sufficient concentration of the electron- 
opaque particles to act as efficient markers, but this 
can be overcome to a certain extent by the use of 
perfused organs. It is a standard pharmacological 
technique to make an isolated rat or rabbit heart beat 
for hours by perfusing it with a suitable oxygenated 
saline solution. It is possible, without stopping tho 
heart beat, to add to the perfusion fluid a considerable 
amount of colloidal thorium dioxide or colloidal ferric 
hydroxide, the particles of which are, of course, 
opaque to electrons. Using such a preparation, 
Jennings and Marchesi have shown that the particles 
of ferric hydroxide pass into the open mouths of the 
eaveole intracellulares on the luminal surface of the 
endothelium, and that they appear in the vesicles, in 
the cell cytoplasm, and in the caveol which open at 
the external surface. It seems fairly certain that these 
particles are in passage across the cell in the vesicular 
system in the manner proposed by Palade. There is 
not much evidence that the particles pass between the 
cells at the intercellular junctions. After they have 
passed through the cell there is no evidence from 
electron micrographs that the basement membrane 
forms much of a barrier to these particles, so that it is 
difficult to conceive that it would do so to molecules 
of protein (Figs. 6 and 7). 

One may, therefore, picture the formation of 
caveolx and vesicles as a process which is continuously 
altering the capillary wall and passing fluid from the 
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lumen through into the tissue spaces. It is probable 
that the caveol# are too large to account for the 
semi-permeable qualities of the endothelial mem- 
brane. The electron microscope, although its resolv- 
ing power is sufficient to do so, has not revealed any 
smaller channels passing from the lumen to the 
outside of the capillary. Such channels would be 
necessary in a membrane which was semi-permeable 
by reason of the size of the pores in its structure. 
It still remains, therefore, to be explained in what 
structure or mechanism the semi-permeability of the 
normal capillary wall resides. 

A morphological discovery entirely due to the 
electron microscope is that the capillaries do not 
have the same structure in all parts of the body. 
Those in the glomerulus of the kidney have small 
fenestrations through the cell cytoplasm, and those 
in the endocrine organs such as the pituitary body, 
the adrenals and the thyroid gland have gaps in the 
eytoplasm which are filled by a very tenuous mem- 
brane. Similar capillaries are found in the small and 
large intestines. There is no evidence, except in the 
ease of the kidney, that these gaps are particularly 
permeable to proteins and their significance is not 
yet understood. 

During the past forty years it has been demon- 
strated that certain substances which occur in the 
tissues of animals, such as histamine, 5-hydroxytrypt- 
amine, and bradykinin, have the property, when they 
are applied at great dilution, of making blood vessels 
more permeable than normal to proteins. Swelling 
or oedema is an important feature in many natural 
inflammations, such as those produced by bacterial 
invasion, and it is possible that substances of this 
nature which seem to be liberated in injured tissues 
are responsible for the increased permeability of the 
eapillaries to proteins, leading to the accumulation of 
extravaseular fluid. Majno and Palade have recently 
examined the small blood vessels in the cremaster 
muscle of the rat after it had been subjected to the 
influence of dilute solutions of the vasoactive sub- 
stances that I have mentioned. They could find no 





Fig. 7. From the same heart as Fig. 6. Particles of saccharated 

iron oxide are present in the luminal caveolae and in three cyto- 

plasmic vesicles which are apparently joining together. bm, Base- 
ment membrane, (x 75,000) 
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Fig, 8. Venule in the mesentery of a rat, A suspension of carbon 

was injected intravenously 1 min. after the mesentery had been 

inflamed by mechanical injury, and the tissue was fixed 3 min. 

later. Carbon particles have sed into a space In the vessel 

wall which may well be at a junction between two endothelial 

cells, bin, Basement membrane; e, endothelium; p^, periendo- 
thelial cell, (x 24,000) 


alteration in the vesicular structures of the endo- 
thelium, and no holes through the endothelial cyto- 
plasm itself, but there were discontinuities in the 
walls of some of the minute vessels which were 
probably at the junctions between the endothelial 
cells. These discontinuities let through not only 
plasma and fine particles of mercuric sulphide but 
also the much larger blood platelets. The plasma 
clotted outside the endothelial cells with the forma- 
tion of fibrin, and the particles and the blood platelets 
were held up by the basement membrane. 

In a similar way it appears that the increased 
permeability of small blood vesse!s during acute 
inflammation caused by mechanical trauma is due 
to the opening up of channels which are quite distinct 
from the vesicle system, and are probably between 
the cells. My colleague Marchesi has shown that 
colloidal carbon introduced into the blood stream of 
rats the mesenteries of which have been inflamed 
by a light stroke, escapes between the endothelial 
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cells of the minute vessels in the injured area, and 
becomes for a time entrapped between the cells and 
the periendothelial tissues (Fig. 8). 

Thus there is evidence to suggest that in normal 
vessels transport of fluid may be principally through 
the substance of the endothelial cells, but that in 
pathological conditions there may be an actual 
solution of continuity of the vessel wall, probably 
at the coll junctions, enabling much more fluid, as 
well as solid Lodies, to pass through. This solution 
of continuity may be of a very labile nature, that is to 
say, the endothelial cells may part and join together 
again rapidly, but the overall effect is to allow a 
considerable leakage of plasma from the inside to the 
outside of the vessels. 

The researches of the past nine or ten years have 
considerably increased our knowledge of the mem- 
brane through which exchanges of essential substances 
take place in those animals with a circulatory system. 
We are still far from understanding the precise 
behaviour of this complicated structure even under 
the simplest physiological conditions. What is clear 
is that mathematical concepts for explaining the 
transfer of water and large molecules througa the 
walls of small blood vessels on mechanical principles 
will have to take cognisance of what is now known of 
their structure. The conceptions arrived at from the 
morphological and mathematical approaches have 
not yet been reconciled. Indeed, one may wonder 
whether the long-discarded view of Heidenhain, that 
lymph is secreted by the walls of the capillaries, may 
not have a grain of truth in it, for if the vesicle trans- 
port theory should be supported by further evidence, 
it may become necessary to postulate that work is 
done during the transport of material across the 
vessel walls, and this could be construed as secretion. 

It is perhaps astonishing that we are still so unsure 
of the mechanism of the exchange of substances 
between the blood and tissues for, as Marshall Hall 
pointed out, the whole elaborate apparatus of hoart 
and large blood vessels exists merely to subserve 
this exchange which takes place in the finest vessels. 

Science is rarely advanced by what is known in 
current jargon as a ‘break-through’. Rather does our 
increasing knowledge depend on the activity of 
thousands of our colleagues throughout the world 
who add small points to what will eventually become 
a splendid pieture, much in the way that the Pointil- 
listes built up their extremely beautiful canvases. 
What I have mentioned here are a few such points 
which it has taken three hundred years to place in 
the picture. 
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UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE 
EXTENSION TO DEPARTMENT OF PHYSICS 


HE new extension of the Physics Department of 

the University College of North Staffordshire, 
Keele, was officially opened on October 5, by Dr. 
F. A. Vick, director of the Atomic Energy Research 
Establishment, Harwell. This new extension repre- 
sents a very considerable increase in the teaching 
facilities at Keele and the extra floor area that has 
been added to the Department amounts to some 
18,000 sq. ft. Most of the space in this new extension 
is actually devoted to undergraduate and post- 


graduate teaching in the form of either lecture 
theatres, tutorial and colloquium rooms, or large 
teaching laboratories. Since the space that had been 
used in the old building for teaching has now been 
liberated for expansion of the Department’s research 
activities, an increase for the latter has also been made 
possible, by the completion of this building. 

The new building has a somewhat striking appear- 
ance (Fig. 1), and the main frontage is formed from 
vertical buttresses which are finished in large grey 
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slate slabs with inset walls of sparkling quartzite. 
The contrasting contours and colours provided by 
this southern frontage give a very pleasing 
impression when viewed in autumn sunlight. The 
building has two main floors, the ground floor being 
on the same level as the single-storey building which 
has previously housed the whole of the Department, 
and connects with it through a wide corridor with 
swing doors intervening. One somewhat unusual 
feature of the actual construction was the necessity of 
building the whole structure in five separate portions 
so as to meet the anti-subsidence conditions which 
affect the site. It is, in fact, extremely difficult 
to recognize these separate sections now that 
the building has been completed and an air of 
integrated cohesion exists throughout the Depart- 
ment, new and old buildings included. The central 
feature of the new wing is the large lecture theatre 
which is situated in the middle of the structure and 
continues through both floors. It has been designed 
not only to meet the needs of the expanding numbers 
in the physics courses themselves but also for the 
time being to house the whole of Keele’s foundation 
year consisting of about 230 students. Corridor space 
has therefore been provided around the whole of this 
lecture theatre together with a large open entrance 
hall stretching up to the roof of the building itself. 
This has already proved of very great value as an 
assembly and discussion area for the large number of 
students that are now using the building. One feature 
of this hall which has produced considerable comment 
has been the overhead lighting, which consists of 
fluorescent tubes mounted within a covered glass 
structure which is opened to the sky through the roof. 
The resulting effect is almost identical during the 
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day or {night, since in daytime the sunlight itself is 
diffused through the whole structure over the entrance 
hall, while at night the fluorescent light is diffused 
in a very similar way and a very similar effect is 
obtained. 

There are also two smaller lecture theatres as well 
as the main theatre, one which will hold up to 60 
students and the other about 40. Together with these 
is a series of other teaching rooms, including a 
colloquium room for postgraduate seminars, a reading 
room for use by both undergraduate and research 
students, and a tutorial room for the tutorials which 
Keele still hopes to maintain ae an essential part of 
its teaching system. The teaching laboratory accom- 
modation consists of three large laboratories and one 
rather small opties laboratory serving the first 
honours year, since specialized teaching is still being 
carried out in the old building, including the teaching 
of opties in the second and third honours years. Two 
of the main teaching laboratories are arranged one 
above the other and are identical in size and design, 
each being 44 ft. long and 30 ft. wide, and are designed 
to provide sufficient accommodation for experimental 
work by up to 50 students. Each laboratory has a 
technician's servioe room leading from it, which 
contains all the rectifier and control equipment. The 
services in the teaching laboratories have been care- 
fully kept around the walls and also fed to island 
frames in the centre of the room. "The benches on 
which the experiments are performed are thus entirely 
flexible, and their location and assembly can be 
adjusted to the needs of the particular experiments 
that are being carried out. Electrical supplies are 
carried in continuous trunking with four standard 
types of outlet panels providing either 3-phase a.c., 
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. also houses various staff rooms together with the — 
- secretarial offices and technicians’ accommodation. 


About 250 people attended the opening ceremony 


E of the new extension, a large majority of these coming 


from outside the College, including not only represen- 
tatives from other universities and teaching institu- 
tions but also various representatives of the education 
authorities, both locally and regionally, and also a 
. large number from different industries and Govern- 
ment research stations throughout the country. 
Sir Alfred Owen, who is chairman of the University 
College Council, took the chair at the official opening 
ceremonies, and first called upon the new principal, 
Dr. H. M. Taylor, to introduce the guest of honour, 
Dr. F. A. Vick. In introducing Dr. Vick, Dr. Taylor 
referred to the rather incongruous position in which 
he found himself as introducing a speaker who was 


~~ probably much better known to a large number of the 


audience than he had been to Dr. Tavlor himself. He 
explained, however, that Dr. Vick’s enthusiasm and 
interest in the more basic and liberal approach to the 
teaching of a scientist had already made its impact 
on Cambridge during his own time there, and he was 
thus already very much acquainted with Dr. Vick’s 
thoughts and ideas if not so directly with Dr. Vick 
himself. The audience was indeed very fortunate in 
having as its main speaker not only the director of 
the Atomic Energy Research Establishment but also 
“the ex-professor of physics at Keele himself, 

In his own speech Dr. Vick outlined the history of 
the Physies Department during its eleven years 
existence, starting from the single room in Keele 
Hall and explaining that the first extension of the 
Department had consisted of the acquisition of two 
cupboards and half a room in the basement. The first 
main stages of the Physies Department building itself 
were built in 1951 and 1952, and Dr. Vick explained 
that they had been purposely designed for research 
- uses as much as for teaching with the idea that the 
main teaching block should follow later. It was in 
fact this block itself that was now being opened, 
thus completing the steps in the original plan. Dr. 
Vick’s historical summary was lightly sprinkled with 


ing the expanding research activities of the Physics 


sciences had often had its. lighter moments. In discuss- 


Department itself, he underlined the increasing 
interest of physicists in solid-state phenomena and 
gas discharges, and explained that Harwell itself was 
now much interested in these branches of the subject. 
although it was true that they still did a little nuclear 
physics ! 
The official ceremony ended with a vote of thanks - 
given by Prof. D. J. E. Ingram, the present professor — 
of physics, who emphasized the very large part that 
Dr. Vick himself had plaved in the planning and : 
design of the new physica building and said he felt . 
sure that all who were present would agree that these |. 
efforts had produced both a highly efficient yet very > 
handsome building. He also gave particular credit to — 

the architects and contractors who had managed to = 
design and build the structure at a cost of less than... 
£100,000, which must be somewhere near a record in... 
these days of rising building prices. ens 

The new buildings, together with the old wing, a 
which is now devoted almost exclusively to. researeh, | - 
were then opened for general inspection for the rest 
of the afternoon and it was gratifying to see the large 
number of animated groups that sprang up discussing |. 
both research topics and laboratory design. Some of 
these design features arose from the particular cireum- — - 
stances at Keele, such as the anti-subsidence founda-  - 
tions and the heating which is entirely by inset panel |... 
radiators fed from the College boiler house. One: 
other characteristie feature of the building was the 
large projection room behind the main theatre 
housing the ciné projector and other lantern equip- 
ment. This is a particularly useful feature for the . 
foundation year lectures, when all tvpes of teaching 
methods are being used by the different departments 
throughout the College. 

One other very fortunate feature of the opening 
ceremony was that it had proved possible to bring 
the new building into operation just before the new 
academic session started, and all was in fact ready | 
for the lectures and classes which were due to begin — 
two days later. D. J. E. IxGBAM 





FUR SEALS BREEDING IN THE FALKLAND ISLANDS DEPENDENCIES - 


By F. A. O'GORMAN 
Falkland Islands Dependencies Survey, 4 Millbank, London, S. W.l 


ETWEEN December 1957 and March 1958 a 
Falkland Islands Dependencies Survey party of 


-~= geologists and surveyors visited Livingston Island in 


the South Shetlands. On January 14 twenty-sevon 
fur seals (Arctocephalus tropicalis (Gray)) on Cape 
Shirreff on the north coast were found, and on 
February 1 a further fifteen near Start Point in the 
north-west corner. There was no evidence that breed- 
ing had occurred!. 

The following year a party, led by me, was organized 
to carry out a preliminary investigation of the South 
Shetland fur seals, and during this visit a breeding 


ae . group was found on Cape Shirreff on January 30. 
o On February 29, 1960, H.M.S. Protector visited the 


South Sandwich Islands and found breeding fur seals 
n the south-east coast of Visokoi Island?^*, 













These are the first records of fur seals in any. of 
these islands since 1902 when the Swedish Antaret 
Expedition found one animal on Nelson Island in the 
South Shetlands‘, and the first record of brooding 
since the last. century. m 

The Falkland Islands Dependencies consist. of th 
sector lying south of South America between. longi- 
tudes 20° and 80? west, and include the Graham Land 
Peninsula and the Islands of South Georgia, Sout 
Sandwich, South Orkneys and South Shetlands 
South Georgia and South Shetlands saw the greater 
part of the fur-sealing operations of the. earl 
eighteenth century. The present status of the fur seal 
on South Georgia has been discussed by Bonner’, > 

The discovery of the South Shetlands in 1819. by 
Smith was oe eaves by intensive sealing. | 
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James Weddell* in 1825 reported 
that, between 1820 and 1822, 
320,000 fur seals were killed and the 
colonies were virtually exterm- 
inated. At Cape Shirreff alone, 
95,000 seal skins were taken in the 
season of 1821 by five British 
crews’. More than ninety ships 
were engaged in sealing around the 
South Shetlands during this period’. 

After this period of abundance, 
small catches were obtained up to 
1871 when the re-developing colon- 
ies were again devastated. Be- 
tween 1871 and 1890 more than 
35,000 seal skins were taken*:*. The 
last definite report of the fur 
seal was on Nelson Island, though 
Hamilton! gives an unsubstan- 
tiated report of Canadian sealers 
taking animals up to 1904. Between 
1925 and 1951 Discovery, Discovery 
II and William Scoresby, the ships 
of the Discovery Committee, made 
extensive voyages in the Depen- 
dencies and visited the South 
Shetlands, the South Orkneys and South Sandwich 
Islands without finding any fur seals"-", A small 
number of fur seals were, however, found on South 
Georgia! 17, 

In 1959 the Cape Shirreff colony, obviously at its 
earliest stage, consisted of one adult female and hor 
male pup and seven adult males. A dead pup, also 
male, was found nearby. The seals were hauled out 
on a small windswept gravel beach frequented by 
groups of moulting elephant seals (Mirounga leonina), 
small numbers of Weddell seals (Leptonychotes 
weddelli) and numerous chinstrap (Pygoscelis antarc- 
tica) and gentoo penguins (P. papua), none of which 
had any apparent effect on the behaviour of tho fur- 
seal group. The colony was watched intensively 
during January 31-February 4. On February 3 à 
second female, possibly the mother of the dead pup, 
arrived; no further change in the size of the colony 
oeeurred during this period. Some harem mainten- 
ance was being carried out by the dominant bull, but 
not very energetically. Quite often the female sparred 
and played with one or two of the younger males 
present, sometimes chasing each other in and out of 
the sea. The live pup measured 2 ft. 4 in. (71-1 em.) 
in length and weighed approximately 15 Ib. (6-8 kgm.) 
which, when compared with figures on the growth- 
rate in Arctocephalus tropicalis in South Georgia", 
would suggest that the pup was born about January 
27. The pup was tagged with a monel metal cattle 
ear tag in the axilla of the right fore-flipper. On 
March 20 thirty-two fur seals were counted in the 
vicinity. 

Unfortunately, it has not been possibie to procure 
any further information on the subsequent develop- 
ment of this group, despite its considerable biological 
interest as one of the few mammal colonies where 
the natural growth could be studied from its inception. 

The species has been identified, from a skull and 
skeleton, by Miss J. King of the British Museum 
(Natural History), as Arctocephalus tropicalis gazella 
(Peters, 1875); the same as that which occurs in 
South Georgia!*:*? and the South Orkneys. 

The South Sandwich Islands, the most eastern 
islands of the Scotia Arc have never been renowned 
for fur seals. There are apparently no records of 
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Fig. 1. Fur-seal family on Livingston Island, South Shetland Islands, February 2, 1959 


them having been laid waste in the 1820's as were 
those of the South Shetlands. Morrell, whose account. 
of his voyages is generally diseredited?!, found none in 
1822, but Captain Buddington* states that in the 
1875-76 season 2,000 were taken at the northernmost 
island (Zavodovski) and that, in 1876-77, 4,000 were 
taken by six vessels. In the following year the catch 
did not exeeed 100. In 1880-81 no seals were found 
and in 1891-92 400 were obtained and a further 200 
seen. Larsen visited several of the islands in 1908 but 
failed to find any", These appear to be the only 
records of fur seals until the visit in 1960 of the 
Governor of the Falkland Islands, Sir Edwin 
Arrowsmith, on board H.M.S. Protector (Captain 
Forbes, R.N.). The only group of fur seals was found 
at the south-east corner of Visokoi Island on a beach 
which consisted of volcanic gravel and isolated out- 
crops of rock over which the seals sprawled. Sir 
Edwin Arrowsmith and Captain Forbes estimated the 
numbers to be in the region of 400. Photographs of 
the colony show a number of harem bulls and a 
loosely knit harem system. Several black pups can 
also be seen. None of the other islands in the group 
was visited. However, during January 7-11, 1961, the 
Falkland Islands Dependencies Survey vessel R.R.S. 
Shackleton visited the group to carry out geomagnetic 
observations, but only one fur seal was found on 
Visokoi Island and none was seen on the Islands of 
Zavodovski, Leskov, Candlemas, Vindication or 
Saunders. It must be emphasized that no special 
effort was made to locate fur seals. Though there were 
no skins or skulls collected from the South Sandwich 
fur seals, from their appearance they would seem to be 
similar to those of the South Shetland and South 
Georgia and are presumably the same species. Fur 
seals were also found on Clerke Rocks (55° OV’ S., 
34° 41’ W.) on January 6 ?*?:*?, 

The discovery of these colonies and of the one on 
Powell Island in the South Orkneys in 1960 ** demon- 
strates the rapid recolonization of this section of the 
Antarctic by the fur seals, with South Georgia 
presumably acting as the reservoir for this expansion. 

Although no positive anatomical proof is available, 
it is reasonable to suppose that the fur seals of the 
South Shetland and tho South Sandwich Islands (and 
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: : uu South Orkneys) 
-Arctocephalus tropicalis ; 
. been assumed. until quito recently. 





ut .. seems to have been in little doubt as to the differences. — . um iw o 


~~ between the species of fur seal on the Falkland Islands 
— '." and the mainland of South America and those on 
South Georgia, South Sandwich and South Shotland 
Islands, his conclusions being based on the charac- 
- teristics of the pelt. A fur seal upper canine tooth 
dug up from among remains of an early nineteenth 
: century sealing camp on Livingston Island is not, 
"^ | unfortunately, referable to either species, but à more 
- detailed search at this site might reveal material 
specifically identifiable. 
It is hoped that these colonies, especially those in 
‘the South Shetlands will be strictly protected in 
keeping with the resolution on conservation in 
^. Antarctica passed by the Special Committee on 
oc Antarctice Research of the International Council of 
/Seientifie Unions?*, and allowed to re-inhabit the 
areas where they were once so numerous and so 
wantonly destroyed. 

I wish to thank Sir Vivian Fuchs for permission to 
publish this article and Sir Edwin Arrowsmith and 
Captain David Forbes for the photograph and inform- 
ation on the South Sandwich Islands. 
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OBITUARIES 


Mr. M. A. C. Hinton, F.R.S. 


Wrru the death on October 3 of Mr. Martin A. C. 
Hinton there passed one of the last great amateur 
naturalists of the Victorian era, whose contributions 

: to geology and zoology earned him world-wide 
renown. 

Martin Hinton was born in London on June 29, 
1883, the eldest of three children. His formal educa- 
fion ended at the age of twelve when he left school 
to begin legal work in the City. His interests in 
natural history were already growing and he was a 

‘frequent visitor to the Museum of Practical Geology, 
then in Jermyn Street, where handling the collections 
and talking with the curators he rapidly acquired 
àn extensive knowledge of the subject. After eleven 

-years as a ‘voluntary worker’ at the British Museum 
(Natural History), he joined the staff as an assistant 
in the Zoological Department in 1921; he was made 
deputy keeper in 1927 and keeper in 1936, a post 
which he held until his retirement in 1945. 

| In 1899, when only sixteen years old, he read his 
first paper to the Geologists’ Association on the 
Pleistocene deposits around Ilford and Wanstead. 
. This was the beginning of a series of papers on the 
Pleistocene geology of the Thames valley which 
continued for a quarter of a century. He did pioneer 
work in recording sections in the Thames gravels, he 
eolleeted and identified the fauna they contained 
and gave stimulating if sometimes unorthodox 
interpretations of the Pleistocene history. His views 
are summed up in & paper read to the Yorkshire 
Geological Society in 1926. 
.Onj joining the staff of the British Museum (Natural 
History) Hinton directed his attention to faunal 
udies, especially of rodents, in which group he made 
major. contributions, His painstaking work on these 
all. and. mes. mammals includes taxonomic 












investigations on voles and PEEN British fossil | 
rodents and lagomorphs; he was early to see the 
potential use of rodents for stratigraphical correlation 
of Pleistocene deposits, a technique which has become 
increasingly valuable. But he was not to be limited 
to the dry bones of the Museum collections; he took à ~ 
keen naturalist’s interest in the living rodents, and his- 
British Museum booklet on Rats and Mice as the 
Enemies of Mankind stresses cogently the immense 
destructive potential of these pests. In the 1930s 
Hinton was largely responsible for the success. of the | 
Ministry of Agrieulture's campaign to exterminate the — 
muskrat in Britain, which had at that time become - 
a major hazard, breeding very rapidly and undermin- . 
ing river and canal banks and even gravel railway ns 
embankments. uui 
At the opposite end of the size-range in mammals, um 
Hinton devoted his attention to whales, contributing = 
reports on antarctic whales for the Colonial Office and | 
collecting a school of false-killer whales stranded. on = 
the Dornoch Firth; he clearly appreciated the = > 
importance of studying populations as opposed to. =. 
individuals, and his salvage of 127 whales from a... 
remote part of Scotland and transporting them to 
London was a triumph of organization and persever. 
ance. 
Hinton carried out a large measure of administri 
tive duties both within the British Museum and i 
various learned societies; for some years. he was a 
editor of the Z oological Record, and — zoological 
secretary of the Linnean Society; he served on th 
councils and was a vice-president of both: th 
Zoologieal Society and the Linnean Society. 
was elected to fellowship of the Royal Society in 
1934. 
Hinton was by nature shy, but in the company of | 
friends he was unsurpassed as à raconteur. He was 
blessed with robust health throughout life, and 
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possessed a remarkably retentive memory, failing 
eyesight in later years virtually prevented hım 
contmumg with scientific pursuits His first wife, 
by whom he had three children, predeceased him, 
and shortly after his retirement he married Dr Dina 
Dobson and went to live m Somerset close to the 
Mendip Hills, where his early interests m Pleistocene 
cave faunas had grown He rarely went to London 
in later years, but all who visited him, professional 
or amateur, novice or doyen, were assured of a very 
warm reception, and the benefit of his sage advice. 
R. J G. SAVAGE 
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Dr. G. H Young 


Dr. GrorceE H Young, whose sudden death on 
October 10, 1961, at the age of fifty-two is reported 
from Pittsburgh, was a chemist known principally in 
the United States for his work ın the field of organic 
polymers, resinous coatings, corrosion protection and 
industrial and marine paints. 

During the Second World War he was a specialist 
consultant on corrosion and protective coatings to 
the US War and Navy Departments. as a result of 
which he became known internationally for some 
joint studies with Drs. Seagren and Zehner on the 
interaction with steel of anti-fouling pamts and he 
received the US  Navy's Bureau of Ordnance 
Development Award in 1945 

He served as secretary to the technical committees 
which initiated the war-time synthetic rubber pro- 
gramme and was contmuously associated mformally 
with this major U S. Government undertaking until 
its termination m 1955 He had been a special 
consultant to the Department of Defense and was a 
member of the National Research Council's Material 
Advisory Board He also served as technical con- 
sultant to the Pennsylvama General State Authority 

Smee 1951 Dr. Young had been a director of 
research at the Mellon Institute, where he had been 
active 1n many spheres of administration and con- 
sultation, as well as patent adviser to the Institute’s 
scientific personnel, having been admitted to practice 
before the United States Patent Office in 1940 

To his many activities Dr Young added member- 
ship of numerous scientific and technological societies, 
including some m Britain and Germany, and in 1949 
he served as US delegate to the United Nations 
Conference on the Conservation and Development of 
Natural Resources O D Hont 


Prof. W. N. Bailey 


Pror Warkop Norman Baney, who died at 
Eastbourne on October 23, was born at Consett, 
County Durham, on September 5, 1893 He soon 
displayed his mathematical abilities, and after 
completing a brilliant undergraduate career at 
Trinity College, Cambridge, becommg a Wrangler ın 
1915, he resigned & Research Exhibition to take up 
war service Durmg 1915-19 he was an instructor 
heutenant m the Royal Navy m which capacity he 
witnessed the Battle of Jutland. In later years he 
looked back on this period of his life with & certain 
nostalgia. When war service was finished, he held a 
number of university appointments at Bummgham 
and Manchester, and in 1944 he was appomted to the 
chair of mathematics at Bedford College, University 
of London, from which he retired m 1958 
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Bailey’s interest 3n mathematics was focused on 
the theory of hypergeometric series and Bessel 
functions, and on these topics he published some fifty 
papers ın addition to the well-known Cambridge 
Tract which he wrote on The Hypergeometric Serves 
Durmg the whole of his life these subjects retamed 
their fascmation for him and he had, to an exceptional 
degree, the capacity for conveymg his excitement to 
others He was normally of rather a placid demeanour, 
but ıt was a revelation to hear him lecture on any 
topic which had aroused his interest 

Prof Bailey took a full part m the mathematical 
life of the country, and was at various times librarian, 
editor, secretary and vice-president of the London 
Mathematical Society. Although he found com- 
mittee membership somewhat tedious, he always 
accepted any work of this nature which he felt 1t was 
his duty to undertake. 

Prof Bailey is survived by a widow, a son and a 
daughter He will be remembered by those who 
knew him both for his intense enthusiasm for mathe- 
matics and for his genial sociability 

H. G EGGLESTON 


Dr. Marian W. Smith 


Dr Marun W Smura (Mrs. H F Akehurst), 
honorary secretary of the Royal Anthropological 
Institute since 1956, died on May 2, after a long 
illness 

Marian Wesley Smith was born on May 10, 1907, 
in New York, and gained her master’s degree at 
Columbia University in 1934, proceeding to the 
doctorate in 1938 Between 1937 and 1947 she taught 
in a number of American universities, and held office 
in several learned societies, including the presidency 
of the American Ethnographic Society during 1944— 
45 . Durmg this period too she carried out extensive 
field work on the Indians of Washmgton State and 
British Columbia, resulting im monographs of the 
Pyallup-Nisqually (1940) and the archxology of the 
Columbia-Fraser River (1950) as well as a number 
of papers m learned journals She later did work m 
Pakistan, but owing to her untimely death this was 
never brought to the stage of publication 

She was already known as a leading anthropologist, 
notable for the breadth of her view, when, m 1952, 
she married an Enghshman, Mr H Farrant Akehurst, 
and made her home in Great Britam She undertook 
part-time teachmg work at the London School of 
Economics, and in 1956 she accepted the honorary 
secretaryship of the Royal Anthropological Institute. 
It was this part of her work which made her known 
to and loved by practically all British anthropologists. 
She devoted a great deal of time to the affairs of the 
Institute, mcludmg a much-needed overhaul of its 
finances, which was carried out ın close collaboration 
with the honorary treasurer, Sir George Beresford- 
Stooke, and helped by the magnificent generosity 
of Mrs. Brenda Seligman She mitiated an excellent 
tradition by organizing a succession of symposia 
on subjects margmal to anthropology, namely, race 
problems, primitive music and the domestication of 
cattle, thereby making use of the specialized know- 
ledge of many experts 1n other fields of investigation. 

Her ability, her devotion to the Institute, and 
above all the warmth of her personality were such 
that every regular attendant at the meetings of the 
Institute will feel the loss of a personal friend 

A. E. MOURANT 
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NEWS and VIEWS 


The Royal Society Officers for 1962 


AT the anniversary meeting of the Royal Society 
on November 30, Sir Howaid Florey, professor of 
pathology in the University of Oxford, was 1e-clected 
president The othe: officers ie-elected for the 
ensuing year were Treasurer, Lord Fleck, formerly 
chairman of Imperial Chemica) Industries, Ltd , 
Biological Secietary, Sir Lindor Brown Waynfiete 
professor of physiology in the University of Oxford, 
Physical Secretary, Sir Wilham Hodge. Lowndean 
professor of astronomy and geometry ın the Unrver- 
sity of Cambiidge, and Foreign Secretary, Su Patrick 
Linstead, rector of the Imperial College of Science 
and Technology Other members of Council elected 
{or re-elected) were Mr F C Bawden, director of 
Rothamsted Experimental Station, Mr E J. H 
Corner, reader ın plant taxonomy m the University 
of Cambridge; Prof J E Harris, professor of zoology 
in the University of Bristol, Sw Harold Himsworth, 
secretary, Medical Research Council, consulting 
physician to University College Hospital, London; 
Prof A F Huxley, Jodrell professor of physiology 
at University College m the University of London, 
Sir Christopher Ingold, emeritus professor of chemis- 
try at University College in the University of London, 
Prof W T J Morgan, deputy director of the Lister 
Institute and professor of biochemistry in the 
University of London, Prof C F Powell, Melville 
Wills professor of physics in the University of Bristol, 
Prof O. A Saunders, professor of mechanical engin- 
eering at the Imperial College of Science and Tech- 
nology in the University of London, Dr C J 
Stubblefield, director of the Geological Survey of 
Great Bmtain and the Museum of Practical Geology, 
Sir Gordon Sutherland, director of the National 
Physical Laboratory, Sw Graham Sutton, director- 
general of the Meteorological Office, Dr H W 
Thompson, reader in infra-red spectroscopy, Univer- 
sity of Oxford, Prof C H Waddmgton, professor of 
animal genetics m the University of Edinburgh; 
Prof A G Walker, professor of pure mathematics 
in the University of Liverpool, Prof F C Wilhams, 
professor of electrical engimeermg in the University 
of Manchester 


Psychology at Cardiff: Prof G Westby 


Mr G Wesrsy, who has been appointed to bo the 
first holder of the new chair of psychology in the 
University College of South Wales and Monmouth- 
shire, 18 at present head of the Department of Psy- 
chology at Hull He 1s well known by 1eason of his 
outstanding success 1n developing his present depart- 
ment during the past twelve years Starting almost 
from scratch, 1ts activities now include a large and 
flourishing honours school, the high standards of 
which are widely admired and a varied and enthust- 
astically pursued programme of research The broad 
basis, coupled with the strong integration, of the 
Department have enabled it also to make a full 
contribution to interdiseciphnnary courses at the 
honours level and to the trang of graduate students 
in the social sciences 

Mr Westby, after reading the Honours School of 
Philosophy, Politics and Economies, acquired consider- 
able experience m the education and treatment of mal- 


adjusted children before returning to Oxford after the 
Wa: to gain a distinction m the diploma in psychology 
in 1946 Soon after he went to Hull ıt became appar- 
ent that he commanded the wide understanding of 
issues In the many diverse aspects presented by con- 
temporary psychology, and the power to attract to 
his staff people of ability and initiative, without which 
all effort to build a hving department must be m 
vain These talents will find full scope at Cardiff, 
where exceptional possibilities exist, not only because 
of the keenness for a department of psychology 
among all the faculties concerned, but also by reason 
of the proximity and interest of the Welsh National 
School of Medicme When difficulties mseparable 
from starting almost at the beginning have been 
surmounted, and the advantages exploited, we may 
confidently look forward to the establishment of a 
notable new centre of psychological studies 


Atlas Computer Laboratory, National Institute 
for Research in Nuclear Science: Dr J Howlett 


Dr J Howrzrr has been appomted head of the 
Atlas Computer Laboratory of the National Institute 
for Research in Nuclear Science The appointment is 
effective from December 1. This Laboratory, to be 
built adjacent to the Institute's Rutherford High 
Energy Laboratory at Harwell, will house an Atlas 
electronic digital computer Dr Howlett, born in 
1912, was educated at Stand Grammar School, Man- 
chester, and the University of Manchester, where he 
1ead mathematics Following an initial period m the 
Research Department of the London, Midland and 
Scottish Railway Co , Dr Howlett jomed the Ministry 
of Supply 1n 1940, where he was engaged in mathe- 
matical and computational work on a variety of 
defence problems Since 1948 he has been head of 
the Computmg Group of the Theoretical Physics 
Division at the Atomic Energy Research Establish- 
ment, Harwell 


Courtaulds, Ltd . Appointments 


SIR ALAN WILSON, a deputy chanman of Cou- 
taulds, Ltd, has been appoimted chairman of the 
company m succession to Sir John Hanbury-Wilhams 
who retires next summer Sir Alan was elected to 
the Royal Society m 1942 1n recognition of his work 
on. the electronic theory of solids and on the properties 
of metals, and joined Courtaulds im 1945 Mr C F 
Kearton and Mi H R Mathys have been appomted 
deputy chairmen of Courtaulds Mr Kearton has 
been with the firm smee 1946, and was elected to the 
Royal Society in 1961 for his work on the chemical 
engmeermg characteristics of volatile uranium pro- 
ducts and technological developments in the textile 
industry Mr Mathys ıs a chartered patent agent 
and was m general practice until the outbreak of wai 
in 1939, he jomed Couxtaulds m 1946 to take charge 
of the Patent Department at Coventry, and was 
appointed a director ın 1954 


Nora a New Zero Power Reactor in Norway 


THE zero power reactor, Nora, of the Norwegian 
Atomic Energy Institute (IFA), which will serve m 
connexion with the joint research programme in 
reactor physics of the International Atomic Energy 
Ageney (IAEA) and Norway, was inaugurated at 
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- Kjeller, near Oslo, on November 29 Nora, mtended 
for the ostablishment of vanous physics data of 
mportance for the development of power reactors, 
has been so constructed as to be very flexible and to 
permit a wide range of experiments to be carried out 
with it One of rts umportant foatures ıs the sup- 
porting device fur the fuel elements which permits 
the fuol lattices to be changed readily The reactor 
will operate at a power-level of only a few watts 
The financing of Nora was made possible by a grant 
of 350,000 dollars from the US Atomic Energy 
Commission under the Atoms for Peace programme 
in. addition to the funds contiibuted by the Govern- 
ment of Norway 

The programme aims at obtammg precise and 
widely applicable reactor physics data on cores with 
mixed and variable lattices moderated by hght water, 
by heavy water and by mixed heavy and light water 
In addition to the critical assembly Nora itself, Nor- 
way is making available two reactor cores, one 
consisting of natural uranium and the other of shghtly 
enriched uranium A third core, provided under the 
supply agreement. between IAEA and the United 
States, consists of fuel enriched to 3 per cent ın the 
radio-isotope urenium-235 This core was originally 
used in development work for the nuclear merchant 
ship Savannah and contains approximately 42 kem of 
uranium-235 This 1s the first lease of special nuclear 
material through the Agency to one of 1ts Member 
Statos The Joint Scientific Programme Committee 
which 1s to conduct the Nora research project 1s 
headed by Di Raja Ramanna (India) Tho other 
committee members are Mr Olav R Kåsa and Dr 
Henmik Ager-Hanssen, both from IFA, and Di Pierre 
Balhgand, deputy director-general, and Dı Carlo 
Salvetti, director of the Division of Research and. 
Laboratories, both of IAEA 


Diamond Jubilee of Trans-Atlantic Radio 


On December 12, 1901, Gughelmo Marcom became 
the first to send a wireless signal across the Atlantic 
This remarkable achievement with such primitive 
equipment marked the birth of world-wide com- 
munication. During the spring of 1900, Marconi had 
succeeded in sending reliable signals from St Cath- 
erine's in the Isle of Wight to the Lizard m Cornwall, 
a distance of 186 miles This encouraged his behef 
that by using larger aerials and far more powerful 
transmitters he would be able to achieve trans-Atlantic 
distances Scientists were highly sceptical, many said 
1t was mnpossible because of tho curvature of the 
Earth Marconi: was determined to make the attempt 
and a transmitting station nearly one hundred times 
more powerful than any previously constructed was 
built at Poldhu, neat Mulkon, in Cornwall Enormous 
aerials were erected at Poldhu and at Cape Cod m 
Massachusetts, but both were wiecked in severe gales 
Another, less ambitious in design, was put up at 
Poldhu, while Marcon: and his two assistants sailed 
to Newfoundland where, from the top of Signal Hull, 
a receiving aerial was hoisted, at the third attempt, 
by means of a kite At 1230 pm (Newfoundland 
tıme) on December 12, 1901, Marconi and his assistant, 
G S Kemp, using one of the primitive recervers of 
the period with a telephone earpiece, heard a faint 
succession of S's 1n Morse code Signals from Poldhu. 
2,200 miles away, had crossed the Atlantic 

To commemorate this historic achievement, a 
Special Exhibition will be displayed at the Science 
Museum, South Kensington, during December 13- 
January 25 
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Research in Shipbuilding 


Ix a written answer m the House of Commons on 
November 21, the Parliamentary Secretary fo 
Science, Mr Denzil Freeth, stated that the ship- 
building and marine engineermg industries in Britain 
have set up an executive committee, with the encour- 
agement of the Department of Scientific and Indus- 
trial Research to form a new association for ship 
research, and the proposals agreed within the mdus- 
tries were to be announced Discussions with the 
Department on constitutions! matters were well 
advanced, and those on details on the final financial 
arrangements are to follow 


US Research Activities in the Antarctic 


Tug US National Science Foundation has 
announced a further allocation of approximately 
1,500,000 dollais for 1esearch work in the Antarctic 
The largest &ngle mant among the twenty-seven 
grants which this sum comprises 18 for the Antarctic 
Meteorological Research Program of the US 
Weather Bureau The total grant for this programme 
is now nearly 400,000 dollars A further sum, 
exceeding 100,000 dollars, has been allocated to a 
series of meteorological rocket fixings These firings 
will reach heights up to 200 000 ft to investigate 
winds and temperatures ‘There has pieviously been 
no systematic measuremonts of these elements in 
high southern latitudes The firmgs will be co- 
ordinated with similar soundings ın other parts of 
the world through the Moteorological Rocket Net- 
wo1k, and the results will be correlated with world- 
wide stiatospheric wind measurements The US 
Weather Bureau will also conduct an ice survey of 
antarctic waters with the assistance of US Navy 
aneraft This 1s intended to assist in the analysis of 
data to be received from projected polar satellites 
A biologist from Ohio Stato University will carry out 
research while being based for sixteen months at the 
main USSR base at Mirny The main objective is 
to study mvertebrate land animals and correlate the 
results with ecological studies which have been made 
at Umted States stations This arrangement will 
continue the practice whereby the United States and 
USSR exchange scientists at antarctic bases 
though agreements reached between the US 
National Academy of Sciences and the Academy of 
Sciences of the USSR 


The Institute of Reprographic Technology 


THe Institute of Reprographic Technology was 
inaugurated at a reception held at St Ermim’s Hotel, 
Westminster, on November 23 The Institute will 
function as a professional body with entrance by 
examination, and its aims will be to increase the 
efficiency and technical ability of those practising the 
art of reprogiaphic technology This will be achieved 
by providing a forum for the exchange of 1deas and a 
continuing programme for the dissemination of the 
scientific knowledge related to the profession It 1s 
hoped that as the Institute grows regional o1ganiza- 
tions will be developed based on the industrial centres 
Mr Charles Hanrott has been elected chairman of the 
Institute Further mformation can be obtamed from 
the Honorary Press Officer, Institute of Repic- 
graphic Technology, 157 Victoria Street, London, 
SWI 


Impact of Science on Society 


Impact of Scrence on Socrety, No 3, 1961 (Vol 11), 
includes several particularly interesting articles An 
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editorial note, ‘‘Mankind and Outer Space", and an 
article by Prof R Courant, “General Problems con- 
fronting Computing Centres", both stress the oppor- 
tunities and the importance of mternational co- 
operation in these fields Dr G H O Burgess, of 
the Torry Research Station, reviews the contribution 
which fish technology can make to the food supply 
of the world and stresses the need for a much greater 
research effort and more attention to the dissemina- 
tion of the results of research Dr G. Charlesworth, 
now head of the London Traffic Management Unit, 
Ministry of Transport, writing on “‘Science and the 
Road Traffie Problem", deseribes some of the con- 
tributions which research has made m this field, and 
the opportunities which the scientific study of roads 
and traffic presents both in the prevention of accidents 
and improving the efficiency of transport 


Education and Training in France 


In May 1960 nme members of the West Regional 
Group of the British Association for Commercial and 
Industrial Education paid a visit to Fiance to study 
the French system of education and traming with 
special reference to the needs of industry ‘Their 
report contains a comprehensive description of the 
present system of education and training in France, 
as well as the changes m the system which will take 
place during the next few yeais as a result of legis- 
lation enacted m 1959 (Pp v+51 London British 
Association for Commercial and Industrial Education, 
1961 10s) When reforms are completely integrated, 
all children will remain at school until sixteen years 
of age and selection for vocational traming will 
commence well before the end of the normal school 
career A large section of the report ıs devoted to 
the various types of vocational institutions which 
exist, the certificates and diplomas awarded and 
educational practice in the vocational schools There 
is also a detailed description of education and 
training at the three main factories of the Renault 
Works 


Television and School Teaching 


In a booklet on schools television, the National 
Union of Teachers suggests that television should 
not be considered as a substitute for the teacher but 
as an addition to teaching aids already available 
(Schools Television * a Discussion Document Pp 18 
London National Union of Teachers, 1961 Is), 
that 1f television 18 to be regarded as an integral part 
of the apparatus of education, 1t should be the 
responsibility of local education authorities to pro- 
vide sets; and that particular attention should be 
directed to the need for the provision of more tele- 
vision sets ın primary schools The booklet quotes 
some of the findings from the Un:on's mquiry on 
schools television among 111 schools, distributed 
over the areas of 71 local education authorities, and 
compares them with similar findings in the BBC 
1epors The National Union of Teachers welcomes 
the sett'ng up by the BBC and commercial com- 
panies of special bod es with responsibility for the 
form and content of the schools programmes, and 
comments favourably on the “degree of independence 
of the parent body" wh ch the Schools Broadcasting 
Department of the BBC and its counterparts in 
commercial television enjoy ‘The booklet exammes 
the constitution of these bodies, the scope of their 
work, the special ro'e of the Union therein, and their 
ielationships with the schools The pamphlet states 
that “the principal limitations of the television 
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programme compared with the film are that ıt 
18 not under the control of the teacher to the same 
extent either before, durmg o1 after showing, and 
that 1t has not the same resources of colour presenta- 
tion”? On the other hand, ıb points out that “‘tele- 
vision has a great impact on account of its 
immediacy” The booklet also touches on the 
general impact of television viewing on childien and 
the special position of Wales with regard to television 
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The British Broadcasting Corporation 


In the annual report and accounts of the British 
Broadcasting Corporation for 1960-61 it 18 recom- 
mended that the higher-frequency bands, Bands IV 
and V, should be used for television with a change of 
hne standard from 405 to 625 lmes, as proposed by 
the Postmaster-General’s Television Advisory Com- 
mittee, and that two of the four channels available 
in the higher-frequency bands should be allotted to 
the B BC One channel would be used for an entirely 
new programme service so that the B BC could give 
viewers a genuine choice of balanced alternative 
programmes, while a second channel would carry the 
existmg Band I service, duplicated on the 625-line 
standard The B BC recommends that the channels 
in Band III. not at present allocated to either B B C 
or the Independent Television Authority, should be 
used to mmprove the coverage of existing services im 
areas not well served at present, and, in particular, 
to provide an improved and distinctive service for 
Wales The BBC 1s carrymg on with its experi- 
mental work on colour television with the approval 
of the Post Office and with support from the radio 
industry The expenrments will include test trans- 
missions in colour on 625 lines in Bands IV and V. 
thus extending the work already done by the BB C 
i the experimental transmissions on 625 lines in 
black and white On sound broadcasting, the report 
states that there is need for an earlier start to the 
day’s programmes a similar extension ıs needed. 
at the other end of the day, after midnight, for late- 
night workers Over and above the provision of 
three programme services, the BBC sees the need 
and the opportunity now for a supplementary fourth 
service in the form of local sound broadcasting on 
very high frequencies 


Licentiateships in Printing and Furniture 


For some time both the prmting and furniture 
industries, m association with the City and Guilds of 
London Institute, have been developing advanced 
courses at a level beyond the full technological 
certificate to meet specific requirements for high- 
level qualifications for which, at present, there are 
no recognized awards The Institute has announced 
recently a new award, the licentiateship of the City 
and Guilds of London Institute, intended to provide 
that kind of recognition ın selected fields where such 
a need exists The Institute has approved two such 
fields, printing and furniture, and the awards will be 
known as the Licentiateship in Printing of the City 
and Guilds of London Institute and the Licentiate- 
ship 1n Furniture of the City and Guilds of London 
Institute Candidates for either award must have had 
at least five years approved industrial experience 
after completion of apprenticeship. In pimting, a 
candidate will be required to have obtamed one of 
the Institute’s craft certificates, have obtained the 
full technological certificate and have passed the 
examination for advanced qualifications In furmi- 
ture, a candidate must have obtamed a craft course 
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certificate, the full technological certificate and passes 
in two of the advanced courses 
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The Dunfermline Museum 


THE Dunfermline Museum was opened in June by 
Dr Douglas Allan, lately director of the Royal 
Scottish Museum, Edinburgh ‘This new museum has 
been established by the Carnegie Dunfermline Trust 
and will serve as a local museum of natural history 
and folk material The collections came mainly from 
the old museum at Pittencrieff House, which has now 
been closed The conversion of a private house has 
provided two mam galleries which have been equipped 
with modern ‘shop window’ cases One of the galleries 
iS given over to a display of the birds and animals of 
West Fife in their natural habitats, and the other 
shows material relating to Dunfermline from the 
stone age to the present day A smaller room 1s 
devoted to lmen, for many years the staple mdustry 
of Dunfermline 


South Australian Museum 


Tse Records of the South Australian Museum, 14, 
No 1 (1961) maimtaims the high standard of this 
publieataon and imcludes papers on the Aboriginal 
hammer-stones of South Australa, Acarina fauna, 
Central Australian mammals, the stratigraphy and 
vertebrate fauna of the Tirari Desert, South Aus- 
tralia, and a report on the archeological excavation 
of the Noola rock shelter. 


Experimental Alteration"of the" Speech-rate 


Tr ıs known from the work of Dr Wilder Penfield 
and his associates ın Montreal that speech may be 
arrested or otherwise disturbed by electrical stimu- 
lation of certain areas of the cerebral cortex. In & 
recent paper from the Neurosurgical Service of the 
Foch Hospital (Suresnes-Paris), entitled “‘Arrest of 
Acceleration of Speech evoked by Thalamic Stimu- 
lation in the Course of Stereotaxic Procedures for 
Parkinsonism” (Brawn, 84, 363, 1961), Dr G. Guiot 
and his collaborators have been able to show that 
stmking changes in rate of speaking may be produced 
by thalamic stimulation in the course of stereotaxic 
operations for Parkinsonism Although arrest of 
speech 18 stated to be the more common phenomenon, 
strikmg acceleration in the speech-rate was noted in 
certam cases and changes also occurred in the strength 
and modulation of the voice The locus of stimulation 
is reported to be the ventrolateral nucleus of the 
thalamus Although these observations call for 
repetition on the more adequate scale, they would 
appear to throw an interesting hght on the part 
played by subcortical mechanisms m the delivery 
and control of speech 


Mineral Resources of Uganda 


Tue important parv played by geological surveys 
m the economic advancement of under-developed 
territories 1s brought to mind by a recent publication 
on The Mineral Resources of Uganda (Bulletin No. 4 
Compiled and edited by Dr. J. W. Barnes Pp 
v+89+2 plates Entebbe: Geological Survey, 
1961. Shs 25) Durmg 1960 the mineral commo- 
dities exported from Uganda reached a record 
value of £35 milion, equal to almost a quarter 
of the aggregate output smee muning first began 
in 1927, and m addition industrial munerals ex- 
ceeding £1 milhon in value were produced for local 
use, and cobalt concentrates valued at £1 million were 
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stockpiled The principal products are blister copper 
and ores of tin, tungsten and beryllium, but within 
the next year there will be a large output of super- 
phosphate (estimated at £325,000 per annum) for 
East African use and possibly of mobrum ores for 
export Since the Geological Survey began drilhng 
for water m 1931 some 3,000 producing boreholes 
have been completed, yielding water supphes that 
have supplanted the disease-laden and ephemeral 
surface sources on which much of the population used 
to depend In addition to reviewing resources now 
bemg exploited, the publecation records various 
mineral potentialities of possible future mterest, one 
of the more unusual of these bemg heavy water, 
which forms 8-12 per cent of the water m some 
voleanie lakes ın the Ankole district. Although much 
of the country has still to be thoroughly prospected 
and, particularly in the north, to be mapped geo- 
logically, the report 1s a striking refutation of the 
view, once frequently voiced by Colonial admunis- 
tratois, that Geological Surveys are not revenue- 
producing departments 


Chagas’ Disease 


PRELIMINARY surveys on the incidence of Chagas’ 
disease 1n the Matalaque region, Southern Peru, by 
Eleazar Cordova, have shown that housing conditions 
favour the development of Triatoma «nfestans, the 
only vector found in this zone Domucilary infection 
shows a high meidence (89 02 per cent), the rate of 
trypanosome mfection in triatomides bemg 51-28 per 
cent (41 97 per cent 1n bedrooms), a fact that suggests 
the almost certain existence of human cases of 
Chagas’ disease. Domestic animals are frequently 
kept and raised withm houses; such ıs the case, for 
example, of guinea pigs (84 per cent), where T. cruz 
was found in 4 out of 32 specimens examined. Felix 
Naquira, Eleazar Cordova, Cesar Naquura and 
Enrique Rubin de Celis (Bulletin. Chileno de Parasto- 
lopa, 16, No 3, July-September 1961) have also 
carried out e iological surveys on Chagas’ 
disease in thé village of Matalaque (Tambo Valley, 
Southern Peru) The application of xenodiagnosis 
revealed an incidence of 34 67 per cent (43 out of 
124 individuals surveyed) of Trypanosoma cruzi 
infection, whereas complement fixation procedures 
yielded 32-23 per cent positive cases (30 out of 93 
individuals) Xenodiagnosis was also positive m four 
guinea pigs and one dog ‘The results obtamed ,with 
the two methods were not entirely concurrent. 


Fellowships in Engineering Study and Fundamental 
Research in Plastics 


PRINCETON UNIVERSITY 18 offering a number of 
fellowships ın engineermg study and fundamental 
research in plastics leading to the M Se. and Ph D 
degrees, particularly suited to chemical, electrical and 
mechanical engineers, and to chemists and physicists 
Instruction covers basic theory and properties, and 
principles of evaluation, production, fabrication, 
design and application of materials, as well as the 
chemistry of plastics The programme includes 
lecture and laboratory classes, and contact with 
industrial plants representing various interests of 
the plastics mdustry Fellowships with stipends 
valued at 1,500 dollars-2,100 dollars are available 
to applicants holding a first degree ın engineering or 
physical science from a recognized institution. 
Further mformation can be obtamed from Prof. 
Lows F. Rahm, Plastics Laboratory, Prmceton 
University, Princeton, N J. 
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The Manchester College of Science and Technology 


THE annual report of the Principal of the Man- 
chester College of Science and Technology for 1960-61 
gives an impressive picture of expansion, achieved 
and, projected, which demonstrates how important a 
contribution the colleges of technology are making 
to Britain’s scientific and technological strength The 
number of students mcreased by 164 to 1,983, of 
whom 1,535 were studying for the B Se (Tech ), 192 
for the M Se. (Tech ) and 129 for the Ph D, 5,408 
students were also enrolled for non-university courses, 
and of these only 333 were fulltime The teaching 
staff now numbers 287 A lst of research projects m 
progress during the year, arranged under Depa. tments, 
appended to the report, gives an impressive picture of 
the research effo1t, and there is also a list of pub- 
heations during the year by members of the staff 
No information as to expenditure on research 1s 
included other than the statement that 9 per cent of 
the income of £1,580,523 was ın support of research. 
Expenditure rose by £167,562 to £1,574,826 Students 
obtamimng the B Se (Tech ) with honours numbered 
281, compared with 180 for the period. 1959-60 and 
96 for 1956-57, for B Se (Tech ), ordinary, the cor- 
responding figures are 178, 128 and 77, for MSc 
(Tech ), 71, 59 and 33, for PhD, 25, 27 and 32, 
and for the postgraduate diploma, 22, 24 and 22 


University News. Cambridge 


CORPUS CHRISTI COLLEGE 18 planning a graduate 
extension of the College at Leckhampton House, 
Cambridge It is intended to provide public rooms, 
and accommodation for a few Fellows, m the existing 
house, and to house research students and other 
Fellows in a new building close by With this addı- 
tional accommodation the College will be able to 
inerease the number of rts active Fellows from 22 to 
37 or more, and its research students from 40 to at 
least 60 Prof H. C Longuet-Higgins. professor of 
theoretical chemistry ın the University, has been 
appointed warden 


Edinburgh 


Dr M E Davies has been appointed as lecturer 
in the Department of Vetermary Bacteriology, and 
B F Leek has been appomted as lecturer m the 
Department of Vetermary Physiology 


London 


Dr B W Lacey, reader in bacteriology in West- 
minster Medical School, has been appointed to a 
chair of bacteriology at that School Mr D G 
MacRae, reader 1n sociology in the London School of 
Economics and Political Science, has been appointed 
to the chair of sociology tenable at that School 
Dr E A Power, lecturer ın mathematics in Univer- 
sity College, has been appomted to the readership ın 
apphed mathematics tenable at that College Mı 
J. L Stollery, lecturer in the Imperial College of 
Science and Technology, has been appomted to the 
1eadership m aeronautics tenable at that College 
The title of professor of molecular spectroscopy has 
been conferred on Dr A G Gaydon, honorary lec- 
turer m the Imperial College of Science and Tech- 
nology 

Prof J T Randall, Wheatstone professor of 
physics at King’s College since 1946, has been trans- 
ferred by the University of London to the chair of 
biophysics at the College The lease of premises in 
Drury Lane, W C 2, some 40,000 sq ft ın extent, 
has been acquired to house the new Department of 
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Biophysics After conversion, the premises will be 
known as the Wellcome Biophysics Laboratories in 
recognition of the grant of £120,000 made by the 
Wellcome Trust in 1960 towards the purchase of the 
lease Prof Randall will assume the directorship of 
the Laboratories on their completion in 1963 The 
new premises will also house the Medical Research 
Council’s Biophysics Research Unit, which has been 
an integral and important part of the biophysics 
activities of King’s College since 1947 


Massachusetts 


A HIGH-SPEED digital computer has been given 
to the Massachusetts Institute of Technology by the 
Digital Equpment Corporation of Maynard, Massa- 
chusetts The computer is a ‘Programmed Data 
Processor”, manufactured by the Digital Equipment 
Corporation, and will be used in teaching students 
the principles and operation of modern electronic 
data-processing equipment 
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Rhodesia and Nyasaland 


Dr A D Kemp, senior lecturer in chemistry 1n the 
Universiby College of Fort Hare, has been appointed 
lecturer in organic chemistry in the University College 
of Rhodesia and Nyasaland 


Announcements 


SIR DougGrAs LOGAN, principal of the University 
of London, has been appointed. vice-chairman of the 
Association of Universities of the British Common- 
wealth m succession to Sir Eric Ashby The chairman 
for the year 1961-62 1s Mr K J Maidment, viec- 
chancellor of the University of Auckland New 
Zealand, and the honorary treasurer of the Association 
13 Prof R Ogilvie Buchanan, of the London School 
of Economics 


Dr RaANDAL M Rosertson has been appointed as 
associate director (research) of the National Science 
Foundation, Washington Dr Robertson has been 
assistant director for mathematical, physical and 
engineering sciences at the Foundation since July 
1958, a post which now passes to Dr Geoffrey Keller 


Mr R. M ARNOLD, until June of this year chief 
veterinary research officer in Tanganyika, has been 
appointed deputy head of the Wellcome Vetermary 
Research Station Mr Arnold became assistant 
veterinary investigation officer at Reading in 1942, 
Later he was appointed as veterinary mvestigation 
officer, Jamaica, and became deputy director of 
agriculture (veterinary and lvestock) and superinten- 
dent of livestock services in that Colony 


THE 1962 International Conference on ‘‘Precision 
Electromagnetic Measurements" (formerly Conference 
on “Standards and Electronic Measurements”) will 
be held during August 14-16 at the Boulder Labor- 
atories of the National Bureau of Standards, Boulder, 
Colorado Further information ean be obtained from 
Dr James F Brockman, National Bureau of Stan- 
dards, Boulder, Colorado 


THE International Society of Son Science Jomt 
Meeting will be held at Massey Agricultural College, 
New Zealand, durmg November 13-22, 1962, with 
pre-meeting tours durmg November 2-12 and post- 
meeting tours durmg November 23-December 1 The 
Joint Meeting 1s one of Commissions IV (Soil Fertility) 
and V (Pedology) of the International Society 
Further information, together with an attractive 
brochure, can be obtained from the Secretaiy- 
General, PO Box 8001, Welhngton, New Zealand 
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T1 HE Tropical Products Institute of the Depart- 
ment of Scientific and Industrial Research held 
than 500 people Ed invitations to e present. 
These included representatives of diplomatie missions ; 
scientists from other Government institutions, uni- 
ities and industry ; representatives of commeroial 
ms dealing in tropical products; and visitors from 
opical countries. During the open days most of the 
boratories were open to visitors and special displays 
were arranged to describe work in progress. This 
varied from the short-term advisory work to long- 
torm research projects. 
- "The Tropical Products Institute began as a part of 
: the” Scientific and Technical Department of the 
Imperial Institute and, therefore, has a history going 
back nearly seventy years. During most of the post- 
s 5 war years it was attached to the Colonial Office, but in 
1959 was transferred to the Department of Scientifie 
|. and Industrial Research, primarily in order that its 
-. services could continue to be available to Colonial 
territories after they had attained independence. In 
50571960 a total of nearly 1,000 inquiries was received 
from 62 Colonial, Commonw ealth and foreign coun- 
tries. These covered aspects of all the subjects on 
| whieh specialists’ advice is available at the Institute, 
'"^neluding foods, fruits, essential oils, plant drugs, 
|^ pesticides, oilseeds, fats, waxes, leather production, 
fibres, pulp and paper-making, board-making and 
solar energy. A comparatively new section at the 
Institute, the importance of which is growing con- 
siderably, is that dealing with inquiries on the 
economies of the production and marketing of tropical 
s products; it also advises on suitable small industries 
. «for under-developed areas. 

A research project with which the Institute has 
been concerned for many years is that of the 
.pyrethrum industry in Kenya. Scientists at the 

Imperial Institute were instrumental in introducing 
this crop into Kenya in 1928 and it is now a very 
^. mportant export. One of the lines of work at present 
vim progress is directed to improving the strains of the 

plant by breeding, and investigations are going on 
with Rothamsted Experimental Station to estimate 
"the individual toxicities of the four esters responsible 
-for the insecticidal activity of pyrethrum. These are 
.separated by two-stage chromatography and sent to 
-Rothamsted for testing. Another part of the Insti- 
 tute's work on pyrethrum is the investigation of the 
biosynthesis of pyrethrins in the plant. In particular. 
work has been directed at finding the site of synthesis 
and, for example, the effect of fertilization of the 
flower head. For this purpose acetic acid or mevalonic 
acid labelled with radioactive carbon is fed to the 
plant, the pyrethrins are isolated and, if radioactive, 
the site of labelling is determmed. From this work it 
has been found that the synthesis occurs in the flower 
head and that fertilization of the flower does not 
influence the production of the insecticide. 
.— One of the important projects in the Oils, Fats and 
“Waxes Section has been an investigation into the 
factors which make Nigerian palm oil difficult to 
‘bleach. As a large part of the palm oil produced is 
cused for margarine it is essential that it should be 
easily bleached to remove the reddish coloration which 
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is normally present. Malayan palm oil has always. | 
been more easily bleached, and therefore has fetched - 

a higher price, than palm oil from Nigeria. Work at 
the Institute has shown that the poor bleaching - 
qualities of the Nigerian oil are due to the high initial 
carotene content and to oxidation caused by delays |. 


in processing which occur when primitive methods of ne E 





collection and extraction are used. Oxidation by 
lipoxidase has been shown to take place when 
unsterilized and bruised fruit is left for long periods — 
before extraction, and atmospheric oxidation during _ 
processing also takes place, usually due to ion: eon. - 
tamination, where the iron acts as a catalyst. As in 
much of the Institute's work a fundamental chemical 
investigation has been followed by practical recom- 
mendations, and the small-scale producers of palm oil 
in Nigeria are now being encouraged to give more >. 
attention to the preparation and processing of the 
oil. 
The accommodation at the Tropical Products 
Institute includes a pilot-plant laboratory which was: 
on show to visitors during the open days. Here wax 
was being extracted from banana skins on a fairly 
large scale in a continuous process using about 7 1. 
of solvent. Heat is supplied by a steam-heated glass 
coil. The wax, which is removed by this method, 
constitutes 8-9 per cent by weight of the banana. 
skin and may prove to be of use in the formulation of 
polishes. Investigations are also being carried out of |... 
the esters of a triterpenoid alcohol present in the wax. = 
Also in the pilot plant laboratory are stills for the |. 
hundredweight-seale extraction of essential oils from — 
bark, leaves and other plant materials. These provide — 
very useful information for overseas growers who 
wish to produce these oils under larger-scale con- 
ditions. 
In the Fibres Laboratory visitors were shown 
methods used for the physical testing of fibres, includ- 
ing a hybrid sisal which has been developed in. 
Tanganyika. This has a much greater yield than the 
normal variety, and at the Institute the physical 
characteristics of the two types are being compared. 
Initial tests have shown that the hybrid gives à 
finer fibre and compares favourably in other respects _ 
with ordinary sisal. Other work in this Laboratory . 
involves a study of the structure of fibres using - 
methods similar to those used in electron microscopy. 
A cellulose acetate replica of the surface of a longi- 
tudinally cut fibre bundle is made, and this is metal. — 
shadowed with chromium under high vacuum. The os 
preparation is then examined using a light microscope iom. 
and magnification of about 1,000. aes 
The Pesticides Information Service of the. Depar 
ment of Technical Co-operation is also housed at the 
Tropical Products Institute and its work was shown == 
to visitors during the open days. Much of the work — 
in London is in providing information and abstracts, - 
but there is also a laboratory where the control of |... 
bilharzia disease is being studied. This disease is 
caused by a parasitic worm and spread by variou eg 
tropical snails. A colony of one of these, Austra: orbis 21 
glabratus, is maintained at the Institute so that 
promising chemicals can be tested as molluseicides. 
Among the many other exhibits of work in progress, 
visitors were able to see types of building board made 
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of waste materials such as groundnut shells, work on 
the formulation of insecticides for the malaria control 
campaign of the World Health Organization, the study 
of the flavouring constituents of pineapple using gas 
chromatography, and the analysis of the amino-acid 
content of animal feeding stuffs. 
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The open days gave many people an opportunity to 
see something of the wide range of scientific work 
whieh the Tropical Products Institute is doing on the 
renewable resources of the less-developed countries 
of the world, for producers and users alike. 

B. R. SMITH 
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NEW INSTRUMENT ASSEMBLY WING OF THE CAMBRIDGE 
INSTRUMENT CO., LTD. 


A NUMBER of scientists, industrialists, and well- 
known scientific and engineering journalists 
were among the 150 guests who attended a luncheon 
on October 23 to mark the opening of a new wing at 
the Cambridge Works of the Cambridge Instrument 
Co.. Ltd. The guests were met by Dr. P. Dunsheath, 
chairman of the company’s Board of Directors, 
and Mr. H. C. Pritchard, managing director, 
and the opening ceremony was performed by Sir 
Keith Joseph, M.P., Minister of State, Board of 
Trade. 

After luncheon they toured the new wing, the 
Research Block which has been in use for two years, 
and Production Departments producing instruments 
for use in medicine and gas analysers for research 
and industry. In addition, a number of research 
projects and special displays of instruments made 
by the Company’s two London factories were 
exhibited. 

The new wing—which is 150 ft. long, 50 ft. wide and 
provides, on two floors, a working area of approxi- 
mately 15,000 sq. ft.—is primarily intended to 
accommodate production departments for the final 
testing and assembling of instruments prior to 
dispateh. Immediately obvious features are the clean 
functional sweep of its two raised storeys, the ground- 
floor-level car-park and loading bay beneath, and the 
harmonious way it blends with the research labora- 
tories, opened two years ago (see Nature, 184, 1364; 
1959), to which it has been planned as a logical 
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Fig. 1. 


Instrument assembly wing of the Cambridge Instrument Co., Ltd. 


architectural extension, and to which one end is 
joined by connecting doors. The other end of the 
wing is connected to other works buildings and the 
loading bay by & link bloek containing stairs and 
toilet facilities. 

Structurally, the reinforced concrete frame of the 
raised building rests on a solid concrete slab supported 
by two rows of cireular columns along its length, over 
which the slab is cantilevered out about 8 ft. front 
and back. The second floor and roof are mounted on 
pre-cast pre-stressed concrete beams spanning the 
full width of the building. so that the floor areas of 
both storeys are uninterrupted by intermediate 
columns. Windows are double glazed and the infill 
panels below faced with golden buff bricks. Air 
supplied throughout the building is conditioned and 
filtered by plant contained in two penthouses on the 
roof. Essential services, ventilating and heating 
inlets, gas, compressed air, water, electrical supplies, 
telephones, etc., are laid in horizontal ducts running 
the full length of the building below the windows and, 
to reduce fire risks, al! work benches are wired with 
mineral-insulated metal-sheathed conductors. 

Two-thirds of the first-floor area, adjacent to the 
entrance hall, is used as Production Offices and the 
remainder is occupied by the Microanalyser Depart- 
ment. This Department is responsible for assembling 
and testing ‘Microscan’ X-ray analysers and for the 
production of sealed and flow-type proportional 
counters. It is also concerned with the commissioning 
and servicing of ‘Microscans’ and 
operates an advisory service, in- 
cluding the analysis of samples pro- 
vided by prospective customers. 
Complete installations are assembled 
in specially designed cubicles, each 
of which is supplied with its own 
special services. Conditioned air 
supplied to this Department under- 
goes an additional degree of filtra- 
tion in view of the need for absolute 
cleanliness during final assembly of 
a ‘Microsean’, 

The whole of the second floor is 
devoted to final assembling, wiring 
and testing of a wide range of 
galvanometric indicators, recorders 
and controllers. Here again a dust- 
free atmosphere, so necessary for 
the assembly of intricate precision 
instruments and components, is 
provided. The functional interior 
design with its modern décor makes 
the new building a pleasant and 
comfortable place in which to work. 

The new wing is the latest 
illustration of the considerable 
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development of the Company m recent years and 
has been made necessary by the increasing num- 


bers of new and improved instruments developed 
by the Research Department The building, which 
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was designed by Edward D Mulls and Partners, 
archıtects, was completed ın less than a year by the 
contractors, J Jarvis and Sons, Ltd 

J G HAMMOND 


LIFE AND ITS ENVIRONMENT IN ANCIENT SEAS 


IJ the British Association meeting at 
Norwich, the Geology and Zoology Sections 
(C and D) held a joint session on “‘Life and 1ts Environ- 
ment ın Ancient Seas". 

Prof C M Yonge, president of Section D, 
was in the chair and about 150 persons attended 
The programme was designed as a general session 
covering a wide range of palzoecologieal topics, but 
unfortunately the opening address by Prof Kaare 
Strem (professor of hmnology, University of Oslo), 
entitled, “In Quest of Ancient Seas", and the paper 
by Dr R H Cummings (Department of Geology, 
University of Glasgow) on the ‘“‘Paleoecology of 
Foi1aminifera m Reef Limestones" were both can- 
celled, and so the scope of the meeting was more 
restricted than originally planned 

The paper by Dr K A Joysey (Department of 
Zoology, University of Cambridge) on “The Life of 
Cephalopods in Ancient Seas" was & discussion of 
existing views on the mode of life of fossil forms, 
considered in the light of new information about hving 
cephalopods Dr Anna Bidder (Department of 
Zoology, Cambridge) showed a series of excellent 
colour slides of the hvng Nautelus and gave an 
account of her observations, largely based on freshly 
captured specimens living in the aquarium at Noumea, 
New Caledonia The paper by Mr R W Sheldon 
and Dr F M Broadhurst (Department of Geology, 
University of Manchester) and Dr J G_ Potts 
(United Steel Companies, Ltd ) on “Aspects of the 
Palzeoecology of Marme Faunas in the Upper Carboni- 
ferous of the Southern Pennimes’’, was a preliminary 
account of work still ın progress seekmg to elucidate 
the relationship between certain fossu faunas (mostly 
goniatites, lamellibranchs and brachiopods) and the 
petrology of the enclosmg sediment Hence the 
session as & whole had an emphasis on molluscs, 
particularly cephalopods. Although unplanned, this 
bias came as a natural sequel to the molluscan theme 
of Prof. Yonge’s presidential address 

Many  'paleoecologieal publications (including 
some by the present author), are merely records of 
association and distribution, and offer little inter- 
pretation of the relationship between the fauna and 
the environment The appreciation of a fossil 
biological system demands not only the reconstruc- 
tion of the animals themselves but also of how they 
lived, what they did, their effects on other animals 
and on the environment. The Norwich session served 
well to ulustrate this palszobiological approach to 
palzoecology 

In surveying the problems of buoyancy control, 
Dr Joysey noted that the majority of livmg cephalo- 
pods are more dense than sea-water and support 
themselves by swimming, but Sepa, Spirula and 
Nautilus have a density near that of sea-water, owmg 
to gas enclosed in rigid-walled chambers Unlike 
the swim-bladder of a fish, the volume of the cephalo- 
pod float 1s not affected by changes in pressure 
Hence, so long as some mechanism prevents the 


hydrostatic pressure from foicmg lquid into the 
chambers through the porous siphuncular tube, 
changes ın depth should not affect the buoyancy 
Denton and Gilpm-Brown have recently shown that 
Sepia, can adjust 1ts buoyancy by pumpmg liquid in 
and out of the chambers, like a submarme altermg 
ballast This hquid has a lower salt concentration 
than the body fluids, and so osmotic pressure helps to 
counteract hydrostatic pressure Dr. Joysey observed 
that as Sowula and possibly Nautilus are recorded 
from depths below that at which an osmotic mechan- 
ism would fail, some other mechanism must be sought 
if the gas ıs to be maintamed in the chambers An 
increase ın the gas pressure would prevent hquid 
from flowmg into the chambers and also prevent 
implosion of the shell, but any other mechanism 
whereby the siphuncular tube might become tempor- 
arly impermeable to liquid must be accompanied by 
a shell sufficiently strong to withstand the external 
pressure 

Dr Bidder showed some photographs of Nautilus 
in a state of nearly neutral buoyancy swimming in 
mid-water or resting on the bottom, and others of 
it floating with part of the shell breaking the surface 
of the water She had also observed under-buoyant 
animals hangmg by their tentacles, and had found 
that individual specimens could adjust their 
buoyancy 

Dr Bidder stated that the gas in the chambers 
was not under pressure in a@ specimen just hauled 
from a depth of nearly 200 metres She had also 
extracted quantities of liquid from the gas chambers 
of Nautilus and using X-ray photographs she demon- 
strated that when a specimen had been turned upside 
down the shadows which were presumed to be bodies 
of liquid had indeed run to the opposite side of the 
chambers She found no evidence of living tissue 
in the gas chambers of Nautilus 

In reviewing present-day interpretations of the 
posture of various fossil cephalopods, Dr Joysey noted 
that the position of the gas chambers in orthoconic 
shells at first sight suggested that they hovered vertic- 
ally 1n the water, or rested on the sea-floor like church 
steeples Alternatively, if a load were present at the 
apical end, such as liquid ın the apical chambers, 
they could have adopted a horizontal posture It is 
generally accepted that, m some forms, this apical 
counterbalance was provided by solid deposits 
within the srphuncular tube. Other forms have 
deposits within the apical gas chambers, but there has 
been some controversy as to whether these were laid 
down by a cameral mantle or whether they are post- 
mortem mineral infillngs In view of the recent 
findings on hvmg forms, Dr Joysey suggested that 
serious consideration should be given to the possi- 
bility that these deposits might have been precipitated 
durmg life from solutions transported through the 
walls of the siphuneular tube 

By analogy with orthoconic nautiloids, Dr. Joysey 
pointed out that one of the functions of the belemnite 
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guard was to act as a counterbalance It lay at the 
posterior end of the mam gas chambers while the 
bulk of the anımal was at the anterior end, 80 giving 
a ‘see-saw’ type of stability The morphological 
series from the belemnite to Sepma is well known 
Functionally, this change mvolved sliding the body 
mass under the gas chambers, giving an ‘air-ship’ type 
of stability In consequence, the counterbalance 
was progressively reduced and hence the volume of 
gas required to provide support could also be reduced 

Dr. Joysey referred to some paleozoic nautiloids 
(for example, Ascoceras) in which the juvenile was 
orthoconic, but by the development of highly oblique 
septa the adult achieved a horizontal posture, without 
resort to a counterbalance Coilmg of the shell 
produces a similar result as the body chamber comes 
to le more or less horizontally below the float 
Dr Joysey briefly described Trueman’s elegant 
investigation on the buoyancy and posture of ammon- 
ites Trueman showed that an uncoiled form such as 
Lytocrwoceras possessed greater stability than its 
tightly coiled counterpart In functional terms such 
a shell has achieved the ‘air-ship’ type of stability, 
independently attamed in such distantly related forms 
as Ascoceras and Sepia 

Dr Bidder stated that Nautilus appears somewhat 
elumsy in &de view but when seen from above, 
below or behind, its outline 1s remarkably stream- 
lined. Its movement 1s slow m the encumbered 
environment of the aquarium, but moie rapid imn 
open water Although ıt frequently swam near the 
bottom of the aquarium with its tentacles ‘searching’ 
the substratum, 15 had never been observed to crawl 
Some of the photographs clearly showed the remark- 
able flexibility of the tıp of the funnel, which can send 
the jet in almost any direction, thus giving consider- 
able manceuvrabihty 

Dr Bidder stated that the density of the body of 
Nautilus appears to be somewhat lower than True- 
man’s calculated value, and she suggested that it 
might prove necessary to modify his conclusion that 
the majority of ammonites were under-buoyant. 
Furthermore, his interpretations of the posture of 
ammonites aie amenable to modification if the 
chambers contained unequally distributed fluid 
ballast 

Dr Broadhurst outhned the work of Dr J G 
Potts on the Glstmoce as cancellatum marme band 
near the top of the Millstone Grit Series, the work 
of Mr. R W Sheldon on another marine band m the 
Edale Shales towards the base of the Millstone Grit, 
and his own work in the Coal Measures 

In Dr Pott’s marme band some of the gomatites 
are preserved, flat on their sides, whereas others are 
crushed, m a vertical position, just as they settled on 
the sea-floor, leaving impressions of the venter on the 
bedding planes It was suggested that a high 
proportion of vertically preserved goniatites probably 
indicated quiet conditions, and this was found to be 
at a maximum near the middle of the band, where 
the goniatites themselves were most abundant The 
lamellibranchs had two periods of abundance, one 
above and the other below the gomatite maximum 
The grain size and the amount of coarse detritus 
both had high values at the top and the bottom of 
the band, prior to the first and after the second 
lamellibranch peak The marme band as a whole 
was described as a ‘paleontological sandwich’, the 
goniatites bemg the fillmg, the lamellibranchs the 
butte, and the coarse detritus the bread It appeared 
that the absence of fauna m the sediments above and 
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below the marme band could be attributed to turbu- 
lence and the greater rate of terrigenous sedimenta- 
tion 

Mr Sheldon’s band contained fewer goniatites and 
lamellibranchs but abundant brachiopods ‘The 
amounv of detrital material was low, most of the 
sediment being ankerite and silica. The brachiopods 
Chonetes and Martema, the goniatite Humor phoceras 
and the gasteropods in the fauna were abundant in 
the upper and lower parts of the band and sparse m the 
middle, analogous ın pattern to the lamelhbraneh 
distribution present in Dr Pott’s marie band In 
contrast the brachiopod Productus was abundant 
near the middle of the band and diminished upwards 
and downwards, this pattern corresponding with the 
abundance of ankerite 

Dr Bnioadhurst was largely concerned with the 
conditions of sedimentation between marine bands 
He showed photographs of a tree-cast 38 ft high, 
standing vertically imm non-maizine sediments, its 
base rooted above a coal seam and its top in mud- 
stone He stressed that vertical preservation is not 
to be regarded as a freak occurrence, for he has 
records of many such trees at several horizons 
Such preservation can only be interpreted as indica- 
tive of rapid sedimentation and it 1s significant in 
this respect that these vertical trees never cut 
thiough marine bands — Viewing their work as a whole 
Dr Broadhurst suggested that a slow rate of deposi- 
tion of terrigenous material appears to have been 
an important controlling factor durmg the deposition 
of the relatively thin marme bands, whereas more 
rapid sedimentation appears to have characterized 
the thicker intervening beds 

In the discussion which followed the papers Dr 
Broadhurst and his colleagues indicated that the 
onset and the ending of marine band conditions were 
transitional rather than abrupt Lateral changes 
could be detected at some horizons, for some Lingula 
beds pass laterally mto true marme bands in other 
regions 

Dr Joysey agreed that partially uncolled ammon- 
ites like Lytocrioceras must have adopted different 
postures at various stages during growth, and 
commented that these might ieflect changes in its 
feeding requirements He noted that ıt was widely 
stated in the paleontological literature that Nautilus 
could adjust 1ts buoyancy by moving 1n or out of its 
shell Changes 1n shape of the body mass, however, 
would not affect 1ts volume and so the density of the 
body would remain constant Assummg that any 
space vacated withm the body chamber would be 
filled with sea-water, then movements of the body 
would not affect 168 overall density It appeared to 
him that this mechanism could not produce changes 
in density unless there was an unsealed gas bubble 
within the body chamber Dr Bidder stated that 
there was no gas bubble between the animal and the 
last septum, and that although small bubbles were 
sometimes present in the mantle cavity, these could 
be attiibuted to the aquarrum aeration system 

The session as a whole provided useful hason 
between geologist and zoologist, and each was able 
to gain a greater apprecic tion of some of the practical 
difficulties faced by the other in obtaining sufficient 
information to give an unequivocal answer to an 
apparently simple question It also served to illus- 
trate that one class of animals alone could provide 
abundant material for discussion, and that there 
remained plenty of scope for future jomt sessions 

K A JOYSEY 
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THIRD AUSTRALIAN SPECTROSCOPY CONFERENCE 


HE third Australian Spectroscopy Conference 

was held ın the School of Chemistry at the 
University of Sydney durmg August 22-24 under the 
sponsorship of the Australian Academy of Science 
Spectioscopy Committee A varied and interesting 
programme, consisting of 5 invited review papers and 
9l research papers, was provided for the 227 partici- 
pants In addition, six exhibitors displayed some of 
the latest developments ın spectroscopic equipment 
The papers were arranged 1nto sessions on vibrational, 
theoretical, molecular electronic and resonance 
spectroscopy with some parallel sessions concerned 
withinstruments andanalytical applications, including 
atomic absorption spectroscopy After Prof R J W 
Le Fèvre had biiefly welcomed the paiticipants of the 
Conference to the School of Chemistry, Prof N S 
Bayhss officially opened the proceedings on behalf of 
the Australian Academy of Science and welcomed 
to the conference the overseas guests, Prof W C 
Price (King’s College, London) and Mr J E Allan 
(Rukuhia Sod Research Station, Hamilton, New 
Zealand) 

The conference opened with a session on vibrational 
spectroscopy, and Prof W C Price commenced with 
a stimulating review of recent developments in the 
far infra-red After briefly referrmg to the experi 
mental difficulties associated with investigations in 
the range 1-500 cm -!, he then proceeded to discuss 
the selection of sources, dispersing materials and 
detectors, and concluded by giving examples of the 
use of this region to obtain mformation on rotational 
eneigy-level ın gases, lattice vibrations in crystalline 
and molecular crystals, and impurity energy-levels 
m semi-conductors 

Three research papers then followed dealing with 
infra-red studies on hydrogen bondmg Prof A N 
Hambly (Department of Chemistry, School of General 
Studies, Australan National University) discussed 
the infra-red evidence for hydrogen-bonding in 
amino-sulphones, and concluded that stronger mter- 
action occurs between the amino and sulphone groups 
on adjacent carbon atoms than occurs in the corre- 
sponding nitro-amines ‘This was attributed to the 
difference in the geometry of the mteracting groups 
Mr P.E Rogasch (Weapons Research Establishment, 
Salisbury) produced evidence to show that proton 
transfer can occur in systems that are strongly hydro- 
gen-bonded Mr I H Reece and Prof R L Werner 
(Department of Physical Chemistry, University of 
New South Wales) dealt with the intermolecular 
interaction between carbonyl and hydroxyl groups in 
solution, and showed how this interaction can be used 
to deduce pKa values for the hydroxyl compounds 
from the infra-red spectrum 

The session continued with papers on analysis of 
the vibrational spectrum on mono-methyl-arsine 
(Dr V Cranmer, Imperial Chemical Industries, 
Australia and New Zealand, Ltd , Central Research 
Laboratories, Ascot Vale), of dichlorofluoromethane- 
sulphenyl chloride (Dr N S Ham, Division of 
Chemical Physics, Commonwealth Scientific and 
Industrial Research Organization) and tri-methyl 
borate (Prof R L Werner, Department of Physical 
Chemistry, University of New South Wales) Dr E 
Spinner (Department of Medical Chemistry, Aus- 


tralian National University, Canberra) discussed the 
vibrational spectra and stiuctures of the hydro- 
chlorides of the amimopyridines The Raman and 
infra-red spectra suggest that whereas the positive 
charge resides on the rmg mitrogen in 3-ammopyridine 
v 1s located on the amuino-nitrogen in 2- and 4- 
ammopyridne Mr R H Laby and Dr D J 
reenland (Waite Agricultural Research Institute, 
University of Adelaide) were concerned with the 
implications of the infra-red spectra of molecules of 
amino-acids, sımple peptides, alcohols and glycols 
adsorbed by montmorillonite Methods for mereasmg 
the discrimination between similar infra-red spectra 
were described by Dr J Tregellas-Williams (Defence 
Standards Laboratories, Maribyrnong) Progress 
bemg made in the development of mproved micro- 
wave-powered Raman sources was summarized by 
Dr N S Ham and Dr A Walsh (Division of Chemical 
Physics, Commonwealth Scientific and Industrial 
Research Organization) The session on vibrational 
spectroscopy was concluded with a paper by Dr P 
Marmet (Division of Chemical Physics, Common- 
wealth Scientific and Industrial Research Organiza- 
tion) dealing with the problem of producing mono- 
energetic electrons in a mass-spectrometer and their 
use in obtaining details of the vibrational structure 
in the energy states of simple molecular ions 

Dr N S Ham (Division of Chemical Physics, 
Commonwealth Scientific and Industrial Research 
Organization), ın the session on theoretical and mole- 
cular electronic spectroscopy, reviewed some theoreti- 
eal and experimental aspects of the Jahn-Teller 
theorem He pointed out how the experimental 
manifestations of the theorem depended on the 
magnitude of the distorting forces Examples show- 
ing orbital and/or spm degenerate gound. and excited 
states were discussed Mr E F.McCoy and Dr I G 
Ross (Department of Physical Chemistry, University 
of Sydney) considered the change of shape in electronic 
transitions of polyeyclic aromatic hydrocarbons 
They showed that encouraging agreement 1s obtamed 
with experiment if calculations of the overall width 
and intensity distribution in the corresponding 
emission or absorption spectrum are based on the 
sum of the squares of the bond-length changes that 
accompany the electronic tiansition Mr J C 
Mackie and Dr L E Lyons, from the same depart- 
ment, outlined theoretical methods which enable the 
accurate calculation of the 10nization potential of a 
molecular crystal from a knowledge of the 1onization 
potential of the free molecule, its polarizability and 
the crystal structure Prof W.C Price discussed the 
1onization potentials of some simple radicals and 
molecules in terms of their electronic structure It 
was shown that the r electron orbitals of the halogen 
substituted CH,, CH, and CH radicals account for 
the magnitudes of the observed ionization potential 
and stability of parent molecules and ions The 
effects of progressive substitution on the ionization 
potential of ethylene were also explamed 

Dr E G MoeRae spoke on the theoretical relation- 
Ship between fluorescence and. vibrational structure 
and Davydov splitting in molecula: crystals Applica- 
tion of his theoretical tieatment to the available 
information on the crystal fluorescence spectrum of 
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anthracene leads to a prediction of a Davydov 
splitting of the order of 500 cm ~ It ıs interesting to 
compare this with a later paper m the conference in 
which Mr A. R. Lacey and Dr L E Lyons (Depart- 
ment of Physical Chemistry, University of Sydney) 
described experimental investigations of the Davydov 
sphittimg ın the spectrum of anthracene crystals which 
yielded. an estimate of ~ 330 cm -! for this splitting, 
the much lower values (0-60 cm -!) usually reported 
are attributed to the combined effect of incomplete 
polarization of the incident radiation and the thick- 
ness of the crystals used by other investigators 

Mr M Batley and Dr L E Lyons (Department of 
Physical Chemistry, University of Sydney) discussed 
refinements m the quantitative prediction of the 
crystal spectrum of phthalocyanine In a paper by 
Dr E. A Magnusson and Dr H Shull (Australian 
Missionary College, Cooranbong) 1t was suggested that 
the barrier to internal rotation about a single bond 
may be explamed both with regard to height and 
sense, ın terms of interactions between the electrons 
in the termina! bonds and also to the possibility that 
the distribution of the electrons in the smgle bond 
itself is not cylindrically symmetrical Mr G L 
White (Defence Standards Laboratories, Maribyr- 
nong) presented a theoretical paper on polarization 
in Raman spectra Dr A D Buckingham (Chemistry 
Department, Harvard) spoke on spectroscopy with 
polarized radiation He discussed the existing 
methods of determining the direction of the transition 
dipole moment with respect to molecular axes and 
outlmed a new approach mvolving the measurement 
of the Kerr constant through absorption bands. 

A review by Dr. I G Ross (Department of Physical 
Chemistry, University of Sydney) on optical masers 
preceded the session on molecular electronic spectro- 
scopy After explaimme, the basic principles of optical 
masers, Dr Ross considered some of the general and 
research applications possible for the monochromatic 
high-intensity beams that can be produced Dr T M 
Spotswood (Division of Coal Research, Common- 
wealth Scientific and Industrial Research Organiza- 
tion) presented evidence for the formation of charge 
transfer complexes during the bromination of forms 
of carbon known to contain relatively high proportions 
of aromatic structures The existence of charge- 
transfer complexes between brominated polycyclic 
hydrocarbons and halogens m solution was also 
established, and the spectra of these were compared 
with those for the corresponding complexes for the 
corresponding unsubstituted hydrocarbons In a 
contribution from Dr A. V Bree (University College, 
London) the fluorescence and absorption spectra in 
the -near ultra-violet of crystals of 9,10-dichloro- 
anthracene, measured at room temperature, were 
discussed and shown to confirm that the correspond- 
ing transition m crystallme anthracene is short-axis 
polarized Dr Bree showed that photo-produced 
impurities accounted for fluorescence and photo 
conductivity observations In another paper from 
the same department, Dr T M Dunn presented the 
results of a rotational analysis of the 2700 A system 
of para-difluorobenzene which confirm that a Byu<-Ag, 
transition (polarized along short axis, that 18, ın plane 
of benzene ring and perpendicular to F-F direction) 
18 responsible 

Three papers from the Weapons Research Estab- 
lishment, Salisbury, were concerned with investi- 
gations of the character of the emission associated 
with various electronic transition processes in flames 
and in the upper atmosphere Dr C L Cook and 
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Mr J A McFarlane described the spectral character- 
istics of the emission from an ammonia/bromine 
pentafluoride diffusion flame Mr L J Drummond 
and Mr P E Rogasch did the same for the active 
nitrogen-ehloroform and active nitrogen-methylene 
chloride flames Di J C Burns outimed some of 
the difficulties associated with attempts to measure 
temperatures from the AlO-radical emission which 
accompanies the re-entry of the main body of a rocket 
research vehicle into Earth’s atmosphere Vibrational 
equilibrium appears to exist and temperatures in 
the range 1,600°-2,000° K were obtained 

Durmg the session on analytical applications on 
emission spectroscopy Mr L S Dale and Mr R N 
Whittem (Australian Atomic Energy Commission 
Research Establishment) described the spectrographic 
techniques in use in health surveys of beryllium 
contamination Jn a second paper, Mr Whittem 
discussed. the spectrochemical analysis of toxic and 
a-active matenals. Mr A B Timms (Australian 
Mineral Development Laboratories, Adelaide) spoke 
on the spectrographic determmation of hafnium/ 
zirconum ratios Mr J M Nobbs (Defence Standards 
Laboratories, Finsbury) presented evidence to show 
that while the input of electrical energy to an are gap 
between metal electrodes can be controlled to within 
very fine limits, the output of radiation from the arc 
column varies randomly from pulse to pulse by factors 
as large as 200, and 1s caused primarily by fluctuations 
in the evaporation of electrode material The 
theory of the photographic characteristic and its 
use ın plate calibration formed the subject of a paper 
by Mr C Candler (South Australian Institute of 
Technology) The analysis of lubricating oils for 
the additive elements barium, phosphorus, calcium 
and zinc with a dunuect-readmg spectrograph was 
outlmed by Dr. R A. Cummuns (Defence Standards 
Laboratories, Maribyrnong) Mr I Colhson and 
Mr T Scott (Broken Hull Pty , Newcastle, N S W ) 
spoke on their experiences with the calibration of an 
ARL. ‘Quantovac’ for the analysis of sulphur and 
phosphorus 1n carbon and low alloy steels 

In a session on instruments and techniques the 
followmg papers were presented Mr J J McNeill 
(Division of Chemical Physics, Commonwealth 
Scientific and Industria] Research Organization) 
discussed factors mfluencing the design of an in- 
expensive general-purpose monochromator for use 
above 2000 À The construction and performance of 
an Ebert scanning spectrometer was discussed by 
Dr S C Baker (Physics Department, Newcastle 
University College, NSW) A photoelectric device 
to prevent slow image shifts during long exposures in a 
high-resolution échelle spectrograph was described by 
Dr G R. Hercus (Division of Chemical Physics, 
Commonwealth Scientific and Industrial Research 
Organization) Outstanding problems of instrumenta- 
tion in the development of the full potentials of X-ray 
fluorescence spectroscopy as an analytical tool were 
briefly considered by Mr J E Maloney (Philips 
Electrical Industries, Sydney) Mr J F Horwood 
and Mr D A Forss (Dairy Research Section, Com- 
monwealth Scientific and Industrial Research Organ- 
ization) described methods used for handling muero- 
quantities of samples for absorption spectrometiy 
Mr F B. Wunderlich (John Lysaght Pty, Ltd, 
Newcastle, NSW) indicated how low-resolution 
infra-red spectra could be used for the identification 
of constituents in paints and plastics Mr A T 
Martin (CSR Chemicals, Rhodes) spoke on the 
reflectance of opaque materials as a function of pig- 
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ment concentiation Finally, Dr N Kelso Kung 
(Division of Physical Chemistry, Commonwealth 
Scientific and Industrial Research Organization) 
discussed the significance of isosbestic pomts m 
studying reaction mechanisms 

The session on etomic absorption spectroscopy, 
which was held on the final morning, proved to be one 
of the most successful sessions of the conference It 
was very gratifying to witness the obvious intense 
interest in this subject, which was pioneered 
in Australia and New Zealand Mr J E Allan 
(Rukuhia Soil Research Station, New Zealand) 
opened this session by reviewing recent developments 
in the technique The progress made since the second 
Australian Spectroscopy Conference in 1959 was 
amply illustrated by the increase in published 
research papers from 5 to 50 at present Dr B G 
Davey (School of Agriculture, University of Sydney) 
described the application of atomic absorption 
spectroscopy to the analysis of agricultural materials 
It 1s now possible to determine rapidly many elements 
in soil and plant mazerial, up to 170 samples an hour 
can be analysed for one element with a coefficient 
of variation less than + 5 per cent using very simple 
equipment Mr D J David (Division of Plant 
Industry, Commonwealth Scientific and Industrial 
Research Organizat:on) discussed the determination 
of molybdenum by atomic absorption Molybdenum 
1s believed to be present in a flame as the oxide 
under normal conditions, but in an acetylene—air 
flame operated under reducing conditions the molyb- 
denum trioxide dissociates to atomic molybdenum 
which ean be detected by absorption Mr David 
suggested that compound formation under flame 
conditions may account for many of the interferences 
that can occur m analysis by atomic absorption The 
research in atomic absorption being carried out at 
present at the Rukuhia Soil Research Station was 
surveyed by Mr J E Allan Extension of the range 
of elements accessible to the technique by the use 
of nitrous oxide-acetylene flames is being investigated. 
The determination of cobalt and nickel ın agricultural 
materials has been studied in detail, and procedures 
established for the analysis of fertilizers Dr J B 
Wulis (Division of Chemical Physics, Commonwealth 
Scientific and Industrial Research Organization) 
showed how atomic absorption was being used to 
determine traces of heavy metals such as lead, 
mercury, bismuth, nickel, cadmium and zmc in 
biological materials. The sample preparation pro- 
cedures are much simpler than those involved in most 
existing methods, cadmium and zme can be determ- 
ined directly mm urine and prelymmary experiments 
suggest that zine may be determined ın blood serum 
and whole blood by spraying the diluted material 
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directly mto the flame Cathodic sputtermg appears 
to be an attractive method for atomizing those 
elements (for example, aluminium, strontium and 
titanium) which form refractory compounds under 
flame conditions, and Drs B M Gatehouse, J V 
Sullivan and A Walsh (Division of Chemical Physics, 
Commonwealth Scientific and Industral Research. 
Organization) discussed the factors affecting the 
cathodic sputtering of various metals. In some 
instances 1t has been possible to establish sputtering 
conditions which permit analytical determinations, 
but the method 1s still unsatisfactory for alammium. 
The final session of the conference was devoted to 
resonance spectroscopy Dr G S Bogle (Division of 
Physics, Commonwealth Scientific and Industrial 
Research Organization) reviewed the development 
of the theory of electron paramagnetic resonance 
Mr A J Harle Dr. L E Lyons and Mr B K 
Selinger (Department of Physical Chemistry, Univer- 
sity of Sydney) summarized the results of a prelimin- 
ary survey of the electron-spm resonance spectra of 
some charge-transfer complexes between chloranil 
and aluminium oxide, hexamethyl benzene and 
tetracyanoethylene, dibenzacridine and tetracyano- 
ethylene or chloranil Dr G S Bogle (Division of 
Physics, Commonwealth Scientific and Industrial 
Research Organization), Drs W F Forbesand W E 
Savige (Division of Protein Chemistry, Commonwealth 
Scientific and Industrial Research Organization) 
reported some investigations of the electron para- 
magnetic resonance properties of eystine and related 
compounds after irradiation with mercury 2537 A. 
radiation and a sun-lamp (peak ~ 3100 A) Similar 
spectra are obtained for all the compounds examined, 
indicating that the same trapped free radical RS 
(R = CH; CH (NH) COOH) ıs formed m each case 


on irradiation Mr. T. J Seed (Department of 
Physics, University of Canterbury) discussed the 
paramagnetic spectra of manganous 10ns 1n undiluted 
crystals of the solid-solution ammonium chloride- 
manganous chloride—water. 

In the final paper of the conference Dr C K 
Coogan (Drvision of Chemical Physics) and Prof 
H S Gutowsky (Chemistry Department, University 
of Illinois) reported on nuclear magnetic resonance in 
sodium hydrosulphide Observations on the hydro- 
gen-l and sodium-23 resonances in polycrystalline 
samples of sodium hydrosulphide tend to confirm 
Pauling's hypothesis that the hydrosulphide 10n 1s 
tumbling very rapidly in the crystal lattice and thus 
presents an outward spherical form to the surrounding 
ions This occurs above 80° C, and ıt was also 
observed that SH.-10ns can diffuse through the lattice 

R A Dorie 


COLLOIDAL SYSTEMS 


N informal discussion on colloids, under the 

auspices of the Faraday Society, was held m the 
Royal College of Science and Technology, Glasgow, 
on June 27 The meeting was held to mark the 
centenary of the appearance of Thomas Graham's 
paper, “Liquid Difiusion applied to Analysis", m 
which a clear definition of colloids and crystalloids 
was first given An attempt was made to cover as 
many colloidal topics as possible, in the event, this 
did not prove feasitle and the subjects tended to be 


somewhat biased towards association colloids About 
seventy people attended the meeting, meceluding 
several from Holland 

The chairman, for the mornmg session, was Prof 
P L Pauson, who welcomed the visitors to the Royal 
College and indicated the reasons for holding the 
discussion at this time and place (Graham held his 
first chair at the College ) The first speaker was Dr 
A J Hyde (Glasgow), who gave a brief biography of 
Graham with rather greater emphasis on the private 
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and, non-scientific side of his life than on his scientific 
achievements, which are reasonably well known 

Sir Eric Rideal (London) then gave an address on 
“Colloid Science a Century of Progress" Sir 
Eric reviewed the development of colloid chemistry 
since 1861, commencing with Grahams work on 
peptization, gels and sols He then discussed work 
on coagulation. flocculation and peptization of sols, 
drawing on the work of Von Wermarn, Hardy and 
Perrin for examples A review of optical investiga- 
tions on colloidal solutions was then given, reference 
bemg made to the work of Faraday and Tyndall, and 
finally to the ultramicroscope of Zsigmondy and 
Siedentopf Gels and adsorption were dealt with 
rathei more briefly, mention bemg made of the work 
of Freundlich and the swelling experiments of van 
Bemmelen 

The final speaker in the morning session was 
Dr A S C Lawrence (Sheffield), who gave a talk 
describing the work of his group at Sheffield on soap- 
water-amphipile systems Graham did not carry 
out any investigations on soap solutions, but they 
come within his classification of colloids Dr 
Lawrence commenced with a general description of 
the colloidal and other phenomena encountered, 
and of the phase diagrams of the systems He 
continued with a more detailed account of the hquid 
crystalline forms and myelinic figures which are 
obtained on adding soap solutions to crystals of a 
polar additive, or solutions of additive to a soap 
crystal ‘These were interpreted ın terms of adsorp- 
tion of soap and additive at the solid-hquid interface 
In conclusion, mention was made of the effect of 
organic and inorganic salts on the systems 

For the afternoon session, the chairman was Sir 
Eric Rideal and the first speaker, Dr A P Prosser 
(London) Dr Prosser gave a talk on the forces which, 
in conjunction with electrostatic forces, stabilize 
all colloidal systems  Beginnmg with a general 
account of van der Waals forces and. London disper- 
sion forces he then went on to deal with their origin. 
and the differences which exist when bodies are very 
close together (< 250 A apart, the unretarded case) 
or relatively far apart (> 2000 A , the retarded case) 
He then gave a brief outline of the theory of the 
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forces and the problem of evaluating them from the 
theory in the retarded and unretarded cases The 
experimental determunations of attractive forces by 
the groups led by Bradley, Derjaguin, Overbeek and 
Katchener were then discussed, along with some 
recent experments on flocculation in colloidal 
systems 

The second paper in the afternoon, entitled 
*"Polyelectrolytes", was by Prof J A V Butler and 
Dr D J R Laurence (London) and was read by 
Dr Laurence The subject-matter 1s directly con- 
nected with Graham's work on caramel and gelatin 
Dr Laurence mentioned the general properties of 
polyelectrolyte solutions such as high viscosity and 
gel formation He then went on to discuss more 
specialized properties such as titration curves, con- 
ductivity curves and transport properties which give 
rise to the picture of a polyelectrolyte molecule in 
solution as a charged random coil with small 
gegenions, some of which are ‘free’ and some ‘trapped’ 
mside the coil The last point is particularly well 
illustrated by measurements of transpoit number 
The spatial configuration of the coils was then dis- 
cussed in terms of the information obtainable from 
sedimentation, viscosity and light-scattering measure- 
ments Fimally, deoxyribonucleic acid was treated 
in rather more detail, followed by a mention of 
protems, including ribonuclease 

The final speaker, Prof J T G Overbeek (Utrecht), 
spoke on the drainage of soap films He began with 
a few general remarks on the structure of soap films, 
their thickness and colours. Then followed a descrip- 
tion of the stretching of films, with the formation of 
new film, and the drainage of films Fmally, the 
nature of the black film was discussed, with reference 
to the discontinuity ın thickness at the edge of the 
black area, the forces giving rise to the black film 
and the ultimate breaking stabihty of the film when 
electrostatic and van der Waals forces are opposed 
to one another Prof Overbeek then presented a 
colour cmé film of the drainage of soap films illustra- 
tive of all the points he had mentioned, and contain- 
ing, in addition, several beautiful illustrations of 
moving colour effects obtainable in soap films 
A J HYDE 


ASSOCIATION 


ANNUAL CONFERENCE 


HE papers presented at the annual conference 

of the Library Association at Hastings during 
September 19-22 were of general rather than specific 
interest to the scientist Mr Leslie Wilson and Vis- 
count Caldecote made some reference to the National 
Reference Library of Science and Invention and the 
National Lending Library for Science and Technology 
and, to the proposals for the re-organization of the 
Library Association, particularly as they seek to 
establish the Association as the professional associa- 
tion of hbrarians, and their papers are of direct 
consequence to scientists and technologists Suir 
Charles Snow’s lively presidential address, with its 
plea for a wide view of the functions of the public 
hbrary m the Welfare State, should also commend 
itself to them Suir Charles believes that the public 
libraries must 1n future assume some of the functions 
of the great private lending libraries and that, in 


particular, they have a real responsibility to contem- 
porary literature which some of them have yet to 
recognize Mr K J Lea, county hbrarian of Essex, 
on the other hand, while not discounting this amenity 
aspect, to which the smaller hbrary authorities are 
virtually bmuted, urged that more attention should 
be given to the educational and specialized services, 
if necessary by the development of a two-tier system 
based on co-operation between boroughs and counties, 
the possibility of which 1s already bemg demon- 
strated by the county libraries of Britain 

Mr  Leshe Wilson's paper, on “Libraries and 
Information Services the Challenge of the Future”, 
was equally concerned with co-operation, alike 
between such bodies as the Library Association and 
the Association of Special Libraries and Information 
Bureaux and between these and institutions con- 
cerned with the use of information He stressed first 
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the desirability of hbrary and mformation work bemg 
recognized generally as a single distinctive profes- 
sional activity and then the relevance of such an 
activity to the fragmentation of knowledge Effective 
special library work m any one field depends, he said, 
on co-operation between librarian and mformation 
officer and the specialist workmg m that field, and 
he suggested we have still far to go before the idea 
was generally accepted that accumulated knowledge, 
with the librarian as its vehicle, 1s as essential to 
industrial prosperity as capital mvestment, produc- 
tion and sales Viscount Caldecote indeed went some 
way in this direction when, m his paper earher that day, 
he suggested that the research worker can reasonably 
expect library staff to be responsible for two-thirds of 
his library searching Mr Wuson thought, moreover, 
that we must expect a much greater participation of 
the Government m library affairs, and for all these 
1easons 16 would be wise for librarians and their organ- 
izations to clarify their ideas as to the form of part- 
nership in which they could function most effectively 

Mr Wilson cited the plans for the new National 
Reference Library of Science and Invention as a 
glarng example of the confusion and frustration 
hkely to result from failure to achieve such co-opera- 
tion and consultation between user and librarian at 
the earliest stage, but he also viewed with concern 
the proliferation of professional bodies concerned with 
such a relatively small field as library and information 
work Formal federation ıs probably :mpractical at 
piesent, but he suggested that some form of con- 
sultative committee or a series of consultative com- 
muttees, each dealing with a special interest such as 
education or research, might help to achieve the 
closely knit community that ıs needed The Ashb 
Groups, he suggested, seem to be a reasonably suc- 
cessful means of dealing with the problem, but of the 
seventeen organizations listed m the handbook of 
special librarianship and mformation work as active 
in this field in the Umited Kingdom, at least the 
Library Association, Ashb, the Circle of State 
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Librarians, the Standing Conference of National and 
University Libraries, the United. Kmgüom branch of ' 
the International Association of Musie Libraries, the 
Association of British Theological and Philosophical 
Libraries and the Institute of Information Scientists 
should come closer together 

Viscount Caldecote’s paper expressed an indus- 
trialist’s view and criticism of library and information 
services He thought that the main mdustrial library 
problem centre around the small firm He suggested 
first that the larger firms might make thew own 
extensive library facilities available to these smaller 
firms, and that by domg so the tramed library staff 
would enable the smaller firm to tap also the resources ' 
of the national hbraries Viscount Caldecote re- 
peatedly stressed the 1mportance of quality of trained 
library staff, and he also suggested that member firms 
could do more to strengthen the library resources and 
services of the Research Associations He was im- 
pressed by the value of the area co-operative schemes 
formed in Sheffield, Newcastle upon Tyne, Liverpool 
and elsewhere, and in this connexion he thought the 
lason thus established with educational bodies ıs of 
vital importance for the poolmg of resources and 
knowledge Finally, m discussing briefly the functions 
and staffing of mdustrial libraries, themselves, Vis- 
count Caldecote suggested that the Association might 
form a committee to study the automation of routine 
library services 

Other papers presented at the Conference, by Dr 
C Bibby and by Mr A E Sandeison, dealt with the 
functions of traming-college libraries, Mr B Williams 
firmly challenged the exercise of censorship in reading 
by a local authority or other body In his Library 
Association Annual Lecture, “The Fourth R”, Dr 
Linco. Ralph reviewed the limitations of an educa- 
tion confined to readmg, writmg and arithmetic in 
coping with the modern world, he urged that ıt ıs ' 
necessary not sunply to instruct but also to inspire 
Education should impart a sense of values, of the 
purpose of hfe, and lead to & re-birth 


THE AUSTRALIAN ATOMIC ENERGY COMMISSION 


HE eighth annual report of the Australian 
Atomic Energy Commission’, which covers the 
financial year ended June 30, 1960, records a year of 
substantial progress m the high-temperature gas- 
cooled reactor project, 1n the production and applica- 
tion of isotopes, and in the mstallation and com- 
missioning of new equipment 
The report consists of nine sections dealing respec- 
tively with an outline of the activities of the Com- 
mission, the search for uranium, uranium mining, 
1aw materials, mecluding thorium and beryllium, 
research activities, isotopes, nuclear power, mter- 
national agreements and co-operation with the 
International Atomic Energy Agency, and general 
activities Details of research contracts, postgraduate 
research studentships and undergraduate scholarships, 
together with the financial accounts and the names 
of the staff of the Commission, are given 1n appendixes 
to the report 
Although the world’s annual uranium production 
potential at present exceeds the demand, steadily 


* Australian Atomic Eneigy Commission Eighth Annual Report 
for the year ended 30th June, 1960 Pp 63 (Coogee, NSW  Aus- 
tralian Atomic Energy Commission, 1960) 


increasing requirements for nuclear power stations 
are expected to develop from the 1970’s onwards, and 
the Commussion, through the Bureau of Mineral 
Resources, has contmued its surveys for new deposits 
of uranium Except for one area stated to show 
anomalous radioactivity, no discoveries of radio- 
active materials were reported to the Commission 
during the year, but a number of further monetary 
reward instalments were paid for earlier discoveries 

For the first time, complete production figures are 
given in the report for operations at Rum Jungle 
since the start-up in 1954 A record tonnage of ore 
was treated during 1959-60, and all the uranium 
oxide produced was delivered to the Combined 
Development Agency under the terms of the Rum 
Jungle Agreement, which expires on January 6, 1963. 
No miming was cared out durmg the year, and the 
treatment plant contmued to operate on stockpiled 
ore 

Full-power routine operation of the reactor Hzfar 
began ın February 1960 after a prolonged period of 
testing and calibration The reactor has given little 
trouble, and major irradiation work has been per- 
formed for the Commission and under contracts 
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with the United Kingdom Atomic Energy Authority 
and the General Electric Company. The materials 
irradiated included prototype fuels, beryllium and 
beryllium oxide samples, and cobalt for the produc- 
tion of cobalt-60 

New buildings in the Research Establishment were 
officially opened on May 27, by the Minister for 
National Development, the Hon. W. H Spooner 
They consisted of the canteen, adjoining the building 
provided by the Commonwealth Government as the 
headquarters of the Australian Institute of Nuclear 
Science and Engineering, and a building devoted to 
isotopes and technical physics A 10-kW graphite 
moderated reactor, named Moaía, ordered from the 
United States of America, 18 to be installed in the new 
reactor physics building to be finished this year 
Moata, which will have a maximum thermal neutron 
flux of 10! neutrons cm -? sec -', ıs designed for 
flexibility of core and reflector arrangement, and will 
be used to measure thermal and resonance neutron 
cross-sections, to study slowing-down properties of 
moderators such as beryllium, and to investigate 
long-term changes ın fuels and moderators Studies 
of the feasibility of a reactor system require intensive 
investigation into nuclear materials, and the various 
aspects of the research into the fabrication of graphite, 
beryllium, beryllium oxide, and sample fuel elements, 
the effects of irradiation on selected materials, and 
the compatibility of each material with the others, 
are described 1n some detail in the annual report For 
the study of beryllium and for work on solid-state 
physics ın co-operation with the Commonwealth 
Scientific and Industrial Research Organization and 
Australian universities, two neutron collimators are 
in operation on Zar for the production of neutron 
beams, a long wave-length neutron spectrometer has 
been installed, and two other spectrometers are being 
constructed 

During the period under review, Australian industry 
showed increasing interest in the adoption of radio- 
isotope techniques for the solution of its problems, 
but the field for potential ndustrial applications 1s 
still largely unexplored A second detailed survey of 


MENTAL 


2 Bre tenth report of the World Health Organiza- 
'À tion Expert Committee on Mental Health 1s 
devoted to a review of present mental health facilities 
and resources and to the establishment of priorities 
for a mental health programme on a world-wide 
scale* Essentially 1t 1s based on & summary of 
work carried out m the field of mental health by 
the World Health Organization during 1949-59, and 
on the responses to an inquiry circulated to specialists 
in many countries 1n an attempt to ascertain what 1s 
bemg done and what needs to be done m that field 
The report first examines trends 1n mental-health 
work during the past decade, covering such subjects 
as mental health aspects of public health, psychiatry 
of childhood, treatment methods and facilities, 
organ)zation of psychiatric services, education and 
training, and research. Under each heading attention 
is directed to the contribution made by investigations 


* World Health Organization Technical Report Series No 223 
Programme Development ın the Mental Health Field Tenth Report of 
the Expert Committee on Mental Health Pp 56 (Geneva World 
Health Organization, London HMSO, 1961) 2 Swiss francs, 
3s 6d, 060 dollars 
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the extent of the applications of radioisotopes in 
Australian industry ıs being prepared, and mforma- 
tion already available shows that a substantial 
increase since the first Commission survey in June, 
1958, has occurred Two changes were made in the 
Advisory Service a direct consulting service to 
industry was initiated on a limited scale, and early in 
1960 the Isotopes Section commenced making direct 
approaches to various firms Seventy technical 
discussions were held with inquirers at the Research 
Establishment and members of the Advisory Service 
made ninety visits to factories and laboratories In 
consultation with the Isotopes Section, the Commis- 
sion’s Engineering Services Design Group undertook 
the design of a cobalt-60 y-1rradiation unit for the 
study of plant mutations, and the long-term research 
programme includes the technical uses of radiation 
for insect pest control, stemlization of medical 
supplies and equipment, and food preservation by 
radiation At the end of May 1960 the Commission 
sponsored a conference on the “Technological Use of 
Radiation" The three-day conference was attended 
by 165 delegates, and sixteen papers were presented 
and discussed (the proceedings are now available in 
book form from the Melbourne University Press, 
Parkville, Melbourne, N 2, or from the Commission) 

The number of staff employed at the Establishment 
increased by 189 to 673 during the year A few mem- 
bers of the Commussion's scientific staff were stationed 
in the United Kingdom, United States of America and 
Canada, and an atomic energy attaché was appomted 
to the staff of the Australian Ambassador m Washing- 
ton for closer working contact The Commission 
provided £60,000 for the building housing the 
Australian Institute of Nuclear Science and Engineer- 
ing which was opened in May, and gives £50,000 
annually for Institute research and trainng Although 
no undergraduate scholarships have been awarded 
since 1957, ten students are still undergoing training 
in geology, geophysics, metallurgy and chemical 
engineering The students graduate this year 
Forty-three research contracts have been awarded to 
eight universities and two hospitals 
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sponsored by the World Health Organization, 
particularly those reflected in the reports of previous 
Expert Committees and Study Groups 

An examination of the aims of mental-health work 
and of the ways of achieving them 1s followed by a 
discussion of psychiatric and mental-health services, 
their organization, planning and priorities Emphasis 
is placed on the importance of tramıng programmes, 
since "even the most efficient organization and the 
best physical facilities will not prevent a badly staffed 
service from soon becoming unsatisfactory’? The 
training of each category of mental-health worker 1s 
dealt with m turn. In addition, an idea 18 given of 
the kind of education in mental health required for 
personne! from the other health professions, as well 
as for community leaders and the general public, 
so that all may help to promote the mental health 
of the community 

The report touches briefly on team work and 
describes the attitudes required ın a team leader and 
qualities desirable m team members Considerable 
space 18 given to research m the field of mental health 


December 9, 1961 


and it 1s pointed out that, although investigations 
undertaken ın various countries over recent years 
show encouraging results, the complexity of the 
problem makes progress slow The areas of resea1ch 
considered of foremost importance in mental-health 
work are enumerated and discussed in detail Among 
the many subjects recommended for investigation are 
studies on brain function, epidemiology, health and 
social studies of communities undergomg rapid 


No 4806 


NATURE 


933 


change, the hospital meu, ecology of mental! illness, 
problems of ageing, the effect of nutrition on mental 
health. and genetics 

The report concludes with a consideration of the 
vital part that the World Health Orgamzation can 
play m future planning for mental health, by 
fostering international co-operation and exchange of 
information, and by facilitating and stimulating 
research 


APPLICATION OF PAL/EOMAGNETISM TO THRUST 
MECHANICS 


By D K. NORRIS and R F BLACK 


Geological Survey of Canada, Ottawa 


HE surface trace of the Laramide Lewis thrust 
fault m the south-eastern Cordillera of Canada 
exhibits a change in direction of approximately 
35° from a north-west trend east of the Clark and 
Lewis Ranges to a noith trend east of the Flathead 
Range (Fig 1) The nature and genesis of this change 
of direction has been the subject of much controversy 
In recent years, and explanations have included 
differential erosion of the thrust plate and differential 
rotation of the plate The purpose of this article 1s 
to show that palaeomagnetic direc- 
tions in conjunction with surface 
geological data suggest that the 
Lewis thrust plate moved as a 
coherent tectonic unit and that the 
gross geometry of the plate may 
have been established at the time 
thrusting was initiated 
For convenience in reference, 
the Lewis thrust plate wil be 
divided geographically mto two 
parts, termed respectively the 
Flathead Range segment and the 
Clark and Lewis Ranges segment t9 v. 
These two parts are structurally 
and stratigraphically continuous 
with one another at their common 
boundary m the vicinity of North 
Kootenay Pass Precambrian 
10cks of the Purcell system have 
been mapped without imterrup- 
tion between them, and no major 
transverse faults are there to 
suggest that the two segments 
of the Lewis thrust plate operated 
as independent tectonic umts! 
The continuity as well as the 
simplicity of the structure between 
the two segments would suggest | 
| 
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N 
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rather that the plate moved as a 
single structural unit 

The change in trend of the 
surface trace of the Lewis thrust 
therefore must be due either to 
differential exosion of the plate, 
such that the Flathead Range 
segment has been eroded to 
some considerable degree farther 
west than the Clark and Lewis 
Ranges segment, or to the poss- 
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ibility that the latter segment was always structur- 
ally farther east than the former The fact, how- 
ever, that the fold and thrust fault elements in 
the Clark Range do not end abruptly at the 
margin of the plate where the surface trace of 
the Lewis thrust swings west but rather swing 
sub-parallel to 16 suggests that the re-entrant at 
North Kootenay Pass is not due to differential 
erosion of the Lewis thrust plate The possibilty 
of differential rotation, therefore, 18 especially 1mpor- 
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tant in the interpretation of the 
mechanics of emplacement of the 
plate. 

If differential rotation has oc- 
curred 1t should be possible to 
determme the approximate 
amount of relative motion by a 
comparison of the directions of 
the remanent magnetic vectors 
obtained from Purcell samples 
collected ın the two segments 
A necessary condition, however, 
1s that the tune of magnetization 
of the rocks making up the plate 
be pre-Laramude (older than Early 
Tertiary) m order that the results 
obtained can be applied to this 
problem 


Fifty-nine samples of unweath- T 


ered, hıghly quartzose, fine- 
grained, red sandstone were col- 
lected from the Precambrian Pur- 
cell system at intervals normal to 
the strike at three locations ın the 
Lewis thrust plate (Fig 1) They 
were from member A of the 
Kintla formation in the Flathead 
Range where the strata strike 
north, and, from members A and 
C of the same formation, at two 
localities m the Clark Range where 
the strata strike north-west 

The remanent magnetization in 
each of two cubes from each 
sample of Kintla formation was 
determined with a sensitive astatic 
magnetometer in the laboratories 
of the Dominion Observatory of 
Canada From the measurements 
of two cubes the mean attitude 
of the 1emanent magnetic moment 
was computed for each sample 

All cubes were subjected to decreasing-amphtude- 
alternating-field demagnetization and the maximum 
amplitude of the field was progressively increased 
after each set of measurements until no significant 
change (less than 5°) occurred in the magnetization 
direction in the cubes This approximately stable 
state of magnetization was reached at 156 cersteds 

Results from this demagnetization treatment 
mdicate that the Kintla formation, where sampled, 
18 magnetically stable, as the directions of magneti- 
zation for the majority of cubes were not signifi- 
eantly altered After demagnetization the directions 
in the remainder became consistent with those on 
which demagnetization had little or no effect 

The mean paleomagnetie results for the three 
localities sampled are indicated ın Table I and 
plotted ın Fig 2 Solid circles plotted on the Wulff 
stereographie projections in Fig 2 represent the 
directions of the magnetic vectors with thei positive 
pole pointing downwards The mean direction for 
each group of samples is represented by a solid 
circle centred by a cross The statistical parameters 
computed for the three groups of measurements are 
N, 0, and K as defined by Fisher*, where N ıs the 
number of samples, 0 1s the radius of the circle of 
confidence calculated at the 95 per cent level of 
confidence (repiesented m Fig 2 as open circles 
on the lower hemisphere of the stereographic projec; 
tion), and K is a measure of the dispersion a 
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Location 2, north end of Clark Range 
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Composite projection of mean directions of magnetization 
with their respective circles of confidence 


Fig 2 Stereographic projections of the directions of magnetization for the three locations and 
composite projection of their respective mean directions and circles of confidence 
tors pointing downwards, +, mean direction of magnetization 


@, vec- 


measurements are with respect to bedding, which 
was assumed to be horizontal at the time of deposi- 
tion 

The fact that the calculated pole positions included 
in Table I agree well with those pole positions de- 
termined from Purcell and other Late Precambrian 
North American rocks*4 would suggest that the 
remanent magnetization has been preserved since 
Precambrian times The results may therefore be 
appled with reasonable assurance to test for the 
possibility of differential rotation m the Lewis thrust 
plate m the early tertiary 

The directions of the magnetic vectors of samples 
from member A were in all cases found to point up- 
wards and have been adjusted (sign of the inclination 
changed from negative to positive and 180° added 


Table 1 MEAN PALJXOMAGNETIO RESULTS FOR INDIVIDUAL 
COLLECTING SITES 
Location 1 Location 2 Location 3 
Collecting site North Northend of South end of 


Kootenay Clark Range Clark Range 
ass 
Formation and member Kuntla A Kintla A Kintla A 
and C 

Polarity * -— — and + — 
Number of samples 27 24 8 
Mean declination 218 5° 218 0° 230 0° 
Mean inclination +39 5° +49 0° +38 0° 

0 5 5° 65 9 5? 

K 23 24 40 
Ancient pole } Lat 105°S8 30°S 66°S 
position Long 150 5° W 146 5° W 159 0° W 


* For comparative purposes all vectors have been adjusted to point 
downward 
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to the declination) to pomt downward for comparison 
of results from members A and C 

It is evident from the composite projection in 
Fig. 2 that the circle of confidence for any one group 
of observations is intersected by those of the other 
two groups This would suggest that withm the 
limits of error of collection and measurement, which 
1s between 5° and 10°, little if any relative rotation 
of the Kintla formation has occurred between any 
of the three collection sites The differences in the 
mean declination angles are negligible between 
Flathead Range and the north end of the Clark 
Range and has a maximum of 12° between the 
latter and the south end of the Clark Range It 
should be recalled that if the change in trend of the 
surface tiace of the Lewis thiust were due entirely 
to differential rotation a disparity ın the declination 
of the order of 35° should be indicated 

In summary, the continuity of surface structural 
and stratigraphic units throughout the length of the 
Lewis thrust plate m the area under investigation 


No 4806 


NATURE 


935 


would suggest that the plate moved as a single, 
coherent, tectonic unit with no major transcurrent 
or transverse normal faulting — Paleomagnetic data, 
moreover, support this contention as there was, 
within the lmuts of error, no measurable differential 
rotation of the plate between the Flathead and the 
Clark and Lewis Ranges It appears, therefore, that 
the Clark and Lewis Ranges were always structurally 
farther east than the Flathead Range The present 
configuration of the eastern limit of the Lewis thrust 
plate is apparently genetically related to the geometry 
of the thrust surface established durmg the mıtıal 
stages of movement rather than to differential erosion 
along the eastern margin of the plate 

This article 1s published by permusson of the 
Duector, Geological Survey of Canada, Department 
of Mines and Technical Surveys, Ottawa, Canada 


! Price, R A , Geol Surv , Canada, Map 1-1859 (1959) 
*Fisher R A, Proc Roy Soc Lond , A, 217, 295 (1953) 
3 Black, R F , Geol Surv , Canada, Bull 84 (1n the press) 

4 DuBois, P M Geol Surv , Canada, Bull 71 (1m the press) 


LOSS OF FLUORESCENT PARTICLES IN ATMOSPHERIC DIFFUSION 
EXPERIMENTS BY COMPARISON WITH RADIOXENON TRACER 


By A E.J EGGLETON 
Health Physics Division, Atomic Energy Research Establishment, Harwell 
AND 


N THOMPSON 


Meteorological Office and War Office, Chemical Defence Experimental Establishment, Porton Down, Nr Salisbury 


INC cadmium sulphide, disseminated m a finely 
ground particulate form, mamly in the size- 
range l—dyu, has been widely used as a tracer in work 
on diffusion and atmospheric pollution This 
fluorescent tracer technique was desciibed nde- 
pendently by Peikins et al! and Braham et al? in 
1952 The various problems in which it has been 
used can be conveniently divided mto two groups 
The first includes mvestigations of the spread of 
anboine substances released into the atmosphere 
Here, only relative measurements of the concentra- 
tions of the particles are 1mportant in a particular 
trial, and provided any comparison of these 1s made 
after equivalent times of travel, then any time-decay 
of the tracer ın a physical or chemical sense 1s unlikely 
to introduce error. The second ıs of particular 
impoitance in air-pollution investigations and m- 
cludes all problems where the tracer 1s used to 
estimate the absolute concentration at any position 
1esultmg from a release of known size Here, the 
decay characteristics of the tracer must be well 
defined 
Earlier workers}? considered that zme cadmium 
sulphide was stable in the presence of normally 
occurring concentrations of atmospheric pollutants 
for at least the first few hours after release However, 
some work by one of the present authors (N T), to 
be reported elsewhere, in which vertical profiles of 
the particles were investigated some tens of kilometres 
down wind of 1:eleases on a long cross-wind line, 
showed an apparent decrease in the number of ar- 
borne particles with increasing distances of travel 
A more rehable estimate of the loss was required, 
and it was decided to compare the fluorescent tracer 
directly with an ineit gaseous tracer — Radioactive 


xenon-133 (half-life 5 27 days) was selected because 
of ease of sampling and detection 

The xenon and, zinc cadmium sulphide tracers were 
released simultaneously at a uniform rate and sampled 
simultaneously at two distances down-wind The 
total amount (number of particles or activity) of 
either tiacer collected, divided by the sampling rate, 
1s & measure of the dosage (time-integral of volumetric 
concentration) of that tracer at the point 1n question 
If D,, D, are the dosages of xenon at the near and far 
sampling distances respectively (units, ype min /m 3) 
and d,, d, the corresponding dosages of particles (units, 
particle min /m#) then L, the percentage loss of 
particles, 1s given by 


t=(1-3/9) x 100 


This result 1s independent of the position of either 
sampling station with respect to the plume axis 

On each of three days, approximately 10 kgm of 
zinc cadmium sulphide (Derby Luminescents 1318/10) 
and 3 curies of xenon-133 were emitted from a 20- 
metre incinerator stack at the Atomic Energy Re- 
search Establishment, Harwell, over a period of about 
2 hours beginning near noon Calculation showed that 
the health hazard to a person situated at the point of 
maximum ground-level concentration was negligible 
During the three trials reported here, the wind 
directions varied between south-west and  west- 
north-west with mean speeds of between 4 and 7 
m/sec Vigorous convection extended to heights of 
up to 1,700 m and there was about one-half cloud 
cover present 

Sampling of both tracers took place at two stations 
placed one about 16 km and the other about 60 km 


936 


NATURE 


December 9, 1961 


VoL 192 


Table 1 















June 23, 1961 


Fluorescent particles (gm ) 


1442 x 104 
Xenon (curies 3 31 





Amount of tracer 


Dosage ratios 


Florescent particles (dj/d;) 103 
Xenon (D,/Ds;) 54 
Loss of particles (per cent) 48 






(a), Assessment under 80 x microscope, (b), higher intensity ultra-violet illumination and 100 x microscope used in assessment 


from the source <A sampler was also operated 
about 1 km up-wind of the source to measure the 
background activity of atmospheric xenon Satıs- 
factory positioning of the sampling stations m the 
plume of material was obtamed through frequent pilot 
balloon measurements of the wind at Harwell, and 
by direct observation of the bearing of the plume 
axis a few kulometres from the source, using a mobile 
fluorescent particle sampler in conjunction with 
inspection equipment set up nearby 

The fluorescent particles were collected by drum 
impactors, through which air was drawn at a iate of 
about 20 btre/mm The drums were rotated through 
a small angle at 5-min mtervals to prevent a large 
accumulation of dust on the traces, which might have 
obscured a significant number of the impacted 
particles In the subsequent assessment, the drums 
were ilumunated with ultra-violet light and the 
particles counted through an 80 x microscope The 
samples from the third trial were also assessed, under 
ultra-violet hght of higher intensity, with counting 
under a 100 x microscope 

The xenon-133 was collected by passmg air from a 
petrol-driven compressor at a flow-rate of 100 
litre/min through a charcoal U-trap immersed in a 
dry-1ce alcohol mixture at —78° © The trap con- 
tamed 400 gm of activated charcoal and was pre- 
ceded by a soda-lime column to remove carbon 
dioxide, & magnesium perchlorate drying column and 
a pre-cooling coil The trap was followed by a warm- 
ing coil and a rotameter 

After sampling was completed, the charcoal trap 
was returned to the laboratory where a measured 
volume, approximately 10 ml, of mactive carrier 
xenon was added The trap was then heated slowly 
to about 200° C and the xenon, together with some 
oxygen, nitrogen and other gases, was flushed with 
purified hydrogen mto a smaller charcoal chromato- 
graphic column immersed in hquid nitrogen The 
xenon was separated from other gases by a gas chrom- 
atographic technique using hydrogen as the eluting 
gas A measured volume of the xenon, together with 
diethyl ether vapour as a quench, was transferred to 
a 50-ml Geiger counter This was operated 1n a low- 
background assembly with an anti-eoincidence ring 
Counter backgrounds were about 15 cpm and the 
minimum sample count-rate approximately 10 c pm 
The chemical purity of the separated xenon was 
established by mass-spectrometric analyses Radon 
was the principal radioactive impurity expected and 
its absence was demonstiated by operating the 
counter in the proportional region to enable any 
18don «-pulses to be distinguished from the xenon-133 
B-pulses, and also by following the decay of each 


Sampler distances (km ) 145 

Mean period of travel of tracers (hr ) 10 

Dosages 
Fluorescent particles (particle min /m ?) 88,000 3,700 
Xenon (uue mun fm ?) 1,010 
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sample for at least one half-life Count-1ates 
were corrected for radioactive decay to a standard 
time and an allowance was made for the xenon lost 
in processing and transfer to the counter The 
correction due to xenon background activity did not 
exceed 20 per cent of the sample activity The 
collection efficiency of the field sampling equipment, 
determined m separate experiments, was better than 
85 per cent for periods up to 4 hours, and a small 
correction was made, appropriate to the duration of 
sampling after arrival of the xenon-133 at the 
sampling station A full description of the xenon 
sampling technique will be published elsewhere 

The results are summarized 1n Table 1 

The mean loss of particles in travelling between the 
two sampling stations 1s seen to be approximately 
50 per cent A several-fold 1ncrease in the intensity 
of ultra-violet light used m the assessment of the 
fluorescent particle samples resulted ın an increase 
of about 25 per cent in the number of particles 
counted in the last trial However, the dosage 1atios 
from the two assessments were almost identical and 
the corresponding values for the loss of particles 
differed by less than 4 per cent The explanation for 
the loss 18 unknown at present, but 16 18 relevant that 
separate studies of the size spectrum of the particles 
after different distances of travel showed an apparent 
decrease in the proportion of small particles with 
Increasing distances of travel Measurements! on 
particles collected in these last experiments showed 
that the fluorescent brightness of particles less than 
2 5u diameter decreased with increasing time of 
travel To account for the loss by deposition, a 
velocity of deposition of 15 em./see would be required, 
which is about 60 times larger than the value determ- 
ined 1n wind tunnel experiments (Chamberlain, A C, 
personal communication) In any event, this process 
would lead to a preferential loss of the larger 
particles. 

Our thanks are due to D V. Booker (Atomic 
Energy Research Establishment) for advice and 
assistance mm counting the xenon samples, also to 
G F Collms and R A Titt (Chemical Defence 
Experimental Establishment) for assistance with 
certain aspects of the fluorescent tracer technique 

This article 1s published by permission of the 
Dnector of the Atomic Energy Research Establish- 
ment, Harwell, and the Director-General of the Meteor- 
ological Office 


+ Perkins, W A, Leighton, P A, Grinell, S W , and Webster, F X, 
Proc Second Nat Air Poll Symp , 42 (1952) 

" Braham, R R , Seely, B K , and Cromer, W D, Trans Amer Geo 
Un , 35, No 6, 825 (1952) 

* Bryant P J BR, unpublished Ministry of Supply Rep (1958) 

‘Collins, G F, and Titt, R A (unpublished data) 
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STRUCTURE OF THE 5,6-DIMETHYLBENZIMIDAZOLYLCOBAMIDE 
COENZYME 


By Dr P. GALEN LENHERT* and DOROTHY CROWFOOT HODGKIN, F.R.S. 
Chemica! Crystallography Laboratory, Oxford 


ECENTLY, H. A Barker eż al reported the 

isolation of a crystalline 5,6-dimethylbenzimid- 
azolyleobamide (DBC) coenzyme? This 1s one of a 
series of coenzymes which were first recognized as 
catalysts m the conversion of glutamate tc B-methyl- 
aspartate in certain bacteria The coenzyme was 
shown to be active ın systems requiring vitamin Bız, 
but it differed from cyanocobalamm in having an 
adenine nucleoside ın place of the cyanide group We 
have now carried out an X-ray analysis of the coen- 
zyme structure, hevmg for our use crystalline 
preparations kindly given to us by Dr H A. Barker, 
Dr Karl Folkers and Prof A W Johnson 

Part of Dr Barker’s preparation was recrystallized 
by slowly diffusing acetone mto an aqueous coenzyme 
solution Two freshly grown crystals prepared in 
thin-walled glass capillary tubes in dim light and kept 
in contact with their mother lquor were used to 
obtain the X-ray diffraction data for the stiucture 
analysis Copper Kg radiation was used throughout 
The intensity measurements were made visually from 
multi-film equi-inclination Weissenberg photographs 
taken about the b and c axes The Lorentz-polariza- 
tion correction and a spot shape correction were 
apphed The scale factor for each layer was calculated 
from reflexions common to other layers and the 
absolute scale was obtained by Wilson's method 
3,145 independent reflexions extending out to a 
spacing limit of 0 9 A were observed These included 
about 85 per cent of the reflexions with a spacing 
greater than 1 2 A. 

The unit cell dimensions characteristic of the wet 
crystal lattice, as measured from precession photo- 
graphs, are a = 279, b = 217, and c = 153, A 
The space group 1s P2,2,2, and the measured density 
of the fully solvated crystals, 1 35, + 0 01 gm /em ? 
The molecular weight, coenzyme plus solvent, 
calculated from this information is 1,899 This ıs 
larger, as would be expected, than the weight 
measured by Mattern on air-dried crystals?, the 
difference corresponds to the weight of about 8 
molecules of water of crystallization 

The structure analysis began with the calculation 
of a sharpened three-dimensional Patterson syn- 
thesis which clearly showed the Co—Co vectors The 
first electron-density synthesis was computed using 
phases calculated from the cobalt positions and the 
observed F values weighted according to a method 
suggested by Sim* The resulting electron-density 
map contamed peaks representing most of the atoms 
in the structure, and in addition, spurious peaks, 
many of which were Jarger than those corresponding 
to atoms. The position of the cobalt atom (z = 0 02) 
produced, a pseudo-murror plane which distorted the 
electron-density pattern representing the corrmn 
nucleus and mereased the number of spurious peaks 
In spite of this, reasonably accurate positions were 
worked out for nearly all the atoms in the eonun 
nucleus, the 5,6-dimethylbenzimidazole, the ribose 
and the phosphate group 


* Present address Physics Department, Wittenberg University, 


Springfield, Ohto 


A second election-density synthesis, agam using 
Sun's weighting scheme, was computed with phases 
calculated from the 54 atoms with known positions 
This synthesis, contauung less false symmetry and 
fewer spurious peaks, enabled us to place nearly all 
the remainmg atoms of the coenzyme molecule The 
electron-density m the region above the corrm nucleus, 
on the side occupied by cyanide ın cyanocobalamin, 
18 of particular interest (Fig 1) The adenine moiety 
can be clearly seen among the spurious peaks It 1s 
evident as a planar set of peaks with the 5- and 
6-membered rmgs and the amuno-group correctly 
related Further, the five nitrogen atoms, with one 
exception, correspond, to the peaks of greater electron- 
density The sugar part of the nucleoside 1s not so 
easily seen, but on careful study it 1s no less convinc- 
mg This arrangement of peaks represents a d ribose 
unit linked. directly to the cobalt atom at C 5’ No 
peak can be found which would correspond to the 
hydroxyl oxygen of C 5’ Most of the spurious peaks 
are in chemically madmissible positions and have 
disappeared from subsequent electron density syn- 
theses 

Any residual doubt about the correctness of the 
above interpretation was completely dispelled by the 
results of the next structure factor calculation and the 
appearance of the corresponding difference synthesis 
All the atoms m the coenzyme molecule (except six 1n 
the vitamin B,, part) and three water molecules were 
included in the third structure factor calculation 
The agreement factor, E, was thereby reduced from 
0 44 to 0 28 

Agreement between the observed and calculated 
structure factors has been further 1mproved by adding 
the remaining six atoms of the vitamin B,» part, hv 
meluding additional solvent molecules and by making 
adjustments 1n the positional and thermal parameteis 





Peaks m the second electron density synthesis in the 
region of the ademne and sugar groups The contours are at 
levels corresponding approximately to10,15and20¢e/A* The 
distribution 1s shown viewed along a and the cdntours are drawn 
only near the level of the peak maxima 
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"e ds non-bonded contact ıs 
31 

While several of the amide side- 
chains have adopted conformations 
different from those found im 
B,, there 1s no evidence of any 
change ın the corrin nucleus itself 
Within the accuracy of the present 
partly refined co-ordinates, the 
corrin nucleus appears to be 1denti- 
cal in the vitamin and coenzyme 
molecules In the circumstances 
we could most easily formulate the 
cobalt atom as trivalent in the co- 
enzyme molecule and write the 
structure in a similar way to that of 
vitamin B,, The coenzyme mole- 
cule would then have a moleculer 
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of the other atoms All the atoms of the coenzyme 
molecule (excluding hydrogen) and contributions from 
11 water molecules have been mcluded in the latest 
structure factor calculation The agreement factor is 
0173 

The structural formula of the nucleoside as ıt 
occurs in the intact coenzyme should almost certainly 
be written as in I, which represents 1t as an adenosine 
derivative 


(I) 


The d ribose unit and the adenine are linked at C 1’ 
(B) and N 9 in accordance with the observations of 
Ladd et al* The unsaturated sugar, CH, 
CH CHOH. CHOH CHO, which these authors ob- 
tained, by the action of cyanide or mild acid hydro- 
lysis, must be formed on degradation of the coenzyme 
followmg the rupture of the Co—C 5’ bond The 
observed tetrahedral character of the atomic centres 
C 2’, C 3’ and C 4’ makes ıt unlikely that a double 
bond involving any of these atoms 1s initially present 
im the molecule, and very recently, adenosine 
derivatives in which the pentose ring 1s intact and the 
5’ CH4,OH 1s replaced by COOH and CHO have been 
isolated from among the photolysis products of the 
coenzyme by Johnson and Shaw and by Barker ef al 5 

Fig 2 shows the arrangement of the atoms in the 
coenzyme molecule as found 1n this crystal structure 
All the atoms of the vitamin B,, molecule appear to be 
present except the cyanide group which has been 
replaced ın the coenzyme by the adenosyl residue 
The cobalamin nucleus and the nucleoside are con- 
nected by the C 5’—Co bond of 205 + 005A, the 
Co—O 5'—C 4’ angle is rather large, 130°, which 
suggests that this bond may have partial ionic 
character No other direct covalent or hydiogen 
bonds connect the corrin nucleus and the nucleoside 


-——À 


(n) 


Fig 2 The atomic positions 1n one molecule of the 5,6-dumethylbenzimidazolyleobamide 
coenzyme as found in the wet crystals and viewed along (1) the b axis, (1) the a axis 
In (11) the atoms of the nucleoside unit are marked by filled circles 


2A formula of C,,H,,4,0,,N;,PCo and 
a molecular weight of 1,580 The 
uncertainties here are in the num- 
ber of hydrogen atoms, the valency 
of cobalt and the exact character of 
the bonding ın the corrm nucleus, 
they may possibly be resolved by further refinement of 
the crystal structure, particularly 1f we can observe the 
hydrogen atom positions Other evidence, notably 
on the magnetic character of the crystals, 1s very 
conflicting at present??? and ıt seems hkely that easy 
transformations occur withm the molecule which 
involve the valency of cobalt and the corrin nucleus 
These, combined with the unusual character of the 
carbon-cobalt bond, are presumably responsible for 
the catalytic activity of the coenzyme 

The crystal structure of the DBC coenzyme 1s, in 
detail, quite different from that found in the vitamin 
Biz crystal structures Although the orientation of 
the corri nucleus with respect to the crystal axes 1s 
similar, the relationship between the four molecules 
which make up the translational unit of the crystal 
has altered In the new arrangement, very interesting 
intermolecular contacts arise which suggest methods 
of approach by different reagents ın the neighbour- 
hood of the Co—C 5’ bond For example, the &denosyl 
3’ OH. ıs hydrogen bonded to the phosphate gioup of 
one neighbouring molecule while the NH, group of the 
adenine unit ıs ın contact with the phosphate group of 
another The geometrical relations strongly suggest 
easy pathways both for the formation of the coenzyme 
from adenosine triphosphate and for its possible 
intervention in nucleic acid synthesis 

We wish to thank Dr J S Rollett for the use of his 
structure factor programme and for many helpful 
discussions The Fourier series programme written by 
Dr O $ Mills and other programmes written by 
various members of this Laboratory have greatly 
facilitated the work All the calculations were done 
on the Ferranti Mercury computer with the co- 
operation of the staff of the Computing Laboratory, 
Oxford This mvestigation was carried out during 
the tenure by one of us (P G L) of a postdoctoral 
fellowship from the Division of General Medical 
Sciences, United States Pubhe Health Service 
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. LTHOUGH the wall polysaccharides of the 
A algae have been extensively investigated there 
re nevertheless many puzzling features which remain 
to be resolved. We have for this reason been making 
detailed examination of the walls of a wide variety of 
these plants, and it is the purpose of this article to 
"present these newer results in the general context 
of the older, pending more extensive publication 
_ elsewhere. 
- Tt has long been recognized that the walls of plant 
-cells consist of two phases, one a dispersed crystalline 
| phase and the other a matrix which is commonly 
| s non-erystaluine, both phases containing largely 
|. polysaccharides and/or polysaccharide derivatives. 
. Since 1948 the dispersed phase has been identified 
in the electron microscope as consisting of long thin 
— threads—the microfibrile—and it has become the 
|; eustom, except in most fungi, to associate these with 
= cellulose. In higher plants, the microfibrillar com- 
|. ponent usually occupies a large proportion of the wall 
|. volume so that the wall normally gives a characteris- 
tic X-ray diagram of cellulose I (native cellulose). 
. In the algae, however, the relative volume of the 
crystalline wall material is often so small that the 
.Seatter from the amorphous incrusting substances 
may mask the X-ray diagram completely, and miero- 
fibrils may no longer be visible when chemically 
|. . untreated material is examined in the electron 
|, microscope. 
^^ In 1952, Nicolai and Preston!, using in the main 
the technique of X.ray diffraction analysis of un- 
^ treated algae, divided the Chlorophyceae into three 
v. groups so far as wall structure is concerned. Group 1 
-consisted of the Valoniaceae and the Cladophoraceae 




































; ? (with the exception of the Spongomorpha group of the . 
. Oladophorae), algae containing highly crystalline - 


- eelludose I in abundance in the form of relatively 
‘straight and comparatively thick microfibrils. The 
_ bulk of the plants were placed in Group 2, character- 
ized by X-ray diagrams resembling those of cellulose 
l (mercerized cellulose) and the rest, giving un- 
dentifiable X-ray diagrams, made up Group 3. It 
was afterwards reported from this laboratory that 
he marine Phaeophyceae? and, with one exception, 
the Rhodophyceae? resemble in this regard the green 
-algae of Group 2. The classification was regarded 
‘throughout as provisional because the interpretation 
of the X-ray diagrams of untreated algae in Groups 
.2 and 3 was searcely ever unambiguous. This was 
-due both to uncertainties inherent in the possible 
masking of reflexions by scatter from amorphous 
substances and to the presence in some diagrams of 
reflexions referring clearly to two different crystalline 
ubstances. 

. The major difficulties in the way of an identification 
f the  erystalline component of algal cell walls lie 
artly in the need for careful removal of incrusting 
ubstances and partly in the invariable presence in 
marine algae of a deposit of micro-crystalline material 
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on the plant surfacest. This deposit, which is. oft e 
present in large amounts, especially in filamentou 
algae, we have identified as a mixture of clay 1 miner: 
As it cannot be removed, even by the most severe LS 
washing, the X-ray diagram of untreated. algae dS os 
often that of the clay minerals alone. It is undoubt- — — 
edly because the strongest three reflexions of the — 
mixture of minerals present lie very close to the . 
strongest reflexions of cellulose IL, both in disposition |. 
and in spacing, that cellulose IT has been suspected 
to be the skeletal substance of Group 2 algae,  Chemi- < ^. 
cal treatment can reduce this contamination toan ^ —ž<— 
amount usually so small as to allow the diagram of = 
the crystalline wall polysaccharides to be recognized. —— 
In particular, the treatment used by Jermyn and 
Isherwood? and adapted by Cronshaw, Myers and . 
Preston? for the isolation of a-cellulose progressively 
removes the clay minerals, with a consequent pro- 
gressive change in the X-ray diagram of the wall 

as reported and found confusing by the latter 
authors’, : 

With these points in mind we have examined: 
representative plants from most groups of ihe - — 
marine algae, using in the main the techniques of oon 
X-ray diffraction analysis and paper partition 
chromatography of hydrolysates of wall fractions, — 
supplemented by electron microscopy and, very 
occasionally, polarization microscopy. The plants 
are dealt with in turn according to the nature of the 
crystalline wall substance present. 

The X-ray diagrams of all the members of the 
Rhodophyceee we have examined, chosen to be 
representative of the group, are consistent with the. 
presence of cellulose I as the skeletal substance, 
except in the Bangiales, a member of which will be 
discussed separately. The cellulose content of the 
wall and the degree of crystallinity of the cellulose. . 
are both rather low. The X-ray diagram is therefore | 
revealed only after extensive removal of inerusting —.. 
substances. For this removal, solutions of potassium 
hydroxide stronger than 10 per cent should not be = = 
used since with the red algae these solutions convert d 
the cellulose I to cellulose II. The microfibrils. con- Wes 
tain a range of sugar residues other than g 5 
residues?; but it has recently been shown: for. one 
species at least that the central core of the mic: 
fibrils consists of cellulose I (ref. 6) alone. In all th 2s 
Phaeophyceae we have examined, the X-ray diagrams ^. 
again demonstrate clearly the presence of cellulose T... 
as already reported for Fucus’. The clarity of these. = 
diagrams and the sharpness of the ares distinguish. x n 
them clearly from those of the red algae. Moreover, o> 
mercerization of the cellulose in the brown alg: 
potassium hydroxide solutions does not proceed. ai 
concentrations below 14 per cent. In the "holoool 
lose of most of the Fucales examined an. intense — | 
reflexion appears on the X-ray diagram corresponding EE 
to a spacing of about 14-1 A. This indicates the 
presence of another crystalline wall substance, 
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though we are not certain whether this is originally 
present in untreated material or whether crystalliza- 
tion is induced by the treatment involved. Untreated 
material from stipes of Alaria (but not from the 
laminæ) undoubtedly contains a second crystalline 
component in addition to the cellulose. 

The Chlorophyceae are, however, by no means so 
uniform as regards the nature of the skeletal sub- 
stance, though cellulose I is again to be found in many 
families. There is no need here to document the 
presence of highly organized and well-crystalline 
cellulose I in the algae of Group 1, though some 
remarkable features of some plants in this group 
have only recently been pointed out*. Other mem- 
bers of the Chlorophyceae are also now known to 
contain this substance, including Nitella’, Ulva! and 
Ulothrix, and perhaps Spirogyra'?, though there are 
peculiar features in this last species. The condition 
of the cellulose resembles that in either the Phaeo- 
phyceae or the Rhodophyceae, and all these algae 
should clearly be separated fiom those of Group 1. 

The inerusting substances of the algal walls con- 
taining cellulose I as the crystalline component are 
constructed from uronic acids and a wide variety of 
sugars*, Among the sugers, galactose, arabinose and 
xylose predominate. 

Beyond these, one plant in particular, namely, Hali- 
cystis (Siphonales) was long ago reported to contain 
cellulose II in [place of cellulose I (ref. 11). Hydro- 
lysates of the whole wall contain about equal quanti- 
ties of glucose and xylose, and extraction of the wall 
with caustic soda solutions of increasing strength 
leaves unchanged both the X-ray diagram and the 
proportion of sugars in the hydrolysates of the resi- 
due", The X-ray diagram contains arcs attributable 
to cellulose II together with a reflexion at about 
13 A. (12 A. in our photographs) spacing which 
Roelofsen et al.*, correctly in our view, refer to 
the large amount of xylan present. We have found 
that treatment of  Halicystis holocellulose with 
caustic potash solutions of progressively  in- 
creasing concentration causes a progressive decrease 
in the intensity of the ares of long spacing, and that 
4 N potassium hydroxide causes their final disap- 
pearance leaving the diagram of cellulose II. Hydro- 
lysates of the very small residue (so-called «-cellulose) 
nevertheless still contain, besides glucose, about 
40 per cent of xylose. Separation of the glucan and 
the xylan can, however, be achieved by treatment of 
the wall with cuprammonium. Most of the glucan 
dissolves and the precipitate gives an X-ray diagram 
of cellulose II. The residue insoluble in cupram- 
monium contains predominantly xylose residues and 
gives an X-ray diagram identical with that of the 
xylan to be discussed further on. We may compare 
the condition in Halicystis with that reported by 
Kreger? for Hydrodictyon (Chlorococcales), a fresh- 
water alga. The walls of these plants contain glucan 
and mannan only, but neither of these yields an 
X-ray diagram until the wall has been treated 
chemically with, for example, dilute mineral acid. A 
composite diagram of both cellulose IT and mannan 
is then obtained, symptomatic of a crystallization of 
glucan and mannan chains which, in the fresh wall, 
were at the most in a paracrystalline state. 

Halicystis and Hydrodictyon are very special cases 
since only two sugars are used in the construction of 
the wall, and the boundary between crystalline and 
para- or non-crystalline phases must be vague. In 
these algae, in addition to glucose, mannose and 
xylose respectively must play an important part in 
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both phases. Among the Siphoneles there are other 
algae in which xylose or mannose form the only 
crystalline wall component and we now discuss these 
in turn. 

Untreated walls of Bryopsis, Caulerpa, Penicillus, 
Udotea and Halimeda (all Siphonales) yield à remark- 
ably distinct X-ray diagram which is quite different 
from that of cellulose and the spacings of which are 
listed in Table 1. Treatment of the material with boil- 
ing water, followed by chlorination and extraction 
with dilute alkali solution, leaves the diagram un- 
changed. In stronger alkali (10-18 per cent potassium 
hydroxide according to species) the wall dissolves. 
Suspensions of cell wall material of any of these species 
dried down to a thin film on glass show uniplanar 
orientation, that is, certain planes in the crystal 
lattice tend to lie parallel to the film (and therefore 
the cell wall) surface. The inner wall layers of the 
large filaments of Penicillus dumetosus give an 
X-ray diagram, illustrated in Fig. 1, which demon- 
strates that the crystallites in the wall lie parallel to 
filament length. Penicillus walls so treated as to 
remove incrusting substances (containing mainly 
glucose residues) yield, on hydrolysis, xylose together 
with a little glucose. The X-ray diagram (Fig. 1) is 
quite certainly not that of the $-1,4-linked xylan 
which can be isolated from the incrusting substances 
of cellulosic walls (cf. col. 1 and col. 2 in Teble 1). 
The diagram does, however, resemble in character 
though not in detail those obtained from yeast 
glucan'* and certain preparations of laminarin 
(Nicolai, E., unpublished results), both recognized 
8-1,3-linked glucans. Mackie and Percival!’ and 
Iriki et al.'* have shown that the xylan of Caulerpa 
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Fig. 1 Fig. 2 

Fig. 1. X-ray diagram of a parallel bundle of inner wall layers 

of filaments of Penicillus dumetosus, filament length vertical. 
Copper K 4 radiation 


Fig. 2. Electron mierograph of wall lamella (untreated) from 
inner wall layer of a filament of Penicillus dumetosus, fllament 
length vertical. (x 35,000) 
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Table 1, X-Ray SPACINGS OF XYLANS AND MANNANS FROM VARIOUS 
SOURCES 
Xy Porphyrat I t be nde Porphyra t 
orphyrat Ivory nu asycladus Porphyra 
Elm*® Penicilluet rhizoids endosperm (untreated) ‘cuticle’ 
11:98 F.S. 11:90 F.S. 
8:15 M. 
7-80 W. 
705 M. 680W. 6-70 M. 
6-61 M.W. 6-65 W. 0:58 W. 
6-12 W. 
5:95 V.W. 
5:50 W, 5.50 V.S, 5:51V.S. 6552 V.S 
5:42 W. 
5:12 M. 5.22 W. 
TT 4:85 M.W. 4:84 M. 4-36 M.W 
4:45 S 4:10 S8. 4-42 8, 4-39 9. 4 43 S 
(broad) 
427 8 
4:01 M. 4-02 W. 4-03 W 401 W. 
3-04 W. 
3-78 M.S. 3:74 M. 3-76 M. 
$51W. 352W 9:52 M.W. 3-51 M.S, 3:47 M. 3-52 M. 
‘38 W 8:29 M. 330W. 3:30 M.W. 
3:21 V.W 
3:00 W 3-04 W. 8-01 W. 3-03 W. 
2.87 W. v 2-399 W. 288M. 2-89 W. 2-00 WF. 
2-72 W 2-70 M.W. 2-08 M.W. 2-00 M.W 
2-65 W. 
2:57 M. 2:54 W. 
2-42 W. 2-48 W. 
9-95 F.W. 230W. 2-32 W. 2:32 W, 
2:13 W. 
1-92 V.W. 


* Aleohol-precipitated from a 4 per cent potassium hydroxide 
extract of holocellulose. 


t After extraction in boiling water followed by chlorination. 


V.S., very strong; S.,strong; M.S., medium strong; M., medium; 
M.W., medium weak; W., weak; F.W., very weak, reflexions, 


is B-1,3-linked, and the latter authors have demon- 
strated the same linkage also in the xylans of Bryopsis, 
Udotea, Halimeda and some others. The X-ray 
diagram is therefore certainly that of $-1,3-linked 
xylan, and this is the crystalline component of the 
walls of these plants. 

In the electron microscope, the cell walls of all 
these ‘xylan weeds’ are seen to be microfibrillar, 
illustrated here by an electron micrograph of an 
inner wall lamella of Penicillus filaments (Fig. 2). 
Of the two kinds of fibrillar bodies visible in Fig. 2, 
one, runni approximately parallel to filament 
length (and about 100 A. wide), resembles closely the 
microfibrils common in cellulosic walls. The other, 
less-abundant kind, lying approximately at right 
angles to the first, are not true microfibrils. The 
fibre diagram of inner layers (Fig. 1) clearly has its 
origin in the longitudinally oriented microfibrils. 
The birefringence of the wall, both in face view and 
in optical section, is nevertheless negative. This of 
necessity implies that the longitudinally oriented 
microfibrils are negatively birefringent, that is, the 
refractive index is maximum for light vibrating 
perpendicular to microfibril length, Both the X-ray 
diagram (Fig. 1) and this negative birefringence 
suggest that the molecular chains in these xylan 
microfibrils are arranged helically. Since the erystal- 
line component of the walls of all the algae in this 
group is B-1,3-linked xylan then the same considera- 
tions must apply to all of them and, indeed, wall 
sections are always negatively birefringent. It is 
not therefore safe to carry over principles which 
apply to cellulose walls, by assuming that the major 
extinction position defines the microfibril direction, 
as has recently been done for Bryopsis"; though in 
Bryopsis itself the situation is complicated by the 
fact that extraction of the wall with alkali may 
reverse the sign of birefringence of the wall as seen 
in face view (but not, oddly enough. in optical 
section). 
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Since whole-wall hydrolysates of these walls con- 
tain xylose and glucose with little trace of other 
sugars, glucans are here prominent among the 
incrusting substances. Those glucans are known to 
be also 8-13,-linked'*.!*5, 

On the other hand, as pointed out by Iriki and 
Miwa**, wall hydrolysates of Codium, Acetabularia 
and Halicoryne (again all members of the Siphonales), 
treated successively with dilute solutions of sodium 
hydroxide, sulphuric acid and sodium chlorite, reveal 
mannose as the main constituent of the preparations. 
This substantiates our own independent findings on 
Codium, Acetabularia, Dasycladus and Batophora in- 
asmuch as mannose is by far the most abundant sugar 
in hydrolysates of the whole walls though, in the water 
extract, galactose and glucose residues occur with the 
mannose residues. Glucose remains present in trace 
amounts throughout all stages of Jermyn and 
Isherwood's* extraction, including 24 per cent alkali. 
This sugar cannot therefore be a contaminant derived 
from starch, but must form a small but perhaps 
significant part of the wall organization. Walls of 
all these plants yield good X-ray diagrams of mannan 
(Table 1) except in Codium, where the reflexions are 
very diffuse unless incrusting substances have been 
removed. The inner parts of the relatively large 
central siphons of Batophora plants, which in face- 
view are strongly positively birefringent, yield an 
X-ray diagram which shows true orientation, indi- 
cating that the crystallites lie longitudinally in 
agreement with the birefringence. When examined 
with the X-ray beam parallel to the flattened faces 
of the wall and perpendicular to the length of the 
siphon, an even more beautiful diagram is obtained, 
as illustrated in Fig. 3. This is, so far as we know, 
the first oriented diagram of mannan to be pub- 





Fig. 4 


Fig. 3 
Fig. 3. X-ray diagram of vS d pc oerstedi; details as 
n Fig. 


Fig. 4. Electron micrograph of wall of Batophora oerstedi; details 
asin Fig. 2. (x 47,000) 





. gome time. 
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.. Table 1 in comparison with those in the B-L,4-linked — Ni 


^. -. Ib is difficult to be certain of the form of the — 
-o Skeletal substance in these ‘mannan weeds’ as seen 


in the electron microscope, though the indications 
are that the mannan here consists of short fibrillar 
bodies of the order of 50 A. in diameter (Fig. 4). 
In these walls, which contain no cellulose, we have 
been unable to find any true microfibrils such as are 
claimed to exist for the mannan in some higher 
plants!??. This may be associated with short chain- 
length!*. With all these mannan walls it is of interest 
to note that material treated with stronger alkali 
solutions (12-24 per cent potassium hydroxide) 
yield an X-ray diagram which is not that of the 
original mannan. 

Now that it is established that xylan and mannan 
can individually form both the major fraction and 
the only crystalline component of cell walls, we have 
found it possible to resolve the condition in the red 
alga Porphyra (Bangiales) which has puzzled us for 
| The X-ray diagram of whole fronds of 
`. this plant (after chemical pre-treatment) is substanti- 
ally that of mannan but shows additional reflexions 
..of long spacing. This diagram turns out to be a 
composite one derived from both the cell walls proper 
and from a continuous surface sheath, a ‘cuticle’. 
When cell walls alone are examined (as they may be 
inter alia with the rhizoids) the X-ray diagram is the 
. same as those of the group discussed above in which 
the skeletal material is B-1,8-linked xylan. The 
corresponding spacings, listed in Table 1, are again 
.unchanged after extraction of the material by boiling 
water, by chlorination and dilute alkali. The 
'euticie', on the other hand, yields an X-ray diagram 
of mannan. Both these diagrams conform with the 
fact that, after extraction of incrusting substances 
(which contain a range of sugar residues?) the cell 
walls hydrolyse to give xylose and the ‘cuticle’ to 
give mannose, each with small amounts of glucose. 
Cell wall hydrolysates contain no mannose and 
‘cuticle’ hydrolysates no xylose. When chemically 
extracted cell walls are treated in a homogenizer, 
the homogenate can be seen in the electron microscope 
to contain a network of microfibrils indistinguishable 
from those found in, for example, the primary cell 
- walls of higher plants. ‘Cuticles’ prepared in the 
..same way show a granular structure. As in the 
“Mannan walls, the X-ray diagram of the ‘cuticle’ 


after treatment with stronger alkali solutions is not 


‘that of the original mannan. 

Thus with Porphyra we find the odd circumstance 
that in different parts of the same plant xylose and 
mannose are used individually in the construction 


o _of the skeletal substance. For once the term ‘cuticle’, 


used loosely to describe the surface layer of many 
algae, has real meaning. 
Cellulose no longer occupies a unique place as the 


E skeletal substance in cell wall constitution as it was 
— Bt one time thought to do. 


Even in the algae con- 
sidered here, few indeed compared with the large 
groups which still await attention, we meet some 
forms in which the sole skeletal substance is a xylan 
and others in which mannan either forms the only 
crystalline material or (in Hydrodictyon) co-operates 
with a glucan in a wall which can be defined neither 


|, a8 a cellulose nor à mannan wall. These may be put 


alongside the greater number of algae in the walls of 
'"hich the microfibrils, while certainly to be called 
ellulosie, nevertheless contain high proportions of 
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to be significant that the glucans associated with it — 
are also Q-1,3-linked!5:15, The situation in Halicystis ^. 
appears to be an exception. "E 
There is stil some question whether the non- 
cellulosic skeletal substances form true microfibrils 
in the sense of the individual, easily separable bodies 
formed by cellulose. Even with the ‘xylan weeds’, 
what appear to be microfibrils cannot be separated, 
and torn edges of the wall never show the fringe of © ° 
loose microfibrils typical of cellulose walls. This = 
suggests that xylan microfibrils are interlinked. 
In the ‘mannan weeds’, separation of the wall into . 
skeletal and incrusting substances seems pointless 
at the moment since here no microfibrils have yet 
been found. This fact, together with the observation- 
that the walle of ‘mannan weeds’ are still coherent .. 
after treatment with strong alkali which leaves the 
only erystalline material in the form of granules, 
suggests that the role of microfibrils in strengthening - 
& wall may have been over-emphasized. a 
The relative amount of skeletal material found in 
algal cells walls is in this respect not without interest. 
In the algae of Group 1, in which the skeletal material 
is pure cellulose, the microfibrillar component makes 
up between 30 and 75 per cent of the wall weight, a 
range which covers also most of the (cellulosic) 
secondary walls of higher plants. A somewhat 
similar figure holds also for the ‘xylan weeds’ 
(2 50 per cent). With ‘mannan weeds’ the walls of 
which contain up to 90 per cent of mannose residues, 
no figure can be given on account of the difficulty of 
defining the skeletal component. In the remainder 
of the algae so far investigated, in which the miero- - 
fibrils probably consist of a cellulose core with a 
hemicellulose cortex*, the relative amount of skeletal 
material is low (2-20 per cent). All these walls are 
equally coherent whatever the proportion of the 
skeletal material. | 
Nicolai and Preston! made no mistake in conclud- | 
ing that among the Chlorophyeeae variations occur 
in the construction of cell walls, though the basis 
on which their conclusions were founded was not — 
completely reliable. Our newer observations show _ 
that while the bulk of the algae contain cellulose Eoo 
including most of those which Nicolai and Preston ^ 
placed in Group 2, some make use for the same © — 
purpose of long-chain polymers built from sugars ^. 
other than glucose. It is surely significant that this 
latter condition is almost exclusively confined to the | 
Chlorophyceae. No plant so far investigated, with. 
the exception of one (dubious) ease, Halicystis, has | 
been found to contain cellulose II. The algae of- 
Group l still stand as unique among plants; the 
attempt to classify the rest of the algae into two 
groups must, however, be abandoned, and no new 
grouping is justified at this stage, particularly in 
view of eomplex forms like Halicystis and Por- 
phyra. s iW 
For part of this investigation we received material 
from: Dr. R. P. Bengry, Institute of Jamaica: 
Dr. P. B. Tomlinson, Fairchild Tropical Garden, 
Florida; Dr. W. Eifion Jones, Marine Biological 
Station, Bangor; and Miss J. M. Kain, Marine  .- 
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PRODUCTION AND PROPERTIES OF DI-FLUOROCARBENE 
By Dr J P. SIMONS and A J YARWOOD 


Chemistry Department, University of Birmingham 


HE di-fluorocarbene molecule, CF, was first 
] detected spectroscopically in 1950, when its 
emission! and absorption? spectra in the ultra-violet 
region were photographed followmg the decompom- 
tion of fluorocarbon vapours in an electrical dis- 
charge The observation that, provided the contam- 
ing vessel were large enough, the absorption spectrum 
could still be detected seconds after the discharge 
was discontinued? was strikimg. ıt was inferred that 
CF, was a remarkably stable species, and that ıb 
disappeared, after diffusion to the wall of the vessel 
Since 1950, CF, has been produced (and detected 
spectroscopically) by such a variety of methods 
that ib 1s now apparent that its formation must be 
a favoured process Table 1 hsts some parent 
molecules which have been used and the methods of 
decomposition adopted A zero order for the rate 
of disappearance of CF, produced ın flash photolysis 
has been reported, and its long life-tume confirmed? 


Table 1 
Parent molecule Method Reference 

Fluoro-carbons Elec discharge 1, 2 
4 Furnace 4 
CF;COCF,; Flash photolysis b 
r 3? 3:3 6 
CF,HBr 5 » 7 
CF,CICOCF,Cl zx P 3 
g 2 ” 3) 8 
CF,COOH ji , 8 


It has been suggested? that the production of CF, 
m the flash photolysis of hexa-fluoroacetone might 
follow the disproportionation 


2CF, — CF, + CF, 


However, when the photolysis of CF,I 1s used as a 
source of CF, radicals, no CF, can be detected among 
the volatile reaction products although there 1s an 
abundance of C.F, (ref 10) Further, although 
flash photolysis of CF,Br, and CF,HBr in the quartz 
ultra-violet region produces a high yield of CF,, no 
CF, absorption could be detected following the flash 
photolysis of CF,I (ref 11) and CF,Br (ref 8) under 
the same conditions Indeed, only when the latter 


Fig 1 Silica cell for flash photolysis at wave-lengths < 2000 A 
(Drawing not to scale ) A, Electrodes, B, thin silica (thickness 
05 mm), C, socket and cone, B 19, D, socket and cone, B14 


molecules were photolysed ın a specially constructed 
flesh discharge cell which was transparent to wave- 
lengths well below 2000 A (see Fig 1) was it possible 
to observe a faint absorption spectrum of CF, It 
follows that a far greater energy input is required 
to obtam CF, from CF,Bi than from CF,Br, or 
CF,HBr, although the C—Br bond dissociation 
energies 1n the molecules would not differ very greatly. 
If the CF, production occurs through the dispropor- 
tionation of substituted methyl radicals, then it 
is hard to understand why the disproportionation of 
CF,Br and CFE,H should be so favoured as compared 
with CF, 

Finally, we have found that if CF,Br, ıs flashed 
(under eonventional conditions) m the gas phase in 
the presence of a large excess of oxygen, very few 
bromine atoms are produced, since the expected 
absorption spectrum of the BrO radical is barely 
detectable (Flash photolysis of CCl,Br, under the 
same conditions resulted in a very intense transient 
spectrum ‘of BrO ) In particular, the yield of CF, is 
virtually independent of the oxygen pressure, which 
must exclude CF,Br radicals as the precursors to CF, 
formation 

The data presented are all consistent with the 
primary production of CF, in a molecular split, as. 


CF,Br, + hy — CF, + Br, 
CE,HBr + hy — CF, + HBr 
CF,COCF, + hy — CF, + CF,COF 


and so on A similar primary decomposition has 
been proposed in the xenon photosensitized decom- 
position of CF, (ref 12) Such modes of decomposi- 
tion are not m conflict with the suggestion that CF, 
is a relatively stable species having the properties of 
a two-electron deficient molecule rather than a 
di-radical — This hypothesis ıs favoured by (l) 
the observation of an imtense absorption spectrum 
of CF, following flash photolysis of tetra-fluoro- 
ethylene ın the gas phases, which demonstrates the 
relative weakness of the carbon-carbon bonding in 
the olefine, (2) the lack of reactivity of CF, towards 
molecular oxygen, and (3) 1ts zero-order rate of decay, 
demonstrating its lack of reactivity to other molecules 
of the same kind 

The difficulty in formmg CF, following photolysis 
of CF;Br ıs understandable ın view of the energetics 
of the decomposition 


CE,Br — CF, + BrF 
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Such difficulty would not be anticipated im the cases 
of CF,Br, and CF,HBr, since m the first case both the 
bonds broken are weak, and in the second there 1s a 
considerable energy ‘rebate’ m the formation of the 
HBr molecule 

The ready decomposition of tetra-fluoroethylene 
into two CF, molecules, taken together with the other 
experimental results presented, suggests that in the 
fluorocarbon series ıt 13 not unreasonable to regard 
di-fluorocarbene as the simplest of the olefines The 
splitting out of CF, from the substituted methanes 
and ketones listed 18 then analogous to the production 
of ethylene from ethyl 10dide!’, and the Norrish Type 
II spht in ketones contaimng hydrogen Indeed, ıt 
has been proposed very recently! that the primery 
steps 1n the pyrolysis of hexa-fluoroacetone include 
ihe moleeular decomposition 


CF,COCF, — CF, + CF,COF 
as well as the radical decomposition 
CF,COCF; — 2CF; + CO 


The strikmg stability and the lack of chemical 
reactivity ın di-fluorocarbene may be attributed, no 
doubt, to the influence of the strongly electronegative 
fluorine atoms ‘These would tend to attract the two 
electrons residing in the most weakly bound of the 
molecular orbitals, away from the neighbourhood of 
the carbon atom, on which they would otherwise be 
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locahzed As a result, the possibility of electron 
exchange interaction with other species would be 
much reduced, since there would be less possibility 
of electron overlap This effect would not be anticip- 
ated ın other di-halogenocarbenes, such as CCl, and 
CBr,, since the electronegativities of Cl and Br atoms 
are not so very different from that of carbon On 
Pauling’s electronegativity scale, F = 40, Cl = 30, 
Br = 28 and C = 25 Indeed, attempts to prepare 
CCl, and CBr, photochemically from parent molecules 
analogous with those used for CF, production have so 
far proved unsuccessful? 

One of us (A J Y) thanks the Department of 
Scientific and Industrial Research for the award of 
& maintenance grant 
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ACTION OF RADIATION ON SYNTHESIS OF DEOXYRIBONUCLEIC 
ACID IN NORMAL AND TUMOUR STRAIN CELLS 


By Dr. JOHN SEED 


Department of Radiotherapeutics, University of Cambridge 


OWARD and Pelc}-? first showed that relatively 
small doses of radiation (50-200 r ) given during 
the deoxynmbonucleic acid (DNA) pre-synthetic 
period, delayed the entry of cells into DNA synthesis, 
whereas cells already m DNA synthesis at the time 
of irradiation were unaffected by the doses given 
These authors used phosphorus-32 uptake into DNA 
of bean root cells, and examined by autoradio- 
graphy the number of cells synthesizing DNA over 
short periods up to 24 hr durmg the mterphase 
following irradiation Holmes and Mee? and Kelly 
et al.4, using regenerating liver and uptake of phos- 
phorus-32 mto DNA, agam found that radiation 
doses of about 300 r. given during the pre-synthetic 
period delayed the onset of DNA synthesis much 
larger doses (~ 2,000 r) were required to depress 
DNA synthesis once ıt had commenced 
Lajtha et al ë found that doses of ~ 200 r given 
to human bone marrow cells in culture durmg 
the pre-synthetic period delayed the entry of 
cells mto DNA synthesis the incorporation of 
4C-formate mto DNA was observed by autoradio- 
graphic methods after various fractions of the mter- 
phase period following rrradiataon On the other hand, 
16 was found that a dose of 2,000-5,000r was required 
to reduce the rate of DNA synthesis to half, m cells 
whieh were already in synthesis 
In eonsiderimg the effects of radiation on sohd 
tumours n vivo, it is difficult to dissociate direct 
effects on the tumour from mdurect effects acting 


through the surrounding host tissues ^ In addition 
one such tumour usually represents & great variety 
of cell types , one way out of this difficulty 1s to 
use a tumour stram growing n vitro, and another 
possibility 1s to use an ascites tumour 

Painter and Robertson’ used HeLa carcinoma 
strain cells ın culture in conjunction with thymidine 
uptake and autoradiography, and found an increase 
m the number of cells m DNA synthesis at times up 
to 8 hr after 500 r of X-irradiation, and a decrease 
in the number of synthesizing cells after 17 hr 
These results could partly be explamed by inhibition 
of mitosis, first, an mcrease by retention m synthesis 
of cells which would normally have divided and, 
later, a decrease from the consequent depletion 
of mitosis, first, an crease by retention in synthesis 
Robertson pomted out, the results are certainly 
inconsistent with a delay ın onset of DNA synthesis 
induced by radiation in the pre-synthetie period’ 
Agam, usmg HeLa cells with thymidme and auto- 
radiography, Yamada and Puck® found that radiation 
doses of 34-135 rads produced mutotic inhibition, 
but not a delay 1n the onset of DNA synthesis 1n these 
cells , this was mn contrast with their findings with 
normal human cells in culture which showed a pre- 
synthetic delay in addition to inhibition of mitosis 

Dickson, Paul and Davidson? used L mouse strain 
cells in culture ın conjunction with incorporation of 
4C-formate mto DNA These authors concluded 
that the effect of X-irradiation (800 r ) was to inhibit 
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division the total amounts of cell constituents 
were found to be almost the same ın the irradiated 
cultures as m the controls, and no alteration of 1C- 
formate incorporation into DNA bases could be 
detected at times up to 24 hr (more than one inter- 
phase period) after a dose of 800 r to the cultures 

Kelly e£ al !? irradiated Ehrlich ascites tumour cells 
with a dose of 800 r. and investigated subsequent 
DNA synthess by uptake of phosphorus-32 into 
DNA, and also by Feulgen stammg combined with 
photometry These authors found that the uptake 
of phosphorus-32 mto DNA remamed unaffected 
until 20 hr. after irradiation, at which time the average 
DNA content per cell was found to have increased, 
after 20 hr, a decrease ın uptake of phosphorus-32 
was observed, because, according to these authors, 
the cells were prevented from going through mitosis 
by the irradiation dose given 

The purpose of this article 1s to point out that those 
experiments which have shown inhibition of the 
onset of DNA synthesis with radiation doses of the 
order of a few hundred rcentgens m the pre-synthetic 
period have used cells freshly prépared from normal 
tissues, whereas those experiments using simular 
radiation doses which have failed to show an effect 
on the onset of DNA synthesis in the pre-synthetie 
period have used tumour-strain cells 

In order to explain their radiation results, ıt has 
been suggested by Lajtha et al 5 that m human bone 
marrow cells there exists a ‘trigger mechanism’ 
connected with the onset of DNA synthesis, which 18 
more sensitive to radiation than the process of DNA 
synthesis itself Because of the results reviewed 
above, 1t would seem that this applies to the normal 
cells but not to the tumour strains 

It was reported some years ago that an increase 
in ultra-violet sbsorption by the cytoplasm occurred 
in uradiated cells! — More recently ıt has been 
shown!?-4 that an accumulation of soluble deoxy- 
derivatives, mcluding deoxyribonucleoside triphos- 
phates, occurred in irradiated thymus, these results 
were interpreted as indicating that mhibition of DNA 
synthesis by radiation was not caused by lack of pre- 
cursors, but by failure of polymerization or break- 
down ın energy-generatmg  mechenisms ın the 
nucleus In this connexion, Creasey and Stocken!* 
found that nuclear phosphorylation of purine and 
pyrimidine monophosphates to triphosphates 1s com- 
pletely inhibited by 100 r and reduced by 50-80 per 
cent after 25r In addition, m regeneratmg liver an 
increase in thymidine kinase and DNA polymerase 1s 
stopped by irradiation m the early pre-synthetic 
period, but not by irradiation in the DNA synthetic 
periode 

Recently ıt has been shown by me?’ that, m three 
types of freshly prepared normal cells grown in 
culture (monkey kidney, embryo human, embryo 
mouse), the processes of DNA and nuclear protem 
synthesis are initiated together after the same waiting 
tıme (the pre-synthetic period) has elapsed, and 
thereafter the syntheses proceed approximately 
together However, in the continuous tumour 
strains HeLa and L mouse, ıt was found that nuclear 
protem synthesis proceeds continuously during mter- 
phase and its onset does not await the onset of DNA 
synthesis, which commences after a waiting tıme has 
elapsed as in other types of cells!” Supportmg 
evidence for this tume-disconnexion of nuclear protem 
and DNA synthesis m tumour strams comes from the 
distributions of DNA and dry mass values found in 
Krebs ascites tumour cells!® Because of the genetic 
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role at present ascribed to DNA, I have suggested! 
that the difference ın timing of the onset of nuclear 
protem synthesis reflects a fundamental difference in 
metabolism between normal and tumour strain cells 
It would appear from the radiation work reviewed 
here!-1?, that the processes responsible for mitiation 
of DNA synthesis ın these cells are also different m 
character 

Allfrey et al 19:20 found that, ın isolated calf thymus 
nuclei, the incorporation of ammo-acid into protem 
required the presence of DNA, and that one role of 
DNA was 1n the production of adenosine triphosphate 
Inhibitors of ATP synthesis were found to inhibit 
incorporation of amino-acid?9, and also the addition 
of histones to the nuclei was found to mhibit strongly 
respiration and nuclear phosphorylation?! Davison 
and Butler?? and Vendrely et al 25 reported that the 
total amount of all the basic groups m the nucleo- 
histone 18 approximately equal to the total amount of 
phosphate ın the DNA 

It may therefore be permissible to suggest here 
that the simultaneous initiation of DNA and nuclear 
protem syntheses in normal cells!" mught reflect a 
mutual control system which would operate by 
regulating nuclear phosphorylation processes The 
tume-disconnexion of DNA and nuclear protein syn- 
theses found in tumour strains??:!® would imply 
dislocation of control of phosphorylation and would 
be consistent with the lack of radiosensitivity found 
in the DNA pre-synthetic period with these cells?-1 
It is worth noting that Paul ef al?* were unable to 
find evidence of any consistent radiation-induced 
depression of thymidine incorporation into thymidine 
triphosphate in exther L mouse stram cells or m a 
lymphosarcoma, cell stram, m contrast with the 
radiosensitivity of phosphorylation processes found 
in thymus nuclei 

This work was carried out while I was holder of the 
Royal Society Foulerton Gift Research Fellowship 
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SUBSTRATE SPECIFICITY AND INHIBITION OF NICOTINAMIDE 
MONONUCLEOTIDE-ADENYLYL TRANSFERASE OF LIVER NUCLEI: 
POSSIBLE MECHANISM OF EFFECT OF 6-MERCAPTOPURINE 
ON TUMOUR GROWTH 


By Da M R ATKINSON, J. F. JACKSON and Pror R K. MORTON 


Department of Agricultural Chemistry, Waite Agricultural Research Institute, 
University of Adelaide 


YNTHESIS of nicotinamide adenine dinucleotides 
(coenzymes I and IL) m most animal tissues 1n- 
volves formation of dmucleotide 1n the cell nucleust? 
catalysed by nicotinamide mononuoleotide-adenylyl 
transferase (formerly known as coenzyme I - pyro- 
phosphorylase)’, thus 


nicotinamide adenosine nicotinamide 
mononucleotide + triphosphate = adenine + pyrophosphate 
dinucleotide E 


The biological significance of this reaction, which 
was discovered by Kornberg‘, has been discussed by 
Branster and Morton?, and by Morton’. The work 
described here was carried out with enzyme obtamed 
from isolated pig-liver nuclei®, either purified (specific 
activity approx 3) or partly purified enzyme (specific 
activity, 0 7-1 umole of nicotmamide adenine dı- 
nucleotide formed/min /mgm of protein at 37? C, 
pH 7 6) was used 

Substrate specificity In work on dinucleotide 
synthesis, the reaction mixture (02 ml, pH 7 6) 
contained, approximately 0005 unit* of enzyme, 
25 umoles of glycylglycine, 3 7 ymoles of magnesium 
chloride, 1 mole of adenosine triphosphate (Sigma 
Chemical Co, USA, for purity, see ref 7) and 
approximately 1 umole of nicotinamide mononucleo- 
tide*, analogues replaced adenosine triphosphate or 
nicotinamide mononucleotide, as appropriate In 
work on pyrophosphorolysis of dinucleotides, the 
reaction mixture (0 2 ml, pH 7 6) contained similar 
amounts of enzyme, buffer and magnesium salts, 
20 umoles of pyrophosphate and 1 umole of nicotim- 
amide adenme dinucleotide or of appropriate analogue 
After incubation for 24 hr at 37° C , an appropriate 
portion (0 02—0 05 ml) of the reaction mixture was 


Table 1 


applied to strips of filter paper (Whatman, 3 MM), 
nucleotides were separated by electrophoresis m 
0 04 M sodium citrate, pH 42 for 34 hr at 400 V 
(approximately 14 V per cm) and detected by 
printing on reflex document paper with ultra-violet 
light’ Quaternary nicotmamide compounds were 
detected by fluorescence after exposure to an atmo- 
sphere of methylethylketone-ammonia® 

Table 1 shows the reactions investigated and the 
results obtained It was previously shown? that the 
«-anomer of nicotinamide mononucleotide ıs not a 
substrate of the enzyme, which is almost certainly 
specific towards the B-N-glycoside bond The pyri- 
dine mononucleotide (Table 1, reaction 7) probably 
contained both «- and B-anomers, but the proportions 
of these 18 not known, although unlikely, 16 18 possible 
that the absence of a detectable reaction with this 
compound is due to a predommance of the 
o%-anomer 

A number of purme riboside triphosphates, ım 
addition to adenosine triphosphate, act as nucleo- 
tidylyl donors to nicotinamide mononucleotide 
(Table 1) Of the dinucleotides so formed, only 
nicotinamide hypoxanthine dinucleotide has previ- 
ously been described?!  Nicotmamide guanine dı- 
nucleotide was separated from the reaction produots 
(Table 1, reaction 9) by chromatography on ‘Dowex-2’ 
formate with a gradient of formic acid, the dinucleo- 
tide was eluted between 1 and 1 5 N formic acid The 
properties of the dinucleotide are shown 1n Table 2 

Table 1 shows that no enzymetic reaction could be 
detected with dinucleotides contammg analogues of 
both nicotinamide and of adenine (such as 3-acetyl- 
pyridme hypoxanthine dinucleotide) With enzyme 
preparations obtained from acetone powders of pig- 


SUBSTRATE SPECIFICITY OF NICOTINAMIDE MONONUGCLEOTIDE-ADENYLYL TRANSFERASE 


Solid arrows indicate the reactions established AL reactions were carried out at pH 7 6 and 37° C , 1n the presence of magnesium chloride 


1 Nicotinamide mononucleotide + adenosine triphosphate = nicotinamide adenine dinucleotide + pyrophosphat® 
2 Nicotinic acid mononucleotide * + adenosine triphosphate = nicotinic acid adenine dinucleotide +pyrophosphat® 
3 Dihydro-nicotingmide mononucleotide + adenosine triphosphate = dihydro-nicotinamide adenine dinucleotide +pyrophosphat® 
4 Thio-nicotinamide mononucleotidet + adenosine triphosphate = thio-nicotinamide adenine dinucleotide i + pyrophosphat* 
5 3-Aldehyde-pvridine mononucleotide + adenosine triphosphate — 3-aldehyde-pyridine adenine dinucleotide tt +pyrophosphat® 
> 2 Arety pyridine os a + adenosine D phospnate 1 ERTE aa adenine dinucleotide f T + pyrophosphate 
. Pyridine mononucleotide + adenosine triphosphate -> (no reaction 
i Nooria monon UNENE T aypoxanihgsie sipnospuates * oc meoanamide Sy poxan tiie GIbuoteoude t F 1pyrophoaphate 
. Nicotinamide mononucleotide + guanosine triphosphate — nicotinamide guanine dinucleotide +pyrophospha 
10 Nicotinamide mononucleotide + 8-azaguanosine triphosphate *** —- nicotinamide 8-azaguanine dinucleotide + py raphosnhate 
11 Nicotinamide mononucleotide + 6-mercaptopurine riboside 
trphosphatetft | — nicotimamide 6-mercaptopurine dinucleotide + pyrophosphate 
15 Neona. MOORE GANG Vundneinph phe acs ERE DS ee omega  SEDVTODDOSPHele 
U -> 
14 Nicotinamide mononucleotide + eytidine triphosphate * * -> (no reaction) 
15 (no reaction) < - 9-aldehyde-pyridme hypoxanthimne 
dinucleotideft + pyrophosphate 
16 (no reaction) <- 9-acetyl-pyridine hy poxanthine 
dmucleotidett +pyrophosphate 


* Prepared according to Atkinson and Morton (ref 10) 
** Sigma Chemical Co, US A 


*** We are grateful to Dr R B Ross, National Institutes of Health, U S A , for a gift of this compound 
T Atkinson, M R , Morton, E K , and Naylor, R (unpublished work) 


Tf Pabst Laboratories, US A 
ttt Prepared according to Roy eé al (ref 17) 
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Table 2 COMPARATIVE PROPERTIES OF B-NICOTINAMIDE ADENINE DINUCLEOTIDE (COENZYME I) AND OF f-N1COTINAMIDE GUANINE DINUCLEOTIDE 


Ascending chromatography in 1sobutyrie acid—water-cone 
ammonia (33 66 1, v/v 

Treatment with metbvlethylketone~ammonia (ref 8) 

Bases liberated after hydrolysis and chromatography (ref 12) 

Absorption spectrum in 0 1 N HCl 


Absorption spectrum in M KCN 


Reaction with yeast alcohol dehydrogenase and ethanol at 
pH 10 m /ris buffer* 


NAD* 
Single spot, Rr, 0 45 


Fluorescent spot 
Adenine and nicotinic acd 
Amax , 200 mu (see ref 13) 


Å max , 260 my and 325 mz, 


Esco mulEsss mu, 1 
Km 16 x 107 M 


NGD? 
Single spot, Rr, 0 32 


Fluorescent spot 

Guanine and niootinie acid 

Similar to NAD, but inflexion near 270-280 my 
(cf other guanine nucleotides, ref 13) 

Amax , 266 mu and 325 mz, 
Egos mpl Esas mp» 196 

Km approx 2 x 10 M, (V mex. of reaction, 
0 01-0 02 that of Fmax. with NAD) 


* Abbreviations used NAD, f-nicotinamide adenine dinucleotide, NGD, f-nicotinamide guanine dmucleotide, ims, 2-amino-2-hydroxy - 


methylpropane-1 3-diol 


hver*, Kornberg* earlier demonstrated reaction 3, 
and Preiss and Handler‘ reaction 2 of Table 1, 
Klenow and Andersen! previously demonstrated 
reaction 12 (Table 1) with an enzyme preparation 
from yeast! 

Inhibition of synthesis of nicotinamide adenine 
dinucleotide Kinetic work was carried out at 
pH 74-76, the reaction mixtures contamed at 
appropriate concentrations, enzyme, glyoylglyome, 
adenosine triphosphate, nicotinamide mononucleo- 
tide, magnesium chloride, and inhibitor After 
incubation for 5 mn at 37? C, the reaction was 
stopped with trichloroacetic acid and the amount of 
nicotinamide adenine dinucleotide was estimated 
enzymuically® | Determinations were made with 
several concentrations of mhibitor for each of two or 
more concentrations of the appropriate substrate 
(nicotinamide mononucleotide or adenosine triphos- 
phate) Values of K; (seo Dixon and Webb!$, p 22 
et seq ) were estimated graphically In studies with 
hypoxanthosine triphosphate (inosine triphosphate), 
the concentration of magnesium chloride was twice 
that of the total concentration of the nucleoside 
triphosphate present m each reaction mixture 

Values of Km for several substrates were estimated 
similarly except that the rate of formation of nicotinic 
acid adenine dinucleotide was measured, by estimation 
of pyrophosphate 

With hypoxanthosine triphosphate and nicotmic 
acid mononucleotide, inhibition. of adenylyl transfer 
was competitive, Table 3 shows the K: values for 
these compounds as imhibitors, and also the Km 
values for these compounds when used as substrates 
for the enzyme 


Table 3 INHIBITOR CONSTANT (Kj) AND MICHAELIS CONSTANT (Km) 
FOR SOME COMPETITIVE INHIBITORS OF SYNTHESIS OF NICOTINAMIDE 
ADENINE DINUOLEOTIDE (COENZYME I) 


All values were determined at pH 7 4-7 6, and at 37° C 
Inhibitor 


Substrate * m Ki* 
(nM) (mA) 
1 Adenosine triphosphate 0 4 — 
2 Hypoxanthosme triphosphate 18 — 
3 Adenosine triphosphate hypoxanthosine 
triphosphate — 24 
4 Nicotinamide mononucleotide 0 12 — 
5 Nicotinic acid mononucleotide 04 — 
6 Nicotinamide mononucleotide nicotmie acid 
mononucleotide — 0 38 


* For 1-3, the co-substrate was nicotinamide mononucleotide, for 
4—6, adenosine triphosphate 
t See Dixon and Webb (ref 16, p 22) 


6-Mercaptopurine riboside (Sigma Chemical Co, 
US A ) was converted to the corresponding 5’-mono- 
phosphate, which was treated with orthophosphate 
and dicyclohexylcarbodimmuide to obtain the nucleoside 
triphosphate?” The nucleotide products were 
adsorbed on to charcoal, and then washed, eluted 
and dried ın vacuo (preparation A) ^ Preparation A 
contamed components which appeared to be the 
5’-mono-, dı- and tri-phosphates of 6-mercaptopurine 
iiboside, since they migrated similarly to hypo- 
xanthosme-5’-mono-, dı- and tri-phosphates on paper 


electrophoresis Chromatography of preparation A 
on Ecteola’ resin!’ gave four fractions, of which the 
last to be eluted (preparation B) was probably the 
6-mercaptopurme riboside 5’-triphosphate, however, 
it was obtained in very low yield and in msufficient 
amount for chemical characterization 

Adenylyl transfer to nicotinamide mononucleotide 
was inhibited competitively by both preparations 
A and B Separately,-1t was found that the 6-mer- 
captopurine itself, the riboside, and corresponding 
riboside 5’-phosphate do not inhibit adenylyl transfer 
at concentrations up to the concentration of the total 
6-mercaptopurme nucleotide in preparation A 

With preparation A and micotinamide mono- 
nucleotide as substrates, nicotinamide 6-mercapto- 
purine dinucleotide was formed (Table 1), confirmmg 
that preparation A contained 6-mercaptopurine 
riboside triphosphate 

From the kinetics of the competitive mhibition of 
adenylyl transfer by preparation A, and assuming 
that the only mhibitory material m preparation A 
was 6-mercaptopurme riboside triphosphate, K; 
would be 03 mM if the yield of triphosphate were 
similar vo that reported by Parks and co-workers?’. 
Final K. and Km values for 6-mercaptopurine riboside 
triphosphate await preparation of larger amounts of 
material and adequate chemical characteiization of 
the triphosphate ` 

Possible mechanısm of the selectwe cytotoxic effect 
of -mercaptopurine against tumours — Branster and 
Morton? found that the activity per nucleus of the 
nicotinamide  mononucleotide-adenylyl transferase 
of a number of tumours 1s considerably less than that 
of comparable normal tissues, the concentration of 
nicotinamide nucleotide coenzymes (coenzymes I and 
II) per nucleus (or per cell) 15 also considerably lower 
in tumours than m comparable normal tissues (see 
ref 5) Morton’ therefore proposed that mhibition 
of the nicotmamide mononucleotide-adenylyl trans- 
ferase of the cell nucleus would lower the level of the 
nicotinamide coenzymes of tumour cells below that 
necessary for survival of the tumour, and indicated 
the general characteristics required for a physiologic- 
ally effective mhibitor 

6-Mercaptopurme meets some of these criteria’ 
for a compound selectively active against tumours. 
In susceptible cells, 1t 18 converted to 6-mercapto- 
purine r:boside 5’-mono-, dı- and tri-phosphates!*?? 
6-Mercaptopurme riboside triphosphate 18 an analogue 
of adenosine triphosphate and, lke hypoxanthosme 
triphosphate, 1s a substrate for nicotmamide mono- 
nucleotide-adenylyl transferase (Table 1) Although 
the chemical characterization of the eomponents of 
preparation A is incomplete, the potent mbhibition 
by preparation A and preparation B is almost 
certainly due to 6-mercaptopurme riboside tri- 
phosphate 

The selective toxicity of 6-mereaptopurme against 
tumour cells thus appears to be due to inhibition of 
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the biosynthesis of nicotinamide nucleotide coenzymes 
(coonzymes I and II), this mhibition occurs after 
the enzymic conversion of the purine to the purime 
riboside triphosphate, which competitively acts on the 
nicotinamide mononucleotide-adenylyl transferase of 
the tumour nucleus and effectively limits dinucleotide 
formation Symptoms similar to those of nicotin- 
amide deficiency have sometimes been observed m 
patients after prolonged treatment with 6-mercapto- 
purime?! 

Hypoxanthosine triphosphate ıs not sufficiently 
active to be an effective imhibitor of formation of 
coenzyme I «n vwo (Table 3) Although nicotinic 
acid mononucleotide ıs strongly inhibitory (Table 3), 
thefnicotinic acid adenine dmucleotide formed with 
substrate-levels of nicotinic acid mononucleotide 
may afterwards be converted to nicotmamide adenine 
dinucleotide When nicotimic acid 1s administered to 
rats together with nicotinamide, it causes a marked 
decrease in the rate of formation of nicotinamide 
adenine dinucleotide in the liver, as compared with 
rats receiving nicotinamide alone Table 3 shows that 
this effect 1s probably due to the inhibition of adenylyl 
transfer to nicotmamide mononucleotide by nicotinic 
acid mononucleotide 

6-Mercaptopurine was introduced by Hutchings 
et al ?*, as a potential antagonist of biosynthesis of 
nucleic acids, but 1ecent findings*®»?3 do not support 
this explanation of rts action against certain human 
leukemias and some transplanted tumours of 
animals Although the evidence presented here shows 
that 6-mercaptopurine probably acts on tumours 
via the effect on biosynthesis of nicotinamide nucleo- 
tide coenzymes, since 6-mercaptopurme riboside bri- 
phosphate 1s an analogue of adenosine triphosphate, 
1t could possibly influence a wide range of enzymatic 
reactions The undesirable side-effects of 6-mercapto- 
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purine may be partly associated with such multiple 
actions Moreover, certain tumours have a limited 
enzymatic capacity for converting the purme to the 
nucleotide?*4 and so escape the lethal depression 
of coenzyme synthesis It thus seems preferable to 
mhibit formation of nicotinamide nucleotide coen- 
zymes in tumours via analogues of nicotmamide 
mononucleotide, as previously suggested’, . 
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MULTIPLE H/EMOGLOBINS AND TRANSFERRINS IN A 
MACAQUE SIBSHIP 


By Pror J, BUETTNER-JANUSCH, J. B. TWICHELL and BERT YUAN-SHU WONG 
Department of Anthropology 
AND 


GERTRUDE VAN WAGENEN 


Department of Obstetrics and Gynecology, 
Yale University 


HYSICO-CHEMICAL differences between om- 

bryonic, foetal, and adult human hemoglobms?~* 
and the occurrence of a number of transferrin pheno- 
types m man*® have led several investigators to 
examme hemoglobms and ß-globulns in various 
Primates'-??, We report here on the hsemoglobms 
and B-globulins obtained from a related, 1nbred group 
of rhesus macaques (Macaca mulatta) Very young 
macaques have relatively high levels of alkah- 
resistant hemoglobins, and the levels decrease as 
the animals grow older? The number of B-globulins 
reported for macaques (M mulatta and M us) 
has been large!$!?, The results presented here are 
consistent with earlier findmgs on alkali-resistant 
heemoglobins® and with reports of transferrm poly- 
morphism1!-5 in various Primates However, we 





iia died 


Fig 1 Pedigree of inbred macaque sibship Animal 1 died 14 
days post partum, animals 7 and 8 were 90-dav foetuses taken by 


Cesarean section The symbols which do not contain numbers 
represent animals not sampled for this work 
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Fig 2 
samples were run on this gel for comparison 


Homo 


Diagram of a starch-gel after electrophoresis showing multiple hemoglobins from macaques The human and chimpanzee (Pan) 
A, As, and A, refer to the known hemoglobins in this human sample and do not refer to the 


macaque or chimpanzee samples When hemoglobin from a foetus (animal 7) was combined with either adult macaque or human hemoglobin, 
the bands were incompletely resolved The bands represented with dotted hnes are those which stained weakly with benzidine 


find this macaque sibship contains mduividuals that 
unequivocally display multiple hamoglobms 

We received cord blood from two 90-day M 
mulatta foetuses taken by Cesarean section, and from 
one of these we obtamed blood from the aorta as 
well Sıx animals related to the foetuses ın the same 
sibship were also sampled (Fig 1) In this sibship 
the normal gestation period ıs 168 days!* Blood was 
drawn into tubes contaming citric acid, sodium 
citrate, and dextrose Serum and cells were separated 
by centrifugation, and hemolysates were prepared 
by the method of Jonxis and Huisman?". Alkali- 
resistant hemoglobins were demonstrated by the 
method of Singer e£ al 18 The haemoglobin compon- 
ents were resolved on horizontal starch-gels, 13 
per cent starch in trzs-citrate buffer at pH 86 The 
gels were run for 16 hr. at 6 V /cm. with borate buffer, 
03 M, pH 8 6, as the bridge solution!*. Gels were 
sliced, 1n half, one section was stamed with a benzi- 
dine reagent (200 ml of 50 per cent ethanol 01 
ml. of glacial acetic acid 4 mgm. of benzidine , 
04 ml. of hydrogen peroxide added immediately 
before use) The other section of the gel was 
stained with bromphenol blue or amndo-black 
The B-globulins were resolved and identified on 
vertical starch-gels by a method previously 
described?* 

A diagram of a starch-gel electrophoretogram of 
the hemoglobim samples ıs shown in Fig 2 Three 
of the samples, including the two foetuses, show two 
distinct components In three of the samples there 
are 4 components, and two show 3 components , 
four of these five samples show an additional compo- 
nent; this was a very slow-moving band that 
stained weakly with benzidine In order to obtam 
better resolution and a confirmation of these results, 
sample I was run for 24 hr. at 10 V /em The mobility 
of the principal component was 4-5 times that of 
human hemoglobin A on the same gel The several 
components seen in these ammals have not been 
reported in other work on macaque hemoglobins 
Our previous experience &nd that of other investiga- 
tors?® with macaque hemoglobins showed that only 
the single component reported by Sen et al * appeared 
There 1s one report that agar-gel electrophoresis 
demonstrated differences between the cord blood 
of a new-born macaque and its mother , a second 
component was found in the cord blood of this new- 
born animal? In addition, Lie-Injo et al and 
Tuttle e£ al °, usmg paper electrophoresis and veronal 
buffers, demonstrated other components in the 
hemoglobins of macaques They were able to resolve 
only 2 components in individual animals , we can 
show as many as 5 components ın one of our animals, 


and all the anımals in this sibship have at least 2 
hemoglobms 

The transferrms of these animals are illustrated 
in Fig 3 The diagram shows the bands which 
appeared on the autoradiographs of the starch-gels 
m which the sera were run The half-gel which was 
stained with amudo-black ıs illustrated m Fig. 4 
It 18 clear to us that some of the bands in the ß- 
globulin region on these gels are indeed transferrins 
In the fcetal sera (animals 7 and 8) there are two 
distinct bands of protem in the g-region which stam 
faintly with amudo-blaek but do not appear on 
autoradiographs Their position corresponds to the 
2-3 iron-binding bands m some of the adult sera 
However, 16 was not possible to demonstrate iron- 
bmding by these bands in the samples from the cord 
or the aorta of the two foetuses. In general, we accept 
as transferrin only those bands which clearly take up 
radioactive iron-59. This criterion must be applied 
with care, since 16 18 possible that these wron-binding 
proteins are saturated 2m vwo at the time the blood 
is drawn?! We have named the transferrm types 
according to the mobility of the 1ron-bmdimg bands 
Thus, a l-1 or a 2-2 type 1s a macaque with only 
one such band, and a 1-1 type has the most mobile 
band, a 2-3 type ıs an animal that has two ron- 
binding bands, the second and third in order of de- 
creasing mobility 

Tables 1 and 2 summarize the results obtained. for 
the 8 samples under discussion here. It 1s 1mportant 
to note that the proportion of alkali-resistant hemo- 
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Fig 3. Diagram of autoradiographs showing transferrin types of 

8 animals in the macaque sibship Three of the animals are type 

2-9, 5, Including the two fwtuscs are type 2-3 human 
homozygous CC phenotype is shown for comparison 
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Fig 4 Diagram of a starch-gel electrophoretogram showing those bands which stamed 

with amido-black Albumin, a- and f-globuhn regions are noted In the f-region the 

hatched bands are those which show uptake of 1ron-59 on autoradiographs A human 
sample, run on the same gel, 1s for comparison 


globin 18 very high in the samples from the 90-day 
foetuses By the time an animal is one year old 
{animal 5) the level has dropped markedly In 4 
of the 5 adult animals we were unable to demonstrate 
any alkali-resistant pigment, and in the fifth the 
amount was negligible. The ultra-violet absorption 
spectrum of the alkali-resistant hemoglobin from 
a foetal sample (animal 7) was identical with published 
spectra of alkali-resistant fractions prepared from 
human hemoglobin** 

The hzemoglobm components seem to be mherited 
as simple autosomal alleles ‘The major problem here, 
as with human hemoglobin A and 4,, 18 whether 
there are two loci mvolved or whether these hemo- 
globins are allelic at the same locus It seems clear 
that the principal component (that producing the 
densest stain and the largest spot) and one analog- 
ous to A, (human) will prove to be mherited as 
sunple autosomal traits The third component we 
definitely demonstrate may be analogous to human 
F, smce ıb and the major band m macaque foetuses 
correspond In the adult animal, ıt 1s a slow-movmg 
band We found no alkali-resistant hemoglobin ım 
these adults, hence the analogy with human hæmo- 
globin may not hold ‘The samples taken from the 
two foetuses were so small that only alkali-denatura- 
tion studies and electrophoresis on starch-gels were 
possible 


Table 1. HAMOGLOBINS AND TRANSFERRINS 


Animal No. of hemoglobins Transferrin type 
1 4 (5) 2-2 
2 4 (5) 2-3 
3 3 (4) 2-3 
4 3 2-2 
5 4 (o 2-2 
6 3 (4) 2-8 
7 2 2-8 (?) 
8 2 2-3 (°) 


Table 2, ALKALY-RESISTANT HÆMOGLOBIN 


Alkali-resistant 
Animal Age Sex hemoglobin (per cent) 

1 Adult Q 0 

2 Adult 9 12 

3 2 years 9 0 

4 4 years 3 0 

5 1 year 2 0 

6 14 days ó 50 0 

7 Fotus re 55 7 (cord) 

8 Fotus 9 18 3 (cord) 

75 6 (aorta) 
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The nomenclature used for the 
transferrin types implies that the 
inheritance of these 9-globuhns is 
due to simple non-dommant. al- 
leles, as 1s the case for the human 
transferrms® ‘The pedigree (Fig 
1) bears this out, but samples 
p from the mussing animals are 
necessary to demonstrate this 
conclusively 

Sufficient data'!12 have been 
reported so that ıt ıs reasonable 
to predict that transferrin poly- 
morphism exhibited by macaques 
may be due to the action of natural 
selection on different populations 
of these animals Unfortunately, 
1t 18 not possible to work out the 
inheritance of many of these trans- 
ferrms until varous different 
phenotypes have been cross-bred 
Lhe number of hemoglobins may 
not be explamed so simply 
Our experience with a large 
number of macaque samples from animals captured 
in three difforent localities (India, Malaya, and 
the Philippines) indicated that no more than two 
hemoglobms or components existed The results 
presented here on a group of related animals demon- 
strate that multiple hemoglobins exist and imply 
that these hemoglobms are mhented We also 
have unpublished data mdicating that multiple 
E DE among the Prosumian Primates is the 
rule 

A final statement about the mode of inheritance 
of these hzemoglobins cannot be made until additional 
data become available This problem of multiple 
hemoglobms in the non-human Primates 1s just 
coming under investigation Thus, we are only 
starting on an evolutionary and genetic problem 
of great fascination 

This work wes supported by grant RG 6053 of 
the US Public Health Service and a grant from the 
Department of Anthropology, Yale University, 
We wish to thank Vma Buettner-Janusch for determ- 
ining ultra-violet spectra of several samples in a 
Cary spectrophotometer, model 14 The animals 
came from the Yale Obstetrics Monkey Colony 
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EFFECT OF DIETARY ASCORBIC ACID ON THE SILKWORM, 
BOMBYX MORI 


By Dr TOSHIO ITO 


Sericultural Experiment Station, Suginami-ku, Tokyo 


quss are a few papers suggesting the :mpor- 
tance of ascorbic acid m the nutrition of the 
sukworm, Bombyx mort Gamo! showed that the 
content of ascorbic acid in fresh mulbeny leaves 
changed in relation to conditions influencing the 
food value of leaves, and that the amount of ascorbie 
acid in the larval body ıs dependent on that m the 
leaves Accordmg to Murthy?, ascorbic acid was 
effective for increasing survival of larve From 
these papers, however, ıt may still be impossible to 
draw a conclusion as to the precise role of ascorbic 
acid in silkworm nutrition Ascorbic acid was added 
to the diet for pink bollworm’, but most artificial 
diets developed for other phytophagous insects do 
not contain ascorbic acid The failure to rear these 
insects on such deficient diets has not so far, been 
mentioned On the other hand, Thorstemson* indi- 
cated the phagostimulant action of ascorbic acid for 
several phytophagous insects, and Dadd* showed that 
the inclusion of ascorbic acid m synthetic diet was 
necessary for normal development to the adult stage 
in two species of locusts In locusts, however, ascorbic 
acid was proved to have neghgible effect on the 
feeding, but was considered to play some part in the 
processes occurring at the moult It has long been 
felt that the role of ascorbic acid in silkworm nutri- 
tion, as suggested by previous authors, must be 
confirmed The results presented m this article are 
based largely on observations on feeding responses of 
silkworm larve given ascorbic acid and on its growth- 
promoting effect, when added to artificial diets for 
this insect 

For feeding tests an agar diet was used Its com- 
position was similar in principle to that previously 
used to test the effect of sugars on silkworm feeding® 
The diet was composed of agar, starch, sucrose, 
soybean casein, mulberry leaf powder, and cellulose 
powder Twenty ml water was added to 25 gm of 
the dry diets Where necessary, 1 part of soybean 
oul was added to 12 5 parts of the dry diets, and 
30 mgm of ascorbic acid was contained in 20 ml of 
water 


Table 1 
Larval distribution 
(per cent) 
Disk without ascorbic acid 85415 
Disk with ascorbic acid 880472 
Filter paper 852479 


(Five replicates) 


Two techniques were used to test the effect of 
ascorbic acid on feeding behaviour (1) a two-choice 
design in which newly hatched, unfed larve were 
allowed to choose the dietary media on which to feed, 
(previously used by Beck’ for the European corn 
borer) and (2) counting the number of fæces produced 
by newly hatched larve The agar media were cut mito 
disks and placed side by side on the filter paper im a 
Petri dish Approximately 25 larve were used for 
each dish and dishes were kept at 25? O in the dark 


for a few hours until counts were made on larval distri- 
bution resulting from feedmg movement In Table 
1 the result on larval distribution is presented Most 
of the larve (83 per cent) settled on disks containing 
ascorbic acid, and the remaining small number of 
larvee were either on disks without ascorbic acid or 
on the filter paper When disks were placed some 
distance apart, the result was not necessarily clear 
cut Later, the newly hatched larve, ten ma group, 
were allowed to feed on the agar diets for 18 hr at 
25° C At the end of that time, the larve were removed 
from the diet and, with the aid of a magnifying glass, 
counts were made of the number of feces As shown 
in Table 2, ascorbic acid had a high stimulative action 
on feeding, irrespective of the presence or absence of 
added soybean oil, with a high statistical significance 
Further, a slight phagostimulant effect of either 
soybean o1]*?? or plant sterols? was overshadowed by 
the strorg phagostimulant action of ascorbic acid 


Table 2 
A -corbie acid Soybean oil Feces count per larva 
— — 43120 
t — 28 8 48 
— T 04017 
T + 3024+41 


(Four replicates) 


Since 1$ became evident that ascorbic acid was a 
strong phagostimulant for the sikworm, an experm- 
ent was carried out using artificial diets to assess the 
effect of dietary ascorbic acid on growth The diets 
used for this purpose were not agar-based ones, but 
culture media solidified with potato starch, as pre- 
viously used for nutritional work on this msect$-19 
The followmg materials were included for basal 
media mulberry leaf powder (10 per cent on a basis 
of dry matter), potato starch, glucose, soybean 
casein, soybean oil, salt mixture, soybean sterols 
(or B-srbosterol), vitamm B mixture and cellulose 
powder The amount of ascorbic acid to be added 
ranged from 02 to 400 mgm per gm dry diet 
One set of results obtained 1s presented ın Table 3, 
in which mean body-weight after a 20-day rearing 
period ıs shown Even at a concentration of 0 2 
mgm ascorbic acid per gm dry diet, good growth was 
obtained, and the growth was improved by increasing 
the amount of ascorbic acid in the diets However, 
best growth and development were obtamed with 
either 40 or 100 mgm per gm dry diet Ascorbic 
acid was a'so very effective in decreasing the mortality 
at older larval stages 


Table 3 


Body-weight of individual after 


Ascorbic acid added 20-day rearing (mean of 2 batches) 


(mgm /gm dry diet) (mgm ) 
0 49 9 
02 758 
10 95 5 
20 132 6 
40 153 6 
i00 148 9 
500 1114 
20 0 1418 


952 


Thus ascorbic acid 1s necessary for better growth 
and development of the silkworm and should be 
added to artificial diets as an essential component, as 
m the locust! The effects of ascorbic acid seem 
possibly to be due to its phagostimulant action. 
However, there ıs a possibility that the growth- 
promoting effect might be a combined one of 
those on feeding and nutrition Further work 18 
necessary on the physiology of ascorbic acid in the 
silkworm. 

The details of this report will be published in the 
Bulletin of the Serwultural Experiment Station 
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VENTURICIDIN: A NEW ANTIFUNGAL ANTIBIOTIC OF 
POTENTIAL USE IN AGRICULTURE 


By A. RHODES, K H. FANTES, B BOOTHROYD, MOIRA P. McGONAGLE 
and R. CROSSE 


Glaxo Laboratories Ltd, Sefton Park, Stoke Poges, Bucks. 


URING 1957—58 we sereened some 8,000 soi 
actinomycetes for ability to produce new 
antibiotics active against apple scab (Venturia 
anaequalis) Here we summarize work which term- 
inated in the isolation and biological evaluation of a 
new antibiotic, ‘venturicidin’, now being mvestigated 
for use in agriculture 


Isolation from Soils 


Actinomycetes were isolated by moculating serial 
dilutions, from a suspension of soil in water, into 
agar media contaming different carbon sources. 
After one week’s incubation, the ‘pm-head’ colonies 
were transferred to potato-dextrose agar slopes m 
small cylindrical glass bottles 

The isolated strains were tested for antibiotic 
production in surface culture by removing ‘plugs’ 
from well-grown cultures on potato-dextrose agar 
and determining the inhibition zones produced when 
the agar ‘plugs’ were placed on microbiological assay 
plates seeded with homogenized mycelium of V 
«naequals Strams producing inhibition zones were 
afterwards tested for antibiotic production m sub- 
merged culture on three different fermentation 
media by ‘cup-plate’ assay of the fermentation broth 
against V wnaequalzs, on the 2nd, 3rd and 4th days 
after moculation Antibiotics giving zones of inhibi- 
tion greater than 20 mm diameter were again pro- 
duced by fermentation, but this time on what had 
been found the best of the three submerged fermen- 
tation media; the antibiotic production was assayed 
by incorporating serial dilutions of homogenized 
broth mto agar slopes and then inoculating the 
surface with an homogenized culture of V zwnaequals 
Antibiotics that completely inhibited. growth of 
V. «naequalis at broth dilutions ın the range 1 in 80 
to 1 in 1,280 were considered to be worth extrac- 
tion 

The technique was to submit broths from com- 
pleted fermentations to a number of different 
extraction procedures, with ‘cup-plate’ assay of 
extracts and spent broths Similarly, adsorption or 
non-adsorption on 10n-exchange resins was determined 


by ‘cup-plate’ assay of the resin filtrates and eluates 
The results enabled & suitable procedure to be devised 
for preparing a crude extract of the antibiotic 

Fermentations with the selected strams were 
repeated under optimum conditions m submerged 
culture, but now ın two 5-litre mechanically agitated 
and aerated laboratory fermenters!, the bulked broth 
at the end of the fermentation was extracted by the 
selected method to give approximately 25 ml of a 
highly concentrated solution in acetone These ‘first 
concentrates’ were scrutinized m several ways (ex- 
traction pattern, ultra-violet absorption spectrum, 
chromatography and bio-autographs, microbiological 
‘spectrum’ ın vitro, phytotoxicity and antifungal 
foliage protection tests) so as to eliminate unwanted 
antibiotics (polyenes, antimyem complex, oligomyem 
complex and cycloheximide) It became clear, after 
considerable experience of this procedure, that an 
apparently new antibiotic, designated venturicidin, 
was being produced by several strains of streptomyces 
and that ıt was both non-phytotoxie and highly active 
against a wide range of plant pathogenic fungi 

In general, ıt was observed that strams producing 
venturicidin gave ‘first concentrates’ which completely 
mhibited Y wnaequales 1n tube assay down to dilutions 
of 1 m 100,000 Simularly, the ‘first concentrates’ 
usually gave inhibition zones against Cercospora 
melons m ‘cup-plate’ assay down to dilutions of the 
order of 1 m 100,000 This plant pathogenic fungus 
bemg more suitable than Y «naegualis for use in 
assays of this type, 16 was selected as convenient for 
microbiological assay of solutions of venturicidin in 
50 per cent acetone 

‘First concentrates’ contammg venturicidin were 
obtained from several strains and gave good protec- 
tion in greenhouse tests agamst V waequales when 
applied at dilutions of 1 ın 500 to I in 2,000 to the 
fohage of pot-grown apple root stocks (Malling/ 
Merton 106 and Malling XVI) Similarly, excellent 
protection was given to barley seedlings against 
Erysiphe grammes. In no test did venturicidin show 
any signs of phytotoxicity 

Further extraction tests on fermentation broths 
accompanied by appropriate ‘cup-plate’ assays led 
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to an improved technique for extraction, this was 
apphed io the preparation in two 5-htre laboratory 
fermenters of an improved ‘second concentrate’ 
and then for provision of crystalline venturicidm 
from 225-htre stamless steel pilot-plant fermenters 

Lhe method of preparmg crystallme venturicidm 
1s summarized here, together with its mam chemical 
and biological properties 
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Crystalline Venturicidin 


Straws Venturicidin 18 produced by three distinct 
strains of Streptomyces having a general resemblance 
to Streptomyces griseolus and S halstedi and some 
affinity with S aanthophaeus They have been found 
in souls from many parts of England and also from 
New Zealand Typical members of these three strains 
have been deposited in the National Collection of 
Industrial Bacteria under Culture Nos N CIB 9198, 
NCIB 9199 andN CIB 9200 

Fermentation Vegetative moculum was grown m 
a 5-litre laboratory fermenter contaming ‘Sabou1aud’ 
and malt medium (2 per cent ‘Oxoid’ malt extract, 
4 per cent glucose, 1 per cent ‘Oxoid’ peptone) 
and transferred at the 28th hr to a 225-ltre pilot- 
plant fermenter contaming the medium (3 per cent 
Rickard’s oat-flour, 1 per cent light precipitated 
chalk, 075 per cent glucose). The fermentation 
temperature was 28°C and the broth was extracted 
after three days 

Extraction. The broth was filtered at pH. 6 and the 
filtrate discarded The mycelium was extracted at 
room temperature with acetone and the extract was 
freed from acetone by concentration under reduced 
pressure with addition of a little water, as necessary. 
The aqueous solution was extracted at neutrality 
with light petroleum (60-80?) to remove antifoam 
oil, and any venturicidin that had been inadvertently 
extracted was afterwards recoverd by re-extraction 
with 90 per cent methanol The aqueous methanol 
solution was freed from methanol under reduced 
pressure, and the aqueous residue was combined with 
the main aqueous solution before extraction with 
ethyl acetate The ethyl acetate extracts were dried 
over sodium sulphate and taken to dryness under 
reduced pressure to give an oily solid. 

Crystallzation A typical crystallization was carned 
out by the followmg procedure To 248 gm of 
crude oly solid, 25 ml of carbon tetrechloride were 
added The oil dissolved, but precipitation of semi- 
crystalline material occurred immediately, ıt was 
removed by filtration and washed with carbon tetra- 
chloride to give 610 mgm of almost colourless solid 
This was dissolved in 7 ml of hot methanol, and 2 ml 
of water were added On cooling, 590 mgm of needle- 
shaped crystals (mp 128-132? C ) separated 

Alumina chromatography The procedure used in 
a typical purification was as follows A column 
was prepared with 15 gm of ‘Woelm’ alumina 
{neutral grade 1) 579 mgm of crude oly solid were 
added in 5 ml of chloroform Continued elution with 
chloroform elimmated 145 mgm of oy material, 
after washing the column with ethyl acetate, 95 mgm 
of a biologically active fraction were eluted with ethyl 
acetate containing 5 per cent methanol. This material 
was crystallized from methanol/water to give a solid 
(mp 1355-1375? C) and further purified by 
alternate re-crystallizations from ethyl acetate/light 
petroleum and methanol/water, to give crystalline 
materal [mp 140-142? C (uncorrected), («)p = 
+ 110? (c 1 per cent, chloroform)], contamung only 
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one biologically active substance, as shown by bio- 
autographs of chromatograms developed in several 
solvent systems. 

Chemical propertes Venturicidin 18 a neutral sub- 
stance It ıs soluble in butanol, ethyl acetate or 
chloroform It ıs stable at room temperature at 
pH 7 It gives negative ferric chloride, ammomacal 
silver nitrate and anthrone tests, but shows a red 
coloration with 2,4-dinitrophenylhydrazme 

Prof B Lythgoe, of the University of Leeds, 1s 
now investigating the structure of venturicidin, and 
we are grateful to him for the following results 


mp. ae. oe [2] D p Ü Ey (c L per cent, chloroform) 
3 o , J 
Found C 64 65, 65 1? H 8 95, 8 85^ N 175,175,175, 
O (Unterzaucher) 23 95, 23 5 
Calculated for QsHnOiwN C650, H90, N175, 0242 per cent 


Venturicidm can be conveniently prepared as a 
10 per cent water-miscible solution m ‘ethyl cello- 
solve’ with addition of a suitable surface-active agent, 
on cilution with water this provides solutions of 
venturicidin, at concentrations between 200 and 
25 pgm /ml, suitable for application to plant fol 
age 

Biological actwity of venturrcedin m vitro Crystal- 
line venturicidin is antifungal but not antibactenal, 
though when crude ıt 1s sometimes associated with 
antibacterial material Minimum concentrations in 
50 per cent acetone producing inhibition zones m 
‘cup-plate’ assays are given in Table 1. 


Table 1 MINIMUM CONCENTRATIONS OF VENTURICIDIN NEEDED TO 
GIVE INHIBITION ZONES IN ‘CUP-PLATE’ ASSAYS AGAINST PLANT 
PATHOGENIC FUNGI 


Minimum inhibitory 
concentration 
(ugm jml ) 


40 0 


Fungus 


Ascochyta piss 
Aspergillus niger 
Alternaria tenurs 
Botrytis cinerea, 
Cercospora melonis 
Didymella lycopersver 
Fusarium nwale 
Glomerella angulata 
Helmainthosporium avenae 
Phoma betae 

Pythium de Baryanum 
Penmollum expansum 
Thielaviopsie basicola 
Trichothecrum roseum 
Ustilago maydis 
Ferkealhum albo-atrum 


c 


hom n 
NWOAMNOOUASNPONNHNOS 
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Tube-dilution assay (antibiotic incorporated m agar 
and test fungus inoculated to the surface) gave the 
results as follows 
Venturia wnaequalis complete inhibition at 1 ugm jml and partial 
inhibition to 01 ggm jml 

Sclerotinia fructigena complete inhibition at 0 3 ugm /ml. and partial 
inhibition to 0 01 ugm jml 

Boirytis cerea complete inhibition at 0 3 ugm jml 

Glomerella cngulata 


Cercospora meionis 


} partial inhibition to 0 3 pgm /ml 
Fusanum nwale 


Venturicidm also exhibited exceptionally high 
activity agaist Nocardia rubra (complete inhibition 
by 008 ugm /ml after 7 days m liquid tube dilution 
assay) and markedly inhibited Aspergillus fumigatus 
and Blastomyces dermatiidis at concentrations be- 
tween 20 and 1 25 ugm /ml 

Greenhouse protection tests with venturrcidin against 
plant pathogenic funge Crystalline venturicidin gave 
excellent protection against a number of plant patho- 
genic fungi when used as a prophylactic foliage spray 
ın greenhouse tests For example, a6 JLJDy. s, 
20 ugm/ml venturicidin was approximately as 
effective as 200 pgm /ml Captan agaimst apple scab 

V wmeequalis) and was about as good as 200 ugm /ml 
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Karathane against barley muldew (E gramms) 
Venturicidin 38 also exceptionally active against 
broad bean rust (Hunnam, D , and Smith, C B F, 
private communication) and has some activity at 
concentrations of 20-40 ugm /ml against cucumber 
mildew (Erysiphe  cwhoracearum), apple mildew 
(Podosphaera leucotricha) and grey mould (B cinerea) 
on tomatoes and vines Venturicidin showed local 
systemic action ın apple foliage and some eradicant 
action against V «naequalrs 

Pharmacology of venturicidin Preliminary results 
on mice and dogs show venturicidin to be non-toxic 
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orally, besides having low intraperitoneal toxicity 
and relatively low intravenous toxicity ('Tomuch, 
E G, private communication) 

It 1s concluded that venturicidin 1s a new anti- 
biotic with considerable potential use m agriculture 
Jt 18 now undergomg commercial evaluation as a 
fungicide against apple scab (V «naequalis) 

We thank our colleagues, Mr W K Anslow and 
Mr D Fletcher, who were responsible for the 5-htre 
and pilot-plant fermentations 
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STRUCTURE OF THE PLANT STEM IN RELATION TO 
ADVENTITIOUS ROOTING 


By A. BERYL BEAKBANE 


East Malling Research Station, Kent 


HE ability of one-year-old stems to form 
adventitious roots has been found, m a 1ange of 
fruit plants, to be closely related to the anatomical 
structure of the primary phloem of the stem Shoots 
of shy-rooting varieties are frequently characterized, 
in this tissue, by a high degree of sclerification, that 
18, differentiation into fibres and sclereids In Con- 
ference pear, for example, an almost continuous 
cylinder of mature thick-walled fibres without living 
protoplasts encircles the secondary phloem and 
appears, 1n transverse section, as a ring of lignified 
tissue (Fig 1) In ready-rooting plants ıt 1s usual 
to find that most of the primary phloem parenchyma 
cells retain living protoplasts even when they are 
in a stage of transition to sclerotic parenchyma, or 
sclereids It follows, therefore, that in stems possess- 
ing a high rooting propensity many of the phloem 
rays abut, at their distal ends, on areas of living 
tissue (Fig 2) 1n contrast to the shy-rooters, where 
the phloem rays are frequently blocked by heavily 
lignified elements (Fig 1) The degree of contmutty 
of the sclerenchymatous rmg 18 compared, in Table 1, 
with ease of propagation as shown by the behaviour 
of stooled plants reported by Garner! As the 
propagation capacity falls, the continuity of the rmg 
Increases 
A similar general relationship between the degree 
of sclerification of the primary phloem and iooting 
ability has been observed among rootstocks foi stone 
fruits, and in a range of flowering shrubs from temper- 
ate regions Shoots of certain shy-rooting tropical 
plants, including Hevea braszhensis sent from Malaya 
and Acacia mearnsi sent from Natal, have been 
found to possess, at the base of one-year-old stems, 
an almost unbroken cylinder of mature hgnified 
elements, similar m continuity to that of the shy- 
rooting Conference pear, but differing 1n composition 
as regards type of element Workmg with stem 
cuttings of the olive m Italy, Ciampi and Gellm? 
noted a similar connexion between the absence of a 
sclerenchymatous rmg and rooting potential Thus 
a relationship between structure and rooting capacity 
would appear to be applicable to a wide range of 
species That the presence of periphloic sclerenchyma 
18 not the sole cause of the prevention of easy rooting 
18, however, shown by the following examples 


species of Ptosporum lackmg such sclerenchyma 
are, nevertheless, difficult to root, as are also certain 
Erica spp where a phellogen is laid down on the 
inner side of the periphloic sclerenchyma (C R 
Metcalfe, private communication) 

Inherent differences between clones in the degree of 
sclerification of the primary phloem have been found 
to be relatively stable ın material grown under 
comparable conditions at East Malhng Envuiron- 
mental effects may, however, be superimposed on the 
mherent structure, differentiation of the primary 
phloem parenchyma cells mto fibres and sclereids 
being retarded, for example, by shadmg, and by 
partial etiolation as 1n the earthing up of stool shoots, 
or marcotting of aerial stems 

Comparisons between shoots exhibiting juvenile 
characteristics and mature shoots, both derived from 
the same plant, have indicated that, m seedling 
apples, the basal juvenile shoots are relatively free 
from sclerotic cells ın the primary phloem compared 
with lateral shoots from fruiting branches close to the 
apex of the maturmg tree These observations pro- 
vide indirect evidence of a relationship between 


Table 1 RELATION BETWEEN PROPAGATION CAPACITY AND PRIMARY 
PHLOEM STRUCTURE IN STEMS 


Continuity of fibre 
Variety Propagation Ting * 
capacity Percent Mean 
Apple rootstocks 
M. XTII 28 
MV Exeellent 43 41 
M XI 52 
M.IV 50 
M XVI Good 04 64 
MII 69 
M XII 69 
M XXV Fair 71 75 
M VIII 85 
Crab C 82 
Northern Spy Poor 84 84 
Ivory’s Double Vigour 86 
Scion varieties 
pple 
Bramley’s Seedling 86 
Cox’s Orange Pippin Poor 83 80 
Lane’s Prince Albert 70 
Pear 
Conference 99 
Williams's Bon Chrétien Poor 06 98 


* Proportion of radu through the primary phloem blocked by 
sclerenchyma 
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Figs 1-3 Structure of primary phloem 


(1) Conference pear, 
(2) Malling V apple rootstock, (3) Fagus sylvatica (beech) 


a, cortex, b, sclerenchymatous sheath, c, phloem, d, primary 
phioem fibres, e sclerenchymatous sheath, f, sclerosed phloem 
ray, g, multiseriate \ylem ray 


anatomy and rooting potential since loss of rooting 
ability over the period of change from juvemility to 
maturity, first reported ın 1929 by Gardner’, ıs now 
well established for a number of plants, mcluding the 
apple Ready-1ooting sphaeroblast shoots, artificially 
induced by continuous removal of normal bud 
meristems’, have also been found to have fewer 
fibres and selereids in the primary phloem than 
shy-rooting normal shoots from the same apple 
clone 

Sphaeroblasts are small woody inclusions occa- 
sionally found in the bark of many tree species 
These nodules, which are separated from the central 
vascular cylinder, possess a cambium and may 
contmue to grow over a period of years, forming 
annual rings and eventually protruding conspicuously 
from the trunk — Following certain stimuli, ncluding 
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severe pruning aecompanied by the removal of all 
lateral buds and of any subsequent shoots from 
dormant buds, young sphaeroblasts may grow out 
producing either rosettes of leaves or long shoots 
lhe work of Baldini and Mosse? on the inception of 
sphaeroblast primordia in apple has shown that 
sphaeroblast shoots arise adventitiously from a 
massed meristem origmating in a plimary tissue, 
thus providing anatomical evidence of juvenihty, 
supporting the observations of Stoutemyer® and 
Wellensiek® that adventitious shoots from sphaero- 
blasts exhibit juvenile morphological characters If 
sphaeroblast shoots are in a more juvenile phase than 
those arising normally from a cambial meristem, the 
differences in anatomy between them provide a further 
example of the increasing sclerification of the 
primary phloem with advancing maturity of the 
tissue and they are in line with the suggestion made 
by Foster® that sclerification 1s an aspect of tissue 
senescence 

It 1s obvious that if a correlation exists between 
the degree of sclerification of the primary phloem 
and rooting capacity, the rooting of difficult subjects 
might be facilitated by using very young shoots taken 
before the cells of the primary phloem lose thew living 
protoplasts This method 1s, of course, exploited in 
propagation of softwood cuttings under mist where 
rapidly growmg shoots are used At this stage of 
development, wall thickening may have begun in 
primary phloem cells destined to become fibres, or 
sclereids, but lignification 1s usually absent, or slight, 
and the cells retain a living protoplast in all except 
the most shy-rooting kinds Im plants that are 
exceptionally difficult to root, even from softwood 
cuttings as, for example, beech, the onset of tissue 
senescence m the phloem appears to be very rapid, 
and, 1n addition to the formation of a sclerenchymat- 
ous cylinder in the primary phloem, the broad 
multiseriate secondary phloem rays may become 
hgnified in quite young tissue close to the cambium 
(Fig 3) 

The simplest explanation of the effect of a sheath 
of lignified tissue on rooting capacity would be a 
mechanical one, but this 1s probably not the sole— 
or even the major—cause of failure to root since, in 
many plants, root initials do not form at all readily 
within such a sheath Some alternative hypotheses 
are at present being investigated 

Quite apart, however, from speculations on the 
mechanisms involved, ıt would appear that the 
observed relationship between anatomy and ease of 
rooting may have a practical application and that, 
within certain limits, 1t may be possible to forecast 
rooting capacity from the structure of young 
stems 

Thanks are due to Dr C R Metcalfe, keeper of 
the Jodrell Laboratory, Royal Botame Gardens, 
Kew, for having suggested this investigation, and to 
Mr R J Garner for providing much of the material 
and giving information on the rooting of a number of 
clones 


1 Garner, R J, Rep E Malhng Res Sta for 1952, 64 (1953) 
? Ciampi, € , and Gellim, R , Nuovo G Bot Ital , 65, 417 (1958) 
s Gardner, F E, Proc Amer Soe Hort Sc ,26, 101 (1929) 


“Hatcher, E S J, and Garner, R J, Rep E Afalling Res Sta for 
1954, 73 (1955) 
B decr an V T, Res Bull Ioua Agric Exp Sia, No 220, 807 


° Wellensiek, S J, Proc Kon Ned Akad Wetensch , Series C, 55, 
567 (1952) 
7 Baldini, E , and Mosse, Barbara, J Hort Ser, 31, 156 (1956) 


3 Foster, A S, Practical Plant Anatomy, second edit , 97 (D van 
Nostrand Co , Ine, New York, 1949) 
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LETTERS TO THE EDITORS 


GEOPHYSICS 


A Morning Discontinuity in the 
Orientation of Quiet Auroral Arcs 


From all-sky camera recordmgs taken at this 
Observatory (geographic co-ordinates 67 8° N , 20 4° 
E, geomagnetic co-ordinates 653° N, 1155? E) 
during the period December 1958 — March 1961 the 
directions of 366 quiet auroral arcs were measured 
Only arcs extending from horizon to horizon, or at 
least covermg an angle of view of about 100° for the 
most distant arcs and having an elevation angle of 
more than 15° for the highest pomt, were used in 
the analysis 

With the assumption of a constant height along 
the lower limit of the Jummosity—for which there 1s 
good evidence (cf Stormer')—the angle between 
a straight line connecting the points at which the arc 
intersects the horizon and a line through the midpoint 
of the chord, parallel to the meridian through Kiruna, 
was measured Although this angle may differ 
shghtly from that between the projection of the arc 
on Earth's surface and the local meridian through 
the midpoint of the arc—as measured by most investi- 
gators before the advent of all-sky cameras—the 
difference ıs estimated at less than one degree in the 
actual case Since this difference ıs less than, or at 
the most equal to, the error introduced m measuring 
the angle of the chord, 1t has no appreciable influence 
on the results obtamed ‘To the types of uncertainties 
mentioned should be added the possible error intro- 
duced in extrapolating some of the arcs to the 
horizon Since this is‘estimated at 1-3°, the total 
error m the obtained direction of an are will certainly 
not exceed 4° 


No of ares for each hour 


140 


130 


120 


m 
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Azimuth measured east from geomagnetic north 


~T 
e 





Geom time 
Fig 1 Observed directions of quiet auroral ares at Kiruna as a 


function of M ET and of approximate geomagnetic time The 
average azimuth and the standard deviation are given for each 
hour The lower, dashed curve 1s Alfvén's theoretical diurnal 


variation curve 


18 





Fig 2 Curve 1 18 the auroral curve on Earth corresponding to 

Alfvén’s I-curve, plotted from the diurnal variation in the 

otientation of quiet auroral ares observed at Kiruna It is 

corrected for the non-dipole part of the geomagnetic field 
Curve 2 18 Alfvén's theoretical] I-curve 


Ihe result of the alignment investigation 1s shown 
in Fig 1 Foreach hour ofm x T the average direction 
and the standard deviation were computed In so 
doing, the direction value of each arc was weighted 
with the duration of the are. The total average for 
the whole material was 109° and a typical standard 
deviation was 6° 

At the top of Fig 1 the number ıs given of arcs 
used for each hour The number has a maximum 
around geomagnetic midnight In the morning hours 
the aurora as a rule is not suitable for direction 
determination, bemg usually diffuse and situated far 
to the north It 1s not surprising, therefore, that the 
observational results are least for those hours The 
morning ares for which the direction was measurable 
were all of short duration 

Although the observational material ıs not exten- 
sive for the interval 0400-0800 x x T , ıt allows the 
conclusion that the very rapid increase of the azimuth 
occurring between 0500 and 0600 ME v 1s significant 

The azimuth change in the mornmg 1s so rapid 
as to resemble a discontinuity of the type predicted 
by the Alfvén theory? Such a marked ‘discontinuity’ 
has not, to our knowledge, been observed before 
Lassen? observed a rapid change in dnection at 
Godhavn at approxumately the same local time, but 
the amplitude of the change was less (about 20° 
as compared with 30° in Kiruna) 

In point of fact 1t should be possible to observe 
the discontinuity only in those longitudes in which 
geomagnetic time runs ahead of local time, smce 
daylight will preclude auroral observation until 
8 or 10 o'clock (geomagnetic time) ın other longitudes 

From the smoothed diurnal variation curve of Fig 
1 the auroral occurrence curve—corrected for effects 
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of the non-dipole part of the geomagnetic field 
—eorrespondmg to the ‘ideal auroral curve’ (the 
I-curve) of Alfvén? was plotted and is shown 
in Fig 2 together with Alfvén’s theoretical I- 
curve. The entire experimental curve is situated 
outside the circle, with which ıt comeides at 1800, 
in contrast to the theoretical curve, which 1s mside 
the circle The difference 18 attributable to the fact 
that the azimuth values of the experimental curve 
are 7—-9° greater than the values of the theoretical 
curve even after correction for the effects of the 
non-dipole components of the geomagnetic field. 
Hence, the theoretical curve 1s situated outside the 
standard deviation ‘region’ of the observational 
material The difference, therefore, 1s probably a 
real one, which 1s not surprising since the theoretical 
curve 18 based on a highly 1dealized model. 


Benet HULTQVIST 
ALV EGELAND 
GEORG GUSTAFSSON 


Kiruna Geophysical Observatory, 
Kiruna C, Sweden 
1 Stórmer, C, The Polar Aurora (Oxford, 1955) 


2 Alfvén, H , Cosmecal Electrodynamics (Oxford, 1950) 
* Lassen, K , Nature, 184, 1375 (1959) 


ASTROPHYSICS 


Lunar Dust and the Gegenschein 


Or the four possible explanations of the gegenschem 
which have been proposed, not one so far has explained 
satisfactorily the meagre observational data concern- 
ing this phenomenon The Glyden—Moulton hypo- 
thesis?, which suggests a concentration of meteoric 
material at a libration point of the Sun—Earth system, 
seems incapable of explamung all the lummosity of 
the gegenschein The zodiacal light hypothesis?, 
which claims that the glow opposite the Sun results 
from a phase-function for the interplanetary dust 
layer which produces such a brightening, fails to 
explain the fact that the gegenschein usually hes 
approximately 3? west of the anti-solar pomt? The 
gaseous tail hypothesis! >, in explaming the light as 
the result of excitation of Earth-escaped gases by the 
interplanetary plasma, does not account for the fact 
that the colour of the gegenschein 18 slightly redder 
than that of the Sun® Finally, the dust tail hypo- 
thesis’, although explainimg the facts ın a qualitative 
way, at least, requires a large and continuous source 
of dust particles in Earth’s neighbourhood 

Before the satellite measures of interplanetary dust 
concentration became available, there was little 
reason to suggest such a source of dust in the 1mme- 
diate viemuty of Earth However, the remarkable 
fact that Earth 1s surrounded by a concentrated dust 
layer? seems to be explained in no other way Whipple 
has found that the Moon might be the source of 
Earth’s dust layer, for under certam conditions, the 
velocities of fragments thrown up from the lunar 
surface as a result of meteorite mmpact will exceed 
the lunar escape velocity Many of these particles 
will be captured in quasi-stable orbits about Earth, 
forming just the sort of layer of dust found by the 
satellite experiments Smaller particles will be blown 
out by radiation pressure before they can orbit Earth 

It seems reasonable to suggest that this localized 
source of dust m the mmediate viemity of Earth is 
sufficient to maintam a dust tail for Earth acted 
on probably by radiation pressure analogously with 


NATURE 


957 


type II comet tails If such ıs the case, then Earth has 
a dust tail as well as a gas tail®, and we would be in 
the position of looking down the axis of the tal To 
test such a hypothesis 16 will be necessary to work 
out theoretically the mechanism of supply of the 
dust layer and of its depletion It will also be helpful 
to have further observations of the gegenschein to 
confirm its colour, spectrum, location, surface bright- 
ness, and variations in these quantities Especially 
interesting would be systematic studies of the 
motions of the gegenschem and any relations these 
might have with other events Measures of the 
parallax of tne gegenschein should be attempted 
from an orbiting vehicle 
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PHYSICS 


Mode Characteristics and Coherence in 
Optical Ruby Masers 


AN optical maser, using a good-quality ruby crystal 
with plane-parallel reflectors, oscillates ım modes 
corresponding to Fabry-Perot resonances Oscula- 
tions are shown to occur at several different wave- 
lengths corresponding to various numbers of half- 
wave-lengths between reflecting ends For each wave- 
length, there are many angular modes which are 
coupled so that they oscillate coherently This 
implies that a set of angular modes may be considered 
a single modified mode and that light from the entire 
set may be focused to a point of minimum size 
allowed by the wave-length of the light 

There have already been various discussions of the 
modes in an optical cavity!“ and experimental 
demonstration of a ring structure in light emitted by 
ruby masers The photograph shown m Fig 1 was 
taken by passing a pulse from a ruby maser through 
a 410-mm lens, with the photographic plate in the 
focal plane (far-field pattern) The series of rings 
observed. corresponds within the accuracy of measure- 
ment with the pattern of a Fabry—Perot interfero- 
meter Separations between successive sets of rings 
follow the interferometer equation 
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where D; 18 the diameter of the nth ring on the film, 
f the focal length of the lens, à the wave-length, pu the 
refractive index, and L the geometrical length of the 
ruby The value of L obtamed from this expression, on 
substitution of other quantities and measured values 
of Dn, agrees with the measured length of the crystal 
to within a few per cent This was found to be the 
case for crystal samples of differing lengths, a fact 
which rules out interpretations of the rmgs on the 
basis of diffraction by some unidentified aperture 
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The ring pattern of Fig 1 was allowed to fall on 
two 100u apertures separated by 2 mm which 
accepted hght from different rings or different portions 
of the same ring, corresponding to different angular 
directions of propagation withm the ruby mter- 
ferometer Interference patterns characteristic of 
coherent sources resulted (Fig 2), which reproduce 
the pattern found at a distance of 2 5 ft with no lens 
interposed ‘This implies that various angular modes 
are of precisely the same frequency and coherent m 
phase. They must therefore be effectively coupled. 
Scattering from lattice rmperfections 1s known to be 
prominent, and can be expected to couple the various 
modes as a result of transfer of hght between them 

One must not however, assume that only one 
frequency 18 present in the oscillation The photo- 
graph in Fig 3 was taken by interposing between the 
ruby and camera an external Fabry—Perot nter- 
ferometer of about l-em spacing The ring structure 
of Fig 1 1s seen m the background of the various 
orders of the interferometer The ‘fine structure’ 
components shown were measured and the wave- 
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Fig 1 Ring pattern formed bv light beam from ruby maser at 
the focal plane ofalens Spacing of rings corresponds to angular 
modes in ruby rod for a fixed frequency 
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Fig 2 Interference pattern produced by light from two small 
npertures transmitting beams from different parts of the ring 
pattern of Fig 1 
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Fig 8 Rings produced by beam from ruby maser after passage 

through a Fabry-Perot interferometer, showing resolution of 

longitudinal modes The less obvious superimposed series of 

rings 18 the same shown in Fig 1, which occurs without passage 
through a Fabry-Perot imnterferometer 


number difference of adjacent components was about 
007 cm -~ which, for our crystal, ıs equal within 
about 10 per cent to the separation of longitudinal 
modes Av = I1/2uL Such separations have 
pieviously been measured directly as beats m the 
helium-—neon and ruby systems®” 

The several frequencies shown in the pattern of 
Fig 3 are, of course, all within the ruby emission line, 
and are so close together that their interference 
patterns can coincide in Fig 2 Hence the emission 
of the ruby maser 18 composed of several different 
frequencies with separations determined by those of 
the longitudinal modes Each of these frequencies 18 
emitted coherently in a series of coupled angular 
modes The large numbe: of angular modes spreads 
the emitted energy into a beam the width of which ın 
solid angle exceeds that of the diffraction pattern of 
the principal mode by as much as several orders of 
magnitude? We mean by a piincipal mode one in 
which the wave propagation 1s essentially perpen- 
dicular to the reflecting ends, and hence which can be 
expected to have the lowest losses!-* It should be 
noted that oscillations under many different condi- 
tions always showed a maximum ın the direction of 
the principal modes Presumably, it ıs the lower 
losses of these modes, and their saturation of adjacent 
frequency regions ın the ruby emission. during oscilla- 
tion, which produce just those frequencies that 
correspond closely to several adjacent principal 
modes m the cases examined One must expect 
under some conditions to find other combmations of 
frequencies 

It ıs interesting to note that the coherence observed 
between the angular modes, and the coupling which 
must exist between them, implies that the set of 
angular modes may be regarded as a single modified 
mode, ın which the maser is oscillating This means, 
further, that ıt should be possible to concentrate the 
energy at a point or in a beam as small as that 
allowed by coherent oscillations m any other form of 
single mode Such a possibility can be of importance 
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m concentrating large amounts of power from solid- 
state masers into small spots or highly directed beams 
For example, one may note that the successive rings 
in the focal plane of the lens may be all made to 
arrive in phase at any arbitrary point on the axis by 
interposing a suitable phase-shiftimg plate at each 
ring The light would then be focused as by a zone 
plate, and a suitable following lens could produce a 
beam of width limited primarily by the aperture of 
the lens 

The phase coherence of the various angular modes 
imphes also the existence of rings in the near field 
due to interference of the beams from these modes, 
which may be considered as a set of coherent waves 
travellmg at various angles with respect to the axis 
Some rings have been observed ın the nea: field by us 
and by others (Collins, R J , private communication), 
but they have not been carefully compared with 
expected theoretical behaviour 

This work was supported in part by a contract 
with the US Air Force monitored by the Air Force 
Office of Scientific Research, and m part by a Joint 
Services contract with the US Army Signal Corps, 
the Office of Naval Research, and the Air Force 
Office of Scientific Research 
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de Haas-van Alphen Effect in InBi 


THE de Haas—van Alphen effect (oscillatory 
dependence of magnetic susceptibility on magnetic 
field strength at low temperatures) has provided one 
of the most successful methods for studying the Fermi 
surfaces of pure metals at low temperatures Recently 
the utility of this technique has been extended to 
semiconducting compounds with the observation 
of the de Haas-van Alphen effect in degenerate 
p-type PbTe (ref 1) In this communication we 
report what we believe to be the first observation of 
de Haas-van Alphen oscillations in a metallic com- 
pound, InBi (ref 2) 

The single crystal of InBi used in the present 
investigations was obtained by mixing stoichio- 
metric quantities of indium and bismuth in a ‘Pyrex’ 
glass tube under vacuum The molten compound 
was then forced under helium pressure into a tapered, 
‘Pyrex’ glass capillary which was allowed to cool 
slowly 1n a temperature gradient A cylindrical sample 
of length 13mm and diameter 09 mm was cut from 
the capillary with a sandblaster, and the glass casing 
was dissolved with hydrofluoric acid An X-ray 
analysis showed the direction of the sample axis 
to be 33°+ 2° from a <100> axis in the basal plane 
of the tetragonal crystal The pulsed field apparatus 


NATURE 


> we eye ee erm We le ll =, 


- ^ ' AA 0 dme Moesia ee pte om Am my 


llt. 


! 1 r zi 
LI å i q 2 i = lal 
r Es ^h 
r E Y u 7 t ; i 
BD MER uu MEN 
" i s LJ -— 

; : i i | 

L] “ L I 

H i 


— = mairt ene aa E NU al 


* i = 





Fig 1 de Haas-van Alphen effect in InBi at 111°K The 
oscillating trace shows the output from a pick-up coil containing 
the sample The curved trace shows the magnetic field Increasing 
from 801 to 1306 k gauss during a sweep time of 18 msec 
(time increasing from right to left) The beating effect 1s due 
to two oscillating terms of different period and amplitude 
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Fig 2 Long period de Haas-van Alphen oscillations in InBi at 

111°K The diagonal trace shows the field increasing from 36 2 

to 70 0 k gauss during a time of sweep of 09 msec The change 

in interval occupied by each successive oscillation 1s a consequence 

of the decrease of the time derivative of the magnetic field and 
the periodicity of the oscillations m H-} 


used in this work has been described briefly m pre- 
vious communications®:4 

With the sample mounted with its axis parallel to 
the magnetic field (within + 2°) we observed three 
oscillating susceptibility terms which are pictured 
in Figs l and 2 The pertinent de Haas—van Alphen 
parameters foi these three periods are given in Table 
1 The extremal cross-sectional aieas, A, of the 
Fermi surface were calculated from the pei ods, P, by 
the relation A —4z'?elchP The effective mass for 
each pernod was determined from the tempersture- 
dependence of the amplitude of the oscillations® 

Jt 1s apparent that the ranges of de Haas—van Alphen 
parameters 1n InBi are similar to those characteristics 


Table 1 PERIODS, CORRESPONDING FERMI SURFACE EXTREMAL 

CROSS-SECTIONAL AREAS, AND EFFECTIVE MASSES FOR DE HAAS- 

YAN ALPHEN OSCILLATIONS IN INBI (ACCURACY OF PERIODS IS 
APPROXIMATELY 5 PER CENT) 


Period (10-? gauss-) Area (1015 cm -?) m*my, 
8 43 113 058 + 01 
6 33 151 064401 
254 0 38 021 + 005 
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of pure polyvalent metals’ The application to InBi 
of the nearly free electron model*’, which has met 
with some success 1n understanding pure metals, will 
be attempted when more data are available de Haas— 
van Alphen measurements should be possible on a 
wide variety of metallic compounds, thus providing 
insight into the nature of electrome binding and 
structure in such materials 

This research was supported by the US Atomic 
Energy Commission 
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A Method of Calibrating Two-Sphere Non- 
directional Radiometers 


WHEN two heated spheres, one black and one 
“bright, but otherwise identical, are kept at the same 
temperature, they lose an equal amount of heat by 
conduction and convection! Any difference imn heat 
input 18 due to the difference in radiational exchange 
Neither air temperature nor air velocity enters the 
calculations for determming the mean radiant tem- 
perature of the surroundings The quantities needed 
are the heat mput of the two spheres, the tempera- 
tures of the two spheres (which should be equal), the 
surface area, the emussivities of the bright and the 
black sphere Nickel! or gold? is used for plating the 
bright sphere 
Attempts have been made to predict the accuracy 
of the two-sphere radiometer from the above quanti- 
ties Roose! reasoned that, as the heat input can be 
measured with an accuracy of + 0 5 per cent, the error 
m mean radiant temperature would be + 036° F 
Sutton and MeNall? antierpated errors not exceeding 
+ 2°R 
The method now proposed avoids the need to 
measure surface areas and emussivities Advantage 
18 taken of times and circumstances when the readings 
of a globe thermometer? and of air temperature 
happen to be equal This 1s so, for example, out of 
doors in the evening durimg the transition from solar 
heat gain to radiational loss, or 1t may be so indoors 
under certain conditions In such circumstances, it 
is clear that there 1s then, for the time being, 8 state of 
thermal equilibrium in which globe temperature and 
air temperature are both equal also to the mean 
ambient radiant temperature, so that the latter is 
known Thus, if the two-sphere radiometer 1s operated 
at such & time, the answer which it should give 18 
known, and only the heat inputs to the spheres need 
be measured, ın addition, ın order to enable its cah- 
bration constant to be found 

Using the above method ıt was found that the 
average error when measuring mean radiant tempera- 
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tures with the Sutton—McNall? instrument was 0-4 deg 
F, the highest deviation encountered was 1 deg F 
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BIOPHYSICS 


Montmorillonite as a Caliper for the 
Size of Protein Molecules 


Ir is known that protems may be adsorbed from 
solution by the clay montmorillonite, leading to an 
increase in d(001) crystallographic spacings! In 
order to compare these increases with the size of 
protein molecules one must be certain that a complete 
mono-molecular layer of protem has been adsorbed, 
and this can be calculated to require 1 3-20 gm of 
protein per gm ofclay As the clay becomes saturated 
the adsorption isotherm levels off, but the isotherms 
are muitially steeper than curves of the Langmuir 
type? Assuming that protem molecules are spherical, 
we have calculated the expected d(001) spacmgs and 
compared them with the experimental values found 
(Table 1) The agreement 1s moderately good for all 
but pepsin Hemoglobm appears to be adsorbed as 
& monomer, whereas lactoglobulin enters the clay 
particles as & dimer 


Table 1 ADSORPTION OF PROTEINS BY MONTMORILLONITE 
Calcu- 
Adsorption lated d(001), A 
Protein Mol wt (gm /gm ) mol Theoret- Experi- 
Theoret- Bxper- diam, ical mental 
1cal mental A 
Lysozyme 
(native) 14,700 13 13 32 6 422 44 
opna mured) 14,700 — 13 — — 46 
0- 
trvpsinogen 22,500 15 14 37 2 46 8 40 
Lacto- 35,000 17 15 43 8 53 4 54 
globulin (17,500) * (348) (44 4) — 
Pepsin 35,000 17 10 43 53 18 
Hemoglobin 63,000 20 19 53 2 62 8 53 
(human) (40,000) * (450) (55 2) — 


* These protems dissociate under extreme conditions of dilution 
and/or salt concentration to give the values in parentheses (ref 3) 


Our result with native pepsin agrees with that of 
Talibudeen‘, namely, that the d(001) spacing 1s about 
18 A for a wide range of amounts of protem adsorbed; 
it indicates an unfolding of pepsm molecules into 
extended polypeptide chains within the clay particles 

It has often been suggested that durmg heat de- 
naturation of proteins there 1s a tendency for protem 
molecules to undergo unfoldmg or expansion We 
have found that the d(001) spacings of montmor:illon- 
ite-lysozyme complexes are the same for adsorbed, 
heat-inactivated lysozyme as for native lysozyme, 
from which r6 may be concluded that lysozyme does 
not change drastically m shape on undergoing 
denaturation in solution 

Tobacco mosaic virus (isoelectric pomt 3 5) was 
allowed to react with sodium (Wyoming) bentonite 
at pH 32 (citrate buffer, ionic strength 0 0375) 
According to spectrophotometric analysis, 1,830 
mgm of virus was adsorbed per gm of clay At this 
value, about 15 per cent of the internal surface area 
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of the clay could be covered with the virus However, 
X-ray data indicated that mternal adsorption had 
not taken place 
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HYDROGRAPHY 


Concentration of Chloride in Fresh Waters 
and Rain Water 


A STUDY of analyses of the waters of a number of 
fieshwater lochs m the north-west of Scotland, 
sampled in 1955, showed that the chloride concen- 
trations (Cl) varied with the distance (D) of the loch 
from the coast, the most suitable equation relatmg 
these parameters bemg of the form Cl = K D-n, 
where K and n are constants This form of equation 
was used. by Gorham! to deseribe similar data obtained 
from tarns in the English Lake District A second 
series of lochs 1n north-western Scotland, sampled in 
1960, and an earher series of samples from lochs on 
the island of Rhum, western Scotland, taken 1n 1958, 
have also provided data fitting the general equation 
adequately 

For the Scottish lochs, which are situated near a 
very irregular coastline, the parameter D 1s estimated 
m & south-westerly direction (that of prevailing 
strong winds) to the coast exposed to open sea. 
Despite the necessarily 1mprecise measurement, 1t has 
been found that the coefficients of correlation v for 
the regression of chloride concentration on D, after 
logarithmic transformation, are close to unity 
Furthermore the various values obtained for the 
constant n are in close agreement The values of the 
proportionality constant K differ to some extent, but 
are nevertheless of a similar order The results are 
summarized in Table l, m which other relevant 
information 1s included 

The samples of loch water in each series were all 
taken within short periods of one month or less, in 
areas where chloride derived from terrestrial sources 18 
insignificant All chloride 1s consequently derived from 
cyclic salts dissolved in ram water, or directly from 
sea-spray droplets The analyses of loch water can 
thus be considered as the integrated values of total 
precipitation (including sea-spray) drammg from the 
catchment areas of the lochs, the period of accumula- 
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tion bemg virtually the same for all lochs m any one 
group 

In work of mme on the rainfall of the island of 
Rhum it has been shown that the sodium content of 
the total precipitation at one sampling station 
(Kinloch) was hnearly related to the maximum gust 
velocity of the wind in the area durmg the appropriate 
sampling period, for velocities above a threshold of 
about 30 knots The chloride/sodium ratio varied 
little fiom that of sea-water It seems possible that 
the proportionality constant K depends at least partly 
on the wind velocity, the prevalence of high wind 
velocities in a particular area over a definite period of 
time giving high values of K 

In addition to the four senes of data from fiesh- 
water lochs, constants have also been calculated from 
two series of rainfall analyses taken from the references 
quoted and are included ın Table 1 The values of n 
for these two series are simular to those calculated for 
the lochs They are derived from mean values of 
chloride concentrations in precipitation sampled 
regularly over long periods, and such mean values can 
be considered as analogous to the loch water analyses 

The mean value of the constant n, for the six 
series of data in Table 1, weighted according to the 
number of samples, 1s 0 328, and the equation thus 
approximates closely to the form Cl = K/?,/D The 
correlation coefficient is high im all six seres 
(P < 0001), and the relationship appears to be valid 
for distances ranging from 0 1 to 80 km , and probably 
much longer It 1s suggested that the marme influence 
on fresh water 1s governed by such a relationship 

Other attempts have been made to derive more 
complex relationships for data of the type discussed, 
variants of the general equation Cl = ae-PD + be-2D 
being used (where a, b, p and q are constants) 
Eriksson? apphed this equation to the data of 
Leeflang? while Conway‘ used a similar type of 
equation, with the addition of a further constant, to 
Jaekson's* data The four constants in Eriksson’s 
formula differ from the corresponding constants in 
Conway’s formula An attempt to fit the Scottish 
data to an equation of the Emksson type yielded 
constants differing from those of both Eriksson and 
Conway It 1s considered that the simpler formula 
Cl = K D-^ has the merit of consistency ın that 
sımılar values of n have been deduced from data 
obtamed ın widely differing regions, while the values 
of K are of a similar order, and are possibly related to 
the mean wind velocity in the area and sampling 
period concerned 

No theoretical derivation of the proposed formula 
has been attempted, but 1t 1s probable that deviations 
can be expected at very short or very long distances. 
The deduced value of chloride concentration at zero 
distance would be infinitely large, perhaps represented 
by salt particles, although 1n practice this would not 
be found Topographical features no doubt also have 
some influence on the salt depositions While the 
proposed formula 1s doubtless a srmplification of more 
complex equations which may govern the pheno- 


Table 1 
Range of 
No of chloride Range of Sampling 
Location sampling concentration distance period r K n Reference 
stations (Cl) m equiv /1 (D) km 
North-west Scotland 21 0 51-1 59 0 8-31 6 days, 1955 — 0 887 149 0 336 Holden 
North-west Scotland 20 0 39-1 07 13-145 7 days, 1960 —0 890 1 21 0 334 Holden 
Rhum 10 0 38-1 39 02-58 9 days, 1958 —0 989 074 0 346 Holden 
Lake District 16 0 19-1 80 01-51 1 month, 1957 — 0 912 0 67 0 303 Gorham (ref 1) 
New Zealand 1i 0 09-0 63 0 5-61 2 years rainfall —0 914 0 46 0 341 ‘Ga oy Blakemore 
re 

Holland 6 0 09-0 46 0 44-86 6 years rainfall — 0 967 0 32 0 287 Leeflang (ref 3) 
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menon of salt transport, ıt does suggest that such 
transport from the oceans 18 & continuous process 
extending over considerable distances, rather than 
the combination of direct transport of spray droplets 
over short distances near the coast, and the solution 
of cyche salts by precipitations alone at all other 
distances as could be ımphed from equations of the 


Eriksson or Conway type 
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METALLURGY 


A New Reversible Solid-State Trans- 
formation in Iron-Nickel Alloys in the 
Invar Range of Compositions 


UNUSUAL physical properties exhibited by alloys of 
the 1ron-niekel system in various ranges of compos- 
tion have led to extensive mvestigations! of this 
system in the past One group of alloys is that con- 
tained in the mvar range, namely, 30-45 atom per 
cent nickel, and 1s cha1acterized by unusual thermal 
expansion, magnetic and other physical properties 
In spite of extensive investigations, the general 
sluggishness of solid-state transformations 1n the 
1ron-nickel system has prevented true equihbrie from 
bemg well established The properties of these alloys, 
therefore, have remained largely unrelated to their 
structural and/or crystallographic features 

During a systematic re-examination of solid-state 
equilibria in the rron-nickel system, using new tech- 
niques capable of yieldmg true equilibria within 
reasonable lengths of time, we have found a new 
reversible transformation which occurs in these 
alloys in the temperature-range of ~ 150°-300° C In 
the present communication, this transformation 18 
described and its possible bearmg on the physical 
properties of the alloys discussed 

Equilibrated iron-niekel alloys containmg up to 
75 atom per cent nickel were prepared ın the form of 
pre-alloyed ultra-fine powders by the thermal decom- 
position and hydrogen-reduction of 1ron—nickel mixed - 
crystal formates?:? at various temperatures, including 
temperatures as low as 200° C Most of these alloys, 
as-quenched to room temperature from their respec- 
tive temperatures of preparation, generally showed 
the equilibrium structures corresponding to the tem- 
perature of preparation However, alloys with 
30-45 atom per cent nickel showed an exceptionally 
different behaviour which, on detailed investigation, 
proved to be due to the occurrence of the new trans- 
formation On re-heating, all the as-quenched alloys 
readily became transformed to yield equilibrium 
structures corresponding to the temperature of 
holding 

As-quenched alloys were exammed by X-ray 
diffraction at room temperature, using & Philips 
diffraction camera of 1147 mm diameter High- 
temperature X-ray diffraction patterns were next 
obtained with a Unicam high-temperature diffrac- 
tion camera which had been previously calibrated 
against the thermal expansion of gold Using a high- 
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Room-temperature X-ray diffraction pattern showing 
(311) back reflexion from a 31 atom per cent nickel iron-nickel 


Fig 1 


alloy quenched to room temperature from the y-state 


alloy, 
(~ 600°C) Manganese Ka radiation 


intensity rotating-anode X-ray generator, diffraction 
patterns could be secured with exposures as short as 
half an hour Cobalt and non characteristic radiations 
were generally used, manganese radiation bemg used 
in those cases where high 1esolution was sought 

Examination of the diffraction patterns revealed 
that the transformation occurs 1n all the face-centred 
cubic y-phase alloys which contain appl oximately 
30-45 atom per cent nickel When alloys of this 
structure and composition are quenched to room- 
temperature from the y-phase, their X-ray diffraction 
lines always appear broad (Fig 1) That this broaden- 
ing 1s not to be associated with quenching strains or 
with effects of fine particle-size became evident from 
high-temperature X-ray diffraction investigations 
during thermal cycling of the as-quenched alloys 
On heating to or above what appeared to be a 
critical temperature, the broad diffraction lines of the 
quenched alloys showed a pronounced sharpening 
Subsequent cooling resulted in loss of sharpness of 
the lmes and the reappearance of their broadening 
(Fig 2) The effect has been reproduced repeatedly 
and takes place readily. 

Closer examination of the broad lines indicated that 
the broadening may be interpreted as due to the super- 
position of two closely spaced reflexions having the 
game indices but arising from two face-centred cubic 
phases (designated as y, and y) of shghtly different 
lattice constants The sharpening of the lines on 
heating may thus be attributed to the coalescence of 
the two -phases into a single y-phase 

In spite of the poor resolution of the X-ray diffrac- 
tion lines, an attempt was made to measure the lattice 
parameters of the two y-phases Typical results are 
shown ın Table 1, from which ıt may be seen that the 
difference in the lattice constants is only about 
0 008-0 009 A 

Transformation temperature appears to be depen- 
dent on the composition of the alloy Exact trans- 
formation temperatures for various compositions 
could not be determined, but they seem to he in the 





Fig 2 High-temperature X-ray diffraction patterns showing 

(311) back-reflexion from a 31 atom per cent nickel 1ron—nickel 

alloy, alloy as-quenched to room temperature from the y-state 
subjected to thermalcychng Iron Ka radiation 
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Table 1 LATTICE CONSTANTS OF THE Two y-PHASES CO-EXISTING 
AT ROOM TEMPERATURE IN JRON-NICKEL ALLOYS WITH 31 AND 
36 ATOM PER SENT NICKEL 


Atom per cent nickel Lattice constants (A ) 


in alloy Yı ys 
31 3 593 3 585 
36 3 593 3 584 


approximate range 150-300? C Note that the trans- 
formation occurs at relatively low temperatures 
Considering the general sluggishness of solid-state 
transformations ın most iron-niekel alloys, rendered 
all the more sluggish at temperatures below 500? C, 
the reversibihty of this transformation 18 indeed very 
striking 

Observed features of the tiansformation are con- 
sistent with the interpretation that the transformation 
is of the magnetic kind, more specifically, ferro- 
magnetic <= anti-ferromagnetic Such a transforma- 
tion may serve as the key to the proper understandmg 
of the anomalies in thermal expansion, magnetic and 
other physical properties, for which the 30-45 atom 
per cent nickel 1ron—nickel alloys are noted The 
broad X-ray diffraction lmes observed may thus be 
interpreted as due to the co-existence of ferromagnetic 
and antiferromagnetic modifications of the y-phase in 
these alloys at these low temperatures Taking into 
account exchange interactions between iron-iron, 
nickel—nickel and 1ron-niekel atom pairs mn 1ron—-nickel 
alloys, the possible occurrence of such a transforma- 
tion m precisely the same composition-range as of the 
alloys of this work has recently been considered by 
Kondorski14 

The validity of our mterpretation of data, however, 
needs further confirmation through more refined 
experiments using methods other than X-ray diffrac- 
tion, for example, magnetic analyses as well as 
neutron diffraction Work on these lines 1s now in 
progress 

In attempting to correlate the changes of properties, 
for example, thermal expansion, saturation magnetiza- 
tion, ete, of these alloys with composition and 
structure, we are led to pose the question Should 
not magnetic transformations also be viewed as 
regular phase changes and therefore be given a 
fitting place 1n phase diagrams ? This question has 
far-reaching implications For example, 1f magnetic 
transformations are considered as regular phase 
changes, such concepts as ‘solid phase’ and ‘crystal 
symmetry’ will have to be modified to recognize the 
magnetic state of matter and the atomic symmetries 
associated with this state 

Results discussed here together with unreported 
results covering compositions up to 75 atom per cent 
nickel, indicate that the iron-niekel equilibrrum 
diagram 1s much more complex than the most recent 
diagram?* drawn for this system We have constructed 
a new iron-nickel phase diagram which will be 
reported in the near future 


N. I ANANTHANARAYANAN 
R J PEAVLER 


Materials Engmeermg Laboratories, 
Westinghouse Electric Corporation, 
East Pittsburgh, 
Pennsylvania 
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Relaxation Enhancement by Paramagnetic 
lon Binding in Deoxyribonucleic Acid 
Solutions 


Tus effect of paramagnetic ions on proton relaxa- 
tion times depends not only on their concentration 
but also on the binding of the 10n to other molecules 
which may be present in the same solution By 
measuring longitudinal relaxation times (T,) by 
nuclear magnetic resonance we have compared the 
proton relaxation-rates at constant 10n concentration 
with and without deoxyribonucleic acid (DNA) 
present In this way 1t was possible to detect binding 
and to distinguish between interior and exterior DNA 
binding sites for different transition metal ions 

In the present experiment T, was measured by the 
Carr—Purcell method! with a conventional spm-echo 
apparatus operating at 50 Mc /sec , for a wide range 
of magnetic 10n concentrations m water and 1n calf- 
thymus DNA. solutions 

The Solomon?-Bloembergen? expression for T, 
in the presence of paramagnetic 10ns 1s 


I 4 SOS + AIRE Tre 
NT, 30 r L8te+ Trl 
2 S(S + 1)A2p ce ] 
+ 3 A? l + OTe 


m which N 1s the molar concentration of paramagnetic 
lons, Yr the proton gyromagnetic ratio, p the proba- 
bility that a proton 18 in the hydration sphere of the 
paramagnetic 10n 1n a 1M solution of the ions, te the 
correlation time for dipolar interaction, ws the angular 
electron precessional frequency, A the isotropic 
indirect hyperfine interaction, ‘te the correlation 
time for the 1sotiopic hyperfine mteraction (electron 
spin relaxation time, ts, or correlation time for proton 
chemical exchange in the hydration sphere, Tr, 
whichever 1s shorter) and r is the 10n-proton inter- 
nuclear distance 

At high fields, such as were used in the present 
experiments, the second term ıs negligible The 
correlation time Te 18 given by I/te = 1/te + lf«as + 
l/zs, where tr 18 the rotation correlation time 

Consider how 1/N'T, 1s affected by paramagnetic 
10ns originally in solution being bound to a molecule 
If the 10n 1s bound to a single point (that is, not 
chelated) on the outside of the molecule, two degrees 
of rotational freedom are eliminated and the third 
may be reduced by the ‘friction’ of the hydration 
sphere against the molecule If the 10n 1s chelated, 
rotation will ın general be stopped completely In any 
event tr */tr > 1, where the asterisk denotes values for 
the bound ions If ts and ty, are greater than tr and 
do not change appreciably when the 10n 1s bound 
as 18 often the case, then te */«, > 1 The number of 
water molecules in the hydration sphere of the bound 
10n 18 reduced slightly so that p*/p m 5/6 In this 
case of large values of ts, therefore, the rate of proton 
relaxation 1n the presence of externally bound tons 1s 
greater than when the same concentration of 10ns 18 
in solution If we define a relaxation enhancement 
factor s = T,/T,*thene > 1 This case 1s illustrated 


~in Fig 1 for aqueous solutions of Mn++ 10ns and DNA 


The second case ise < 1, rmplying that p/7* and/or Te 
are reduced when the ton 1s bound, this has been 
used in several recent expermnents*. The first 
alternative clearly indicates that the 10n site 1s an 
interior one and not accessible to hydration water 
The latter can only arise from a large decrease in 


T4 IN SECONDS 





N, Mn? t IONS PER CC 


Fig 1 The curves show the proton T, as a function of Mn** jon 
concentration jn pure water and DNA solutions of various con- 


centrations The relaxation enhancement factor 6 18 approx- 

imately 8 0 for Mn+ concentrations below the saturation value 

of 7 x 10?" Mn*t/mgm DNA, which agrees with conductiometric 
measurements (ref 5) 


electronic relaxation tune on binding so that ts* 
dominates vc* (that 1s, ts* < Te). In many cases 
even & rough knowledge of ts and ts* makes the 
distmection between exterior and interior sites 
unambiguous 

Our experimental results for aqueous DNA solu- 
tions may be summarized as follows 

(1) For Cu?*, Mn*+ and Cr*+ the measured values of 
c are 10, 8 and 4 7, respectively We conclude that 
these three 10ns are bound to exterior DNA sites, 
probably to the phosphate groups 

(2) For Fe?* e 18 0 3 and 1f, as can be shown to be 
the case for the previously mentioned ions, ts + ts *, 
we can conclude that Fe?* 1s bound to an interior site 

(3) Ni2+, Fe?* and Co?** show s = 1 Since these 
10n8 are known to have a very short ts, we can only 
conclude that they are either not bound to DNA or 
bound to an exterior site with ts” = ts Recent 
experiments indicate that for Ni?* and Co?* the latter 
18 the case®? The number of available metal 10n sites 
was found to be approximately 7 x 10!7/mgm of 
DNA for Mn?t, Cr?** and Fe?* (~ 06 phosphate 
equivalent) 

A detailed account of these experiments, which 
includes a discussion of the effect of the ionicity of the 
solution on the metal-DNA system, 1s being prepared 

The experimental method deser:bed here should be 
generally applicable to other problems of para- 
magnetic 1on bonding to large molecules An expres- 
sion for 1/NT, analogous to 1/NZ, leads to T, 
enhancement, which proves useful in the investigation 


of some ions J SINGER 
R G SHULMAN 
W E BLOMBERG 
Bell Telephone Laboratories, 
Murray Hill New Jersey 
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Detection by lonization of Gases in 
Helium used in Gas Chromatography 


THE recent communication of Karmen e£ al! on 
analysis by gas chromatography illustrates an 
interesting mode of operating a Lovelock ionization 
detector. The results given, however, do not indicate 
that the behaviour of the cell 1s ın any way,different 
from that used ın the conventional manner The cell 
used by me? has a similar electrode configuration and 
the results, where comparable with Karmen’s, are 
practically identical (see Table 1) 


Table 1 


Concentration (volumes Relative responses 
per million) for maw- for equal volumes 
imum conductivity 
Karmen Wiseman Karmen Wiseman 


(ref 2) (a) 
Hvdrogen — ^ 1,000 — 1 1 
Nitrogen 520 750 4 3 ~5 
Argon 960 >170 3 5 5 
Oxygen 280 250 11 10 10 
Methane — > 100 -— 20 ~10 
Krypton — — — — ~18 
Xenon -— — — — 9f) 
Carbon dioxide 80 170 5 70 — 


(a) Previously unpublished results (Wiseman) using microargon 
detector 


Some allowance must be made for the greater 
impurity of their helsum, particularly ın the case of 
carbon dioxide It 1s therefore not possible to accept 
their contention that the design of cell ıs more 1mpoi- 
tant than the purity of the helium 

There are several points of considerable importance 
raised by their communication First, ther impliea- 
tion that a cell specially designed for use with helium 
18 likely to work better than one based on work with 
argon 18 almost certainly correct Secondly, to obtain 
the best results, a leak-tight detector ıs essential, but 
the short outlet illustrated m their diagram would 
appear to be inadequate to prevent back-diffusion 
once belium of really high purity was used. Thirdly, 
there are some serious mmplieations overlooked 1n their 
acceptance of helium of commercial grade without 
further purification It 1s well known that bottles of 
commercial gases vary substantially ın trace composi- 
tion and in particular in water content Water appears 
to have an even higher response ın these detectors than 
carbon dioxide Further, ıt ıs clear from Table 1 that 
were carbon dioxide the major constituent of the 100 
v p m. impurity-level of the commercial helium, the 
helium would not give increases of conductivity with 
any gases Hence a mere specification of 99 99 per 
cent would be meaningless without some data on the 
nature of the impurities It1s apparent from published 
data’? that the tolerance of gases like argon and 
hydrogen 1s about 10 times that of carbon dioxide and 
probably water Karmen et al do not state whether 
they dry their helium. If they did, then possibly then 
specification 1s much better than mdicated Even 
one molecular sieve trap in liquid nitrogen 1s a very 
effective purifier 


Table 2 


Tolerable impunity- 
level (v pm ) 


Neon 10 (?) 
Argon 10 
Hydrogen 10 
Nitrogen 5 
Oxygen 3 
Carbon dioxide 1 
Water <1 
Hydrocarbons 1 
Carbon monoxide 1 
Total impurities +20 


These figures are based on 1 per cent of the figure for maximum 
conductivity 
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Further disadvantages of using helium of relatively 
low purity are the reduction of the linear range— 
possibly even its complete elhmunation and the 
regular calibration curve likely to result This 
could be S-shaped in character, and in any event as 
the conductivity/concentration curve reaches a 
maximum, the sensitivity of the device to changes of 
concentration reaches a minimum 

In general, therefore, use1s should be recommended 
to obtam the purest helium possible compatible with 
reasonable trouble in puiifieation A suggested 
specification for commercially available pure helium 
1S given in Table 2 
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Quantitative Estimation of Peak Areas 
in Gas-Liquid Chromatography 


RECENTLY, Carroll! advocated the use of the product 
of retention time (fg) and peak height (A) for the 
quantitative estimation of relative peak areas This 
method’, based on the assumption of a proportionality 
of peak width (w) and retention time (£g) or volume 
(Vn) gives satisfactory results with respect to the 
reproducibility. In fact, we have found that the 
reproducibility (under equal operating conditions) of 
this method 1s better than that of any other ‘manual’ 
estimation of peak areas However, the method 1s not 
commonly used m ou Laboiatory, as the results 
obtained with 1t are erratic This is due to the fact 
that in most cases the proportionality between w 
and Vg 1s only approximate Differences between 
the relative areas, as found by the triangulation 
method and from the product of h and Vpr, can 
amount to several per cent relative In principle the 
non-linearity of w and Vg can be taken into account 
when ealibrating the detector However, changing 
the column or altering the carrier gas velocity will 
change the calibration factors 

Equation (17) 1n ref 3 ean be written as 


nile 
Cy = Vian exp(—n(V— Vgy/|2Vgp? a ıl) 


where n 18 the number of theoretical plates, V p 1s the 
retention volume, V is the volume of carrier gas 
passed through the column since the introduction of 
the sample, C» 1s the concentration of the component 
in the carrier gas, a 1s the amount of the component 
in the sample 
From this equation 1t follows that (for a Gaussian 
peak) 
nile 
hx VR” on a (2) 
Since n depends nter ala, on the distribution coeff- 
cient’, and thus on the retention time of the com- 
ponent, the relation between the product of kh and 
Vg and the amount a will, 1n general, not be the same 
for every component. Therefore the method can 
only be expected to yield good results when the 
differences in retention volumes are very small, or 
when the C-term in the van Deemter equation 18 
1elatively unimportant, that is, when the linear gas 
velocity and the amount of stationary phase are 
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small (influence of diffusion coefficients on n being 
neglected) In Carroll’s measurements this 18 cer- 
tainly not the case as the relative areas of the early 
peaks are larger when the triangulation method 1s 
used, whereas the relative areas of the late peaks are 
larger (with one exception) when the estimation 18 
made from the product h x £g. Most likely in these 
experiments the distribution coefficient of the most 
volatile component (methyl palmitate) was larger 
than the ratio of the volumes of mobile and stationary 
phases in the column In consequence the number of 
theoretical plates must be expected to inerease with 
the retention time This will explain the discrepan- 
cies between the results obtained by the different 
methods The same trend can be observed from the 
results summarized in Table 1 


Table 1 AVERAGE RELATIVE AREAS OF SEVEN PEAKS IN A CHROM- 
ATOGRAM OF A HYDROCARBON MIXTURE 


Distri- 
bution Column 
coeffi- length 2m 2m 4m 4m 
cient Sample 
of com- volume 2 5 ul 5 ul 2 5 ul 5 ul 
ponent Method khw* Rh Vp hw* hVg hw* hVg hw* hVp 
55 27 26 27 26 28 25 28 25 
72 138 188 136 137 137 135 137 136 
148 126 118 126 117 123 114 125 114 
172 76 72 77 73 72 71 73 72 
206 460 467 458 466 462 472 463 471 
267 63 63 64 64 64 63 62 68 
380 111 117 112 118 115 120 113 119 


* w, width at half-height 


Column, squalane on sterchamol (20 100), temperature, 50°C , 
ratio mobile to stationary phase, 6 (approximately) 


The Perkin-Elmer ABC test mixture (hydroeai- 
bons) was run on a 2-m and on a 4-m squalane column 
using 25 and 5 ul samples The relative areas of 
seven peaks of this mixture, given in Table 1, are 
the averages of the values obtained from five chroma- 
tograms 

It appears that for accurate quantitative analysis 
the method advocated by Carroll ıs not suitable 

A DIJKSTRA 
Central Laboratory, 

Staatsmijnen in Limburg, 

Geleen, The Netherlands 
*Carrol, K K , Nature, 191, 377 (1961) 

* Phillips, € , Gas Chromatography, 63 (Butterworth, London, 1956) 
3 Keulemans, A I M, Gas Chromatography, 127 (Remhold Pub, 
New York, 1959) 
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IN proposing the method referred to by Dijkstra, 
I tried to stress its convenience rather than its 
extreme accuracy and the examples which I gave 
were chosen to show that some lack of agreement 
might be expected in comparing areas determined by 
this method with areas determined by other methods 
However, as Dijkstra points out, results obtained 
with other methods are less reproducible Slight 
differences ın the way ın which triangles are drawn 
and small maccuracies in cutting out curves can give 
rise to appreciable differences in estimated area It1s 
also more difficult to measure peak widths at half 
height accurately than 1t 1s to measure retention 
times Furthermore, 1n the case of overlapping peaks 
it is frequently impossible to get a good estimate of 
the individual areas by other methods whereas the 
retention times and, peak heights can still be measured 
and appropiate corrections for peak height applied 
if necessary 

A convenient and rapid method with somewhat 
lmıted accuracy can still be useful in work where 
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extreme accuracy 1s not required or where accuracy 
cannot be obtamed in any event because of errois 
introduced by other steps 1n the analvtical procedure 
However, ıt 15 always desirable to improve the 
accuracy of a convenient method, and this can some- 
tumes be done when sources of maccuracy are known 
For this reason I welcome Dijkstra's critical comment 
on the method for estimation of peak areas 
K K CARROLL 
Colhp Medical Research Laboratory, 
University of Western Ontario, 
London, Ontario 


Behaviour of 5A Molecular Sieve in 
Subtractive Gas Chromatography 


5A molecular sieve can be used to remove selectively 
normal paraffins from hydrocarbon samples m the 
gas phase at the inlet of a gas hquid chromatographie 
columnb? This subtraction technique has formed 
the basis of analytical procedures for the determina- 
tion of the normal paraffins in complex petioleum 
fractions and has been appled in conjunction with 
both packed and capillary columns? 

It has also been shown that at high temperatures 
(c 300° C) normal paraffins could be 1emoved m a 
similar manner from waxes but ın this molecular 
weight-range only 2-methy] eicosane and the highly 
branched paraffin squalane were available to test the 
selectivity of the molecular sieve Neither of these 
compounds was sorbed by the sieve at a temperature 
of 320° C 

Recently, Muray et al + have reported that unspeci- 
fied smgle methyl branched paraffins ım the wax 
range are completely removed from the gas phase by 
5A sieves This affinity for the singly branched 
paraffins was destroyed by repeated passage of these 
compounds through the sieve until no further sorption 
occurred However, the sieve was still capable of 
retaining the noimal paraffins 

We have now studied the behaviour of the single 
methyl branched hyd:ocarbons m greater detail using 
in particular a sample of 2-methyl dotriacontane 
synthesized in our laboratories? In these exper: 
ments a pie-column 6 cm long and 6 mm internal 
diameter was packed with activated 30-60 BS 
mesh 5A molecular sieve This pre-column was 
attached to the inlet of an 86-cm gas-liquid chromato- 
graphy column, also of 6 mm diameter, containing 
26 per cent wt of silicone grease E 301 on 52-60 BS 
mesh ‘S11-O-Cel’ firebiick The pre-column was main- 
tamed at 320? C and the gas-liquid chromatography 
column at 296° C These conditions had been used 
previously for wax separations and were known to be 
satisfactory for such mixtures? 10-ul samples of pure 
paraffin hydrocarbons were introduced into the pre- 
column and their behaviour ıs shown in Table 1 

At C4, the 2-methyl paraffin 1s completely sorbed 
whereas at C,, and below this type of compound 1s not 


Table 1 BEHAVIOUR OF PARAFFIN HYDROCARBONS IN A GAS-LIQUID 
CHROMATOGRAPHY PRE-COLUMN CONTAINING 54 MOLECULAR SIEVE 
Completely sorbed from Not sorbed from the gas 


the gas phase phase 
Docosane Caos 2-Methyl eicosane Ce 
Tetracosane ši 2-Methy1 tricosane Cai 
Hexacosane Cos 13-Methyl pentacosane Ca, 
Octacosane Css 
Dotriacontane Cas 


2-Methyl dotria- 


contane 
22-Methyl tritetra- 
contane * se 
* Gas-liquid chromatography column temperature, 350° C 
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sorbed by the sieve Also, when the branching occuis 
in the middle of the molecule the C,,-branched paraffin 
is retained, but the similar C, compound 18 not 
sorbed At some critical chain-length between the 
limits indicated, single methyl branched paraffins 
start to be sorbed by the 5A sieve 

Further work on the selectivity of the sieve will be 
carried out as more reference hydrocarbons imn this 
1ange become available 

We wish to thank Mrs M Colwell fo: the 
synthesis of some of the paraffins used m. the work 
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Improved Gas Chromatography of 
Unesterified Fatty Acids 


Ir has been demonstrated by Bottcher et al! and 
by Hunter et al ? that unesterified fatty acids can be 
separated, by gas chromatography, by the use of 
‘quid’ phases of the polyester type Metcalfe? has 
pointed out the necessity to have a highly acidic 
‘quid’ phase in ordei to suppress the association of 
the carboxyl group of the fatty acids, and has shown 
that the separation of C,-C,, fatty acids 1s very much 
umproved. by the incorporation of phosphoric acid m 
the polyester ‘liquid’ phase Using a column packing 
of ‘Celite 545’ previously coated with 25 per cent of 
diethylene glycol adipate polyester and 2 per cent of 
phosphoric acid, mixtures of fatty acids were separ- 
ated at temperatures of 220—235? C, yielding well- 
defined symmetrical peaks and separating saturated 
and unsaturated acids from each other 

The development of the argon ionization detector 
has resulted in higher sensitivities of detection 
allowing a reduction of sample size This reduction of 
sample size itself rmproves column efficiency and, in 
addition, allows the use of columns with lower content 
of ‘liquid’ phase, which in turn leads to improved 
resolution and a faster analysis A faster analysis 1s 
particularly important with the separation of fatty 
acids which are more thermo-labile than their corre- 
sponding methyl esters However, the choice of solid 
support ıs important when low ratios of ‘liquid’ phase 
to solid support are considered The use of a solid 
support having a large suiface area per unit weight, 
such as ‘Celite’, 1s not particularly suitable in some 
respects, since treatment with the ‘liquid’ phase could 
leave much of the suiface area uncoated, allowing the 
solid support to act as an absorbent and thus to 
interfere with the distribution of the analysis sample 
between the ‘carrier’ gas and the liquid phase 

Bohemen and Purnell‘ have discussed the require- 
ments of an efficient solid support These authois 
have shown that, as predicted by the van Deemter, 
Zuiderweg and Klmkenberg rate equation®, high 
column efficiencies are attamed when the columns 
have the following characteristics (@) narrow lange 
of particle sizes, (b) spherical shape of particle, 
(c) small quantity of ‘liquid’ phase 
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Fig 1  Chromatographie separation of a mixture of C,—OC;s 


fatty acids Sample size, O 1 ul of a 50 per cent solution in cyclo- 

hexane Column temperature was 180° C , column sıze 12 m x 

4 mm, argon pressure was 12 psi at column inlet, atmo- 
spheric pressure at outlet 


All these requirements can be fulfilled by usmg 
small glass beads of uniform size, which can retain 
up to 3 per cent of ‘liquid’ phase by surface tension 

We have demonstrated that mixtures of unesterified 
C,-C,, fatty acids can be analysed at temperatures 
ranging from 140? C to 200? C , by the use of a glass- 
bead support coated with a mixture of 1 per cent of 
poly-ethylene glycol succinate and 04 per cent of 
phosphoric acid 

Poly-ethylene glycol succinate was prepared by 
heating a mixture of 1 0 mole of ethylene glycol and 
1 05 moles of succinic acid at 150° C for 3 hr The 
resultant viscous liquid solidifies at room temperature 
and has a melting point of 80-82? C The polyester 
was used as ‘hquid’ phase without further treatment 
The polyester (0 5 gm ) was dissolved in chloroform 
(30 ml ) and to the solution was added, with constant 
stirring, 50 gm of glass beads (Ballotim, No 13 
diam = 0075 — 01mm, manufactured by the 
English Glass Co , Ltd , Leicester), followed by 0 2 gm 
of phosphoric acid (85 per cent H,PO,) The stirrmg 
was continued while the chloroform was allowed to 
evaporate at room temperature When the packmg 
was almost dry, ıt was finally rendered solvent-free 
by heating for 05 hr in an oven maintained at 
100°C The coated beads were then sieved, and only 
the portion passing a 85-100 mesh sieve was used to 
pack the column The12m x 4mm glass column 
was vibration-packed with the coated beads in the 
normal way The packed column was purged for 72 hr 
with a stream of argon, while the column was man- 


Table 1 RETENTION TIMES (MIN) OF C,—C,, SATURATED FATTY 
ACIDS AT VARIOUS COLUMN TEMPERATURES 

Saturated Column temperature (° C ) 

fatty acids 140 150 160 170 180 190 290 
C6 30 16 12 06 — — — 
C8 6 4 40 28 16 14 10 — 
C10 132 80 54 84 28 18 10 
C12 270 160 108 6 6 50 30 20 
C14 540 318 202 124 90 56 38 
C16 1070 620 372 224 152 98 62 
C18 2140 1220 692 404 262 162 104 
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tamed at a temperature of 200? C For fatty acid 
analysis, the Pye gas chromatography apparatus 
was used, which utilizes argon as carrier gas and 
strontium-90 as the radioactive source for the 10niza- 
tion detector The mixtures of fatty acids analysed 
were dissolved ın cyclohexane (50 50 w/v) and 01 
ul of the solution was used for each experiment 
Normally, the detector voltage was 1,000 and the 
sensitivity control was set at x 10 

The separation of a mixture of C.-C, fatty acids, 
at 180° C, ıs shown m Fig 1 The approximate 
retention times of each of the component acids of this 
mixture, at various column temperatures, are given 
in Table 1 This ilustiates that long-chain fatty acids 
can be separated rapidly at comparatively low tem- 
peratures 

We are grateful to the Directors of Armour Hess 
Chemicals, Ltd , for permission to publish this com- 


munication P JOWETT 
B J Homnocks 
Armour Hess Chemicals, Ltd, 
Littleborough, 
Lancashire 
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Oxidized Cytochrome and Chlorophyll C;* 
in Photosynthesis 


CHANCE et al 14 reported the presence of trapped 
oxidized cytochrome in bacteria at —200° C, and 
m & previous communication’? we supplied evid- 
ence for the presence of trapped oxidized cyto- 
chrome durmg photosynthesis of green plants at 
—150°C We have now refined and extended the 
measurements over the whole range of the visible 
spectrum The difference spectrum of the trapped 
products in fresh spmach chloroplasts ıs shown in 
Fig la It shows in addition to the oxidized cyto- 
chrome Cyt* (solid hne) the trapping of what 1s 
probably oxidized chlorophyll C+ (dotted line) Both 
substances are products of one and the same light 
reaction hy, It has been shown that in green plants 
photosynthesis 1s triggered by two light reactions Av, 
and Ava, one being sensitized, by a chlorophyll pigment 
already sensitive at 710 mu and the other sensitized 
by a chlorophyll pigment (P) sensitive at shorter 
wave-lengths (see refs 2 and 3) Excitmg only Aw, 
(at +20° C and 710 my) gives almost the same 
difference spectrum as presented m Fig la Two 
light-reactions ın photosynthesis are discussed in the 
hterature?)5.5,8 

Information about the difference spectrum of 
C/C* in the range of 400-440 mu (in Fig la masked 
by the absorption changes of cytochrome) and about 
the chemical nature of C/C* 1s given by experiments 
with aged chloroplasts of spmach Vernon, Kamen 
and Zaugg* have shown that aged mactive chloro- 
plasts can again reduce triphosphopyridine nucleotide 
(TPN) m hght after addition of reduced substances 
(dichlorophenol-indophenol with ascorbie acid) We 
observed that after such additions (reduced phenazine 
methosulphate, with ascorbic acid in excess) the aged 
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Fig 1 a Difference spectrum of the trapped products of photo- 


synthesis 1n spinach chloroplasts at —150^ C b Difference spectrum 
caused by illumination of aged chloroplasts with reduced phenazine 
methosulphate (PMS) at +20°C 


chloroplasts showed a difference spectrum depicted 1n 
Fig 16 The changes of absorption at 430 and 703 my. 
are both caused by one and the same substance C 
This follows from the identical behaviour of the 
changes at 430 and 703 my at different physical 
and chemical parameters For example. with 
increased concentration of reduced phenazine metho- 
sulphate (red PMS) the decay-time of the absorption 
changes at 430 and 703 my. decreases from approxi- 
mately 10-? see at 10-9 M to 10-* see at 10-7 M 
This means in addition that C 1s oxidized by hght: 


Q-^^ C+, and that C+ is reduced by red PMS 


in a dark reaction C+ red. —C  Whith the addition 


of reduced dichlorophenol-indophenol (red In ) the 
decay-tume at 430 and 703 mp. also decreases but 
only to a limited value of 107? to 107? sec depending 
on the condition of the chloroplasts ‘T’his means that 
red In , contrary to red PMS, does not react directly 
with C+ but via an mtermediate reaction (with cyto- 
chrome, see later) with a duration of 10-2 to 10-3 sec 
By addition of different mixtures of ferro/ferricyanide 
it was possible to change the steady-state concentra- 
tion of C/C+ This can be seen by the dependency 
of the size of the hght-mduced absorption changes at 
430 and 703 my on the ratio of ferro/ferricyanide 
From such measurements we have estimated the 
redox potential of C/C* as + 0-45 4001 V at 
pH 6 and 8 Kokë has discovered and already 
reported ın detail about the changes at 703 my and 
+20° C. He found that the unknown substance 
causing these changes has a redox potential of 
+046 V. and can be oxidized by light at 710 my 
and, reduced by shorter wave-lengths Our measure- 
ments at 703 my and + 20? C confirm his results Our 
additional observation that ın chloroplasts capable of 
reduemg TPN the oxidation of 

C causes, apart from the changes 
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< 10-5 sec The decay time of the changes, that 
is, the duration of the back reaction C+——__>C 
in Chlorella, has been estimated at 430 mp as approx 
10-3 sec Contrary to the strong temperature- 
dependent life-tume (v ~ 10-? sec ) of the absorption 
changes at 475 and 515 my (see ref 2)—caused by an 
enzymic back-reaction (E) of & reduced substance 
X-———_>X—the back-reaction of C*———OC 18 
virtually independent of temperature (0-40" C) 

Previous work? showed the time of cyto- 
chrome oxidation Cyt————Cyt* at 20° C and 
420 my to be 10-5 sec This value 18 falsified by the 
absorption changes of CQ— ——»C*, which, as now can 
be seen, also take place at 420 mp New measure- 
ments of the time of increase of Cyt ——— Cytt at 
405 my give a temperature-independent value of 
about 10-3 sec This value corresponds to the decay- 
time of C* ———C. 

The rapid mcrease of C———->C* (less than 10-5 
sec ), the trapping of C+ and Cyt* at —150° C , the 
production of C+ and Cyt* in one and the same hght 
reaction hy,, the identification of C as chlorophyll-a 
and the fact that the decay-time of C+ corresponds 
to the time of increase of Cyt* gave us the idea that 
the cycle of C/C* 1s the chlorophyll reaction operating 
between cycles 1 and 2m Fig 2 of ref 2 This led 
to an extended reaction pattern shown m Fig 2 
The trappmg of both C+ and Cyt* at —150° C is 
probably caused by a charge compensation at 
—150? C between C+ and Cyt Ct + Cyt; 7 C + 
Cyt+ This ıs further evidence for the direct con- 
nexion of these substances 

The energy difference between the cycles provides 
evidence that phosphorylation 1s generated by the 
energy released between cycles 3 and 4 (see ref 2) 
Losada et al* suggest phosphorylation between 
chlorophyll and cytochrome 

As aged chloroplasts with red PMS show only 
changes of absorption at 430 mp and 703 mp (Fig 1b) 
it follows from Fig 2 that this system only operates 
with cycles 1 and 2 and 1s the most simple and stable 
photo-active unit m plants (C+ reacts only with 
PMS ın aged chloroplasts, in fresh chloroplasts C+ 
1s shielded from the attack of PMS) Addition of 
p-chlorophenyl-dimethylurea (CMU) or phenanthrol- 
ine (strong poisons for oxygen production) have no 
influence on the absorption changes at 430 and 703 
my. m this simple system, this 1s m accordance with 
our scheme Aged chloroplasts with small amounts 
of red In show absorption changes at 430 and 703 my 
and the difference spectrum of cytochrome (Fig la) 
From Fig 2 ıt follows, therefore, that m this case 
cycles 1, 2, and 3 are operating (Cyt* 15 reduced by 
red In) In fresh chloroplasts with CMU or with 
phenanthroline, oxygen production ıs stopped, and 
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at 703 mu, a pronounced change Av i cM 7 O 

at 430 my (see also ref 3) leads red In an oe os dye UNC aE 

us to suggest that the difference pum l a LN i SOH 

spectrum shown ın Fıg 1b repre- 47 ^ 1072, A inte So red In 

sents the oxidation of a chloro- f x 7 yt P d 

phyl-a Besides type 0 and iv 704 V El~ oy iPitao8vV i 

type 1 (see ref 2) this 1s the third X z- Y pou a 

chlorophyll reaction observable in ras. ee oa X ' yy N 

plants Age Sege TN ~ 10sec "E =10-5o see 7 T ox In 
By exeiting Chlorella with *flash- y 4rpN et Y “oN 

mg ght’ at +20° C it follows Jrpyy idc OX PMS ADP+P ATP 

from the time of the changes of 2, " : f hv, , 


absorption (estimated at 703 my) 
that C— ———C* reacts within 


Fig 2 Reaction pattern of photosvnthesis 


December 9, 1961 


no change of absorption can be observed By addition 
of red In , however, all changes of absorption, as well 
as those caused by X/X-, reappear Therefore, m this 
case, cycles 1, 2, 3, 4 and 5 are operating and Y+ 
must be reduced by red In instead of OH- (Fig 2) 

Losada eż al.5 have assumed that m fresh chioro- 
plasts with CMU and red In one light reaction was 
separated by blocking the other one with CMU This 
cannot have been the case, since from the results 
reported here 1t follows that addition of CMU (block- 
mg the production of oxygen by poisonmg the 
reaction of Y* and OH-) has together with red In no 
effect on either ight reaction, because Y+ can react 
with red.In instead of water (OH-) 

Note added «n proof. Recently Kok? has reported 
changes in absorption at 432 my m inactive chloro- 
plasts extracted with acetone He tends to ascribe 
these changes to those at 703 mp and assumes 
tentatively that both changes are caused by a 
chlorophyll-a 
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New Ninhydrin-Reactive Substance from 
Red Algae 


DURING an investigation on the free amino-acids 
in marine algae, I isolated a new ninhydrin-reactive 
substance from three species of red algae Chondrus 
ocellatus, Neodelsea yendoana and Iridaea cornucopiae 
by the use of anionic 10n-exchange resin ‘Amberlite 
I-45’ and ‘Dowex 2’. This substance gave an 
empirical formula C,H4,0;NS and melted at 258° C 
Optical rotation gave a value [a]? = — 115 (c = 5, 
M sodium hydroxide solution) It was not very 
sensitive to mmhydrm, but gave a bright brown 
colour with Plattner’s reagent. Titration with 0 1 N 
sodium hydroxide, m alcoholic solution, gave a value 
63 80 per cent (calculated as C,H;N—SO;,H—COOH, 
66 16 per cent) By the method of Kuhn and Roth, 
at least one radical, C—CH,, was estimated The 
oxidation products obtamed, after treatment with 
potassium permanganate solution, were taurine, 
alanine and propionic acid From these results, 
the structure N-(l-carboxy-ethyl)-taurine, that 
is (HO,S—CH,—CH,—NH—CH—COOH), was 

| 

CH; 
assumed Crystals obtained from «-brompropionic 
acid and taurine by chemical synthesis corresponded 
well with the isolated substance not only m melting 
point but also m Fr values on various paper 
chromatograms 

Further investigations on the non-absorbable 
fraction of algal extracts on strong cationic i0n- 
exchange resin revealed the wide distribution of this 
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substance with taurine in red algae The only 
exception was in the case of Chondria crassicaulis, 
from which a sulphur-contaming amino-acid, 1,4- 
thiazane-3-carboxylic acid S-oxide had previously 
been isolated! Not a trace of this substance could 
be detected here Furthermore, they have not been 
detected so far in brown or green algae 
Mitsuo KURIYAMA 
Faculty of Fisheries, 
Hokkaido University, 
Hakodate 
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Ho&&awdo Umw , 11, 58 (1960) 


- 


Sex Hormones as a Possible Factor control- 
ling Biosynthesis of Arylesterase 


Broop plasma arylesterase in pigs is controlled 
genetically by a set of alleles, each determming a 
plasma arylesterase activity of 0, 25, 50, 75 and 
100! The distinguishable phenotypes are the manı- 
festation of an additive effect of a pam of these 
alleles The plasma of new-born piglets has no 
arylesterase activity, and differentiation mto groups 
of various esterase activities begins on the second to 
fourth day of life, adult values bemg reached at the 
age of about 50 days There are no sex differences 
for the biosynthesis of this enzyme, which, however, 
is influenced by sex hormones, as will be briefly 
reported here 

In the genetical work, the male piglets were cas- 
trated at the age of three to four weeks. The adult 
arylesterase activity values of these boars were fairly 
constant However, certain male piglets were selected 
for use in later cross-tests With these uncastrated 
boars, ib was observed that arylesterase activity 
after maturity was much lower than before sexual 
maturity’. For example, it was demonstrated that 
with a boar of esterase activity (phenotype) 150 
before maturity, the activity gradually decreased 
with increasing age to a value of about 30, and that 
this low phenotypic activity was then fairly constant 
This phenomenon was found to be common to all 
mature boars, the low phenotypic esterase activity 
of which had no influence on expected segregation 
in the progeny. Evidence has now been presented 
that this decrease in arylesterase activity 1s due to 
the influence of male sex hormones on the bo- 
synthesis of active protem. When a mature boar 
with a low phenotypic activity of 30 was castrated 
(Fig. 1B) the arylesterase activity increased gradu- 
ally and had reached after 3 weeks a value (120—140) 
close to that found before maturity (150). Moreover, 
this high activity could again be reduced to the low 
value when 100—250 mgm of testosterone propionate 
was administered daily mtramuscularly The low 
value was reached about three weeks after hormone 
treatment began ‘Testosterone had no effect on the 
enzyme ın vitro. 

This observation has been confirmed with boars 
of various genotypes ‘Testosterone also enhanced 
the decrease in arylesterase activity when admunis- 
tered shortly after maturity (Fig l4) Female sex 
hormones (for example, cestradiol) had no effect on 
the biosynthesis of this esterase It ıs possible, 
however, that in addition to testosterone other 
agents (for example, the adrenocortieal hormones) 
are also engaged in the regulation of plasma aryl- 
esterase activity in boars. 

In contrast to mature boars, sows show small 
normal variations in plasma arylesterase activity 
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Fig 1 Effect of castration and testosterone propionate on plasma arylesterase activity 
the hormone was administered intramuscularly daily as indicated 
Esterase activity expressed in b4,/0 02 ml plasma with phenyl acetate as substrate 
hne, variation 1n plasma arylesterase activity of boars 
from birth to adult age (generalization), broken line and open circles, effect of testo- 
sterone shortly after maturity and before castration of boar 1452 (phenotype 150, weight 
140 kgm) B, effect of testosterone after castration of boar 134 (phenotype 150, weight 


of boars n vivo, 


(Warburg techmque) A, sold 


0 kgm ) 


In some cases, sows had higher esterase activity 
when sexually matured than two to three months 
before maturity It was observed that the activity 
was shghtly higher shortly before partus, decreased 
below the normal value at the time of delivery, 
mereased durmg 2-3 weeks after delivery and then 
again decreased to normal It 1s possible that these 
variations mn activity are partly due to changes m 
volume of blood during pregnancy  (Estradiol had 
no effect on the esterase activity m mature sows 
Testosterone had an opposite effect on this activity 
m sows compared with boars, that 1s, morease m 
esterase activity which, however, was not so marked 
as the decrease ın boars 

This work was supported by grants from the 
Swedish Medical Research Council 
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A New Unsaturated Uronide isolated from 
Alginase Hydrolysate 


ALGINASE, which brings about the enzymic hydro- 
lysis of algmic acid, has been found in the organs of 
a few of the lower animals"? and in some kinds of 
bacteria? 

According to Kooiman’, and others’, the enzyme 
of the bacteria can split algimic acid into smaller 
units and mannuronic acid monomers Recently, 
Eller and Payne? isolated a bacterrum, Algyenomonas 
algmaca, which can oxidize mannuronic acid, but 
expermnents concerning the isolation of the inter- 
mediates have not been reported During work 
on algmase hydrolysates we found a new type of 
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mannuronide contaming an un- 
saturated sugar acid and & 
mannuronie acid, the compound 
is the main component of the 
breakdown products of alginic 
acid The isolation and prope- 
ties of this new compound are 
described here 

One part of homogenized. liver 
of abalone (Halotis discus han- 
na^) was mixed with 4 parts of 
distilled water at 4? C After 
2hr the mixture was centrifuged, 
and the supernatant filtered 
through pulp The olear water 
extract which was obtained was 
used as the enzyme solution 
75 litres of 1 per cent sodium 
alginate solution were meubated 
with 750 ml of the enzyme solu- 
tion at 30° C The pH value of 
the reaction mixture was adjust- 
ed to 70 with dilute sodium 
hydroxide durmg the course of 
the reaction Progress of the 
enzyme reaction was followed by 
noting the mcrease in reducing 
power, which was measured by 
the 1odometric method of Somo- 
gyi’? After 20 hr the reaction 
was stopped by the addition of sulphuric acid 
The precipitate was filtered off, and the filtrate 
neutralized with barium carbonate, re-filtered, and 
evaporated under reduced pressure below 40° C 
About 300 ml of the concentrate were passed 
through ‘Amberlite JR-120’ The neutralization 
with barum carbonate, filtration, and resin tieat- 
ment were iepeated, and the eluates and washmg 
water combined. About 500 ml of the solution were 
put on a carbon—‘Celite’ column, 11 x 9 em, and 
eluted with water, 10 per cent ethanol, and then 30 
per cent ethanol The eluates were collected in 
500-ml amounts at a flow-rate of 4 ml /min 

The course of the separation on the column was 
checked by submitting the concentrate taken from 
each fraction to ascending paper chromatography in 
the systems  ^-butanol/acetie acid/water (5 2 3) 
and pvridine / ethyl acetate / acetic acid / water 
(5 5 1 3) According to the results of the chrom- 
atograms, individual fractions obtamed from the 
column were pooled As the water fractions between 
35 and 25 ] were observed to contain one main 
product of hydrolysis, they were combined, evapor- 
ated under reduced pressure below 40° C, and 
lyophilized Colourless needle-like crystals were 
isolated, with an approximate yield of 75 gm 
The crude product was recrystallized from water and 
had a melting point of 135 5-136:5? C (decomposed) 
(Calculated for ©C,.H,,0,,H,O, C, 3892, H, 
4 86, found, C, 38 98, H, 5 22 per cent) An infra- 
red spectrum of this compound in potassrum bromide 
showed two carboxyhe groups The molecular weight 
was 400 + 40 (Barger's method) This compound 
showed & strong absorption peak in the ultra-violet 


at 232 mu (m water) with H1% of 1430, which 


lem 
disappeared on brommation or palladium hydrogena- 


tion, indicating the presence of an «,-unsaturated 
acid’. On paper chromatograms, significant differ- 
ences between this and the brommated or palladium- 
hydrogenated compound were observed On hydro- 
lysis with sulphuric acid at 100? C for 1», the 
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spots on chromatograms of the hydrolysates showed 
the characteristics of mannuronic acid and of man- 
nuronie acid lactone, from which the occurrence of 
the mannuronie acid moiety in the compound can 
be mferred The colour reactions of this compound. 
aie shown in Table 1 
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Table 1 COLOUR REACTIONS OF THE UNSATURATED URONIDE 
Maximum absorption 
Reagent (mg) or colour tone Remarks 
Carbazole* 530 Same as hexuronie acid 
Phenol-H;SO,T 480 On bromination shows 
Amax 480 and 560 mu 
Thiobarbiturie acidi 550 Same as pectin trans- 
ehminase hydrolysate§ 
Aniline hydrogen brownish red Same as hexuronie acid 
phthalate 


Differs from hexuronic 
acid which shows blue 


* Dishe, Z, J_ Biol. Chem , 167, 189 (1947) 
T Dubois, M , Gilles, K A Hamilton, J K , Rebers, P A , and Smith, 
F, Anal Chem, 28, 350 (1956) 
Weissbach, A , and Hurwitz, J, J Biol. Chem , 234, 705 (1959) 
Albersherm, P , Nuehom, H , and Deuel, H , Helv Chim Acta, 43, 
1422 (1960) 

From these results 16 can be seen that the structure 
of this new type of uronide may be a diuronide 
contamumg A*'5-mannuronie acid and the mechanism 
of the enzyme action seems to mvolve the splitumg 
of the glycosidic bond by an elimination reaction, 
thereby mtroducing unsaturation mto the liberated 
molecules, as already seen in the splitting mech- 
anisms of hyaluronic acid? and pectin? 

Isami TsuJINO 
TSUNEYUKI SAITO 
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Determination of the Amino-Acid 
Composition of Bovine Growth Hormone 


THE amino-acid composition of bovme growth 
hormone has been determmed! by Levy’s method? 
This procedure which mvolves paper chromatography 
of dimtrophenyl derivatives of amimo-acids is subject 
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to certam hmitations such as variable recoveries of 
tyrosine and lack of resolution of the leucine dertva- 
tives The development of automated ion-exchange 
chromatography of amuno-acids? has prompted a 
re-mvestigation of the amino-acid composition of this 
protem 

All the samples of bovine growth hormone employed 
in this work were furnished by Dr C H Ii and were 
prepared by a previously described method Determ- 
ination of the nitrogen content of the anhydrous, 
ash-free protem by the Dumas method has given a 
value of 16 7 per cent m contrast to that of 15 8 per 
cent reported elsewhere! This value was confirmed 
by the amıno-acıd composition reported here and 
also by an independent analysis performed by the 
Elek Micro Analytical Laboratories, Los Angeles, 
Cahfoinia 

Hydrolyses were carried out for 24 or 72 hı at 
110° C m a sealed evacuated tube Approximately 
4 mgm of protem was transferred to the tube in a 
weighing tube followed by 10 ml of constant-boiling 
hydrochloric acid redistiled in an all-glass system 
After hydrolysis, acid was removed by repeated 
evaporation, the hydrolysate was then diluted to 
10 ml with 0:2 N citrate buffer, pH 22 Chromato- 
grams of each hydrolysate were run 1n triplicate on a 
Spinco model MS amino-acid analyser 

Table 1 gives the detailed amino-acid analysis of 
one bovine growth hormone sample, preparation III 
Appropriate corrections have been made for hydro- 
lytic destruction Including the tryptophan and 
amide values of Li and Chung’, ıt will be seen that the 
analysis will account for the weight of the protem 
and the nitrogen content A summary of the analyses 
for the three preparations ıs also shown ın Table 1 
Li and Chung's results} have been included for 
purposes of comparison Preparation I 1s from the 
sample of growth hormone used for the original 
analysis of Li and Chung It will be seen that the 
agreement ıs generally good There are two discrepan- 
cies worthy of note The total number of Jeucine and 
isoleucine residues obtamed in the present analvsis 
ranges from 62 to 68, the higher figure bemg found in 
two of the three preparations The older figure of 76 
residues would appear to be subject to question. In 
this work significantly higher values for serine have 
been obtamed It ıs possible that this reflects a short- 
coming m the Levy procedure The hydrolysis con- 
ditions might also be different to the extent that 


Table 1 AMINO-ACID ANALYSES OF BOVINE GROWTH HORMONE 


Preparation III 





Summary (residues) 


Gm amimo-aeid residues/ N as percentage of Residues Lı and Chung 

100 gm protein Deviation * total N 45,652mw Preparation I Preparation II (ref 1) 
Lys 6 20 05 8 02 22 1 23 23 23 
His 203 14 3 68 68 7 7 7 
Arg 8 20 11 17 89 24 0 26 26 26 
Asp 9 06 06 6 52 35 9 33 34 35 
Thr 470 08 4 67 25 7 24 25 26 
Ser 5 26 19 501 27 6 25 27 22 
Glu 14 03 13 901 496 51 52 50 
Pro 3 21 43 274 151 13 14 14 
Gly 2 8i 07 412 227 22 22 20 
Ala 4 61 07 538 29 6 29 30 31 
CyS/2 1 80 50 1 35 81 8 8 8 
Val 3 02 24 2 53 13 9 14 14 14 
Met 241 21 1 52 84 7 8 7 
Ileu 3 27 09 2 40 13 2 14 14 76 § 
Leu 12 27 06 8 99 49 4 54 54 
Tyr 4 26 14 216 119 12 13 Ilt 
Phe 8 15 07 4 59 25 8 25 26 27 
Tryp 125ċ¢ 1 13 31 3 
NH; 6 501 

07 57 97 71 392 4 387 397 400 


* Mean deviation as + per cent of mean 
f Léonis and Li (ref 6) report 12 residues 
I Taken from Ia and Chung (ref 1) 

§ Sum of isoleucine and leucine residues 


972 


different destruction factors have been obtamed 
Other differences may be indications of ‘microhetero- 
geneity’ The tyrosine values are m good agreement 
with the spectrophotometrie data of Léonis and Li‘ 
for bovine growth hormone The chromatograms did 
not reveal the presence of any new or unusual amino- 
acids 

I wish to thank Dr C H Li of the University of 
California, for the gift of the growth hormone samples 
Dr S. H Eppstein has contributed valuable advice 
durmg the course of this work Mucroanalyses were 
performed by the Physical and Analytical Laboratory 
of the Upjohn Co and the Elek Micro Analytical 
Laboratories, Los Angeles, California 
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Starch Gel Electrophoresis of Hen Egg 
White, Oviduct White, Yolk, Ova and 
Serum Proteins 


THE Smithies! starch gel technique has recently 
been successfully apphed by Lush? to demonstrate 
genetic polymorphism in protems of the whrte of a 
hen egg 

Lush? referred to two electrophoretically distinct 
components of crystalline hen ovalbumm deseribed 
by me?. Three—and not two—components were 
reported ın this work, which was later briefly repor- 
ted' The electrophoretic technique used in an 
examination of hen serum and egg proteins is now 
described ın more detail Suitable starch gels con- 
taining 15-17 per cent w/v starch were prepared from 
B D.H. soluble starch and buffered as recommended 
by Smithies The ‘Perspex’ troughs containmg the 
starch gels were placed on a metal sheet in contact 
with an ice block in a cold room at 0° The run was 
continued for 8 hr , at 400 V and 10 m amp 

The components of the ‘thin’, ‘inner thin and ‘thick’ 
layers® of hen egg white protems were compared with 
those of the viscous fluid obtamed from the magnum 
region of the oviducts of laymg hens The protem 
composition appeared to be identical by comparison 
of pairs of these fluids on a single gel in all four cases 
Sixteen well-defined bands were observed (Fig 1a) 
The fast anodic components 16 15. 14 were shown 
to be identical with three components of a sample of 


five-times crystallized ovalbumin, A, A, <A, re- 
spectively, as described by Cann®. 
1 234 66 7 891011 12 181415 16 





+ 





T (c) 
Fig 1 (a) ‘Thin’, ‘mner thin’, ‘thick’ and ‘oviduct white’ proteins 
Ovalbumins dı, As, A; corresponding to bands 16, 15, 14, 
respectively (b) Proteins of laying-hen serum (c) Hen egg yolk 
and ova proteins In eet acre the origin 18 indicated by 
e aITOW 
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For comparative purposes the protein patterns of 
hen serum (Fig 15), egg yolk and ova isolated from 
the ovary (Fig Ic) are given The actual position of 
the bands ın the figures cannot be directly compared 
since these patterns were obtained from different gels 
It can. be seen that the high resolving power of starch 
electrophoresis 18 well surted to the study of species 
differences in complex protem and lpoprotem mx- 
tures 
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Electrophoretic Separation of Conjugated 
Bilirubin on Paper 


IN previous experrmnents! the 0 02 M phosphate 
buffer of pH. 6 8 was used for electrophoresis of bile 
pigments on paper Under these conditions (m the 
absence of protems) the conjugated bilirubm migrat- 
mg anodically separates from the unconjugated 
bihrubm which remains on the starting lne The 
presence of bile salts clearly influences this separation 
Purified preparations? of conjugated bilirubin which 
are devoid of bile salts migrate m the form of a tail 
beginning just from the starting hne If bile salts are 
present a sharply defined zone of conjugated bilirubin 
separates, migrating in front of the bile salts The 
velocity of migration of this zone m the presence of 
bile salts 18 considerably higher than the rate of 
migration of pure preparations of the pigment. 

For example, the purified preparation, containmg 
about 80 per cent of pigment II (as determmed 
according to Bilhng?) after paper electrophoresis 
(1 m.amp /1 em of Whatman No 1 paper, potential 
gradsent about 12:5 V /em , 2 hr 15 mm) in 002 M 
phosphate of pH 6 8, yielded a diffuse zone begmning 
at the starting line and tailing to 9 em The same 
preparation in the presence of about 10-fold excess 
(on the weight basis) sodium taurocholate (and 
taurodeoxycholate) migrated simultaneously as a 
relatively narrow zone between 12 and 13 em from the 
start The separation of both fractions of conjugated 
bilirubin (pigment I and pigment II?) could not be 
observed Analogous results were obtamed with the 
use of sodium acetate-acetic acid buffer of pH 5-2, 
only the rate of migration was shghtly lower Barbital 
buffer of pH 8 6 cannot be recommended owing to the 
instabihty of conjugated pigments ın the alkaline 
range. The migration of unpurified preparations in 
this buffer proceeds in the same way as in phosphate 
buffers 

For the purpose of electrophoretic separation of 
purified preparations of conjugated bilirubin (that 18, 
those which were devoid of excess bile salts) the 
systems contammg pyridine were tested Such 
systems were described by Grassmann ef al * (pH 3 9) 
and by Runeckles and Krotkov* (pH 60) Both 
yielded better results than mere aqueous solutions, 
systems contaming more pyridine caused less tailing 
The system (pH 6 1) was selected contaming 5 ml of 
glacial acetic acid, 70 ml of pyridine in 1 htre Under 
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Fig 1 Electrophoresis of bile pigments on filter paper 
a, Unconjugated bilirubin m 00244 phosphate, pH 6 8, 
b, conjugated bilirubin (about 80 per cent of pigment II) m 
0 02 M phosphate, pH 6 8, c, same in the presence of excess bile 
salts, d, same preparation as in b but 1n 0 08 M sodium acetate, 
pH 52, e, same preparation as in b with free bilirubin added, 
m pyridine acetate, f, TUM iB us in the presence of excess of 
ile salts 


these conditions the separation of conjugated from 
unconjugated bilrubm was complete and both 
fractions of conjugated bilirubin were visible on the 
electrophoretograms if an appropriate amount of 
pigment was applied (correspondmg to about 100 
ugm of bilirubin on 2-3 cm width of paper) The 
presence of an excess of bile salts precludes the 
possibihty of distingwshing between the two con- 
jugated forms 

The use of buffers contammg pyridine acetate 
enables the electrophoretic separation even of 
preparations devoid of bile salts, which was not 
possible in mere aqueous buffer solutions 
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Enzymatic Hydrolysis of Biliary Con- 
jugates of 3,4-Benzpyrene on Filter 
Paper 


METABOLITES of numerous biologically active 
endogenous and exogenous organic compounds are 
excreted in bile and urine as glucuronic acid conjug- 
ates In the course of studymg the mechanism of 
action of carcinogenic polycyche hydrocarbons, we 
wished to identify the metabolites of certam of these 
agents For this purpose, “C-3,4-benzpyrene was 
injected into rats, and bile was collected by an mdwel- 
ling cannula, utilizing a technique already described! 
The ble fractions were collected in an automatic 
fraction collector, and enzymatic hydrolysis with 
G-glucuronidase was undertaken Characterization 
of all the metabolites by this technique proved to be 
impossible because of the extreme instability of some 
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of the hydrolysis products We therefore attempted 
to determine whether the extent of oxidation and the 
class of conjugate formed could be established by 
direct analysis of the conjugates 

Two methods utilizmg paper chromatography with 
subsequent enzymatic hydrolysis on paper were 
developed Willams and Bevenue? have reported the 
use of a technique for the identification of raffinose 
and sucrose by enzymatic hydrolysis on paper chio- 
matograms In our work, migration was initially 
accomplished along one axis using a solvent system 
consisting of n-butanol/pyridme/water (3 2 2) 
for the separation of fluorescent compounds If satis- 
factory separation resulted, the enzyme was applied 
to the individual spots, which were then meubated 
for 90 mm A second chromatographic separation of 
compounds m an axis perpendicular to the first was 
then dons, using the same solvent system Under 
these conditions, unhydrolysed conjugates were 
found lying on the diagonal across the paper while 
those undergoing hydrolysis were usually detected in 
greater proximuty to the solvent front of the second 
migration. 

When the number of metabolites was large or when 
separation in one dimension was unsatisfactory for 
further analysis, a two-dimensional chromatogram 
was propared prior to application of the enzyme The 
papers were then scanned for radioactivity in a two- 
dimensional scanner (Packard Instrument Co ), follow- 
ing which fluorescence spectroscopic analysis was 
used to characterize the metabolites (In certain 
experiments, non-1sotopic 3,4-benzpyrene and pyrene 
were used and qualitative results were then obtamed 
exclusively by fluorescence analysis ) 

Following two-dimensional chromatography, using 
n-butanol/pyridime/water (3 2 2) as the first 
solvent system and n-butanol / acetic acid / water 
(4 1 5) as the second, the individual spots were 
identified by fluorescence, following which they were 
incubated for 90 mın with a solution contaimng 100 
units of the enzyme The spots were then cut out of 
the chromatogram and attached to a new paper strip 
for a third chromatographic separation for which 
either the original or the second solvent system was 
used Excellent results were obtained by cutting two 
semi-exreles m the fresh paper stiip and slipping the 
cut-out spots mto these slits ın a manner which per- 
mitted satisfactory contact between the two papers 
Following development of the chromatogram, the 
strip was analysed for fluorescent spectra and/or the 
presence of radioactive foci By this technique 
data on the original compound, 1ts conjugation, rate 
of hydrolysis, and stability and nature of the free 
parent substance were obtamed Wherever technically 
feasible, ultra-violet absorption. spectroscopy was used 
in addition to fluorescence spectroscopy 

Basic formation concerning the optimal conditions 
for enzymatic action on filter paper was obtamed by 
studying the hydrolysis of phenolphthalein glucuron- 
ides (Califcrma Foundation for Biochemical Research) 
as suggested by Talalay et al? All work was carried 
out on Whatman No 1 filter paper using 0 1 molar 
acetate buffer at pH. 4 5 Time studies were performed 
in which a substrate contammg 25 pgm phenol- 
phthalem as the glucuromde and 100 units of the 
enzyme at 37° C were used ‘These were placed on a 
screen inside a still Dubnov mcubator These results 
are presented in Fig 1, where they are further com- 
pared with results obtamed following (a) sub- 
stitution of a test-bube for the filter paper; (b) 
changing of the mcubation temperature to 25° C, 


Substrate hydrolysed (per cent) 
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(c) changing the concentiation of phenolphthalem in 
the substrate to 5 ugm It will be noted that, in the 
presence of 100 units of enzyme, 90 per cent hydro- 
lysis occurred after 10 min incubation at a concen- 
tration of 5 ugm of substrate In contrast, 60 per 
cent hydrolysis occurred at the five times greater 
concentration As anticipated, a greater yield 
resulted from hydrolysis in a test-tube, and a lower 
yield was obtained when the temperature was 
reduced to 25° C 

Piogressively increasing the enzyme concentration 
above 50 units per spot resulted m diminishing the 
rate of increase of hydrolysis, suggesting that 50 
units of enzyme would provide an excess for all con- 
centration ranges likely to be encountered (Fig 2) 
The constant use of 100 units of enzyme in the 
presence of altered concentrations of the substrate 
resulted in a hydrolysis-rate of 100 per cent down to 
60 per cent with the decreasing yield parallelmg the 
crease in concentration of substrate (Fig 3) At 
the concentration-range encountered in work on bile, 
that is, between 1 and 2 ugm of metabolite, a yield 
of almost 100 per cent may properly be anticipated 

Our work has further established that hydrolysis 
does not occur if the enzyme 1s denatured, while 
little hydrolysis 1s noted when the strips are not 
perfectly free of solvent after chromatography 
Hydrolysis was uniformly decreased in the presence 
of bile, and for this reason enzymatic hydrolysis was 
carried out only after chromatography in all cases 
This emphasizes the need for enzymatic hydrolysis 
subsequent to chromatography  Hydrolysis of con- 
jugates of oxidation products of benzpyrene does not 
occur as rapidly as the hydrolysis of phenolphthalein 


T P S 
^ 397^ € 9 ugm Paper 
37°C 25ugm Paper 
37°C 25 ugm_ Test- 
tube 
87°C 25 ugm Paper 
37°C 25 "gm Paper 
25°C 25 ugm Paper 





Min 
Fig 1 Hydrolysis of phenolphthalein glucuronide on filter paper 


by &-glucuronidase Effect of temperature (T), phenolphthalein 
glucuronide concentration (P) and site (S) 
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Fig 2 Effect of enzyme concentration 
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Phenolphthalem in substrate (ugm ) 


Fig 3 Effect of substiate concentration 


glucuronide, and therefore the hydrolysis time was 
increased to 90 min in contrast to the 10mm used for 
phenolphthalem Detailed analysis of the bihary 
metabolites of polycyclic aromatic hydrocarbons will 
be presented ın a subsequent publication 

This mvestigation has been supported by grant 
CS—9156 from the Field Investigations and Demon- 
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PHYSIOLOGY 


Respiratory Chain Phosphorylation in 
Sub-Cellular Particles isolated from the 
Hepatopancreas of Carcinus maenas 


In previous publications!? I have shown that the 
respiratory chain present in respuimg particles 
isolated. from the hepatopancreas of Carcinus maenas 
(the common shore crab) contains pyridine nucleo- 
tides, flavoprotems and cytochromes c,--c, b, a and 
a, ın the proportions 19 3 1 1 I 1 All 
these respuatory pigments were shown to undergo 
oxidation and reduction during the oxidation of 
succinate, but the pyridine nucleotides reacted too 
slowly to be considered as a member of the respiratory 
chain associated with the oxidation of succinate This 
communication presents evidence which shows that 
the oxidations catalysed by this respiratory chain 
are associated with the production of adenosine 
triphosphate 

The respiring particles used in these expermments 
were isolated by differential centrifugation of homo- 
genates of hepatopancreas in 0 25 M sucrose’ The 
P/O (phosphorus to oxygen) ratios associated with 
the oxidation of succinate, fumarate and «-oxo- 
glutarate were measured using Warburg respiro- 
meters and an morganic phosphate uptake method. 
The respiring particles were suspended in a reaction 
mixture contammg 5 mM substrate, 5 mM mag- 
nesium chloride, 1 mM adenosine triphosphate, 
5 mM phosphate buffer, pH 7-4 (10 mM for «-oxo- 
glutarate), and malonate in the concentrations shown 
m Table 1 Sucrose was used to adjust the tonicity 
to 025 osmolar 09-ml samples of the suspension 
of resprrmg particles were placed in the mam com- 
partment of a 6-ml respirometer flask, 01 ml. of 
a 20 per cent potassmm hydroxide solution was 
placed imn the centre well and 01 ml of a 025 M 
glucose solution contammg 4 mgm of crystallme 
hexokinase was in the side-arm of the flask After a 
7-min equilibration period at 25? C the hexokinase- 
glucose solution was mixed with the contents of the 
mam compartment and the oxygen consumption 
measured The reaction was stopped by the addition 
of 01 ml of a 40 per cent trichloroacetic acid solu- 
tion The uptake of orthophosphate was determmed 
as the difference between the orthophosphate con- 
tents of the experimental flasks and flasks to which 
the hexokinase was added after the trichloroacetic 
acid. Sumner’s method? was used to assay ortho- 
phosphate. The results of these experiments are 
given in Table 1 

The mean value of the P/O ratios allied to the oxida- 
tion of 45 mM succinate 1s 204 This value hes 
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Table 1 P/O RATIOS ASSOCIATED WITH THE OXIDATION OF VARIOUS 
SUBSTRATES BY THE RESPIRING HEPATOPANCREAS PARTICLES 


Substrate P/O ratio* Qo, (jd /hr {mgm protein) * 
Succinate 204 + 0 32 (11) 299 + 48 (10) 
Fumara:e 206 +048 (6) 187 +45 (6) 
a-Oxoglutarate 272+023 (7) 290 + 48 (7) 

+ 10 mM malonate 2 35 and 2 55 148 and 14 7 
+ 30 mM malonate 207 and 1 89 120and119 


i * i given as mean + standard deviation (number of determina. 
10ns 


between those reported for rat heart sarcosomes, P/O 
ratio = 095, and for rat liver mitochondria, P/O 
ratio = 217 (ref 4) It should be noted that the 
P/O 1atio associated with the oxidation of succinate 
by rat liver mitochondria 1s inflated by the phos- 
phorylation associated with the further oxidation of 
the fumarate produced by the action of sucemie acid 
dehydrogenase This would not appear to be the 
case in the respirmg hepatopancreas particles, since 
the mean value of the P/O ratio associated with the 
oxidation of fumarate, 206, 1s only fractionally 
higher than that for the oxidation of sucemate The 
P/O ratios for the oxidation of «-oxoglutarate by 
the respirmg hepatopancreas particles 1s just lower 
than the value given by rat heart sarcosomes, P/O 
ratio = 280 + 020 (10), im experiments where a 
simular method of assay to that described above was 
used (Beechey and Alcock, unpublished results) In 
experiments where the further oxidation of succinate 
was prevented by the addition of malonic acid, the 
P/O ratio associated with the oxidation of «-oxo- 
glutarate was actually lowered It was 2 45 in the 
presence of 10 mM malonie acid and 1 92 m the 
presence of 30 mM malonie acid These results suggest 
that the malonic acid ıs acting as an uncoupling 
agent in this system 

It was Loomis and Lipmann? who first demon- 
strated the uncoupling of respiratory chain phos- 
phorylation from oxygen consumption by dunitro- 
phenol The effect of dmitrophenol on the coupled 
oxidation succinate and fumarate by the hepato- 
pancreas 1s shown ın Fig 1 TIt can be seen that the 
complete uncoupling of phosphorylation from respira- 
tion occurs at concentrations of dinitrophenol gieater 
than 60 yM Thus the sensitivity of the phosphorylat- 
ing mechanisms in these hepatopancreas particles to 
dimuitrophenol 1s of the same order as that of the 
corresponding systems in mammahan liver mto- 
chondria’ and heart sarcosomes* 

The results presented here show that the oxidation 
of succinate, fumarate and «-oxoglutarate by these 
lespiring hepatopancreas particles 1s associated with 
the production of adenosme triphosphate and also 


Percentage inhibition of P/O ratio 





150 


50 100 
Concentration of dimitrophenol (aM) 
Fig 1 Effect of dinitrophenol on the P/O ratio associated with 


the oxidation of succinate (@ ) and fumarate ( x ) by the respiring 
hepatopancreas particles 
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that the phosphorylating mechanism is uncoupled 
by dinitrophenol. The P/O ratios measured are quite 
similar to those given by mammalian mitochondria 
These facts, together with the knowledge that these 
particles contain an active respiratory chain), 
suggest that respiratory chain phosphorylation occurs 
on these sub-cellular particles isolated from the 
hepatopancreas of Carcinus maenas 
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Growth Hormone Activity of the Anterior 
Pituitary Lobe of the Male Rat at 
Various Ages 


WITHIN the past few years several reports have 
dealt with the relationshrp between the age of an 
animal and the pituitary content of growth hormone. 
Pigs'3, ox’, and the ratë have been exammed In 
general, ıt has been found that although the total 
amount of growth hormone m the pituitary gland 
inereases greatly with age, the concentration of the 
hormone ın the gland tends to remain fairly constant. 
The present work on the male rat supports this con- 
cept, but also indicates that relative to body-weight 
there may be a decreased amount of total growth 
hormone in the anterior lobe as the animal advances 
in age. This latter relationship has likewise been 
found in the larger species which have been examined, 
but previous evidence® on the rat has indicated a 
lack of correlation between the total pituitary growth 
hormone/body-weight ratio and age 

Male rats of the Long-Evans strain which were 
raised in the Bucknell University colony were 
used predominantly as the source of the pituit- 
aries which were assayed At ages of 10, 30, 60, 90, 
180, 360 and 600 days the animals were killed by 
decapitation, the pituitary rapidly exposed, the 
posterior lobe removed and discarded, and the 
anterior lobe removed, weighed and placed in acetone. 
After 24 hr. in acetone the glands were aur dried and 
placed in a vacuum desiccator until time for use At 
the tıme of assay the desiccated anterior lobes were 
weighed, homogenized m saline, and injected ntra- 
peritoneally into young hypophyseetomized rats 
prepared as indicated below The homogenate, 
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freshly prepared each day, was &dmunistered once 
daily for 4 days With the exception of two of the 
age periods, the injections were given to assay 
animals at three dosage-levels, namely, 80, 280 
and 720 ugm of dry anterior pituitary a day 
Parallel mjections of standard growth hormone were 
given to another three groups of hypophysectomized 
animals at dosage-levels of one-tenth the amounts 
of homogenate used Another group of animals 
received saline The 10- and 30-day-old pituitaries 
were injected at two levels only 80 and 280 ugm. per 
day for the 10-day-group, and 32 and 392 ugm 
daily for the 30-day pituitaries. For each of these 
two ages the growth hormone standard was lkewise 
given in amounts equal to one-tenth the homogenate 
used Six to eight hypophysectomized rats were used 
at each dosage-level for all groups 

The recipient animals used for each assay were 
albino male rats obtamed from a commercial source 
at 22-24 days of age, and hypophysectomized when 
they were 28 days old At 40-42 days of age they 
were randomized into a number of groups and the 
four-day period of injection begun? Rats which had 
gained more than 8 gm or lost more than 3 gm post- 
operatively were elimmated from the assay The 
operated animals were maintained on calf meal, 
fresh bread, and 10 per cent glucose m their drinking 
water 

Twenty-four hours after the last 1njection the rats 
were killed by ether anesthesia and the tibias removed 
&nd prepared for epiphyseal measurement according 
to the procedure of Evans, Greenspan et al ^9 Statis- 
tics were calculated according to methods given by 
Emmens? 

It can be seen in Table 1 that the concentration 
of growth hormone activity ın the anterior pituitary 
gland showed little change with age, the ranges of 
the estimated potencies being essentially the same 
for all groups In Table 1 are also given the anterior 
pituitary- and body-weights at the various ages 
examined, it will be noted that the ratio of dry 
(or wet) anterior pituitary-weight to body-weight 
exhibited a decrease with age The ratio was highest 
at 10 days and then dropped to a somewhat constant 
value for the ages up to 3 months A further 
decrease was observed at 6 months, and the still 
lower ratio seen at 12 months was maintamed at 
20 months of age Thus, with a rather similar con- 
centration of growth hormone m the pituitary at all 
the ages mvestigated, these decreasmg pituitary- 
weight/body-weight ratios would indicate that in 
the anterior pituitary gland there 1s less total growth 
hormone per gram of body-weight as the male rat 
ages 

Solomon and Greep5, using female rats, found that 
the growth hormone concentration in the whole 
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WEIGHT/BODY-WEIGHT RATIO IN THE MALE RAT 







| 
Potency and range* | N 


(per cent) Wet (mgm ) 
113, 82-156 162 120 + 0038 
158, 71-853 20 376 + 0 047 
60 198, 90-440 31 76+017 
9 133, 94-190 24 9212011 
180 140, 81-241 26 94403 
360 200, 105-365 25 100403 
600 172, 113-263 18 110+05 


T Number of pituitaries and number of animals welghed 


Anterior pituitary average weights 


Dry (mgm )t 


Ratio of dry pituitary-weight 
Average ee to body-weight mgm of pit- 
gm 


( ulfary per gm rat (x 1073) 
0 19 21 + 0 3§ 9 05 
0 60 84 +187 7 34 
142 191 + 31 7 43 
174 247 + 49 7 04 
1 85 332 + 8T 5 57 
1 96 386 + 87 5 08 
2 04 401 + 15 5 09 





* Growth hormone potency of pituitary preparation and range of potency at 95 per cent significance level 


t Desiceated pituitames of a given age were weighed collectively, thus standard errors are not available 


§ Standard error of the mean 


TP < 0001 that the difference between this value and that of any younger age group 1n this column 21s due to chance 
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pituitary lkewise fluctuated within only a small 
range as the animals aged They observed in addition, 
however, that the weight of the whole pituitary 
continued to mcrease in an approximate proportion 
to the body-weight increments of the animals 
Therefore the total amount of pituitary growth 
hormone relative to body-weight was calculated to 
change very little, and showed neither a regular 
decrease nor increase throughout the age range 
studied Whether the apparent discrepancy between 
this latter observation and that of the present 
communication, in this regard, 1s due to the sex of the 
enimal investigated or to anterior lobe and whole 
pituitary differences ıs not clear In support of 
the present results, 16 has been reported 1n both male 
and female pigs? and in the cow? that the total 
amount of growth hormone in the anterior lobe shows 
a dechne m relation to body-weight as these animals 
age 

It is recognized that the amount of hormone 
present in a gland may well not indicate the amount 
or rate of secretion, and information concerning blood- 
levels of, and tissue sensitivities to, growth hormone 
at various age periods would be of interest 

The bovine growth hormone used as the standard 
was a gift of the Endocrmology Study Section of the 
National Institutes of Health This work was suppor- 
ted by National Science Foundation grant G—5069 
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Permeability of the Mammary Gland 
to Sodium-24, Potassium-42, Chlorine-36 
and lodine-131 


PHosPHORUs-32 and calcrum-45 appear m the 
blood of goats a few mutes after ther administration 
through the teati? The regulation of milk electrolyte 
content ıs little understood, and ıt seems necessary to 
examme the problem of udder permeability further in 
oider to understand these problems better 

In the present investigation the permeability of the 
mammary gland to sodium-24, potassrum-42, chlorine- 
36 and 10dine-131 has been studied, using goats m the 
first half of lactation Polyethylene glycol (mean 
mol wt 4,000), which does not penetrate the udder 
epithelium’, was used as & reference substance The 
disturbances m udder function, which often follow the 
mjection of fluid through the teat, have been avoided 
so far as possible by reducing the injected amount of 
fud The mjected solutes are rapidly and fairly 
evenly distributed throughout the whole milk volume 
of the injected udder half?. 
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Half of an udder was cannulated and about 2 ml 
physiological saline contaming tracer (10—40 ue. of 
sodium-24, potassrum-42 or iodine-131, 1-2 uc of 
chlorine-36) and polyethylene glycol was slowly 
injected, usually 4 hr after milking 

In the experiments with 1odine-131, 5-ml samples of 
milk were drawn at regular intervals, and the disap- 
pearance of 10dide was examined by comparing the 
expansion of the iodide and polyethylene glycol 
Spaces 

In the other experiments the udder was cannulated 
some time after the injection and the milk collected in 
fractions When the milk ceased to flow spontaneously 
an additional amount of milk was obtamed with 
oxytocm The volume of milk still left ın the udder 
was calculated from the amount of polyethylene 
glycol retained in the udder. 

The radioactive isotopes were counted ın a Friesecke 
and Hoepfner FH 49, usmg an ordmary Geger- 
Muller-tube for sodium and iodide and a proportional 
counter for potassium and chloride Polyethylene 
glycol was determined turbidimetrically* 

The results from one experiment with iodine-131 
are summarized in Table 1 Between the 4th and the 
19th hr of the experiment the volume of water 
m the milk, measured as the distribution volume of 
polyethylene glycol, expands from 95 to 145 ml 
while the 10dide space mereases to nearly 5 litres 
durmg the same time 


Table 1 
Time after injection (hr ) 45 63 8 98 113 19 
Distribution Polvethylene glycol 95 98 102 120 126 145* 


volume Jodime-131 265 340 447 875 1,192 4,606 


(ml ) 


* The goat used 1n this experiment was in an advanced stage of 
lactation, which explains the low production of milk 


After the first 4 5 hr 40 per cent of the dose was 
still present m the udder This agrees well with the 
results from other experiments with 10dide 

The results of the experuments with sodium-24, 
potassium-42 and chlorine-36 are given 1p Table 2 


Table 2 
Activity 
Time between remaining 
No of injection and in the milk 
experiments sampling (hr ) (per cent) 
SodIum-24 2 1 13 
Sodium-24 2 4 1 
Potassium-42 3 4 36 
Chlorine-38 6 4 37 
Sodium-24* 1 9 10 
Chlorine-36 * B 70 


* Examined simultaneously in the same udder half 


It ıs evident that the sodium ions disappear far 
more rapidly than the others The difference between 
sodium and chloride 1s especially well demonstrated m 
the experiment where they were examined simul. 
taneously 

The ratio of the concentrations of the isotope and 
polyethylene glycol 1s usually lower ın the last fractions 
of milk. Table 3 gives the results of one typical 
experument with each isotope 


Table 3 
Fraction No 1 2 3 4 5 6 7 8 
Sodium/PEG 38 33 30 27 29 7 7 
Potassium/PEG 21 20 19 18 16 16 
Chlorme/PEG 38 35 32 24 26 25 26 27 
PEG, polyethylene glycol 
Clearly the epıthelum of the udder is fairly 


permeable to the 10ns examined, and Table 3 tends 
to show that this applies at least to the epithelium of 
the ‘proximal’ parts of the gland, that ıs, the finer 
ducts and the alveoli. More information 18 obviously 
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needed before definite conclusions can be diawn with 
regard to the processes involved ın the permeation of 
these solutes Jn view of the low sodium content of 
the milk the apparently high permeability of the udder 
with regard to sodium ions may, however, indicate 
participation of both diffusion and active transport 
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Particle-bound and Free Catecholamines 
in Dog Hearts and the Uptake of 
Injected Norepinephrine 


SUBMICROSCOPIC stiuctures containing catechol- 
amines have been found by high-speed centiifugation 
of homogenates or pressed juice of adrenal medulla!-3, 
splenic nerves*-* and bram” A granular fraction 
containing catecholammes has been isolated from the 
pressed juice of cyclostome hearts? It was the pur- 
pose of this mvestigation to see whether also in 
mammahan hearts the catecholamimes are stored 1n a 
particle-bound state, the question was also examined 
whether mjected norepinephrine ıs taken up by sub- 
microscopic cell elements This 1s of interest smce 
Raab and Gigee® reported a specific avidity of the 
heait muscle to absorb and store catecholamines 

Six puppy hearts, which have a high catecholamine 
content (Wegmann et al, unpublished data), were 
submitted to successive low- and high-speed centi1- 
fugation after homogenization The catecholamine 
content m the different fractions was analysed fluori- 
metrically In another series of 7 animals an identical 
procedure was applied 20 min after the mtraperitoneal 
administration of 10 mgm norepinephrme/kgm The 
hearts were dissected nto very small preces ın 1ce- 
cold physiological sodium chloride solution After 
washing three times and re-suspending in ice-cold 
saline solution the hearts were homogenized in a 
Potter-Elvehjem glass homogenizer with a loose- 
fitting pestle The homogenates were centrifuged at 
600-1,000g for 10 mm The homogeneous super- 
natant was again centrifuged at 50,000-100,000g for 
60 min The sediment from this centrifugation was 
taken up in a few ml of N hydrochloric acid Both 
sediment and supernatant were then deprotemized 
by trichloracetic acid for fluorimetric estimation 
according to Euler and Lishajko!* after adsorption on 
alumina and elution with acetic acid Only a set of 
two filters (excitation at 412 mp, emission at 508 mu) 
was used, thus norepinephrine and epinephrime were 
determined together 

The catecholamine content 1n the different fractions 
of the normal hearts ıs shown in Table 1 The super- 
natant layer obtamed by low-speed separation did not 
contain microscopically visible cell structures After 
high-speed centrifugation 67-85 per cent (average 
74 5 per cent) of the catecholamines were located m 
the small sediment 

The catecholamine content in the different fractions 
20 min after injection of 10 mgm /kgm norepine- 
phrine 1s shown in Table 2 In these experiments only 
9-31 per cent (average 19 6 per cent) of the catechol- 
ammes were found m the sediment afte: high-speed 
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Table 1 DISTRIBUTION OF CATECHOLAMINES IN HEART HOMOGENATIS 
OF PUPPIES 


Supernatant (B000) 
0 
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Sediment (75,0009) 


Weight Total 2 uper- 
of heart homogenate (ugm /gm ) homogenate (agm /gm) natant 
(gm) (agm /gm ) (per cent) (per cent) 
13 100 0 54 54 0 36 67 
14 0 64 0 34 50 0 26 76 
16 1 20 0 56 47 0 38 68 
10 5 110 0 41 37 0 35 85 
125 1 04 0 58 56 0 41 71 
13 5 0 71 0 34 48 0 27 80 
Mean 0 95 0 46 49 0 0 34 745 


Table 2 DISTRIBUTION OF CATECHOLAMINES IN HEART HOMOGENATES 
OF PUPPIES 20 MIN. AFTER INTRAPERITONEAL INJECTION OF 10 MGM 


NOREPINEPHRINE/KGM 
Supernatant (800g) Sediment (75,000g) 
Weight Total Total Super- 
of heart homogenate (ugm /gm ) homogenate (agm /gm ) natant 
(gm) (ugm /gm) (per cent) (per cent) 
12 215 116 54 0 36 31 
115 122 10 33 85 0 93 9 
10 4 00 2 64 66 0 78 30 
7 3 76 183 49 0 39 21 
11 275 1 44 52 0 41 29 
12 3 90 2 59 67 0 34 13 
18 13 3 10 92 82 0 42 4 
Mean 6 01 4 49 65 0 0 52 19 6 


centrifugation, the greater: part being recovered ın the 
supernatant The difference between the results in the 
two series 1s highly significant (P « 0001) 

This investigation demonstrates the presence of 
particle-bound catecholamines 1n dog hearts More 
than 95 per cent of injected norepmephrine found in 
the supernatant after low-speed centrifugation weie 
not particle-bound Whether or not these large 
amounts recovered m the soluble fraction were intia- 
01 extra-cellular cannot be stated at the present time 
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Response of the Reticulo-Endothelial System 
to Stimulation with CEstrogens 


WE have previously shown that diethylstilboestrol 
and tri-p-anisylchloroethylene are strong stimulants 
of the reticulo-endothelial system! We have also 
found that when the reticulo-endothehal system is 
stimulated by diethylstilbcestrol the body defence 1s 
raised, as indicated by increased phagocytic activity, 
elevation of the serum y-globulin to about three times 
the normal level, mereased antibody formation, and 
the protection of mice and guinea pigs against lethal 
doses of virulent bacteria In previous experiments 16 
was found that the minimum dose of diethylstilb- 
cestrol required. to stimulate the reticulo-endothelial 
phagocytes 1s about a hundred times greater than that 
necessary to induce cestrus? and that after treatment 
with 0 5 mgm diethylstilbestrol daily for 6 days the 
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peaeeeyee activity returns to normal about 8 days 
ater 

The present work was carmed out to ascertain 
(1) the speed of action of diethylstilboestrol and tri-p- 
anisylchloroethylene im stimulating the reticulo- 
endothelial system, (2) whether this stimulation 1s 
mamtained. during repeated treatment with diethyl- 
stilbceestrol 

In the following experrments the phagocytic 
activity was taken as the measure of stunulat'on of 
the reticulo-endothelial system, 16 was assessed by 
the rate of d rappearance of a known amount of 
specially prepared carbon from the circulating blood, 
the method being a modification of that of B ozzi 
et al^ ‘The procedure used has been described m 
previous communications’ The total kody phago- 
eytic activity or phagocytic mdex 1s denoted by the 
symbol K 

Speed of action of daethylstlbosstrol and tia-p- 
ansylchloroethylene Fifty-five male white mice (T O 
Swiss strain) of 20-25 gm body-weight were used m 
this experiment Fifteen animals each received 01 
mgm diethylstubcestrol m 01 ml arachis oil sub- 
cutaneously once daily, fifteen received 05 mgm 
diethylstilbcestrol ın 01 ml arachis oil subcutan- 
eously once daily, and a further fifteen recerved 1 
mgm tri-p-anisylchloroethylene ın 02 ml olive oi 
orally once daily On the first. second and third day 
after the commencement of treatment with each 
compound the phagocytic activity was measuied in 
groups of 5 animals by the carbon method referred 
to above ‘Ten animals were used as controls and 
received no treatment 

The results are shown in Table 1 The control 
animals showed a phagocytic index of 15 + 2 
Compared. with the control values 16 ean be seen that 
on the first day after the commencement of treatment 
with each of the compounds there 1s slight stimulation 
of the reticulo-erdothelial system, by the second 
day there ıs moderate stimulat:on, and by the third 
day the system has become strongly stimulated 

Effect of repeated treatment with drethylstilbesirol 
Forty male white mice (T O Swiss strain) of 20-25 gm 
body-weight were used in this experiment Ten of the 
animals were used as controls and received no treat- 
ment The remaining 30 animals were divided mto 
three groups of 10 and were treated as follows 
Group A, 10 animals each received 0 5 mgm, d ethyl- 
stilbcestrol in 01 ml arachis oul subcutaneously 
once daily for 6 days On the eighth day after the 
commencement of treatment the phagocytic activity 
was measured in each animal by the carbon method, 
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Table 1 SPEED OF ACTION OF DIETHYLSTILBESTROL AND TRI-p- 

ANISYLOHLOROETHYLENE IN STIMULATING THE RETICULO-ENDOTHELIAL 
SYSTEM 

Day after Mean phagocytic 


Compound used Daily dose treatment index (X value) 
commenced +8 
0 1mgm in First 1e +1 
Diethylstilbestrol 01ml arachis oil Second 37 + 4 
subcutaneously Third 40+1 
05mgm in First 19 +1 
Diethylstilbcestrol 01 ml arachis oll Second 33 + 7 
subcutaneously Third 72+ 4 
Tri-p-anisyl- 10mgm in First 20 L1 
chloroethylene 02 ml olive oil Second 97 + 2 
orally hird 60 +4 
Controls 15 + 2 
Table 2 EFFECT OF REPLATLD TREATMENT WITH DIETHYLSTILB- 
(ESTROL ON PHAGOCYTIC ae OF RETICULO-ENDOTHELIAL 
YSTEM 
Animal group Mean phagocytic index 
(K value) + S E 
Group 4 66 + 3 
Group B 58 +1 
Group C TT c 
Controls 16+1 
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and the animals were then killed Group B, 10 
animals were given d ethlystilbcestrol for 6 days, as 
described above They were then left for 3 weeks, 
then given a second course of d ethylstilbcestrol for 
6 days, on the following day the phagocytic activity 
was measured in each animal, then the animals were 
liled Group C, 10 animals were given a simular 
course of d ethylstilbcestrol for 6 days They were 
left for 3 weeks theh given a second course of diethyl- 
stilboestrol for 6 days, they were now left for a further 
3 weeks then given a third course of diethylstilboestrol 
for 6 days On the followmg day the phagocytic 
activity was measured in each animal and then the 
animals were killed 

The results are shown in Table 2 The control 
animals showed a phagocytic index (K value) of 
16+1 Compared with the controls ıt can be seen 
that the total phagocytic activity or phagocytic 
index K remains high in all three experimental groups 
A, B and C and that the phagocytes continue to 
respond to stimulation during repeated treatment 
with diethylstilboestrol 

The above results show that cestrogen treatment 
produces strong stimulation of reticulo-endothelial 
activity by the third day after the administration 
of the drug 1s commenced When the treatment is 
stopped the stimulative effect lasts for about 1 week, 
during which ıb gradually dummuishes, and by the 
eighth or ninth day the phagocytic activity has 
returned to normal? These findings may be of clinical 
interest smce they ind eate the short period during 
which cestrogens need be used to raise the body 
defence in acute illness The results also indicate 
that the reticulo-endothelial phagocytes continue 
to respond to stimulation daring repeated courses of 
treatment with dethylstilbcestrol over a period 
of at least 9 weeks 

We gratefully acknowledge financial assistance 
from the Medical Research Council and the Tobacco 
Manufacturers’ Standing Committee 
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Production of Aortic Occlusion resembling 
Acute Aortic Embolism Syndrome 
in Cats 


A SYNDROME of acute aortic embolism occurring 
in cats resembles the condition found m man An 
embolus, usually fragmented from an intracardiac 
thrombus, lodges at the thac bifurcation, disrupting 
blood supply to the rear limbs The symptoms 
include paraplegia, loss of femoral pulse, cold rear 
extremities, muitial muscular tenseness of the 1ear 
hmbs followed by atrophy, and pam In an effort 
to reproduce the signs of aortic embolism or 'saddle 
embolus’, the posterior aortas of thirteen cats were 
occluded by various methods The work here sug- 
gests that the blood-clot occluding the aorta 18 respon- 
sible for the hind-limb paralysis, accomplishing this 
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by some means other than mechanical circulatory 
blockage 

Expermental aortic hgations have been performed 
frequently on laboratory animals, many bemg con- 
cerned with occlusion of the aorta above the renal 
arteries? According to Adams’, suprarenal aortic 
occlusion causes paralysis by ischemic damage to the 
spinal cord, whereas infrarenal aortic occlusion accom- 
plishes this by peripheral nerve damage  Gnuuseffi* 
states that infrarenal aortic occlusion of more than 
4 hr is apt to produce paraplegia in the dog. In 
his work on dogs, Brooks® reports that there ıs a 
constant marked disturbance m function of the 
posterior extremities followmg ligation of the aorta 
between the inferior mesenteric and external iliac 
arteries 

Long-term infrarenal aortic ligation work on the 
eat 13 not readily found in the literature Because 
clots were found at the iliac bifurcation m naturally 
occurring cases, these expermments were designed to 
look into the effects of low aortic ligation on symptom- 
atology referable to the rear limbs 

Cats between the ages of 7 months and 5 years 
were divided mto 3 groups according to the surgical 
procedure used on each A pre-surgieal &ortogram 
was performed on every cat to determine patency of 
the aorta Braided stainless steel wire or heavy silk 
was used as the hgature material 

Group 1 consisted of five cats in which a single 
ligature was placed around the aorta at the level of 
the ılac bifurcation Complete occlusion of the aorta 
was determined by aortography immediately after 
surgery. From the day followimg hgation until they 
were killed one month later, these cats showed no 
symptoms of paraplegia Subsequent aortograms 
demonstrated a progressive merease in collateral 
erculation at the ligation site Although no femoral 
pulse could be palpated post-surgically, the rear legs 
remained warm. 

Group 2 consisted of five cats which were hgated 
as above with a second hgature placed approximately 
1:5 cm. proximal to the first hgature Jn most cases 
the circumflex iliac arteries were also ligated smce they 
were the only vessels emerging from the aorta between 
the two aortic hgatures As m Group I, these cats 
demonstrated no symptoms of paraplegia The pur- 
pose of the double ligation was to determme whether 
or nob a 15 em ‘dead space’ m the aorta would 
cause a slower build-up of collateral circulation than 
a single ligature. Results did not differ from Group 1 

Group 3, m which a clot was produced im the 
posterior aorta of three cats, was done in order to 
simulate the naturally occurring syndrome of aortic 
embolism A permanent hgature was placed around 
the aorta at the iliac bifurcation asin Group 1 The 
circumflex iliac arteries were obliterated as in Group 2 
A length of umbilical tape was then placed around 
the aorta 15 em above the first ligature to occlude 
the aorta temporarily When the tape was drawn 
snugly, blood was trapped between the ligatures 
10-20 units of bovine thrombm (about 02 cc of 
fluid) was mjeeted through a 27-gauge needle into 
the lumen of the aorta between the hgatures After 
allowing 5 mm for a clot to form, the temporary 
tape ligature was removed On the day after surgery 
all three cats were paralysed ın the rear limbs. Sensory 
and motor functions were lackng There was no 
femoral pulse and the rear hmbs were cold to the 
touch. Muscle atrophy of the rear limbs was extensive 
at the end of one week Aortography showed no 
increase m collateral circulation After ten days of 
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unabated paraplegia, all three cats were killed In 
contradistinction to Groups 1 and 2, necropsy showed 
a small, ragged clot extendmg approximately 1 cm 
above the ligature at the ihac bifureation. The 
muscles of the rear hmbs were pale in colour. There 
were no gross lesions of the spmal cord or peripheral 
nerves to the rear hmbs 

The following conclusions are drawn from this 
prelmunary study (1) hgation of the aorta of the 
eat at the {iac bifurcation has no demonstrable 
effect on locomotion in spite of the dimmution of 
femoral pulse, and (2) &mee the methods used m 
Groups 1 and 2 produced no paretic symptoms but 
the Group 3 method did, the clot apparently played 
some part m causmg the paraplegia Collateral 
circulation was evidently impeded m some way by 
the presence of the clot It 1s doubtful whether this 
happened by mechanical blockage of collateral 
channels from the aorta since the clot extended up 
the aorta from the thac bifurcation for only a short 
distance In fact, the clot did not extend as far up 
the aorta as the proximal hgature m Group 2 The 
similarity of the symptoms of naturally occurrmg 
and expermentally produced aortic embolism 18 
striking and leads us to believe that the mechanism 
involved in producing paraplegia is the same m both 
instances. 
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Mast Cell Turn-over in Adult Mice 


Mast cells are generally thought to be derived from 
undifferentiated mesenchymal cells and perhaps 
heteroplastically from lymphocytes, plasma cells or 
hisbiocytes!. Various conditions can cause mast cell 
granules to be discharged m a manner that has led 
some investigators to believe the cell 1s destroyed in 
the process Yet Padawer? reported never having 
geen a mast cell in mitosis durmg his extensive mvesti- 
gation of these cells with colchicine and related 
substances ‘This does not preclude the possibility of 
mast cells being continually replaced by transforma- 
tions from a population of proliferatmg precursor 
cells Extensive mast cell degranulation occurs after 
administration of compound 48/80 and ıs followed 
within 4 days by the re-appearance of granulated 
mast cells? This sequence of events was mvestigated 
radioautographically with sulphur-35 by Watson and 
Kennedy*. They observed sulphur-35 uptake within 
24 hr by ‘ghost cells’ which had a tissue distribution 
equivalent to that of the original granulated mast 
cells 

The question of mast cell turn-over has been 
investigated m the present experiment by using 
radioautography after repeated mjeetions of tritiated. 
thymidine because this method will detect cells 
synthesizing deoxyribonucleic acid (DNA) even if they 
represent only a very small fraction of the population, 
and because transformations to mast cells from a 
proliferatmg population of precursor cells would be 
detected through the gradual accumulation of labelled 
nuclei ın the mast cell population. 
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Six adult, female, stram A/Jax mice were given 6 
injections of 100 uc tritiated thymidme at 4-hr 
intervals and killed at 1, 2, 3, 4, 8, or 21 days after the 
initial injection Tissues were fixed ın Carnoy's fluid 
and processed for radioautography using a fluid 
emulsion method described elsewhere® with the modi- 
fication that a ‘Celloidin’ coating over the sections was 
omitted The radioautographs were developed after 
exposing for a month and then stained with aldehyde- 
fuchsin® or tohudin blue (0 01 per cent aqueous solu- 
tion followed by air drying and immersion m 95 per 
cent alcohol) or hematoxylin and eosin Mast cells 
and radioactive connective tissue cells were counted 
m one aldehyde-fuchsin-stained section from each 
time-interval for the three areas of connective tissue 
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Table 1 FREQUENCY OF RADIOACTIVE AND NON-RADIOACTIVF MAST 
CELLS AND OF RADIOACTIVE CELLS FROM OTHER CONNECTIVE TISSUE 
CELL POPULATIONS IN ALDEHYDE-FUCHSIN-STAINED RADIOAUTO- 


GRAPHS 
Mast cells Other cells 
Tissue Daysafter Radio- Non- radio- Area 
injection active radioactive active (sq mm.) 
Skin 1 0 20 84 705 
2 0 21 38 3 37 
3 0 57 140 8 66 
4 Ü 77 112 7 92 
8 0 85 27 10 08 
21 0 26 23 2 44 
Foot-pad 1 Ü 6 16 0 88 
2 0 10 54 270 
3 0 122 33 15 30 
4 0 8 ři 0 83 
& 0 9 11 0 59 
21 1 110 11 5 50 
Tongue 1 0 10 7 1 64 
2 l 64 6 5 23 
3 1 58 6 3 74 
4 Ü 8 19 551 
21 0 33 3 4 22 
Totals 3 724 590 85 66 


The use of aldehyde -fuchsin, which left the nuclei 
unstamed, made 16 easy to identify silver grains over a 
nucleus, and facilitated the locating of mast cells by 
providing a specific stam for their cytoplasm Slides 
stained with toluidim blue or hematoxylin and eosin 
were scanned as a further check on the mast cell 
population and to identify the various radioactive 
cells in the connective tissue Counts of non-radio- 
active and radioactive mast cells and radioactive 
connective tissue cells in aldehyde—fuchsin-stained 
sections are given in Table 1 Radioactive mast cells 
were rare in these tissues, regardless of tho time- 
interval Rachoactrve cell» were plentiful ın other 
cell populations of the connective tissue, many 
radioactive fibrocytes, macrophages, neutrophils, 
lymphocytes and plasma cells were seen 

Considering tho frequency of radioactive nuclei 
among proliferating cell populations seen in radio- 
autographs of adult mice given single? or multiple? 
injections of tritiated thymidime, the mast-cell popu- 
lation sampled 1n this work was obviously very stable 
in terms of cell turn-over. If the multiple injections 
labelled all cells dividing during the 24-hr period, 
then ıt would take 9-18 months to replace completely 
a population m which only three cells out of 727 were 
found labelled after the 24-hr injection period The 
three radioactive mast cells listed m Table 1 may 
represent transformations rather than DNA synthesis 
by mature mast cells Radioactive cells which might 
serve as mast cell precursors were abundant in the 
areas where mast cells were found (Table 1) Yet, 
formation of mast cells could not have been the 
prinerpal objective of mitotic activity in any of these 
cell populations (including their stem cells) since the 
number of radioactive fibrocytes, macrophages, 
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lymphocytes and plasma cells was greatly m excess of 
the number of radioactive mast cells The frequency 
of radioactive leucocytes varied with time as would be 
expected’, and decreased greatly at the later time 
intervals 
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Detection of Inclusion Bodies containing 
Decxyribonucleic Acid by Means of 
Autoradiography 


We have been examining extensively the ın vetro 
multiplication of oil-induced, rabbit peritoneal histio- 
cytes by means of autoradiography The cells were 
incubated on flymg coverslips in Leighton-tubes, 
containing 40 per cent homologous serum in Tyrode 
solution in the presence of 1 pe tritiated thymidine/ 
ml In general, little mcorporation occurred within 
the first 48 hr , but then an increasing number of 
cells became labelled 

In our first experiments all the label was localized 
in the nucleus, the cytoplasm remaining free (even m 
autoradiographs exposed for 6 months) However, in 
several rabbits which were bought from the same 
breeder we noticed the presence of a cytoplasmic 
inclusion body, a finding later closely- paralleled in 
time with the occurrence of a non-bacterial peri- 
tomitis The shape of the inclusion body was that of a 
star (Fig. 1), and 1t was quite regular 

This cytoplasmic label appeared irrespectiy e of that 
of the nucleus ‘The percentage of histiocytes con- 
taming these ‘inclusion bodies’ mereased with time m 
cell culture The number of cells containing 2 or 3 
bodies in the same cell was also increased 

Table 1 presents quite typical data where several 
hundred cells were scored for each time period 
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Table 1 INCREASE WITH AGE OF TRITIATED CYTOPLASMIC INCLUSION 
BODIES IN RABBIT HISTIOCYTES 


Percentage of 


Time (hr ) histiocytes labelled 
3 0 
24 0 
48 4 
72 9 
96 12 


It ıs suggested that autoradiography could be a 
useful and sensitive method for detection of cyto- 
plasmic parasites contammg deoxyribonucleic acid 
which are in the latent stage but in which turn-over of 
deoxyribonucleic acid 1s occwring 

This work was supported by the National Science 
Foundation 
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HAMATOLOGY 


Foetal Hemoglobin in Fanconi Type 
Anamia 


THE persistence of foetal hemoglobim formation 
after infancy 1s usually taken to indicate an ansemic 
state existing from early life and 1s most commonly 
found in association with hereditary hemoglobin- 
opathies” Despite an extensive search among other 
types of anzemia only very slight mcreases have been 
found, with the exception of qute large amounts 
present in acute leukemia in children! and in 
adolescents? 

A. further example of an anzsmua developmg long 
after infancy which 1s also associated with an increased 
amount of hemoglobin F has been found in a 9 yr 
old boy suffermg from Fanconi-type anemia This 
child had been under observation from the age of 
six months because of his poor physical develop- 
ment and the fact that he had congenital deformities 
of both thumbs Before the age of 9 yı the hamo- 
globin was estimated to be 10 4—11 gm /100 ml on 
three occasions, but at this age a severe anemia 
developed with a hemoglobin of 53 gm /100 ml 
which was associated with a foetal haemoglobin-level 
of 14 per cent The hemoglobm-level was 1aised by 
transfusions and, as a result of treatment with 
methyl testosterone and prednisone as described in 
ref 3 this level was maimtaimed for six months, during 
which time the level of hamoglobm F fell to 6 4 
per cent At this point the testosterone was dis- 
continued. because of 1t8 adverse side-effects and this 
has resulted m a progressive fall m the level of hæmo- 
globin to 7 4 gm /100 ml over the last eight months 
associated with a rise in the level of hæmoglobin F 
to 10 7 per cent 

This apparent variation in levels of hemoglobin F 
with the total amount of hemoglobin present suggests 
that ın certam circumstances children, as well as 
neonates, react to anemia by the production of 
hemoglobin F, particularly as 1t would appear that 
no significant degree of anemia was present in this 
ease durmg the first nine years of life 

There 1s, however, an alternative possibility that, 
as production of hemoglobin A ıs under different 
genetic control from hemoglobin F, 1ts presence 
here 1s due to a genetic abnormality associated with 
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the other genetic abnormalities occurrmg in this 
condition It 1s interesting to note in regard to the 
earlier finding of hemoglobin F m acute leukemias 
that there are on record three instances of Fanconi’s 
anemia and leukemia occurring among different 
members of the same family’, a remarkable associa- 
tion m view of the rarity of Fanconrs anemia. 
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Agglutination and the Electrical Surface 
Potential of Red Blood Cells 


THE reduction of the electrical surface potential of 
erythrocytes has been considered for a long time as a 
possible cause of cell agglutination 

Certain colloids coagulate only after decrease of 
their surface potential below a certain critical value 
The same was found for bacteria, the cause of both 
clumping and. electrical discharge bemg either anta- 
body or acidification’? Similarly, erythrocytes have 
been observed repeatedly to show a reduced surface 
potential after treatment with antibody or with other 
agglutinating agents 

This communication reports measurements of the 
surface potential of erythrocytes after treatment with 
one of the following agglutmating substances ıso- 
antibodies, immune antibodies, agglomerins® (specific 
proteins in plasma of blood with high sedimentation- 
rate), certain salts and hemagglutinating viruses The 
effects of non-agglutinating (incomplete) antibodies 
on the surface potential have also been investi- 
gated 

A modified Abramson cell electrophoresis apparatus 
which was adapted for small volumes of test solution 
(2 0 ml) was used This modification permits investi- 
gation of suspensions in either salt solutions oi 
protein solutions 

After applymg a cunent of 100 mamp, the 
velocities of smgle cells were observed with the micro- 
scope in one of the stationary planes of the electro- 
phoresis cuvette and measured by means of a stop- 
watch and an ocular micrometer: calibiated in 
microns 10 determmations were made of each 
sample and the arithmetic mean calculated The 
velocities were corrected for field strength (V Jem ) 
and viscosity The mobility values were taken as a 
measure of the electrical] surface potential of the cells 

The buffer for diluting most agglutinating materials 
was a 09 per cent sodium chloride solution which 
contains 5 volumes per cent of M/15 phosphate buffer 
The final pH was 7 2 The (anodic) mobility of human 
red, blood cells in this buffer was 1080 + 0008 
u/sec /V /em 

All measurements were carried out directly in the 
appropriate test solutions, adequate time and tem- 
peratuie for incubation bemg allowed By this 
method, the effect on agglutination and surface 
potential of the medium ıtself was taken into account 
The erythrocyte concentration was 01 per cent 
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Fig 1 Electrophoretic mobility of human erythrocytes after 
treatment with agglutinating agents Dilutions in geometric 
progression in phosphate-buffered saline (anti-A, anti-D, virus), 
non-buffered sahne (aluminium chloride) or compatible normal 
plasma (agglomeration of blood with high sedimentation-rate) 
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Followmg the measurements, the suspensions were 
recovered and tested for agglutination after 2 min. of 
centrifugation at 150g In addition, the specific 
electrical resistance and the viscosity of the super- 
natant liquids were determined All measurements 
including cell electrophoiesis were carried out ai 
230° C Dilutions of all materials m geometiic 
progression in standard buffer were prepared ‘The 
highest dilution which gave a macroscopically 
detectable agglutination was taken as the titre of the 
solution and was assigned a value of one hemageglutin- 
ating unit 

Typical results are shown in Fig 1, which mdicates 
that anti-A isoagglutmin caused a marked decrease 
of the electiophoretic velocity of the erythrocytes 
However, the effect was small at the concentiation at 
which agglutination began This behaviour differed 
from that of hemagglutinating virus (fowl plague, 
mactivated by sodium periodate), where a much 
higher reduction of cell mobility still did not alter the 
stability ın suspension of the blood cells Anti-D had 
no offect and the electrophoretic mobility 1emamed 
unchanged even after addition of 32 hemagglutimating 
units Complete and incomplete anti-D were electro- 
phoretically similar The agglomeration of the red 
blood cells by plasma from a patient with a high 
sedimentation-rate was accompanied by increase in 
electrophoretic mobility of the cells In this ease the 
dilution was carried out with compatible normal 
plasma A hemagglutinating salt (such as aluminium 
chloride) had a profound effect on cell mobility No 
electrophoretic effects were observed on erythrocytes 
with compatible blood groups The results will be 
pubhshed later in greater detail 

In summary, the piesent work indicates several 
possible relationships between agglutimation and 
surface charge (1) both agglutination and reduction 
of the electrophoretic mobility of erythrocytes (like 
virus); (2) agglutmation and no reduction (anti-D in 
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saline acting), (3) no agglutination in sahne but 
reduction (special anti-erythrocyte-rabbit sera), (4) no 
agglutination in salme and no reduction (anti-D m 
albumin acting), (5) merease of mobility in com- 
bination with cell agglomeration (plasma of high 
sedimentation-rate) 
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Serum £-Globulin Types in Red Deer 
and Other Species and their Stability 
in the Presence of Bacteria 


INDIVIDUAL variations in the serum 6-globulin 
patterns obtained on starch-gel electrophoresis have 
been shown to be genetically determined in & number 
of species!-5 and m some the proteins concerned have 
been shown to be transferrms’?»® These variations 
have been ascribed to a number of alleles®:* which 
have been used in the genetic characterization of 
animal populations?: This communication reports 
the serum f-globulin patterns found ın red deer (Ce: vus 
elaphus) with some observations and experiments on 
their stability, shows that they are due to trans- 
ferrins and makes some comparisons with the B-globu- 
hn patterns in other species 

Serum samples of C elaphus were obtained through 
several eulhng seasons from around Braemar, by 
courtesy of the Mar Estate, and from Rhum, a national 
nature reserve <A few samples of fallow deer (Dama 
dama) and Sika deer (O nipon mpon) were obtained 
from parks m Kent The blood was collected at 
death and the serum separated before posting to the 
Rowett Research Institute, where rb was stored at 
+ 1° C for examination Starch-gel electrophoresis 
was carried out in phosphate buffer pH 7 6 (ref 9) 
using hydrolysed staich (Connaught) and paper 
electrophoresis ın 0 05 M barbiturate buffer pH 8 6 
(ref 5)  Transferrins were detected by radioauto- 
graphs’ of both starch gel and paper electrophero- 
grams of sera to which 1ron-59 had been added 

The B-globuhn zones in C elaphus were found to 
occupy five possible positions showing a regular 
decrease in mobility, on starch-gel electrophoresis 
Calhng these zones a b, c. d and e, 254 samples 
showed patterns of types ab, abc or be Sıx samples 
showed slower-moving zones of type cd or cde and two 
samples showed atypical patterns ın which three 
zones occurred in the region of zones ab Twelve 
samples of Dama dama and five of C mpon nipon 
were all type bc the zone b corresponded to the 
single B-globulin zone (transferri) of a human serum. 
Some examples of the different types of sera are 
shown schematically in Table 1 and their disti1ibution 
m C elaphus 18 given in Table 2 

The samples of C elaphus for the first two seasons 
were 1e-examimed after storage for several months 
at + 1° C , when ıt was found that seventeen of them 
had changed their type, showing slower-movmg 
zones, this change was also detectable on paper 
electrophoresis As an example, five samples of type 
ab become type cd In the subsequent season, care 
was taken to use a preservative ("Thiomersal, British 
Drug Houses, Ltd) in the sample bottles and no 
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Table 1 
Anode Zones ab be cde — cd b e 
^ "INT 
sf, t — 
aa wo b — 
224 — m v 
ocru ——- ——— — 
QE 
AES 
7 B d —— —— 


6 —— 


1 2 3 4 5 6 7 


Serum -globulin types, C elaphus, common types, 1 and 2, slow- 
moving type 3, atypical pattern, 4 Pattern produced from serum 
type ab 5, Dama dama and C nipon nipon also 2 Human, normal 
sample for comparison 6, pattern produced from same sample 7, 

s 


Table 2. DISTRIBUTION OF SERUM f-GLOBULIN TYPES IN C elaphus 
Samples from Braemar 


Zones ab abc bc Slow Others Total 
Seasons 1958-61 33 14 2 — — 49 
Samples from Rhum 
Seasons 1958-60 41 36 8 1 92 
Season 1960-1 (stags) 85 23 2 -— — 60 
(hinds) 32 25 3 — 1 61 
All seasons 108 84 13 6 2 213 


slow-moving types were found Comparison of the two 
lots of sera showed that the stored samples had often 
supported a considerable growth of Gram-positive 
and negative streptococci: and bacilli, accompanied 
by a slightly more acid reaction 

An attempt was made to produce changes m the 
8-plobulin patterns experimentally by, moculating 
fresh sera with stored sera from the previous season 
Incubation for 24 hr. at 37? C produced bacterial 
growth but no changes in pattern, however, on 
subsequent standing at + 1° C. for four weeks, 
slower-moving zones appeared and this did not occur 
m unmoculated control sera Examples of the 
changes that can be produced in C elaphus and in 
human sera are included ın Table 1. 

Experiments with iron-59 were carried out on 
various sera to see if the Q-globulm patterns bemg 
studied were due to transferrins The radioautographs 
showed that the zones a, b and c m C elaphus and b 
and e in Dama dama and m C. mpon npon and the 
slow-moving zones c, d, and e 1n C elaphus samples 
altered on storage were the only ones in the sera 
combinmg with iron This was also found to be true 
of the strong zones characterizing eight sheep, six 
cattle and three goat-type sera that have been 
deseribed?- The radioautographs of the paper 
electropherograms confirmed that the proteins 
studied were B-globulins in all the species men- 
tioned 

It would seem that the various B-globulin types that 
have been reported are due to transferrins and that 
these proteins can readily show a stepwise decrease 
m mobility, comparable to the differences observed 
between individual types and without affecting the 
ability of the protein to combine with iron As the 
decreased mobility 1s detectable on paper electro- 
phoresis, the changes are probably due to a decreased, 
negative charge rather than to a gel filtration effect 
on a system of polymers A possible explanation of 
these changes 1s suggested by the report of Schultze’ 
that the bacterial enzyme neuraminidase reduced the 
electrophoretic mobility of a number of human serum 
protems. It would appear advisable, therefore, to 
accept with caution, as genetic types, rare slow- 
moving zones, ın samples obtained under primitive 
conditions, unless such changes can be excluded and 
the type confirmed by a fresh sample from the same 
individual. 

We are grateful to G Macnaughton, M Douglas, 
P Macrae, L Stewart and G Mackay, of the Nature 
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Conservancy, and J. Bonner-Willhams, of Tonbridge, 
for help in obtaming samples of deer sera, and to Dr 
G. € Ashton for the sheep and cattle type sera 
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Amino-Acid Composition of the Polypeptide 
Chains of Gorilla Haemoglobin 


COMPARISON of tryptic peptide patterns has 
demonstrated the great overall similarity of the 
primary structure of hemoglobms from normal 
adult man and anthropoid apes’. Work is now m 
progress to define this similarity more precisely. 
We report here the determmation of the amino-acid 
composition of the polypeptide chains of gorilla 
hemoglobin 

Recent investigation m these laboratories has shown 
that gorilla hemoglobin contains two pairs of poly- 
peptide chams These have the same N-terminal 
sequence by the dimitrophenyl method as the poly- 
peptide chains of human hemoglobin? We designate 
them, therefore, the «- and §-chams 

The «- and #-chains of gorilla hemoglobin were 
separated by chromatography according to the 
method of Wilson and Smith‘ — Individual chains 
were hydrolysed in 6 N hydrochloric acid at 110° C 
for 22 and 70 hr The amimo-acid composition was 
determined by means of a Spinco automatic amino- 
acid analyser i 

The results are given in Table 1 

On the basis of the amino-acid composition, the 
g- and g-chams of gorilla hemoglobin are almost 
indistinguishable from the corresponding chains of 
human hemoglobm The «-cham of gorilla hemo- 
globm. appears to have one more residue of aspartic 
acid and one less residue each of glutamic acid and 
serine Amumo-acid analysis of tryptic peptides from 
the «-chain has revealed the substitution of an 
aspartyl for a glutamyl residue in a peptide equivalent 
to spot No 23 (ref 8) or peptide «T'-4 (ref 9) of the 
a-cham of human hemoglobin Assuming an essen- 
tially 1dentical sequence in the two types of «-chains, 
this substitution probably ıs ın the 23rd residue 
from the N-termmus Whether the «-cham of gorilla 
hemoglobm actually contains one less seryl residue 
18 uncertain because of the destruction of serme 
during hydrolysis The value given, however, was 
obtained from each of two independent determinations 
of the destruction of serme as a function of the time 
of hydrolysis 

The f-chain of gorilla hemoglobin clearly contains 
one less argmyl residue than that of human hemo- 
globin and may contain an additional lysyl residue 
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Table 1 NUMBER OF RESIDUES PER a- AND f-CHAIN OF GORILLA 
AND HUMAN HZ MOGLOBINS 


No, 4806 


a-chain B-cham 
Human* Gorilla Human* 


Amino-acid Gorill 
ala 21 21 15 15 
arg 8 8 2 
asp 12 13 13 13 
cys/2 1 1 2 
glu 5 4 11 11 
gly 7 7 13 13 
his 10 10 9 9 
deu 0 0 0 
leu 18 18 1 18 
lys 11 11 11 11 or 12 
met 2 2 1 
phe 7 7 8 
pro 7 7 7 7 
Ser 11 10 b b 
thr 9 9 T 7 
try 1 lf 2 or 
tyr 3 3 8 8 
val 13 13 18 18 
Total 141 140 146 145 or 146 


* Based on refs 5 and 6 for the a-chain, on ref 7 for the f-chain, 
and on a personal communication from G  Braunitzer 

t Estimated from the tryptic peptide pattern and from the ultra- 
violet spectrum, 


In the hydrolysates of the B-cham, homocitrullme 
was found Presumably, this was formed by reaction 
of lysine with cyanate! m the urea which was used 
m the separation of the chains although its formation 
would not have been anticipated because of the 
acidity of the solutions The value for lysine in the 
B-chain thus 1s reported as the sum of lysine and 
homocitrullme 

These amino-acid compositions thus yield further 
evidence of the smularity of gorilla and human 
hemoglobins The substitution of an aspartyl for a 
glutamyl residue m the «-cham and the possible 
substitution of a lysyl for an arginyl residue in the 
B-chain are compensatory m charge in each chain. 
As a result, the electrophoretic behaviours should be 
alike. Indeed, migration-rates of the two hemo- 
globins on paper electrophoresis at pH 86 are 
indistinguishable (Paper electrophoretic migrations 
were kindly determmed by Dr W. R. Bergren ) 
The chromatographic behaviours on ‘Amberlite 
IRC-50' are detectably, but very slightly, different. 
Whether the above are the sole differences 1n compo- 
sition 18, of course, to some extent uncertam because 
of the usual inaccuracies of amuno-aeid analysis; 
for this reason, one cannot be sure that the serine 
content of the «-chains is different The amino-acid 
composition in no wav can provide information about 
changes in sequence without changes m composition 

While these restrictions must be kept in mund, 
the «-chains of gorilla and human hemoglobin may 
well differ by only two residues and the p-chains 
by one residue. The differences, then, appear to be 
of the order observed between normal and abnormal 
human hzemoglobms Indeed, abnormal human 
hemoglobins such as hemoglobin S or hemoglobin I 
differ from normal human hemoglobin apparently 
only by one amino-acid substitution in one or the 
other ehain!?3 One might say that the ßB-chaın 
especially has the characteristics of an abnormal 
human -cham although a human @-chain correspond- 
ing to the gorilla B-cham has not yet been found. 
The results suggest that the hemoglobin genes of 
man and gorilla constitute a smgle population 

We wish to express our appreciation of valuable 
discussions with Prof Linus Pauling. Mrs Joan 
Balog Shelton and Mr Johnson Cua have given 
competent technical assistance. 

This work was supported m part by a grant 
(H-2558) from the National Institutes of Health, 
US Pubbhe Health Service One of us (E Z ) is on 
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EMILE ZUCKERKANDL 
W. A SOHROEDER 


Division of Chemistry and 
Chemical Engineering, 
California Institute of Technology, 
Pasadena, 


1 Zuckerkandl, E, Jones, R T, and Pauling, L, Proc US Nat 
Acad Ser, 46, 1349 (1960) 


3 Rhinesmith, H S, Schroeder, W A., and Pauling, L, J Amer 
Chem Soc, 79, 609 (1957) 

3 Rhinesmith, H S, Schroeder, W A, and Martin, N, J Amer 
Chem Soc , 80, 3358 (1958) 


id Mr ,and Smith, D B, Canad J Bwchem Physiol , 97, 405 

* Brauniizer, G , Rudloff, V, Hilse, K, Liebold, B, and Muller, 
R, Z physiol Chem , 320, 283 (1960) 

* Konigsberg, W , Guidotti, G , and Hill, R J, J Bol Chem , 938, 
PC, 55 (1961) 

* Braunitzer, G , Hilachmann, N , Hilse, K , Liebold, B , and Müller, 
R , Z physwl Chem , 322, 06 (1960) 

? Ingram, V M, Biochim Brophys Acta, 28, 539 (1958) 

? Baghoni, C , Biochim Biophys Acta, 48, 392 (1961) 


T Stark, G R, Stein, W H, and Moore, S, J Bol. Chem , 285, 
8177 (1960) 


1 Jones, R T, Ph D thesis, Calif Inst Tech (1961) 
12 Ingram, V M, Biochim. Biophys Acta, 36, 402 (1969) 
18 Murayama, M , Fed Proc ,19, 78 (1960) 


IMMUNOLOGY 


A ‘Microspot’ Test for Antigens and 
Antibodies 


THE immunologist is often confronted with the 
problem of determming the presence of low con- 
centrations of antigens in solution, or of establishing 
the antigenic specificity of a substance available only 
in minute quantities On the contrary, he 1s also fre- 
quently concerned with the conservation of small 
quantities of hard-won antisera One answer to both 
these problems 18 a technique worked out in these 
Laboratories 

The principle of the technique encompasses the 
coating of microscope cover-glasses with a thin layer 
of antiserum-agar, on which muicrospots of the solu- 
tions of the antigens are deposited from fine capulary 
tubes The cover-glasses are kept in a moist atmo- 
sphere for a suitable period of time and then exammed 
for the presence of spots of antigen-antibody pre- 
cipitate at the sites of antigen application In a 
strong antigen—antibody system precipitation spots 
will be visible ın 1-2 hr After 24 hr most positive 
reactions will be detectable; but it 1s advisable to 
keep the cover-glasses for 3 days for the possible 
appearance of further very weak reactions. 

Reading of the moist preparation will generally 
suffice, and photographs may be made for record 
In addition, the preparations may be soaked for 
periods successively in saline and distilled water and 
dried at 37°C The agar film adheres firmly to the 
cover-glass and & permanent mount 1s produced At 
this stage viewing the surface of the agar by reflected 
light against a black background may reveal faint 
spots not apparent in the moist state The pre- 
cipitation spots on the dried preparation are readily 
stained with a suitable dye, such as ponceau S, with 
virtually no background stammg Such stained pre- 
parations can be mounted between lantern-slide cover- 
glasses for projection 

In practice, we have used 5-15 per cent serum- 
agar for the coating of the cover-glasses, that 1s, 
0.025-0.075 ml antiserum plus 0:475-0425 ml 
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Fig 1 


Comparison of microsp detection of duck ovalbumin 
in wet preparation (left) and after drying and staining (right) 
Antigen concentrations, from top 10,000, 1,000, 100, 10 “gm [mi 


1 per cent specific antiserum in agai gel (x ¢ 35) 


1 per cent agai respectively, mixing the two at about 
57° C It ıs advantageous to use specially purified 
agar! One-half ml of agar will readily coat 5-6 one- 
in circular cover-glasses, which may be stored in a 
moist atmosphere until 1equred No 3 thickness 
cover-glasses are preferred for their lower fragility 

The amount of antigen which can be detected 
depends on the antigen-antibody system involved 
We have succeeded ın detecting as little as 10 ugm / 
ml of duck ovalbumin and the y-globulinina 1 100 
dilution of human serum We have not yet determ- 
ined the mmimum amount of antibody requned in 
the antiserum to produce a positive test 

We have already applied the technique to tho 
detection of antigen in eluate fractions from chrom- 
atographic columns This, together with the detailed 
methodology of the technique and alternative use of 
serum-impregnated papers and membranes, will be 
reported elsewhere 

I am indebted to Alan W Wheeler for technical 
assistance and to Douglas F Lawson for: the photo- 
eraphie recordings 

JOSEPH G FEINBERG 

Bencard Allergy Research Unit, 

Beecham Research Laboratories, Ltd , 
Betchworth, Surrey 
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Acrolein and Mengo-Semliki Virus Immunity 


A PREVIOUS report! and unpublished qualitative 
immunochemical findings indicated that acrolem 
combines with various serum proteins without 
altering species characteristics Dung this work the 
antiseptic quahties of aciolem were evident by 
the absence of growth of microscopie organisms, 
no growth was demonstrable at any time in any 
of the sealed acrolemized preparations that had 
been stored at room temperature durmg a ten-year 
period ‘This 1s of special interest since strict sterile 
precautions were not exercised dmuing collection of 
any of the animal sexa These observations, and the 
known toxic effects of acrolem, suggested application 
m the preparation of vaccines 

This mutial report concerns animal experimental 
work with acrolemived Mengo and Semhk viruses 
Mengo and Semliki Forest viiuses were chosen for 
this initial acute experiment because of their known 
lethal virulence for mice Paralysis and death following 
infection occur in unprotected mice over a period of 
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1-8 days, depending on the age of the mice, route of 
admunistration and the number of lethal doses of live 
virus 1nJected 

Stock virus was obtained from the Department of 
Clinical Virology, Sloan-Kettering Institute Mengo 
virus stock 4. dated November 10, 1958 (unknown 
number of brain passages), stored frozen as 20 per 
cent mouse brain supernatant with 5 per cent human 
serum-saline, intracranial titre, 10-8 ın 5—6-week-old 
mice, Semliki Forest virus stock 4, dated December 
3, 1959 (8th bram passage), stored frozen as 20 per 
cent mouse brain supernatant in 5 per cent mouse 
serum-saline, mtracranial titre, 10-7 in 5—6-week-old 
mice Swiss Webster mice, appioximately 5 weeks 
old, weight 16-18 gm, were used Acrolein (bulk 
acrolein stabilized with hydroquinone, maximum 
hydroquinone 0 1-0 2 per cent, supphed by Dr T J 
Hall, Union Caibide Chemical Co , New York, N Y ) 
0 2 per cent ın 0 85 per cent chilled sterile saline was 
freshly distilled and used immediately in each experı- 
ment 

Stock Mengo virus (20 per cent) was diluted tenfold 
with sterile distilled water to 2 x 10-? Stock Semliki 
virus (20 pex cent) was diluted tenfold to 2 x 10^ 
This was jected intracranially in two groups of mice 
in 0 3-ml doses per mouse Brains from only the 
living moribund as well as the clinically well Mengo- 
and Semliki-infected, mice were collected rapidly and 
aseptically and pooled appioximately 24 hr and 
44 hr respectively following injection This was not 
titred The bram tissue was immediately macerated 
with scissors and homogenized in a ‘Tr-R Teflon 
tissue homogenizer with a small quantity of 0 2 pei 
cent acrolem necessary to maintain a liquid state 
Following homogenization, sufficient chilled 0 2 per 
cent acrolem was added to make a final 20 per cent 
brain suspension The suspensions were put m 
brown sterile rubbei-stoppered vaccine bottles, 
exposed to room temperature for 24 hr and stored 
in à 1efrigerator at 1-5? C As control for the detec- 
tion of live virus, Mengo and Semliki vaccines 12 
days and 28 hr respectively after preparation were 
serially diluted tenfold with sterile distilled water and 
mjected intracerebrally in 0 03-ml doses ın groups of 
mice approximately five weeks old There was no 
evidence of illness or death over an observation 
period of 15 days, at which tıme the animals ‘wero 
killed 

Tn a similar test experiment, live stock Mengo virus, 
diluted 1 10 with 0 2 per cent acrolem was shown 
to be inactivated after exposure for 30 min at room 
temperature (Incidentally, 02 per cent &ciolem 
inactivates Rous sarcoma, Friend's leukemia and 
Egypt 101 viruses after 24 hr exposure at room 
temperature ) Tissue cultures for the detection of live 
vius were not carried. out 

For immunization tests, mice of the same delivery 
tag-date age were divided into three separate groups 
One group was vaccinated with Mengo vaccine (age 
3 days) subcutaneously, one group peritoneally , and 
the third group was unvaccinated to be used as 
controls Vaccination consisted of a 0 1-ml injection 
of acroleinized 20 per cent suspension of mouse brain 
initially, repeated every seven days for a total of four 
injections Ten days following the last injection, the 
vaccinated and unvaccinated contiols wero challenged 
mtraperitoneally with live stock Mengo vnus With 
the Semliki vaccine (age, 1 day). mice of the same tag- 
date age were divided into four groups Two groups 
were vaccinated mtraperitoneally, recerving 0 1 ml of 
vaceme initially, repeated every seven days for a 
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Table 1. MORTALITY FOLLOWING INOCULATION WITH LIVE VIRUS 
(DEAD/TOTAL) 
Live 
virus Group and route Virus dilution 
taoen: of ehallenge 2x107 2 -3 x -5 - =8 
ate 
Unvaceinated 
controls (7P) 5/5 5/5 5/5 5/6 5/5 4/5 1/5 
Mengo Intraperitoneal 
vaccinated (J P)* 0/6 0/5 0/5 0/5 0/5 0/5 0/5 
Subcutaneous 
vaccinated (ZP) 1/8 1/8 1/3 1/3 1/8 1/3 0/8 
Unvaccinated 
controls (7C) 3/3 5/5 5/5 2/4 
Intraperitoneal 
Semliki vaccinated (1C)* 0/3 0/5 0/6 0/8 
Unvaeceinated 
controls (J P) 3/5 1/5 0/5 OJb 0/6 0/5 0/5 
Intraperitoneal 
vaccinated (J P)* 0/5 0/5 0/5 0/5 0/5 0/5 0/5 


* No deaths over a 15-day period of observation 


Intraperitoneal (IP), intracranial (JC) route of administration 
of live virus 


total of four injections Two groups remained unvac- 
cinated for use as controls Ten days followmg the 
last myjection, the four groups were challenged with 
hive stock Semliki Forest virus. 

Results are summarized in Table 1. (1) The group 
vaccinated intraperitoneally was protected against 
approximately one million (ZD,,) lethal doses of live 
Mengo virus, while the group vaccinated subcutan- 
eously showed only wregular partial protection (2) 
The vaccinated group challenged intracerebrally was 
protected against approximately 2 000 (LD,,) lethal 
doses of Semliki Forest virus It ıs interesting to note 
that three mice from each of these groups received 
undiluted 20 per cent stock virus (2 x 10-1) The 
results of challenge via the mtraperitoneal route m 
the other two groups shows a one log protection mn 
the vaccinated mice 

Space does not permit a detailed discussion; how- 
ever, ıt appears that acrolem stabilizes without 
altering the basic compound molecular pattern of the 
viruses studied While the molecular configuration 
was probably altered to some extent by acrolein, there 
was no noticeable loss in the capacity of the acrolein- 
ized virus to act as an antigen when injected into 
mice The immune response was determined by the 
ability of the vaccinated mice to survive challenge 
against overwhelming lethal doses of live virus 
injected, and not by the test-tube type determina- 
tion, based on the amount of reactive humoral sub- 
stances present 1n serum 

I am indebted to Dr Emerson Day for his co-opera- 
tion and help in initiating this work and to Dr 
Chester Southam for his criticism and givmg me 
facilities for this investigation. 

GEORGE F. KAMEN 

Department of Preventive Medicine, 

Memorial Hospital for Cancer 
and Alhed Diseases, 
New York. 
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PATHOLOGY 


Absorption and Excretion of Penicillin 
injected into the Muscles of Patients 
with Diabetes Mellitus 


TEE observation that two patients with sub-acute 
bacterial endocarditis due to alpha-streptococei 
highly sensitive to penicillin on vtro failed to respond 
to administration of six million units of the drug a 
day led to mvestigations which revealed low peak 
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blood-levels and abnormal urmary excretion of the 
antibiotic in both When the dose of penicillin was 
increased to a quantity greatly in eacoss of that 
suggested by the test-tube sensitivity of the organisms, 
favourable clinical response followed promptly. 
Other than the endocarditis, the only finding common 
to both mdividuals was the presence of diabetes 
mellitus Since & review of published information 
concerning the pharmacology of penicillin!-* revealed 
no data indicating any abnormalities related to the 
diabetic state, 16 was decided to investigate this 
problem 

Two types of subject were investigated (a) patients 
with estabhshed diabetes mellitus controlled by diet 
alone or with msuli, (b) individuals with no clinicel 
or laboratory evidence of diabetes who were app: ox!- 
mately the same age as the diabetics They were 
selected on this basis in order to eliminate, so far as 
possible, the effect of age on the efficiency of renal 
tubular excretion of penicillin A single dose of 
10.000 units (6 mgm ) of crystalline benzyl pemeillin 
G per kgm of body-weight was injected into the 
gluteus. Blood and urine specimens were obtamed 
before treatment and 1/2, 1, 2, 4, 6, 8, 24, and 48 hr 
after antibiotic administration Concentration of 
penicillin m the blood was dotermmed by the tube- 
dilution and agar-cup methods The quantity of drug 
in the urme was estimated by the tube-dilution 
technique The test organism used was Staph aureus 
(var pyogenes) FDA 209P 

Thirty-one diabetic subjects and twenty-nine 
normal ‘controls’ were investigated There was some 
variation in the rates of absorption and excretion of 
penicillin, some individuals with diabetes being 
mdistinguishable in this regard from those without 
this disease However, as illustrated in Fig 1, calcu- 
lated averages revealed striking differences Peak 
blood-levels were reached earlier (1 hr) and were 
higher (8 units/ml) ın the controls than in the 
diabetic patients (2 hr and 5 4 units/ml respectively). 
Disappearance of penicillin from the serum appeared 
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Fig 2 Penicllin content of serum and urme in one diabetic 

subject after both Intravenous and intramuscular administration 

O, Cumulative penicillin excretion in urine of diabetic after 

intravenous dose 10,000 units/kgm , O, pemcilin excretion 

after intramuscular dose of 10,000 units/kgm , @, serum content 

after intravenous dose, 4, "RS content after intramuscular 
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to proceed at the same rate m both groups The half- 
life of the antibiotic was found to be almost identical, 
0 79 hr m the non-diabetics and 0 83 hr in those with 
diabetes 

The urinary excretion of penicillim by diabetic 
patients, although somewhat variable, was, on the 
average, very different from that of the controls 
(Fig 1) The normal subjects cleared approximately 
50 per cent of the injected dose of drug via the kidney 
in 2 hr, 80 per cent after 8 hr , and 95 per cent after 
24-48 hr ‘The average urme output of antibiotic m 
diabeties was found to be only 25 per cent after 2 hr 
and 50 per cent after 24 hr Specimens of urme 
obtained from both groups after 36 hr contained too 
little penicillin to be detected by the method used, 
since concentrations less than 10 units/ml. were not 
measured 

Since the data obtained indicated that the absorp- 
tion and excretion of penicillin were abnormal m 
diabetes mellitus, investigations were carried out to 
determine the responsible mechanism. The possibility 
that variation in degree of protein-binding of the anti- 
microbial agent might be involved was eliminated by 
failure to demonstrate significant changes in anti- 
microbial activity when penicillin, ın varying quanti- 
ties, was incubated «n vitro with serum, plasma, whole 
blood, and urine of diabetic and normal subjects The 
fact that the half-life of the antibiotic was found to be 
essentially the same in both groups suggested that 
(a) derangements ın kidney function associated with 
the diabetic state, (b) destruction of the drug, or (c) a 
metabolic pathway other than that available in 
normal individuals was probably not responsible for 
the reduced serum-levels and renal clearance in 
diabetes An investigation was undertaken, therefore, 
to determune the role of the site of injection of peni- 
cillin on its absorption and excretion m normal and 
diabetic patients 

One patient with diabetes mellitus controlled by 
diet and insulm has thus far been investigated. He 
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was first given the standard dose of penicillin mtra- 
muscularly and blood and urme concentrations were 
determined 1/2, 1, 2, 4, 6, and 24 hr after treatment 
Concentrations of drug in the blood were determined 
using the agar-cup method and in the urine by the 
tube-dilution technique Several days later, he was 
given the same dose of penicillin mtravenously and 
blood and urine collected at the same intervals The 
results of this work are presented ın Fig 2 The 
curves of serum and urine concentrations when 
penieilim was given intramuscularly approximate 
closely those presented in Fig 1 as an average for 
thirty-one diabetic subjects Quite distinct are the 
blood-levels and cumulative urinary excretion follow- 
mg intravenous admunistration of the antibiotic, 
these resemble closely those presented ın Fig 1 as 
average for twenty-nine ‘controls’ The total quantity 
of penicillin excreted in the urme was considerably 
larger when ıt was given intravenously than when ıb 
was injected into a muscle These results suggest 
that the low peak blood-levels and decreased urinary 
excretion of antibiotic noted in patients with diabetes 
mellitus are probably due to defective absorption 
from an intramuscular depot and not to altered renal 
function, mcreased rapidity of destruction, excessive 
protem binding, or metabolism via an unusual path- 
way 

The observations which have been presented appear 
to be significant not only because they indicate that 
absorption of penicillin from intramuscular sites 18 
abnormal in diabetes mellitus, but also because they 
suggest the possibility that other substances may also 
be absorbed relatively poorly and that this represents 
a basic absorptive defect ın this disease 

This work was carried out under a grant from Lilly 
Laboratories, Indianapolis, Indiana 
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Establishment of Amæœæbic Hepatitis as a 
Distinct Clinico-Pathological Entity 


THERE 1s much controversy as to whether or not 
amobie hepatitis occurs as an entity, as distinct 
from the well-recognized amoebic liver abscess 
Recently, we reported a case of long-stand ng 
amcebiasis with hepatomegaly which, on hver biopsy. 
showed histologically the presence of cells morpho- 
logically similar to amoebe, diffusely infiltrating the 
liver without abscess format on! 

Further support to our concept of amoebic hepatitis 
ig given by two patients on whom we now report 
These patients, both with amcebiasis and hepato- 
megaly without liver abscess, were found to have 
cells, morphologically similar to amcbe, diffusely 
infiltratirg the liver on biopsy examination 

On laparotomy, the liver of both patients had a 
fine granular appearance and histologically showed 
inflammatory infiltration and some portal fibrosis 
Liver tissue from the biopsies was injected into the 
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liver of hamsters, guinea pigs and rabbits In the 
hamsters ard the rabbits, liver abscesses were pro- 
duced which showed the presence of cells morpho- 
log cally similar to &moebse, such cells had also 
diffusely infiltrated the liver 

The passage of the d sease from the human to the 
experimental animals, we beleve, gives further 
support to the view that diffuse amcebic hepatitis 
exists as a distinct clinico-pathological entity 


No 4806 


TH DOXIADIS 
N CANDREVIOTIS 


Departments of Medicine and Pathology, 
"Evangelismos" Hospital, 
Athens 


1 Brit. Med J, 1, 460 (1961) 


ANATOMY 


Third Molar Polymorphism and the 
Timing of Tooth Formation 


AGENESIS (congenital absence) of the third molar 
tooth 1s a famubar polymorphism ın man, with a 
population frequency of at least 9 per cent in 
Europeans, Hitherto, congenital absence of this tooth 
has been considered as an independent trait, or at 
most associated with reduction 1n size when agenesis 1s 
incomplete However, there 1s evidence connecting 
the presence or absence of the third molar tooth with 
the timing of formation of the premolar and molar 
teeth as well 

In a series of 172 white children born in Ohio 
(excluding monozygotic pairs), agenesis of the lower 
left third molar was radiographically confirmed im 
22 subjects aged fourteen years or older The time of 
formation of the remainmg lower left premolar and 
molar teeth was determined from serial, longitudinal 
obhque-Jaw radiographs? and expressed as sex-specific 
normalized T'-scores? so that data on boys and girls 
could be combined As shown in Table 1, children 
lacking the mandibular left thnd molar were con- 
sistently later in premolar and molar tooth formation 
than 126 ‘controls’ from unaffected sibships 


Table 1 CALCIFICATION TIMING OF THE POSTERIOR TEETH IN 
CHILDREN LACKING M, THEIR SIBLINGS, AND IN CHILDREN FROM 
UNAFFECTED SIBSHIPS 


Calcification timing _ 


P, P, M; Mg M, 
N T* N T* N T* N T* N T* 


Group 
Affected children 21 53 20 54 18 52 21 59 — — 
Siblings of above 22 66 20 53 17 52 24 52 24 57 


Unaffected children 111 48 118 49 81 48 126 48 125 49 


* Normalized sex-specific T-scores (ref 3) for beginning tooth forma- 
tion, primarily beginning cusp calcification (ref 4) 


Furthermore, 24 unaffected siblings of children 
with third molar agenesis were compaied with the 
unaffected children from unaffected sibships These 
unaffected siblings of the propositi also proved late in 
tooth formation, especially for mandibular third 
molar formation which averaged 8 7'-scores behind 
the controls (Table 1) For all 150 unaffected children, 
earliness or lateness of 4/, formation was significantly 
associated with the type of sibship from which they 
came (x? = 64) Thus, the tendency for delayed 
tooth formation when the third molar 1s missing 1s 
characteristic of affected lneages and not restricted 
to affected individuals alone 

Smce absence of the mandibular third molar was 
associated with delayed formation of the molar teeth, 
16 was not surprising to find differences in the sequence 
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of tooth formation® between the 22 children with third 
molar agenesis and the 126 normal controls Thus, 
60 per cent of children in the present work who lacked 
the mandibular third molar were of the P,M, sequence 
of cusp calcification, while this sequence or order was 
far less common (22 per cent) in the 126 controls 
Third molar polymorphism was unquestionably 
associated with the P,M,/M,P, sequence poly- 
morphism (y? = 25 01) 

Third molar agenesis, therefore, may be viewed as 
the extreme degree of expression of factors delaymg 
tooth formation over a long developmental period 
ranging from the first month of lıfe (for M,) to 
the e.ghth year or beyond (for M4,) Moreover, this 
common polymorphism ıs related to the previously 
described familial P,M,/M,P, calcrfication sequence 
polymorphism‘, indicating a common determinant for 
the two 

The work reported in this paper was supported in 
part by erant D~1294 from the National Institutes of 
Health and the United States Public Health Service 
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HISTOCHEMISTRY 


Allergy to a Carbon-Functional Organic 
Silicon Compound, Dimethyldi-(4-hydroxy- 
phenyl)-silane 

THE noxious effects of certam inorganie silicon 
compotnds are well known! Polymeric organic 
silicon compounds, on the contrary, are chemically 
very mert and show a low toxicity? Some organic 
silicon compounds may, however, produce toxic 
effects? 

Inorganic or organic silicon compounds—the latter 
not present in Nature*—are so far not known as 
allergens 

As a close relationship exists between silicon and 
carbon atoms, ıt was assumed that cross-sensitization 
could occur between silicon and carbon compounds 
Therefore the allergenic nature of dimethyldi-(4- 
hydroxypheny])-silane’ was mvestigated since the 
carbon compound, 2,2-b«s(4-hydroxyphenyl)propane 
(‘Bisphenol A’), has been demonstrated as an allergen: 


CH, CH, 
| | 
HO( »—$—( oH HO —— on 
H, bu, 
dimeshyldi-(4-hydroxy- 2,2-b18(4-hydroxyphenyl) 
phenyl)-silane propane 


Four non-atopie females with hypersensitivity to 
2,2-bw'4-hydroxyphenyl)propane, demonstrated by 
positive patch test (1/100 dilution in ethyl alcohol), 
showed positive reactions to dimethyldi-(4-hydroxy- 
phenyl)-silane (1/100 dilution m acetone) The 
positive tests were characterized by the presence of 
erythema, infiltration and papules/vesicles 
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This ıs the first report on allergy to an organic 
silicon compound Absence of earlier contact with the 
silane 1s evidence of cross-sensitization. 
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Use of Tetrazolium Compounds in 
Oxidative Enzyme Histo- and Cyto- 
Chemistry 


A new tetrazolium salt previously synthesized 
has been evaluated for its ability to overcome the 
technical and theoretical barriers of either the 
MTT-Co (ref 1) or nitro-BT methods?? This com- 
pound is TNBT or 2,2’,5-5’-tetra-p-nitrophenyl- 
3,3’ -(3,3’ -dimethoxy-4,4’ -biphenyleno)-ditetrazolium 
chloride (Fig 1), the formazan of which 1s purplish 
black* The TNBT used in the following mvestiga- 
tions produced a brownish-black precipitate in tissue 
sections Though quite low m water solubility, 
minimal concentrations of TNBT are required for the 
effective demonstration of the succinic dehydrogenase 
system in fresh, frozen sections of tissue of mammalian 
tissues or human vaginal smear preparations The 
followmg were mvestigated m mouse myocardium 
and kidney (1) effect of concentration of dye on the 
products of TNBT formazan m slices of these tissues; 
(2) effect of pH on the reduction of TNBT by the 
succinic dehydrogenase system in tissue sections m 
the presence or absence of appropriate substrate, 
(3) solubility of TNBT formazan m aqueous, alcoholic 
and other organic solvents necessary for the effective 
resin-mounting of sections of tissue contaming precipt- 
tates of formazan. 

Results indicate that 

(1) Varymg the concentration of TNBT in the 
meubating medium from 0-001 mgm /ml to 1:25 
mgm /ml through the use of an appropriate solvent 
has considerable effect on activity of the succinic 
dehydrogenase system ın sections of heart and kidney. 
The best concentrations of this tetrazolrum appear to 
be in the range 125 mgm /ml -025 mgm /ml. 
(Figs 2 and 3) 

(2) Maximal deposition of TNBT formazan occurs 
1n succmic dehydrogenase-stained tissue sections 
over a wide range of pH. Tissues incubated in TNBT 
solutions contamung succmate and phosphate buffer 
with pH values of 68-84 show heavy staining 


NATURE 


December 9, 1961 vou 192 





Fig 2 Mouse myocardium stained for the succinic dehydro- 
genase svstem using TNBT The muscle cells are well stained 
and eross-striations are evident in manv regions of the mvofibrils 
Note the absence of staining in nucle: and intercalated disks 
(upper right, lower left, centre) 5- section (x 300) 
Fig 3 Mouse kidney stained for succinic dehydrogenase system 
using TNBI Heavy deposition of the diformazan ts seen in the 
proximal tubules while no staining 12 apparent in the glomerulus 
(left) Note faint staining of smooth muscle ın the tunica media of 
the artery (top) 10-4 section ( x 60) 
Fig 4. Mouse mvocardium stained for the succinic dehydro- 
genase svetem nitro-BT Coarse granular precipitate marks 
the site of enzyme while occasional crvstals can be seen (middle) 
in extracellular regions 5-4 section (x 600) 
Fig 5 Mouse myocardium stained for the succinic dehydro- 
genase system using TNBT The fineness of the diformazan 
precipitate sharply delineates the mitochondria within the muscle 
cells In addition, note the clearly defined inactive nucleus (centre) 
under v hich is situated a portion of a stained myofibril Unstained 
intercalated disk (upper left) -p section (x 600) 


reactions with little variation ın mtensity as a result 
of the concentration of hydrogenions In the absence 
of succinate, extremely pale non-granular tints 
appeared in the tissue sections, especially at pH 8 4 
The very famt steuung, when visible in such speci- 
mens, was distinctly different from the TNBT 
formazan granulations seen m localizations of the 
succinic-dehydrogenase system 

(3) TNBT formazan, enzymatically produced im 
tissue sections or ın non-enzymatic systems using 
dithiouite, 1s as msoluble as nitro-BT formazan in any 
of the ordinary organic solvents used in the resm- 
mounting of tissue sections. 

(4) Crystallization phenomena such as those 
observed in nitro-BT formazan specimens (Fig 4) 
have never occurred in TNBT-stamed tissue sections 
(Fig. 5). 

(5) The granular precipitate of TNBT formazan 
can be of such a fine dimension, suggesting & more 
correct staining picture rather than that of an 


0,N— Or ki —NO, eR RÀ —NO, 
NA o4 NS—4 O-n an 20r 
HCO ocn, 


Fig. 1. Structural formula of 2,2’,5,5’-tetra-p-nitrophenvl-3,3’-(3,3’-dimethoxy-4,4’-biphenylene)-ditetrazolium 
chloride (TNBT) 
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accumulated precipitate over intracellular organelles 
This localization 18 under investigation at present 
usmg electron histochemical techniques similar to 
the procedures of Sedar and Rosa‘ 

(6) Cyanide inclusion into incubating media shows 
little effect 1n highly active tissues such as heart and 
kidney Its use for enhancement of staining in 
tissues of the female reproductive tract appears to be 
warranted, especially ın regions where low succinic 
dehydrogenase activity prevails 

In conclusion, TNBT appeais to possess qualities 
suitable for the histo- and cyto-chemical localization 
of oxidative enzymes in tissue sections of mouse 
heart and kidney These properties strongly suggest 
that TNBT may be a more efficient reagent for the 
cytochemical demonstration of enzyme systems such 
as succinic dehydrogenase and diphosphopyridine 
nucleotide diaphorase 

This work was supported in part by United States 
Public Health research grants RG-6008(C—3) and 


—2560. 
nee C G. Rosa 
Daniel Baugh Institute of Anatomy, 
Jefferson Medical College of Philadelphia 
Kwan-Cuoune Tsou 
Dajac Laboratories, 
Borden Chemical Co , Philadelphia 
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Anaerobiosis and Sodium Accumulation 


ACCUMULATION of most eations by higher plants 
is considered to be an aerobic process However, 
we now find that sodium ıs ın part an exception to 
this generalization. Uptake of sodium by 6-day old 
plants of Hordeum vulgare, variety Atlas 46, occurs 
under both aerobic and anaerobic conditions Accum- 
ulation in the roots under anaerobic conditions 18 
restricted to a period of about 2 hr (Fig 1), durmg 
which time transport to the shoots 1s almost nil 
(Fig. 2) The amount of sodium accumulated by 
plants the roots of which are in either aerobic or 
anaerobic solutions 1s mhibited by substances such 
as 10doacetate and methylene blue, indicative of the 
initial uptake being coupled to metabolic reactions 
in both cases rather than to passive processes Non- 
steady-state uptake by the anaerobic plants, which 
decreases with time as if some process 1s attenuating, 
suggests that the reactions involving sodium uptake 
are several steps removed from the respiratory cham. 

Previously observed accumulation of sodium in 
plants under anaerobic conditions?-* over long 
periods of time was often considered in discussion as 
possible passive entry due to plant damage That 
the plants are not damaged by anaerobiosis m the 
piesent experiments 1s indicated by return to 
normal respiration after 60 min of anoxia and 15 
further hours under aerobic conditions At the end 
of this treatment the rate of sodium accumulation 
in the shoots is inereased but can be stopped by 
returning the plants to an anaerobic situation or 
by the use of mhibitors Anaerobiosis per se does 
not activate sodium uptake; rather 16 moreases the 
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Fig 2 Transport of sodium ions to the shoots from 10° M 
solution at pH 5 0 
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rate of sodium uptake on returnmg to aerobic 
conditions. 

Activation of sodium uptake by shoots produced 
by anaerobic pretreatment of roots, either by bub- 
bling nitrogen or carbon monoxide gas through the 
solution, occurs chiefly from the higher sodium con- 
centrations (> 10-4 M). Two or more reactions 
appear to be involved in the uptake of sodium by 
roots! and shoots. The activation of anaerobic 
pretreatment 1s on the reaction for shoot accumula- 
tion which dominates at the higher sodium con- 
centrations 

The uptake of potassium and phosphate differs 
from sodium accumulation in respect to anaerobiosis 
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Both potassium and phosphate accumulation are 
immediately suppressed by anaerobic conditions and 
return only to the normal value m air (no enhance- 
ment) Accumulation was followed im all cases by 
the amount of radioisotopes appearmg in the roots 
or tops 

James E. LEGGETT 
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United States Department of Agriculture, 
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Effect of Environment on the Responses 
of Dwarf Groundsel to Gibberellic Acid 


Tar strikmg effects of gibberellic acid. on mternodal 
elongation in dwarf mutants and rosette plants of a 
number of species are now wel] established, and the 
effects of this substance on a single gene dwarf 
mutant, mduced by y-radiation in groundsel, Seneczo 
vulgaris L, have recently been desertbed’. The 
observations now reported show that the responses of 
thts mutant to gibberellic acid may be considerably 
affected, both quantitatively and qualitatively, by 
environmental conditions In fact, the phenotypic 
expression of both wild-type and mutant groundsel 
18 greatly influenced by the environment m certain 
unfavourable conditions the plants are stunted and 
the vegetative phase 1s prolonged When the wild- 
type (tall) and mutant (dwarf) groundsel are grown 
in a greenhouse during the normal growing season, 
that 1s, from early spring to Jate summer, the trans- 
formation of the vegetative apex to an inflorescence 
apex occurs not later than 2 weeks after the emergence 
of seedlings from the soil, and fruiting begins when 
plants are 7-10 weeks old; but the apices of tall and 
dwarf plants grown in & growth cabinet under 
‘daylight’ fluorescent tubes, 400 foot-candles, with a 
day-length of 10 hr , and a temperature of 22 + 2°C, 
remained vegetative for 11 weeks 

Dwarf groundsel has shorter and fewer mternodes 
than the wild-type plants of the strain from which 1b 
was derived Mitotic activity its significantly less in 
the apical meristem and subapical region of the shoot 
in dwarfs than in wild-type plants Treatment with 
gibberellic acid of dwarfs grown ın a greenhouse leads 
40 & conspicuous and precocious extension of the 
mternodes due to enhanced mutotie activity and cell 
elongation in the subapical region of the shoot? 
No evidence of any response of the tissues of the 
apical meristem was obtained, and there was no 
significant increase m the number of nodes 

Both tel and dwarf genotypes in the growth 
cabinet grow poorly and remaimed stunted In these 
conditions, however, the genetie dwarfs responded 
proportionately more strongly to gibberellic acid 
than when they were grown in the greenhouse. 
Treated mutants were taller than untreated tall plants 
of the same age in the same environment, although 
they were not evon as tall as untreated. dwarfs grown. 
in the greenhouse An increase in the number of 
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Table 1 EFFECT OF ENVIRONMENT ON THE HEIGHT AND NUMBER 
OF INTERNODES OF TALL AND DWARF GROUNDSEL AND THOSE TREATED 
WITH GIBBERELLIC ACID (GA) 


Mean final height (em ) Mean number of internodes 
Exp A Exp B Exp Exp B 


VoL 192 


Type of plant 


Tall, control 404 (105) 22 (027) 142 (046) 155 (2 40) 
Tall, GA-treated 452 (105) 80 (344) 138 (058) 176 (070) 
Dwarf control 88 (101} 06(016) 79(026) 108 (127) 
Dwarf, GA- 

treated 891 (152) 59(253) 85 (063) 166 (150) 


05 per cent confidence interval given in parentheses 


Exp dA, greenhouse 18 plants in each group, measured at 47 days 
old when all plants were fruiting Treated plants received 10 ppm 
gibberellic acid at weekly intervals (6 treatments) 

Exp B, growth cabinet 6 plants in each group, Ineasured at 
77 days old, most plants were still vegetative at the time of the 
fina] measurement, but appeared unhhely to survive to complete the 
life-evele Treated plants received 10 ppm gibberellic acid twice 
weekly for the first three weeks, and once a week thereafter (13 
treatments). 


leaves, and thus of internodes, on the main axis of 
treated dwarfs ın the growth cabmet was also observed 
(Table 1), and since leaf primordia origmate on the 
apex, such an increase must reflect the influence of 
gibberellic acid on the apical meristem 

In order to obtain apical material from plants 1m 
the growth cabmet comparable with 8-day-old 
seedlings from the greenhouse, 20-day-old seedlings 
had to be selected, because of the slower growth and 
prolonged vegetative phase of plants in the growth 
cabinet. Observations of longitudinal sections of 
shoots from the growth cabmet which had been 
treated with 10 ppm gibberellic acid twice weekly 
(6 treatments), showed that while the most striking 
morphogenetic effect of gibberellic acid was again 
on the sub-apieal tissue of treated dwarfs, there 
was also a sigmficant (P = 005) effect on the 
apical menstem Treatment with gibberelbe acid 
of dwarfs grown 1n these special conditions en- 
hances cell division m the apical meristem and. 
brings 1t to the level observed 1n normal tall plants 
grown m the same environment (Table 2). Since 
there were fewer than 10 mutotic figures in the 
apical and subapical regions of most shoots, tests of 
significance were carried out on data transformed by 


the method 4/.X + 05, where X 18 the number 
observod?. As already stated, when groundsei 
seedhngs were grown m greenhouse conditions where 
the vegetative phase 1s of relatively brief duration, no 
indication of any morphogenetic response of the 
apical meristem to gibberellic acid was obtained. and 
this is in accord with observations on other species? t 
When, however, groundsel seedlings were grown in 
an environment m which the initiation of the repro- 
ductive phase was delayed, permitting a longer period 
of gibberellic acid treatment while the apex was 
vegetative, there was clear evidence of a response of 
the apical meristem 

It may well be that stom elongation in normal and 
dwarf groundsel 1s modified by two major factors, 
namely, photosynthesis, which provides the basic 
substrates for growth, and gibberellm, which regu- 
lates the distribution of growth, and to the extent 
that the latter determmes what proportion of the 


Table 2  MFAN NUMBER OF MITOSES IN A MEDIAN PANEL 36u IN 
THICKNESS (6 MEDIAN LONGITUDINAL SECTIONS, Gu PER SECTION) 
or SHOOT Tips IN GROUNDSEL 


Mean number of mitoses 
Apical meristem Subapleal region 


Type of plant Erp A Exp B Exp 4 Exp B 
Tall (wild-tvpe) plant 60 38 46 30 
Untreated dwarf 85 20 10 13 
GA-treated dwarf 32 3-6 64 64 


Exp A Greenhouse 5 plants, 8 dave old, treated with 10 ppm. 
gibberellic acid on alternate days (4 treatments) 

Exp B, Growth cabinet 10 planta, 20 days old, treated with 
10ppm gibberellic acid twice weekly (6 treatments) 
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products of photosynthesis 1s incorporated in leaf 
tissue, changes 1n 16 leaa to changes 1n the former 

It seems lkely that the heights of dwarf and 
normal plants grown in the greenhouse were limited, 
though to markedly different degrees, by deficiency 
of endogenous gibberelim, since both types of plant 
responded to applied gibberellic acid, the former 
strongly, and the latter relatively slightly The 
growth of dwarf plants was also limited by the rela- 
tively deficient photosynthesis, since the number and 
size of leaves are characteristically less in dwarfs than 
m normal plants Photosynthetic tissue was mereased 
m greenhouse-grown dwarfs by gibberellic acd 
treatment, due to an merease m the size, but not m 
the number of leaves (Photosynthetic efficiency, 
measured as net assummilation-rate, was sunilar in 
normal and dwarf plants, and was not affected by 
gibberellic acid! ) 

The growth and development of untreated and 
gibberellic acid-treated dwarf and normal plants grown 
under low hght intensity ın the growth cabinet was 
profoundly modified by reduced photosynthesis, and, 
m consequence, the morphogenetic response of the 
dwarf to gibberellic acid was modified, smce during 
the protracted vegetative phase the apical meristem 
responded to gibberellic acid, and the treated dwarfs 
produced as many leaves as normal plants Thus 
the effect of gibberellic acid on the photosynthetic 
tissue of the dwarf mutant was relatively greater 
when the plants were grown in the growth cabinet 
than when they were grown in the greenhouse, 
and this may have accounted for the relatively 
increased stem elongation of treated dwarfs m these 
conditions Stem elongation was greater in these 
treated dwarfs than m untreated normal plants 
which were probably deficient m natural gibberellin, 
as indicated by the response of normal plants to 
treatment with gibberellic acid. 

It 1s evident that the morphogenetic responses of 
S vulgarve to gibberellic acid are considerably modi- 
fied by environmental factors, and 1t seems probable 
that this 18 due to effects on both the photosynthetic 
capacity of the plants and their native growth 
substances, including g:bberelhn It may well be 
that an investigation of the responses to gibberellic 
acid of dwarf mutants m other species grown m 
different environments would be of interest, and might 
lead, as in this case, to still more striking demonstra- 
tions of the effects of this substance 
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Volatile Mustard Oils of Brassica juncea 
Seeds 


Brassica guncea Coss and Czern. 18 an umportant 
cultivated mustard species It 1s sad to be a native of 
Asia and 18 grown particularly m Chine, Japan, India, 
Pakistan, Nepal and eastern Europe as a vegetable 
and an oil-seed crop, although ıt has also been mtro- 
duced into North America and certain West European 
countries as an o1l-seed crop and for use 1n the manu- 
facture of condiments® The species is of botanical 
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interest in that ıt shows marked variation in 
external morphology, especially leaf form! Variation, 
too, has been reported m the type of volatile oi! pro- 
duced on the hydrolysis of the seed glucoside, three 
conditions have been described (a) the production 
of allyl isothiocyanate only?:, (b) the production of 
3-butenyl (= 'erotonyl) isothiocyanate only’, (c) 
the production of a mixture of allyl and 3-butenyl 
1wothiocyanates® 

In present investigations into variation m B guncea 
In connexion with a programme of plant breeding, 
96 samples of seed were obtained from a wide range 
of geographical sources, and grown in England, this 
collection was found to melude all the main varietal 
forms of the species previously described in the 
literature The volatile mustard ols of the seeds were 
identified using a paper chromatographical method?, 
in this analysis two controls were run, one of allyl 
thiourea and the other of phenyl thiourea (which gave 
a reference spot from which Rph values of other 
compounds were defined) Allyl isothiocyanate gave 
an kph value of 0 26 and the value of the only other 
compound detected m the test, 0 62, indicated that ıt 
was 3-butenyl isothiocyanate 

All the three conditions of volatile oil production 
previously described were found durmg these mvesti- 
gations, and there appears to be a correlation between 
this variation and the geographical distribution of the 
species, a situation, so far as 1s known, not previously 
reported Seeds from China, Japan, Nepal and Eastern 
Europe (49 samples) exhibited only condition (a), 
with the exception of three samples which produced 
very famt traces of 3-butenyl 1sothtocyanate in 
addition to allyl :sothiocyanate Conditions (b) or 
(c) defined here were shown only by seeds from India 
and Pakistan (twenty-one samples) The remaining 
twenty-six samples recerved from North America and 
western Europe had volatile o11 production entirely 
consistent with thew described origins from various 
countries, namely, sıx samples origmating from India 
end Pakistan showed conditions (b) or (c), and twenty 
samples of other ormgin showed condition (a). 

The possible amphidiploid origi of B 3uncea from 
B mgra (L.) Koch and B campestris L may account 
for these vanations of volatile oil production, as 
B mgra has been reported as giving only allyl 
isothiocyanate’, which has been confimed in the 
present investigations, and B campestris has been 
found to produce only 3-butenyl isothiocyanate The 
correlation with geographical distribution, together 
with other evidence from investigations of plant and 
seed morphology, might suggest that natural hybrid- 
ization to produce B. juncea has occurred at different 
geographical loci 

The permission granted by Messrs J. and J 
Colman. Ltd. for the publishmg of these results ıs 
gratefully acknowledged 
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Effect of Water Movement on Salt 
Movement through Tomato Roots 


In recent years, there has been renewed debate 
concerning the effect of water absorption on salt 
absorption through the roots of intact plants Salt 
absorption 1s regarded by many workers as involving 
active transport mto the xylem by a mechanism 
dependent on energy released m respiration’* 
According to this view, water movement through 
roots affects salt movement only indirectly by remov- 
ing salt from the root xylem and thereby producing 
conditions favourable for mcreased movement of 
salt by active transport On the other hand, several 
investigators have concluded that, in rapidly trans- 
piring plants, salt moves mto the root xylem by mass 
flow as well as by active transporti-$ 

Estimates of the amount of salt 
moved by the two processes vary 
widely The methods used in the 
present investigation made it pos- 
sible to determine accurately that 
fraction of the total salt moved into 
the 100t xylem which was associated 
with water movement Root sys- 
tems of tomato (Lycopersicum 
esculentum, variety Marglobe) start- 
ed m vermiculite and grown in 
Hoagland’s solution were used in 
this work 

De-topped root systems were en- 
closed in & pressure chamber with 
their stumps projecting through the 
lid of the chamber The roots were 
immersed in aerated half-strength 
Hoagland’s solution which, 1n some 
experiments, contained phos- 
phorus-32 as a radioactive tracei 0 10 
Water was moved through the roots 
by increasing the air pressure in the 
chamber The rate of salt move- 
ment through the roots was determ- 
ined by measurmg the volume and 
salt concentration of the exudate 
collected from the stumps Rates of 
salt movement by active transport 
were determined by measuring the 
salt content of root pressure exudate 
collected before and after pressure 
applications The effect of water 
movement on salt movement was 
determined by comparing the 
amount of salt moved through roots 
when water was moved through 
them unde. pressure, with the 
amount moved by active transport 
in the absence of external pressure 

The effects of applied pressure on 
rates of water and salt movement 
are shown for phosphorus in Fig 1 
and for total salt in Fig 2 Figs 14 
and, 2A show that, as the rate of 
water movement through the roots 
increased with increasing pres- 
sure, the phosphorus and total 0 lO 
salt concentration of the exudate 
decreased The amounts of phos- 
phorus and total salt moved through 
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Fig 1 A, Effect of pressure on rates of water and phosphorus movement through tomato 
Phosphorus concentrations (dashed lines) are in counts/min/ml B, 
of pressure on phosphorus movement (total P-32 curve replotted from 4) Phosphorus-32 
in root-pressure exudate represents the amount of phosphorus-32 moved Into the root 
xylem by active transport in the absence of applied pressure 
by pressure represents the fraction of the total phosphorus-32 which was associated 
with water movement under apphed pressure 
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A, Effect of pressure on rates of water and total salt movement through tomato 
roots Salt concentrations (dashed lines) are in mgm /ml 
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pressure-range of 10-20 Ib The amounts of phos- 
phorus and total salt m root pressue exudate. 
and the effects of externally applied pressure on. their 
rates of movement, are shown in Figs 1B and 2B 

The most important effect of mcreased water move- 
ment under pressure was an increase in the total 
amount of 10ns moved through the roots. This is shown 
by the fact that the amounts of phosphorus and total 
salt in the exudates were always greater during 
pressure applications than in root-pressure exudates 
in the absence of pressure At 30 lb /sq in, the 
amounts of phosphorus and total salt moved through 
the roots were 2 0 times and 2 4 times, respectively, 
the amounts moved by active tiansport in the 
absence of pressure The amounts of phosphorus and 
total salt moved under pressure did not increase in 
proportion to the incieased rates of water movement 
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the root systems increased with 
mnereagmg pressure and rate of 
water movement except in the 


salt movement (total salt curve replotted from A) Salt 1n 100t-pressure exudate repre- 

sents the amount of salt moved into the root xylem by active transport in the absence 

of applied pressure Salt moved by pressure represents the fraction of the total salt 

which was associated with water movement under apphed piessure Points are averages 
of six root systems 
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Also, the salt concentration of exudates obtamed 
under pressure usually was less than the concentration 
of the external solutions indicating the existence of a 
barrier in the roots which prevents free movement of 
10ns into the xylem 

These results show that rapid water movement 
through the roots greatly moereases the rate of salt 
movement through the roots At 30 lb /sq in, more 
than 50 per cent of the salt moved through the 
roots was associated with water movement The 
manner in which increased water movement causes 
increased salt movement, however, 1s less certain 
As the rate of water movement through the roots 
increases, salt movement ito the xylem by active 
transport may be accelerated by the development 
of a steeper salt concentration gradient across the 
root cells from the cortex to the xylem In addition, 
the change ın the slopes of the total phosphorus and 
total salt curves at pressures of 15 and 20 lb /sq mn 
suggests that the permeability of the roots to ions 
increased when higher pressures were applied Some 
10n8 might then be carried directly with water into the 
xylem An increase in 10n permeability of root cells 
with an increasing pressure gradient across them was 
reported by Brouwer’ 

The results of these experiments indicate that at low 
rates of water movement salt movement 1s primarily 
by active transport However, at higher rates of water 
movement salt movement into the xylem probably 
occurs by both active transport and mass flow. 

A detailed account of this work will be published 
elsewhere This investigation was supported by funds 
from the Atomic Energy Commission (Contract AT- 
(40-1)-1827) 
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Freeze-drying of Bovine Spermatozoa 


SINCE 1956, increased attention has been given to 
techniques for freeze-drying bovine spermatozoa as a 
method for long-term semen preservation! In one 
approach!-?, spermatozoa were dried ın vacuum after 
bemg diluted, glycerolated, equilibrated and slowly 
frozen Low survival-rates and frequent failures were 
encountered  Leidl? suggested three possible causes 
(a) concentration of glycerol to toxic levels, (b) 
excessive removal of water, (c) morphological 
damage (occasional broken mid-pieces) 

In a second approach, Yushchenko’ freeze-dried 
spermatozoa suspended in a mixture of ‘Freon’ and 
heptane to circumvent the harmful effects of exposure 
to a eutectic m.xture and to elummate mechanical 
damage resulting from crystallization After glycero- 
lation and equilibration in a synthetic medium, the 
diluted semen was centrifuged ın test-tubes contammg 
the ‘Freon’—heptane mixture The spermatozoa were 
thereby transferred to the non-polar medium in 
which they were freeze-dried With this approach he 
observed 15-20 per cent revival of spermatozoa 
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A thud technique was described by Meryman and 
Kafig* m which no glycerol was used Semen diluted 
m heated milk or egg yolk-citrate was taken up on a 
I x 31m sheet of nylon gauze which was suspended 
m & desiccating chamber connected to a high-capacity 
vacuum pump (27 cu ft/mm) Fleezing-rate was 
controlled by constricting the pumping orifice Since 
the specimen presented a high surface area to volume 
ratio, very rapid drying was obtained They reported 
40-50 per cent spermatozoan motility following 
reconstitution 

These three approaches have been tested in this 
laboratory and no set of conditions resulted in 
successful freeze-drying of bovine spermatozoa The 
earhest attempts mvolved diluted semen containing 
glycerol, occasional motile cells and many tailless 
sperm and broken or bent mid-pieces were observed 
In addition to the deleterious effects suggested by 
Leidl®, semen dried in the presence of glycerol 
resulted in & waxy residue which could not be 
reconstituted readily 

The procedure of Yushchenko* could not be dupl- 
cated in that the transfer of spermatozoa from the 
polar to the non-polar medium was not accomplished 
When the two-phase system was centrifuged, the 
spermatozoa were still completely enveloped by the 
glyeerol-conraming polar medium after passing into 
the ‘Freon’—heptane mixture As expected, freeze- 
drying this suspension produced the characteristic 
waxy residue pointed out previously and also resulted 
in severe morphological damage Incorporation of 
surface-active agents such as "Tweens', ‘Carbowaxes’, 
and lecithin did not aid the transfer of cells from the 
polar to the non-polar phase 

In the omgmal work of Meryman and Kafig* a 
mechanical vacuum pump with a free-air pumping 
speed of 27 cu ft/mm was used Later, H T 
Meryman (personal communication, 1959) suggested 
that a pump of larger capacity would provide greater 
versatility in the present work On this basis, a 
mechanical pump of 130 cu ft /mm capacity was 
used in attempts to confirm their findings Samples 
were frozen and dried in a 4 x 9-1n glass desiccating 
chamber connected to the pump by a 3-m vacuum 
lne The hne was 47 ın long with one 90? bend A 
3-311. globe valve was inserted ın the hne 16 m from 
the desiccating chamber to control cooling-rate, 
ultimate temperature of the frozen specimen, and 
drying-rate When full pumpmg capacity was utilized 
with this system (valve wide open), diluted semen 
suspended on a nylon gauze could be cooled to — 50° 
C solely by evaporation and sublimation 

More than 250 trials were made using a wide range 
of cooling- aad drying-rates by adjusting the size of 
the opening in the 3-m valve Heated skim milk 
diluent was used in most of the trials, however, egg 
yolk-citrate and undiluted semen also were tested 
Freezing- and dryimg-rates comparable with those of 
Meryman and Kafig* could be achieved readily 
However, they did not report quantitative data on 
desiccating chamber pressures and residual moisture 
of the specimen, and failure in the present work 
may be due to mability to satisfy these conditions In 
a few trials. occasional motile spermatozoa were 
obtained Further investigation indicated that the 
motile cells usually were associated with a thickened 
layer of material which accumulated at the bottom 
of the vertically suspended nylon gauze prior to 
freezing. The mnermost part of this material was not 
dry and seemed to be the source of the motile sperma- 
tozoa When the membrane was kept under vacuum 
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Fig 1 Ultrastructure of the mid-piece of bull spermatozoa 

showing (4) the presence of the cytoplasmic membrane (arrow) 

in a control, and (B) Y SET a freeze-dried specimen 
x € 19, 


long enough to assure complete drying of the semen, 
no motile spermatozoa were observed. 

In contrast to cells freeze-dried in the presence of 
glycerol, both diluted and undiluted spermatozoa 
dried by the latter technique appeared morphologi- 
cally normal when exammed under & phase contrast 
microscope (x 660). Next, the ultrastructure of 
freeze-dried spermatozoa was studied with the 
electron microscope using thin sections Freshly 
collected, pooled ejaculates of undiluted semen were 
freeze-dried on nylon mesh gauze m vacuum and 
reconstituted m a 2 9 per cent sodium citrate solution. 
Control spermatozoa were taken up on a nylon gauze 
and then resuspended in 2 9 per cent sodrum citrate 
without freeze-drymg or exposure to vacuum. 
Spermatozoa were centrifuged from the citrate solu- 
tion mto a loose pellet which was fixed with Caufield’s 
modifications of Palade’s fixative? ‘Araldite’ was used 
as the embedding material and sectioning was per- 
formed with & diamond knife on a Porter-Blum ultra- 
microtome Electron mucrographs revealed that 
spermatozoa subjected to freeze-drying and recon- 
stitution usually lacked the outer or cytoplasmic 
membrane (Fig 18), while control spermatozoa 
usually displayed an intact membrane (Fig 14). The 
presence or absence of the membrane was most 
apparent in longitudinal sections of the middle piece 
or prmeipal piece It 1s not known whether the same 
results would have been obtained if the spermatozoa 
had been diluted before freeze-drying This possi- 
bility is being investigated 

The electron microscope also was used to examine 
undiluted spermatozoa frozen under vacuum to 
— 20° C and thawed in citrate solution at room 
temperature and undiluted spermatozoa rapidly 
cooled to 0° C. by vacuum without freezing As 
observed m freeze-dried spermatozoa the cytoplasmic 
membrane of frozen and thawed cells usually was 
lackmg Spermatozoa rapidly cooled under vacuum 
without freezmg generally possessed mtact mem- 
branes 

These observations on bull spermatozog suggest 
that alteration or destruction of the cytoplasmic 
membrane represents one possible deleterious effect 
on survival efter ether freeze-drying and reconsti- 
tution, or freezmg and thawmg in the absence of 
glycerol It ıs not known whether these treatments 
cause death and subsequent loss of the cytoplasmic 
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membrance or vice versa The importance of the 
cytoplasmic membrane and factors which affect its 
integrity are bemg mvestigated. 
We wish to thank Dr P Grun and Mrs. Anne 
Radlow for their advice on the cytological techniques. 
This investigation was aided by grants from the 
Pennsylvama State Association of Artificial Breeding 
Cooperatives 
R. G SAACKE 
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Precipitating Antibodies in the Carpet 
Snake against Parasitic Nematodes 


To our knowledge very little attention has been 
paid to the formation or presence of precipitating 
antibodies in the cold-blooded vertebrates Indica- 
tions of active antibody formation have nevertheless 
been reported ın frogs, turtles and fish however these 
estimations were made using ather agglutmation or 
anaphylaxis. This communication 18 8 survey of 
naturally occurring antibodies in the carpet snake 
(Moreha spilotes variegatus) which react positively 
with the body fluids of them nematode parasites, 
Amplicaccum roberts, Ophadascarts sp, and Poly- 
delphis sp , m mterfacial precipitin rmg tests 

The antıgen was collected by puncturmg the cuticle 
of these nematodes and drawmg the fluids up a fino 
glass capillary, the bodv fluids from approximately 
fifty worms being pooled, in each case, to give suffi- 
cient antigen for these experiments Blood was 
collected from the aortas of twelve snakes at autopsy, 
defibrinated and the serum stored frozen Table 1 
shows the results of mterfacial precipitin ring tests 
using these sera versus the body fluids of the three 
snake nematodes and the presence or absence of the 
particular infection in the snakes at the time of 
autopsy 

In general these results mdicate that circulating, 
precipitating antibodies exist m fhe sera of carpet 
snakes which react with the antigens of nematodes 
mfecting them, and that the presence of antibody is 
probably related to the presence of the particular 
infection (P ~ 14 per cent) Certain expected 
discrepancies exist in these results, namely, antibodies 
are present m the absence of infection and infections 
also occur without detectable antibody These 
discrepancies can arise smece wo do not know either 
the beginning or the duration of these mfections or 
the number of previous infections (we have noticed 
that carpet snakes may regurgitate their partially 
digested food with some of their intestinal nematodes, 
which may explain how some infections are lost) 
The possibilty also exists that the circulating anti- 
bodies are non-specific To test the specificity of these 
antibodies the various sera were tested agamst the 
body fluids of Ascaris suum, from the pig, as antigen. 
It was found that three of the twelve sera gave positive 
reactions ‘This apparent lack of specificity in these 
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Table 1, THE PRESENCE OR ABSENOE OF ANTIBODY AND INFECTION IN CARPET SNAKES (Morela 831lotes variegatus) NATURALLY INFECTED 
WITH THREE PARASITIC NEMATODES 


Carpet snake 


Parasitic nematode A B C D E H I J 
Ab Inf Ab Inf Ab Inf Ab Inf Ab Inf Ab Inf Ab inf Ab Inf Ab Inf Ab Inf Ab Inf Ab Inf 
Ampheaecum roberts + + + + + =~ — = + + + ood Ft + + $F 0-04 He He KY fe 
Polydelphis sp - ~ + + + + = — ~ = 4 + + =~ =- — +4 =- +4 4 GB +4 + 4 
Ophidascaris sp —- + + — + + + ~ + + — + + — + 4A cB GS B6 c4 s 4B o —— tlll 
Ascaris suum + + = = - + = e = = = = 


Ab, antibody, Inf, infection 


three cases may be accounted for by the presence of 
antibodies versus Forssman antigen known to exist m 
certam helmmths*. However, the carpet snake must 
also be able to produce specific antibodies against 
antigens from 1ts three nematode parasites since the 
sera negative to A suum gave positive reactions 
against these worms (P ~ 1 per cent). Further work 
18 being done on the netural antibodies found 1n the 
carpet snake 
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Fibre Follicles in Romney Ewes 


OnwiN has reported! the occurrence of what he 
describes as ‘branching follicles’ in skin from two- 
year-old New Zealand Romney ewes in his com- 
munication there appears to be some confusion 
concerning the evidence required to demonstrate 
conclusively whether follicles are branched, that 1s, 
have outgrowths of derived follicles, or are separate 
follicles which have coalesced Orwin’s photographs 
show more than one fibre m a common sheath at 
sebaceous-gland level and at a higher level, this, 
however, 1n itself 1s not adequate evidence that one 
follicle has been derived from another by branchmg 
These follicles may equally well have been separately 
initiated and coalesced so that the fibres come to 
he m & common sheath and a common follicular 
mouth 

Auber? has indeed demonstrated the occurrence of 
wool follicles coalesemg at a level below that of the 
sebaceous glands Serial skin sections at levels which 
include lower levels than that of the sebaceous glands 
should be made, the follicles traced up and observa- 
tions confirmed by ‘vertical’ sections, bofore deciding 
whether a follicle has been derived from another one 
by branching or has coalesced with ıt. I do not 
suggest that follicles derived by branching do not 
occur in breeds of sheep other than the merino, 
however, mn many thousands of serial skin sections 
from Enghsh Romney sheep and lambs that I have 
examined at all levels I have sometimes seen 
coalesced, follicles, but have not seen truly branched 
follicles. 
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Localization of Inhibitors of Neural 
Differentiation in Chick Embryos 


Is testing the hypothesis of specific inhibition in 
cellular differentiation, I have shown! that early 
chick embryos, when cultured on a nutrient medium 
which has incorporated in ıt supernatants of adult 
and embryonic brain extracts, displayed homologous 
brain defects ın a significant number of cases Since 
the preparation of subcellular components has become 
a standard technique for problems of cellular chemistry 
(see review by Allfrey’), this investigation was promp- 
ted with the hope of localizing the inhibitory material 
in the crude brain extracts to a particular cell fraction 
Accordingly, chick brains were homogenized and 
subjected to differential centrifugation in order to 
obtain mitochondrial, microsomal, and soluble protein 
fractions Larler investigations of Braverman’ and 
Lenieque* showed that the nuclear fiaction is not 
involved ‘The procedure used for culturmg chick 
embryos was thet of Spratt’ Since I have found! 
that stages 4 and 5 (ref 6) are the crucial stages 
for treatment with brain extracts, the assay for 
inhibitory activity was restricted to the use of 
these stages 

Whole brains from recently hatched chicks totalling 
10-15 gm were homogenized in 2 vol (w/v) of 0 25 M 
sucrose—0 004 M cale1um chloride i a Potter- 
Elvehjem homogenizer The nucle: and cellular 
fragments were sedimented in an International 
refrigerated centrifuge at 700g for 10 mm The 
supernatant was then subjected to 15,000g for 30 mun 
in & Servall centrifuge This resulted m a white pellet 
of mitochondria, which was dispersed m phosphate- 
buffered chick Ringer, pH. 7 6-7 8 The supernatant 
was centrifuged at 105,000g for 60 min. ın a Spinco L 
ultracentrifuge, rotor No 40 This yielded a micro- 
somal pellet, and a supernatant consisting of the 
soluble protein fraction The former was dispersed m 
chick Ringer, while the soluble protein frection was 
subjected to 18-24 hr dialysis against chick Ringer, 
All preparations were carried out m the cold room 
at a temperature of 0-2? C 

Aliquots of the samples were taken for quantitative 
estimations of protem nitrogen using the Kjeldahl 
method Ths nutrient medium composed of 0 5 per 
cent agar, albumen extract, and subcellular fraction 
was made up ın the ratio of 2 1 1 The concentration 
used in these experiments was 75-90 ugm of protem 
nitrogen of subcellular component per c e. of culture 
medium 

Controls using a myosin preparation obtained 
through the courtesy of Dr Yuyro Hayashi and adjus- 
ted to the equivalent concentrations as with the 
subcellular fractions m terms of protein nitrogen were 
used It was intended that the myosin sample, 
obtained. from the leg muscles of the same chicks 
which were the sources for the brams, would serve 
as a control of mesodermal origin According to 
Dr Hayashi, the myosin samples, prepared by a modi- 
fication of the method of Hasselbach end Schneider’, 
showed a single peak when examined by both ultra- 
centrifugal and electrophoretic methods Before use, 
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Table 1 EFFECT OF SUBCELLULAR FRACTIONS OF BRAIN ON NEURAL 
DIFFERENTIATION 
Subcellular fraction 
Mit 1 Sol Myosin 
protein 
Total No of explants 53 67 80 45 
Kinds of defects 
Normal 41 (77%) 54 (81%) 15 (19%) 8 (18%) 
General] defect 7 (18%) 5 ( 7%) 6 (8% — 
No development 5 (9%) 5 (7%) 10 (11%) 5 (11%) 
Brain limited defect 0 (0%) 3 (4%) 49 (61%) 6 (1395) 
Mesodermal and 
general defect — — = 26 (58%) 


the myosin samples were dialysed against chick 
Ringer solution 

The results of this investigation are presented in 
Table 1 It indicates that the mhibitory factor 1s 
localized in the final supernatant or soluble protein 
fraction For a discussion of the classification of 
defects see ref 1, since the same system was used 
in this work In regard to the myosin controls, at 
concentrations equivalent to the experimental series, 
that ıs, 75-90 ugm of protein nitrogen, 1t was found 
to be highly toxic for the developing embryos, and 
resulted in all embryos undergoing no development 
Consequently, the level has to be lowered considerably, 
to 15-20 ugm per ec of culture medium. It 
appeared that the mesodermal defects, which are 
manifested in circulatory abnormalities, concomit- 
antly lead to generalized defects Thus, a high 
number of combined mesodermal and general defects 
were recorded This ıs not surprismg in view of 
the fact that the myosin preparation represents a 
relatively purified sample, as compared with the 
fractions obtained from brain material, which are still 
rather crude preparations In view of this fact, future 
work ıs planned ın an effort to characterize and isolate 
further the inhibitory properties of the soluble protein 
fraction In this connexion, fractionation of the 
soluble protein fraction may yield & more potent 
and pure source of the specific neural differentiation 
inhibitor. 
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ENTOMOLOGY 


An Apparatus for Observations on the 
Feeding Mechanism of the Flea 


SEVERAL types of feeding chambers have been 
devised! for «n vwo observations on the feeding 
mechanism of blood-sucking arthropods, but these 
chambers, designed to accommodate relatively large 
creatures (triatomine bugs, tsetse flies and ticks), 
have proved to be unsuitable for small msects and 
acarines, such as fleas, lice and mites Our interest 
in the mechanism of disease transmission by the flea 
led us to construct a small feeding apparatus bv 
means of which we have been able to undertake 
extensive observations on the uptake of blood by this 
insect from the tissues of 1ts host 
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Fig 1 The feeding apparatus as seen from the microscope 


The apparatus (Fig 1) consists essentially of two 
apposable, thin, steel plates (.4 and B), each with a 
centrally placed viewing window (K) 

Plate A, 6:3 cm in length and 1 3 em. ın height, 1s 
extended at both extremities to form right-angled 
extensions (E), 1-5 em. long Each extension 1s 
provided with a horizontal bar (G) which fixes 1nto a 
vertical rod (H) attached to a carrying table (J). The 
carrying table 18 clamped to the reversed mechanical 
stage of a horizontally placed microscope as described 
by Griffiths and Gordon? for an earlier type of 
feeding chamber 

Plate B, the same size as A, 18 joined to plate A by 
means of two pairs of adjusting screws (D) The 
adjusting screws (the upper pair 1s threaded through 
light springs) enable the plates to be apposed and 
tilted so that their lower edges can be approximated 
to enclose the ear of the host (Fig 2) 

The viewing windows (K), 1 6 cm x 08cm, are 
each covered by a coverslip (L) of & convenient size 
held in position by an adhesive applied to the edges 
of the window 

An anesthetized mouse 1s placed on the carrying 
table The upper portion of one of 1ts ears, pieviously 
treated with a depilatory, 1s so arranged as to he over 
the coverslip on plate B, and a strip of foam rubber 1s 
then introduced between the plates, one on each side 
of the window at position C (Fig 1) The adjusting 
screws are gradually tightened until the lower edges 
of both plates gently grip the ear, the upper edges 
being kopt separated by the springs of the upper pair 
of screws. In this position plate B, carrying the ear, 
hes at an angle to plate A (which 1s vertical to the 
microscope tube) In order that the ear should 
present a flat microscopic field the apparatus 1s 
rotated by unloosening the wing nuts (F), until the 
plates have assumed the position shown in Fig 2, 
and the nuts are retightened 

A flea (N) anesthetized with carbon dioxide 18 then 
introduced into the chamber, and the upper part 1s 
closed off promptly with a strip of foam rubber (M) 
The space enclosed by the lower edges of the plates, 
the two vertical (C) and the horizontal (M) strips of 
foam rubber, forms a completely sealed cell (Fig 2) 
containing the tip of the animel’s ear and the insect 

We observed, using this simple apparatus, that 
Pulex writans, Xenopsylla cheops, Ctenocephalides 
felis and Atyphloceras multidentatus normally feed, ın 
non-sensitized mice, directly from the lumen of small 
blood vessels, and thus may be deseribed as capillary 
feeders On rare occasions we saw fleas attempting to 
feed from extravasations of blood resulting from the 
rupture of vessels, but they never took up any 
significant quantities of blood from this source 
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Fig 2 A cross-section through the feeding chamber at position X 

on Fig 1 (showing a flea feeding on a mouse's ear) after the 

apparatus has been rotated so that plate B, instead of plate 4, 
Is vertical to the tube of the microscope 


Feeding appears to proceed m this way the flea 
introduces its biting fascicle?—the paired maxille and 
the ep:rpharynx—unto the skm of the host, the maxillae 
acting as the cutting organs Having reached a 
suitable vessel, usually of small calib1e, the tip of the 
epipharynx enters the lumen, the maxille (which form 
the salivary canals) remaming outside The flea then 
sucks up blood, emitting from time to time, as clearly 
visible puffs, droplets of saliva in the neighbourhood 
of the puncture in the vessel wall (but not mto the 
vessel lumen) When the meal is completed the 
faseicle ıs rapidly withdrawn, there 1s surprisingly 
httle damage at the point of mtroduction of the 
mouthparts into the skin, the withdrawal hemorrhage 
being slight or absent 

We wish to acknowledge the assistance of a 
National Institutes of Health grant, E-3571, m 
carrying out this project and the help of Frank Princo 
and his colleagues (of C D C station at San Francisco), 
who kindly provided us with a proportion of the wild 
and laboratory bred fleas we used 1n our experiments 
Histological material, which confirmed our direct 
observations, was prepared by Rosalie Gull of the 
Hooper Foundation, to whom we are mdebted 
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Intestinal Proteinases in an Insect, 
Calliphora vomitoria L. 


THE properties of the proteolytic enzymes occurring 
in extracts of insect guts are generally thought to 
resemble those of vertebrate trypsin}: Only pro- 
temases of alkahne type, with maximum activity 
about pH. 8, have been recorded in Calliphora adults, 
Luca larveet, Musca larve'®, Stomoxys adults?, and 
Callphora larve’ The only workers to suggest that 
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proteinases m Diptera-Cycloiihapha do not conform 
to the general theory, Greenberg and Paretsky’, 
reported two distinct protemases functioning ın ever y 
stage of the life-cycle of Musca with pH optima at 
pH 3 and pH 8-9. 

It has now been established by two techniques that 
a proteolytic enzyme (or enzymes) with an activity 
peak about pH 3 1s produced by cells of the mid-gut 
of adult females of the blowfly species C vomitoria 

Proteolytic activity of aqueous extracts of mid-guts 
of flies fed on meat was determined ın vitro, over a 
selected »H range, by a colorimetric method Sheep 
hemoglobin was used as substrate, prepared m 
citrate—phosphate buffer, and mixtures of buffered 
substrate and gut extract were incubated for 3 hr 
at 38° C After removal of undigested protem, by 
precipitation (with 10 per cent trichloracetic acid) 
and centmfugation, the mixture was made alkaline 
by the addition of sodium carbonate The presence of 
liberated tyrosine, and tryptophan, was demonstrated 
by the addition of Folm-—Ciocalteau reagent, the 
intensity of the blue colour which develops being used 
as a measure of the degradation of the substrate 
Direct readings of colour intensities were mado with 
an HEL portable colorimeter (O R1 hght filter) 
exactly 5mm after the addition of the reagent The 
graph m Fig 1 was prepared from means of three 
determinations of proteolytic activity at thirteen 
pH-levels between pH 25 and pH 85 The results 
indicate a high concentration of an enzyme (or 
enzymes) m gut extracts with an optimum pH about 
pH 3 and a lower concentration of an enzyme (or 
enzymes) with an optimum pH at least as high as 
pH 85 Controls were prepared at several pH-levels 
and tested for free tyrosine, ete , immediately after 
preparation, without incubation Readings for these 
controls approximated to those obtained from digests 
between pH 5 5 and pH 7, indicating that there ıs little 
onzyme activity within that pH-range Further tests 
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carried out at pH 3 with distilled water substituted 
for enzyme extract showed that the high reading at 
that pH was not due to autolysis of the substrate 

In the second demonsti ation of proteolytic activity 
at low pH, mid-guts were dissected from 5-day old 
flies which had fed on meat The guts were split 
longitudmally and the peritrophic membrane tube 
and contents removed | Each gut was then divided 
into three parts corresponding to the three zones, 
fore-mid-gut, mid-mid-gut and hind-mid-gut, the 
contents of which are buffered (as shown by 
Waterhouse’s range-mdicator method?) at pH 5, 
pH 3 6, and pH 8 These fractions were then laud on 
the surface of a thin milk-agar plate of the type 
normally used for bacteriological work The mulk- 
agar medium, which contamed thiomersalate to 
inhibit bacteria, was either buffered at pH 36 or 
pH 8 Preparations were incubated for 24 hr at 
38° C In the low pH plates a wide zone of clearing 
developed around the mid-mid-gut There was also 
some evidence of an enzyme active at low pH diffusing 
from the last part of the fore-mid-gut m smaller 
quantity than that from the mid-mid-gut. Clearmg 
occurred in the immediate vicinity of the hind-mid- 
gut in pH 3-6 plates, but this appeared to be restricted 
to the range of the gut cells’ own buffering effect 
beyond which the hmd-mid-gut enzyme was obviously 
mactive In pH 8 plates a wide zone of clearing 
developed around the hind-mid-gut Thus the results 
of the quantitative tests have been confirmed and it 
has been shown that the protemase (or protemases) 
active at low pH in the gut of C vomitora 18 princi- 
pally produced by the cells of that zone the pH of 
which 1s adjusted to suit such an enzyme 

Female blowflies require protem in their diet in 
order to produce eggs Males have no such need, 
but 16 ıs interesting to note that they will feed readily 
on meat, and the milk-agar plate method indicates 
the presence of the same enzymes 1n male as 1n female 
intestines 

We thank Drs. J R Norris and W. R Rees of this 
University for valuable discussions and Dr Ellen 
Thomsen, Copenhagen, for the initial suggestions 
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Home and Distribution of the House Cricket 
Acheta domesticus L. 


Tus house cricket, Acheta domesticus, 1s generally 
believed to have moved into Europe and North 
America from arid and semi-arid areas of northern 
Africa oi south-western Asia! However, during my 
work on Acheta domestwus and related species, 
I have found evidence which suggests that the 
question regarding the native country and distribu- 
tion of A. domesticus 18 more complicated 
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Colour and size are unreliable taxonomic characters 
for separating closely related species of crickets, 
and the species of the domesticus group are remarkably 
uniform in ther outward appearance However, 
among the male specimens from various parts of the 
world, identified as Acheta domesticus by Chopard. 
Uvarov, Dirsh, Kevan, Gurney and other specialists, 
I have found no less than five species which have no 
significant external morphological differences but 
can be clearly separated on the basis of ther mternal 
male genitalia. Indeed, two of these species have been 
experimentally shown to be reproductively isolated?, 
but the anatomical reasons for this have only now 
become clear 

The first step to clear the confusion regarding the 
taxonomy of the house cricket 1s to fix the name 
Acheta domesticus L for one of the five species 
distinguished in the course of the present studies 
The name A domesticus, described from Sweden, 
should be restricted to the house cricket commonly 
found m Europe and North America, including the 
Canadian strain?. The males determmed on the 
basis of genitalia were compared with domesticus 
specimens from Sweden, and both sexes taken 
from the same laboratory-bred stock are bemg 
re-described 

Uvarov? described on the basis of colour and size 
Acheta meridionalis from Khartoum as a sub-species 
of A domesticus, and Kevan? considered it a wild 
southern form of the same, but the examiation 
of male genitalia shows that A meridionalis (Uvarov) 
1s a distinct species, known to me also from West 
Aden Protectorate, Egypt and Fezzan The examma- 
tion of the male genitalia shows also that the species 
referred to earlier as the Pakistani strain? is Acheta 
hispanicus Rambur, which I am able to record also 
from Morocco, Baghdad and West Pakistan ‘Three 
more distinct species of the domesticus group are known 
to me from Egypt, East Africa and India 

The specimens of all the species referred to above 
are preserved ın the British Museum (Natural 
History), London, and their full descriptions, including 
a re-deseription of Acheta domestwus L. with full 
synonymy, are ready for publication Once the 
identities of the species previously confused with 
A. domesticus are established, 1t may become possible 
to build up a better picture of the distribution of the 
European house cricket (A domesticus), and to de- 
termine its native country with greater certainty 
The correct identification of these species is also of 
great economic importance as at least two of them 
(A. domesticus and A hispanacus) are serious pests 
of irrigated crops ın the Indo-Pakistan sub-continent’, 
and with the extension of canal irrigation m the arid 
and semi-arid regions their potential danger continues 
to merease I shall be glad to receive material 
on these crickets either from houses or collected m the 
field for further studies. 

This work was carried out while I held a 
research fellowship of the South Hast Asia Treaty 
Organization and I am grateful for ıt, and also to 
Sir Boris Uvarov and Dr V. M Dursh for their 
advice and help. 
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FORTHCOMING EVENTS 


(Meetngs marked with an asterish * are open to the public) 


Monday, December 11 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint 
Staff Common Room, University College, Gower Street, London, 
W C1), at 530 pm —Prof L 3 Penrose, FRS “A Theory of 
Self-reproducing Mechanisms” 


UNIVERSITY OF LONDON (m the Anatomy Theatre, University 
College, Gower Street, London, W C1), at 6 pm —Prof W 
Estes ‘Current Foe: of Research in Mathematical Behaviour 
Theory" * (Last of thiee Special University Lectures ) 


INSTITUTION OF ELECTRICAL ENGINEFRS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 6 45 pm — 
Mr G S C Lucas OBE “The Professional Engmeer and an 
Expanding Industry" (Presidential Address) 


Tuesday, December 12 


ZOOLOGICAL SocIETY OF LONDON (at the Zoological Gardens, 
Regent's Park, London, N W 1), at 5 p m —Scientific Papers 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATIONS SECTION (at Savoy Place, London, W € 2), at 5 30 p m — 
Mr L Lewin ‘Diversity Reception and Automatic Phase Reception" 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropica] Medicine, Keppel Street, Gower Street, London, W C 1), at 
530 pm—Dr I D P Wootton “Retention of Aromatic Com- 
pounds in Acute Renal Failure’ * (Last of seventeen lectures on 
"The Scientific Basis of Medicine" organized by the British Post- 
graduate Medical Federation ) 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm— 
Mr J G G Hempson “Instrumentation Problems in Internal Com- 
bustion Engine Development”’ 


UNIVERSITY OF LONDON (in the Beveridge Hall, Senate House, 
University of London, London, W C 1), at 6 p m —Sır Charles Snow 
Birkbeck College Foundation Oration 


INSTITUTE OF Woop SCIENCE (at Carpenters Hall, Throgmorton 
Avenue, London, EC 2), at 7 pm —Dr A € Copisarow ‘The 
Role of Forest Products Research in National Economy” 


Tuesday, December 12—Wednesday, December 13 


BRITISH BIOPHYSICAL SOCIETY (at the Royal Institution, Albemarle 
Street, London, W 1)—Symposia on “The Structure of Globular Pro- 
tems” and “The Function of Protems", also a session on contributed 
papers 


Wednesday, December 13 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 515 pm—Mr I D Hil ‘Sampling Inspection and Defence 
Specification DEF-131” 


INSTITUTE OF FUEL (at the Royal United Service Institution, White- 
hall, London, 8 W 1), at 530p m —Mr A Sherry “Power Station 
Optimization" * 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SFCTION (in 
conjunction with the BRITISH NUCLEAR ENERGY CONFERENCE, at 
Savoy Place, London, W C 2), at 530 pm—Mr J Henderson, Mr 
G F Kennedy and Dr K J Wootton ‘Electrical Aspects of Hun- 
terston Nuclear Generating Station” 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
WC2) at 6 pm—Dr E S Hedges ‘“Tim—lIts Contribution to 
Social Development’’ 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, S W 1), at 6 15 p m —Meeting on 
“Foods Low in Carbohydrates” 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP 
(at “The Feathers”, Tudor Street, London, EC 4, at 630 pm — 
Discussion Meeting 


SOCIETY OF INSTRUMENT TECHNOLOGY, CONTROL SECTION (at 
Manson House, 26 Portland Place, London, W 1), at 7 pm —Mr 
E K M'Pherson ‘‘Apphcation of Complex Plane Methods to System 

esign"' 


BRITISH PSYCHOLOGICAL SOCIETY, MEDICAL SECTION (at the Royal 
Society of Medicine, 1 Wimpole Street, London, W 1), at 8 30 p m— 
Mr Stephen Black ‘‘Hypnosis m Physiological Research” 


Thursday, December | 4 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S W 1), at 230 pm and 
5 30 pm—Special Meeting on “New Test Methods" 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Physics 
Building, Prince Consort Road, London, S W 7), at 530 pm —8n 
Patrick Linstead FR S “The Prince Consort and the Founding of 
the Imperial College" (Special Lecture to commemorate the Centenary 
of the Death of HRH The Prince Consort ) 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W C 2), at 5 30 p m —Dr E R Laithwaite 
“Osallatıng Machines—Synchronous and Asynchronous”, Dr E R 
Laithwaite and Mr R S amak ‘‘An Oscillaüng Synchronous 
Linear Machine” 


BRITISH INSTITUTION OF RADIO ENGINEERS, TELEVISION GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel 
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Street Gower Street, London WC1), at 6 pm —Symposium on 
“Constant Luminance Colour Television" 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHONS GROUP 
(m '"The Feathers” Restaurant, Tudor Street, London, E € 4) at 6 30 
pm —Seventeenth Annual General Meeting, followed by a Discussion 
Meeting on ‘The Assessment of Anti-Aretherosclerotics"' 


RADAR AND ELFCTRONICS ASSOCIATION (in the Lecture Hall of 
the Royal Society of Medicine, John Adam Street, Adelphi, London, 
wWC2)at7pm —Dr J Goughand Prof F Landgrebe ‘‘Loudspeaker 
Enclosures’’ 


CHEMICAL SOCIETY (in the Lecture Theatre of the Royal Institution, 
Albema-le Street, London, W 1), at 730 pm—Prof C E H Bawn, 
FRS ‘Stereospecific Polymerisation” (Liversidge Lecture) 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Partland Place, London, W 1), at 730 pm—Dr F I C 
Apted “Sleeping Sickness in Tanganyika, Past, Present and Future” 


Friday, December 15 


SOCIETY FOR ANALYTICAL CHEMISTRY (joint meeting with the 
INFRA RED DISCUSSION GROUP, at King’s College, Strand, London, 
W C 2), at 11.10 a m —Meeting on ‘‘Applications of Infra Red Spectro- 
scopy to Quantitative Analysis" 


Saturday, December 16 


BIOCHEMICAL SOCIETY (at the Wolfson Institute, Postgraduate 
Medical School of London, Ducane Road, London, W 12), at 10 30am 
—Seientifie Papers and Demonstrations 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or 
before the dates mentioned 

ASSISTANT EXPERIMENTAL OFFICER or EXPERIMENTAL OFFICER 
(preferably with a university degree) AT THE FRESHWATER FISHERIES 
LABORATORY, Department of Agriculture and Fisheries for Scotland, 
Pitlochry—Estabhshment Officer, Room 73, Department of Agrı- 
culture and Fisheries for Scotland, St Andrew’s House, Edinburgh 1 
(December 15) 

ASSISTANT INSPECTOR (male, graduate in zoology, etc ) OF FISHERIES 
im the Department of Lands, Dublin—The Secretary, Civil Service 
Commission 45 Upper O'Connell Street, Dublin 1, Republic of Ireland 
(December 15) 

VERTEBRATE BIOLOGIST (with ethological training or experience), 
for a research post in a Mental Hospital—The Secretary, Birmingham 
Regional Hospital Board, 10 Augustus Road, Edgbaston, Birmingham 
15 (December 16) 

ASSISTANT IN THE DEPARTMENT OF GENETICS, for general duties 
and particuiarly to assist on work on the genetics of fungi— The 
Secretary, John Innes Institute, Bayfordburv, Hertford, Herts 
(December 27) 

LECTURER or ASSISTANT LECTURER IN PHYsICS— The Principal, 
Bede College, Durham (December 31) 

LECTURER or SENIOR LECTURER IN GENETICS at the University of 
Melbourne, Australia— The Secretary, Association of Universities of 
the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, Londcn, S W 1 (Austraha and London, December 31) 

READER ‘with special qualifications in educational psychology) 
IN EDUCATION at the University of Queensland, Australia—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, SW 1 
(Brisbane and London, December 31) 

HEAD (with high academic qualifications and experience 1n research 
and in teaching to university degree level) OF THE DEPARTMENT OF 
PHysics—The Clerk to the Governors, Chelsea College of Science 
and Technology, Manresa Road, London, S W 3 (January 1) 

LECTURER (with a registrable veterinary qualification and post- 
graduate experience 1n bacteriology) IN BACTERIOLOGY in the School 
of Veterinary Medieme— The Registrar, Trimty College, Dublin 2, 
Republic of Ireland (January 1) 

BIOPHYSIOIST (post-doctoral standing) IN THE ELECTRON MICRO- 
SCOPE SECTION, to take part in an investigation of the biological 
applications of the electron scanning mucroanalyser (X-ray micro- 
spectrometer)— The Secretary, Department of Physics, Cavendish 
Laboratory, Free School Lane, Cambridge (January 5) 

CHAIR, and LECTURER or ASSISTANT IN PHILOSOPHY at the Univer- 
sity of Malaya, Singapore—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W C1 
(January 15) 

LECTURER (preferably with a special interest 1n historical geography) 
IN GEOGRAPHY at the University of Melbourne, Austraha— The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S'W 1 
(January 15) 

ASSOCIATE PROFESSOR IN EXPERIMENTAL PATHOLOGY at the 
University of Sydney, Austraha—The Secretary, Association of 
Universitics of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, S W 1 (Australia and London, 
January 17) 

LECTURER (preferably with some experience ın steroid and/or carbo- 
hydrate chemistry) IN ORGANIC CHEMISTRY at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, SW 1 (Austraha and London, January 17) 

CHATR OF AGRICULTURAL CHEMISTRY IN THE DEPARTMFNT OF 
AGRICULTURE, University of Sydney, Australa— The Secretary, 
Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (Australia and 
London, January 31) 

CHAR OF COIOUR CHEMISTRY AND DYEING—The Registrar, The 
University, Leeds 2 (January 51) 


1002 


LECTURER (trained and experienced teacher with a degree in chem- 
istry or biology) IN EDUCATION at the University of Hong Kong—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, 8 W 1 (Hong 
Kong and London, January 31) 

LECTURER (with at least an honours degree or equivalent qualifica- 
tions, some postgraduate research experience, and preferably interests 
ın mammalian or human biochemistry) IN BIOCHEMISTRY in the 
School of Biological Scrences, University of New South Wales—The 
Agent-General for New South Wales, 56-57 Strand, London, W C 2 
and The Appointments Section, University of New South Wales, 
in Post Office, Kensington, New South Wales, Australia (Janu- 
ary 

OFFICIAL FELLOW AND LECTURER (mathematician or theoretical 
phvstcist) IN MATHEMATICS—The Vice-Provost, Worcester College, 
Oxford (January 31) 

SENIOR RESEARCH ASSISTANT (with a higher degree in chemistry 
or biochemistry, and several years experience 1n biochemical research) 
IN BIOCHEMISTRY, to be engaged full time in à research programme 
in the fleld of protein chemistry—The Director of Research, St 
Vincent’s School of Medical Research, Victoria Parade, Fitzroy, N 6, 
Victona, Australia (February 28) 

ASSISTANT, ASSOCIATE or FULL PROFESSOR OF PSYCHOLOGY and 
an ASSISTANT PROFESSOR OF PsycHoLoay—Prof J R Royce, Head, 
ee of Psychology, University of Alberta, Edmonton, Alberta, 

anada 

ASSISTANT PROFESSOR OF PuysIcs—Prof C E Challice, Depart- 
ment of Physics, University of Alberta, Calgary, Alberta, Canada 

ASSOCIATE PROFESSOR or ASSISTANT PROFESSOR IN THE DEPART- 
MENT OF Puysics—Head of the Department of Physics, Victoria 
College, Victoria, BC, Canada 

HISTORICAL ARCHZOLOGIST (graduate with specialization in 
archeology, approximately four years experience in conducting 
archeological investigations, including the excavation of historical 

,ruins) m the Department of Northern Affairs and National Resources, 

Louisbourg, Nova Scotia, Canada, to undertake all archeological 
excavations in connexion with the restoration of the Fortress of Louis- 
bourg National Historic Park—Civil Service Commission of Canada, 
Ottawa, Ontario, Canada 

MASTER TO TEACH MATHEMATICS to public school scholarship 
standard—The Headmaster, Lathallan School, Montrose Angus 

PHYSICISTS or ELECTRICAL ENGINEERS (preferably with experience 
in one or more of the following flelda high vacuum, R F techniques 
(76 me /8 ), high power rectifier and pulse circuits, general electronic 
instrumentation and controls) IN THE DEPARTMENT OF PHYSICS, to 
assist with the construction and commissioning of a large heavy 10n 
linear accelerator— The Assistant Director, Linear Accelerator Lab- 
oratory, Physics Department, The University, Manchester 

RESEARCH ASSISTANT (with a degree in engineering and some 
knowledge of mechanical vibration) IN THE DEPARTMENT OF ENGINEER- 
ING, for work on certain problems related to the vibration of turbine 
blades—The Secretary, The University, Old College, South Bridge, 
Edinburgh 

RESEARCH FELLOW (recent or prospective Ph D graduate in bio- 
chemistry, physiology, nutrition or alhed subjects) IN THE FIELD 
OF NUTRITION IN THE DEPARTMENT OF PHYSIOLOGY AND BIOCHEM- 
ISTRY—Ihe Secretary and Registrar, The University, Southampton 

SCIENTIFIC OFFICER (with an honours degree in chemistry or agri- 
cultural chemistry, A RIC or an equivalent qualification, and 
particularly mterested m analytical chemustry) IN THE CHEMISTRY 
DEPARTMENT, to take part ın researches on the composition of milk 
—The Secretary, National Institute for Research mm Dairying, Shin- 
field, Reading, quoting Ref 61/32 

SENIOR LECTURER IN ORGANIC CHEMISTRY— The Registrar, The 
University, Leicester 

SENIOR LECTURER IN PHYSICS and a LECTURER IN PHYSIOS— 
Clerk to the Govermng Body, Northern Polytechnic, Holloway, 
London, N 7 

SENIOR LECTURER or LEOTURER (with a knowledge of West African 
livestock and feediny-stuffs, especially grass) IN AGRICULTURAL 
BIOCHEMISTRY AND NUTRITION at the University College, Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W C1 

SENIOR TECHNICIAN, for histological research—- The Secretary, 
The Royal Free Hospital, Gray's Inn Road, London, W C 1 


REPORTS and other PUBLICATIONS 


(not included 1n the monthly Books Supplement) 


Great Britain and Ireland 


Materials for Gas Chromatography Standards and Data for 
*Embaphase", Stationary Phases, and “Embace” Kieselguhr Second 
edition Pp 63 (Dagenham May and Baker, Ltd , 1961 ) [259 

The Industrial Diamond Information Bureau Diamonds in Indus- 
try an Introduction Pp 12 The Diamond Research Laboratory 
E (London The Industrial Diamond Information pum 

250 

Ratiation Botany, Vol 1, No 1 (September, 1901) (An Inter- 
national Journal devoted to Plant Radiobiology and Closely Related 
Fields) Pp 100 Annual subscription rates (A) For libraries, 
government establishments, research laboratories, ete , 140s , 20 dol- 
lars (B) For mdividuals who place their orders directly with the 
publisher and certify that the journal 1s for their personal use, 708 , 
10 dollars (London and New York Pergamon Press, 1961 ) [259 

Philosophical Transactions of the Roval Society of London — Series 
B  HAological Sciences No 710, Vol 244 (21 September, 1961) A 
Study of a Natural Population of Phytodecta Olwacea (Forster) (Coleop- 
tera, Chrvsomeloide.) By O W Richards and Nadejda Waloff 
Pp 205-257 (London Roval Societv, 1961) 188 [259 

Falkiands Islands Dependencies Survey Sctentific Reports No 
26 The Geology of the South Shetland Islands 1 The Petrology of 
King George Island Pp 28+8 plates 10s net No 27 The 
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Geology of the South Shetlands Islands 2 The Geologv and Petrol- 
ogy of Deception Island By D D Hawkes Pp 43-4 plates 
163 net (London HM Stationery Office, 19601 Published for the 
Colonial Office ) [259 


Other Countries 


American Academy of Arts and Sciences, Boston Records of the 
Academy (including new members elected 10 Mav, 1961), 1960-1961 
Pp 157 (Boston, Mass American Academy of Arts and Scene 


1901 ) 

United States Department of the Interior Geological Survey 
Bulletin 1058-H Geology of Part of the Craig C72 Quadrangle and 
Adjoining Areas, Prince of Wales Island, Southeastern Alaska. B 
C L Sainsbury Pp v+299-362+plates 38-39 Bulletin 1087-I 
Relation of Uranium Deposits to Tectonic Pattern of the_ Central 
Cordilleran Foreland By Frank W Osterwald and Basil G Dean 
Pp in+337-390+plates 28-34 Bulletin 1116-E Index to Geo- 
physical Abstracts 180-183, 1960 By James W Clarke, Dorothy B 
Vitaliano, Virginia S. Neuschel, and others Pp 114-637-0695 — 25 cents 
Bulletin 1117-A Geochemistry of Minor Elements on Coals of the 
Northern Great Plains Coal Province By Peter Zubovic, T Stad- 
nichenko, and Nola B. Sheffey. Pp iv+58+plate 1. 50 cents 
(Washington, DC Government Printing Office, 1961 ) [259 

United States Department of the Interior Geological Survey 
Water-Supply Paper 1498-D Effect of Depth of Flow on Discharge 
of Bed Material By Bruce R Colby Pp 11+12 15 cents Water- 
Supply Paper 1522 Quality of Surface Waters of the United States, 
1957 Parts 7 and 8 Lower Missssipp1 River Basin and Western 
Gulf of Mexico Basing Prepared under the direction of S K Love 
Pp x+499  Water-Supply Paper 1539-C Ground-Water Recon- 
naissance of Winnemucca Lake Valley, Pershing and Washoe Counties, 
Nevada By C P Zones Pp 1i:+18+plate 1 45 cents Water- 
Supply Paper 1539-R Selected Bibliography on Evaporation and 
Transpiration By T W Robinson and A I Johnson Pp i1-+25 
Water-Supplv Paper 1581 Ground-Water Potentialities in the Cres- 
cent Valley, Eureka and Lander Counties, Nevada By C P Zones 
Pp iv+50+plate 1  Water-Supply Pape: 1610-À . Waterpowei 
Resources of the Bradley River Basin, Kenai Penmsula, Alaska By 
F A Johnson Pp 1v+25+plate 1 (Washington, DC Govern- 
ment Printing Office, 1961 ) [259 

Canada National Research Council, and Medical Research Council 
Report on University Support, 1960-61 Pp 123 (NRC No 6390 ) 
Tn da National Research Council, and Medical Research Co 

Tokyo Astronomical Observatory Tokyo Astronomical Bulletin, 
Second Series No 123, (January 25,1961) A Total Eclipse of the 
Sun, July 20, 1963 and its Circumstances 1n Hokkaido, Japan By 
Shinko Aoki and Yoshiko Endo Pp 1695-1706 No 140, (February 
20, 19681) A Method of Improvement of the PZT Star Places By 
Masahisa Torao, Shigetaka Iijima, and Naovuki Matsunami — Pp 
1759-1769 No 142,(March 5,1901) Polar Tube Observations during 
1960 By Baosuke Sekiguchi and Jun'itsu Matsumoto Pp 1901-1902 
No 143, (March 20, 1961) On the Auto-Compensating Effect in 
Travel Time of Radio Signals By Shigetaka Ijima Pp 1903-1916 
No 144, (February 5, 1961) A New Photo electric Photometer with 
Electronic Refrigerator By Masaaki Huruhata and Masatoshi 
Kitamura Pp 1917-1922 (Tokyo Tokyo Astronomical Observa- 
tory, 1961 ) [259 

Occasional Papers of the Calitornia Academy of Sciences No 30, 
(August 31, 1961) The Immature Stages of Callommna, with the 
description of a New Species of this Genus (Diptera Platypezidae) 
By Edward L Kessel Pp 10--1 plate (San Francisco California 
Academy of Sciences, 1961 ) [259 

Annals of the New York Academy of Sciences Vol 94, Article 1 
Plasma Proteins in Health and Disease By George T Dimopoullos 
and 40 other authors Pp 1-336 (New York New York Academy 
of Sciences, 1961 ) [259 

National Academy of Sciences National Research Council Nuclear 
Selence Series NAS-NS 3038 The Radiochemistry of Tellurium 
By G W Leddicotte Pp v+42 (Washington, DC Office of 
Technical Services, Department of Commerce, 1961) 50 cents [259 

Canada Department of Mines and Technical Survevs Geological 
Survey of Canada Geological Maps—Preliminary Series Map 9- 
1961 Kettle Rapids, Manitoba, (Sheet 54D) Map 10-1961 La 
Loche, Saskatchewan, (Sheet 74C) Map 16-1961 Firebag River 
Area, Alberta and Saskatchewan, (Sheets 74E (EÀ) and 74F (W) ) 
Geological Maps Map 1068-A_ Collins Point, West of Principal 
Meridian, Manitoba, (Sheet 63 N/8, West Half) (Ottawa a ce 
Survey of Canada, 1961 ) 259 

Administration of South-West Africa. Marme Research Laboratory 
Investigational Report No 2 ‘The Pilchard of South-West Africa 
(Sardınons ocellata)—Age Studies and Age Composition of Sardinops 
ocellata ın the Commercial Catches, 1952-1958, and a New Method 
for the Determination of the Age of Sardinops ocellata By O Nawratil 
Pp 43 (Windhoek Secretary for South-West Africa, 1961 ) [259 

United States Department of Agriculture Farmers’ Bulletin No 
1893 Control of Grape Diseases and Insects ın the Eastern United 
States By J R McGrew, G W Still and Howard Baker Pp 1+32 
(Washington,DC Government Printing Office, 1961 ) 20 cents [259 
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PROFESSIONAL CIVIL SERVANTS IN BRITAIN 


N his speech at the sixteenth annual delegate 

Conference of the Institution of Professional Civil 
Servants last May, Mr Stenley Mayne, who was then 
retirmg from the office of general secretary, com- 
mented at some length on the position of three 
scientific classes m the Civil Service He noted a 
feeling of frustration 1n the expermmental officers class, 
and emphasized that the scientific officer class was not 
attracting the numbers ıt needed In particular, 
promotion from assistant engineer to executive 
engmeer was no longer a matter of selecting an 
officer best fitted for the job, but of trying to persuade 
someone to accept the post, because the reward for 
promotion was so insignificant and there was no 
acceptable compensation for any consequent removal 
and disruption of social bfe. Mr Mayne also referred 
particularly to the position of those in high pro- 
fessional posts in the Service, where salaries were 
still disproportionate with the responsibilities and 
with those paid for the corresponding professional 
positions outside 

Mr Mayne made it clear, m pressing these claims, 
particularly those of certain leading professional 
posts, for salaries at the same level as those of 
‘permanent secretaries’, that the Institution of Pro- 
fessional Civil Servants recognized that ıb was not 
sunply a matter of pay but of status also ‘The pro- 
fessional and scientific Civil Service had suffered too 
long because its leading members had been valued 
too cheaply by the Service, and because science and 
technology are in general valued too cheaply With 
admirable restraint and a firm appeal to reason, as 
well as a deep sense of responsibility to the com- 
munity, Mr Mayne pressed the Institution’s position, 
while urgmg that 1t should never forget that 1t was 
part of a larger world 

That speech alone demonstrates the existence of a 
very significant element of morale in the questions 
of salaries for professional Civil servants, and perhaps 
especially as regards the scientific classes Because 
of that, the appheation of the pay-pause announced 
by the Chancellor of the Exchequer at the end of 
July has seriously stramed staff relations in the 
Service, and Mr Richard Nunn, who has succeeded 
Mr Mayne, points out that because of the continued 
delay in dealmg with claims submitted much earher, 
professional Civil servants are begmning to beleve 
that the Treasury 1s using the pay-pause not only to 
delay salary increases but also to stop negotiations 
altogether From what he has written m recent 
issues of State Service, 16 appears that confidence in 
the staff consultation organization within the Civil 
Service 1s bemg seriously undermined. 

Clearly questions of morale are deeply involved, 
and although Mr N Walker clans that his book, 
published a short time ago *, 1s no more than a factual 
study of the psychological aspects of employment as 


a desk worker, morale in the Crvil Service can scarcely 
be eonsidered ın relation to one particular class of 
workers alone Moreover, Mr. Walker pomts out at 
the start that his concern with morale arises from an 
attempt to study the efficiency of office work and to 
offer suggestions for improving it This ıs not merely 
a matter of pay, of working conditions, or of 1m- 
proving the chances of promotion, although these can 
all be contributory factors, if adjustment 1s hmuted 
to possibilities 

Mr Walker’s book has little of direct interest to the 
scientist or technologist, except from the pomt of 
view of a svudy of human relations and of problems 
with which the manager of any sizable department, 
whether technical or not, may be confronted He 
does now altogether ignore the professional classes of 
the Civil Service, though his questionnaire touched 
comparatively few of these, and only three of many 
professions ın the Service Among those m the small 
Muustry which he studied, and whose work to some 
extent was creative, he found a high degree of satis- 
faction with their work, but those m a large Mimstry 
were much more critical of the system Perhaps even 
more significant, professional workers in both Minis- 
tries showed httle confidence m the administrators 
Mr Walker himself recognizes that this may be & 
symptom of the belief that decisions taken by laymen 
who are admunistrative colleagues or by ther 
Ministers have too little regard to the technical 
advice or needs of the professional classes 

This 1s part of the problem of relations between 
the administrative and the scientific and other pro- 
fessional grades, and Jay outside the scope of Mr. 
Walkers investigation While he makes some inter- 
esting comparisons between Civil servants and the 
office staff of private compames to whom his ques- 
tionnaire was also emrculated, and discredits some 
common hypotheses while confirming others, 1b leads 
to little m the way of conclusions He failed to find 
any reason for young male clerical officers resigning 
m such large numbers, or for the merease in the 
sick-rate with the number of workers in the office 
building, or to suggest any sort of trammmg which 
might make office workers better at managmg sub- 
ordinates On morale itself, ıb seems rather to raise 
the unanswered question What makes work 
interesting ?; and although the differences between 
the office staff ın the two Mumustries and m the 
private firms covered by Mr. Walker's investigation 
do not suggest that any one 1s preferable to the 
others, one important difference 18 again brought out 
which can scarcely be over-emphasized The office 
worker in the Civil Service is not altogether un- 
eritical of the Service itself and its efficiency, fre- 
quently he ıs critical of laxity in discipline, where 


* Morale sn the Caml Sermce a Study of the Desk Worker By Nigel 
Walker Pp vm+302 (Edinburgh At the University Press, 1961 
Distributed by Thomas Nelson and Sons, Ltd) 30s net 
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this 18 reflected ın inefficiency The Service, however, 
18 highly sensitive to criticism from outside, especially 
ill-founded or ill-informed, criticism, and the bearmg 
of this on morale and efficiency ın the Service gener- 
ally 1s possibly closer than Mr Walker himself 
indicates It could well encourage the group loyalty 
or esprit de corps, often so important in efficiency, 
to lead to a blindness to faults which undermines 
efficiency in other ways 

Apart from the comments on the need for restraint 
and fairmindedness in public criticism, the two most 
important pomts made in Mr Walker’s book are the 
reminders that we need to know much more about 
the causes which lead to satisfaction m work and 
also about the relations between the professional and 
administrative officers There 18 still the feeling that 
the work of the former 1s neither properly valued 
nor clearly understood, and that Mr Walker directs 
even passing attention to this serious problem 1s 
sufficient reason for the scientist and technologist to 
take note of his book 

While those professional Civil servants who occupy 
very senior positions are given both status and 
remuneration more 1n accordance with their responsi- 
bilities, as 18 shown by the annual lists of special 
promotions, there must be many others whose con- 
ditions of enployment could be much improved 
Perhaps Mr Walker’s book might be put m the hands 
of the administrative classes of the Civil Service, 
where its readers would leain somethmg of the out- 
look of their opposite numbers on the scientific side, 
to the ultimate benefit of the whole of the Service 


THE HALLEY BAY EXPEDITION OF 
THE ROYAL SOCIETY 


The Royal Society International Geophysical Year 
Antarctic Expedition 

Halley Bay, Coats Land, Falkland Islands De- 

pendencies, 1955-1959 General Editor Sır David 

Brunt Vol 1 Introductions, Aurora and Airglow, 

Geomagnetism Pp xv+405+12 plates 140s, 

23 dollars 


HE origin, organization and execution of the 

project known as the International Geophysical 
Year, and in particular the participation of the 
United Kingdom, are well known! Full details 
concerning the Royal Society’s International Geo- 
physical Year Expedition to Halley Bay, Antarctica, 
during 1955-59, are given in the introduction by 
Sir David Brunt, former Physical Secretary of the 
Royal Society, to the volume under review The 
British National Committee for the International 
Geophysical Year was set up by the Council of the 
Royal Society on December 11, 1952, and formal 
approval was given by this Committee on March 1, 
1955, to the general proposals for setting up a station 
in the Antarctic The necessary support from H M 
Treasury and the Colonial Office was forthcoming, 
and the advance party, with Lieutenant-Commander 
D G Dalgleish as leader, left Southampton on 
November 22, 1955, a landing was made on January 
11, 1956, at a suitable pomt c 75° 318, 26° 3Y W, 
which was later named Halley Bay 
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The main paity left England durmg November 
1956 under the leadership of Colonel R A Smart, 
m the MS Magga Dan, along with the main party 
of the Commonwealth Trans-Antarctic Expedition 
The Antarctic Sub-committee set up by the British 
National Committee had planned in detail a pro- 
gramme of observations on meteorology, geomag- 
netism, aurora and airglow, ionospheric physics, 
glaciology and seismology, including an extensive 
programme of radio-astronomical observations A 
further visit was made to the base during the Antarctic 
summer 1957-58, when Colonel Smart, following his 
wish expressed at the time of his appointment m 
1956, returned home and was succeeded as leader 
by J MacDowall 

An outstanding criticism of the International Polar 
Year expeditions of 1882-83 and 1932-33 had been 
the long delay ın publishing some of the observations 
This consideration was doubtless 1n the minds of the 
Antarctic Analysis Subcommittee set up to supervise 
the publication of the scientific results of the present 
expedition, and ıt 18 commendable that Volume 1, 
dealing with aurora and airglow, and geomagnetism, 
should have appeared so soon The observations 
themselves are preceded by a vivid narrative account 
of the establishment and maintenance of the base, 
this account is illustrated by a series of excellent 
photographs, which in particular show the measures 
taken to combat the accumulation of snow, amounting 
even on & flat drift-free surface to 3 ft /year 

The visual and photographic observations of the 
aurora are discussed by S Evans and G M. Thomas, 
an all-sky camera was used whenever conditions were 
favourable Some very beautiful photographs, 
together with a table of movements of auroral features, 
are given in this volume An airglow photometer, 
sensitive to a band of infra-red wave-lengths of 
7,400-11,300 A, was operated as conditions per- 
mitted, the report by G M Thomas, who was 
observer of auroral and airglow phenomena to the 
main party, lists the mean nightly airglow intensities, 
which constitute a valuable record masmuch as it 
was possible in general to recognize those occasions 
on which the measured zenithal intensity was en- 
hanced by hght from aurorz 

The geomagnetic observations occupy by far the 
greater part of the volume The laboratory was a 
non-magnetic hut with its centre lme along the 
observed magnetic meridian, 1t was at least 110 m 
from any large ferrous objects, and tractors were not 
allowed within 100 m of the hut The observatory 
was built on a floating 1ce-shelf which moved slowly 
and steadily seaward The foundations for the 
recording and absolute instruments were wooden 
piles driven 6m into the snow | Continuous registra- 
tion of the horizontal force (H), the declination (D) 
and the vertical force (Z) were made by two mde- 
pendent recorders of the La Courtype The absolute 
instruments were three quartz-fibre horizontal- 
force magnetometers, two balance magnetometers 
for vertical force, and a portable un:filar magneto- 
moter-inductor The discussion by J MacDowall 
and A Blackie of the geomagnetic work 1s too detailed 
to summarize here It contams the diurnal variation 
Qncludmg a harmonic analysis of H, D and Z), 
a detailed examination of K-mdices, Q-indices and the 
absolute daily range Diagrams are given of the 
vector field changes, and tables are imcluded listing 
(«nter alia) the hourly mean values of the three 
components of geomagnetic force for every day, the 
3-hourly K-mdices, and the Q-1ndices for consecutive 
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intervals of 15 mm The volume concludes with 
reproductions of the complete se11es of magnetograms 
from April 30, 1957, to December 31, 1958 

In all, this work presents the results of & prodigious 
amount of labour It 1s well set-out, and the typo- 
graphy ıs excellent The Royal Society and the 
authors are to be congratulated on their fine achieve- 
ment R STONELEY 
! Nature, 188 529 (1960) 


THE TEACHING OF QUANTUM 
MECHANICS 


Introduction to Quantum Mechanics 

By Prof Robert HE Dicke and Dr James P Wittke 
Pp x1+369 (Reading, Mass , and London  Addison- 
Wesley Publishng Company, Inc, 1960 66s) 


Problems in Quantum Mechanics 

By I I Goldman, V D Krivchenkov, V I Kogan 
and V M Gahtsku Pp 14394 (London Info- 
seaich Limited, 1960 Distributed by Cleaver-Hume 
Press, Ltd ) 42s 


Problems tn Quantum Mechanics 

By I I Goldman and V D Krivehenkov Edited by 
Prof B T Geibkman Translated from the Russian 
by E Marquit and E Lepa Authorized ievised 
edition Pp vwii+275 (London and New York 
Pergamon Press 1961) 50s 


FTER many years of famine m the supply of 
quantum mechanics text-books, there 1s now an 
abundance and more titles keep appearmg It 1s 
possible therefore to be fairly cutieal ın deciding 
which text-books to recommend to students Quan- 
tum theory is giadually taking a larger part ın unde: - 
graduate training in general and theoretical physics, 
and the type of book required at the undergraduate 
level is not foi example, Dnae's, which 1s too difficult, 
or that of Landau and Lifshitz which ıs too big and 
thorough 
Prof Dicke and Di Wittke have written their text 
for the first postgraduate physics year at Princeton, 
and it covers much the same ground as that at 
many British univeisities (0$ should be all), in the 
third year of honours physics All the essentials of 
quantum theory are covered, and the late chapters of 
the book cover the effects of strong fields on atoms, 
scattering theory, the effect of statistics on the two 
and many-body systems, and on quantum statistical 
mechanics There is a surprising and serious omission 
fiom the contents smce the uncertamty relation 
between eneigy and time is never mentioned On the 
whole it ıs well wiitten, with the difficulties that a 
begmner experiences well aired Useful sets of 
examples are appended to each chapter But 16 can 
be criticized in that several mathematical statements 
ale not precise and the same lack of precision shows 
up in several of the discussions of points of pimerple 
For example Why should Hermutes polynomials have 
to terminate ? Why should they be polynomials at all ? 
Why should the reade: accept, without proof, that 
(exp 2kr)/r 1s the Green function for scattering and not 
(exp — 1k1)h ? The discussion of orbital and spm 
angular momentum make these appear only trivially 
different, and in discussion of what Dirac calls the 
Schrodinger and Heisenberg ‘pictures’, the word 
representation is confusingly used to mean pictme 
as well as its mathematical meaning with respect to a 
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basis There are several other munor maccuracies 
and obscurities, and a general tautening up of state- 
ments could be made throughout the book without 
making it longer or more difficult In spite of these 
drawbacks 1t 1s an attractive book and beautifully 
pioduced 

The two collections of examples present a curious 
situation for they are effectively the same book, being 
translations of a set of problems with full solutions, 
used by Drs Goldman and Krivehenkov ın teachmg 
a course of quantum mechanics based on Landau 
and Lafshitz's text The volume from Infosearch has 
added further problems from a comparable set by 
Kogan and Gahtsku, while that from Pergamon is 
based solely on Gol'dman and Krivchenkov, though 
from an extended and revised version The latter 
states ib is the ‘authorized version’, which may 
account for the price difference As ıt stands the 
Infosearch edition 1s considerably larger and clearly 
the ‘best buy’ These problems cover much more 
ground than say Dicke and Wittke, and are suitable 
for theoretical specialists With the book of Landau 
and Lifshitz they throw up a powerful challenge This 
18 how quantum mechanics 1s taught to theorists in 
Moscow Are British theorists taught as thoroughly ? 
Moreover, 1n those universities where they are, do the 
students also reach the same standard in hydro- 
dynamics, physical kinetics, elasticity, etc, as the 
introductions to the Landau and Lifshitz texts assure 
us the Russian theorists do Regretfully one must give 
the answer that scarcely anywhere in Britain 1s this 
standard aimed at, let alone achieved. 

S F EDWARDS 


THEORY AND TABLES OF THE 
BLUE SKY 


Tables related to Radiation emerging from a 

Planetary Atmosphere with Rayleigh Scattering 
By Kinsell L Coulson, Jitendra V Dave and Zdeněk 
Sekera Pp x+548 (Berkeley and Los Angoles 
University of California Press, London Cambridge 
Universitv Press, 1960) 116s net 


~F of the best-known of the many fundamental 
contributions to science made by Lord Rayleigh 
during his long career was his discovery of the law of 
moleculai scattermg (named afte: him) and 1ts apph- 
cation to the explanation of the colour and polariza- 
tion of the sunlit sky The problem of the diffuse 
reflexion and t1ansmussion of sunlight m an atmo- 
spheie seattermg ıt in accordance with Rayleigh’s 
law has smce become one of the classical problems of 
mathematical physics, of particula1 interest to 
meteorology Many efforts were made toward its 
solution—culminating in the well-known work by 
Chandiasekhai, who succeeded in constructing its 
exact solution in terms of the so-called X- and 
Y-functions satisfying four pairs of simultaneous 
integral equations—but, alas, these equations turned 
out to be non-lmear and of the type which reso- 
lutely defies any possibility of an analytical solu- 
tion 

Yet, ın order to learn what these functions are 
capable of revealing, 16 1s necessary to evaluate them 
numerically and insert ın various relevant expressions 
The construction (by successive approximations) of 
numerical solutions of the respective equations has 
indeed been undertaken recently by the authors of 
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the volume under review, on an impressive scale, 
using the facilities of the Watson Scientific Computing 
Laboratory 1n New York and of the Institute for 
Numerical Analysis of the US National Bureau of 
Standards at Los Angeles From the functions X and 
Y so obtained, the Stokes parameters of the radiation 
emerging in different directions at the top and at the 
bottom of the atmosphere have been computed for 
different elevations of the Sun and different reflec- 
tivities of the ground The results of these computa- 
tions, performed by the authors at the Data Processing 
Centre of the University of California at Los Angeles, 
are then presented in this book 

The volume itself consists largely of an impressive 
set of tables, contaming accurate data which should 
meet any conceivable problem encountered in the field 
of atmospheric optics for a long time to come, and 
represents a permanent contribution to the hterature 
on physical meteorology We can indeed agree with 
' Chandrasekhar’s words m the foreword to this book 
that '' with the publication of this volume, com- 
prising the work of Dr Sekera and his collaborators, 
the problem that was formulated by Rayleigh ın 1871 
has now at last found its complete solution" 

ZDENEK KOPAL 


STRUCTURE, LIFE-HISTORY AND 
DISTRIBUTION OF GNETUM 


Gnetu™ 

By P Meheshwar: and Vimla Vasil. (Botamcal 
Monograph No 1) Pp xu+142 (New Delhi 
Council of Scientific and Industrial Research, 1961.) 
Rs 2000, 40s 


G^ ETUM 1s a genus consisting of rather more than 
thirty species of which most are woody climbers, 
but some are shrubs and small trees. It 1s confined to 
certain humid regions ın South-east Asia, West 
Africa, and the north-eastern parts of South America 
It was at one time classified with Ephedra and 
Welwitschia in the order Gnetales, but ib 1s now 
generally accepted that these last two genera are not 
very closely related to Gnetum, so that the order 
Gnetales 1s now thought of as consisting of this one 
genus The chief botanical interest of the genus is 
that all its members exhibit, m their floral mor- 
phology, embryology and in the structure of their 
vegetative organs, & mixture of angiosperm and 
gymnosperm characters In consequence the genus 
has been much discussed whenever the origin of the 
flowering plants 1s under consideration To those 
botanists who are familiar with Gnetum mainly on 
account of its phylogenetic interest 13 may come as a 
surprise to learn that Gnetum gnemon 18 cultivated for 
the sake of 1ts edible seeds, that fibre from the bark 
18 used to make fishing nets and ropes, and the wood 
of old trees 1s used. in cooperage 

The book under review ıs the first of a series of 
botanical monographs that ıs to be produced by the 
Indian Council of Scientific and Industrial Research. 
The senior author, who 1s professor of botany at 
Delhi, 18 already well known for the extensrve pro- 
gramme of research carried on m collaboration with 
his pupils and associates, on the morphological aspects 
of the embryology of the flowermg plants His 
Embryology of Angiosperms 18 also much used as a 
work of reference and by students In the monograph 
now under review the authors integrate and sum- 
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marize all that has been done on the geographical 
distribution, morphology, anatomy and embryology 
of Gnetum The relationships of the genus to the 
angiosperms and gymnosperms and also with Ephedra 
and Welwitschia are also fully discussed ‘The book 
18 well illustrated by distribution maps for the species, 
as well as by line drawings and photographs, all of 
which are of excellent quahty and well reproduced 
many of these illustrations being original There area 
comprehensive bibliography and a single index to 
authors, plant names and subjects 

The book, which 1s well printed and reasonably well 
bound, can be recommended to research workers, 
teachers and students who will no doubt welcome this 
modern treatment of a topic that has been of interest 
for many years Readers will find, however, that the 
authors are cautious in drawing phylogenetic con- 
clusions, for the text ends with these words “Thus 
Gnetum remains largely a phylogenetic puzzle It 1s 
gyranospermous, but possesses some strong angio- 
spermic features". C. R. METCALFE 
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WORLD FOOD PROBLEMS 


World Review of Nutrition and Dietetics 

Vol 2. Edited by Geoffrey H. Bourne, assisted by 
Eueen M. H Wilson Pp. vin+245+14 plates 
(London. Pitman Medical Pubhshmng Co, Ltd, 
1960.) 60s net. 


HE second volume in this series 18 slightly 
shorter than the first, but, as the editor remarks 

in the preface, ıb “spreads its international net even 
wider" There are two contributions from the 
United States and one each from France, Sweden. 
South Afnea, New Zealand, Switzerland and the 
United Kingdom The subject-matter again covers a 
wide range, as the titles of the following four contri- 
butions out of a total of mne indicate: ‘“‘Protems 
and Hematopoiesis”, “The Effect of Malnutrition on 
the Eye, with Special Reference to Work with 
Expermnental Ammals”; “The Mhcrobiology of 
Digestion", "The Role of Carotene and Vitamin A 
in Animal Feeding" The reviews are written by well- 
informed and experienced workers, who between 
them list some 2,000 references 

In the preface to Volume 1 the editor expressed the 
hope that each review would “provide a critical 
evaluation of the field" and added that “the author's 
interpretation, his views and his theorising will be 
welcomed as an integral part of his article". These 
aims have not been fully achieved Some of the 
authors draw some conclusions from their extensive 
reviews, other confine themselves to a survey of the 
hterature which ends abruptly without summary or 
comment It would surely be useful if authors of 
multi-reference scientific reviews would attempt 
more often to summarize the salient pomts and briefly 
discuss the key question Where do we go from 
here ? This might help towards discarding htera- 
ture which has contributed at some stage to the 
advance of knowledge, but no longer needs to be 
consulted 

With this second volume, the World Review of 
Nutrition and Dietetics 18 fully launched and on the 
way to establishing ıtself as a publication of umpor- 
tance to research workers in nutrition and associated 
fields throughout the world It ıs well printed and 
produced ‘The editor ıs to be congratulated on the 
high standard attained W R. AYKROYD 
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Biological Education in Secondary 


Schools, 1890-1960 
By Paul De Hart Hurd (Biological Sciences Curri- 
culum Study Bulletin, No 1) Pp 1x+263 (Washing- 
ton, DC American Institute of Biological Sciences, 
1961) 4.75 dollars 


O help m the preparation of new material for 

American schools, Dr Paul De Hart Hurd of 
Stanford University was invited to make a historical 
critique of the development of secondary school 
biological education m the United States His report 
describes the investigations that he has made of 
the teaching of biology m the American high school 
covering the period 1890-1961, and is lrmted to 
consideration of curriculum development and investi- 
gations of classroom and laboratory learning. Train- 
ing of teachers, professional training of biologists 
and special programmes for high-school students are 
not considered. The work would be of interest to 
students of the history of biological education 
Teachers of biology in Britain could find many 
parallels to the questions which Dr Hart Hurd 
raises about contemporary teaching in the United 
States , they would also wish that some of the 
answers had been forthcoming 


Histologie und Mikroskopische Anatomie des 
Menschen 

Von Prof. W. Bargmann Dritte, verbesserte Auflage 

Pp xvi+820. (Stuttgart. Georg Thieme Verlag, 

1959) 6960 DM 


HIS ıs the third edition of Prof Bargmann’s 
monumental work, which originally appeared in 
two volumes In keeping with—as the author says— 
“the renaissance in structural biological research" 
which we witness at the present time, the original 
text has been revised m many respects. This is 
particularly so in the chapters dealing with cells 
and tissues generally Accounts of ultra-structure as 
revealed by electron microscopy have been added 
per se or skilfully woven into the text The neurone 
theory has been restored, to its appropriate place, full 
descriptions are given of the fine structure of synapses, 
sensory epithelia, Ranvier’s nodes, motor end-plates 
and of the myelin sheath. The reality of bile capil- 
laries and Disse’s space is attested and the ‘sex 
chromatin’ fully discussed, to mention only a few 
items, but ‘amuitosis’ as a mode of cell proliferation 
still looms unduly large With the fast advance 
bemg made ın the field of electron microscopy, keeping 
up to date ıs almost impossible, but ıb 1s regrettable 
that some of the excitmg and illuminating pictures 
which have been obtained with the electron micro- 
scope of skeletal muscle are not included 
Where the book scores over the many others eval- 
able ın the field of histology 1s m the treatment of the 
microscopic anatomy of the connective tissue appar- 
atus, 108 intimate architecture and the relationship of 
particular designs to the function of individual organs. 
First-class descriptions are given of complex mechani- 
eal, elasto-muscular arrangements and, in some 
instances, also of intricate vascular patterns 
The compass of the book being exceptionally wide, 
it includes many embryological data The value of 
these could be enhanced by some more illustrations 
of what are, after all, very complex situations and 
events, and, sometimes, a single picture would 
aid and clarify a very condensed description 
Similarly, the chapter on the central nervous system 
would gam by additional illustrations Valuable 
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information 1s given on post-natal developmental 
processes and on senile changes. 

The masterly style bears the stamp of the dynamic 
personality of the author, makes fascinatmg reading 
and brings microscopic anatomy very much to life 
There can be no doubt that the interest of the student 
must be aroused and highly stimulated by such a 
vivid account, at the same time, the student would 
do well to keep an open mind towards many problem- 
atic issues which have remained. somewhat hidden in 
this presentation Key references to the hterature 
are given at frequent mtervals, and photographs of 
famous mieroscopists and brief footnotes here and 
there direct attention to historical aspects of the 
subject. F JAcoBY 


Coir 

Its Extraction, Properties and Uses Pp v+54 
(New Delhi Council of Scientific and Industrial 
Research, 1960) Rs 600, 10s 


HIS small book of some fifty pages gives a good 
account of the Indian coir or coconut fibre 
industry, India being one of the maim producers of 
this important commercial fibre. The book ıs the 
result of a decision made by the All India Board of 
Technical Studies ın Textile Technology in 1950 to 
collect and. collate available xnformation on the corr 
industry This has now been presented in condensed 
form under such headings as extraction of coir, 
structure and properties of the fibre, spinning, 
weaving, dyemg and printing, ropes and cordage, 
other uses, marketing and trade 
The value of cow as a fibre hes in 1ts resilience or 
elasticity and its durability and damp resistance, 
properties which render 1t so well suxted. for matting 
or floor-covering and certam types of cordage One 
of the features of its production is the traditional 
retting process with the drawbacks (evil smell) that 
go with 1t It also mvolves a considerable loss of 
potential plant food (potassruam and phosphorus). 
Reference 1s made to various alternative methods of 
extracting the fibre from the husk, mechanical and 
chemical, that have been put forward from time to 
time. For various reasons, however, the old method 
prevails in what 1s still essentially a cottage mdustry 
in India A number of mteresting photographs and 
a short bibliography are mcluded 


Indian Tobacco 

A Monograph Pp xxu+413+154 photographs 
(Madras Indian Central Tobacco Committee, Minis- 
try of Food and Agriculture, Government of India, 
1960) Rs 36.00, 72s , 10 dollars 


HIS book, which contains a great deal of useful 
information on the cultivation, production and 
use of tobacco ın India, owes 1ts origi to the Indian 
Central Tobacco Commuttee and 1s the work of several 
authors, including past and present directors of 
tobacco research As the Indian Mister for Agrı- 
culture points out 1n his foreword, India 1s faced with 
a land shortage or crisis, with simultaneous pressure 
from food and non-food crops Tobacco falls mto 
the latter category and cannot claim priority. Steps 
to increase yield from the existing acreage are there- 
fore all the more mmperative This comprehensive 
work should play & useful part in this connexion 
Tobacco cultivation m India differs from that in 
most other important tobacco growing countries 
because in India the crop has to be grown under 
monsoon conditions ‘The book may be of special 
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value to those concerned with tobacco cultivation 
ın othe: parts of the world where monsoon or similar 
chmatic conditions prevail It 1s divided into three 
parts In the first part soils, climate, botany, cultiva- 
tion, curing, pests and diseases, etc , are dealt with 
Part 2 deals in detail with the five basic types of 
tobacco produced in India, namely, flue-cured tobacco, 
bidi tobacco, cigar and cheroot tobacco, hookah 
tobacco, chewing and snuff tobacco The third part 
1s concerned with marketing 

The book 1s not without certain errors, one of the 
most lamentable being the statement m the second 
paragraph of the introduction that Christopher 
Columbus discovered tobacco m his voyage from 
Persia to Spam on the island of Tobags ! 


Transactions of the Society of Rheology 

Vol 5, 1961 Edited by E H Lee Pp 1+382 
(New York Interscience Publishers Inc , London 
Tnteiscience Publishers, Ltd , 1901) 10 50 dollars 


HE 1961 volume comprises the majority of the 

papers presented at the thirty-first annual 
meeting of the (American) Society of Rheology in 
Pittsburgh (Pa) and includes symposia on the 
mechanics of continua and on the rheology of suspen- 
sions as well as nearly twenty papers concerned 
with other topics I remember criticisms at the 
first meeting (1929) that rheology was too mathe- 
matical for the practical man, but, more than thirty 
years later, 16 seems that workers in many industries 
are quite able to cope with triple integrals and tensor 
notation. 

Like all sciences, rheology has its fashions At the 
moment, normal stresses (‘Weissenberg effects’) and 
dynamic mechanical properties lead in the theoretical 
field, and die entry and extrusion problems on the 
practical side Haigh polymers are stil] m. the lead 
among the materials of interest, but a paper on the 
rheology of blood reminds us of increasing attention 
to biological applications 

The Bingham Medal for 1960 has been awaided to 
Dr B H. Zimm for outstanding work linking optical 
with rheological methods in the study of macio- 
molecules and the determmation of their molecular 
weights 

Many of the papers are very short, but the authors’ 
addresses are given and readers will doubtless write 
for reprints of longer articles 

The Transactions are, as always, well printed and 
produced but the price for a volume of this size ıs 
rather high G W Scorr BLAIR 


Technical Data on Fuel 

Edited by H M Spiers Sixth Edition, completely 
revised Pp xi4360 (London British National 
Committee, World Power Conference, 1961) 60s 
net 


HIS sixth edition of a well-known and much-used 

reference book constitutes a marked advance on 
its predecessors, for 16 contains more information m 
the form of both text and tables and the size of the 
page has been increased This may be a disadvantage 
to the worker who wishes to have a readily portable 
book of useful handiness, but the greater wealth of 
information compensates amply for the change in 
character The tables and diagrams are brought into 
better relation with the text and most of the tables 
are placed on single pages In general rt will be agreed 
that the changes wil be approved by fuel tech- 
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nologists. The contents of the book have been 
extensively revised, tables have been recalculated 
where necessary, or replaced on the basis of more 
recent or more trustworthy data, and the conversion 
factors and the symbols for units have been brought 
mto conformity with British Standard specifications 
These features that have been confirmed 1n use con- 
stitute a worthy improvement The sections that 
have been extensively revised or completely re-written 
‘include many subjects m which technical advances are 
bound to move with the times, and the new informa- 
tion 1s therefore all the more welcome 

Of the entirely new topics included ın this new 
edition mention should be made of information 
relating to atomic and nuclear fuels, the viscosity 
blending of oils and flow in fluidized systems A table 
of additive viscosity functions derived from the 
usual type of viscosity blending chart enables the 
viscosity of a blend of several fuel oil components to 
be estimated with considerable accuracy Since the 
use of fluidized beds 18 comimg more into use in fuel 
technology the information provided 1s typical of 
the general character of the advancement shown in 
this edition The general legibility of the text, charts 
and tables 18 a noteworthy feature of the book 

R J SARJANT 
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Symposium on Pilot Plants in Metallurgical Research 
and Development 

Held at the National Metallmgical Laboratory, 
Jamshedpur, India, Febiuary 15th to 18th, 1960 
Edited by R M Knishnan (Organized by the 
National Metallurgical Laboratory, Jamshedpur ) 
Pp 304 (Calcutta The Technical Journals of 
India Private, Ltd., 1960) np 


HIS symposium drew a large gathering of 
scientists and metallurgists from ten overseas 

countries as well as equally 1mportant representatives 
from metallurgical science and industry from India 
Formal papers presented totalled 29, of which 16 
were by foreigners and 13 by Indians ‘There were 
also three lectures by visitors All papers and 
lectures are ieprmted m full together with the 
discussions 

The National Metallurgical Laboratory at Jam- 
shedpur 1s concerned with ferrous and non-ferrous 
problems, and while part of 1t8 activity 18 devoted to 
laboratory research 1n order to exploit to the full the 
mineral resources of India, & major emphasis has 
been placed on the design, erection and operation of 
pilot plants The scope of these pilot plants ranges 
from the basic chemistry of metals to financial 
evaluations of ambitious metallurgical processes 
Many of these experiences were reported 

Some of the papers directed attention to the uses 
and limitations of pilot plant studies and others 
described, ın detail many of the successful pilot plants 
operating in the world These ineluded coking 
studies, cupola and blast-furnace oporation, ore 
sintering, oxygen steel-making, refractories, continu- 
ous casting, mineral dressing, etc 

It ıs clear from the papers and discussion that most 
people present fully appreciated the gulf which 
exists between initial laboratory findings and econom1- 
cally attractive commercial operations They also 
realized the vital part that well-planned pilot plant 
investigations can play m bridging this gap This 
book forms a valuable collection of experiences on 
this topic and covers a wide range of industries 

E W Vore 
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ANALYSIS OF THE RELATIONSHIP BETWEEN DEPOSITION OF 
LONG-LIVED FISSION PRODUCTS AND LEVEL 
OF ACTIVITY IN MILK 


By Da. W ANDERSON, L. K BURTON and J. O. CROOKALL 


Physics Department, Institute of Cancer Research Royal Cancer Hospital, 
London, SW 3 


N recent yeais attention has been focused on the 

mechanisms of transit of fall-out radionuclides in 
food chains, particularly the steps leadmg to the 
contamination of milk One of the maim issues to be 
resolved is the extent to which the levels of activity 
in foods are determined, on one hand, by the 
deposit of activity accumulated over the years 
m the top of the soil, and, on the other hand, by the 
proximate deposition The evidence available on 
strontium-90 and cesium-137 concentrations in milk 
produced in Great Britain mdicates that, up to the 
present time, the activity-levels have been determined 
largely by the rate of fall-out at or near the time 
of production of muilk!-* However, the relative 
importance of the contributions of activity from 
the cumulative and current deposits may be expected 
to change with the changmg fall-out conditions, 
and ıt would therefore be useful to obtam a more 
quantitative expression of these relationships than 
is available at present Since marked changes in 
the rate of fall-out occurred durmg the period 1958-60, 
it 18 now possible to tackle this problem by correlating 
the levels of activity for milk, for various open- 
pasture feeding months, with the corresponding 
cumulative and current amounts of deposition 

In the present article we report the levels of 
strontium-90 and cesmm-137 occurring m milk 
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produced in west Cardiganshire, Wales (Felinfach 
creamery) throughout 1960, and examine these 
results ın relation to the situation for the same 
series of samples in 1958-59 It should be noted 
that the activity values reported here refer to levels 
in milk produced in a single area and they should not 
be taken to represent the average levels for Britain 
as & whole On the other hand, except in the case of 
special areas where the rate of growth of herbage ıs 
abnormally low‘, the variation in levels of activity 
for milk between different regions of the country 18 
largely attributable to difference in ramfalli-?;5 This 
indicates that the relationships between levels of 
activity for milk and deposition-levels in the different 
regions are broadly similar in nature to those dis- 
cussed below for the Felinfach region 

The milk sampling and measurmg techniques used 
in this work have already been described?:/9.? Samples 
of dried skimmed milk, each representative of a total 
day's production, were obtained at weekly intervals, 
and measurements were made on bulked samples, 
compounded from four consecutive weekly samples 
Thus, each measured, value represents approximately 
the mean level of activity ın the milk drawn from 
the Felinfach area, averaged over a 4-weekly period 
It may be noted that the full open-pasture feedmg 
period m the area extends from May to October 
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Fig 1 Levels of strontium-90 (upper curve) and cæsıum-137 (lower curve) in milk from Felinfach, west Cardiganshire 


Wales (1958-60) 


The histogram shows the monthly deposition of strontium-90 in the Felnfach area (ordinate on right) 
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Table 1. MEAN LEVELS OF STRONTIUM-90 AND OUESIUM-197 IN 
FELINFACH MILK DURING SUCCESSIVE May-OcTOBER PERIODS 
(1958-60) 

Csasium-137/ 
Year Strontium-90 Cxs1um-137 strontium-90 
(uuc {gm calcium) (uc {gm potassium) (uue /L/ype 1) 
1858 15 2 114 10 0 
1959 185 118 81 
1960 95 36 50 
inclusively The results for strontium-90 and 


cxsium-137 levels in the milk durmg 1958-60 are 
presented in Fig 1, together with a histogram show- 
mg the monthly strontium-90 deposition in the 
Felinfach area The trend of the monthly cxesium- 
137 deposition was broadly similar to that shown for 
strontium-90, with an average cesium-137/strontium- 
90 ratio of 1 7 

Looking at the 1960 results (Fig 1) ıt will be seen 
that the levels of both strontium-90 and ces1um-137 
in the milk rose during the early months of that year 
This reflects the change-over to winter feeding condi- 
tions which involved the use of feeding stuffs harvested 
durmg a period of relatively high fall-out rate m 
1959. When we come to the 1960 open-pasture 
feeding period (May-Oetober) there is a sharp 
change to lower steady values In Table 1 the 
average level of activity in the mlk during the 
May—October period of 1960 1s compared with those 
for the corresponding periods of 1958 and 1959. 
It will be seen from Table 1 that the level durmg the 
1960 open-pasture period was markedly lower than 


Table 2 DATA ON STRONTIUM-90 AND CHSIUM-137 LEVELS IN MILK 
SAMPLES AND ON RATE OF DEPOSITION AND CUMULATIVE DEPOSITION 
IN THE FELINFACH AREA DURING 1058-00 


Strontium-90 Cæsıum-137 
Activity 
Activity Rate of Cumula- in mik Rate of Cumula- 
in mlk deposi- tive (1071? deposi- tive 
Month* (10-333 tion(mc depos- cgm-* tion(mo deposi- 
cgm-?  km-? tion(me potas- km- tion (mc. 
35 calcium) mth-) km~?) sium) mth~*) km.-3) 
i 
Jan, 0 328 0 623 
Feb 0 506 0 961 
Mar 0 148 0 251 
April 0 212 0 360 
ay 35 1 070 18 9 95 1819 258 
June 17 2 0 707 146 123 1 273 270 
July 16 3 0 727 153 135 1 236 28 2 
Aug 51 0 443 167 118 0 797 28 9 
Sept.-- 188 0 719 16 4 108 1 079 20 9 
Oct 4- 152 0 294 16 6 112 0 529 30 4 
Nov 0 492 0 798 
Dec 0 663 0 995 
1959 
Jan 0 9000 1620 
Feb 0 451 0 586 
Mar 1153 1 960 
April 1 690 2 878 
May 25 5 0 834 22 0 161 1168 39 9 
June 22 2 1190 23 7 147 1 547 413 
July 218 0 852 24 5 149 1 363 426 
Aug 160 0 156 246 96 0 312 428 
Sept 13 0 0 078 24 6 87 0 073 428 
Oct 125 0 227 248 40 0 431 43 2 
Nov 0 257 0 488 
Dec 0 246 0 517 
1960 
Jan 0 219 0 372 
Feb 0 198 0 376 
Mar 0 105 0 147 
April 0 243 0 413 
May 10 0 0 284 20 0 85 0 483 45 3 
June 98 0 211 26 1 32 0317 45 6 
July 97 0 256 26 4 39 0 384 459 
Aug 94 0 211 26 b 85 0 338 461 
Sept 92 0 132 26 6 40 0 211 402 
Oct 87 0 059 26 6 35 0 094 46 2 
Noy 0101 0 162 
Dec 0 071 0114 


* The time unit used in the computation of the rate of deposition 
was the calendar month ‘The periods covered by five of the bulked 
milk samples in their original grouping (refs 2, 3) (Fig 1) did not 
correspond closely to a calendar month In these cases we have re- 
grouped the smgle samples and have made fresh determinations In 
two cases, indicated by +, the bulked samples each comprised only 
two single samples 


NATURE 


VoL 192 


December 16, 1961 


those for the two preceding years A glance at Fig 1 
shows that the trend of the levels of activity for milk 
was broadly similar m direction to that of the rate of 
deposition In contrast, the cumulative total of 
deposition rose by a factor of 1-75 between mid- 
1958 and mid-1960 (Table 2). Thus, the view? that 
the sharp increases of activity m the milk during 
1958 and 1959 were due chiefly to corresponding 
rises in fall-out rate, 18 strongly confirmed 

A previous interpretation of the strontium-90 
level in Felinfach milk samples durmg 1958 indicated 
that less than 35 per cent was derived from the 
reservor of activity accumulated in the soil? In 
1960, with a larger soul reservoir and a much-reduced 
rate of fall-out, 156 might be expected that the levels 
in milk would be determmed to a greater extent 
than before by the soil reservor activity This 
appears to be borne out by the fact that ım 1960 the 
st1ontium-90 level in milk did not drop in the same 
degree as did the rate of fall-out (Fig 1) In compari- 
gon, the trend of cesium-137 levels m milk followed 
the fall-out trend more closely, indicatmg that in 
this case the contribution from the soil reservoir was 
less important The demonstration (Table 1) that 
the cesium-137/strontium-90 ratio of activities m 
the mük decreased progressively during 1958-60 is 
consistent with this interpretation In the analysis ' 
which follows these various relationships are assessed 
more closely 

Attempts have been made prev1ously*-1? to establish 
quantitative relationships between the levels of 
activity in milk, on one hand, and the rate of 
deposition and the cumulative deposition, on the 
other, using equations of the type 


C =a Dp +b Di (1) 


where C represents an actıvıty-level m milk, Dp an 
amount of activity deposited over unit area of ground 
durmg a short selected time period (rate of fall-out), 
D, the accumulated total of activity deposited over 
unit area until any given time (cumulative fall-out), 
and a and b are proportionality factors These 
attempts have been hampered by a lack of adequate 
data and ın addition there has been an unfortunate 
tendency to use yearly average values for the C 
and Dp parameters Simce yearly average values 
for C incorporate winter values which reflect 1n large 
measure levels of contamination in stored fodder, 
the meaning of such correlations 18 often difficult to 
assess In the present analysis, we restrict ourselves 
to consideration of levels of activity in samples 
which were produced durmg May-October periods, 
and we use monthly average values for strontium-90 
(10-22 c gm -! ealerum) and czsrum-137 (107? c gm ~ 
potassium) activities in milk Our values for activi- 
ties in milk are listed im Table 2, together with 
estimated values for the monthly rates of deposition 
(mc km- month-!) and the cumulative totals 
(me km -?) at each month The deposition figures 
have been computed from published information 
on the strontium-90 and csesium-137 concentrations 
in ram-water collected at Milford Haven (50 miles 
south-west of the Felinfach &rea!i-33, and recently 
at Sutton ın Surrey!*/15, together with the average of 
rainfall data from five stations located at different 
altitudes ın the Felinfach area The cumulative 
totals listed in Table 2 have been corrected to allow 
for the radioactive decay occurrmg m each monthly 
increment of fall-out between the time of deposition 
and the time at which the total 1s recorded We 
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Table 3 COMPARISON OF COEFFICIENTS OF CORRELATION FOR VARIOUS REGRESSIONS BETWEEN RATE OF FALL-OUT (COMPUTED IN DIFFERENT 
WAYS) AND MILK AOTIVITY-LETFL 


Periods * used to compute 
rate of fall-out 


Coefficients of correlation 


(Pn) P, P, 


based on regression (ri) Strontium-90 073 091 
analyses made according 
to equation (2) Cesium-137 0 74 0 83 


P+ Pi Pot Pi Pot Pit Pa 
P, Pat Pi + Py +Py+Ps + P3-- P, 
075 0 94 0 95 0 94 091 
0 75 091 0 93 0 94 0 90 


» Pe corresponds to the month during which the milk was produced, P, to the month immediately preceding milk production, and so on 


for the other Pn In the analyses which used combinations of fall- 


out from different months, the numbers taken to represent the rate of 


fall-out were the arithmetica! averages of the sums of the deposits (me km 71) for the months involved 


now consider the information contained in Table 2, 
according to the methods of correlation &nalysis!6:17 
In eonsidermg the correlation of activity-levels in 
mulk with the average of deposition figures over 
comparatively short periods of time, 16 18 important 
to take into account factors which may introduce a 
lag correlation effect ^ Earher reports, showing that 
strontium-89/strontrum-90 ratios for both herbage? 
and milk? were smaller than those for ram-water 
collected during the same month, pointed to some 
degree of integration of recently deposited activity 
in the herbage, but ın the absence of full knowledge 
of the role of the cumulative deposit 16 was not 
possible to express the extent of this effect in a simple 
fashion In the present analysis we approach this 
problem by examining the degrees of correlation 
which hold between, on one hand, the activity- 
levels in milk (X,) for eighteen open pasture feeding 
months (‘Table 2), and on the other, various combina- 
tions of the monthly amounts of deposition, which 
may correspond more or less to an effective rate of 
fall-out (X,). These relationships are treated as 
sumple linear regressions according to the equation 


X,=a+ bX, (2) 


A prelaminary examination of scatter diagrams for 
the two variables indicated the presence of a simular 
degree of positive correlation when the X, values 
were represented either by the deposition occurring 
during the month (P,) m which the milk was produced, 
or during the previous month (P,), or durmg the 
second previous month (P,) When deposition values 
for months before P, were used, there was a significant 
and progressive decrease in the degree of correlation 
This result applied equally to strontium-90 and 
cesium-137 data Various combinations of deposi- 
tions from two or more months were now used to 
represent the X, values, and correlation coefficients 
were calculated in several important cases These 
coefficients are presented in Table 3 It may be 
noted first that the degree of correlation obtained 
using the deposition of the month P, was higher than 
1n all other cases for which single monthly depositions 
were used. Secondly, 16 may be noted that a signifi- 
cant increase in the degree of correlation occurred 
when. certain combinations of monthly depositions 
were used, the maximum being obtamed with deposi- 
tions from P,, P, and P, grouped together. The 
correlation result for this latter combination 18 
illustrated in Fig 2 for strontium-90 and m Fig 3 for 
cesium-137 It appears from the analysis that the 
1ate-dependent component of activity m the mk 
1S largely determined, both in the ease of strontium-90 
and essrum-137, by the deposition in the month 
precedmg milk production together with smaller 
contributions from deposition during the current 
and second previous months 

We now consider the extent to which the levels of 
activity for milk may be influenced by the reservoir 
of activity accumulated in the top of the soi. It 


appears that both strontium-90(ref 1) and exsium-137 
(ref 18) may be largely held within the top few inches 
of the soul for comparatively long periods of time A 
number of factors‘ may lead to a progressive reduction 
in the availability of this activity to the herbage, but 
at the present time the rate at which this process 
occurs 18 not well established For the present 
purpose we assume that the effective soil reservoir 18 
proportional to the cumulative deposit and we denote 
the levels at each month (Table 2) by X, The 
effective rate of fall-out (X,) 1s taken to be the arith- 
metic average of the sum of the depositions during 
the months P,, P, and P, Analysis of the data to 
melude the second independent variable requires 
the use o? & multiple regression equation which may 
take the linear form 


Xai = Gy gs + bis aXe + Dig 2&3 (3) 


Application of this regression equation to the data 
provides a basis for evaluating the proportionality 
factors appearing ın equation (1). 


(X, = C, X, = D»; X5 = Di, biaa = Q; bisg = b) 


Restricting the regression plane to pass through the 
origi (@ 23 = 0), we obtain the following results 


for strontium-90 C = 151 Dp + 028 D, (4) 


with a standard error of estimate (S) = 18 x 10-1? 
c gm.-! calcium and coefficient of multiple determma- 
tion (R?) = 0 85, and 


for cesium-137 C = 84 1 Dp + 036 D, (5) 
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Correlation chart of rate of strontium-90 fall-out (Xa), 
taken as average of sum of depositions during months P,, P, and 
P, and monthly strontium-90 level 1n milk (X,) 
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Fig 8 Correlation chart of rate of cesium-187 fall-out (X3), 


taken as average of sum of depositions during months Po, P, 
and P,, and monthly ezsium-137 level in milk (Y) 


with S = 160 x 10-12 e gm -! potassium and R? = 
0-88 

The values of the standard errors and the coefficients 
of determination show that equations (4) and (5) 
provide a fauly close description of the strontium-90 
and emsium-137 data, respectively, for the open- 
pasture periods of 1958-60 An application of 
equation (4) to earlier strontrum-90 data also gives 
estimated levels close to the observed values ((1) 
October 1957, Felinfach area*—observed 97 x 10-1? 
cgm ~ ealemm, estimated 81,, (2) May-August 
1957, pastures at Carmarthen adjoimung Felinfach 
areal®—average value observed 70, estimated 7 8, 
(3) October 1956, Carmartheni—observed 8 0, estim- 
ated 75) An evaluation of the rate and cumulative 
components of the equations suggests that during 
May—October 1960 the soil reservoir activity accounts 
for about 70 per cent of strontium-90 in the milk 
and about 35 per cent of cesium-137 It may also 
be noted that the ratio of the proportionality factors 
in the equation for strontrum-90 (a/b = 54) ıs 
markedly different from that for cesium-137 (a/b = 
234) A change in deposition-levels would not there- 
fore be expected to have an equal effect on the level 
of strontium-90 in milk compared with that of 
cesium-137 This provides an explanation of the 
changes observed in the cesium 137/strontium-90 
ratios for the milk samples produced durmg 1958-60 
(Table 1) 

The results of the present analysis apparently 
piovide a useful guide to the degree of contamination 
which might be expected to arise in milk under a 
given set of deposition conditions, and at the same 
time indicate the extent to which this contamimation 
might persist The results are strictly applicable only 
to the Felinfach area, but, as noted at the outset, 
it appears likely that the corresponding relationships 
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for other regions in Britam are bioadly similar 
m magnitude to those shown 1n equations (4) and (5) 

The trend 1n levels of activity of milk durmg 1961 
will depend partly on the rate of transfer of activity 
from the stratospheric reservoir to the troposphere, 
and also on the extent to which direct additions of 
activity may be made to the troposphere durmg the 
new series of weapons tests that was begun m Septem- 
ber 1961 Measurements of the concentration of 
strontium-90 in ram-water collected at our laboratory 
during the early part of 1961 give values which are 
about 1 5 times smaller than the corresponding values 
for 1960. These results, together with the rainfall 
data available at present, give a prelimmary indica- 
tion that the rate of fall-out durmg January—August, 
1961, will be smaller than that for the correspond- 
mg period of the previous year. Consequently, 
the rate-dependent components of activity m the 
milk may also be expected to decline An increase 
will occur m the cumulative deposition between 
mid-1960 and mid-1961 but the 1nciement should be 
less than 5 per cent of the mid-1960 total Further, 
this increase may be more than offset by depletion of 
the effective soil reservoir due to small changes 1n the 
distribution. of activity within the top layer of the 
sol ‘This ıs suggested by the results reported by 
Squire of experiments on plants grown ın souls treated 
with strontium-90, where 15 was found that the aval- 
ability of the activity to the plants decieased by 
about 25 per cent over a period of 3 years ‘The 
available evidence therefore indicates that a further 
decrease of activity-levels will be observed in milk 
produced durmg the summer and early autumn of 
196] 
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FISH IN NUTRITION 


HE Fisheries Division of the UN Food and 
Agriculture Organization, ın collaboration with 

the Divisions of Nutrition and of Animal Production 
and Health, were responsible for organizing a con- 
ference which, at the invitation of the Government 
of the United States, and with generous financial 
assistance from the Drvision of General Medical 
Sciences through the agency of the National Academy 
of Sciences, was held in the new conference audi- 
tornum of the Department of State, Washington, 
DC, durmg September 19—27 Various North 
American commercial fish organizations also com- 
bined to make the gathermg a success 

The conference, which was attended by more than 
three hundred official participants and. various experts 
and industrialists from more than thirty countries, 
was opened by Dr D B Finn, the director of the 
Fisheries Division, as representative of the Director- 
General, after an address of welcome by the Hon 
Stewart L Udall, Secretary of the Interio. There 
was also a message of greetings from President 
Kennedy 

The chairman of the conference was Mr Donald 
L McKernan, director of the Bureau of Commercial 
Fisheries of the Fish and Wildlife Service of the U S 
Department of the Interior, and five main topies 
were discussed, each under a distinguished chairman, 
with a rapporteur and secretary, covering exhaustively 
the various biological, chemical, technological, nutri- 
tional and economic aspects of fish and fish products 
For each topic a number of review papers, thirty-four 
in all, had been myited from well-known authorities, 
supplemented by thirty-five selected omginal short 
research papers ‘These were all circulated before- 
hand, the latter as abstracts only, and contributors 
briefly introduced their papers The edited pro- 
ceedings, including the various recommendations and 
conclusions, are to be published by Arthw J Heigh- 
way Publications, Ltd , 110 Fleet Street, London, by 
arrangement with the Food and Agriculture Organ- 
ization, next year 

As 1t 1s impossible in the course of a short article 
to cover adequately such a broad and detailed agenda, 
a personal selection has had to be made of the various 
important issues that were discussed by the numerous 
experts present 


Productivity of the Seas 


There was a clash of opimion among the marine 
biologists on the maximum harvest that could 
be expected from the seas Some took the 
conservative view that knowing the quantity of solar 
energy that can be fixed by marme plants and 
making certain assumptions as to the number and 
efficiency of the conversion steps in the food chain, 
one cannot hope for much more than double, or at 
most treble, the present catch of slightly less than 
thirty million tons of marine fin fishes per annum 
Others pomted out that landmgs from the oceans 
have already nearly doubled ın the past ten years, 
and thought that there was reason for beleving that, 
even using present methods of fishing, five or even 
ten times the present yield could be achieved and 
sustained 

At present commercial fishing operations are 
largely determined by market considerations Many 


edible species, such as sharks, are often not brought 
home even when caught A two million ton per 
annum fishery of anchovies used for fish meal has 
sprung up off the coast of Peru ın less than a decade 
Some Arnerican biologists believe that a simular 
potential exists off the coast of California, and that 
there are also untapped resources of saury, which 
would be despised as a food fish 1n the Umted States 
although since the War 1t has been canned on a large 
scale in Japan Improved methods of preventmg 
decomposition, such as freezing at sea, 1s enabling 
Russian and Japanese ships, for example, to exploit 
fishing grounds all over the world 

Again, greatly improved methods of fishing can be 
envisaged In spite of much effort on the part of 
the Food and Agriculture Organization and Govern- 
ments, there 1s still a several hundred-fold difference 
between the highest and lowest productivity per 
fisherman The suggestion was 1evived of a planned 
ploughing of the sea through the convectional effect 
of nuclear reactors, by means of which nutrient-rich 
ocean depths could be brought into the life-cycle of 
the upper layers Fmally, also looking well into the 
future, there is the prospect of fish farmmg on a 
Scale as yet unimaginable, perhaps involvmg the 
intelhgens utilization of the organic material at 
present prodigally wasted in sewage 

However, these distant vistas do not dispose of 
the fact that here and now in certain more easily 
accessible areas there 1s a decided falling off m yield 
due to uncontrolled fishmg, with uneconomic results 
The future yield 1n such cases 1s not determined only 
by Nature, but depends in large measure on the 
decisions of man himself Man acts not only as a 
predator and disturber, but also as an mtervener in 
natural systems, so that the fish stock of the future, 
in the words of Dr G L Kesteven (Cronulle, New 
South Wales), “1s likely to be so much more or less 
than ıt 1s now, as man makes ıt to be" 

It therefore seems that, although there is no 
justification for pessimism, more work will be needed 
before the basis exists for even an approximate 
estimate of the potential yield of the oceans 


Unequal Distribution of Fish Supplies 


Added to the uneven development of the present 
world fish catch 1s the mequality of 1ts distribution 
In this respect there 1s a general lack of realization 
of the implications of the tremendous gap that exists 
between the ‘have’ and ‘have-not’ nations 

Although the world dietary deficit ın calories is 
relatively slight, so that probably relatively little 
actual starvation occurs, there 1s a general protem 
under-nourishment over much of the globe which 
greater consumption of fish could do much to remedy 
Even where national statistics which are rehable 
indicate adequate average diets, deficiencies are 
known to exist in special regional or socio-economic 
groups Children in the age group 1-4 years have 
special protem needs but often do not receive a 
proper share of the right foods Kwashiorkor and 
marasmus are protem-deficiency conditions of infancy 
which cause many fatalities, paitieularly ın Africa 
and South America Women frequently pregnant 
and lactatmg equally require high animal protem 
intake, but all too often men get pnority Protem 
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under-nourishment, even where not fatal, 1s respons- 
ible for untold misery, debility, disease, and retarded 
growth and development 

Although fish accounts for only about 12 per cent 
of the total animal protem available, ıt nourishes 
far more than this percentage of the world population 
For more than 1,000 million people 1t constitutes the 
chief source of animal protean Milk and meat 
products, although bulkmg much larger, feed far 
fewer milions Fish is the protem of the poor, 
nationally and globally 

Over North America and most of Western Europe 
the consumption of other animal products 18 so much 
greater than that of fish that the latter could prac- 
tically disappear altogether from the diet without 
being missed However, fish 1s equally nourishing for 
farm animals, the requirements of which have 
received much closer examination than those of 
human bemgs ‘The high and increasing output of 
meat products m the West 18 facilitated by converting 
about 5 mullion tons of edible fish annually into 
feeding meal for animals. Only a small proportion 
of this fish meal comes from recovery of mdustrial 
waste The bulk ıs from whole, edible fish caught 
entirely for reduction, much of 1t in Africa and South 
America 95 per cent of this trade goes to produce 
milk, bacon and eggs m the countries least requiring 
extra nutrition For example, one third of the broiler 
production ın the United States can be attributed to 
the sea 

One of the topics which received greatest attention 
at the conference was the part that the polyunsatur- 
ated fatty acids of fish o1l could play mn the prevention 
of obesity and coronary and cerebral thrombosis, 
associated with excessrve meat consumption, which 
are now among the major killers m the ‘over- 
developed’ nations (as they were termed) It :s a 
grim irony that a contributory factor to such ‘over- 
nourishment’ (itself a special form of malnutrition) 
is the fish protem concentrate drawn from the very 
continente where protem under-nourishment 1s go rife 

But quantities that are essentially only of marginal 
interest to the West represent the difference between 
health and disease for many mullions of people on the 
verge of starvation Thus, if the enormous fish 
production of Peru, at present exported, as fish meal, 
were consumed in South America instead, ıb could 
raise the nutritional status of that contment to the 
level of that of Italy. 

The mequitable distribution of fish protem resources 
is further flaunted m the 300,000 tons of raw fish 
used yearly to produce fur on the mmk farms of the 
United States and Scandmavia for a form of apparel 
used not so much for the warmth as the adornment 
of the wealthy To quote the report issued at the 
end of the conference “It 1s clear that 400 million 
people cannot continue to get the overwhelmmg part 
of the world’s anımal protem, while 2,500 millons 
are neglected and deprived of this essential nutrient". 
The situation 18 made even more acute by the expected 
doubling of the world’s population to 6,000 millions 
m the next 40-50 years 


Utilization of Fish 


Great disparities also emerged in considering the 
efficiency of utihzstion of fish as food for man and 
beast . 

There was a general consensus of opmion that fish 
is a first-class food, rich in high-quality protem, 
valuable lipids and most of the fat- and water- 
soluble vitamins and minerals However, there are 
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appreciable losses of nutrient in handling, processmg 
and storage which, m extreme cases, can amount to 
8 sheer wastage of as much as three-quarters of the 
substance of the fish before ıt 1s consumed  Wastage 
occurs in trimming raw fish, by which much of the 
edible flesh 18 left on the bone, to the benefit of fish 
meal agam Protem and water-soluble vitamins 
escape durmg saltmg, and. both ean suffer as much as 
50 per cent loss of quality durmg severe drymg 
processes Over much of the world insects cause 
further loss, as much as 50 per cent bemg reported 
from Nigeria 

Furthermore, there ıs, even in well-developed 
countries, the nnponderable consideration of the 
effect on fish consumption of loss of palatability on 
account of chronically careless handimg of a very 
perishable commodity between catching and con- 
sumption 

Although there 1s much more that could be found 
out by further research, ib is not lack of knowledge 
that ıs holding up technical advance so much as the 
lack of application of established knowledge and 
experience In many cases the formulation and 
adoption of suitable standards of processing the 
product are seen as a means of providing the impetus 
for technical improvements 

There was a difference of opinion about the toxicity 
of oxidized fish oils, attributed to the extreme 
reactivity of hydroperoxides Such oxidation, 
associated with many traditionally cured products, 1s 
also partly responsible for their characteristic flavour, 
which is often greatly relished in a cereal diet in 
circumstances where fish 1s regarded more as a 
condiment than as a source of protein. 

Refrigeration and canning, which are serviceable 
stock methods of preservation under a wide variety 
of conditions, result 1n. little or no loss nutritionally 

There did not seem to be much hope that any of 
the newer methods of preservation, however satis- 
factory nutritionally, could be expected to assume 
such importance that proper care and control over 
established processes would soon be unnecessary 
Vacuum freeze-drying of fish seemed unlikely to 
compete in quality with freezing m the West, or m 
cheapness with the traditional methods used else- 
where ‘The possibilities of sterilization by radiation, 
too, seem to have been greatly over-rated. On the 
other hand, the recent development of a large 
Japanese industry for manufacture of fish sausage 
was noted with interest, and thought to be a means 
of extending the outlet for fish m many other areas 
Consideration would, however, have to be given to 
the advisability of encouraging the use of the chemical 
preservatives permitted in Japan 

Much discussion centred around the possibilty 
of producing a tasteless fish flour that could be 
introduced particularly into the diets of young 
children ın needy areas ‘The technical difficulties 
and achievements to date were reviewed and stan- 
dards proposed for products of acceptable quality 
and nutritive properties While some saw in fish 
flour ‘‘the basic fishery product of the future”, others 
felt that much more could be done here and now to 
improve nutrition by means of the application of 
knowledge and experience already available for types 
of fishery product known to be generally acceptable 


Economic and Educational Problems 


Without denying the need for immediate emergency 
schemes for usimg fish as nourishment, other animals 
are not necessarily competitors with man for the fish 
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supplies A good case can be made out for the use 
of fish for animal feeding as part of a planned protem 
economy, although at present this 1s of more interest 
to the West than to the rest of the world Much 
vegetable protein, in the form of grass, for example, 
is made available to us because cattle diets are 
supplemented with a small amount of fish meal 
Although there 1s a loss of energy at each step m the 
food-cycle, protem may be converted with 50 per 
cent efficiency in ideal circumstances Essential 
amino-acids such as lysine and methionine may be 
recovered at efficiency-levels up to 70 per cent in 
animal products such as hen’s eggs Rumunants, 
particularly, can make better use of fish products 
regarded as of low quality for other purposes 

However, it was admitted that animal feeding 1s 
& very opportunist operation, which makes use of 
whatever products and by-products aie available at 
suitable prices If the fish at present used for fish 
meal were to be upgraded to, say, fish flour, for 
human use, the industry would be forced once agam 
to look for alternative sources of supply and would 
have to rely on mdustrial fish waste and such feeds 
as soya bean meal supplemented with synthetic 
amino-acids, although at somewhat higher cost 

In the world of commerce 1t 1s more profitable to 
make fish meal or raise mink than 1t 1s to make and 
distribute food for children of low-income groups 
However, there are circumstances m which nations 
cannot afford to count the cost, and a concerted 
attack on freemg the world from hunger is surely a 
worthy cause The Food and Agriculture Organiza- 
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tion has, m fact, mitiated such a campaign which 16 
1s the duty of the more fortunate nations to support 
to their utmost However, even if economics were 
over-ridden 1n some such manner, there are techno- 
logical and educational problems to tackle m gettmg 
fish consumed where 16 18 needed It 1s true that this 
1s only one aspect of accelerating a general expansion 
in production and standard of hvmg in under- 
developed countries But more organized technical 
assistance needs to be given before many countries 
are in a position fully to help themselves The Organ- 
ization needs further support in making their self-help 
more eifective Tramimg of personnel at all levels 
should have greater priority Fishermen and others 
have to be taught to use better methods of catchmg 
and preservation Consumers need education in the 
development of better dietary habits Technical 
personnel, research workers and admunustrators all 
need training before programmes of fisheries expan- 
sion can be implemented. 

Obviously this cannot be done overnight How- 
ever, 1t was felt by many at the conference that more 
effort should be put into education by providmg 
expanded facilities for technicians to be tramed to 
understand and utilize improved methods based on 
present knowledge and experience 

Finally, there was considerable support for the 
thesis that, although admitting that much of what 
is already known 1s not bemg made use of, increased 
support for fundamental research 1s essential for the 
most efficient utilization of fish in the future 

C L CUTTING 


THE INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION 


HE oceans, which cover some 70 per cent of the 
surface of the Earth, are perhaps one of the 
greatest fields for scientific mvestigation They 
contain unlimited areas of study ın practically every 
scientific diseiphnme and yet, measured with the 
yardstick of our knowledge of the Earth and the 
atmosphere, ıt must be admitted that we havo to 
learn much more about the sea before we can hope to 
understand its vagaries and make full use of its 
resources 
We know enough about i6 to appreciate the com- 
plexity and vastness of the problems which confront 
us, and there can be no doubt that many of them can 
only be solved when scientists co-operate on an inter- 
national scale Although one is apprehensive in 
condoning the establishment of more international 
oiganizations labelled with forbidding combinations 
of the alphabet, there 1s no doubt that the establish- 
ment of the Intergovernmental Oceanographic Com- 
mission (I O C ), which held its first meeting ın Paris 
durmg October 19-27, fulfils a long-felt need and 
promises better co-ordination in the future for 
marine science 
International organizations dealing with the science 
of the sea have existed for many years, but they have 
been either of a regional nature or confined to a 
lnmited scientific field In 1957 the International 
Council of Scientific Umons foresaw the necessity 
for a wider scale of co-ordmation of activity, both 
geographically and disciplhnary, and ıt established a 
Special Committee on Oceanic Research (SCOR) 
to consider such problems The activities of the 
Committee are, however, primarily scientific, and 


although, as one of its projects, 16 has initiated an 
international expedition to the Indian Ocean, it 
still 1emains a non-governmental organization solely 
dependent on co-operation with national academies 
or simular scientific organizations 

The Intergovernmental Oceanographic Commission, 
on the other hand, now makes possible a duect 
approach to participatmg governments and forms a 
very necessary link where projects involving consider- 
able expenditure are contemplated At its first 
meeting, Dr Anton Brunn, of Denmark, a leading 
biological oceanographer, was elected chairman. 
Dr Wilham M Cameron, director of oceanographic 
research for the Canadian Department of Mines and 
Technical Surveys, and Vice-Admiral V A Tche- 
kourov, head of the Hydiographic Service at Lenin- 
grad, were elected as vice-chairmen The Commission 
appointed as its secretary Dr Warren Wooster, 
duector of the Unesco Office of Oceanography, which 
will act as secretariat 

The mitial task of the new body was to define its 
own responsibilities and the manner in which ıt 
would function, particularly in relation to existing 
organizations The decisions reached show that 1% 
18 prepared not only to receive the advice of existing 
inter-governmental and non-governmental organiza- 
tions which at present advise Unesco on ocean- 
ographical matters, but also the hope was expressed 
that the Food and Agriculture Organization, the 
World Meteorological Organization and other 
speciahzed agencies of the United Nations would 
co-operate actively with the secretariat of the 
Commission. 
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Numerous proposals for jomt international oceano- 
giaphic programmes were made by member States 
and a list of these was selected for particular con- 
sideration Many of the proposals amounted to 
regional surveys of interesting and umportant parts 
of the ocean, but 1t 1s also encouraging to note that 
some novel ideas were put forward The proposal 
from the United States for a synoptic survey of the 
North Atlantic Ocean emphasizes a long-felt need in 
oceanography, which could only be accomplished by 
the ships of several nations working together Some 
proposals by the US S R included plans for studying 
the tıme changes m physical characteristics of the 
oceans, while others were aimed at the study of limited 
fields of currents which might be expected to yield 
more information about the mechanism of the pro- 
cesses occurring in the sea Such fundamental 
studies are an essential corollary to survey work if 
any real understanding of water movements is ever 
to be reached 

An awareness of the difficulties facing large co- 
operative programmes was shown by a resolution 
submitted by the French delegation, who noted with 
concern the present shortage of experts ın the marme 
sciences This shortage could well delay the whole 
development of marme science for many years to 
come, and it was proposed that an urgent appeal 
should be made to Governments to create the neces- 
sary permanent posts and assured careers for young 
scientists and technicians who are attracted by the 
marine sciences 

Another barrier to advancement noted by one of 
the workmg groups set up by the Commission was 
the present lack of standardization and intercalibra- 
tion of oceanographical methods and equipment 
With a number of nations participating ın co-opera- 
tive programmes, the necessity for more standardiza- 
tion and mtercalibration becomes more urgent and 
the Commission has requested the Special Commuttee 
on Oceanic Research to appoint working groups of 
scientists qualified ın the specialized fields to examine 
the present methods and make recommendations 
about the appropriate steps necessary to make them 
universally effective 

In its planning for the International Indian Ocean 
Expedition, the Special Committee on Oceanic 
Research has already commenced this task Scientists 
from different countries have already met together to 
intercalibrate methods of measuring primary organic 
production, nutrient chemical analysis and zooplank- 
ton sampling methods Agreement has been reached 
on & standard plankton net for use on the Indian 
Ocean Expedition 

The question of the co-ordination of activities in 
the International Indian Ocean Expedition was also 
the subject of discussion, and 1t was felt that although 
this had been most satisfactorily and energetically 
carried out by the Special Commuttee on Oceanic 
Research and its co-ordmator, Mr R G Snider, in 
New York, the responsibilities of that body were 
primarily scientific, and the co-ordination of the 
participating nations m such expeditions should more 
rightly lie with the Intergovernmental Oceanographic 
Commission and its secretariat The question whether 
the latter should take over these activities for the 
Indian Ocean Expedition was considered by the 
Special Committee on Oceanic Research at its meeting 
m Monaco, following the meeting of the Commussion 
While appreciative of the principle, the Committee 
considered that 1t would be a slow and complicated 
task to divide and transfer the co-ordination, but a 
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mechanism was set up to take advantage of the new 
possibilities 

A further subject of discussion was a proposal for 
an international oceanographic research and trammg 
vessel to be sponsored by Unesco While sea-traming 
18 essential, opmion was very divided on the practi- 
eabiliby of operatmg such a vessel In view of exist- 
ing facilities for international exchange of scientists 
between national vessels, 1t was felt that there 18 no 
really outstanding need for a jomtly owned ship, 
but that the idea should be kept m mind for congidera- 
tion at some future date 

To assist 1n the urgent question of accurate position- 
mg at sea, the workmg groups recommended close 
co-operation with the International Hydrographic 
Bureau and the International Civil Aviation Organiza- 
tion to see what can be done to expedite the develop- 
ment and establishment of navigational systems 
which will meet the requirements of detailed oceano- 
graphical investigations (for example, an accuracy 
requirement of + 0 25 nautical mule) 

The intended use of unmanned equipment in the 
study of the sea also raises a problem of communica- 
tion and telemetermg information from remote parts 
of the ocean Existing frequencies in radio com- 
munications are rapidly becommg absorbed and the 
bureau of the Commission has been authorized to 
specify requirements which can be put to the next 
meeting of the Admumustrative Radio Conference 

Perhaps the one outcome of the meeting of the 
new Commission of most immediate interest to 
practising oceanographers will be suggested umprove- 
ments 1n disseminating information Not only should 
these improve the exchange of data, but also publicize 
plans of projected cruises with information on the 
facilities available to visiting scientists Such mforma- 
tion will be circulated ın a newsletter from the 
Unesco Office of Oceanography 

Although a good deal of the meeting of the Inter- 
governmental Oceanographic Commission was ocou- 
pied with putting its own house in order, i6 18 clear 
that action has been initiated m a number of urgent 
problems The Commission 18 m a position to place 
the needs of marine science before the Governments 
of member countries and will no doubt adopt a 
balanced attitude to the various disciplmes mvolved 
In this respect, the biologists attending the meeting 
felt some degree of apprehension as their own subject, 
although extensively studied, 1s 1ll-co-ordinated at an 
international level After an informal discussion, 
they concluded that to ensure that the Commission 
should receive the best scientific advice concerning 
biological phenomena ın the sea, 16 would be of the 
greatest importance to set up a forum which can 
give the proper international backing to biological 
oceanography and they have undertaken, with the 
approval of the Special Committee on Oceanic 
Research, to work for the formation of an Inter- 
national Association of Biological Oceanography. 

Towards the conclusion of the meeting of the Inter- 
governmental Oceanographic Commission, a session 
was devoted to the memory of one of the greatest 
oceanographers, Dr Fritjof Nansen, on the occasion 
of the centenary of his birth on October 10, 1861 
A most eloquent tribute was paid by Prof A D 
Dobrovol’skiy, who deseribed many of Nansen’s 
achievements in oceanography and exploration 
Dr G Bohnecke spoke of his personal memories of 
Nansen, and Prof H Mosby concluded the session 
by showing some of Nansen’s own lantern slides 
RONALD I Currin 
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CHEMISTRY IN THE SERVICE OF MEDICINE 


HE second British Congress on the History of 

Medicme and Pharmacy, orgamzed by the 
Faculty of History of the Worshipful Society of 
Apothecaries of London m co-operation with the 
Chemical Society and sponsored by Glaxo Labora- 
tories, Ltd, was held ın London durmg September 
27-29. 

Prof D McKie, who occupies the chair of the 
history and philosophy of science at University 
College, London, was president of the congress, which 
had as its theme ‘‘Chemistry ın the Service of Medi- 
eme" The twelve papers given provided an authori- 
tative historical review of the services which chemis- 
try has rendered to the development of medicme 
from the arxteenth century to the present day 

The inaugural session was held at Apothecaries’ 
Hall on September 28, when Dr A G Debus (Harvard 
University and University of Chicago} opened the 
proceedings with an account of Paracelsian docórme 
in English medicine up to 1660 Prior to that date 
chemical methods and termmology were widely used 
m England on practical and theoretical levels Chemi- 
cal remedies and analysis did not orgmate with 
Paracelsus but were closely associated with the work 
of the 1atrochemists The impact of chemistry can be 
discerned xn Paracelsian views on the origin of matter 
and in premature attempts to explam hfe processes n 
chemical terms Theory was less popular in England 
than practice, but the present close bond between 
chemistry and medicine can be traced to the Paracel- 
sian and Helmontian 1atrochemusts of the sixteenth 
and seventeenth centuries 

Dr F W Gibbs (Royal Institute of Chemistry) 
emphasized the importance of Herman Boerhaave 
(1668-1738) who impressed a new, scientific, pattern 
on medical theory and practice m which chemistry had 
a central position His Elementae Chemaae (1732) 1s & 
classic, the first volume bemg largely physical ım 
outlook while the second 1s devoted to physiological, 
biochemical and clinical appheations The character- 
istics of hig method were deseribed with the aid of 
examples taken from his work on heat, pretended 
alkalme cures for gout and the stone, fermentation 
processes, and body fluids 

Prof D. McKie spoke on “Chemistry in the Service 
of Medieme, 1600-1800" and described some of the 
many text-books of medical chemistry which appeared 
in that period Notable among these was the Cours 
de Chyme of Nicholas Lomery, which appeared m 
many editions between 1657 and 1757 Boerhaave’s 
work had -transformed chemistry into an academic 
science per se and rid it of its pharmaceutical bias 
The next line of progress was exemplified by Van 
Helmont’s work on ‘gas’, the experiments of Boyle 
on combustion and respiration, and the remarkable 
theories of Hooke and Mayow, the influence of which 
was deferred by the rise of the phlogiston theory 
With Black’s discovery of ‘fixed am’ as an ‘air’ 
chemically distinct from common ai, and with 
similar studies by Cavendish, Priestley and Scheele, 
this problem approached solution with the work of 
Lavoisier, whose discovery of the compositions of 
air and water, together with his calormetric studies 
on respiration, opened the way to physiology. 

The afternoon session at the Royal College of 
Physicians, with Dr Charles Newman m the chair, 


was opened by Prof F G Young (Department of 
Biochemistry, University of Cambridge), who traced 
the rise of biochemistry between 1800 and 1900 
The idea that the chemical processes in living materials 
were subject to laws different from those appheable to 
the morganie world lmgered until almost mid-century 
By the time it was largely rejected, the term ‘organic 
chemistry’ began to lose its origmal connotations 
and to be applied to synthetic compounds of carbons 
whether or not such substances had origmally been 
derived from living matter The controversies about 
fermentation and decomposition between Liebig 
and others, who included Schwann and Pasteur, 
were gradually decided m terms of the existence of 
intracellular enzymes Ehrheh’s early investigation 
on intracellular utihzation of oxygen emphasized 
the role of activation of oxygen in the tissues for 
purposes of cellular combustion ‘The reasons why 
British chemists so largely 1gnored the possibilty of 
applymg ther science to biology in general, and to 
animal metabohsm in particular, are obscure, but 
may be ound in the love of household pets (with 
dishke of antmal experments), the dommance of 
mathematical studies in British scientific education, 
and the controversies which followed the pubhoeation 
of The Origin of Species 

Speaking on the early history of pharmacology, 
Prof. W D M Paton (Department of Pharmacology, 
University of Oxford) began by comparing the know- 
ledge of drugs at the beginning of the nineteenth 
century, as shown in J A  Parns's Pharmacologza, 
with thet m Bunz's Lectures in Pharmacology at the 
end. The mam drfference lay only m the general 
scientific background, although some importent new 
drugs had been found m the mtervening period the 
real revolution ın therapeutics had scarcely begun 
There was some exemplary work on the analysis of 
drug action and in structure/action relationships, 
but there was no consistent mpetus or drive When, 
therefore, did expermmental pharmacology really get 
under way and what period could bo defined as its 
‘early history’? Prof Paton sought to answer this 
by studying the rate of change m the pharmacopcalas, 
by tracing the rise and fall of different types of 
preparation and the mtroduction of substances pure 
enough to inject, by followmg the development of new 
‘unnatural’ chemical structures, and by charting the 
rate of establishment of fully fledged departments 
of experimental pharmacology All this type of 
evidence mdicated that pharmacology was only now 
reaching maturity and that the mam contribution 
which it vould make to medicine, as well as to general 
biological science, was still to come 

Dr W D Foster, of Dudley Road Hospital, 
Birmmgham, and formerly of St Thomas’s Hospital, 
London, spoke on chemical pathology, which began as 
an extension of two ancient diagnostic procedures 
uroscopy and the inspection of blood shed at thera- 
peutic phlebotomy Between about 1680 and 17 40, 
men such as T. Wills, J Locke, R Boyle and B 
Langnsh conceived that useful diagnostic mformation 
might be obtamed by chemical analysis as well as 
inspection of blood and urme, but because of the 
limitations of chemistry obtained no useful results 
A sunpler approach to blood analysis m which the 
weight of ibrim, red cell mass, serum protem and water 
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was determined, enabled Andral, in the 1840’s, to 
establish that disease might produce chemical changes 
in the blood The first really useful diagnostic test in 
chemical pathology was for the detection of albumin- 
urià and was introduced largely through the work of 
three British physicians, W C Wells, J Blackall 
and R Bright, in the early nineteenth century. 

The modern development of chemical pathology 
began durmg the first decade of the twentieth 
century, and depended on the mtroduction of vene- 
puncture to obtam adequate blood samples and the 
development of colorimetric analysis which was both 
sufficiently sensitive and simple enough for chmecal 
purposes 

At the third session, held at the Royal College of 
Surgeons on Friday morning, the help given by 
chemistry to the elucidation of certam important 
medical problems was discussed Sir Charles Dodds 
traced the growth of endocrmology and of organic 
chemistry, the former from Addison’s great work on 
the suprarenal capsules (1855) and Claude Bernard's 
work on glycogen, followed by Ohver and Schafer's 
experiments with an extract of the suprarenals in 
1895, the latter beginnng with Wohler ın 1828 and 
taking a great leap forward to synthetic organic 
chemistry with the contributions of Kekulé, Cooper, 
Van't Hoff and Le Bel The synthesis of adrenaline 
was the first milestone, the second was the synthesis 
of thyroxine by Barger and Harmgton (1926), follow- 
ing its isolation by Kendall (1916) and the clinical 
work on myxcedema by Murray ın 1891 Ina remark- 
able diagram Prof Dodds showed all the chemical 
activity which has stemmed from Addison’s paper in 
1855 Among the substances isolated and character- 
ized from the suprarenals, and yet others derived from 
these substances, are ascorbic acid, adrenaline and the 
sympathome drugs (for example, amphetamine), 
cestradiol and its analogue stilboestrol, cortisol and 
the derivatives triamemolone and prednisolone, 
aldosterone and its derrvatives, progesterone and 
analogous compounds, testosterone and the anabolic 
steroids, and, finally, noradrenaline and the whole 
group of antihistamimmic drugs which stem from ıt 
The stimulus for ıt all came from medicme and 
biology, and particularly from endocrinology 

Chemistry and cancer was the theme of the paper 
by Prof Alexander Haddow, who discussed the role 
of chemical substances m cancer pathology and 
therapeutics In 1775 Percival Pott had written a 
classıc account of cancer of the scrotum m chimney- 
sweeps which definitely incriminated soot as the 
causative agent Durmg the mdustrial revolution, 
coal-tar, muineral-o1l and pitch were added to soot as 
materials capable of causing a great deal of industrial 
and environmental cancer, as exemplified in Joseph 
Bells description of skin cancer among workers m 
the Scottish shale-o1l industry Tho term 'caremogen' 
was first used 1n 1853 by Sir James Paget, who cited 
Lebert (1851) as proposing that a chemist must aid 
the pathologist ın research on cancer After many 
attempts, experimental cancer was produced artifiei- 
ally by coal-tar by Yagamura (1915) and during 1921- 
26 Block showed that cyclic hydrocarbon was the 
active carcinogen At about the same time the work 
of Cook and Kennaway vindicated Lebert’s forecast 
and provided, using artificial tars, virtual proof of 
the earemogen hypothesis, which was further extended 
by the implication of 3 4 benzpyrene, certain biologi- 
eal alkylating agents and other substances It was 
stressed that there was no antithesis between the 
study of viruses and chemical carcinogens, for 
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chemistry was essential to both Chemotherapy, 
which had begun with Lissauer and the use of arsenic 
m the treatment of leukemia, was already developmg 
rapidly, as shown by the use of stilbcestrol m breast 
cancer and of other useful products such as myleran 

Dr T F Macrae, speaking on chemistry and nutri- 
tion, said that in the development of improved 
nutritional standards, especially in the past thirty 
years, chemistry has played a major part Increases 
in crop yields have largely been due to synthetic 
fertihzers, adequate supphes of which have been 
ensured by the early discovery of nitrogen fixation 
More recently further advances have accrued from 
the wide range of pesticides now available 

In the field of nutritional deficiencies the work of 
chemists on vitamins has been particularly benefi- 
cial All the important vitamins are now available 
synthetically at costs far lower than from natural 
sources Indeed, ın advanced countries at least, 
vitamm deficiencies are no longer encountered. 
Similar developments are hkely with the amino-acids, 
it now being a simple matter analytically to determme 
the adequacy or otherwise of a protem source 
Already mm anima] nutrition ıt has ın some instances 
proved more economic to provide part of the nutri- 
tional requirements ın synthetic form. 

There still remains, however, the problem of 
madequate nutrition, especially of protem, m the 
under-developed countries This ıs in part techno- 
logical since, though we can identify the deficiency 
and, in chemical terms, propose the remedy, we still 
have to find sufficiently cheap means of providing 
this remedy ın a form acceptable to the populations 
concerned 

In the final session, held at the Chemical Society’s 
rooms with Sur Robert Robinson ın the chair, Prof D 
Catcheside reviewed the relationship between chemis- 
try and genetics, beginning with the rediscovery of 
Mendel’s work 1n 1900 and the speculation about the 
nature of his ‘elements’ Chemical knowledge of 
their action 1s more advanced than that of the genes 
themselves It began with the study of the differences 
between phenotypes determined by smgle Mendelian 
differences, such as the flower pigments of snap- 
dragons by Muriel Wheldale (Onslow) This showed 
that a gene controlled the onset of a specific chemical 
reaction But the conception of a gene-enzyme- 
chemical reaction system was due to Garrod’s work 
on alcaptonuria and other unborn errors of metabolism 
in man He considered that the abnormal gene 
resulted in absence or inactivity of the enzyme that 
normally cleaves homogentisic acid, in turn giving 
rise to disordered metabolism and disease The 
theory was revived by Beadle and Tatum, followmg 
work on the eye pigments of Drosophila, when they 
reversed the procedure by searching in Neurospora 
for gene mutations that influence known chemical 
reactions This has led, with the aid of the analytical 
techniques of Pauling, Sanger and Ingram, to the 
demonstration of specific amimo-acid substitutions 1n 
abnormal hemoglobins, and, with the development of 
microbial genetics, to attempts to conelate genetical 
and chemical detail for several protems in fungi, 
bacteria and bacteriophage As regards the genes 
themselves, geneticists m the first place showed that 
they were in the chromosomes, but direct mplication 
of deoxyribonucleic acid, knowledge of the chemistry 
of which ıs a recent event due to Wilkins, Watson and 
Crick, resulted from microbial genetics First, the 
demonstration that deoxyribonucleic acid is the sole 
substance concerned in transformation of Pneumo- 


VoL 192 































































en ae 16, 1961 


 €00Cu8 Aves et al.), and then that it is the vehicle 
` of heredity in bacteriophage (Hershey et al.). More 
recently, attention has been directed to the coding 
. problem and to the mechanism of transfer of specific 
information from deoxyribonucleie acid to protein. 
A survey of progress “from antisepsis to antibiotics” 
was offered by Dr. W. A. R. Thomson, who said that 
although antiseptics had a long history, the antiseptic 
principle was first established by Lister in 1867, an 
event which led to a long and suecessful search for 
bactericidal drugs. Landmarks in that search were 
C Éhrlich's ‘606°, demonstrating the possibility of 
treatment by specific drugs, the introduction of the 
sulphonamides and, third, of the antibiotics. The 
usefulness of the sulphonamides had not yet been 
fully exploited and ‘the antibiotic rush’ of the fifties 
may in retrospect be seen as fundamentally unscienti- 
fie. The isolation of 6-aminopenicillanic acid in 1959 
. marked the opening of a new and genuinely scientific 
era in antibiotic research. Dr. Thomson concluded 
with a word of caution; indiscriminate use of anti- 
bioties had upset the balance of Nature and “the 
mass-murder of micro-organisms" was not necessarily 
a good thing. The careful use of antibiotics combined 
with immunotherapy offered a wiser course for the 
future. 
Dr. F. L. Rose took one of the important develop- 
| . ments of the same period for closer investigation in 
* ‘his account of the origin and rise of the synthetic 
| drugs. With one or two exceptions, he said, all the 
medicaments available until the mid-nineteenth 
eentury were natural products. At that point in 
time, the coincidental discovery of the first synthetic 
dyestuffs and of micro-organismal origin of infectious 
diseases soon brought about a rapid change. The 
former because it caused an almost explosive growth 
of synthetic organic chemistry in a way which 
invited its direction into biological pathways, and 
the latter because it provided the motive and means 
for examining the effect on disease of the compounds 
. poured out by the chemists. Thus the evolution of 
the modern antimalarial agents can be traced back 
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USTRALIA made an early start in radio 
astronomy at the end of the Second World War, 
and has remained ever since among the leading 
countries in this rapidly advancing field. Australian 
radio astronomers now possess & radio telescope 
which is the foremost of its type in the world at the 
present time—a 210-ft. steerable paraboloid, with a 
surface accuracy of a few millimetres. 

The new telescope, which is located at Parkes, 
New South Wales, 230 miles west of Sydney, was 
commissioned on October 31 by the Governor-General 
"of the Commonwealth of Australia, His Excellency 
the Right Hon. Viscount De L'Isle, and it will be 
operated by the Division of Radiophysies of the 
. Australian Commonwealth Scientific and Industrial 
Research Organization. The telescope is the first 
ient of the Australian National Radio Astron- 
O servatory, which was inaugurated at the 


for a large steerable paraboloid originated 
ws ago, when the first specifications were 
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directly to the observed staining of the e 
parasite by methylene blue. Methylene blue ia 
derivative of phenothiazine, itself widely used as an 
anthelmintic, and from which stem some of the most 
trypanocides owe their beginning to the . foeble 
therapeutie action shown by the early direct cotton 
dyestuffs, and the medicinal properties, initially 
antiseptic but later trypanocidal, found in the first 
azine and cyanine dyestuffs. Likewise, the appoar- 
ance of the first azosulphonamide drug coincided with € 
interest in the use of the sulphonamide group. 8s oo 
component of azo dyestuffs, These d were - 
additionally important in that their technical develop- p 
ment directed attention to the sulphones, now widely — ^. 
used in leprosy, while minor side effects were ex- 
ploited to produce highly effective diuretic and. hyi | por- DEUS 
glycemic agents. — tiun es 

A dinner was held in Apothecaries’ Hall when the. 
guest of honour was Sir Howard Florey, and the 
president of the Chemical Society, Sir Alexander: 
Todd, gave the after-dinner address. He discussed 
the long-standing relationship between chemistry 
and medicine and stressed that the indebtedness was 
mutual, for medicine and its needs had provided a 
very great impetus to the growth of chemical re- 
search. He found in the title of the congress a 
reflexion of the orthodox separation of the basic 
sciences, a situation which was probably incapable 
of fruitful development. Many important problems 
required workers with many kinds of scientific skill, 
and although research institutes may provide this 
kind of team, research was still best undertaken by 
the universities. The barriers between departments 
must be broken down to enable the constant influx 
of young minds to cross the barriers between the 
sciences. 

The papers given at the congress are to be published 
in volume form. It has already been decided that 
the meeting next year will be hold i in London during 
September 27-28, and will have as its theme “The 
History of British Hospitals", F. N. L. POYNTER 















THE AUSTRALIAN NATIONAL RADIO ASTRONOMY 
OBSERVATORY 


drawn up by Dr. E. G. Bowen, Chief of the Organiza- 
tion’s Division of Radiophysies. His vision and 
enthusiasm have been largely responsible for the 
suceessful completion of the project. 

A large donation from the Carnegie Corporation . . 
(250,000 dollars) enabled the design work to "ru 
and other generous donations were afterwards received | 
from the Rockefeller Foundation (357,000 dollars), . 
and from a number of private donors in Australia. 
These sums were matched on a pound-for-pound basis 
by the Australian Commonwealth Government. ‘The 
total cost of the project has been about £800,000 
(Australian) equivalent to £640,000 (sterling). 

The novel design was produced by Freeman, Fox 
and Partners, consulting engineers, of London, with 
Mr. Gilbert Roberts in charge of the responsible 
group. The construction was carried out by Maschin- 
enfabrik Augsburg-Nürnberg, A.G., of West Germany, 
which submitted the best tender, both in price and 
delivery time, and was awarded the prime contract. 
The principal sub-contractors were Askania Werke, 
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of West Berlin, Associated Electrical Industries, 
Ltd., of Manchester, and Concrete Constructions 
Pty. Ltd., of Sydney. 

The telescope is mounted in azimuth-altitude 
style, on a single concrete tower, which also contains 
the telescope controls and the radio receivers. ‘The 
whole structure rotates in azimuth on a circular track 
which is set into the top of the concrete tower; a 
range of 450° is available, limited only by the cable- 
twisting requirements. The altitude motion, between 
zenith angle 0° and 60°, is obtained through a large 
rack gear. A wide range of speeds is available in each 
co-ordinate. 

A unique feature of the instrument is the control 
system for driving the telescope in equatorial co- 
ordinates. The heart of this system is a small ‘master 
equatorial’ unit, which is mounted at tho intersection 
of the altitude and azimuth axes, on à special con- 
crete support, completely isolated from the rest 
of the structure. This unit controls the motion of the 
telescope through a servo system which contains an 
optieal link. 

The ‘dish’ is supported by a structure of 30 radial 
trusses, which carry a system of ring girders and two 
sets of intersecting spiral members. The reflecting 
surface consists of wire mesh, with wires 1 em. apart, 
except for the inner 54 ft., which is covered with steel 
plates. Tho inner solid section was adjusted to fine 
limits during construction; but the individual panels 
of the mesh surface carry screw adjustments, which 
can be reset at any stage. 

The aerial feeds and pre-amplifiers are supported 
by a large cabin, which is mounted on a tripod above 
the reflector. The cabin is large enough to carry 


- 


Fig. 1. 


NATURE 





VOL, 192 


December 16, 1961 


test equipment and observing personnel during special 
tests, though normal operations will of course be 
controlled from below. ‘There are a lift in one tripod 
leg and ladders in the other two, for access to the focus 
cabin. 

The telescope is now structurally complete, and is 
at present undergoing a rigorous series of tests, 
through theodolite surveys of the shape of the dish 
and radio observations of cosmic sources. Some 
progress performance figures are now available, and 
very satisfactory results are being obtained. 

The original specification called for a surface 
accuracy of -- 9mm. With the dish looking vertically, 
most of the adjustment points on the mesh surface 
are within 2 mm. of the required parabolie shape 
with additional deviations of the same order inside 
the individual panels. 

Some early figures have been obtained for the radio 
performance at wave-lengths of 21 and 10 em. At 
21 em.. the beam-width is 134 min. of are or less, 
and the side-lobe level is in the region of — 25 db. At 
10 cm., the first measurement gave a beam-width of 
74 min., and the side-lobe level is again very low. 
Moreover, these figures were obtained with the dish 
40°—60° from the zenith, where any distortions would 
be at their maximum. 

On the opening day, there was a widely representa- 
tive gathering of nearly 500 guests at the Observatory, 
many of whom had come from Sydney, Canberra and 
Melbourne in a special airlift. Before the ceremony. 
the visitors inspected the structure, and then 
were shown a large photographic and descriptive 
display which had been specially set up for the 
occasion, 


The completed telescope, tilted down to its lowest position, 60° from the zenith 
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After bemg welcomed by Dr F W G White, 
Chairman of the Commonwealth Scientific and Indus- 
trial Research Organization, the Governor-General 
began by reading a message from H RH The Duke 
of Edmburgh 

“The development of radio astronomy has been 
one of the great events of modern Science, and the 
scientists of CSIRO have played a leading part 
in this important work Ther studies of the Sun and 
the exploration of extraterrestrial space to the remot- 
est parts of the universe have gained the admuation 
of astronomers everywhere and have brought great 
credit to Australia 

“To-day the radio astronomers of Australia are 
to be rewarded by the inauguration of a magnificent 
1adio telescope which will enable them to penetrate 
still further the secrets of the cosmos This occasion 
marks the culmination of much planning and hard 
work and I send you my best wishes for the success 
of your investigations with this new instrument ”’ 

His Excellency then discussed the way in which 
realization of this “Giant Radio Telescope" had come 
about as the result of a happy conjunction in Australia 
of several distinct, but all of them propitious, cireum- 
stances ‘“Thus conceived and encouraged, the enter- 
prise has leapt forward at a pace which I found both 
admurable and 1efieshing’’ He closed in whimsical 
mood with a quatraim which ‘seemed to float into 
my mind from an extra-planetary source" 

“Twinkle, twinkle radio star 
We can’t see you you're too far 
Now we hear from outer space 
How you run your cosmic race ”’ 

The next speakers were Dr The Hon D A Cameron, 
the Minister-in-Charge of the Commonwealth Scienti- 
fic and Industrial Research Organization, and The 
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Right Hon Lord Casey, who was Minister-in-Charge 
of the Organization durmg the early critical stages 
of the project, and has continued his connexion with 
it as chairman of the Radio Astronomy Trust 

At this stage the Governor-General performed the 
commissioning ceremony, and a large Australian flag 
was broken out above the focus cabm, the highest 
point of the structure Unfortunately, wind gusts 
of more than 50 mph interfered with a plan to tilt 
the dish down towards the assembled crowd The 
area 1s normally very calm, which m fact was one of 
the reasons for its choice, but on this ceremonial 
occasion the weather was unkind, with wind-speeds 
at their highest level for several years 

Dr Bowen closed the proceedings by outlining some 
of the plans for the future use of the instrument 
A number of important observational programmes 
are ready to start as soon as the present period of 
extensive tests 1s completed These mclude work on 
the identification of extragalactic sources, and studies 
of galactic structure, the Magellanic Clouds, bright 
hydiogen regions, and the planet Jupiter 

The new instrument will make a powerful addition 
to the facilities available to the Australian radio 
astronomers, but ıt ıs also a notable gain for the 
astronomical world at large To quote Dr Bowen’s 
concluding remarks ‘‘When the first urgent tasks 
of the next few months have been performed, 15 will 
be thrown open to astronomers from every part of 
the world with worthwhile problems to attack We 
pledge ouiselves to work ın close collaboration with 
our fellow scientists fiom any country and will make 
this Observatory a rallying point for equipment and 
information, for techniques and intellects which, 
together, will lead to further meat advances in the 
science of astronomy” 
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Prof Robert Boutflour, C.B.E. 


Pror ROBERT BourFLOUR, who had resigned as 
principal of the Royal Agricultural College in 1958, 
died on October 27 in Cirencester at the age of 
seventy-one He was educated at Barnard Castle 
School and Armstrong College—now King’s College, 
Newcastle upon Tyne 

Boutflour’s first &ppointment was lecturer in agrı- 
culture with the Lancashire County Council, this 
was followed by a similar post m the University of 
Leeds, and in 1921 he was appointed agricultural 
officer for the County of Lindsey ‘In 1922 he was 
made chief agricultural officer to the Wiltshire County 
Council, where he remained, until 1926, when he was 
appointed the first and last national director of dairy 
husbandry 

He 1s best known for his work on the breeding and 
management of dairy cattle This he started in 
Wiltshire, where ıt was realized that he was a man 
of sound progressive ideas, and m fact, many years 
ahead of his time, which ıs now proved masmuch 
as his ideas are now accepted imn general practice 
His fame extended abroad as well as at home, and 
he 1s well known to many farmers of the territories 
he visited m the United States, Canada, Kenya and 
Australia 

While national director of dairy husbandry, he 
was attached to the Harper Adams Agricultural 
College, where he established his famous Friesian 


herd of dany cattle This enterprise proved to be 
an outstanding success and, enabled him to put mto 
practice those pomts of management that he had so 
strenuously advocated to farmeis throughout the 
United Kingdom 

Boutflour was an impressive author and wrote 
many works on farm management in general, and 
the subject of dairy cattle in paiticular While his 
success as a scientist was largely due to his keen 
powers of observation, coupled with patient and 
inspired, reasoning, his ability to mnpress audiences 
or individuals was the result of his enthusiasm, alert 
mind and logical arguments coupled with & quick 
wit In character and speech he was always most 
forthright, but his caustic remarks were usually 
offset with a characteristic twinkle in his eyes 

His appointment as prmeipal of the Royal Agı- 
cultural College in 1931 gave him the necessary scope 
for his ability in organization and admunistration, 
and particularly to associate with young people, to 
whom he was always willing to give advice and 
encouragement When he retired from the principal- 
ship .n 1958 he had the satisfaction of knowmg that 
during his term of office he had mcereased the number 
of students from 48 to more than 450 

During the Second World War, as executive officer 
for food production in Gloucestershire, he adopted 
many revolutionary methods to increase the output 
of food One of his most darmg ventures was to 
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plough up the Shmbridge pastures adjomung the 
River Severn, which for centuries had been the 
habitat of wild geese His eritics said that with this 
terrific fertility no cereal crop would ‘stand’, but 
once again he proved them wrong He was created 
C.B.E in 1952, and in 1955 he received the Sir 
Thomas Baxter Prize and Gold Medal for outstanding 
work m dairy husbandry 

However, 16 18 by his personal character that so 
many will remember him, and among his personal 
characteristics was a ‘human’ appreciation of his 
fellow men and the possession 1n a very large measure 
of that great virtue—tolerance His wife, who survives 
him, was the greatest help to him throughout his 
varied career, by her compamonship and under- 
standing The passmg of this colourful character 
has created a void which will be difficult, if not 
impossible, to fill, and to the older generation who 
knew him—and there are so many—Bob Boutflour 
wil always remain in their memory with affection 
as a generous, hkeable and very ‘human’ person of 
outstanding ability, while the younger generation 
will reap the benefit of his scientific work, and the 
valuable contribution he made to British and, in 
fact, world agriculture W T PRICE 


Dr A. E. Western 


ALFRED EDWARD WESTERN, who died on October 
11 at the age of eighty-eight, was one of the few who 
have been able to carry on mathematical research 
while fully engaged in another profession 1n his case, 
that of a solicitor He was educated at Marlborough 
and at Trinity College, Cambridge, which he entered 
with an open scholarship m 1892 He was seventh 
Wrangler m the Mathematical Tripos in 1895, the 
year m which Bromwich was Senior Wrangler and 
E. T Whitaker second Wrangler 
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Dr Western published several memoirs on the 
theory of algebraic numbers, and one on the theory 
of groups, durmg the years 1898-1911, and showed 
himself to be thoroughly at home in a subject which 
was then little cultivated in Britam ‘His standing as 
a mathematician was recognized by the award of the 
degree of Se D by the University of Cambridge in 
1910 He gradually became more interested m ques- 
tions of numerical computation, and published 
several notes giving the numerical evidence which he 
had found for various conjectured, formule of Hardy 
and Littlewood relating to the distribution of primes, 
to the occurrence of primes of the form n? + 1, and 
to Waring’s problem 

During the last years of his life he was engaged 
(jointly with Dr J. C P Miler) in completmg a 
table projected by the late Lieut -Colonel A. J C 
Cunningham, with whom he had formerly collabor- 
ated ‘This table, which 1s essentially a continuation 
of Jacobi’s Canon Artthmeticus, 18 shortly to be 
published with the help of a bequest made by 
Cunningham to the London Mathematical Society 
foi the purpose 

Dr Western was closely associated with the 
London Mathematical Society over a long period, 
and rendered great service to ıt He became a 
member of the Council in 1900, and treasurer in 1913 
in succession to Sir Joseph Larmor He retired from 
this office m 1950, and many members will recall the 
delightful speech he made at a dinner held at that 
time 

As a solicitor, Dr Western was a pioneer in 
initiating ‘legal aid’, and ıt was largely from his 
work that the legal aid scheme used in courts in 
Britain developed 

He will be remembered by many as a man of 
great kmdhnness and of transparent smeerity and 
honesty of purpose H DAVENPORT 
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NEWS and VIEWS 


Geology at Trinity College, Dublin: 
Dr R. G. S. Hudson, FR S 


Tur chair of geology and mineralogy at Trinity 
College, Dublin, vacated by Prof W D Gul on his 
appointment to the chair of oil technology at the 
Imperial College of Science and Technology, London 
(see Nature, 191, 651, 1961), has been filled by the 
appomtment of Dr R G S Hudson, Iveagh Research 
Fellow ın geology at Trmty Dr Hudson, who 
studied geology at University College, London, under 
the late Prof E J Garwood, jomed the staff of the 
Geological Department at Leeds in 1922, became 
professor of geology m 1939 and durmg 1940-45 
acted as consulting geologist to various companies 
engaged in the search for oil 1n Great Britam Durmg 
these years he published mainly on the Dmantian 
and Namurien of the north of England, demon- 
strating the rhythmic succession of the Yoredale 
Series, the stratigraphical relationship of the limestone 
of the Craven Reef Belt, the pre-Namurian age of the 
Mid-Craven Fault, and helped ın mappmg a large 
part of the Craven Lowlands He also worked with 
W S Bisat on the goniatite faunas of the Namurian 
and, m particular, detailed the goniatite succession 
in the Alport Bormg in Derbyshire Durmg 1946-58 
he was a senior research geologist and pa)zontologist 


with the Iraq Petroleum Company, leading field 
exploration parties in Kurdistan, Iraq (1949, 1950) 
and in the Oman Mountains of Arabia (1951, 1952), 
and publishmg on the stratigraphy and faunas of 
these areas Much of the present knowledge of the 
Middle East Mesozoic faunas, m particular the 
stromatoporolds and bydrozoa, 1s due to his work 
He has received the Foulerton Award of the Geo- 
logists’ Association and the Wollaston Award and 
Murchison Medal of the Geological Society He has 
also been president of the Yorkshire and the Liver- 
pool Geological Societies and the Palxontological 
Association, and a vice-president of the Geological 
Society In 1959 he was made an honorary member 
of the Société Belge de Géologie et Paléontologie, 
and in 1961 he was elected to the Royal Society. 


The British Nuclear Energy Society 


On January 1, 1962, the British Nuclear Energy 
Society will be established 1n succession to the British 
Nuclear Energy Conference The successful use of 
nuclear energy demands the application of many 
divisions of science and technology and a constant 
interchange of knowledge and experience between 
those trained primarily in these divisions. It was to 
provide a channel for this mterchange that m 1955 
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the British Nuclear Energy Conference was estab- 
hshed by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution 
of Electrical Engineers, the Institute of Physics and 
the Institution of Chemueal Engineers, which were 
Joined. later by the Iron and Steel Institute, the 
Institute of Metals, the Institute of Fuel and the 
Jomt Panel on Nuclear Marme Propulsion The 
Conference has sought to fill 1ts role principally in 
three ways (l) by publishing under one cover, in 
the Journal, all the more important papers on 
nuclear energy presented to the constituent societies, 
(2) by keeping members of the individual societies 
mformed of those meetings of the other societies 
that are devoted to aspects of nuclear energy and 
making such meetings open to them, (3) by spon- 
soring meetings on nuclear energy organized either 
for the Conference by the appropriate societies or, 
where the subject involves the application of several 
disciplines, by the Conference itself. 

The time has now come to provide a central forum 
for the discussion of nuclear energy, and 15 1s for this 
purpose that the British Nuclear Energy Society has 
been established The Institution of Civil Engmeers 
has made its premises ın Great George Street, West- 
mister, available as a meeting place, and a regular 
programme of papers, lectures, symposia and informal 
discussions is being planned The Society will (hke 
the Conference) publish a quarterly Journal which m 
addition to reprinting a wide range of important 
papers will also contam origmal papers and discussion 
on them, information and authomtative scientific and 
technological comment on developments m nuclear 
energy throughout the world, and reports on the 
proceedings of meetmgs of the Society The first 
issue of this Journal will be m January 1962. 

Membership of the new Society will be open to 
members of all classes of the constituent societies of 
the British Nuclear Energy Conference and to all 
who satisfy the Board that they are (to quote the 
Society’s constitution) "actively engaged m the pro- 
fessional, scientific, or technical aspects of the 
application of nuclear energy and ancillary subjects” 
Further information can be obtamed from the 
Secretary, British Nuclear Energy Society, Institu- 
tion of Civil Engineers, Great George Street, London, 
Swi 


Changes in Times of International Time Signal 


For more than one hundred years, the Royal 
Greenwich Observatory has been responsible for pro- 
viding exact time signals for a wide variety of users 
both in Britain and abroad In recent years this 
service has become increasingly important in various 
fields of scientific research where extreme accuracy 18 
essential In order to provide the various users with 
more frequent opportunities for checking the time, 
the present twice-daily transmissions from Rugby 
were increased to four as from December 1. This 
will mean that the transmissions on the low frequency 
of 16 ke /s now radiated at 108m and 6 p m. will 
be superseded by signals at 3 am, 9am, 3 pm 
and 9pm There will, however, be no change in the 
form of the signals To ensure a world-wide coverage, 
the 10 am and 6 pm broadcasts have also been 
transmitted on short wave This service will continue 
after December 1, but the times will be changed to 
9am and9pm As long ago as 1833, tho Royal 
Greenwich Observatory provided hourly time signals 
for the operation of ‘time balls’, which were devices 
consisting of a large ball secured to the top of a mast 
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and released by a special catch at a precise time 
One such ball 1s still ın use m the grounds of the old 
Observatory at Greenwich The houily transmissions 
continued for many years, but this service has now 
diminished to almost neghgible proportions and, in 
fact the only user isthe G P O for the Talkmg Clock 
(TIM) which has been in operation since 1936 The 
reason for the falling-off of the requirement for the 
hourly Greenwich transmissions was the mauguration 
in 1924 of the B.B C 's Greenwich time signal, which 
is claimed to be as accurate as possible 


The Federal Council for Science and Technology 


ACCORDING to Serentific Info: mation Notes (8, No 5, 
October-November 1961), the US Federal Council 
for Science and Technology will in future, to help 
scientific periodicals meet the cost of publishing 
research results, pay, as & necessary part of research 
costs under Federal grants and contracts, page 
charges for publication of research results The 
research papers concerned must report research work 
supported by the Government and the charges must 
be levied impartially on all research papers published 
by the periodical Payment of such charges must not 
be a condition for acceptance of manuscripts by the 
periodical, and the periodicals must not be operated 
for profit. The new policy was stimulated by the 
National Science Foundation The National Science 
Foundation has also placed a contract for computer- 
aided research with the Ramo-Wooldridge Corpora- 
tion, Canogen Park, Cahfornia, to further the imvesti- 
gation of new techniques for processing language 
data Under the contract, 300,000 words of Russian 
text, representing five fields of study, will be used for 
dictionary compilation Concurrently, the translation 
programme will be used for mechanical translation 
research m which the translation will be automatically 
compared on the computer with the results of a 
previous revision of the dictionary Part of the 
investigavion will be to consider the mtroduction of 
modifications and supplements into the programme. 
At the Institute for Scientific Information, Phila- 
delphia, molecular formule of several hundred 
randomly selected chemicals have been calculated 
on an electronic computer, using a newly constructed 
recognition grammar of chemical nomenclature, and 
the new grammar enables the computer to under- 
stand the chemical names fed to 1t by a typist The 
Imguistic analyses indicate that the procedure can 
be used manually by chemists im traiming clerks, 
librarians and indexers to calculate a moleculai 
formula from a chemical name, and the new computer 
technique 18 bemg 1neorporated into the preparation 
of Index Chemacus 


National Central Library 


THe forty-fifth annual report of the Executive 
Commnuttee of the National Central Library (Pp. 24 
London: National Central Library, 1961) covers the 
period March 1, 1960-March 31, 1961, m which, on 
an average, applications for loans increased by 46 
per cent each month over the correspondmg month 
in the previous year, while the percentage dealt with 
successfully 1nereased from 72-22 to 74:13 Volumes 
added to the general stock by purchase rose from 
1,129 to 1,952, largely ın foreign languages, and nearly 
18 per cont of requests were met directly by loans 
from the Library's own stock, compared with 16 per 
cent the previous year. Satisfactory progress 1s 
reported in the first stage of the project for dealing 
with the arrears of cataloguing, but further funds are 
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necessary for dealing with the later stages of the 
project The Library's British National Book Centre 
has now extended its service to include foreign 
libraries, and some 19,977 specially requested books 
and periodical volumes and parts were allocated to 
126 foreign libraries, while ın return 3,987 offers of 
foreign material were made by the foreign libraries 
benefiting. Of the total issues of 90,612 volumes, 
16,555 were to university hbraries, 10,255 to special 
outher libraries, 2,653 to Government departments, 
3,414 to industrial and research organizations, and 
4,520 to overseas libraries The university libraries 
lent 29,826 books, compared with 28,611 im the 
previous year The Library itself supplied 641 
microfilms and, 326 photostat copies, and of these 491 
microfilms and 187 photostat copies came from co- 
operating libraries in the United Kingdom Foreign 
libraries supplied 732 mucrofilms and photostat copies 


The Institute of Personne! Management 


Tur annual report of the Council of the Institute 
of Personnel Management for 1960-61 records an 
merease of 441 ın membership to 4,938, and the 
Information Service is now handling about double 
the number of inquies in 1959 (Pp 31 London 
Institute of Personnel Management, 1961)  Durmg 
the year, views on the proposed Government Bull on 
Health, Welfare and Safety m Shops, Offices and 
Railway Premises were submitted by the Institute to 
the Ministry of Labour A paper by A B Cherns on 
priorities for research m the socal services in industry 
was published m the Institute's journal, and during 
the year & sub-committee on research was formed 
which convened a meeting of representatives of 
research bodies in this field to advise 16, at which the 
proposal that the Institute should develop 1ts research 
role was welcomed ‘Two important new broadsheets 
have been published, one by H E Roff and T E 
Watson, dealing with job analysis, and the other by 
J. R Armstrong on supervisory trainmg, and an 
address by Sir Ben Lockspeiser, "Man and his 
Machines, Automation and Computation—the 
Origins and Effects”, given at the 1960 National 
Conference, has been published as an occasional 
paper Particulars of this conference and of the 
regional conferences held during the vear are also 
given in the report 


Science and Public Health 


THE annual report fo1 1960 of the scientific adviser, 
Dr S G Burgess, of the Scientific Branch, Public 
Health Department, London County Council, at 
present organized in eight sections, records that 
42,090 samples were examined during the year (Pp 
60 London London County Council, 1961 1s 3d) 
Some 90 per cent of the mcrease of 6,800 samples 1s 
due to the analysis of air samples necessitated by 
safety precautions against the leakage of mflammable 
sludge gas at the Northern Outfall Works During 
the yeai the resources of the Board were made 
available to the Metropolitan borough councils, and 
vestigation of noise, and nwsance arising from 
noise, In a large area of London was commenced in 
collaboration with the Department of Scientific and 
Industrial Research. A light-weight concrete based 
on an expanded aggregate was used, for the construc- 
tion of a thirteen-storey block of flats, and the Scientific 
Branch co-operated with the architect in solving many 
problems associated with the design ‘The practic- 
ability of laying hot asphalt over an expanded poly- 
styrene roof insulation was also investigated, a new 


NATURE 


December 16, 1961 


washing technique developed which offers consider- 
able savings ın laundry processes, while other special 
investigations were concerned with methane gas 
detectors, impurities in sludge gas and deposits in 
sludge gas lmes and flame traps New laboratories 
were completed at the Northern Outfall Works and 
a now Buildmg Materials Laboratory at County Hall, 
London 
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Corrosion Science 


Tue first quarterly issue of a new international 
journal devoted to the science of corrosion and pro- 
tection of metals and entitled Cor osion Science made 
its appearance in August (1, No 1 An International 
Journal of the Science of Conosion and Protection of 
Metals Pp 76 (London and New York Pergamon 
Press, 1961 Annual subseription (A) for libraries, 
Government establishments and research institutions, 
140s, 20 dollars, (B) for mdividuals who write 
directly to the publishers certifying that the journal 
is for their personal use, 70s , 10 dollars) The journal 
i$ published by Pergamon Press under the guidance 
of an executive editorial board consisting of C 
Edeleanu, J G Hines, T P Hoar and L L Shrier 
of Great Biitgm, M Pourbaix of Belgium and M J 
Pryor of the United States The standard of repro- 
duction 1s of the usual high quality associated with 
Pergamon Press The editorial notice mentions, 
among other things, that papers on corrosion are at 
present published in many diverse chemical, metal- 
lurgy and engmeering journals, and expresses the 
hope that the new journal will help to concentrate 
this information. That there will be an adequate 
flow of papers of appropriate quality to the new 
journal seems assured, in view of the continually 
increasing amount of work ın this field 

The first issue of a new journal always presents 
some difficulties for both publisher and reader, for 
the former ın decidmg how to obtain appropriate 
papers, and for the reader ın deciding whether the 
first issue 18 likely to be representative of the eventual 
standing of the journal In the present case there are 
five papers occupying 75 pages, with sufficient breadth 
of content to offer something of interest to the 
majority of corrosion scientists The composition of 
the executive editorial board 18 such that the journal 
should establish itself as of igh repute and with a 
contmuing breadth of appeal 


The Australian Museum, Sydney 


Tue September issue of the Austrahan Museum 
Magazine (13, No 11, September 15, 1961) contains 
illustrated articles on the boomerang, insect migra- 
tion, vampire bats—true and false—the piranha and 
meteorites It ıs recorded that Mi F A McNeill 
retired from the curatorship of the Department of 
Crustacea and Ccoelenterates after 47 years service 
He was a specialist on Australian Crustacea An 
exhibit on whales and whaling has been completed 
It contams models of fifteen different species, of 
whaling ships and of whales being flensed on deck 
Maps show the areas m the Antarctic in which whaling 
18 carried out, the location of shore stations, and the 
areas in which whales aie protected 


Automatic Data Processing 


A PUBLICATION issued, by the Department of Scient- 
fic and Industrial Research (Automaize Data Process- 
wg By Derek Wragge Morley Pp iv+76+8 
plates London HMSO, 1961 6s net) seeks to 
provide guidance to the public about available tech- 
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niques and machines in this field The booklet 1s well 
produced, but the journalistic style and lack of critical 
appreciation of the history and implications of the 
subject will make 1& considerably less valuable than 
might otherwise have been the case A particular 
shortcoming 1s the complete absence of any reference 
to more authoritative literature—the reader 18 
directed to various menufacturers for further inform- 
ation While this may be suitable for intending 
purchasers, 15 1s unlikely to be helpful for the layman 
who wishes to gam a fuller understanding of the 
subject 

The latest issue of the Philipse Technical Review (23, 
1, October 1961) contains a description of a new 
digital computer Pascal This machine, insialled at 
the Phihps Computmg Centre at Eindhoven, has a 
well-balanced, parallel operation, arithmetic umt the 
speed of operation of which varies between 10 and. 
73 psec for the various operations The machine 1s a 
bmary one with optional floating-point facilities As 
may be imagined from 1ts origin, it has a large mag- 
netic core store as well as drums, tape and e plug- 
board Input and output are m punched tape or 
cards and on magnetic tape and the speeds consider- 
ably exceed those of standard telegraph and busmess 
machine practice The components used in the 
machine include valves, transistors and diodes since, 
in addstion to bemg a useful calculator, the machme 
will provide information. on component performance 


Technical Papers of the Sandia Corporation 


Tu bibhography SCR-255 is a revision of SCR-150 
and consists of a cumulative numerical hst of tech- 
nical papers of the Sandia Corporation, Albuquerque, 
which are available to the public (Pp 120 Albu- 
querque, New Mexico Sandia Corporation Obtaim- 
able from the Office of Technical Services, Department 
of Commerce, Washmgton 25, DC, 1961 2 50 
dollars) The prices of printed or photographic and 
mucrofilm copies are included m most cases The tatle 
lst includes ın addition a section on engineermg 
drawing and specifications on sale through the United 
States Atomic Energy Commussion’s Engmeering 
Materials Section at Oak Ridge The contents of the 
bibliography 1s divided into eight sections, dealing 
with the reprint and monograph series, technical 
reports, development reports, technical memoranda, 
divided into annual series covermg 1953-60 melusive, 
manuscript ieleases,  muscellaneous papers, and 
engmeermg materials The Sandia Corporation 18 & 
prime contractor to the Atomie Energy Commission 


Plasma Physics 


Report No 18 of the Damsh Atomic Energy Com- 
mission Research Estabhshment, Riso, contains the 
essential part of the material presented m the form 
of lectures or at the semmars durmg the international 
summer school on plasma physics held there during 
August 1-12, 1960 (Pp viw+645 Riso, Roskilde: 
Danish Atomic Energy Commission Research Estab- 
lbshment, 1961 60 D Kr) The lecturers were 
distinguished scientists from Denmark, France, 
Germany, The Netherlands, United States of America, 
and Great Britam The director was Dr. M. N 
Rosenbluth (General Atomic, San Diego, Califorma) 
and 130 students from twenty-four countries attended 
The contents of the report, compiled by C F Wandel 
(Riso Estabhshment), consist of the short general 
introduetion to plasma physics given by the director, 
followed by thirty-six articles grouped under the 
headings. single-particle motion, magnetohydro- 
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dynamics, fundamental equations, stability, relaxa- 
tion, radiation, thermonuclear aspects, pmch and 
shock apparatus, concepts covermg the stellarator 
and the murror machine, and plasma waves and 
diagnostics. Not all the articles are in the form of 
lectures, some are reprints of pubhshed papers 
The standard of the lectures, though representing 4 
good introduction to and clear statement of the basic 
principles of plasma physics, nevertheless ıs some- 
what more advanced than, for example, Lyman 
Spitzer's book The report should prove an admurable 
text for postgraduate students and research workers 
who want to pursue an advanced course in plasma 
physies before proceeding to tackle the latest pub- 
hications on the subject 


British Chemicals and their Manufacturers 


Tum Association of British Chemical Manufacturers 
has recently issued a guide, Brotesh Chemucals and 
ther Manufacturers, which supphes information on 
all chemical products made by its members (Pp. 219. 
London Association of British Chemical Manufac- 
turers, 1961) The booklet ıs far more than a guide, 
and will be invaluable as a reference book to pur- 
chasers and producers alike It will certamly prove 
to be mdispensable im all academic and industrial 
research departments throughout the United King- 
dom ‘The booklet consists essentially of five sections 
meluding the groupmg of chemical industries, a 
directory of members of the Association, classified lists 
of British chemical products (with a special section on 
mdicators and microscopical stams), lists of proprie- 
vary and trade names and proprietary and trade 
marks The information is ın each case presented in 
the clearest possible way The first section provides 
information on the nature of the products, that is, 
their grade, whether heavy or fine, their origin, for 
example coal-tar distillation products, and ther type 
such as dyestuffs, explosives, fats, glycerme, greases, 
soaps, etc , and those suitable for pest control The 
directory, besides giving the name and address of 
members, also supplies telegraphic addresses, telo- 
phone and telex numbers All m all, 366 industries 
are listed, and supplemented by & list of affihated 
associations Products are listed under their chemical 
names, and coded references give means of tracing the 
producer In each case rí 1s mdicated whether the 
chemicals are of commercial grade or fine, pharma- 
ceutical, pure, analytical and smmlar grades The 
hsts of proprietary and trade names will certainly be 
of great assistance to all editors who have to decide 
what 1s, and what 1s not, a registered trade name, and 
hence what should have quotation marks 


Autonomic Nervous System and the Occurrence 
of Visceral Lesions 


Hiroshi Itch, Tezo Kasahara, Kazua Amano, Koh 
Okamoto and Samon Tanabe, of the Department of 
Pharmacology, Yokohama University School of Medi- 
eme, have shown histologically that a chronic 
chemical stimulation on a defined region of the skin 
produced lesions m both renal cortices (Yokohama 
Med Bull, 12, No 3; June 1961) They have now 
followed the development of these lesions by func- 
tional examunations over a period of four months 
The state of mtrarensl arculation was mvestigated 
to determine the pathogenesis of the lesions, and the 
renal function was exarmmed in several ways ‘The 
test for albumuria and Volhard's test proved to be 
positive, but disorders of renal function could not be 
detected by other methods Albuminuria was con- 
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firmed at two stages of the experiment, namely, on 
the twenty-eighth and fifty-fifth days Investigations 
made on the fifty-fifth and seventy-sixth days on the 
ienal cortical region suggested some disorder of the 
intrarenal circulation Over a period of four months 
the systolic blood pressure did not rise significantly 
above the level ın the pretreated period ‘The authors 
suggest that the lesions may have been caused by 
impulses generated in the afferent nerve, following 
iepeated chemical stimulation on the skin, passing 
through a reflex arc involving the higher cential 
nervous system These continue to the intrarenal 
arteries by way of the sympathetic nerve, and the 
resulting ischemia in the renal cortex may be the 
cause of the degeneration of the renal parenchymal 
cells, especially those of proximal convoluted. tubules 
The functional changes of the kidney are slight ın 
the period before the lesions advance but they are 
readily perceived by histological examination 


An Inventory of Abstracting Services 


Tur Fédération Internationale de Documentation, 
7 Hofweg, The Hague, Netherlands, 1s preparing, 
with financial assistance from the National Science 
Foundation in Washington, DC, a comprehensive 
inventory of abstracting services covering the fields 
of science, technology and social sciences It is 
expected that the study will take two years The 
data will be collected by means of a questionnaire to 
be distributed at the begmning of February 1962 
Besides gaming information about the nature and 
scope of each abstracting service, the questionnaire 
will also determine the number of periodicals con- 
sulted during the year, the existence of a reproduction 
service and whether translations can be obtained 
On completion of this project, the Fédération plans 
to establish an imternational information centre, the 
first object bemg to give supplementary information 
on data revealed by the questionnaire It 1s hoped 
that all abstracting services will co-operate in the 
scheme 


Wellcome Senior Research Fellowships in Clinical 
Science 


To encourage medically qualified workers of excep- 
tional ability to embark on careers of clinical research 
within the Umted Kingdom, the Wellcome Trustees 
are prepared to award one or two Wellcome Senior 
Research Fellowships n this field ın 1962 The pro- 
fessors ın charge of university departments of medi- 
cine, surgery and. obstetrics m the United Kingdom 
are invited to put forward confidential nominations 
for these awards Drect personal applications by 
candidates for these Fellowships will not be con- 
sidered The Fellowships will be awarded for one 
year in the first instance and will be renewable over 
four more years It will be a condition of the appoint- 
ment that the Fellow should be granted the status 
and responsibilities of a lecturer m the university 
department ın which he 1s employed On the assump- 
tion that the age of the Fellow at appomtment will 
be about thirty, the stipend offered over the five-year 
period will be £1,900 a year, rising by mcrements of 
£150 to £2,500 Further information can be obtamed 
from the Scientific Secretary, The Wellcome Trust, 
52 Queen Anne Street, London, W 1 


Christmas Lectures for Young People 


AMONG the lectures organized for young people 
durmg Christmas and the followmg weeks are ‘The 
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one hundred and thirty-second course of Christmas 
lectures at the Royal Institution, to be delivered by 
Sir Lawrence Bragg on “Electricity”, meluding 
“What 18 Electricity ?" (December 28), “How Elec- 
tricity Travels" (December 30), “Motors and Dyna- 
mos" (January 2), “Electrical Oscillations and 
Electromagnetic Waves” (January 4), “Our Electrical 
Supply” (January 6), and “Conveying Information 
by Electricity” (January 9) Further information 
can be obtamed from the Royal Institution, 21 Albe- 
marle Street, London, W1 Five children’s Christmas 
holiday lectures on ‘““The Painter, the Anatomist and 
the Surgeon" (Mr H Thompson, January 1), ““Science 
in Crime Detection" (Dr K Simpson, January 2), 
"Family Life m Russa To-day” (Dr J. Hunt, 
January 3), “The Romance of Huntington's Chorea” 
(Dr. Macdonald Critchley, January 4) and “How and 
Why We Hear" (Mr T Cawthorne, January 5) at 
the Royal Society of Medicine at 230 pm. Further 
information ean be obtained from the Assistant 
Secretary, Royal Society of Medicme, 1 Wimpole 
Street, London, W.1 A young people's lecture, to 
be delivered by Prof M Stacey on ' Nature's Plas- 
tics" at the Plastics Institute on January 5, at 
230 pm Further mformation can be obtained from 
the Plastics Institute, 6 Mandeville Place, London, 
W.1 


Announcements 


Pror N R Duar, recently head of the Chemistry 
Department and director of the Sheila Dhar Institute 
of Soil Science, University of Allahabad, has been 
elected as a corresponding member of the Paris 
Academy of Sciences in the Chemistry Section 


Mr P S Brariaes, of T N and F H Briggs 
(Tanners), Ltd , Leicester, has been appointed chair- 
man of the Council of the British Leather Manufac- 
turers’ Research Association in succession to Mr 
E. A Hutchings, who has left the leather 
industry 


Dr OrnrvrgR Herovx has been appomted scientist- 
in-residence at the US Naval Reduiological Defense 
Laboratory, San Francisco, Califorma. This is the 
first appomtment under & new programme at the 
Laboratory for visiting distinguished scientists from 
other scientific communities Dr Heroux 1s a member 
of the Canadian National Research Council and will 
be at the Laboratory durmg leave of absence of one 
year from his post in Canada 


THE annual meeting of the American Mathematical 
Society will be held at the Sheraton-Gibson Hotel, 
Cincinnati. during January 22-25 Further mforma- 
tion can be obtained from J W T Youngs, American 
Mathematical Society, Bloomington, Indiana 


Erratum Dr G B Robertson writes In “Crys- 
tal and Molecular Structure of Diphenyl" (Nature, 
191, 593, 1961) the value of the constant in the 
asymmetric-unit plane equation was 1eported incor- 
rectly due to a computational error The correct 
value of this constant 1s 0 00864, the equation of the 
plane is 


—0 30584 X + 0 55575 Y + 077305 Z = 0 00864 


and the perpendicular seperation between the rng 
planes ıs ~ 0 017 A (not ~ 02 À) This separation 
18 not statistically significant and the two rings are, 
therefore, coplanar within the limits of the experi- 
mental error 
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NEMATOLOGY AT THE IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY, LONDON 


N October 23. at Silwood Park, Sunninghill, the 

new Shell Parasitology Building was formally 
handed over to the Imperial College of Science and 
Technology. A plaque inside the door explains that 
“These laboratories were erected with the aid of a 
generous benefaction from Shell International Chem- 
re Co., Ltd., in support of research into parasito- 
ogy'. 

The new building consists of two floors, each of 
2,400 sq. ft., and a small basement of 400 sq. ft. On 
the ground-floor are a lecture room and well-equipped 
teaching laboratory for the one-year postgraduate 
course in nematology, à preparation room for extract- 
ing nematodes from soils or from plant materials, 
and a radio-tracer room. On the first floor are three 
staff laboratories, a large laboratory for higher-degree 





Fig. 1. Front view of the Shell Parasitology Building, Imperial College of Science and 
Technology 


students, a small teaching laboratory for under- 
graduates specializing in parasitology, and a photo- 
graphic dark room. In the basement are three 
constant-temperature rooms separately controllable 
within the range 5°-30° C. 

While research projects extend over the field of 
general parasitology (recent work has dealt with 
protozoal parasites of insects, and the bionomics of 
sheep trichostrongyle larve, for example), major 
prominence is given to nematology. The most pressing 
requirement was to house the postgraduate nemato- 
logy course: it will now be possible to accommodate 
with comfort eight students, and at need up to 
twelve, instead of only four as hitherto. 

This one-year course aims at giving a grounding 
in: (1) general nematology with an emphasis on 
plant-parasitic and soil-inhabiting 
species; (2) the principles of control 
by chemical and other means; (3) 
the art of experimentation. The 
course, the first of its kind in Great 
Britain, has a strong bias towards 
practical techniques and research 
methods. Of a total of fifteen 
students to date, ten have come 
from seven overseas countries, and 
it is hoped to maintain this overseas 
appeal, if only because plant eel- 
worms are of great economic 
importance in tropical and sub- 
tropical lands. 

The new laboratories are well 
equipped with such standard items 
as microscopes and calculating 
machines, and radiotracer equip- 
ment includes a versatile scaler with 
scintillation head, and monitor. 
Work is in progress with labelled 
chemical fumigants. 

B. G. PETERS 


THE HUMBER LABORATORY 


HE Humber Laboratory of the Department of 
Scientific and Industrial Research at Hull held 
two open days during November 9-10. This establish- 
ment is a branch laboratory of the Torry Research 
Station, Aberdeen, and like its parent Station is 
concerned with research on the handling and process- 
ing of fish from the time of catching to retail sale. 
Since the Humber Laboratory was opened in 1952 it 
has dealt with an ever-increasing volume of work, 
particularly in applied research and in giving scien- 
tific information to the fish trade. The buildings have 
been extended twice during the short life of the sta- 
tion, and the recent open days marked the putting 
into service of a new block containing laboratories, 
library, and a lecture theatre. 
The exhibits at the open days were not limited to 
the activities of the Humber Laboratory itself, but 
also covered the much wider range of subjects dealt 


with at the Torry Research Station. Prominent 
among these is the matter of freezing fish at sea. 
Poorer catches from present fishing grounds and the 
loss of some traditional grounds by the extension of 
territorial limits are encouraging longer voyages by 
British distant-water trawlers. This in turn means 
that the use of ice is no longer an adequate method of 
preserving all the catch in an edible condition. 
Freezing and cold storage is one obvious answer to 
the problem of preservation, but the successful 
application of this technique has required the co- 
operation of scientists and engineers trained in 
widely different disciplines. This was illustrated by 
exhibits which range from techniques of showing the 
damage to muscle cells during freezing, and of estimat- 
ing the extent of denaturation of proteins in cold 
atore, to a model of freezing plant designed to work on 
small ships in rough weather. The work of the Torry 
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Research Station has been particularly concentrated 
on the design of trawlers which will freeze part of the 
catch rather than on factory ships to freeze and process 
all of it at sea, and a model of one of the first vessels 
of this type to operate commercially was exhibited. 

When frozen fish is used on any large scale the 
problem of thawing for further processing becomes a 
matter of very considerable importance. The thermal 
diffusivity of wet fish is very much less than that of 
frozen fish, and hence the thawing of a block of frozen 
fish in warm air is a self-retarding process. Also the 
temperature gradient permissible in such a process is 
limited by the need to minimize the spoilage of the 
fish already thawed. This has led to examination of 
dielectric heating as a means of thawing, and a 
practicable technique has been worked out. A pilot 
plant of 6-kW. output operating at 36 Mc./s. was on 
show. In this, frozen fish was carried on a conveyor 
belt between the plates of a condenser and 2.st. 
bloeks were thawed in about 15 min. Equipment of 
this type developed by the Torry Research Station 
has recently been put into commercial operation. 

Despite the attention given to frozen fish, work on 
wet fish has been by no means neglected. A number 
of exhibits were concerned with the effect of tempera- 
ture on spoilage by reference to the chemical and 
bacteriological changes involved. The Humber 
Laboratory has been particularly concerned with the 
temperature of fish throughout the chain of distribu- 
tion and has conducted temperature surveys at all 
stages from dock side to retail shop. This work has 
entailed the development of a number of special 
instruments, notable among which is a spear-type 
resistance thermometer in which the resistance 
element is contained within a hypodermic needle. 
For making temperature measurements by thermo- 
couple on board moving vehicles, the conventional 
electronic self-balancing potentiometer is not a very 
suitable instrument. It is too large and its power 
consumption is too great. The Humber Laboratory 
has developed a small, battery-operated potentiometer 
in which balance is indicated by a ‘magic eye’, and 
this has been used successfully for many measure- 
ments on lorries. Another simple and effective instru- 
ment is the ‘temperature indicator’ which shows a 
sharp change in colour when it exceeds a given 
temperature. This device consists of a tube of 1 ml. 
capacity containing two aqueous solutions separated 
by a frozen non-aqueous layer. 


FOOD AND AGRICULTURE 


N October 13 the Nutrition Society held a 
symposium, at the National Institute for 
Research in Dairying, Shinfield, Reading, under the 
chairmanship of the director, Prof. R. G. Baskett. on 
agricultural problems in developing countries. The 
latest Food and Agriculture Organization review of 
food and agriculture * shows that the developed areas 
still have an abundance, even a surplus of agricultural 
products, while malnutrition and hunger are the 
order of the day in many less-developed countries. 
The past decade has seen a very considerable expan- 
sion in the world output of food. For example, the 


* Food and Agriculture Organization of the United Nations, Rome. 
The State of Food and Agriculture, 1961, Pp. vili+ 177. (Rome: Food 
and Agriculture Organization of the United Nations: London: 
. H.M,S.0., 1901.) 10s.: 2 dollars, 


The Torry. Research Station has long been con- | 
cerned with the smoking of fish, and when the > 
Humber Laboratory was opened most of the applied 
work on this subject was transferred to Hull. The 
‘Torry kiln’ has made considerable strides towards 
becoming the conventional piece of apparatus for 
smoking fish. Examples of the wide range of smoked 
products that ean be made in a Torry kiln were on 
show together with sectioned models of both Torry 
and traditional kilns. The Humber Laboratory has 
devoted considerable effort to the question of the- 
more efficient production of wood smoke, and has 
developed a continuous, automatieally controlled 
smoke producer which uses a fluidized bed of sawdust. 
Tests have also been carried out to evaluate the 
performance of various commercial smoke producers, 
and a number of these machines was on show. 

The work on smoking has also led to the develop- 
ment of various new instruments. A simple robust 
smoke density meter operating on the usual lamp and 
photocell principle was exhibited together with a 
modification of it, the ‘smoke density integrator’, 
which indicates directly smoke density multiplied by 
time—a quantity of great importance in smoke 
curing. Although more recent background work has 
shown that the invisible vapours in wood smoke are of 
more importance than the visible particles in giving 
smoked products their characteristic odour and 
flavour, smoke density meters are still of very con- 
siderable value. A technique for measuring the con- 
centration of vapours was also exhibited. 

Much of the work of the Humber Laboratory which 
has been of the most direct value to the fish industry 
has depended less on the discovery of new facts than 
on the practical application of well-established 
knowledge. For example, very considerable assistance 
has been given in setting up quality-control schemes 
which are based on taste panel techniques developed 
at the Torry Research Station in past years. Similarly, 
much-needed advice on the best methods of packing 
fish in ice for inland transport is merely the applica- 
tion to fish of the well-known laws governing the 
transient state conduction of heat. Work of this 
nature is extremely necessary in a station of the 
Department of Scientific and Industrial Research 
which serves the needs of an industry which as a 
whole is technically backward, and in which scientific 
staff are found only in the largest and most progressive 
companies. D. L. Nico 


IN DEVELOPING COUNTRIES 


average annual combined output of wheat, rice and 
maize (including the Food and Agriculture Organi- | 
zation estimates for the U.S.S.R. and mainland 
China) rose from about 470 million long tons in 1948- 
52, to about 720 million long tons in 1959. This 
remarkable technical achievement rests far more on 
increased efficiency of production than on increases in 
crop area. The overall food output per head has 
risen, but this covers dangerous decreases in Latin 
America and Oceania, and little change in Africa, as 
well as considerable increases in Europe (where 
population growth has been slower than elsewhere), 
North America and the Near East. In the Far East, 
where food production per head fell sharply during 
the War years, the pre-war standard, low as it was, 
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has been restored by increases in food production of 
about 3 per cent per annum The very considerable 
increases in food production claimed in China since 
1950 are perhaps no more than an intensification of 
this general trend 

In the past two or three years, however, food output 
has been more static, and m 1961 (meluding the 
disastious harvests reported from China) total 
production was probably no greater than in 1960 
International trade and co-operation are moving 
part of the Western surpluses into the needy areas, 
but there are not enough railway wagons, ships, 
elevators and sacks m the world to touch more than 
the fringes ofthe problem For the hungry countries, 
continued increase in then own output, and particu- 
larly m yield per acre, 1s the only answer Most of 
them have already done a good deal, as the Food and 
Agriculture Organization figures show, but the great 
disparity m yield per acre between the best and the 
worst indicates that far more could be done, particu- 
larly in India and Pakistan, which harbour one- 
quarter of the world’s cattle and where the crop 
yields are among the lowest ın the world 

The Nutrition Society meetmg devoted itself 
largely to this question, with particular reference to 
tropical areas Prof L Dudley Stamp spoke on the 
climatic mutations to development im the tropics 
He distinguished first between the monotonous 
chmate of the humid equatorial regions and the 
alternately wet and dry climate of the very diverse 
regions which he included in the tropics proper In 
neither area does lack of heat limit plant growth, but 
in the latter variability of rainfall, in amount and m 
timing, 1s often pronounced North and south of these 
regions lies the tropical arid zone, taken by the United 
Nations Educational, Scientific and Cultural Organiza- 
tion to lie beyond the 20-m (500 mm ) 1sohyets 

At tropical temperatures soils weather deeply and 
organic matter ıs rapidly oxidized, while leachmg 
removes plant nutrients beyond the reach of crops, 
though not of trees Prof Stamp felt that shifting 
cultivation, with hoes (and weeds) and without 
ploughs or tractors, might represent the best scientific 
answer to the land management problem in the humid 
tropics (Clearly the many successful examples of 
plantation production of perennial crops must repre- 
sent at least an exception to this generalization, 
though certainly in high rainfall areas the removal of 
vegetation, even for a very short period, in land 
clearing, 1s bound to create difficult or even dangerous 
hydrographic situations) In the dry areas, the 
accumulation of salts and the formation of pans, 
together with erosion, can produce arid sem1-deserts 
In all areas of seasonal rainfall the heaviest agricul- 
twal tasks of the year fall on man and beast when 
they are weakened by the privations of the hungry 
season, and during the rains there are risks of flooding 
Water control and urigation, Prof Stamp believes, 
are essential to development 1n all three regions The 
indirect consequences of the tropical climate such as 
deterioration of stored food, and the heavy burden of 
insect and other pests and diseases of plants, animals 
and man, are also important 

To Prof A H Bunting (University of Reading), 
who spoke next on the problems of improving arable 
output, the impression left, though perhaps unmten- 
tionally, by Prof Stamp seemed unduly pessimistic 
ln many developmg countries encouraging increases 
in food production have been reported, and impressive 
yields have been achieved in some There are two 
parts to the problem of mmprovement the imtens1. 


NATURE 


1029 


fication of production and the development of new 
agricultural land 

Apart from water, the tropical environment 1s by 
no means inherently unfavourable for crop produc- 
tion The highest agricultural dry-matter yields so 
far recorded 1n the world are in sugar cane in Hawau 
(around 30 tons dry matter/acre/year) The poor 
yields of peasant production must be compared, not 
with those of modern scientific farming, but with 
peasant yields in medieval Europe Intensification 1s 
to be sought through improvements ın protoplasm, 
production, and protection There are many examples 
of improvement of yield, quality and disease resistance 
m tropical crops by selection and breeding Better 
production often requires better land use, and the 
abandonment of shifting cultivation, but this can 
only come as part of a general process of rmmprove- 
ment, usually on a regional scale On a smaller scale, 
improved rotations, fertilizers, timely and sufficiently 
dense sowing, and the use of mechanization (particu- 
larly at times of peak labour mput) have all been 
shown to pay dividends Crop protection, including 
weed, control, with the help of agricultural chemicals 
18 well established for export crops m many tropical 
areas Seed schemes, 1n which dressed seed of 1m- 
proved varieties 1s supplied at sowmg time by an 
official orgamzation, already exist m cotton and 
other crops the general extension of such schemes 
would be a powerful aid to progress 

The development of new agricultural areas was 
illustrated by photographs from the Sudan ramlands, 
where many milhons of acres of land surtable for 
arable production he unused for lack of perennial 
water supplies 

Dr J C Shaw (Food and Agriculture Organization), 
speaking on animal production problems, estimated 
that the annual deficit of animal protem ın human 
diets (which 1s especially marked m the Far East) 1s 
equivalent to 1 8 million metric tons of non-fat milk 
solids A Food and Agriculture Organization panel 
assessmg livestock problems has given the highest 
priority to nutrition, followed by disease and manage- 
ment, with breeding last In cattle, better nutrition 
means better management of better grazing plus the 
conservation of cereal and legume feeds and of forage 
(Clearly this means that animal production, especially 
in drier areas, depends entirely on successful arable 
farming, but the converse is not necessarily true, as 
those who have advocated “ey farming m the tropics” 
seem to believe ) Much work 1s needed on the improve- 
ment of forage species, particularly legumes, on the 
intake of food and its nutritional value, and on the 
nutritional requirements of cattle ın the tropics 
Since much of the feed 1n the dry season comes from 
nutritionally poor materials, means of conserving or 
mereasing their feed value must be sought Fo: 
small animals, farming waste products are 1mportant, 
and formula feeds will have to be devised Breeding, 
in rigorous climates, should be based first on mvesta- 
gations of the productivity and improvement of the 
existing lvestock, and should not necessarily be 
based on crossing programmes usmg improved stock 
from temperate countries Generally, 1n developing 
countries, the shortage 1s not of animal agronomists 
but of scientific information more modern vetermary 
schools are needed. 

Dr Shaw's assessment of the priorities m anımal 
produetion was closely supported by Mr T J 
Lansbury, recently of the University College of 
Ghana He, too, gave the highest priority to nutrition, 
which appears far more important ın limiting the 
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output of West African cattle (and also of goats, sheep 
and poultry) at present than their mherent character- 
istics Drought leads to shortage of feed and of water, 
and may lead to losses of 25 per cent of live weight in 
a single season The improvement of water supplies by 
conservation requires planned use of grazing, while 
the problem of dry-season feed supplements has 
scarcely been tackled, partly because there 1s litle 
information on the composition of animal feeds 1n the 
savannah regions The West African ox does not 
seem to possess the superior digestive powers with 
which ıt ıs credited, and indeed digestibility 1s 
reduced when animals are fed on a low plane of 
nutrition, particularly ın respect of phosphorus and 
protem Basic work on all these matters, which would 
no doubt include studies of urea and other non- 
protem nitrogen sources, is needed on the spot 

Introduced varieties of pigs and poultry can do 
well in West Africa Pigmeat ıs not in demand, but 
great expansion of egg production 18 possible if the 
birds are properly fed and cared for and not regarded 
as mere scavengers An industry based on imported 
chicks 18 developing, but serious nutritional problems 
(protem, vitamins B and others, calcium and other 
mmerals) remain to be overcome An industry for 
feeding-stuffs could be based on local materials which 
are at present exported for the formulation of feeds 
in Europe 

The last speaker, Mr R S Rack, based his contri- 
bution on his remarkable work in the practical 
development of native fishing industries ın Northern 
Rhodesia His address was notable for its active 
concern with the human problems of agricultural 
development He pomted out that the people of 
undeveloped countries have their own technical and 
social adaptations to their environment, and that 
the technological basis of their economy cannot be 
altered in isolation from its personal and social 
context This difficulty shows itself in attitudes to 
organization and work discipline (whether self- 
imposed or not) and to the employment of time, and 
in the obstacles often presented by traditional habits 
and customs The simple poverty of the native fisher- 
man, and his social and family obligations, may 
prohibit the accumulation of capital, the size of his 
undertaking may m any event be too small to allow 
a single technical step (such as the purchase of an 
outboard motor) unless his whole scale of operation 
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can be altered to take full advantage of ıt Other 
problems include the supply of fish, the availability 
of technically competent and equipped fishermen, and 
the existence or possibility of markets and swtable 
transport These factors were illustrated by an 
account of the successful measures taken since 1951 
to umprove the supply of fish (whether fresh, as a 
staple food, or dried as a 1elish in a cereal diet) to 
the Rhodesian Copper Belt, which mvolved an ice 
plant, a boat-building school, a marketing advisory 
organization and the encouragement of African 
traders, and 1s to lead on to a fisheries school which 
wil teach navigation, the handling of powered boats 
and book-keepmg in addition to the techniques of 
catching and preserving fish Another example arose 
from the development of a fishing industry among the 
traditionally non-fishing Tongas when they were 
resettled because of the construction of the Kariba 
Dam, and a third from the improvement of a sardine- 
type fishery on Lake Tanganyika 

In the discussion following the papers, an interesting 
food cham involvmg water hyacmth, pigs and fish 
was described by Prof Stamp from Hong Kong, and 
some disagreement was evident on the usefulness of 
imported stock in the tropics 

The Food and Agriculture Organization report, 
already mentioned, also deals with human and organı- 
zational problems, on a regional scale, in two special 
chapters One, on land reform and mstitutional 
change, surveys the situation in the main regions of 
the world and then discusses particular problems 
such as tenancy, financial support, marketing, settle- 
ment and community development The second 18 on 
the organization of extension education and research 
in Africa, Asia and Latin America Taken as a whole, 
the report 15, as usual, a valuable and informative 
survey. 

The meeting, and the report, justify a degree of 
optimism not only about the technical possibilities 
but also about the chances that they will be 1n part 
realized durmg the next two or three generations 
The social and historical 1mponderables are too great 
to make any further prediction useful but ıb 18 
impossible to avoid the conclusion that a general 
lhmuitation of human numbers 18 ultimately desirable 
if a measure of dignity and worthiness of human 
life 1s ever to be achieved 
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SCANNING TECHNIQUES IN BIOLOGICAL AND MEDICAL 
MICROSCOPY 


A CONFERENCE on the principles and applica- 
tions of scanning methods ın the microscopy of 
biological and medical specimens, arranged by the 
New York Academy of Sciences, was held in the 
Henry Hudson Hotel, New York, during October 
5-6 Fourteen papers were presented m the four 
sessions of the meeting, and all but one were con- 
cerned with optical microscopy, the exception being 
on electron and X-ray scanning microscopy 

The main group of contributions ranged from the 
straight application of television in microscopical 
observation to the design of a complicated flying- 
spot system for sizing cells M J Kopac (Graduate 
School of Arts and Sciences, New York University) 
described the use of closed-circuit television m 


connexion with the micro-surgical technique he has 
developed for operating on single cells At present 
the micro-instruments, of which there may be as 
many as eight m use m a single operation, are manipul- 
ated by hand It 1s planned to adapt the electronic 
techniques used for tracking targets in the air so as 
to control the movement of mieroneedles and micro- 
pipettes with servo-motors 

Scanning techniques are especially useful for cyto- 
chemical studies of transient processes in cells C N 
Loeser and S S West (School of Medicine, Western 
Reserve University, Cleveland, Ohio) have been using 
a highly sensitive ‘Intensifier Image Orthicon’ 
television camera to record fluorescence emission 
spectra from individual Ehrlich ascites cells, stained. 
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with acridine orange The average uptake of dye per 
cell has been determined and correlated with the 
spectral measurements For quantitative investiga- 
tions in the ultra-violet, two approaches are being 
followed G Z Whlhams (National Institutes of 
Health, Bethesda) and R GQ. Neuhauser (Radio Cor- 
poration of America, Lancaster), described the use 
of a new ‘Vidicon’ television camera sensitive to the 
ultra-violet as an image storage detector and for 
time-lapse work They obtain oscilloscope tracmegs 
of the changmg ultra-violet absorption of simgle 
living cells, allowing deductions about reaction-rates 
On the other hand, V K Zworykin and C Berkeley 
(Rockefeller Institute, New York) have been explor- 
mg applications of the colour-translating television 
microscopo In this instrument, the specimen 18 
illuminated by three selected ultra-violet wave- 
lengths and the three images produced are electronic- 
ally converted into images m three different colours 
on a television screen It 1s being used for oxammmeg 
ultra-violet 1adiation damage, the streaming of 
protoplasm and the absorption of metabolites such 
as vitamin A 

A still wider range of application 1s open to the 
flying-spot technique, m which the specimen 1s 
explored point by point sequentially The source of 
illumination is the flying spot on the screen of an 
oscilloscope, which is demagnified through the miero- 
scope to throw a moving probe on the specimen 
The image 1s built up on a display tube, or the signal 
may be used directly for quantitative absorption 
measurements With swtable phosphors any part 
of the spectrum can be used, or indeed soft X-rays 
T O Caspersson (Karolinska, Institutet, Stock- 
holm) gave a masterly survey of the methods 
which can be used, and the factors influencing 
instrumental design, m the three main areas of 
investigation analysis of single cells or cell structures 
with high precision, analysis at lower accuracy of large 
numbers of cells or cell structures, and investigations 
on living material, which are often only possible by 
semi-quantibative or even quahtative methods He 
deseribed & number of instruments imn use, or in 
development, in his own laboratory for these different 
types of research, and discussed the choice between 
mechanical, optical and electronic systems of scanning 

Most of the remaining contributions were varia- 
tions on these themes J G Hoffman (University of 
Buffalo} described measurements of the nucleic 
acid content and the dimensions of mammalian celis 
and their nuclei, both by ultra-violet absorption in 
fresh cells and by absorption m the visible range in 
unfixed cells and in Feulgen-stained cells He 
discussed the use of a digital computer to facilitate 
analysis of the absorption measurements as they are 
obtained Britton Chance (Johnson Foundation for 
Medical Physics, Philadelphia) described imvestiga- 
tions of respiratory enzymes by analysis of the 
fluorescence spectra excited in single cells J J 
Freed and J L Engle (Institute for Cancer Research. 
Fox Chase, Philadelphia) discussed the advantage of 
using & vibrating mirror to produce the scan, since 
1$ allows monochromatic 1llummation at any desired 
wave-length They described the instrument they 
have built for making repeated absorption measure- 
ments on single living cells It was found that 
contimuous exposure of ascites tumour cells for 30 
min at wave-lengths above 2400 A produced no 
observable radiation damage, whereas at 2400 A, or 
below, the typical radiation damage syndrome was 
observed 
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The chairman of the conference, P O'B Mont- 
gomery. who has been mainly responsible for pioneer- 
ing flying-spot microscopy in the United States, 
described recent work in his laboratory (University 
of Texas Southwestern Medical School, Dallas) In 
addition to the development of a flying-spot inter- 
ference microscope, he and his colleagues (W A 
Bonner and L L Hundley) have worked out tech- 
niques for simultaneous illummation of the specimen 
with both visible and ultra-violet light In one ver- 
sion of the apparatus, the two mages appear side by 
side on the display tube Alternatively, a very small 
part of the specimen 18 imaged by ultra-violet while 
a larger field around 1t 1s imaged by visible light In 
this way the progress of ultra-violet radiation damage 
on selected cells, or even on different parts of a single 
cell, can be followed 

One of the important uses of the fyimg-spot miero- 
scope 18 for counting and sizing particles, and mstru- 
ments are commercially available for routine measure- 
ments of this type Attempts are now bemg made to 
extend the technique to the ‘recognition’ and counting 
of specific types of cells ın tissue sections or smears, 
by applymg to microscopy some of the experience 
gained in the use of radar for target spotting An 
instrument named the 'eytoanalyser' has been built 
for the mass screening of cervical and vaginal smears, 
to aid m the early diagnosis of cancer It 1s best 
described as an analogue-digital computer connected 
with an electromechanical scanning system, and 18 
the fruit of collaboration between the Sloan-Kettermg 
Institute for Cancer Research, New York, the Amer- 
can Cancer Society, the National Cancer Institute, 
and Airborne Instruments Laboratories of Deer 
Park, New York Its general principles of construc- 
tion were described by W. E Tolles and H. P 
Mansberg of the last-named, and its functions and 
preluminary results of 168 operation by Elame Diaeu- 
makos and Emerson Day of the first-named institu- 
tion. The biological srbuation 1s complex, and ıb 
seems to be too early to judge how successfully the 
mstrument can replace the human eye m spotting 
aberrans cells, and so dispensing with the squads of 
observers now employed m checkmg smears under 
the microscope In any event, these two papers 
were another striking illustration of the feeding back 
of experience from the field of war to the problems of 

eace 

n The remamung contribution, by V E Cosslett 
(Cavendish Laboratory, Cambridge), deseribed the 
extension of flying-spot methods to the X-ray end 
of the spectrum, with some reference to the related 
technique of scanning electron microscopy Both 
have so far been mainly apphed to metallurgical 
and mineralogical problems Very recently A D G 

Stewart (Engmeering Laboratory, Cambridge) has 
built an 10n gun into an electron scanning microscope, 
to produce etching of & specimen surface during 
continuous electron imagmg It seems hkely to be 
useful in studymg the structure of teeth and other 
mimeralized tissues, as well as of metals and alloys 

At the Cavendish Laboratory, an exploration 18 
bemg made (with aid from the Medical Research 
Council) of the possible biological and medical applica- 
tions o? the X-ray scanning muicroscope—more 
accurately described as a mucroanalyser Some 
preliminary results were reported to the Conference, 
from the detection of foreign particles m lungs 
and other tissues to work on the mmeralization of 
bone and teeth An appreciable proportion of iron 
(up to 7 per cont) has been found in the surface enamel 
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of the mcisors of a number of rodents The technique 
has obvious uses in identifying dust particles in 
atmospheric pollution and related problems The 
recent extension of 1ts scope to the lighter elements, 
beryllium and carbon, makes an investigation of the 
possibilities of organic analysis desirable However, 
1t 18 doubtful if 16 can be of value in cytochemistry 
until the spatial resolving power 1s mnproved appre- 


TIME-RESOLVED 


CONFERENCE on “Spectroscopic Studies 

using Time-Resolved Techniques" was held in 
Manchester on June 16, under the auspices of the 
Institute of Physics and the Physical Society 

A brief introductory address was given by 
Prof H S Lapson, president of the Manchester 
Literary and Philosophical Society, who welcomed 
members of the conference to the new rooms of the 
Society He pomted out that the meeting was the 
first to be held there by the Institute of Physics and 
the Physical Society smce these new buildings were 
completed, and which mdeed had only been opened 
m September 1960 

The joint secretaries of the conference were Dr L 
Bovey, Atomic Energy Research Establishment, 
Harwell, and Dr A H Gabriel, Atomic Weapons 
Research Establishment, Aldermaston On the 
programme seven communications were listed and an 
eighth was added by Dr. C Breton, who described 
some recent French work on plasma As in other 
recent mternational conferences the scope of time- 
resolved spectroscopic work on plasmas, or indeed, 
on discharges in general, has been shown to have 
extended very widely since the end of the Second 
World War, at which time very httle work 1n this field 
had been done This new work has, of course, 
largely been prompted by the rapidly growmg 
interest in high-temperature plasmas, partly because 
of the widespread interest 1n the _ possibility 
of obtammg thermonuclear reactions and, more 
recently, partly because of work on the so-called 
magnetohydrodynamic conversion of energy In 
both these closely related fields spectroscopic tech- 
miques are pre-emment. This ıs because such 
techniques do not normally mterfere with the 
discharge being investigated and because of their great 
range and power The need for time-resolved studies, 
often on a sub-microsecond scale, has also led to the 
development of advanced optical techniques, and the 
latter were very much in evidence at the present 
conference 

Although speakers from France, the Umted States 
and South Africa all made contributions, the majority 
were provided by various workers from the 
Atomic Energy Authority at Harwell and Alder- 
maston. 

The first paper was given by Dr A H Gabriel, who 
has been responsible at the Atomic Weapons Research 
Establishment for the development of much striking 
optical apparatus for plasma work He spoke 
about a system incorporating a fast-rotating murror 
camera and a medium quartz spectrograph, used, for 
example, m work on fast pmehed discharges with 
electron densities varying ın the region 10151018 per 
ce and lastmg a few usec and time resolutions of the 
order of 0 1 usec or less Dr Gabriel then proceeded 
to deseribe various other optical techniques available, 
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ciably beyond the present lmit of 0 25u and the 
detection limit to better than one part in ten 
thousand 

The conference was throughout stimulating, and 
provoked much lively discussion, which often led 
back to fundamentals It was the first meeting of 
its kind, and very much justified the initiative of the 
organizers V E CossrETT 
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namely, an image-rotating device in which three 
mır ors are used with a vertical sht, and an apparatus 
for work in the vacuum ultra-violet region using near 
normal imneidenee and covering the wave-length 
range 2000-5000 Å In such an instrument it was 
pointed out that astigmatism of the concave grating 
presents a difficulty The spectrum ıs recorded near 
the base of the normal on to the Rowland circle and 
since only a limited wave-length range can be covered 
on one setting the position of the entrance slit assem- 
bly ıs made movable A resolution of 3-mm image 
displacement per psec 3s obtamed In connexion 
with all this work a precision capillary light source fox 
calibration ın the visible and quartz ultra-violet has 
been developed. which gives virtually uniform illumina- 
tion for about 12 usec and with an effective black- 
body temperature of about 25,000° Another source 
for vacuum ultra-violet work, based on that of 
W R S Garton at the Imperial College of Science 
and Technology, was also described by Dr Gabriel 
Expermnents at the Atomic Weapons Research 
Establishment that were mentioned mclude measure- 
ments of excitation temperatures, that 1s, state 
populations, etc , for various discharges, and studies 
of free-free contmua in the temperature-range 
105-2 x 109 degrees, and finally, Dr Gabriel men- 
tioned experiments involving observation of emission 
spectra of rapidly pmched discharges, for example, the 
influence of mmpurity hnes at different times, and 
work on absorption spectroscopy using axial viewmg 
from a hollow pmch in which electron densities could 
be obtained from a study of hine widths 

The next speaker, Prof J D Craggs of the Univer- 
sity of Liverpool, described recent experiments on the 
measurement of line broadening due to the inhomo- 
geneous field Stark effect in spark discharges (trans- 
lent ares) He briefly summarized the historical 
development of this technique, which 1s now widely 
used in. plasma investigations, from the days when the 
statistical theory was considered adequate to the 
present time when a more accurate realization of the 
complexities of the effect, particularly with regard to 
the contribution made by electrons ın the impact 
broadening process, has been reached Recent 
experiments ın. Liverpool, notably by Dr E E L 
Mitchell, strongly support the recent theoretical work 
of Griem and Kolb in the United States Thuis 1s for 
the Balmer limes of hydrogen, but in view of the 
present importance of the impact broadenmg contri- 
bution of electrons, experiments have been carried 
out over the past two years m Liverpool by Mr 
Lun, who has sunultaneously studied sodium and 
argon lies (notably the former) broadened by the 
impact effect and the statistical-umpact broadening 
of the Balmer hnes These results agam support 
the Griem—Kolb theory and direct attention to the 
possibility of making electron density measurements 
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with the use of mmpaet-broadened lines The use of 
sodium-hydrogen discharges has led to a number of 
interesting excitation effects which are bemg studied 
and Prof Craggs briefly referred also to measure- 
ments of de-iomzation of plasmas, with electron 
densities varying from about 1018 to 1018 per cc, in 
1elation to the recent work of Prof D R Bates and 
Dr A E Kingston in Belfast and Dr R W P 
McWhirter in Harwell 

Dr F D Harrington of the United States Naval 
Research Laboratory proceeded to describe a series of 
time-resolved spectrographs developed and used in 
recent years at that Laboratory. In particular the 
applications mcluded investigations of exploding 
wires and high-velocity luminescent plasmas The 
instruments broadly fall mto three general groups 
(a) the moving film type, (6) the rotating drum type, 
(c) the rotating mirror type Instruments ın the first 
category are somewhat unusual in this respect, at 
least in European studies, and the technical excellence 
of the design and optical work was very apparent 
For example, Dr Harrington described an f6 6 cmé 
high-speed. prismatic spectrograph for use 1n the near 
ultra-violet and visible region with film speeds of 
9 ft /sec and 90 ft /sec giving respectively 460 and 
4,600 frames/sec The resolving power was about 
b A at a wave-length of 4000 A with a dispersion of 
125 A/mm Another strikmg instrument described 
was a rotating drum continuous writing f/2 0 ultra- 
violet spectrograph Expermnents were then described 
on exploding wire spectra for a tame-range 0-10 usec 
and, using a 300-joule condenser discharge 

Dr R Wilson of Harwell spoke on time-resolved 
intensity mvestigation of spectral hnes emitted by 
impurity 1ons in Zeta hydrogen plesmas and concen- 
trated on recent work on interpretation of these 
spectra rather than on the instruments nvolved The 
impurity lines were examined with monochromators 
covering the wave-length range 100-6000 A and most 
of the work fell in the vacuum ultra-violet region 
where the strong lines of highly 1onized 10ns occur 
Dr Wilson stressed that in a plasma of this type in 
which the electron density 1s of the order of 1014 perc e 
at an equivalent temperature of 20 eV , the dominant 
processes are ionization by electron collision and 
radiative recombination, as in the solar corona, and 
this meant a strong departure from thermal equih- 
brium Dr Wilson described recent experiments on 
the transient lifetime for spectral hnes corresponding 
to successive studies of ionization and showed how 
these varied in a partially contamed plasma Data 
were presented for the intensity transients of hnes 
due to Ar I-Ar VII The time duration of the optical 
transients for these different states moreased up to 
Ar VI but thereafter remained, constant, and sımılar 
results were described for O IV, O V and O VI 
Many new spectral lnes, for example, due to Ne VII 
and Ne VIIT, Kr V, Kr VI, Kr VII and Kr VIII and 
Xe V to Xe IX have been identified The contam- 
ment times for many of these highly 1onized states 
have been studied Thus, for example, m certam 
experuments Ar VIII was eontained for about 450 
usec 

Dr R V Wilhams of the Associated Electrical 
Industries Research Laboratories, Aldermaston, 
also described time-resolved spectroscopic work on 
toroidal plasma discharges such as those in the 
apparatus Sceptre 4 Dr Wilhams described the 
range of techniques available at the A E I Labora- 
tories, including multi-channel recording with photo- 
multiphers Experiments have recently been done 
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on Sceptre 4 on radial variations of electron tempera- 
tures. for example, by studymg the 2822 A bne of 
B IV which 1s concentrated near the centre of the 
discharge, and the 2066 A lme of B III was observed 
farther out, that 1s, nearer the tube wall These 
hnes were excited when methane was added to the 
discharge in very small amounts, which are shown to 
have neghgible effect on the overall properties of the 
discharge. Further radial work on the 2271 A 
Ime of C V (C V ıs helium-like) were mentioned 
Various investigations of this kind indicated, for 
example, electron temperatures kT'e of the order of 
20eV Dr Wilhams also mentioned in this connexion 
new work in progress on F V and F VI Imes which 1s 
being carried out again to obtain electron tempera- 
tures Plasma instabilities are bemg detected spectro- 
scopically by examinmg high-frequency intensity 
fluctuations m spectral lines, the frequencies involved. 
he in the range 10-100 ke /see and instabilities occur- 
ring im different parts of the discharge could be 
separately detected by observing limes from ions 
having varying ionization potentials For example, 
the 2781 À hne of O V was used for examimng 
instabilities near the centre of the discharge and the 
second Balmer hne (Dg) for instabilities occurring 
near the wall of the contamung torus Further 
experiments involving the use of two monochroma tors 
so placed that each gave one of a pair of oscillograms 
of a single line, have given some support to recent 
theoretical treatments of plasma instabilities which ` 
mdieate that the latter should be propagated in a 
torus with velocities depending on the magnetic field 
and the plasma pressure, the measured velocities of 
such instabilities agreemg quite well Predicted 
values were about 109 cm /sec 

Dr N J Peacock of the Atomic Weapons Research 
Establishment Plasma Group at Aldermaston de- 
scribed spectroscopic work on the fast pinch discharges 
at that establishment The experiments involve 
rapidly rising axial magnetic fields, electron densities 
of the order 1016 or 10!” pere c and electron tempera- 
tures estimated, for example, from measurements 
of the continuum established ın the wave-length 
region below 20 A as 100 eV o1 higher Time-re- 
solved spectrograms provide evidence 1n support of 
other work with streak cameras and with X-ray and 
neutron emission studies when maximum tempera- 
tures are reached during the second half-cycle of the 
drivmg field Time-resolved spectrograms have 
enabled temporal variations of electron density, 10n 
and electron temperatures and plasma distribution 
to be made on helium discharges and other discharges 
including a few per cent of added impurities Studies 
of Stark-broadened profiles of the He II lme 4686 A 
agree well with Griem’s theoretical work Time- 
resolved spectroscopic work on electron temperature 
and electron density taken for various radial positions 
in the tube enable diffusion-rates of the plasma 
through the contaming field to be estimated Dr 
Peacock also described emission work on deuterium- 
oxygen discharges, for example, m which energy 
balance relations have been studied In this work 
electron temperatures have been estunated from the 
ratios of mtensities of He I and He II bnes and m 
various other ways Dr Peacock showed interesting 
space-resolved spectra for helium and temporal 
variations of 10n density across the discharge showing 
a shell structure 

Mr W W. Schroeder of the National Physical 
Research Laboratory, Council for Scientific and Indus- 
trial Research, Pretoria, described recent developments 
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in photo-eleetrie recording of spectra from transient 
sparks The techniques have been developed 
specifically to improve time-resolved spectroscopic 
analysis of solids, for example, the quantitative 
detection of copper in alummium alloys The con- 
trolled gating of the photo-multiplier proved to be so 
good that special controlled spark sources had to 
be developed and a description of such a source was 
given based on the work of A Bardocz in Hungary 
This source used an air-blasted control gap im series 
with the test gap The jitter proved to be not more 
than 15 mysec over 10’ discharges, and the mmpor- 
tance of ultra-violet llumination of the test gap by 
the control gap was shown to be mmportant 

It was possible to analyse a spectral lme with a 
resolving time of 01 usec The speaker stressed that 
in spectroscopic analysis of this kind time-resolved 
observations might well be of importance m the 
mvestigation of analysis and internal standard ines, 
etc 

Dr. € Breton (Fontenay-aux-Roses) gave an 
account of spectroscopic observations made m that 
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establishment, including the observation of xmpurity 
hnes ın the far ultra-violet ın a toroidal discharge 
and a new technique for the study of lme profiles 
The former work was carried out with a vacuum 
grating spectrograph using seven exit slits, each with 
a separate photomultipher tube Impurity lmnes 
from carbon, oxygen and, nitrogen 10ns were observed 
with a 20 kV. 200 microfarad capacity bank feeding 
toroidal discharges at a pressure of 10- mm of 
mercury Dr Breton described a new and interesting 
technique in which a broadened line profile 1s divided 
into thin slices by the use of successive layers of glass 
fibres some 50u ın diameter to centres of spaces 
approximately 55u apart The assembly 18 used in a 
1-m. focal distance monochromator giving an average 
dispersion of about 3 A /mm 1n the first order and 1n 
the visible region Each fibre corresponds to an mter- 
val of about 015 A and Dr Breton showed curves 
giving temporal variations of the profile of Hp, 
finally, he mentioned experiments on plasma radiation 
and the drift velocity of ions ın a Magnetic mirror 
machine. J D Craces 


ELECTRON SPIN RESONANCE 


N November 2 the Chemical Society held a 

symposium at Queen Mary College, London, 
on electron spm resonance In the first part of 
the symposium there were three papers In an 
introductory paper, Prof H ©  Longuet-Higgms 
outlined the principles of electron spin resonance 
measurements Only paramagnetic substances show 
this phenomenon, which arises from their unpaired 
electrons In a magnetic field the two spin states of a 
single electron are split apart ın energy by virtue of 
the magnetic moment of the electron An oscillating 
magnetic field, applied at right angles to the perman- 
ent field, causes the electron to jump from one of 
these levels to the other if the frequency v of the 
oscillating field satisfies the relationship 


hy = g BH, B = eh/4xmc 


Here H ıs the strength of the permanent field and g 
18 a number which equals 2:0023 for a free electron 
Electron spin resonance measurements acquire their 
mterest from two subsidiary physical effects The 
first of these 1s the so-called hyperfine mteraction, 
which arises when the paramagnetic molecule includes 
magnetic nuclei The value of g then depends on 
the orientation of all the magnetic nuclei, and a series 
of lmes 1s observed rather than a single resonance 
As an example, n equivalent protons will give rise 
ton + 1 hyperfine lines with a bmonual distribution 
of intensity, a single nucleus of spin J (which may be 
3 l, » ete ) will give a set of 27 + 1 equally spaced 
lines of equal intensity The foregomg remarks 
apply to a paramagnetic molecule tumbling over and 
over ın the hquid phase But if the molecule is 
fixed m the external magnetic field, the spectrum may 
be more complicated because of direction-dependent 
mteractions between the electron and the magnetic 
nuclei The directional variation of the spectrum 
may then enable one to identify the orbital ın which 
the odd electron 18 moving 

The other physical effect which provides useful 
information about the nature of the unpaired electrons 


is spm-orbit couplmg An electron with orbital 
angular momentum 1s easier to orientate in some 
directions than m others, and this means that g 
must be regarded not as a pure number but as a tensor 
The axes of the g tensor must comeide with the sym- 
metry axes of the molecule. and certain applications 
of this fact would be discussed later m the sympo- 
sium 

The next paper, by Prof S I Weissman, was 
concerned with line-widths in electron resonance 
spectra The width of a hne 1s inversely proportional 
to the mean life-time of the spm states volved 1n the 
transition Measurements of lme-broadenmg can 
therefore throw light on the rate at which electrons 
are transferred from one molecule to another (assum- 
ing this to be the process which determines the life- 
time) Prof Weissman gave some examples, includ- 
ing the reaction of the naphthalene molecule with its 
negative molecule 10n and the exchange of a sodium 
jon between two naphthalene molecule ions As he 
pointed out, an electron resonance spectrum always 
supplies kmetic information, whether one 18 interested 
in 16 or not 

The third paper, by Prof D J E Ingram, was 
concerned with the structural information which 18 
provided by electron resonance measurements on 
single crystals Prof Ingram classified this mforma- 
tion under three headmgs measurements on the g 
tensor, studies of the hyperfine structure and measure- 
ments of electronic splittimgs (sometimes called zero- 
field splittings) At Southampton he and his col- 
leagues had determined the orientation of the hem 
in groups 1n myoglobin and hemoglobin by examining 
the way m which g varies when the crystal 18 rotated 
in the externally apphed magnetic field In this 
particular case there ıs a very large variation in 9, 
from 2 to 6, so that the orientation of the hems can 
be very accurately determmed In myoglobin there 
are two hams per unit cell and their orientation as 
determined in this way was afterwards confirmed 
by the X-ray work of J C Kendrew An mterest- 
ing molecule ıs hemoglobm azide, where the g 


No 4807 December 16, 1961 


tensor is completely anisotropic J. S. Griffith 
had been able to determine from this tensor the order 
and spacing of the 3d orbitals on the iron atom; this 
order indicates very strongly that the histidme 
group attached to the iron atom ıs ın a plane parallel 
to one of the diagonals of the hem plane 

Information can also be obtamed from the hyper- 
fine sphttings produced by protons or other magnetic 
nucle: These splittings can be correlated with the 
types of group that are present and the angles which 
they make with one another In order to extract 
such information from the data, one must, however, 
make use of molecular orbital theory, and the same 
apples to the sort of mformation which can be 
obtained from measurements of zero-field splittings 

In the second section of the symposium, four papers 
were presented 

The first paper, by J R Bolton and A Carrington, 
was concerned with two topics The first was the 
measurement and mterpretation of the electron spm 
resonance spectra of the negative ions of toluene, 
p-xylene and m-xylene These are of special 1nterest 
because of the degeneracy of the lowest antibonding 
orbitals of benzene This degeneracy 1s removed by 
introducing methyl groups, and one can predict 
from the molecular orbital theory which of the two 
orbitals is hkely to be occupied in the ground-state 
of each 10n. The spectra of these xylenes, and of their 
partially deuterated isotopes, completely confirm 
the theoretical predictions, and in particular the 
hypothesis that the methyl groups repel the additional 
electron 

The other topie discussed by Dr Carrmgton was 
certain remarkable hne-width alternation effects 
which occur in the electron spm resonance spectra 
of the durosemiquinone positive ion and in the 
positive ion of 5,8-dihydroxy-1,4-naphthasemuquin- 
one. This effect is almost certamly due to co-trans 
isomerization proceeding at a rate comparable with 
the separation (in cycles/sec ) between the hyperfine 
lines in the resonance spectra Dr Carrmgton also 
directed attention to the possibility of determining 
the signs of hyperfine mteraction constants by study- 
ing the variation of hne width as one proceeds from 
one end of a spectrum to the other 

In the next paper Dr E A C. Lucken described 
experiments on various substituted »-benzosem1- 
quinones and polynuclear aromatic qumones He 
used these measurements m attempting to evaluate 
coulomb integrals and resonance integrals for 
the various types of atoms and bonds These 


THE HEALTH 


"qus total number of seafarers on ships other than 
those engaged m coastal tradmg 18 in the region 
of 750,000 They form a definte community the 
members of which are hnked together by mutual 
interest—and health hazards—at least as closely 
linked as they aro to their parent countries Although 
much has already been done to improve their working 
conditions and health standards, much remains to be 
done In 1959 the World Health Organization 
undertook a study of the whole problem of the health 
of seafarers. As a prelimmary fact-finding step, the 
World Health Orgamzation Regional Office for 
Europe convened a conference at which ıt became 
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attempts were not altogether successful, but Dr 
Lucken claimed that his experments could be mter- 
preted by supposing that the methyl group produced 
an inductive effect, but did not enter mto hypercon- 
Jugat:on In the subsequent discussion, Dr Carring- 
ton said that he, J R Bolton and A. D McLachlan 
had obtained strong evidence for hyperconjugation— 
at least m hydrocarbon cations—from expermments 
on the positive and negative 10ns of anthracene and 
its 9-methyl and 9,10-dimethyl derivatives 

Prof M C R Symons then gave a lecture on the 
use of electron resonance m identifying the products 
of radiation damage in some inorganic oxy-salts Ag 
Prof Symons pointed out, such work can provide 
interesting information about the closed-shell species 
from which the paramagnetic radicals or radical 10ns 
are derived He illustrated this remark with reference 
to the manganate and hypomanganate ions which 
result from the addition of one or two electrons to 
MnO, Work on damaged crystals 18, however, 
often complicated by the difficulty of identifying the 
products, especially if the common isotopes of the 
nucle: have no magnetic moment Nevertheless, 
mn some cases 1t may be possible to argue by analogy, 
as in the series CIO, SO,, PO,- Prof Symons 
described some prehmmary work on the oxyions of 
chlorine, nitrogen and sulphur, and offered an explana- 
tion for some apparent discrepancies between the 
results of various authors who had studied the 
NO, molecule m different environments 

The final paper m the symposium was given by 
J R Morton When a crystal of r-alanine 18 radi- 
ated with y-rays the radical CH,CHCO,H 1s produced 
The electron spm resonance spectrum of this radical 
shows hyperfine structure which varies with the 
orientation of the crystal and also changes markedly 
when the crystal 1s cooled to 77? K It is possible to 
analyse this spectrum fully and to obtam the hyper- 
fine coupling tensors for the CH proton and the 
three protons of the CH; group The radical 1s found 
to be planar, with a CH,—C—H angle of 121 + 3° 
The spectra at 77° K indieate that the methyl group 
has ceased to rotate at that temperature, and an 
estimate of the height of the rotation barrer can be 
obtamed from the spectra at mtermediate tempera- 
tures 

At the end of the meeting Dr D H Whiffen 
proposed a vote of thanks to Prof K. W Sykes for 
arrangmg the symposium and to Queen Mary College, 
London. for generous hospitality 

H C Lonever-Hicerms 


OF SEAFARERS 


clear that not enough was known of the health 
problems of seafarers or of the health services avail- 
able to them. Following this conference, a question- 
naire was drawn up by the Organization in consulta- 
tion with the International Labour Organization and 
circulated to member States The next step was to 
appoint a consultant to visit some of the major 
ports to analyse the problem in those ports where 
services were already in bemg and to supplement, 
where necessary, the mformation given in replies to 
the questionnaire The ports visited were Liverpool, 
London, Marseilles, Athens, Alexandria, Bombay, 
Smgapore, Manila, Hong Kong, Tokyo, San Fran- 
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cisco, Montreal, Helemki, Gothenburg and Hamburg 
The findings of this vestigation were reported to a 
Jomt Commuttee on the Hygiene of Seafarers, set 
up by the two Organizations, that met in Geneva 
durmg May 1-4, and are reported in a recent issue 
of the WHO Chromele (15, No 10, October 1961). 

There seems to be general agreement that certam 
complaints occur more often than others, such as 
diseases of the gastro-intestmal tract, cardiovascular 
diseases, skin diseases, mental disorders, venereal 
diseases, tuberculosis and dental complaints The 
accident-rate 1s high. Owing to the lack of com- 
parative morbidity statistics 1t 18 difficult to ascertam 
whether accidents and these diseases occur more 
frequently among seamen than among male groups 
with the same age distribution m the general popula- 
tion. ‘There ıs also some national bias m disease 
ineidence —Venereal disease and tuberculosis remain 
common causes of incapacity in some of the develop- 
ing countries, whereas mental disorders are more 
common in some of the developed countries There 
ig little mformation about the number of deaths 
occurring among seafarers, but accidents seem to be 
the commonest cause, accounting for more than 50 
per cent of all deaths m the merchant service in some 
countries 

In cortam countries there are no special hospital 
or clinic facilities at all for seafarers ashore In these 
countries seafarers are referred to the general hospital 
or private medical care facilities ava lable to the 
public In the United Kingdom, Norway and Sweden, 
there are a few special clinics and hospitals based on 
some major ports and organized by the shipping 
compames and local authorities acting separately 
or in conjunction Finally, there are a few countries 
which provide free medical care for seafarers as & 
special class, in the United States and Canada through 
the public health service, in Israel by a private 
company, ın Japan by the Seamen’s Insurance 
Association In all cases, continuity of treatment 
from port to port or port to ship 18 poor 

Some Governments have no definite regulations 
regarding the provision of a ship’s doctor Most 
stipulate a physician if there are more than 100 
persons aboard, and many a nurse or nurses also if 
passengers and crew exceed a given number A few 
countries require & doctor for less than 100 persons 
When, for any reason, no physician 18 available, 
medical care 1s provided by the master or chief 
officer, occasionally by another designated officer 
or by & nurse, in many countries the responsible 
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individual is grven special training for the work, 
though such traming 1s not always of a high standard 
The ships of most countries must carry a medical 
guide and a medical chest, but the standards of 
equipment and inspection are sometimes inadequate 
Some States have no form of health insurance, either 
for the general publie or the seafarer , 1n others, health 
insurance 18 meluded ın a comprehensive scheme In 
some cases there are special compulsory arrangements 
for seafarers 

Despite the defects reported and the apparent 
chaos of national regulations and facilities, much 
has been done to ensure certain mmimum standards 
A great deal of useful work 1s done by the Red Cross 
and other voluntary bodies and by the shipping 
industry itself 

Several conventions &nd recommendations con- 
cerning the health of seafarers have been established 
by the International Labour Organization These 
deal with medical examinations, medicme chests, 
medical advice by radio at sea, social security and 
sickness insurance, and can be extremely helpful to 
countries developing their health services for sea- 
farers Not all these conventions and recommenda- 
tions have been universally adopted, or fully 1mple- 
mented where they have been adopted 

A good deal can be done towards the prevention of 
myuries and disease on board ship Attention to 
design and to hghting at strategic pomts will help to 
lumut accidents, mstruction on the composition and 
preparation of food ıs mmportant to prevent gastro- 
intestanal disease, and periodic medical reviews have 
their place in the prophylaxis of mental illness, dental 
disease, venereal disease and tuberculosis The 
development of a system to produce reliable statistical 
data to fill existing gaps ın the morbidity and mor- 
tality statistics on seafarers would be helpful m 
deciding what type of medical organization should 
be set up for them on an mternational basis 

There 13 also the question of hazards on nuclear- 
powered ships Few of these vessels are in commission 
at present, but there will be many more ‘The point 
at issue 1s not the danger to the public from a major 
accident, but the specific risks to the crew — It 15 essen- 
tial to have a skilled man acting as radioactivity 
monitor, and protective clothmg should be available 
for all crews Periodic examinations for signs of 
radiation sickness are as necessary as at nuclear 
plants ashore All nuclear-powered ships should be 
clearly marked so as to be easily identifiable in case of 
collision or other accident 
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EFFECT OF MECHANICAL STRESS ON SOME SOLID-STATE 
POLYMERIZATIONS 


By Da, C H. BAMFORD, Dr G C EASTMOND and Da J. C WARD 


Research Laboratory, Courtaulds, Ltd., Maidenhead, Berks 


OR some time workers m the field of free-radical 

reactions in the solid state have suspected that 
an important part of any mechamsm will mvolve 
crystal imperfections and annealmg processeg!-* 
In this case ıt might be expected that mechanical 
stresses would exert a noticeable effect on the course 
of the reaction According to Adler’s views!^, 
based on different considerations, a compressive 


stress would lead to an increase 1n the rate of reaction, 
since 15 would tend to reduce the stram-energy at the 
monomer-polymer interface!, polymerization usually 
beimg associated with a decrease in volume 

We have been examming the polymerization of 
crystalline acrylic and methacrylic acids (mp 
12 5? C and 16° C respectively), initiated by ultra- 
violet light, and hope to report on recent work 
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shortly The purpose of this communication 1s to 
record some novel observations 

Ihe specimens used were ın the form of thin layers 
of non-overlapping crystals, approximately 10u thick, 
formed by allowing degassed monomer to freeze in 
the narrow gap between a flat silica disk and a glass 
microscope coverslip The monomer samples had a 
water content of less than 0 02 per cent The crystals 
were formed and contained imn a cell fitted with a 
quartz window and with provision for evacuation and 
cooling | By the compression of springs suitably 
located within the cell an even mechanical pressure 
of about 50 Ib /sq m could be applied. normal to the 
layer of crystals, at any stage of the reaction, without 
disturbing the sealing of the cell The specimens 
were irradiated by ultra-violet hght from a high- 
pressure mercury lamp, the cell bemg situated in a 
thermostat tank at 4° C 

The course of the reaction was followed by observing 
the crystal birefrmgence, which decreased during 
irradiation A plot of birefrmgence against time was 
sigmoid in shape, showing marked autocatalysis for 
both monomers No effects other than the decrease 
in birefrmgence were observed, at least in the early 
stages of reaction The occurrence of polymerization 
was confirmed by raising the temperature above the 
meltmg point of the monomer, when polymeric 
pseudomorphs of the orginal crystals could be 
seen 

In the absence of pressure extensive polymerization 
of crystalline acrylic acid, dicated by a complete 
loss of birefringence and absence of hquid formation 
on warming, was achieved after 10 hr irradiation 
In otherwise identical experiments m which the com- 
pressive stress was applied throughout, only a trace 
of polymer was formed after 20 hr irradiation, 
further, observation of the birefrmgence durmg this 
time showed a small decrease m the initial stage with 
no subsequent change throughout the time of 1rradia- 
tion (Fig 1l, curve a). 

Fig 1, curve b, shows the effect of application of 
stress during irradiation The crystals of acrylic acid 
had been irradiated without stress for 5 hr , applica- 
tion of compressrve stress then caused complete 
cessation in the decay of birefringence When this 
stress was afterwards removed the reaction started 
again, bemg preceded by an induction period similar 
to that observed initially 

Methacrylice acid crystals behaved in an analogous 
way, with differences m detail When pressure was 
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Fig 1 Polymerization of acrylic acid crystals at 4° C in ultra- 

violet radiation (a) Stress applied throughout period of irradia- 

tion, (b) stress applied at A, released at B, —— —, normal course 
of reaction without stress 
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Fig 2 Polymerization of methacrylic acid crystals at 4° C in 

ultra-violet radiation (a) Stress apphed throughout period of 

irradiation, (b) stress applied at 4, released at B, ——-, normal 
course of reaction without stress 


apphed at the beginning of irradiation the course 
of the reaction followed that without pressure for 
about 4 hr, but the rate of decay of birefringence 
then declmed and complete loss of birefrmgence was 
only achieved after a period of inadiation exceeding 
24hr Inthe absence of pressure complete conversion. 
18 attained 1n a much shorter time (Fig 2, curve a). 

Appheation of stress to methacrylic acid crystals 
during irradiation, at a conversion of about 50 per 
cent, caused a marked and progressive reduction in 
the 1ate of loss of birefrmgence (Fig 2, curve b), which 
eventually fell to an extremely small value Removal 
of the stress pioduced an immediate acceleration 
There was some mdication that the effect of pressure 
was anisotropic, different crystal aspects being 
affected to different extents 

These results show that mechanical stress can 
have a large effect on the photopolymerization of 
crystals of these acids The pressures used in this 
woik are relatively very small—about two orders of 
magnitude less than those required to affect some 
solid-state phenomena* In this connexion it 1s 
relevant to note that the reaction temperature was 
not far removed from the meltmg points, acrylic acid, 
which shows the greatest effect of pressure, was 
85 deg C below the melting pomt, compared with 
12 deg C for methacrylic acid. Further, ıt 18 appar- 
ently necessary for some polymer to be formed before 
the sensitivity to pressure 1s developed 

There appear to be three mam types of explanation 
which can be advanced to account for these results 
Hirst, a macroscopic second phase—liquid or vapour— 
may be necessary for polymerization, for example, 
situated initially between the crystal and the bound- 
ary surface, this could be 1emoved by the application 
of pressure, which might ‘squeeze out’ the second 
phase, or cause 1t to freeze When the specimens 
were prepared the liquid was seen to freeze com- 
pletely, the crystals growing in contact with both 
boundary surfaces, and no evidence for the existence 
of such a second phase was ever observed Further, 
the effect of pressure on the freezing poimts of these 
acids 18 small, of the order of 1 deg C for 100 atm 
Secondly, the pressure might remove imperfections, 
for example dislocations, which are the sites of 
initiation and propagation This process might be 
considered as a sub-microscopic analogue of that 
deseribed here and would reduce the mobility of the 
molecules below the lmutmg value required for 
polymerization Hither of the above explanations 
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would imply that polymerization occurs ın regions 
where there are discontinuities in preference to the 
perfect lattice Thirdly, one might suppose that 
applied stress produces (rather than destroys) 
imperfeetions?, which trap propagating radicals and 
reduce the rate of polymerization However, the 
polymer produced itself constitutes an imperfection 
in the crystal, and since the reaction 1s autocatalytic 
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one might argue that, in fact, mmperfections facilitate 
the reaction 
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SPECIFIC PARTIAL HYDROLYSIS OF NUCLEIC ACIDS IN 
NUCLEOTIDE SEQUENCE STUDIES 


By Dr. D W VERWOERD, Dr. H KOHLHAGE and Dg. W. ZILLIG 


Max Planck Institute for Biochemistry, Munich 


HE specific partial hydrolysis of the nucleic acid 
chain 1s one of the main problems confronting the 

mvestigator working on the sequential analysis of 
the nucleotides m nucleic acids A method for the 
stepwise degradation of the chain, proceeding from 
one end and combming enzymatic and chemical 
procedures, has been developed by Whitfeld! and 
was recently ımpıoved by Zamecnik? and Cohn? 
Though ıt can be apphed successfully to end-group 
analysis or to the analysis of short-chain fragments, 
the method has the same disadvantages as purely 
enzymatic procedures, namely, insufficient specrficity 
and non-quantitative yields These factors impose a 
lmit of a few sequences 

Up to the present, only methods of enzymatic 
nature have been available for the specific partial 
hydrolysis of the nucleic acid chain, such as treatment 
with pancreatic ribonuclease (RNase) and with the 
ribonucleases specific for adenylic and guanyhoe acids 
isolated by Egamit We therefore mvestigated the 
possibility of modifying nucleic acids by chemical 
means 1n order either to achieve a chemical hydrolysis 
or to modify the known enzymatic degradations 
Chemical hydrolysis would be made possible if the 
B-elimination principle described by Linstead’ could 
be applied Modification of the mode of action of 
pancreatic RNase would result if either of the two 
main pyrimidine bases in ribonucleic acid (RNA) 
could be removed or changed in such a way that 
RNase would no longer attack the adjacent 3". 
phosphodiester bonds 

By this approach one would expect to obtain optim- 
ally three or four different hydrolytic procedures 
yielding fragments of rather small length with over- 
lapping sequences Since nucleic acid chains, often 
consisting of thousands of nucleotides, contain virtu- 
ally only four different bases, ıt would, however, 
still be umpossible to reconstitute the full sequence 
of a long chain, unless additional methods are devised 
for obtaming larger fragments 

With this in mind we have investigated the reaction 
of hydrazine and hydroxylamine with RNA and its 
constituents 

Levine and Bass5 first described the reaction of 
hydrazine with pyrimidine nucleotides They demon- 
strated a splitting of the ring m uridylie acid with the 
formation of free pyiazolone and a urea residue 
attached to the ribose Whtzel’ used this reaction to 
prepare nucleoside 5'-phosphates from dimucleoside 
monophosphates contaimmg uridine 3’-phosphate by 


degrading the uracil, removing the urea residue by 
weak acid hydrolysis and cleaving the resulting 
B-carbonyl phosphoric ester by alkaline hydrolysis 

In a kinetic exammation of the reaction of hydrazine 
with the four common nucleotides of RNA at different 
pH values and temperatures, we found, however, 
that ıt attacks both uxidyhe and eytidyhe acids to 
such an extent that 1t 1s impossible to obtam a 
sufficiently specific degradation of either of them. 

The work of H Schuster on mactivation by 
hydroxylamine of biologically active nucleic acids 
turned our attention to this reagent, which has 
recently been used extensively as a mutagenic 
agent*? Prelmmary mvestigations of the reaction 
kmmetics in our laboratory soon proved the superiority 
of hydroxylamme to hydrazine for our purpose 

A salt-free aqueous solution of hydroxylamine in 
concentrations of 3-10 molar was incubated at dif- 
ferent temperatures and pH values with the common 
nucleotides, nucleosides and corresponding bases 
Reaction-rates were followed spectrophotometrically 
after electrophoretic separation of the reaction 
products No reaction was found m the case of 
adenme and its derivatives, whereas those of guanine 
and thymine reacted only very slowly under our 
experimental conditions 

Both uracil and cytosine nucleotides and nucleo- 
sides are attacked, but the free bases react much 
more slowly The dependence on 9H of the reaction- 
rates of the groups differ appreciably The pH 
optimum for the reaction with uridylic acid lies at 
pH 10 1, whereas that for cytidylic aedis 61 Fig 1 
gives the reaction-rates, as measured by percentage of 
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Fig 1 Dependance of rate of reaction of 6 M aqueous hydroxyl- 

amine with 2’,3’-uridylie acid (U) and 2’,3’-cytidylic acid (C) 

Reaction-rate measured as percentage of decrease of extinction in 
10 mm during the initial reaction phase 
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decrease of extinction durmg a 10-min interval ın 
pa hnear phase of the reaction, as a function of the 
p 

This curve clearly mdicates a possibility of degrad- 
ing cytidylic acid or uridylic acid selectively by con- 
trolling the pH. This possibility 18, however, Immited 
at pH 100, where cytidylic acid still reacts to some 
extent Furthermore, when applied to nucleic acids, 
this pH. leads to a slow alkalme hydrolysis of the 
chain of about 1 per cent per hr In order to investi- 
gate the possibility of mcreasing the specificity of 
the reaction, and to evaluate the extent to which 
RNase action would be modified, an mvestigation of 
the chemical nature of the reaction and the reaction 
products was conducted 


Reaction of Uridylic acid and Uridine with 
Hydroxylamine 


The rate of the reaction 1s directly proportional to 
the concentration of hydroxylamine m the range of 
concentrations investigated Under our conditions, 
the reaction kmetics corresponded to those of a 
pseudo first-order reaction Products of the reaction 
were separated electrophoretically and consisted 
mainly of urea, ribose oxime or 1ts phosphate and an 
unknown substance with strong ultra-violet absorp- 
tion Urea and ribose oxime were identified by com- 
parmg the chromatographic and electrophoretic 
behaviour with standards The other product was 
identified as isoxazolone-5, a substance of which only 
derivatives were known hitherto Its structure 1s 
based on the followmg data. The electrophoretic 
mobihty and potentiometric titration curve indicate 
an acid with pK near 34 ‘The substance 1s stable 
only in the anionic form and decomposes rapidly in 
acid to form a variety of products, among others a 
hydroxamue acid The ultra-violet spectrum 1s in 
agreement with the proposed structure, with an 
absorption peak at 247 my and a specific extmetion 
of 79 x 10-3 at pH 130 Catalytic hydrogenation 
with Raney nickel or platinum (Pt[H,]) yields 
8-alanme, ruling out the possible alternative con- 
figuration of isoxazolone-3, which would have given 
8-hydroxypropionie acid amide. Finally, the sub- 
stance was synthesized from both! the sodium salt 
and the oxime of formyl acetic ester and from pro- 
polic acid ethyl ester by reaction with hydroxylamine 
(Fig 2) 
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Fig 2 Synthesis and reactions of 180xazolone-5 


The synthetic product was identical in electro- 
phoretic behaviour to the uridylic acid derivative; 
it also yielded B-alanine on hydrogenation and the acid 
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breakdown products from both were chromato- 
graphically identical in four different solvent systems 

Tho reaction can be formulated 1n terms of a nucleo- 
phylic attack by the hydroxylamme nitrogen on the 
electrophyhle C(4), or by the oxygen on C(6), followed 
by a cyclization and the formation of 1soxazolone-5 
and elimination of urea riboside or its phosphate 
from which the urea 18 displaced by another molecule 
of hydroxylamine (Fig 3) 
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Fig 3 Reaction of hydroxylamine with uridine and uridylic acid 7] 


The substitution of the N(3) atom m nucleosides 
and nucleotides would weaken its basic character, 
thereby mcreasing the susceptibility of C(4) or (6) to 
nucleophilic attack This would explam why uracil 
reacts only very slowly The slow-down of the 
reaction above pH. 10 0 ıs probably due to the dis- 
sociation of the first hydroxyl group of uracil at 
pH95 In the case of isocytosine, where the basicity 
of the rmg is decreased, the rate of reaction with 
hydroxylamme ıs accelerated to such an extent that 
the free base reacts comparably to uridylic acid, also 
yielding 1soxazolone-5 


Reaction of Cytidylic acid and Cytidine with 
Hydroxylamine 


The ultra-violet extinction of cytidylic acid 1s 
obliterated withi 90 mim by treatment with 
hydroxylamine at the optimum pH of 6 0 Electro- 
phoretic separation of this mixture at pH 3 5, how- 
ever, yields mainly a strong ultra-violet absorbing 
band with a mobility between that of guanylic and 
uridylic acids This substance was isolated by pre- 
parative electrophoresis on a ‘Sephadex’ block, puri- 
fied on a ‘Dowex-50’ column, crystallized and identi- 
fied as uridylic acid-6-oxime The ultra-violet 
spectrum. corresponds to that obtamed by Fox and 
Bendich”, being sumilar to that of cytidylic acid m the 
acid region with a peak at 278 my, which disappears 
at neutral pH Electrophoretic mobility mdicates a 
compound with a negative charge between that of 
uridylie and cytidylic acids at pH 3 5 and contaming 
ribose and phosphate On hydrolysis m 1 N hydro- 
chlorie acid for 1 hr at 100? C, the substance yields 
uridylic acid, which was identified by electrophoretic 
and chromatographic comparison with a reference, 
as well as hydroxylamme ‘The uridyliec acid 6-0ximo 
was found to be relatively stable, bemg hydrolysed 
only very slowly ın acid or alkali at 37° C 

The mitial disappearance of the ultra-violet extinc- 
tion at pH 6 0 dicated that the uridylic acid 6-0xime 
was a secondary product and that some intermediate 
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is volved This intermediate was paitially pumfied 
by electrophoresis at pH 6 0 and could be converted 
quantitatively mto uridylic acid 6-oxime by 1ncubat- 
mg in N/10 hydrochloric acid in a boiling water-bath 
for a few minutes Bautz and Freese" also iecently 
observed this reappearance of the ultra-violet extinc- 
tion after hydroxylamine treatment of cytidylic acid, 
but thought 16 was due to reconversion to cytidylic 
acid itself 

In the presence of an excess of hydroxylamine the 
intermediate 1s degraded at pH. values above neutral, 
possibly by a similar mechanism to that of uridylhe 
acid breakdown, because two identical end products 
giving a positive hydroxamic acid reaction with ferric 
chloride reagent are found No equivalent hetero- 
cyclic intermediate could, however, be isolated An 
analysis of the intermediate yielded a nitrogen/ 
phosphorus ratio of 393 1 An assumption that 
hydroxylamine was added to the 1,6 double bond of 
cytidylic acid yielding. 6-hydroximino-1,6-dihydro- 
cytidylic acid, could explain the spectrophotometric 
observations and was apparently supported by the 
demonstration of ammonia, later found to be a con- 
taminant, in the acid degradation product It was not, 
however, ın accordance with the Pullmans’ calcula- 
tion that the C(4) would be the most reactive centre 
in this reaction??, and neither could it explain the 
anomaly between. the reaction of hydroxylamine with 
cytidine monophosphate and with RNA (see below) 

Evidence was obtamed by Brown" that two mole- 
cules of hydroxylamine take part in the reaction and 
that the 4,5 double bond disappears This indicated 
a two-stage reaction with an initial addition of 
hydroxylamine to the double bond followed by 
substitution of the amino group by a second molecule 
of hydroxylamine Further supporting evidence for 
this hypothesis was obtained m our laboratory by 
demonstratmg electrophoretically the formation of 
ammonia in the reaction yielding the mtermediate, 
and of free hydroxylamine durimg the conversion 
of intermediate to oxime ‘The reactions described 
are summarized in Fig 4 
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Fig 4 Reactions of cytosine and cytidylic acid with hydroxyl- 
amine 


Application of the Hydroxylamine Reaction to RNA 


Preliminary results mndicating the appheabihty of 
the reaction to nucleic acids can be reported Exper- 
ments were performed on ribosomal ribonucleic acid 
from Escherichia col, under strict pH control at 
pH. 10 and 6 with 6 M hydroxylamine at 37°C After 
completion of the reaction, the RNA was precipitated 
with perchloric acid and parallel samples hydrolysed 
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m alkali and pancreatic ribonuclease respectively 
Mono- and. oligo-nucleotides were separated electro- 
phoretically on ‘Sephadex G 75° 

At both pH. values the overall reaction-rate was 
slower with RNA than with mononucleotides, pro- 
bably due to the secondary structure of the RNA 
The specificity remains the same, mainly the uridylic 
acid residue bemg degraded at pH 10, although a 
certain amount of eytidyhne acid breakdown also 
occurs In the RNase hydrolysate after pH 10 treat- 
ment, virtually all the uracil monophosphate dis- 
appears That RNase does not hydrolyse the cham 
at the sites where uracil has been removed ıs more 
conclusively shown by the marked decrease of cytidine 
monophosphate as well as of oligonucleotides with 
electrophoretic mobilities near those with uridylic 
acid end-groups in untreated RNA hydrolysates 
During incubation at pH 10 for 3 br , about 5 per cent 
of the RNA becomes soluble in acid, mdicating non- 
specific alkaline hydrolysis and possibly some hydro- 
lysis caused by a 8-elamimation reaction 

At pH 60 essentially comparable results were 
obtained, oligonucleotides with cytidme monophos- 
phate end-groups dimimishmg markedly and cytidine 
monophosphate disappearing from the hydrolysate 
The alkaline hydrolysate of the same material showed 
no decrease in cytidine monophosphate content, 
however This can be explained by assuming that 
secondary structure bonding peimits only the addition 
of the first hydroxylamine molecule to the 4,5 double 
bond of the uracil residue, thereby changing 
its aromatic character and inhibiting the RNase 
action The first-stage intermediate thus formed is 
then reconverted to cytidylic acid during the alkaline 
incubation This reconversion could not be obtained 
with mononucleotides, indicating that the second 
stage of the reaction, the substitution at C(6), is 
irreversible 

The results of this investigation indicate that ıb 1s 
possible to modify nucleic acids by chemical means in 
such a way that a defined enzymic partial hydrolysis 
different from, and of higher specificity than, that 
obtained without the treatment becomes feasible 

The foundation for the development of a chemical 
partial hydrolysis procedure on the §-elimination 
principle has also been laid This could be achieved, 
for example, by adding a suitable amine durmg the 
reaction of nucleic acid and hydroxylamine at pH 10 

The specificity of the reaction, especially at pH 
10 0, must still be mmproved The investigation of 
the reaction of hydroxylamine with nucleic acid, 
and the possible ways of effecting partial hydrolysis 
of the product, has only started and 1s bemg con- 
tinued 

We acknowledge the support and interest of Prof 
A Butenandt, in whose laboratory this work was 
performed Thanks are due to Dr H Schuster for 
stimulating discussions 
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FERROMAGNETIC INCLUSIONS IN NUCLEIC ACID SAMPLES 
By W. M WALSH, jun., R. G. SHULMAN* and R. D. HEIDENREICH 


Bell Telephone Laboratories, Inc , Murray Hill, New Jersey 


ROAD, occasionally very intense, magnetic reson- 
ance absorption signals have been observed in 

a wide variety of preparations of nucleic acids*-* 
The origin of these signals has not been specified, 
though it has been mferred that large numbers of 
unpaired electron spms (as many as 10*! spms/gm 
in some cases) are inherently present m these and 
certain other organic structures of high molecular 
weight A critical point 1n these arguments has been 
the purported absence of morganic, magnetic mpuri- 
ties m quantities sufficient to explam the observed 
resonance intensities 

Recently ıt has been found that samples yielding 
electron-spin resonance spectra similar to certem of 
those reported earher exhibit ferromagnetic rather 
than paramagnetic behaviour’ The possibility that 
ihe resonance depends critically on the existence of a 
polymeric organic structure has been disproved since 
denaturation of deoxyribonucleic acid (DNA)* or 
even heating well above the charring pomt does not 
destroy the electron-spm resonance signal? Further- 
more, trace quantities of iron, tbe domment iron- 
group impurity, have been found m amounts sufficient 
to explain the observed magnetism if ıt is assumed, 
that the magnetic 1ons are present as concentrated 
ferromagnetic aggregates rather than as disperse 
paramagnetic centres? We now wish to summarize 
a series of subsequent experrments which confirm 
this hypothesis and. which permit a good guess as to 
the specific iron compound involved as wel' as its 
origin 

The generality of the phenomenon has been estab- 
lished by examination of ə large number of nucleic 
acid samples as indicated by Table 1 Though a 
variety of signal shepes have been reported we are 
here concerned only with the (m our experience) 
dominant and well-defined. absorption hne character- 
ized at room temperature by a maximum at g = 
071444 f/H = 215-225 (f 1s the frequency of 
observation in Mc/s, H, the field for maximum 
absorption in gauss) and a width between points of 
largest slope of AH ~ 1,000-1,500 gauss Though 
both g and AH increase appreciably m magnitude as 
the temporature 1s decreased the intensity of the reson- 
ance remains constant within experimental error 
from 300° K down to 20° K at least 

The ferromagnetic nature of the phenomenon has 
been confirmed m the case of the three most strongly 
magnetic samples by demonstration of remanent 
moments and coercive forces’ The static magnetic 
moments of these samples also proved independent 
of applied field and ambient temperature over wide 
ranges as expected Quantitative comparisons 
between the electron-spm resonance intensities and 
the static moments gave agreement withm the 
experimental errors Such comparisons for two DNA 
samples are shown 1n Table 2 

The number of unpaired spins responsible for an 
observed electron-spm resonance signal depends on 
whether the spins are paramagnetic or ferromagnetic 
The ratio of these spin concentrations 1S 


* Present address Department of Theoretical Chemistry, Univer- 
sity of Cambridge 


Npara || 3ET S” 
Nferro gBH, S(S + 1) 
in which k 1s the Boltzmann constant, T the tempera- 


ture, g the observed g-factor, B the Bohr magneton, 
H, the magnetic field, S’ the electron spm in the 





- ferromagnetic state and S the spm m the paramagnetic 


state For S’ = 2 and S = 1/2 this ratio 1s shghtly 
larger than 4,000 for experiments performed at 
300° K with 11 7-kMe /s microwaves The intensity 
of the nucleic acid absorption signal has been com- 
pared with that due to a known concentration of 
paramagnetic ions in a diamagnetic host (1 per cent 
Ni m KMgF,) ın order to calculate the number of 
paramagnetic spms (S = 1/2) required to produce 
an equivalent electron-spm resonance absorption 
The comparison can, of course, only be made at a 
particular temperature, 300° K bemg chosen in the 
present work A rough indication of these equivalent 
spin densities 18 grven ın Table 1 More exact numbers 
are shown for the two strongly magnetic samples in 
Table 2, as are ferromagnetic spm densities (S" = 2) 
calculated on the basis of the formula given above 
Identification of iron as the most likely source of 
the observed ferromagnetism had been established 
by X-ray fluorescence analysis (see also ref 4) In 
Table 2 we present the results of a quantitative analy- 
sis of the amount of iron 1n these samples which was 
not removed by treatment with versene ‘The concen- 
tration of iron 18 much larger than Nferro Lack of 
numerical agreement between tho two sets of numbers 
18 not an argument against morganic iron compounds 
as the source of the ferromagnetism sinee the excess 
iron ean be accounted for in a number of ways, some 


of which are mentioned later 
Table 1. SAMPLES EXAMINED WITH ELEOTRON-SPIN RESONANCE 
TECHNIQUES 
The intensity refers to a specific absorption line deseribed 1n the text. 
The criteria, strong, medium, weak, and very weak, correspond crudely 
to more than 1029, 102°-10!*, 101?—1015, less than 10!* equivalent para- 
magnetic electron spins (S = 1/2)/gm at room temperatis s 


Sample ; Source intensity 
Herring sperm DNA Nutritional Biochemical strong 
Salmon sperm DNA California Corp for Bio Res. medium. 
Calf thymus DNA ZI Sigma Chemical Co weak 
y a » ZII 2 » 0s strong 
a> 33 »2 LII »» 3? 3 strong 
» E , W593 Worthington Biochem weak 
» n » W594 » T weak 
as a 15 W595 " »s very weak 
és i » SE Dr L Cavalier, Sloan- 
Kettering Institute weak 
Tetranucleotide DNA Prof A Rich, MIT medium 
Yeast RNA M Mann Biochemical weak 
E" »» d Schwartz Biochemical weak 
Aerobacler aerogenes RNA Prof A Bach, MIT weak 
Bacteriophage (772) Prof E Lennox, N Y U 
Bellevue weak* 
Salmon sperm heads Dr N Simmons, UCLA weak * 


* See text for qualifications 


Table 2 CoMPARISON OF SPIN RESONANCE, STATIO MAGNETIO 
MOMENT AND IRON ASSAYS OF TWO STRONGLY FERROMAGNETIO 
SAMPLES OF DNA 
All listed quantities are per gm of nominally dry material 
Sample method Herring sperm DNA Calf thymus DNA ce, 
Electron-spin 9 x 107? para S = 1/2 16 x 10% para S = 1 2 
sonne 99 x 107 ferro S’ = 2 38 x 10% ferro S = 2 


Static magnetic 14 x 10% para S = 1/2 6 x 10° para S = 1/2 
omeni 34 x 1017 ferro S = 2 14 x 10°’ ferro S = 2 
Bound iron 0 048 weight percent — 0 049 weight per cent 


5 x 10!5 atoms 5 x 105 atoms 
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Since the existence of the iron in a separate, 
probably inorganic phase was suspected, several 
samples were examined by electron microscopy 
Dense platelets were found rather randomly embedded 
in groups of DNA molecules (Fig 1) (I Isenberg 
has also observed such inorganic inclusions m pro- 
tamine nucleate by electron mucroscopy—private 
communication) The diffraction pattern of the 
platelets definitely identifies them as single crystals 
of inorganic compounds (Fig 2) though no chemical 
identification was possible from these discrete Laue 
patterns taken in arbitrary crystal directions The 
relative number densities and average sizes of these 
melusions (~ 1000 A maximum hnear dimension) 
correlates quite well with the relative levels of 
magnetism found. It has not been possible to remove 
the platelets by simple filtration of water solutions, 
filtration after ultrasonic agitation or centrifugation 
A variety of quite large morganic crystallites were 
brought down by centrifugation and filtration, some 
of these even proving quite strongly magnetic, how- 
ever, the intensity of the electron-spin resonance 
signal in the supernatant DNA and the occluded 
platelet count were not appreciably changed It 
appears that the embedded inorganie particles are 
tightly bound to the surrounding nucleic acid mole- 
cules which serve to protect the particles from chem1- 
cal attack and drag the nucleic acid ‘shroud’ with 
them when mechanical separation 1s attempted 





Fig 1 Electron micrograph (80 keV ) of a nucleic acid sample 
(calf thymus II) showing crystalline inorganic inclusions in 
groups of DNA molecules 
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Fig 2 
à group of crystalline inclusions similar to those shown in Fig 1 


Selected area electron diffraction pattern (80 keV ) from 


Failure to identify the chemical composition of 
the occluded platelets by electron diffraction and to 
separate it from its host DNA for chemical analysis 
led to attempts at magnetic identification The 
electron-spin resonance signal of a DNA sample 
(calf thymus XII’) has been observed as the micro- 
wave cavity was heated with a nitrogen gas atmo- 
sphere present The spectrum found at 900? K is 
quite similar to that seen at 300? K, but the lme 
intensity decreases and the line shape becomes 
complex at somewhat higher temperatures though 
1t returns to its usual shape and intensity on lowermg 
the temperature At these high temperatures the 
DNA 1s completely charred, once again emphasizing 
the lack of correlation between the ferromagnetic 
resonance and the molecular structure of DNA 
(A sharp paramagnetic free-radical rosonance ıs 
observed at g = 200 after the sample has charred 
appreciably ) Smce the ferromagnetic resonance ıs 
still visible at 900° K we can eliminate Fe,0, as its 
origin since its Curie temperature 1s 855° K While 
«FeO; with a Curie temperature of 950° K appears 
possible, it must be eliminated since 16 18 a parasitic 
ferromagnetic material the magnetization of which 1s 
too small to account for the observed signal Also the 
resonance of «Fe;,O; disappears suddenly near 260° K 
whereas that of our nucleic acid samples does not’ 
This might, however, account for the disappearance 
of resonance reported by Blumenfeld! (Another 
alternative in this regard would be Fe,O, since its 
resonance 18 reported to broaden quite rapidly below 
115° K (ref 8)) At present we are unable to suggest a 
specific won compound the properties of which exactly 
parallel the behaviour of our nucleic acid samples 
However, we do find a close parallelism 1n a prepara- 
tion of colloidal magnetic particles produced by 
coprecipitation of Fe*+ and Fe?+ ions from solution?. 
These particles are of nominal composition Fe,0,, but 
evidently differ significantly from macroscopic crystals 
of that material It would appear that this oxide- 
hydroxide of iron is the form responsible for the 
greater part of the resonances observed in nucleic 
acid preparations 

The rather low moment per iron atom found in the 
nucleic acid samples may be due to a number of 
causes: partial compensation of one magnetic sub- 
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lattice by another (ferrimagnetism), lack of alignment 
of magnetic moments near the surface of particles 
due to strong local anistropy, formation of addizional 
weakly magnetic phases, for example, «xFe;O;, iron 
hydroxide, isolated 10ns 

The next question is whether or not the iron 1ons 
which are commonly found as trace impurities in 
nucleic acid samples exist in & ferromagnetic form 
n vwo. We examuned the resonance spectrum of 
salmon sperm heads which had been prepared, 
dialysed extensively and treated with verserm by 
Dr N Simnmons When they were first observed no 
broad electron-spm resonance was observed, in 
spite of the fact that Summons’s analysis showed a 
large concentration of mon However, after storage 
at ~4° C for several months, the electron-spin 
resonance spectrum was examined again and a weak 
ferromagnetic resonance was observed In a similar 
fashion we observed the electron-spm resonance 
spectrum of a freshly prepared sample of bacterio- 
phage E. cole T-2 which was kindly given to us by 
Prof E. Lennox At first the dried bacteriophage 
showed several sharp resonance lines, characteristic 
of paramagnetic impurities However, after several 
months ıt too showed a weak ferromagnetic resonance 
which was not discernible at first. 

In our opmion these observations are best explamed 
by the followmg hypothesis the iron found in 
nucleoproteis 18 present in the living cells though not 
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m the concentrated ferromagnetic form The latter, 
an. oxide-hydroxide perhaps approxumating Fe,O, m 
composition, may be precipitated during extraction 
of nucleic acids or may even form quite slowly in 
intact but dried organisms The observed clumping 
of nucleic acid molecules about the inorganie platelets 
may be evidence for nucleation of the colloidal 
precipitation at charged sites, for example, the 
phosphate side groups. That the iron and other trace 
metals found in nucleic acid samples are indeed 
present in the biological source 1s assured by the 
work of Wacker and Vallee!? 

We wish to acknowledge assistance and advice 
received from numerous colleagues, m particular Dr. 
E Lennox, Dr. N. Simmons, H J Williams, R. C. 
Sherwood, Dr J. P. Wright, Dr J.K Galt, Dr J F 
Dillon, jun , and Dr. F Vratny 
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VARIATIONS IN THE NUCLEAR DEOXYRIBONUCLEIC ACID 
CONTENT IN THE ADRENAL CORTEX OF THE FEMALE WHITE RAT 
DURING THE ŒSTRUAL CYCLE 


By E. BRANEZ and H. ROELS 


Department of Human and Comparative Anatomy, University of Ghent 


E the cytophotometric technique for determ- 
mation of the mean nuclear deoxyribonucleic 
acid (DNA) content as & test of cellular activity. one 
of us! investigated the function of the different 
layers of the adrenal cortex Arguments in favour 
of the opinion of Deane and Greep? were provided 
According to these authors the zona fasciculata 1s the 
glucocorticoid-producing layer, which function 18 
dependent on the adrenocorticotrophic hormone 
secretion of the adenohypophysis, the zona glomerul- 
osa i8 the muneralo-cortieoid-produemg layer and 
independent of the hypophysis ‘The zona fasciculata 
interna and the zona reticularis are considered to be 
reserve layers. In the present investigations we have 
mvostigated the nuclear DNA content in the adrenal 
cortex of the female white rat during the different 
stages of the cestrual cycle It has already been shown 
by several &uthors?-* that the adrenal weight creases 
during cestrus. Hunt? has observed variations of the 
mitotic activity ın the zona glomerulosa during the 
cestrual cycle 

In a series of female white rats the cestrual cycle was 
determined by observing vaginal smears during two 
weeks After this period 5 animals in dicestrus, 
4 m proestrus and 5 m eestrus were selected and 
killed The adrenals were then fixed, dehydrated, 
embedded, sectioned and stained by the Feu!gen 
reaction. The DNA content of about 50 individual 
nuclei m every layer of the cortex was determined 


by means of the cytophotometric technique of Lison’. 
Table 1 shows a survey of the pooled results 

The distribution of the nuclear DNA in the 
different layers durmg dicestrus 18 very simular to that 
observed ın the male cortex. This content 18 indeed 
significantly lower in the zona fasciculata interna and 
reticularis than in the zona fasciculata externa 
(P < 0001) In the zona glomerulosa, however, this 
content 1s 6 per cent lower than m. the fasciculata 
externa (P < 0001) In the male rate the DNA 
content 1s generally the same m these two layers. In 
a few instances only, a lower content was observed m 
the zona glomerulosa'. In procestrus the general 
distribution 1s preserved, but m every layer the 
DNA content is decreased This decrease 1s not, 


Table 1 
v logr 8 Blogz n 
G 1,093 3 0387 0 0841 0 0053 246 
Dicestrus FE 1,159 8 0643 0 0622 0 0039 246 
FI 1 048 8 0207 0 0614 0 0039 247 
R 1,082 3 0344 0 0684 0 0043 246 
G 982 2,9920 00584 00041 195 
Prowstrus FE 1,079 3 0331 0 0687 0 0048 198 
FI 1,006 3 0027 0 0572 0 0040 197 
R 978 2 9904 0 0631 0 0044 200 
G 1,272 3 1045 0 0681 0 0043 248 
Estrus FE 1,159 3 0641 0 0618 0 0039 244 
FI 1,197 3 0781 0 0503 0 0032 247 
R 1,226 8 0955 00542 00034 247 


G , zona glomerulosa, F E, zona fasciculata externa, FI, zona 
fasciculata interna, R , zona reticularis 
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Fig 1 Variations in the nuclear DNA content in the different 
layers of the adrenal cortex during the œstrual cycle 
— — —, zona fasciculata externa, , Zona glomerulosa, 
Zona reticularis, —-—- , zona fasciculata mterna 


Procstrus 


Dicstrus 





however, significant ın the zona fasciculata interna 
In cestrus the nuclear DNA distribution is strikingly 
changed. The differences between the zona fasciculata 
externa and the other layers are reversed In com- 
parison with the procestrus the DNA content in the 
zona glomerulosa is mcreased by 29 per cent and 
exceeds the zona fasciculata by 9 per cent The 
DNA content of the zona fasciculata externa returns to 
the value observed during dicestrus The DNA content 
of the zona fasciculata interna is increased by 19 per 
cent and by 27 per cent in the zona reticularis Fig 1 
summarizes these variations during the cestrual cycle 
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The decreased DNA content m the four layers 
during procestrus suggests a general mhibition of 
cell activity during this period. We have not found 
any biochemical and physiological observation in the 
hterature until now which could support this con- 
clusion The most prominent variations are found, 
however, during estrus The increased DNA content 
in the zona fasciculata interna and reticularis suggests 
& stimulation of the corticosterone secretion. This 
result fits ın with the already observed increase m 
adrenal weight?-5 durmg cestrus and after cestrogen 
treatment® and with the increase in nuclear DNA 
m the zona reticularis of the male rat after oestrogen 
administration!, ıt 1s also in agreement with the 
biochemical analysis of ketosteroid excretion during 
the astral cycle? The changes of the nuclear 
DNA content develop within the very short time of 
one day. Very striking, also, 1s the increase of 29 
per cent observed in the zona glomerulosa durmg 
cestrus This would indicate a stimulation of the aldo- 
sterone secretion Hunt’? has already observed an 
increased mitotic activity imn this layer Only a few 
biochemical data are available at present to explain 
this observation Gormall, Robertus and Laidlow?? 
found a rise of aldosterone excretion after cestrogen 
treatment in one patient Our results fit in with 
earher observations on the influence of stilbeestrol 
on the cortex of guinea pig and hamster® 

These observations are once more in contradiction 
to the general agreement of the constancy of nuclear 
DNA and show that the variations of the DNA 
content may develop within a very short time in 
eorrelation with cell-aetivity 
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EFFECT OF PLANT GROWTH COMPOUNDS ON UPTAKE OF 
AMINO-ACIDS BY PLANT ROOTS 


By D. E WRIGHT* 


McGill-Montreal General Hospital Research Institute, 3619 University Street, Montreal 


Doa G an exammation of the uptake of amıno- 
acids by plant roots}, 1t was noted that the herb1- 
cide 2,4-dichlorophenoxyacetic acid affected the 
amount of amino-acid taken up Since other 
workers*-! have reported effects by mdole-3-acetic 
acid or 2,4-dichlorophenoxyacetic acid on uptake 
of solute ıt was decided to examine this effect 
further 

Seeds sterilized with a dilute hypochlorite solution 
were germinated and grown in the dark at 25° 
under sterile conditions in Petri dishes contaming 
filter paper moistened with a dilute salt solution 
After 5 days the roots were excised, washed, and 
blotted dry for weighing into 50-ml Erlenmeyer 

* Present address Lincoln College, Christchurch, New Zealand 


flasks or in Warburg vessels The flasks contemned 
0-02 M sodium phosphate solution, pH 5 2, 2 mM 
radioactive amino-acid and any additions as required 
The flasks were cubated ın air for 2 hr at 25°, the 
roots washed free of medium and extracted with 80 
per cent ethanol The radioactivity released from 
the roots was determmed by drying an aliquot on an 
aluminium planchet and counting under & thm- 
window gas-flow counter Full details of the methods 
used are reported elsewhere? 

The effect on glycine transport mto mustard roots 
by several plant growth substances is shown m 
Table 1 In this expermment the roots were incubated 
for 45 mm in 5 x 10-5 M solutions of the hormones 
before adding the labelled glycine. 
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Table 1 EFFECT OF PLANT GROWTH SUBSTANCES ON UPTAKE OF 
GLYCINE BY MUSTARD Roots 


No. 4807 


Relative glycine uptake 


Growth substance (percentage of control) 


Indole-3-acetic acid 84 
Indole-3-butyric acid 56 
Indole-3-propionic acid 57 
Ethylindoleacetate 94 
Gibberellic acid 99 
Maleic hydrazide 88 
Furyl acrylic acid 8 
2,4-Diehlorophenoxyacetic acid 89 
2,4,5-Trichlorophenoxypropionic acid 16 
2,4,6-Trichlorophenoxyacetic acid 29 
Naphthalene acetic acid 55 
B-Naphthoxyacetic acid 55 
Methylnaphthalenencetate 61 
„Naphthalene acetamide 104 


Roots were incubated in 0 02 M sodium phosphate solution, pH 5 2 
with 2 mM glycine-1-*C Growth substances were added to give a 
final concentration of 5 x 10-5 M,45 min prior to adding the radio- 
active glycine 


The most effective inhibitor was furyl acrylic acid 
followed by the commonly used herbicides 2,4-di- 
chlorophenoxyacetic acid, 2,4,5-trichlorophenoxy- 
acetic acid and 2,4,5-trichlorophenoxypropionic acid 
Indolebutyric, indolepropionic, naphthaleneacetic and 
B-naphthoxyacetie acids, and methylnaphthalene ace- 
tate all reduced uptake by 40—50 per cent. Indoleacetic 
acid, ethyl indoleacetate, gibberellic acid, maleic 
hydrazide and naphthalene acetamide had little or 
no effect. 

The mhibition by 2,4-dichlorophenoxyacetic acid 
was not confined to the uptake of glycine by mustard 
roots Under the same conditions as m Table 1, 
this herbicide reduced transport of methyl labelled 
L-methionme into mustard by 50 per cent and glycine 
transport into wheat roots by 40 per cent 

Different concentrations of 2,4-dichlorophenoxy- 
acetic acid were tested for inhibitory action (Table 2) 
At concentrations of 10-5 M and less, there was 
either no effect or a shght stimulation of glycine 
transport and respiration At 10-* M, oxygen con- 
sumption was unaltered while glycme uptake was 
reduced by 26 per cent At 2 x 10-4 M, oxygen 
uptake was lowered by 18 per cent and glycine trans- 
port by 52 per cent At higher concentrations, both 
glycine and oxygen uptake were markedly reduced 
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Table 2. EFFECT OF DIFFERENT LEVELS OF 2,4-DICHLOROPHENOAY- 
ACETIC ACID AND 2,4-DINITROPHENOL ON UPTAKE OF GLYCINE BY 
MUSTARD ROOTS 


Concentration Relative uptake 
Addition to medium ofaddition (percentage of control) 
(M) Glycine Oxygen 
— 100 100 
2,4-Dichlorophenoxyacetic 102 18 18 
acid 5 x 10-4 27 38 
2 x 10-4 48 82 
10-¢ 74 100 
5 x 10-5 109 109 
0-* 97 118 
10-7 99 110 
2,4-Dinitrophenol 10-* 10 20 
10-5 43 124 
10-* 97 94 


Roots were incubated m Warburg flasks in 0 02 M sodium phosphate 
pH 52, 2 mM glyeine-1-*C and 2,4-dichlorophenoxyacetic acid or 
2,4-dinitrophenol at the concentrations given above The flasks were 
shaken for 2 hr at 25°, the gas phase being air 


These results can be compared wrth those found 
using 2,4-dinitrophenol, where glycine transport was 
lowered despite a stimulation in respiration This 
suggests the possibility that the actions of 2,4-di- 
chlorophenoxyacetic acid and 2,4-dinitrophenol are 
simular and perhaps due to effects on oxidative 
phosphorylation 

Prelimmary experiments with the incorpoia- 
tion of phosphate-32 mto root nucleotides provide 
supporting evidence for an effect on oxidative phos- 
phorylation by 2,4-dichlorophenoxyacetic acid as 
reported by Switzer’ and Khubutiya® 

It 18 reasonable to conclude that the reduction of 
amino-acid transport into plant roots caused by 
2,4-dichlorophenoxyacetic acid is probably due to 
reduced levels of adenosine triphosphate, since 
uptake of ammo-acid 1s known to be an energy- 
requiring process} 

This work was supported by a grant from the 
National Science Foundation I wish to thank 
Prof J. H Quastel for suggesting the topie and for 
his guidance, 
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TESTS FOR LIVER DYSFUNCTION IN DOGS 
By CELIA M. HOE 


Division of Chemical Pathology, Department of Pathology, Royal Veterinary College, London 


"CHE reason for undertaking this investigation 
was to try to select a few simple biochemical 

techniques which would enable the veterinary surgeon 
to gain useful mformetion about the state of the 
patient's hver without having to resort to laparotomy 
or biopsy 

The pattern of the work had to be governed by the 
material available, which was provided, for the mam 
part, by the Beaumont Animals Hospital It was not 
considered practical to undertake any test which 
necessitated even the temporary hospitalization of 
the patient, or the prelimmary intravenous injection 
of any substance (for example, sulphobromphthalem) 
Therefore, tests had to be developed which could be 
carried out on a single blood sample 

Serum Alkaline Phosphatase | Estimations of serum 
alkaline phosphatase were carried out on 463 samples, 


and the normal value was found to be 8 King Arm- 
strong (K.A ) units In dogs, a species m which 
extrahepatic obstructive jaundice would appear to be 
a less common clinical entity than m humans, very 
high values were given by hepatocellular jaundice, 
for example, a value of 120 K A units was found in a 
ease of leptospiral jaundice, and 16 18 an mteresting 
speculation that the pathology of the hepatic cell 
of the dog may differ from that of man, possibly 
showing a greater tendency to undergo cloudy 
swelling and thus to produce intrahepatic obstruc- 
tion. 

Raised serum alkaline phosphatase values were also 
found ın young animals undergoimg active growth of 
bone tissue, and m conditions m which there was 
an interference with calezum and phosphorus metab- 
olism, that 1s, bone lesions (9-90 K A. umts), and 


1046 


some cases of nephritis (9-60 KA units) cystic 
ealeuli (10-40 K.A units) and enteritis (9-100 K A. 
units) My experience of this test showed that 
95 per cent of dogs with definite hver mvolvement 
gave positive results, and so did 75 per cent of dogs 
with suspected liver involvement It also indicated 
the main disadvantage of the test, which 18 that high 
values are given by conditions which do not mvolve 
the liver (vide supra) 

Serum Transameunases Serum glutamic pyruvic 
transaminase and serum glutamic oxaloacetic trans- 
ammase 

Normal values were calculated from estimations 
earried out on the sera of 1] young heelthy dogs, and 
were taken as follows: serum glutamic pyruvic 
transaminase less than 20 Sigma Frankel units, serum 
glutamic oxaloacetic transaminase less than 30 Sigma 
Frankel units These values were comparable with 
those of Cornelius, Bishop, Switzer and Rhode?, and 
Malherbe*. The results of estimations on more than 
70 different clinical cases indicated that mereases of 
transaminase activity, especially serum glutamic 
pyruvic transaminase (Hooe?), are reliable mdications 
of early liver cell damage, before ıt 18 indicated by 
other tests. For example, 1n four puppies which had 
been inoculated with the virus of hepatitis contagiosa 
canis, considerable imereases in serum glutamic 
pyruvic transaminase could be seen 5 days after 
moculation while other liver function tests remamed 
normal. Serum glutamic oxaloacetic transmmase 
was also raised, but not generally as significantly. 

Total Serum Cholesterol. Total serum cholesterol 
values were calculated for two groups of normal 
dogs, household and kennel Normal values wero 
found to be household dogs, 258 0 + 363 mgm / 
100 ml , kennel dogs, 186 + 139 mgm /100 ml] Tt 
was thought that these different values were probably 
caused by dietary differences, the average domestic 
pet living ın the house receiving a diet considerably 
higher m cholesterol than that fed to most kennel 
dogs In view of these findings, cholesterol values 
greater than 299 mgm /100 ml were taken as raised 

The estimation of total serum cholesterol was 
carried out on 250 sera. Although raised values were 
found in only 57 per cent of jaundice cases, this 
estimation would appear to be of considerable use m 
the diagnosis of other diseases, including nephritis, 
most cases of which gave values in the 300—499 mgm / 
100 ml range. Raised values were also encountered 
in ell cases of diabetes mellitus (310-1.360 mgm / 
100 ml ), and also in two animals which afterwards 
developed the disease, but which were not showing 
glucosuria at the time the serum was first examined, 
presumably this indicates a general disturbance m 
fat and carbohydrate metabolism found in the pre- 
diabetic patient Two cases of hypothyroidism were 
encountered, and one of these was particularly 
mteresting When presented at the elinic, this 
Alsatian puppy was 9 months old, measured 25 em 
high and weighed 36 kgm A diagnosis of hypo- 
thyroidism was made when the total serum cholesterol 
value was found to be 700 mgm /100 ml. This value 
decreased to the normal level when thyroid therapy 
was instituted 

Serum Ure Ac. About 70 per cent of the 240 
cases examined during this survey gave uric acid 
values less than 0 5 mgm /100 ml, end only 11 per 
cent were higher than 1 mgm /100 ml If one com- 
pares the relative merits of serum alkaline phosphatase 
and uric acid estimations as tests of liver function 1t 
can be seen that uric acid 1s not such a good index as 
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serum alkaline phosphatase. While 95 per cent of the 
cases with the highest serum alkaline phosphatase- 
levels showed some liver involvement, the corre- 
sponding figure for urie acid was only 75 per cent, 
also, while all cases of jaundice gave raised serum 
alkaline phosphatase values 86 per cent showed 
inereased serum uric acid 46 per cent of the cases of 
nephritis exammed lay within the range 0 5-0-99 
mgm /100 ml It was noticed during this work that 
high uric acid figures frequently appeared to carry a 
poor prognosis for the patient, and hence were found 
m most moribund animals 

Serum Bilirubin. This estimation was carried out 
on some 300 sera, but much difficulty was experienced 
m evolving a technique which was sufficiently sensi- 
tive to measure the very low concentrations of bıl- 
rubin found ın the sera of non-jaundiced dogs The 
most suitable method seemed to be that of Powell! 
No attempt was made durmg this mvestigation to 
differentiate between direct and imduirect bilirubin 
Accurate measurement of the small quantities 
involved presented so much difficulty that 1t was not 
deemed worth while attempting the more comph- 
cated techniques which would have been necessary, 
especially as hemolytic jaundice does not seem to be 
of much practical umportance in dogs in the United 
Kingdom 

Jt was also noted that dogs showing bilrrubmuria 
did not m many mstances show bihrubiemia It 
has been stated* that about 20 per cent of apparently 
normal dogs excrete bihrubm in thew urme This 
finding has been confirmed by Wilkinson (personal 
communication, 1960) 

Serum Proteins Relative percentages of serum 
proteins for normal dogs were calculated after 
electrophoresis had been carried out on the sera of 
26 young healthy dogs ling under simular condi- 
tions The method of Jencks, Jetton, end Durrum® 
was used ənd results were as follows albumm, 
07.2 + 095, «,-globulm, 62 + 037, «,-globwm, 
97 + 046; B,-globulm, 88 + 054, 8,-globulin, 
9-0 + 0-37, y-globulin, 10 4 + 0:55, albumm globulin 
ratio, 0 76 + 0087 Electrophoresis was also carried 
out on the sera of 140 dogs suffering from various 
diseases Albumin decreased in most of the diseases 
vestigated and this change was reflected in the 
albumin globulin ratio. Changes in «a,-globulm 
appeared to be non-specific  B,-Globulm showed a 
significant increase in most of the neoplasia cases, 
but was decreesed in all cases of jaundice and the 
majority of diabetes mellitus cases  8,-globulin 
was 8 variable factor 1n most of the conditions studied 
but was always raised in jaundice. y-Globulin was 
raised m jaundice and cirrhosis, but decreased m 
more than 90 per cent of the cases of diabetes mellitus, 
and ıt was felt that this was of some significance in 
view of the fact that such poor resistance to infection 
18 shown by most human diabetic patients Currhosis 
gave a characteristic electrophoiesis diagram with 
poor resolution ın the B- and y-bands 

During this part of the mvestigation an attempt 
was made to establish a relationship between the 
results of the Kunkel turbidity test and the relative 
percentage of the y-globulin as determined by electro- 
phoresis There was a significant correlation between 
the two factors, but the scatter about the regression 
line was too great to permit an accurate evaluation 
of y-globulm by this method. It seems, however, 
that the Kunkel test can be used semi-quantitatively 
and this ıs in general agreement with the findings of 
most workers in human medieme 


VOL, 192 


Nc 4807 December 16, 1961 


The Takata Ara test appeared to be less specific 
than the Kunkel, and gave positive turbidities and 
flocculations for imereases in any of the globulin 
fractions From my work on these tests ıt appears 
that m the absence of a positive Kunkel, a positivo 
reaction with the Takata Ara may indicate an merease 
in the globulin fractions other than the y-globulin 


The most useful tests investigated seem to be 
serum alkaline phosphatase, the transaminases and 
electrophoresis, all of which can be performed on a 
a total of 0 9 ml. of serum. When 1t 1s possible these 
tests should be supplemented by the estimation of 
serum cholesterol. which can give useful mformation 
in cases of nephritis, pre-diabeves and in hypo- 
thyroidism 

The estimation of serum alkaline phosphatase has 
been shown to be a useful mdex of liver function, 
and when used with discrommation ıt will yield more 
1ehable information than that given by serum 
bilirubin estimations, except ın the case of hemolytic 
jaundice The transamimase tests (especially serum 
glutamic pyruvic transaminase) play an mmportant 
part in the diagnosis of active liver cell damage and 
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necrosis before any abnormality is shown by any 
other liver function test. Electrophoresis 1s of consider- 
able value, especially 1n the diagnosis of cirrhosis. 

Practica] detaJs of this work are pubhshed else- 
where (Hoe and Harvey?) 

l wish to thank Dr D G Harvey for advice and 
help throughout this work, also Mr G C Kmght 
and my other colleagues in the Departments of 
Medicine and Surgery for the provision of clmical 
material I would like to express the sincere gratitude 
I feel to the late Mr. A.B MacIntyre, whose kindness 
and mspiration did much to further the work I am 
indebted to the Trustees of the Clement Stephenson 
Fund for a scholarship 
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CHANGES OF BLOOD VOLUME IN THE PRE-HIBERNATING AND 
DEEP-HIBERNATING HEDGEHOG 


By Dr. EINAR ELIASSEN 


Zoological Laboratory, University of Bergen 


N hibernating animals the blood, volume 1s decreased. 

during the hibernation sleep Although everyone 
who has been working on the physiology of hiberna- 
tion 18 familiar with this decrease ın blood volume, 
by simple observations, only scanty data on the blood 
volume of these animals appear m the hterature?-? 

In this Laboratory we have measured the blood 
volume of the common European hedgehog, Erinaceus 
europaeus, L at normal body temperature (about 35? 
C ) as well as at low temperatures (about 5° C) The 
measurements were made by way of the ordmary 
dilution method usmg Evans blue The imjections 
were mostly given into the inferior vena cava, and the 
samples mostly taken from this vessel. 

By this method we found a marked decrease in 
blood. volume in the hibernating hedgehog In the 
‘summer animals’ we found the blood volume to be 
about 8 per cent of the animals’ weight, while m the 
sleeping ‘winter animals’ the blood volume was found 
to be about 2 —3 per cent of weight (Fig 1) 

The question 1s raised as to how this decrease takes 
place To find the answer to this question several 
analyses are made on the normal blood constituents 
of the animals, in different stages of hibernation 
and in the awakened state Further, tho weight of 
the spleen is measured ın the same periods when look- 
ing for any connexion between blood volume and the 
well-known function of the spleen to accumulate 
erythrocytes Finally, the most common constitu- 
ents of the urme are measured ın order to see 1f dehy- 
dration plays any part in the regulation of blood 
volume 

In this discussion 16 18 important to know what we 
mean by the term ‘different stages of hibernation’ 
As the term is bemg used by me it signifies three 
different periods of hibernation the pre-hibernating 
period, the deep-hibernating period, and the period of 
arousal 


In the pre-hibernating period the body temperature 
18 altermg from the normal level (about 35° C) to 
hypothermal levels (about 5? C.) and vice versa, in 
about 24 hr Such variations m body temperature 
may take place sbout five to ten times during the 
period. The length of this period 1s about two months, 
m our animal room taking place in October-Novem- 
ber The same tendency of variation in body tempera- 
ture m hibernating hedgehogs has been reported 
previously® 

In the deep-hiberating period (from about Decem- 
ber to about March) the body temperature 1s rather 
constant, at about that of the room. In the period 
of arousal the same variations in body temperature 
as those talking place m the pre-hibernating period, 
are never observed in this Laboratory The end of 
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Fig 1 Blood volume—measured as ‘Evans blue volume'— 
of hedgehogs awake, durimg induced arousal, and in deep 
hibernation 
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Summer October-November Winter 
animals animals animals 
Fig 2 The weight of the spleens in pro mille of body-weight, 
from hedgehogs in the summer, aufumn and winter months 
n No of animals, 2, mean value of weights The diagram repre- 
senting the spleen weights of the winter animals is divided into 
two parts by a stippled line, The lower part gives the situation 
of the spleen weights from animals in deep hibernation, while 
the upper part gives the corresponding data from animals entering 
the deep hibernating period 
this period 18 about April, and from that time onwards 
the animals are named ‘summer animals’, 

l have measured a great number of spleens from 
different animals throughout the greater part of a 
year (Fig. 2) Contrary to my expectations I found 
the weight of the spleen to be by far the greatest in 
the animals asleep m the pre-hibernating period, while 
the weight of the spleen m deep-hibernating animals 
was nearly the same as that found ın the ‘summer 
animals’ I take this increase in weight of tho 
spleen as indicating an accumulation of red cells in 
this organ, and this accumulation as bemg at its 
maximum in the sleeping, pre-hibernating animals 

Effects of this accumulation of red cells ın the spleen 
on the hematocrit and red cell number were measured, 
and here again tho results were rather conspicuous, as 
both hematocrit and red cell number were decreased 
for ‘October-November animals’ as compared with 
the ‘winter animals’, being almost the same as 
those for ‘summer animals’ This change in red 
cell status durmg the pre-hibernating period 1s 
the same whether the animals are awake or asleep. 
It seems as 1f the course of events is not exactly the 
same in this period, comparing the status of red cells 
in the blood and the accumulation of red cells ın the 
spleen, since 1n the latter case there 1s a great differ- 
ence in the weight of the spleen when the animals 
are awake and asleep (Fig 2) 

This apparent discrepancy provides the key to 
further considerations. The possibility exists that a 
destruction of red cells takes place in the pre-hibernat- 
mg period, and that the spleen acts as an intermittent 
reservoir in this period, taking over parts of red cells 
from the circulation for further transport to the 
macrophage cells in the liver This would explam 
why the weight of the spleen 1s greatest ın the pre- 
hibernating period and afterwards decreases 
Further, 1t would explam the decrease 1n the hemato- 
crit and the red cell number in both the awake and 
sleeping ‘October-November animals’. Finally, the 
decreased blood volume observed in awake ‘winter 
animals’ would be explamed by the destruction of 
red cells 

Now, the possibihty.exists that the decrease m 
hematocrit, red cell number, and blood volume could 
be explained in other ways than by simple destruction 
of red cells, for example, by accumulation of red cells 
m some parts of the circulatory system exclusive of 
the spleen 

The following experimental observations provide 
an answer to these considerations A series of blood- 
volume measurements—combmed with parallel heamea,- 
tocrit determinations—has been made on animals 
during induced arousal from the deep-hibernating 
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state. The animals were aroused by takmg them 
from their room (at about 5° C.) to the laboratory 
(at about 20? C.) Within 12-24 hr the animals 
were awake at about 35° C. body temperature, and 
blood-volume determinations were made according 
to the Evans blue method mentioned here. The 
results are given in Fig 1, where the fully-drawn lines 
give the blood volumes of sleepmg and awake animals, 
and the stippled hne the blood volume during different 
stages of arousal. In Fig 1 attention 1s directed to 
the following: (1) The blood volume of awake 
‘winter animals’ does not reach the same level as 
that of the ‘summer animals’. About one-third of 
the blood ıs lost (2) There ıs a rapid increase ın the 
blood volume in the early stages of arousal, reaching 
its final level at the very beginning of this phase 

From (1) the conclusion may be drawn that the 
decrease in blood volume in the awake ‘winter animals’ 
is due to simple destruction of red cells The sug- 
gestion that red cells might accumulate somewhere in 
the circulatory system of the awake animals does not 
seem to be very likely in the case referred to, where 
heart-rate and blood pressure are of the same order 
in the awake ‘winter animals’ as in the ‘summer 
animals’*, The destruction theory is the more 
probable as we have observed a pronounced increase 
in the bile pigment in serum, urine and feces in 
the animals in the pre-hibernating period (and to 
some extent also ın the animals in the beginning of 
the deep-hibernating period). Further, ın some of the 
‘October-November animals’ we found the lowest 
hematocrit values ever observed during the course of 
the present experiments, and these values reveal a 
decrease in red cells (other things being equal) of 
&bout 30 per cent 

However, the observed loss of blood by destruction 
of red cells does not tell the whole story about the 
decrease of blood volume observed in the sleeping 
‘winter animals’ (Fig 1). 

Most likely, the data obtamed are a consequence 
of the method used At low heart-rates the blood 
flow 1s extremely slow and the mjection of Evans 
blue in the circulatory blood, and more particularly 
the distribution of the dye ın the plasma, takes a 
great deal of time Now, there is a lmit to this 
distribution, due to the loss of Evans blue from the 
blood by diffusion In the experiments referred to 
in this article the Imit was about 3 mm ın the deep- 
hibernatmg ammals It seems rather likely that a 
full distribution does not take place all over the 
circulatory system during this time (and under this 
condition), and we should therefore hke to name the 
volume calculated from the experiments on deep- 
hibernating animals ‘the Evans blue volume’, rather 
than the exact blood volume When increase in 
heart-rate durmg arousal and as a consequence a 
more rapid blood flow 1s obtamed, the distribution 
of the dye should be more quantitative and ‘the Evans 
blue volume’ calculated should mcrease to the value 
of the true blood volume (Fig 1, ‘arousal’). 

Now, red cells represent only half the blood 
What about the rest of the blood lost, or more 
particularly, the plasma ? Here again the results 
obtained by hematocrit determinations are of impor- 
tance In the pre-hibernatmg period, we were much 
surprised to find & rather great scattering of the 
values, with variations from 36 as a minimum to 
56 as a maximum However, as more results were 
obtamed both from animals in this period and the 
followmg deep-hibernating period, the scattering in 
the hematocrit (as well as in the red cell number) 
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Fig 3 The relation between plasma and red cells 
A, in ‘summer ammals’, B, in ‘October-November animals’, 
C, in ‘winter animals’ 
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became more easily expheable. The followmg hypo- 
thesis 18 based on these results as well as those on 
blood serum and urme obtamed by experiments going 
on in this Laboratory at the time, but not referred to 
here 

With regard to the blood status durmg the pre- 
hibernating period, two processes are golng on with 
some lag in time. The first one 1s the destruction 
of red cells already discussed, and thereupon follows 
an excretion of plasma substances (water, salte, eto ) 
In the very beginning of the period only destruction 
of red cells 18 gomg on, and the hematocrit decreases 
(Fig. 3). This should explam the lowest values 
obtained and referred to here. Afterwards the 
excretion of plasma begins, and the hematocrit 
increases until the normal values are reached, as-in 
the deep-hibernating anmmals The net result 18 a 
decrease ın total blood volume 
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My answer to the question raised at the beginning 
of this article should be then that the blood volume 
18 decreased maunly by way of red cell destruction 
and ensuing plasma excretion The spleen 1s func- 
tioning as an mtermittent reservoir regarding the 
accumulation—and perhaps also the destruction— 
of red cells ‘The Evans blue volume’ reported m 
this article ıs about one-third of the total blood 
volume ın ‘summer animals’, but must be considered 
as & false datum More likely this volume reveals 
pronounced differences in blood-flow in different 
vascular areas 

At this stage further questions arse, and more 
detailed determinations are called for, the most 
prominent ones bemg (1) the part played by the 
lidney in the regulation of blood volume observed, 
(2) the determination of the hfe-time of red cells both 
in ‘summer animals’ and ‘winter animals’; (3) the 
proportion of new and old red cells in the same 
animals, (4) mvestigation on complement components 
during the whole cycle of hibernation, to look for 
any connexion between these components and the 
destruction of red cells observed 
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ROLE OF WATER-REGULATING MECHANISMS IN AMPHIBIAN 
MORPHOGENESIS: A QUANTITATIVE HYPOTHESIS 


By PETER TUFT 
Department of Zoology, West Mains Road, Edinburgh 9 


ATER 1s the only constituent of the amphibian 

embryo taken up ın appreciable quantities from 
the environment during the course of development, 
and it accounts for almost three-quarters of the 
volume of the fully formed embryo Growth of the 
embryo and changes 1n its shape would therefore be 
expected to mvolve the uptake or redistribution of 
water. In the development of Xenopus laevis, for 
example, variations in water content account for 
almost all the changes m volume that occur, and 
moreover the water taken up ıs not uniformly dıs- 
tributed throughout the embryo It is taken up first 
into the blastoccel, then into the archenteron and, 
finally, after the latter has collapsed, into the cells 
themselves! This can be demonstrated by measure- 
ments of the density of the embryo and of 1ts weight in 
water (reduced weight) The latter remains almost 
constant until the early tail bud stage, hence all but 
& small proportion of the volume changes which 
occur must be the result of water uptake. (Any 
change ın density of the other embryonic constituents 
would produce a corresponding change in the reduced 
weight) <A similar conclusion was reached by 
Rappaport in his work on the growth of explanted 
amphibian tail buds? 

Fig 1 shows the volume of ntact Xenopus embryos 
of different ages calculated from the density measured 
in a density gradient, and the reduced werght, 
measured on a Cartesian diver balance. It will be 
noticed that the rate of water uptake increases with 
age until the eighteenth hour, when there 1s a sudden 
decrease in volume resulting from the spontaneous 
emptying of the archenteron cavity. A simular plot 


of cell volume (calculated fiom the reduced weight 
and the density of opened embryos minus the contents 
of their intercellular cavities) illustrates the change in 
distribution of water between the cells and the inter- 
cellular cavities (Fig 1, open circles) 
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Fig 1 Changes m volume of Xenopus laevis embryos 


(open circles) and their cells (closed circles) during development at 
25° C based on reduced weight and density measurements 


Volume intact = reduced weight Volume cells = reduced weight 
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Fig 2 Diagrammatic summary of morphological data from the 

Normal Tables of Xenopus laems Solid line represents the surface 

of the presumptive ectoderm and neural plate, and the broken line 
represents the surface of the presumptive endoderm 


Measurement of the freezmg-pomt depression of 
samples taken from the blastoccel and archenteron of 
single embryos has shown that the osmotic gradient 
between the environment and the intercellular cavities 
decreases with the age of the embryo, and therefore 
cannot by itself account for the observed water move- 
ments? An alternative explanation has been 
suggested based on the notion that the water-regulat- 
ing mechanisms of the cells give rise to a net influx of 
water through the roof of the blastoccel and a net 
efflux through the cells of the vegetative pole of the 
embryo?. If this notion were correct a difference in 
the magnitude of the two fluxes would account for 
the accumulation ın the blastoccel; the invagination 
of the endodermal surface would itself account for 
the filing of the archenteron, and the increase in 
area, of inwardly polarized ectoderm would account 
for the observed increase in the rate of water uptake. 

This idea has been helpful ın interpreting the 
morphogenetic effects of B-mercaptoethanol on the 
Xenopus embryot, and the chick blastoderm*. I 
have therefore attempted to present ıt as a quanti- 
tative hypothesis that can be tested expermmentally 

If it 18 assumed that the accumulation of water m 
the embryo 1s due to the combined effect of two 
oppositely polarized areas of the embryonic surface, 
then the rate of water uptake by the embryo will be a 
function of the area of the mwardly polarized animal 
pole surface (Ac) and the area of the outwardly 
polarized vegetative pole surface (A,) During the 
early stages of development, before the blastopore 1s 
completely closed, the rate of water uptake by the 
embryo may be written. 


f’Aa — f" Ac (1) 


where f’ and f" are appropriate rate coefficients 
After the closmg of the blastopore the rate 1s equal 
to f’Aa 

The areas Ag and Ay change absolutely and rela- 
tively to each other during the course of development 
(Fig 2), and their sizes may be estimated from inde- 
pendent morphological data contained in the Normal 
Tables of Xenopus laevis? which give values for the 
radius of the embryo, and the angle subtended by a 
line jommg the boundary of the relevant areas to the 
centre of the embryo and the animal vegetal axis 
[t is therefore convenient to express dg and Ay in 
terms of these angles: 


The surface of a spherical segment = 2nrh 
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h = r(1 — cos «) 
and Aq = 2rr* (1 — cos «) 
Similarly A, — 2x7? (1 — cos g) 
where « and B are the angles subtended by the bound- 
ary of the animal pole surface and the vegetative pole 
surface respectively. 
Equation 1 then becomes: 


Rate of water uptake — 
2Qrr*[ f’(1 — cosa) — f"(1 — cosB)] (2) 


For the purpose of this argument only two parts of 
the egg surface need to be considered, first, the 
area from which the ectodermal surface of the neurula 
is derived—the pigmented area at the animal pole; 
and secondly, the corresponding area of the vegetative 
pole surface from which the lmmg of the archenteron 
18 derived. The area around the equator 1s excluded 
from the argument, because 1t 1s the zone of transition 
between areas of opposite polarity and because there 
18 no means of determing its rate coefficients. It 
18 worth noting, however, that the presumptive 
mesoderm which forms intercellular cavities much 
later ın development 18 derived from a region just 
below the equator. 

The morphological data from the standard tables 
are summarized in Fig 2 If the values of cos « are 
plotted against time, a straight hne 18 obtained which 
shows that the area of the animal pole surface in- 
creases at a constant rate from cleavage onwards. A 
similar plot of values for cos B shows, on the other 
hand, that area of the vegetative pole surface does not 
change unti) stage 10, after which it too increases at 
8 constant rate until stage 13, when ıt extends as a 
double hemisphere half-way round the embryo and 
forms the hning of the archenteron As both these 
variables change m a limear fashion, intermediate 
values of cos œ and cos B may be obtained by inter- 
polation. 

Although the value of the rate coefficients f’ and f” 
cannot be determined individually from the present 
data, ıt ıs known that, just prior to the collapse of 
the archenteron, the surface of the ectoderm and 
surface of the endoderm have approximately the same 
area, and smce the volume of the cells ıs almost con- 
stant at this stage, all the water entermg through 
the ectoderm must be passing through the endoderm 
Therefore at this stage f’ = f” 

If 16 1s now assumed, as a first step, that f’ and f" 
are constant throughout development then f’ and f" = 
constant K and equation 2 becomes 


Rate of water uptake = K2rr?(cos B — cosa) (3) 


The value of K may be estimated by dividing the 
experimentally determuned rate of volume change 
at any stage by the appropriate value of 277? (cos B — 
eos «)° 


Slope of volume change curve 
2nr*(cos B — cos a) 


(4) 


Alternatively ıt may be estimated from the surface 
area and the expermnental determined rate of 
volume change at a stage when the blastopore is 
closed and all the water entering the embryo accumu- 
lates ın the archenteron, for example, at stage 20 
The values obtamed by the two methods are given 
in Table 1 The experunental values for the rate of 
water uptake of embryos developing at 25? C. were 
obtained by combining the results of a number of 
experiments similar to that illustrated in Fig. 1 and 
measuring the slope of the curve (Fig 3) drawn by 
eye through the mean values of V/V, 
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The experimental values so obtained and the corre- 
sponding theoretical values calculated from equation 
(3) are shown in Fig 4. (The theoretical value for 
18 hr. was derived from the surface area of the embryo 
calculated from the linear dimensions given in the 
Normal Tables, assuming that the embryo at this 
stage 18 & prolate spheroid ) The absence of theoreti- 
cal values for stages 13 and 20 stems from the fact 
that ıt is not known exactly when the blastopore 
becomes watertight. For comparison the corre- 
sponding theoretical and expermnental values for 
the rate of water uptake by embryos developmg at 
20? C are also shown m Fig. 4 

It will be seen that the experimental values, particu- 
larly for embryos developing at 25? C , are close to the 
theoretical values at all stages. Thus the assumptions 
on which this analysis 18 based appear to be consistent 
with the experimental observations. The hypothesis 
in its present form, therefore, seems to provide an 
adequate qualitative and quantitative description 
of some of the morphogenetic changes that occur 
durmg the early development of Xenopus laevis 
There seems to be no reason why it should not also 
be helpful in explammg the growth and maintenance 
of the fluid content of other intercellular cavities, for 
example, the neural tube, eye cup, cœlom and 
amniotic cavity, and perhaps in describing the 
changes in shape of cells and embryonic organs. 

I am grateful to Prof Michael Swann in whose 
Department this work was carried out, and to my 





Table 1 
Experimental rate Theoretical 
Age of water effective area K 
(1) Stage (hr) uptake 2nr'(cosB-cos a) (mm /hr) 
(mm ?/hr.) (mm *) 
0 ce = = 
2 0 000 0 65 — 
3 0018 100 0018 
4 0 028 143 0 020 
5 0 034 171 0 020 
8 6 0 044 202 0 022 
7 0 053 2 55 0 020 
8 0 065 2 08 0 022 
10 9 0 004 32 0 020 
10 0 049 26 0019 
11 11 0 083 160 0 020 
12 0 026 1 42 0 018 
Mean 0020 
Mean area of 
Experimental 
embryos 
(2) 20 18 016 73mm? 0 022 


Rate of water uptake per unit area K (1) calculated from equa- 
tion (4) using morphological data from the Normal Tables (ref 6), 
and rates of volume change estimated from the slope of graph in 
Fig 3, (2) K calculated from the rate of volume change at 18 hr 
and the mean total area of the experimental embryos at this stage 
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Fig 8. Changes in volume ( V;/V,) of intact embryos from a series 

of experiments at 25° C used to obtain a measure of the rate of 

volums change at different stages (see text) Mean volume at 
T., = 125mm ° 
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Fig 4 Theoretical values for the rate of volume change at 25? C. 

(circles) and 20? C (triangles) at various stages in development 

based on the hypothesis described in the text, and the experimen- 

tally determined rates derived from the volume changes in Fig 3 
(open circles and open triangles) 


colleagues for their help, in particular Dr P. D. 
Mitchell, Dr H Kacser and Dr P.C Croghan. I am 
also very grateful to the Nuffield Foundation, which 
made the project possible 
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GROWTH HORMONE CONTENT OF SERUM IN INFANTS, CHILDREN, 
ADULTS AND HYPOPITUITARY DWARFS 


By Dr. J GIRARD, Dr. M. VEST and Da N ROTH 


Children’s Hospital, University of Basle, Switzerland 


r¥°HE preparation of purified human growth 
hormone (HGH) from human pituitaries 
(Raben, Li) has made ıt possible to develop an 
immunological assay of human growth hormone by 
means of & human growth hormone rabbit antiserum 
The hemagglutmation-inhibition method 1s sensi- 
tive enough to detect human growth hormone down 


to 02 pgm /100 ml!. The validity of the results 
depends chiefly on the specificity of the human 
growth hormone antiserum and the purity of the 
hormone preparation That human growth hormone 
has antigenetical properties has been repeatedly 
shown by antibody formation ın the rabbit!-19, and. 
by anaphylactic reactions in the guinea pig* 
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Fig 1 Preupitin reaction between undiluted human growth hormone/rabbit antiserum 
d 1 800)and hormone dilutions (human growth hormone-Raben), as determined by 


he Ouchterlony technique 


When human growth hormone and its specific 
rabbit antiserum are tested by the gel-drffusion 
method of Preer?, the precipitm ring test^?, the 
Ouchterlony technique’, 1mmunoelectrophoresis?:? and 
by the hemagglutination-inhibition test!-31% they 
appear to be homogeneous 

Human growth hormone ean be localized 1n sections 
of human anterior pituitaries and eosmophilic 
adenomas in the eosinophilic cells by means of 
fluorescent rabbit antibodies*. This can be regarded 
as further proof of specificity Small amounts of 
contammating antibodies cannot be entirely excluded 
by the methods mentioned, however, because the 
antiserum 1s diluted for use 1n the hemagglutination— 
mhibition method these possible contammants can 
be disregarded Thyroid stimulating hormone, 
adrenocorticotrophic hormone and insulin do not 
interfere with the hemagglutination-inhibition test 
of human growth hormone. Tests with the serum 
of hypophysectomized patients did not show mhib- 
tion in the hemagglutination technique, indicating 
that only proteins of pituitary origin produce the 
specific inhibition?, 

Latex agglutination detects growth hormone m 
amounts down to 001 ugm (ref. 5) and precipitin- 
ring-test down to 0:1 ugm /0 5 ml sodium chloride! 
So far only the hemagglutination method has been 
applied to the estimation of concentration of growth 
hormone ın human serum 

The method used for the hemagglutmation inhibi- 
tion reaction was essentially the one described by 
Read! Human growth hormone rabbit antiserum 
was produced by 1mmunization with Raben’s hormone 
preparation, Titres ranged around 1 - 1,000 
Sheep erythrocytes were washed in physiological 
saline, treated with diluted tannic acid and incubated 
with human growth hormone With the cells so 
prepared, the titre of the human growth hormone 
rabbit antiserum was measured For use the anti- 
serum is diluted with physiological saline contammg 
guinea, pig serum (80 parts * 1 part, v/v) Dilutions 
of standard hormone solution were added to a con- 
stant amount of the diluted antiserum Simultane- 
ously seria] dilutions of the serum to be tested were m- 
cubated with the same amounts of the antiserum 
If all the antibodies are neutralized by the growth 
hormone of the serum or the standard solution, 
hemagglutination 18 prevented With decreasing 
hormone content of the dilutions, mcreasing hemag- 
glutination 18 observed The end-pomt 1s that con- 
centration of growth hormone at which complete 


Duutions of growth hormone, in ugm /ml, are arranged 
clockwise around the central well, which contains the antiserum 


If the dilution is not carried too 
far, that 1s, not quite to the titre- 
dilution, the end-point of the 
hemagglutination-imhibition can ho 
determined exactly All samples 
were tested in quadruplicate and 
gave identical iesults, even in 
different assays 

Our own work using the Ouchter- 
lony agar diffusion technique 
showed one single precipitation 
line between the undiluted human 
growth hormone rabbit antiserum and hormone 
concentrations ranging from 6,000 ugm /100 ml 
down to 300 ugm /100 ml (Fig 1) No precipita- 
tion was seen when human growth hormone was 
tested against anti-human serum In contrast 
a specific antiserum agaist human albumin with 
& high titre m one test produced a precipitation 
line, but only if growth hormone was used 1n & con- 
centration of 100 mgm /100 ml, an amount far 
greater than that used in the hemagglutmation 
technique. On subsequent trials this observation 
could not be reproduced This finding could be 
interpreted as indicating contamination of the growth 
hormone preparation with small amounts of albumin 

The growth hormone concentration m the serum of 
normal children and adults m our series using the 
hemageglutination-inhibition technique varied be- 
tween 24 ugm /100 ml and 60 ugm /100 ml for 
children and between 16 ugm./100 ml. and 36 gm / 
100 ml for adults (that ıs, 240 mugm /ml -600 mugm / 
ml and 160 mygm./ml and 360 mugm /ml) The 
mean values for children (42 children without cord- 
blood values 396 ugm./100 ml, standard deviation 
10 48) are significantly greater than the mean concen- 
tration in adults (18 adults: 260 ugm /100 ml, 
S.E = 5-53), P = 0001 The mean value of growth 
hormone in puberty (14 children from 11 to 17 years) 
i8 43 43 ugm /100 ml (SE = 861) This value does 
not differ significantly from the mean growth hormone 
concentration of 28 children under 11 years of age 
(without cord-blood values) which amounts to 
37 75 pgm /100 ml (S E = 10 94) with P = 0 1-0 05. 

In nine specimens of cord-blood the values ranged 
a 24 to 36 ugm /100 ml (that 1s, 240-360 mugm / 

) 

Fıg 2 shows the results ın relation to the age of 
the individuals tested There was no clear relation 
between the growth hormone concentration at a 
certam age and the rate of gain m height of the 
corresponding period. There ıs a slight mcrease in 
the mean growth hormone concentration between 
the age of 11 and 17 years (puberty), which is not 
significant In contrast, values of growth hormone 
in 18 adults showed an average which 1s significantly 
lower than the average during childhood 

In three hypopituitary dwarfs we found concentra- 
tions of growth hormone which are well below the 
lowest values encountered in normal children and 
adults. In this group a 6-year-old boy and a 13 5- 
year-old girl had & concentration of 6 ugm /100 ml, 
a 14 5-year-old male dwarf, who previously had 
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Fig.2. @, normalindividuals; A, hypopituitary dwarfs 

been treated with injections of growth hormone, 
... showed a concentration of 10 ugm./100 ml. after 

treatment had been discontinued for 10 days. 

^ Our findings for the growth hormone content in 
normal human serum correspond with the values 
given by Read (16-64 ugm./100 ml.) The content 
in the samples of cord- blood also falls in the range 
reported by him (24—48 ugm./100 ml.) In our three 
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hypopituitary dwarfs the. IHREN 
hormone were a little higher than Rea 
similar group, but they still are clearly 
normal range. 

Whereas Read believes that there is no. differe: 
in the content of serum between children and adults, = 
our mean values for children arë significantly greater _ Nes 
than the mean concentration in adults. Investiga- 
tions áre under way to settle the: question. of th 
suggestive increase in the concentration of human. 
growth hormone during puberty. e 
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> Read, C. H., and Bryan, G. I, Ciba. Foundation, Colloquia. on Ende 
crinology, 18, 68 (Churchill, "London, 1900) . EN 


t Hayashida, T., and Li, C. H., Seisnig; 428, 1276 (1958). Sree 
s E v K., and Webster, F., Prot, Soe. Exp. Biol. Med. 208, 168 nov 


* Leznoif, A., Fishman, J., Goodfriend, L., Me Garry, E eok, J., 
and Rose, B.. Proc. Soc. Exp. Biol. " Med., 104, 232 bens A 


7Li, C. H., Moudgal, N. R., and Papkoff, H., J. Biol. Chem; 235, s 
1038 (1900), Gs 
s Hirschfeld, J., Gemzell, C. A., and Wide, L., Nature, 187, 64 (1960), 
, NN M. M.. Kaplan, 8. 8., and Solomon, S., Nature, 185, 170 | d 
!* Fishman, J., McG vite E., and Beck, J. C., Proc. Soe, Esp. Biol. Lo a 
u Raben, M. &., Science, 125, 883 (1957). 2 













Med.. 102, 446 (1959 


SPERMATOCYTOGENESIS WITH POSSIBLE SPERMIOGENESIS OF 


B GUINEA PIG TESTICULAR CELLS GROWN IN VITRO 


By Dr. RUSSELL T. JORDAN, SEYMOUR KATSH* and NADIA de STACKELBURG 


Department of Experimental Immunology, National Jewish Hospital at Denver, 


and Department of Pharmacology*, 


University of Colorado 


School of Medicine, Denver 


|o 02 EAPERMATOGENESIS has been described as having 
p J two phases. In the first phase, spermatocyto- 
genesis, the germ cells undergo repeated mitoses and 
meiosis followed by structural changes which give 
rise to a new type of cell, the spermatid. In the 
second phase, spermiogenesis, the spermatids undergo 
a series of complex transformations which result in 
the formation of mature spermatozoa. 
In general the three cell types of the testes con- 
.. sidered of major importance in spermatogenesis are 
the spermatogenie or germ cells, the Sertoli or sus- 
^. - tentacular cells, and the interstitial or endocrine cells. 
- Recently, we have been able to propagate testicular 
-. cells continuously in culture and have identified 
these three cell types by morphological and histo- 
- chemical methods. Moreover, it appears that sperma- 
— togenic cells in culture retain the maturation potential 
. needed to form spermatids and possibly spermatozoa 
in vitro. 
_. In experiments reported elsewhere! it was shown 
that testicular cells continuously propagated in 



























` experimental allergic aspermatogenesis in the guinea 
pig and that testieular cells carried through several 

fluid transfers continued to synthesize antigen(s) 
react (Sehultz-Dale) with sensitized ilea of 
gs in which allergic aspermatogenesis has 
iced, 


pose. of this article is to describe the cyto- 
es. ad testicular cells grown in 


Testes were aseptically. removed from mature 
albino guinea pigs, washed in warm (37? O.) tris: 
buffered saline and stripped of the tunica vaginalis.. 
The testes were minced with scalpel blades and 
treated with 0-25 per cent trypsin in £rís-buffered 
saline at 37° C. for 2-3 min. After trypsinization the 
cells were diluted with 10 vol. of cold tris«buffered 
reed to stop the action of trypsin, centrifuged 

2,500 r.p.m. for 3 min. and re-suspended in nutrient 
keen to a final concentration of approximately 
2 x 105 cells/ml. 10 ml. of the cell suspension were 
used to seed each culture. E 

The culture medium contained Earle’s saline, 
‘Millipore’-filtered horse serum, lactalbumin hydro- 
lysate, chick embryo extract, a complex vitamin — 
mixture and antimicrobial agents. Glutamine was | 
added to the cultures. immediately before. cultiva INE 
tion. 

Cells were transferred by treating the paren 
culture at 37° C. for 3-5 min. with 0-25. per e : 
trypsin in £ris-buffered saline. After trypsinizatio: 
cella were washed once with cold trzs- bufferedealine. A 
re-suspended in warm medium so that each sere 
capped milk dilution bottle received 10 ml. containi 
approximately 2-0 x 10* cells. Cells were grow 
a humidified incubator at 37? C. in an atmosphere 
10 per cent carbon dioxide and 90 per cent oxyg 

Single cells for photomicrographic and. 
cal analysis were obtained by dilutin 
sions to pg b cells/ml. 1 ml. pla A 

à i un ; several coverslips. - 
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Fig. 1. Sertoli cell in culture 37 days. Phase contrast ( x 1,188) 





in culture 18 


Fig. 2. Interstitial] cell after 3 in vitro transfers: 
"a 


Phase contrast ( x 250) 


attachment to coverslips, cells were examined by 
phase microscopy or stained and photographed. 
Morphological and histochemical criteria used in 
identification of the different cell types were those 
already described and confirmed by others for the 
intact testis*-*. Coverslip preparations were fixed in 
10 per cent neutral formalin for 8-10 hr. A triple 
stain for deoxyribonucleic acid, polysaccharides and 
proteins was used for differentiating between sperma- 
togenie cells and other cellular components of the 
testes". The nuclei stained blue to green, the mucus 
(polysaccharides) and structures in the Golgi zone, 
red; and the cytoplasm yellow. Thus the ‘idiosomic’ 
granules of the Golgi region in the primary and 
secondary spermatocytes, which later fused to form 
the ‘acrosome’ and ‘head cap’ of the spermatids, 
eould be followed through various stages to the 
mature sperm by the bright red staining properties 
of the polysaccharide*-*®, 

Fig. 1 is a coverslip preparation containing an 
epithelial-like cell with an ovoid nueleus and three 
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nucleoli. The nuclear membrane is clearly outlined 
and the reticular cytoplasm contains fibrillar mito- 
chondria, chromatin granules and lipoid droplets. 
This cell type is characteristic of the Sertoli cell and 
retains its morphological and histochemical properties 
during repeated passage in culture. Multiplication 
of the Sertoli cell in vitro results in a ‘Sertolian 
syncytium’ or a confluent growth connected by 
protoplasmic bridges. 

Fig. 2 is a coverslip preparation of an epithelioid 
cell which contains a slightly elongated nucleus. The 
cytoplasm is highly granular and contains various 
inclusions. The perinuclear cytoplasm contains 
highly refractive, discrete, round globules, fairly 
uniform in size, which react positively when tested 
for neutral fats and lipoids. This cell type character- 
istic of the interstitial cell has been described in detail 
by Rasmussen®. 

The large spherical or oval cell type seen in Fig. 3 
grew as & free-form, unattached, monodispersed cell 
suspended in the growth medium and contained a 
spherical mass close to the nucleus which stained red 
and is characteristic of primary and secondary 
spermatocytes. Primary spermatocytes (Fig. 3, A) 
are the largest of the developing germ cells. Second- 
ary spermatocytes (Fig. 3, B, C), derived from the 
primary spermatocytes by the first reduction division, 
are somewhat smaller than the primary and generally 
the chromatin is less dense. Cells B and C have 
resulted from the division of what appears to have 
been @ primary spermatocyte similar to A. Each of 
these secondary spermatocytes presumably will 
undergo complex structural changes to form 
spermatids. 

Fig. 4 contains a group of cells, one of which 
(A) appears to be in early metaphase with tetrads 
typical of meiosis. The structures in this cell 
suggest the occurrence of parasynapsis with the 
organization of paired homologous chromosomes and 
the formation of quadripartite tetrads of chromosomal 
configurations. The presence of this cell distinctly 
separates meiosis in vitro from mitosis. B appears 
to be a spermatid flattening at the beginning 
of the maturation phase with the acrosomic granule 
transformed into a cone. The tadpole-like structure 
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Fig. 3. Primary and secondary spermatocytes growing in super- 
natant fluid after 3 in vitro transfers: in culture 35 days, Phase 
contrast (=x 1,188) 
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Fig. 4. A cell in meiosis (4) and spermatids in different stages of 
formation after 3 in vitro transfers: in culture 35 days. Phase 
contrast ( x 1,188) 


(Fig. 4, C) isa spermatid with a profile view of the head 
cap. 

In Fig. 5, A is a round cell which appears to contain 
the hollow heads of two sperms, while at the lower loft 
portion of Fig. 5 are structures which appear to be 
mature sperm. 

These findings show that spermatogenic, sustentac- 
ular and interstitial cells of the testes continuously 

pagated in culture retain their morphological 
and histochemical characteristics in addition to their 
immunological properties'. Moreover, it appears that 
spermatogenie cells carried in culture undergo meta- 
morphosis to form mature sperm. It is important to 
know in such work as this whether spermatogenic 
cells taken from the testes were in an advanced stage 
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Fig. 5. Structures which appear to be mature and immature 
spermatozoa. Phase contrast (x 1,188) 


of development and merely ‘matured’ into spermato- 
zo& in culture or whether immature spermatogonia 
underwent all the necessary transformations to 
form mature sperm. This problem is now being 
investigated by time-lapse cinematography. 

This work was supported by funds from grant 
CY-5188, National Institutes of Health and the 
Population Council, New York. 


! Kateh, S., and Jordan, R. T., Nature [192, 770 (1961)). 


* Rasmussen, A. T., in Cowdry's Special Cytology, second ed., 1073 
(New York, 1932), 


? Leblond, €. P., and Clermont, Y., Amer, J. Anal., 90, 167 (1952), 

t Katsh, S., Intern. Arch, Allergy and App. Immunol., 16, 241 (1960). 
* Clermont, Y., Anat, Rec. (Supp.), 109, 281 (1951). 

* Clermont. Y., and Leblond, C. P., Ann. de l'ACFAS, 16, 103 (1950). 
* Himes, Marion, and Moriber, Louis, Stain Tech., 81, No. 2 (1956). 


FORMATION OF DIFFERENT H/EMOGLOBINS IN TISSUE CULTURE 
OF HUMAN BONE MARROW TREATED WITH 
HUMAN DEOXYRIBONUCLEIC ACID 


By Pror. LORRAINE M. KRAUS 


School of Biological Sciences, University of Tennessee Medical Units, 
Memphis, Tennessee 


LTHOUGH transformation of bacteria is an 

established fact, the transformation of mam- 
malian cells is in à pioneering phase of research. 
In order to accomplish transformation, isolated 
deoxyribonucleic acid (DNA) must cross the cell 
membrane and become part of the genetical apparatus 
of the cell, thereby regulating the production of a 
substance within that cell which was absent before 
entry of DNA. It has been demonstrated! that 
intact DNA enters the mammalian cells and does 
become part of the nuclear material. 'The presence 
of a substance in the cell synthesized as a direct 
result of the new DNA is more difficult to demon- 
strate. In the human hemoglobins each polypeptide 
chain synthesized is directly related to the presence 


of a gene or sequence of DNA in the chromosomes of 
the erythrocyte precursors. This was demonstrated 
by Itano and Robinson*. Incorporation of DNA from 
cells producing one type of hæmoglobin into cells 
which produce another kind of hemoglobin should 
allow the detection of a new hemoglobin in the cells 
into which the DNA has been incorporated. Produc- 
tion of hemoglobins not previously present in tissue 
culture following incorporation of DNA into the 
erythroeytic series of cells has been accomplished 
here. These new hemoglobins contain the poly- 
peptide chains x4. 64, BS, y and probably an altered 
x-chaan. 

Bone containing red marrow obtained at surgery 
from an individual, homozygous for hemoglobin A, 
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Fig. 1. Autoradiogram using Kodak ‘AR 10’ stripping film. 
Exposure, 41 days. Stained with Wright-Giemsa, 1, mitotic figure 
showing incorporation of tritiated thymidine into the chromo- 
somes of cells from bone from an individual with hemoglobin A 
after 4 days of tiasue culture. 2, group of prorubricytes and 
rubricytes showing incorporation of tritiated DNA into cytoplasm 
and nucleus of bone marrow from a sickle-cell anwmia patient 
after incubation for 24 hr. with tritiated DNA 


was incubated in Tyrode solution containing 10 
per cent of the patient’s plasma. Methyl-labelled 
tritiated thymidine, 500 uec. in 0-02 mgm./0-5 ml. 
(New England Nuclear Corp.) was added to the tissue 
culture. After maintaining the tissue culture at 
27° C. for four days, autoradiograms of the marrow 
cells were prepared using Kodak ‘AR 10° stripping 
film (Fig. 1, 1). DNA was extracted by the salt 
extraction method used by Spizizen*. The extracted 
DNA gave typical absorption spectra‘ and the con- 


centration calculated by Ej? = 192 at 260 milli- 


micra was l ugm./ul. Nine hundred pgm. of DNA 
were added to bone marrow obtained by sternal 
puncture from a patient with sickle-cell anwmia. 
The hemoglobin present was homozygous hæmo- 
globin S with 8 per cent foetal hemoglobin. This bone 
marrow and the added DNA were maintained in tissue 
culture for 10 days at 27° C. in a sealed culture dish 
in Tyrode solution containing 10 per cent of the 
patient’s plasma. A plasma clot formed during the 
course of the incubation. Cells were removed at 
16, 24 and 48 hr. after the addition of DNA and slides 
were prepared with Kodak ‘AR 10° stripping film for 
autoradiographical examination. All autoradiograms 
showed incorporation of the tritium-labelled DNA 
into the cytoplasm or the nucleus of nucleated erythro- 
cytes (Fig. 1, 2), and into some other marrow cells. 
After 10 days, an aliquot of patient's plasma labelled 
with iron-59 as ferrous chloride was added and 
the tissue culture was incubated under continuous 
shaking in a water-bath at 37° C. for 1-5 hr. The cells 
were washed with Tyrode solution and a heno- 
lysate prepared which was fractionated by electro- 
phoresis in pH 8-6 veronal buffer. Tho total hamo- 
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globin component was found to be labelled with 
iron-59 and contained 45 per cent of the total 
radioactivity on the paper strip. The specific 
activity was 100 counts/min./mgm. of hemoglobin. 
These results agree well with previous experiments 
reported in ref. 5. This demonstrates that at the end 
of 10 days of tissue culture the erythrocyte cells 
were capable of synthesizing labelled hæmoglobin. 

Electrophoresis was used to compare the cell 
hemolysate from the tissue culture of DNA-treated 
cells with the cell hwmolysates from peripheral 
blood of the individual homozygous for hæmoglobin 
A (source of the DNA) and the patient with homo- 
zygous hemoglobin S with 8 per cent hemoglobin F 
(the original tissue culture), The results are in 
Table 1. 

Fig. 2 depicts the results of agar electrophoresis 
showing the different hemoglobins formed in tissue 
culture treated with DNA. 

Eleetrophoresis in 7 M urea-0-1 M veronal buffer 
at pH 8-2 separates the polypeptide chains of 
hemoglobin®. This method was used to separate 
the polypeptide chains of the new hemoglobins, 
hemoglobin A and hemoglobin S-F found in the 
cell hæmolysates (Fig. 3). The identification of the 
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Fig. 2. Agar electrophoresis of cell hemolysates from tissue culture 
treated with DNA, labelled X, from peripheral blood of the sickle- 
cell anwmia patient. labelled S original bone marrow tissue cul- 
ture) and of an individual with hæmoglobin A, labelled A (source 
of DNA). All material was in the form of cyanmethuemoglobin and 
was of equal concentration, 1, 2,3, tris-EDTA-boric acid pH 7:1; 
4, tris-citric acid pH 6:1; 5, tris-EDTA-boric acid pH 8:6, The 
origin is designated by a POE MM Stained with bro 
ue 
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polypeptide chains present in the cell hemolysates 
was aceomplished by electrophoretic comparison 
with purified «4, 84, BS and BC polypeptide chains 
— by countercurrent distribution’. 

absorption spectra in the range 200-700 mu 
for all the above cell hemolysates were super- 
imposable and typical for oxyhemoglobin containing 
a small amount of methemoglobin. 

From the results of these experiments it appears 
that cells which were genetically determined to 
synthesize only «4, BS and y polypeptide chains of 
hemoglobin, on incorporation of the genetical 
material (DNA) from cells which synthesized only 
a4, B4 and y polypeptide chains, now are able to 
synthesize the originally present «4, 85 and y poly- 
peptide chains and in addition 84 and possibly an 
altered « polypeptide chain. These polypeptide 
chains in the cells altered by DNA combine to form 


Table 1. ELECTROPHORESIS OF THE H.EMOLYSATES (HÆMOGLOBIN X) 

OF THE TISSUE CULTURE HUMAN BONE MARROW TREATED WITH 

DNA COMPARED WITH CONTROLS OF HÆMOGLOBIN A (SOURCE OF THE 

DNA) AND HÆMOGLOBIN S8-F PER CENT ^ vem MARROW BEFORE 
TREATMENT WITH DNA) 


No. 4807 


Whatman 3 M M Filter Paper = Origin * + 
. A 
pH 8:6, 0-05 M i x 
Tris-citric acid A 1 
pH 6-1 (ref.6) X 
E 
> d 
Phosphate A 
pH 6:8, 0-05 M x 
X 
Phosphate A 
pH 6:5, 0-05 M x ; 
X 
meo Ty tetraacetic 
acid (EDTA)-boric acid 4 A 
pH 8:9 (ref. 7) T 
». 
Agar (ref. 6) 
P EDTA boric acid A 
pH 8-6 X 
3" 
Tris-EDT A-boric acid A 
pH 71 X $ X 
X X 
Tris-citric acid A 
pH 61 X 
S 
X 


All cell hemolysates are of equal concentration and in the form of 
cyanmethsgmoglobin. 
* Origin representa the point of application of the samples, + and 
- electrodes and the tions X, S. A designate relative 
av Pos the hemoglobins found in the previously described cell 
iemolysa * 
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Fig. 3. Electrophoresis on Whatman 3 MM paper using 7 M 
urea-0-1 M veronal pH 8:2, 350 V., 5 m.amp. for 5 hr. eger 
ates as designated in Fig. 2. The electrophoretic mobility of 
bins, in this method wards 
m 
with brom blue 


two hemoglobins differing electrophoretically from 
hemoglobins A, S and F. 

Bone for the extraction of DNA was made available 
by Prof. H. Boyd, of the Department of Orthopedic 
Surgery, University of Tennessee, and Campbell 
Clinie, Memphis. Bone marrow was made available 
by Prof. A. P. Kraus, Department of Medical Labora- 
tories, University of Tennessee College of Medicine. 
I thank them. 

This investigation was supported in part by a 
grant from the United States Public Health Service 
H-3546(C3). 
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By Dr. E. R. HUEHNS*, Dr. E. M. SHOOTER and N. DANCE 
Department of Biochemistry, University College, London 


Da. G. H. BEAVEN 
Medical Research Council Laboratories, Hampstead, London 
AND 


Da. K. V. SHOOTER 
Chester Beatty Research Institute, London 


ORMAL adult hemoglobin (Hb-A) consists of 
two a4-polypeptide chains joined to two f4- 
po tide chains and has a molecular formula 
«484 (ref. 1). Most human hemoglobin variants, as 


* Beit Memorial Fellow. 


well as fetal hemoglobin, «4y*% (refs. 2, 3), and 
hemoglobin A. a484?! (refs. 4, 5), have the same 
type of structure. o hemoglobin variants have 
been described which do not contain «-chains, namely, 
hemoglobin H, 7 (refs. 6-8) and hæmoglobin 
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“a Electrophoresis 


Fig. 1. Analysis of peptides obtained by tryptic hydrolysis of (top) Hb-A and (bot 
acetic " chroma 


acid, water (90 : 0-4 : 10), pH 6-4, followed by ascending 
(a) Photographs of peptide 
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tom) Hb-a4; electrophoresis in pyridine, 
hy in yl alcohol, pyridine, water (35 : 35 : 27). 
; (b) tracings of peptide pattern 


(Method and numbering system as ref. 28) 


‘Bart's’, 47 (refs. 9-11). In this report, the properties 
of a hemoglobin, now called hemoglobin «+(Hb-«4), 
consisting of a single «-!-chain, are described. 

Hb-«4 was prepared by eluting purified Hb-A from 
a column of carboxymethyl cellulose using an 0:3 M 
sodium acetate buffer of pH 4-7, dialysing the eluted 
hemoglobin solution back to à neutral pH and then 
se ing the resulting hemoglobin mixture by 
starch block electrophoresis". In phosphate 
buffer of pH 7-0 and [Na+] 0-08 M Hb-a4 migrated 
more rapidly towards the cathode than Hb-A. 

Fig. 1 compares the peptides obtained from the 
tryptic digestion of Hb-«4 with those obtained 
from Hb-A. It can be seen that those peptides, 
namely, 4, 5, 6, 12, 14, 158, 178, 19, 24, 25 and 26, 
arising solely from the 84-chain of Hb-A are absent. 
In contrast, peptides 3, 9, 10, 11, 13, 15%, 17a, 18 
and 23 which originate from the «4-chain appear in 
the ‘fingerprint’. Hb-«4 was also dissociated and 
recombined 4/5 with canine hemoglobin, hemoglobin 
G/C and hemoglobin J. In the recombination 
experiment with canine hemoglobin, only the slower 
of the two new species which form in the recombina- 
tion of canine hemoglobin with Hb-A was observed 
(Fig. 2). This species is known to have the com- 
position a48^7"- (ref. 16). When Hb-«4 was recom- 
bined with hemoglobin G/C, «587 (ref. 17), the only 
new species formed was hemoglobin C. On the other 
hand, it is known that when hemoglobin G/C is 
recombined with Hb-4, both hemoglobins G and C 
form’? according to the equation: 


«789 + «^04 —> a987 + aB + aB + «p^ 
Hb-G/C Hb-A  Hb-G/C Hb-C Hb-G Hb-A 


Thus, the appearance of hemoglobin C but not 
hemoglobin G in this experiment as well as the 
formation of the species «*6°" but not the species 
a° 84 in the recombination with canine hæmoglobin 
suggest that the new hæmoglobin consists solely of 


A 


44-chains. Recombination of Hb-«4 with hemoglobin 
I produced only Hb-A, confirming the presence of 
x41i-chains in Hb-a4. This experiment is analogous to 
the recombination of hemoglobin H with a hæmo- 
globin possessing abnormal $-chains'*:4*, In the latter, 
hemoglobin H donates $4-chains which combine 
with the «4-chains of a $-chain variant to form 
Hb-A, while in the experiment reported here 
Hb-a4 donates «4-chains for the formation of 
Hb-A, this time with the 84-chains of an a-chain 
variant, 

The sedimentation properties of Hb-«4 (ref. 20) 
resemble closely those of sperm whale myoglobin 
and the hæmoglobin of the brook lamprey, Lampreta 
fluviatilis. Thus, the value of 1-7 S for the sedimenta- 
tion coefficient of Hb-«4 may be compared with the 
figure of 1-7 S for myoglobin determined under the 
same experimental conditions, or of 1-8 S quoted 
for lamprey hemoglobin*'. Moreover, the molecular 
weight of Hb-«4, 17,000 + 1,000, is similar to the 
value of about 18,000 for myoglobin and 17,200 for 
lamprey hæmoglobin?! and is near the molecular 
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Origin 
Fig. 2. Analysis in starch gel, tris citrate-borate discontinuous 


b system, migration time Š hr., o-dianisidine stain; (i) mix- 

ture of Hb-A and Hb-eanine ; (ii) mixture of Hb-A and Hb- 

canine dissociated and recombined ; (iii) mixture of Hb-a4 and 

Hb-canine dissociated and recombined ; (iv) mixture of Hb-o4 
and Hb-canine 
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Fig. 3. Analysis in starch gel, tris citrate-borate buffer system, 
e e time 2 hr., ar ince dide stain; (i) hemolysate ER 
ing Hb-A + G + C + G/C: (ii) Hb-a4 


weight expected for the «4-chain on the basis of its 
amino-acid composition?*: s, Hb-«4 therefore con- 
sists of a single «4-polypeptide chain. 

The absorption characteristics of the cyanmet- 
derivative of Hb-«4 are, with one exception, identical 
to those of Hb-A. The one difference is found in the 
wave-lengths of the maximum of the ‘protein’ band 
which are at 274 my for Hb-A and at 270 my for 
Hb-«4. This shift to lower wave-lengths would, 
however, be e for a hemoglobin consisting 
only of «4-chains since the latter have a significantly 
higher tyrosine : tryptophan ratio than the globin 
of Hb-A itself. 

Hb-«4! has a distinctive electrophoretic mobility, 
migrating nearer to the cathode than hemoglobin 
G/C at pH's between 7-0 and 8-7 (Fig. 3). It is stable 
in solution, either as the carbonmonoxy or cyanmet- 
derivative, for a week at 4° C., but gradually pre- 
cipitates on longer storage. When deep-frozen at 
— 15° C. it precipitates almost completely from 
solution in 48 hr. 

These experiments have, therefore, shown that a 
hemoglobin consisting of a single «4-chain is capable 
of separate in vitro existence. Moreover, its electro- 
phoretic mobility and stability in solution are such 
that if it occurred in vivo, even in small amounts, 
it would be detected by starch-gel electrophoresis 
either in the tris citrate-borate system at pH 8:7 
(ref. 24) or in phosphate buffer!5:2*.299, Starch-gel 
analyses of fresh h:smolysates from a number of 
individuals, normal or with hsmoglobinopathies or 
thalassem‘a, carried out by us have failed to 
reveal any such component. However, it is prob- 
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able that small amounts of this hemoglobin are 
formed in some recombination experiments, particu- 
larly if prolonged acid treatment is used. The 
only other hæmoglobin with an electrophoretic 
mobility slower than hemoglobin G/C is hemoglobin 
Gower 2, found in the red cells obtained from a small 
human foetus*’, However, the position of the trypto- 
phan fine structure band of the latter hæmoglobin 
is at 2902 A. which is significantly shorter than that 
found for Hb-x4 and these two hemoglobins are 
therefore not the same. It would thus appear that 
Hb-«4 does not occur in vivo and this is of some 
importance in any consideration of the synthesis of 
the hemoglobin molecule. 

This investigation has been supported by a grant 
from the Colonial Medical Reoonteh Coniuitiéo and 
also by grants to the Chester Beatty Research 
Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the Medical Research Council. 

We are indebted to Miss Jean Atwater for à sample 
of a hemolysate containing hemoglobin J and to 
Dr. A. Edmundson for a specimen of crystalline 
sperm whale myoglobin. 
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TELEVISION MICROSCOPY 


A Flying-spot Interference Television 
Microscope 


N all-electronic flying spot interference television 
microscope for the rapid determinstion of 
cellular dry mass has been developed in this labora- 
tory. The work has stemmed from the suggestions 


of Barer? and from consultation with F. F. Roberts 
and F. Smith of C. Baker Instruments, Ltd. 

The interferometric technique of dry-mass determ- 
ination has been well doeumented? and mechanical 
systems of scanning have been developed’. 

The equipment developed in this laboratory uses 
the flying-spot technique of scanning. A low-speed 











System with 10-sec. sweep is used in order to improve "n 
- the ratio of signal to noise and to ease the require- - 
- ments on the computing circuitry. The system — 


consists of the flying-spot scanner tube, interference 
:.  mieroseope, multiplier phototube, and a photoformer 

-= for the continuous solution of the intensity-phase 
angle equation. A monitor presents a picture of the 
photoformer output, which represents the relative 
phase angle present in the cell and, therefore, the 
dry mass of the various portions of the cell on a grey 
scale. The photoformer output is fed to an integrator 
circuit which sums the phase angle in the entire field. 
The integration output at the end of each sweep, 
therefore, represents the total dry mass present in the 
optical field. The information from the integrator is 
continuously read out on a strip chart recorder. 

Auxiliary pulse generating equipment is so arranged 
that the integrator may be made to sum only the 
information in a selected area of the field. The area 
being integrated is indicated on the monitor by 
brightening. This area may be a square or rectangle 
with a minimum size of about 2u at the magnification 
at present used. 

The grey scale dry-mass images of the living cell 
may be continuously recorded on 16-mm. motion 
picture film. When such a film is presented at a 
speed of 16 frames per sec. a time-lapse motion 
picture is obtained. 

This system has several advantages over previously 
described techniques. (1) The data on the dry mass 
of whole cells or segments of cells are obtained and 
recorded by two methods every 10 sec. (2) The dry- 
mass images of the specimen are continuously 
displayed on the monitor tube during the course of 
the experiments. (3) The visual presentation of the 
dry-mass image makes the positioning of the bright- 
ened area of the raster quite easy and this permits 
continuous determination of the dry mass of selected 
areas of the cell. 

This work was supported by grants from the 
Atomic Energy Commission, the Southwestern 
Medical Foundation, the Damon Runyon Memorial 
Fund, and Tobacco Research Industry Committee. 
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Uitra-Violet Television Microscopy 


SEVERAL attempts to use ultra-violet-sensitive 
television cameras in association with ultra-violet 
microscopes to give an immediate display of the image 
have been reported!. From published photographs 
the sensitivity and image quality do not appear to 
be very high and results obtained with other types of 
image converters have also been disappointing. A 
newly developed E.M.I. ‘Vidicon’ camera tube 
incorporating à quartz window and a specially modi- 
fied arsenic triselenide target layer appears to be 
very promising. 
peak at 4000 A. with a half-intensity band-width of 
about 1500 A. The sensitivity at 2537 A. is approxim- 
coo ately O10 uamp./uW./cm.*. This appears to be 

.several times higher than previously reported values. 


"The layer has unity gamma and reasonably low = 


‘This tube has been used in conjunction with quartz ` 


The spectral response curve has a 





inertia. — 





objectives and condenser, illuminated with mono- => 
chromatic light of wave-length 2537 A. from a low- — 
pressure mercury lamp and simple monochromator. . 
With a signal current of between 0-05 and 0-1 pamp., = . 
excellent images of living cells at magnifications of. < 
3,000 times could be displayed on a television sereen. - 
The intensity of illumination was adequate even with ... 
the glycerine immersion objective of N.A. 1-25 and ib — 
was possible to take good-quality photographs of the 
sereen using a 35-mm. camera with exposures as ^. 
short as 1/25 sec. The great advantage of the system > 
is that it enables microscopy to be carried out as >o. 
easily with ultra-violet as with visible light. Focusing o 0o 
presents no problem and there are no special mechani- 
cal requirements. The lenses were mounted on a 
simple student-type microseope stand. Many fields 
containing large numbers of cells can be scanned in a 
short time and the very shallow depth of field makes 
it possible to focus the different levels through a.. 
relatively thick specimen, thus helping to build up a 
three-dimensional impression. 
In this connexion the technique of immersion 
refractometry* has been adapted for ultra-violet work. 
The lens-like behaviour of an uncompressed spherical 
cell makes observation of internal structures difficult. 
This can be partly overcome by immersing such cells 
in a suitable protein medium having a refractive index - 
approaching that of the cytoplasm. This method has 
enabled the structure of chromosomes to be seen very 
clearly in undamaged cells. Since, however, the cyto- 
plasm of most cells shows some degree of absorption 
at 2537 A. it is difficult to bring about actual reversal 
of contrast by immersion in protein alone. If a . 
little nucleic acid is added to a less-eoncentrated . 
protein solution it becomes possible to matsh the 
cytoplasm exactly against the surrounding medium - 
or to make it appear bright instead of dark. This 
method opens up the possibility of measuring both 
the refractive index and absorption of living cells 
in the ultra-violet to obtain quantitative cytochemical 
information. It also makes it possible to vary at = 
wil the contrast of internal detail, a technique 
referred to elsewhere as "optical dissection"?, Finally, | 
the method offers considerable promise for rapid = 
microspectrophotometry. It is quite simple to scan 
any line across the image of a cell and display a light. 
intensity curve on an oscilloscope sereen. There is 
no difficulty in principle in converting such curves to 
an optical density scale and in feeding the results to 
an electronic integrator to measure the total mass of. 
absorbing material. CHAR 
We wish to thank E.M.I. Electronies, Ltd., for =>- 
the loan of television equipment and Cooke, Trough- === 
ton and Simms, Ltd., for the loan of optical equip- 
ment. eh 
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ACE SCIENCE 


n of West Ford Needles 
he Earth’s Magnetosphere and 
nnm their Life-time 
. THE life-time of the copper needles which were to 
. «be placed in orbit for the West Ford experiment is à 
. matter of great concern. It is generally believed that 
_the pressure of solar radiation (not drag) will bring tho 
, needles down in about seven years provided they are 
launched into a ‘resonant’ orbit (for example, a polar 
orbit at altitude 3,800 km.); for a good description 
.. 0f the resonance effect, see I. I. Shapiro and H. M. 
Jones? These authors also show that if the semi- 
. major axis of the orbit is changed by more than 150 
km., the resonance would be destroyed and the life- 
time greatly increased. 
. My earlier article? discussed the problem of the 
drag of a charged body moving through a plasma and 
considered also just how a body acquires an electric 
_ Charge in space. Although originally applied to 
miüerometeors, this work can be carried over directly 
to the West Ford dipoles, which are copper needles of 
length 1-77 cm., diameter 2-8 x 10-9 cm., and mass 
_ 10-3 gm. I calculate a capacity C of 15 x 10-8 
.. farad (my earlier article? adopts tho wrong value of 
capacity, and, through force of cireumstances, went 
to press before I could correct it; all further results 
there must be changed in proportion). 
A more detailed examination of the charging effects 
for the particular conditions of the magnetosphere 
. where the needles are put in orbit still leads to a 
=> potential of the needles close to the value adopted 
earlier. Its ‘effective’ value is — 3-6 V. Hence the 
| nominal charge Z is ~ 3 x 10° electrons. 
A further detailed examination shows that within a 
< small error it is permissible to replace the needle by & 
< point charge when calculating its total interaction 
-force with the magnetospheric plasma. Then with the 
use of the relations given earlier? the drag force 
|. .aeting on the needles turns out to be F ~ 10-33 Z? n 
|. dyne, where n is the ion density ~ 3 x 10* H+ ions 
|. per em.’ at the West Ford orbit. The resultant rate of 
| .. decrease of the orbit radius is ~ 3 x 10-19 Z? km. 
“per annum. Hence the orbit shrinks at the rate of 
dridi ~ 3 x 10° km. per annum. 
<. The greatest uncertainty enters into the determina- 
tion of the electric potential of the needle. I estimate 
it to be within — 7-2 to — 1-8 V., with a probability 
. of more than 90 per cent. With these extreme limits 
` the orbit would shrink at a rate as high as 1-2 x 104 
km. per annum (33 km. a day) or as low as 750 km. 
per annum. 
-< It is elear, therefore, that not only will the drag 
spoil the resonance but also it will in all likelihood pro- 
.vide an upper limit for the life-time which amounts 
a few months, possibly as much as three years. 
. However, one cannot entirely exclude the possi- 
` bility that the root-mean-square potential is less than 
-0:25 V., leading to dr/dt < 15 km. per annum (in which 
ease. the radiation pressure resonance would be 
and the life-time would be — 7 years); or 
ean-square potential is about 0-36 V., 
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leading to dr/dt ~ 30 km. per annum, in which case. 
the resonance would be destroyed and the life-time © 
increased to nearly a century. "E o 
A detailed report has been prepared and will be 
published later. Uo 4» aa 
S. F. SiNoER* 
Physies Department, | 
University of Maryland, 
College Fark, Maryland. coL EUN 
* Present.address: Jet Propulsi Institute — 0 
r SAP Ens Joh Nope Laboratory, Canis Taatitute 
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PHYSICS 


Lattice-type Vibrations in Associated 
Liquids and the Origin of Anomalous 
Rayleigh Scattering 


WHEN a sample is irradiated with monochromatic 
light of frequency v, and the scattered light at right 
angles to this incident beam examined by means ofa : 
spectroscope, a line spectrum is observed containing = 
besides the Rayleigh component v, the Raman 
lines vp + AE;/h, where AE, are the energy differences 
between stationary states of the sample. Although. 
an are having a relatively isolated line is normally. 
used as the source of monochromatic light, all ares do 
give rise to some continuum and this also appears 
in the speetrum as Rayleigh seatterinp. This con- 
tinuum ean be reduced by a carefully designed are 
(such as the Toronto type! mercury are), while the 
Rayleigh scattering is minimized by preparation of the 
sample for investigation in an optically clean condi- . 
tion. However, even under such favourable condi. 
tions some continuous scattering does occur, but the 
fact that it appears to depend on the nature of the 
scattering medium, extending less than 100 em.-: 
from the exciting line in the ease of unassociated 
liquids*^ and their corresponding solids and many 
hundreds ef em.-! in the ease of highly associated 
liquids? and solids, would suggest that it is not 
Rayleigh seattering as is often thought. Its origin is, — . 
therefore, of interest, and it is the purpose of the 
present communication to discuss the possible 
sources ef these anomalous Rayleigh ‘wings’, Fo 
Phonon scattering, giving rise to a Brillouin spect- 
rum, can be quickly ruled out as the major cause of 
this broadening since the velocity of sound in liquids 
and solids is of the order of 105-109 em.sec.-1, corne- 
sponding to frequency shifts of only ~ 1 emot at 
In unassociated liquids and their corres 
solids, rotation of the molecules should give rise ti 
broad wings on either side of the exciting line, the 
broadness of these wings depending on the rotational ` 
constant and the temperature, and in general being 
less than 100 cm.-! for all but very light molecules. 
This is normally believed to be the predominant cause 
of the Rayleigh wings in these systems*-4.*, Although 
in associated liquids and solids rotation of molecules 
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“may still occur, the major cause of the Rayleigh wings 


= z “probably arises from excitation of the optical modes 
— of an associated or lattice-like structure. 


Such 
excitation of the optical modes may give rise to both a 


“> first- and a second-order Raman effect, the frequency 


maximum of the former corresponding roughly to 
that of the optical frequency observed in the infra-red, 
while the second-order Raman effect will extend out to 
` approximately twice this frequency. Thus, solid 
sodium chloride, which has an infra-red absorption 
frequency’? at 164 em.-, exhibits a second-order 
Raman effect? extending out to 350—400 em.-*. 

In the case of highly associated liquids, exeitation 
of the optical branch of the quasi-lattice-like structure 
has not been reported previously. By using & one- 
angle reflexion technique* and an analysis due to 
Robinson and Price!? the optical constants in the 
200-1,000 em.-! region have now been obtained for 
water, aqueous lithium nitrate, fused lithium nitrate, 
chlorate and hydroxide, and fused sodium nitrate and 
hydroxide, and the absorption spectra are shown in 
Fig. 1. The intense band in this low-frequency region 
can be assigned in every case to the excitation of the 
optical branch of a quasi-lattice, and the frequency of 
this band suggests that the Raman effect should show 


` . . broad wings out to 400-900 cm.-! in fused salts and 


o~ 1,600 emt in aqueous solutions, consistent with 


systems. o o 














iomalous. Rayleigh scattering in those - : 


It would appear of interest in the light of the above 
suggested origin of the anomelous Rayleigh wings 
to study this continuous scattering more fully, . 
especially in the cese of highly associated liquids. In 
this direction the ‘laser’, giving an intense mono- — 
chromatic light source with no spurious are continuum, |. 
should be ideal as a Raman source and should certainly _ 
clarify this question. E. 

I wish to thank H. J. Bowlden for helpful discussion 
and criticism of the manuscript. 
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The Balance of Energy in Nuclear 
Fission 

a peenaa 

EARLY experimental observations on the range of 
fission fragments in air’ suggested that the kinetic 
energy of fragments of nearly equal mass formed in 
fission (that is, symmetrical fission) was less than 
that of fragments of different mass (that is, in un- 
symmetrical fission), and very recent measurements? 
have clearly confirmed this, and shown that the de- 
ficiency amounts to about 30 MeV. (32,210 miero- 
mass units, uM.U.). The conservation of energy in 
fission may be expressed by an equation of the form: 


fA A Me S 
(E) = (hat) + Car) + a 


where pu 's are the masses of the fissioning nucleus 


and of the fragments, 1 and 2, of mass number A o0 
and charge Z, and E, is the energy released expressed - 
in mass units. This last appears as the kinetic - 
energy of the fragments together with the neutrons 
and y-rays emitted in fission. It has been shown? 
that the neutrons and y-rays associated with sym- 
metrical fission are not markedly greater in energy” 
than those associated with unsymmetrical fission. |. 
and it appears that the deficiency in the kinetic > 
energy in question must be associated with an excess ^. 
in the masses of the unstable fragments. The masses ^. 
of the unstable fragments formed initially in fission — 
are not known, however, and attempts to predict . 
them from present empirical mass formule have not 
shown the expected mass excess!. 

Koenig, Mattauch and Wapstra have recently 
compiled & consistent set of al known stable and 
unstable masses*. In this communication it is shown 
that an extrapolation of these known masses suggests. 
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that symmetrical fission fragments have greater mass 
." than unsymmetrical fragments. 

For symmetrical fission, (s), equation 1 may be 
written: un 


dox A, o 
(zar) = (7M) + Es (2) 
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2. Mass differences between unsymmetrical and symmetrical fragments. 















From equations (1) and (2 


No protons are lost in fission and, therefore 
4, + 4, =. 228. D 
and because the average number of neutrons it 
metrical fission is about equal to that 
symmetrical fission : As WA 
E A, + Ay > wA 
. In Fig. 1, AE from equation 3 
the total mass with Ze = 46 (f 
of WU), and Z, = 38, Z,— 5 
masses (on the carbon-12 scale 
(5). Lines connect points fo 
(A, — 4.) for combinations r 
by equal numbers of neutrons. He 
mass differences for combination n 
are nearly equally deficient in neutrons 
to their most stable isotopes, that is, whe 
(4, — A) = (4! - Ay) (6) 
where * indicates the most stable mass. The graph ! 
suggests that extrapolation of the heavy lines toa 
total mass of 236 (the mass of the compound nucleus = o> 
before fission or neutron emission) would lead to 
combinations of nuclides with a high negative value 
of AE. | 
In Fig. 2 AE for the other combinations of Z, 
and Z, have been plotted for highly unsymmetrical 
to symmetrical combinations of nuclides. Values of 
A have here been chosen subject to conditions (5) 
and (6). Fig. 2 suggests that linear extrapolation to ^ = 
higher masses would lead to high negative values of — — — 
AE only for the elements lanthanum to tellurium and — 
their complements (atomic numbers 57-52 and 35-40) . 
If such an extrapolation is valid, it may be associated 
with the observations that the symmetrical frag- 
ments and also the highly unsymmetrical fragments 
are formed in low yield and with low kinetic energy, 
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of these fragments than in the formation of fragments 
with atomic > numbers i in the range shown. In addition, 
Fig. 1 gives a qualitative indication that the highest 
release of energy would occur in fission when nuclides 
are formed which are equally deficient in neutrons, 
and this is in accordance with the equal-charge dis- 
placement hypothesis for the distribution of charge 
in fission*. 
G. N. WALTON 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell. 
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ENGINEERING 


Non-Linear Transmission Lines for 
Millimetre Wave Generation and Recep- 
tion 

THE properties of non-linear transmission lines, 
containing, for example, ferroelectric material of the 
barium titanate class, have been examined in con- 
nexion with a computing gystem!. Their possible use 
as a variable capacity parametric amplifier element is 
obvious, and it has been shown recently that an 
electromagnetic shock-wave can be propagated’. 
This effect occurs when a signal of large amplitude is 
injected into the line. The high-field part of the wave 
travels at a greater speed than the low-field part so 
that a sine wave becomes a saw-tooth. After a certain 
time this has a vertical leading edge analogous to a 
shock-wave in à gas. Such a wave is rich in harmonics 
and a number of lines, driven with power derived 
from the same microwave magnetron and with out- 
puts recombined through phase shifters, could be an 
efficient harmonic generator. 

A less obvious method of generating higher 
frequencies with a non-linear line is as follows: 
Suppose a low-level microwave signal is fed into a 
wave-guide filled with ferroelectric, and that this guide 
is constructed so that it is possible to apply a d.e. bias 
voltage to change the permittivity of the dielectric. 
Suppose the signal pulse duration is for a certain time 
and that during this time the bias is changed so that 
the velocity of wave propagation increases. The 
emergent signal will then occupy a shorter time, but 
as it contains an unchanged number of oscillations 
the frequency will be increased. Also as energy is 
conserved the power will increase, if the losses can be 
neglected. 

The contrary case, where the wave is slowed down 
during the pulse so that the pulse is stretched in time 
and reduced in frequency, is also of interest. In 
principle this would permit millimetre waves to be 
converted to a more easily detected frequency. These 
effects are large if the switching time of the bias 
voltage is of the order of the time taken by a wave 
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because there is less energy released i in the fóimankion te. pass. ‘along the anemian TUN which imposes E 


“gome technical limitations. 


However, the chief difficulty at present is in the - 


ferroelectric material. Measurements at 10-cm. wave- | 


length of permittivity variation with bias have shown 


that the effect is still appreciable in a barium-stron- 
Measurements at 3-cm. wave- °° 
length showed that relative permittivities of several |... 


tium titanate ceramic’. 


thousand are still obtained’. There appears to be no 
published work on these materials at higher frequen- 
cies and with d.c. bias applied. 

I hope to make some measurements along the lines 


indicated in this communication at shorter wave- ^. 


lengths than 3 em. As I have no facilities at present 


for material manufacture, these measurements will be |... 
initially with barium-strontium titanate supplied by |... 
I would be inter- |... 
ested to hear from any organization producing. 
titanates or the newer ferroelectric materials which | ^ 


an industrial research laboratory. 


would care to collaborate in a programme of millimetre 
wave measurements. 


D. WALSH 


Engineering Laboratory, 
University of Oxford. 
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GEOLOGY 


Carbonatitic Lava from Fort Portal Area 
in Western Uganda: 


IN an excellent paper Holmes! quotes chemical 
analyses of two spectacular carbonated lavas, one 
from the Katwe region, the other from Kalyango 
voleano near Fort Portal. In earlier work, Holmes 
and Harwood? described a similar carbonated lava 
from Lake Kyekora, also near Fort Portal. Present 
examination of a vesieular lava of high carbonate 
content poured out from Kalyango voleano shows 
close geochemical affinities with intrusive carbona- 
tites. lt must be emphasized that the lavas examined 
are fresh and unaltered and that the carbonated 
nature cannot be attributed to alteration after 
solidification. A proposed investigation of the 
numerous lavas in the Fort Portal field may elucidate 
the formation not only of the characteristic ultra- 
basic potassic volcanics of south-west Uganda and 
adjoining parts of the Congo, the petrogenesis of 
which Holmes has presented so admirably, but also the 
genesis of the carbonatites themselves. 

The field relationships of the Kalyango and other 


similar ‘carbonated’ lavas have been described by. . 
Extrusive equivalents of carbonatites are |^. 


Combe?, 
rare, one other occurrence being from Kerimasi _ 
volcano in Tanganyika‘. 

A mineralogical, chemical and spectrographic 
investigation of the lava from Kalyango volcano 
shows the following characteristics: The rock is light- 
grey in colour, variably vesicular with phenoerysts of 
biotite up to 1 em. across. It contains frequent 
inclusions of basement rocks and occasional rounded, 
possibly eclogitie fragments consisting of a dark-green 
clmopyroxene and pink garnet. The dense ground. 
mass is powdered with magnetite and the vesicles are 
lined with a crust of small crystals of calcite and are 
often filled with spherules and rosettes of fibrous 
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Table 1, 
SiO, TiO, ALO; FeO, FeO MnO MgO 
L 1299 74 503 793 444 040 855 
2. 1381 106 320 805 433 O44 8-65 


1, Vesicular carbonatitic lava from a flow, Kalyango Volcano, Fort Portal. 
Total includes 3rO = 0-60, BaO = 0-20, 8— 0-40, F — 0-8, 


2. Vesicular carbonatitic lava rich in zeolites, same locality. 
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CHEMICAL ANALYSES OF CARBONATITIC LAVA FROM UGANDA 







CaO NaO — K,0  H,04 H,0- PO : 
3597 073 020 345 165 382 1479 100-62 
3542 103 017 3976 27289 32357 $7 


10005. 
Total includes SrO = 0-63, BaO = 015, S= 0:35, F — 08. ^ 


(Analysis by O. von Knorring.) 


zeolites. Under the microscope the ground-mass has 
a folt-like appearance containing minute grains of 
pyroxene, olivine, biotite, magnetite, some ‘ilmenite, 

apatite and calcite. The larger clinopyroxene and 
biotite grains are seen to be corroded and the latter 
are often replaced by calcite along the cleavage. In 
polished sections magnetite and pyrite are the most 
conspicuous ore minerals. A partial analysis of 
magnetite showed some 11 per cent titanium dioxide; 

in reflected light, however, no exsolution lamelle of 
ilmenite were seen. From partial analysis, the biotite 
is a magnesia-rieh variety with & high titania content, 

and rather similar in composition to a biotite recorded 
by Combe and Holmes‘. 

Among the major constituents of the lava (Table 1) 
silica and alumina are extremely low compared with 
other ultrabasie igneous rocks. Low silica contents of 
this kind ere known in certain carbonate-rich alnditic 
dyke rocks, for example in the so-called aillikite from 
Ailik Point in Labrador”, The calcium content is 
high, and most of the caleium is combined in silicates. 
The carbon dioxide content appears to be variable, 
and therefore lavas. with even higher carbonate 
contents are possible, as shown by the almost pure 
carbonatite analysis by Holmes. Phosphorus, usually 
à minor constituent, is extremely high in the lava. 

The pattern of the minor and trace elements is 
typical of carbonatite rocks. A feature common in 
some of these rocks is the dominance of strontium 
over barium, in addition to high lanthanum and 
niobium contents. In carbonatites the latter element 
-often forms pyrochlore; in this case, however, a black, 
opaque perovskite in cubes 0-01—0-05 mm. across is 
believed to be the principal carrier of niobium. 

The spectrographie results of the lava (Table 2) 
show, on one hand, similarities with rocks of the 
Toro-Ankole field, for example the katungites, and 
on the other close resemblance to carbonatites 
as determined by Higazy$. 


Table 2, SPEOTROGRAPHIC ANALYSES OF CARBONATITIC LAVA FROM 
UGANDA  (P.P.M.) 


Li Sec V Cr Co Ni Ga Y Zr Nb Mo Ia Pb 
i. 19 13 200 35 45 45 14 65 550 550 7 660 40 
z, 14 — 250 30 25 50 12 85 800 550 7 6000 45 


(Analysis by Miss J, M, Rooke.) 


A carbonatite magma, containing water and other 
volatiles like phosphorus, fluorine and sulphur, can 
effectively react with silicate rocks during intrusion 
through the sialic crust to produce the characteristic 
suite of rocks encountered among carbonatites and 
associated alkaline complexes. As a result of this 
interaction a part of the alkalis are released and may 
migrate to induce metasomatism in the country rock, 
as often expressed in the well-known phenomenon of 
fenitization. Selective concentration of alkalis in 
addition to differentiation may, moreover, result in 
sodium- and potassium-rich rocks. 

The present carbonatitic lava provides further 

V à he magmatie nature of carbonatites and 
pothesis advanced by Holmes, that a 
na or fluid) is instrumental in 
markable group of voleanic rocks in 
i and the Congo. 






We are indebted to Prof. W. 
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A. Cawley, director of |. 


the Uganda Geological Survey, for permission to __ 
publish this communication, and to Miss J. M. Rooke oe 


for the spectrographie analyses. = 
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CRYSTALLOGRAPHY 


Structure of Molybdenum Sesquisulphide 


Tur existence of molybdenum  sesquisulphide, 
Mo,S, as a distinct phase has been in doubt for a 
considerable time. It was only in 1955 that McCabe! 
convincingly demonstrated the existence of the phase 
and obtained its X-ray powder pattern. An attempt 
to index the powder pattern has been made by 
Stubbles and Richardson?; they tentatively propose a 
tetragonal unit cell with c — 10-9 Á.; cja = 1-27, 

I have undertaken a new investigation of Mo,S, 
by X-ray powder methods, using a Philips diffracto- 
meter. It was found that the true symmetry of the 
phase is monoclinic; the unit-cell dimensions are: 
a = 84633, A.; b = 3-208 A.; e = 6-092 A.; B = 
102-43?. (Evidently, Stubbles and Richardson? were 
misled by the coincidence that a is almost exactly 
equal to 4/2 x c.) With a cell content of Mo,5, the 
density is ecaleulated as 5-806 gm./em.?. 

The lines 010 and 030 are not observable in the 
powder diagrams, while 020 and 040 are very strong. 
Furthermore, the intensity sequence of the reflexions 
hO is found to be the same as that of h2l and h4l; the 
same is true of AH and h3l. This indicates that MoS, 
crystallizes in the space-group P2,/m, with all atoms . 
in the special position 2(e): + (x, 4,2). The intensity 

relations mentioned here made it possible to divide 
the intensities of the (not too numerous) pairs of 
coinciding powder lines. Thus, a complete set of 
experimental structure factors covering the copper- K « 


sphere was obtained and the structure could be | Pus 


determined by the usual methods. — 
A three-dimensional electron-density map is shown 
in Fig. 1. The sulphur atoms form a somew hat 


distorted close-packed lattice with layer sequence chh oo 
The metal atoms are inserted in part of the octahedral. a 
holes of this lattice. The holes between neighbouring = 


h-layers are completely oceupied, while only half the 























Fig. 1. Electron density of Mo,8,. Contours are at approximately 

10 el.j/A.*. Fall-line contours refer to atoms at y = i; broken 

contours to atoms at y = 3. Mo--S bonds are indicated by full 

lines, the Mo—Mo chains by broken lines, The outlines of the 
unit cell are also indicated 


holes between the other pairs of neighbouring sulphur 
layers are filled. Thus, the sequence of layers in the 
a direction is: .. S MoS Mo,,8 Moya S MoS... 

The molybdenum atoms are not in the centres of 
the sulphur octahedra; they are shifted by 0-32 A. 
in the direction of one of the octahedron faces, in such 
a way that zig-zag Mo—Mo chains running in the b 
direction are formed. Within these chains the 
Mo—Mo distances are 2-85 A., which is slightly 
longer than in the metal itself. Each molybdenum 
atom has three sulphur neighbours at distances of 
9.36 A. and three more at 2-57 A. In MoS, where the 
metal is in trigonal-prismatic surroundings", the 
Mo—S distances are 2-35 A. 

I wish to thank the Climax Molybdenum Company 
of Michigan for a gift of pure Mo,S, The assist- 
ance of Dr. C. F. van Bruggen and Mr. H. Schurer 
in this investigation is gratefully acknowledged. 
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CHEMISTRY 


incorporation of Trivalent Cations in 
Crystalline Potassium Chloride 


DrvaLent metal halides such as calcium chloride, 
dissolved in alkali halide crystals, increase the ionic 
conductivity? and give rise to additional bands (the 
Z bands) in the absorption spectra of coloured alkali 


AD . halides’, For some time there has been speculation 


oncerning the possibility of ineorporating trivalent 


chromium as Cr**; on irradiation, reduction to 
Cr+ was thought to occur. Schnerb and Bloch* found 
that potassium chloride crystals grown from aqueous. 
solution containing added ferric chloride were opaque. 
Schulze’? considered the dependence of the ratio of 
Sm** to Sm*** in potassium chloride, grown fron a > 
melt eontaining samarium chloride, on the pressure 
of chlorine over the molt. : une 

Lidiard* showed that if the ionization potential > 
associated with the removal of an electron from an= 
atom or ion to yield a given oxidation state were < 
greater than about 22 V., the element would not. 
exist as a substitutional impurity in solid potassium.: 
chloride in the given oxidation state but in the lower. 
one. Of elements having the stable + 3 state the  . 
third ionization potentials of which are known, only — 
yttrium, lanthanum and cerium have potentials ^. 
somewhat less than 22 V. The third ionization poten- 
tials of other rare earths are unknown: however, 
these elements, being similar to cerium, may dissolve 
in potassium chloride in the trivalent state. The 
boiling points of the lanthanon trihalides are all 
above 1,475?, so that evaporation from molten 
potassium chloride is negligible. 

We have attempted to prepare single crystals of 
potassium chloride containing lanthanum, yttrium, 
gadolinium, dysprosium, samarium and neodymium; __ 
we have performed chemical analyses, examined the 
ionic conductivity, and studied the absorption spectra 
after additive and radiative coloration of a number 
of samples. Fifteen crystals were doped with gado- 
linium, four each with dysprosium and samarium, 
three each with lanthanum and yttrium, and one 
with neodymium. 

Each of the anhydrous trihalides was prepared by 
drying the hydrate in a stream of dry hydrochloric 
acid mixed with nitrogen; the product was stored in 
a sealed vial and introduced into molten potassium 
chloride by breaking the vial under the surface of the 
melt. The composition of the melt was usually about . 

1 per cent in the added trihalide. Single crystals were |. 
grown by Czochralski’s method. In the presence of - 
air, the melt gradually became turbid due to forma- — 
tion of oxyhalide of the added element; some crystals 

were grown in an atmosphere of dry hydrochloric ^. 
acid, which prevented this occurrence. The erystals 
frequently contained milky regions due to precipita- 
tion of the trihalide as a separate colloidal phase on... 
cooling from the temperature of growth. Viewed along — ^ 
the axis of withdrawal of the seed-crystal, the white ^ 
portion usually formed an X. The reason for this ^. 
interesting observation is as yet unknown. | 

The crystals were analysed for rare earth elements > 
(we include here yttrium and lanthanum) spectro- d 
photometrically by means of the alizarin red S 
method due to Rhinehart®. Ionic conductivity was ^^. 
determined by means of a vacuum-tube volt-ohm- . c 
meter (supplied by the Precision Apparatus Co. Inc.), 
using platinum electrodes pressed against the faces of —_. 
the sample erystal. Crystals were coloured additively ^. 
by a method previously described”; a copper-target ^. 
tube operated at 35 kV. was used for X-ray colora- 
tion. . t 

The results of the chemical analysis clearly separa- — E 
ted the crystal samples into two quite distinct 
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categories. Those containing precipitated material 
. a8 evidenced by a milky appearance contained from 
. 0-90 to 133 x 101’. rare earth ions/cm.?. The former 
 . was doped with yttrium, the latter with gadolinium. 
Clear sections of crystal in no case contained more 
than 0-70 x 1017 em.-*, and in most cases the rare 
.. earth content was less than 0-50 x 10'' em.-*, the 
.lower limit of detection. Dr. W. Hayes kindly 
examined clear sections of the gadolinium- and 
: dysprosium-doped crystals using paramagnetic re- 
 sonance, and reported no observable resonances 
attributable to trivalent ions. In the case of gado- 
_lintum, the sensitivity was such that 0-01 x 10!” 
^ trivalent ions/om.? would have been observed. 
. The ionic conductivity, and its temperature depen- 
dence, of the clear sections of all crystals was indis- 
tinguishable from that of crystals grown from recrys- 
tallized reagent-grade potassium chloride without 
added trihalide. Extrinsic conductivity of crystals 
containing colloidal precipitate was higher; calcula- 
tions based on the data of Kelting and Witt, for a 
-sample containing 28-5 x 10!’ gadolinium ions/cm.?, 
indicated that the conductivity at 370° corresponded 
to that due to 2 x 10 trivalent ions/em.* or 4 x 1017 
divalent ions/em.*. However, some of the additional 
|... conductivity may arise from irregularities in the 
L crystal caused by the strain in the neighbourhood of 
_ the colloidal particles, and in view of the conductivity 
|... measurements on clear sections and the measurements 
|. of Hayes, we must conclude that the solubility of the 
|. trivalent cations at room temperature is below the 
limits of detection used here. The solubility of 
the rare earth elements in the divalent state may be 
somewhat greater, but in any event not greater than 
about 4 x 10" ions/em.? at 370°. Experiments with 
radionctive tracers would be useful. 

The absorption spectrum of additivity-coloured 
erystals doped with the trivalent metal halides 
exhibited no new bands resolvable by observation at 
90° K. Crystals containing colloidal precipitate eould 

.. not be coloured by treatment with potassium vapour. 
We presume that under the stringent reducing 
conditions, the rare earth element was reduced to 
metal; in fact, metallic specks were formed 
which were soluble in concentrated hydrochloric 
acid to give solutions yielding a strongly 
positive test for rare earth element with alizarin 
red S. 

On the other hand, such crystals were coloured by 
A-irradiation. A broad band with a maximum at 
325 my was observed in several crystals containing 
dysprosium and samarium in precipitated form. This 
band has not been obtained at room temperature in 
the case of undoped crystals, although Dorendorf™ 

observed two small bands in this region in nominally 
pure potassium chloride irradiated with X-rays at 
. — 180°, which he designated V, and V,. Either the 
rare earth impurity causes the band or enhances the 
stability of Dorendorf's bands at room temperature. 
We conclude that the solubility of these trivalont 
cations is too small for them to exert any pronounced 
effects on the properties of potassium chloride 
crystals of ordinary purity. Their incorporation in 
potassium chloride of exceptional purity would pro- 
-. bably be observable through their effect on extrinsic 
. conductivity. 

. The assistance of F. Block and G. Robidart in 
ng and preparing the rare earth halides and 
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Purification of Hydrogen Isotopes by 
Self-Displacement Chromatography at 
Low Temperatures . 


GLUEXAUF! has shown that protium and deuterium 
can be separated by displacement gas chromatography 
using columns of palladium black dispersed on 
asbestos. The most effective method was stated to be 
that cf self-displacement, whereby the columns were 
initially charged at room temperature with a mixture 
of isotopes and then heated from the inlet end, pro- 
gressively desorbing the gases. Because protium 
was more strongly adsorbed than deuterium, it 
functioned as the displacing gas in a displacement 
chromatography system, and the gases were desorbed 
as a band of deuterium followed by a band of protium. 


We have discovered that a similar method, using oo 


a column containing Molecular Sieve 544 initially at- 
liquid-nitrogen temperature, results in an excellent — 
separation of hydrogen isotopes with tho difference 
that in this case the leading band consists of 
protium 

A column was prepared from two lengths of copper 
tubing each 10-ft. long by 3/16 in. bore, filling them 
with Molecular Sieve 5A of particle size 30-44 B.S.8. 
mesh and then activating the sieve by heating to 
350? C. in vacuo. Each section was coiled into & helix 
of 4 in. diameter and they were joined together in 
series at & valve, which, with valves at the inlet and 
outlet ends, permitted isolation of both sections. 
The sections could be immersed separately in liquid 
nitrogen contained in Dewar flasks. Initially, the 
column was either evacuated, or filled with helium 
or deuterium at room temperature and isolated. — 
It was then cooled and a measured volume of a 
hydrogen isotope mixture admitted to the first section 
of the column. The valve between the two sections 
was opened, and the column was slowly and progres- 
sively warmed from the inlet to the outlet end by 
successive lowering of the two Dewar flasks. The mix- 
ture absorbed at the inlet was thus caused te move 
along the column, and two bands of the pure isotopes 
developed. When the pressure inside the columns 
equalled atmospheric, the outlet of the second column 
was opened to a monitoring katharometer and the 
bands of displaced gases collected. The order of 
displacement was helium (if initially present), 
protium, a mixed fraction of both isotopes and finally 
pure ceuterium. The trace obtained from the moni- 
toring katharometer during the separation of a 10 
per cent protium in deuterium mixture is shown 
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KATHAROMETER 
RESPONSE FOR PURE GASES 


COMPOSITION OF DESORBED 
GAS. 


Fig. 1. Output of monitoring katharometer during self-displace- 
ment chromatography of a 10 per cent protium in deuterium 
mixuire 


in Fig. 1, the fractions collected being shown by the 
dotted lines. The fraetions were analysed by gas 
elution chromatography’. 

If the original mixture is deficient in deuterium 
(the displacing gas) there may not be sufficient 
present to complete the displacement of the protium 
and in this case the purity of the deuterium band will 
not be as high. This was found to occur (Table 1), 
but even for a mixture containing only 25 per cent 
deuterium a considerable purification of deuterium 
was possible. 


Table 1 
Fractions collected 
Composition of original | Composition 
mixture H, (per cent) D,(per cent) Vol, (ml) 
85 15 23:0 
a. Do dw GE 
90 per cent D,, 10 per cent — > 99- 2 
P ae 2 un > 99-4 101 
= 994 — 110 
ud S B 
25 per cent Dy, 75 per cent re 72: ‘ 
B mu : 0-6 89-4 50 


'The process is capable of operation on a larger scale 
and charges of 2-5 litres in volume have been processed 
using a first section of copper tubing 15 in. in length 
by 3/4 in. bore, packed with 1/16 in. pellets of Mole- 
cular Sieve 54 and the second of the same dimen- 
sions as used previously. The second section was 
effective as a front sharpener as well as contributing 
to band formation, by reducing the diffusion effects 
inherent in wider bore columns and hence the volume 
of the mixed band between the two fractions. Results 
with the larger columns were comparable to those with 
the small columns. For example, from 2-0 litres of 
mixture containing 8 per cent protium, 1-7 litres of 
deuterium containing 1 per cent or less of protium 
were obtained in a single run over a period of 1 hr. 

The adsorptive capacity of the Sieve is 43-5 ml. of 
protium/gm. and 47:5 ml. of deuterium/gm. With 
such relatively high capacities, & laboratory-seale 
apparatus may readily be constructed which is capable 
of purifying several litres of hydrogen isotope mixture 
per hour. The process can be made repetitive, for 
after the first run the column requires no further 


. preparation, the deuterium remaining being re- 


adsorbed on to 









next charge i$ admitted. 


With the limitation that the columns had to be filled. P 


initially with helium at atmospheric pressure, 


columns containing alumina impregnated with ferric | | 


oxide were found to operate in a similar manner, but 


their adsorptive capacity was less. Self-displacement - E 
chromatography using columns of pure alumina > 


would appear to offer a method of separation of | 
quantities of the spin isomers of either protium or — 
deuterium as it has been shown they may be separated... 
by elution chromatography on such a column’. E 
We are grateful to the Managing Director of the - 
Production Group of the United Kingdom Atomic — 
Energy Authority for permission to publish this. 
communication. | 
T. R. PHILLIPS 

D. B. OWENS 

A. G. HAMLIN 
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Capenhurst, 
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Structure of the Oxygen-carrying Cobalt (H) 
Histidine Complex 


Bis-histidinato cobalt (II) is one of the few syn- 
thetic compounds which can combine reversibly with 
molecular oxygen. Hearon ef al. obtained a value of 
4-44 Bohr magnetons (B.M.) for its effective mag- 
netic moment at room temperature in aqueous solu- 
tion, and showed that on oxygenation it became 
almost diamagnetic with the absorption of one 
oxygen molecule for two cobalt atoms. For three 
unpaired electrons the spin-only moment would be 
3-88 B.M., and the considerably larger experimental 
value obtained in this case was ascribed to incom- 
plete quenching of the orbital contribution to the 
moment. From the magnetic measurements Hearon 
assigned a tetrahedral structure (sp? hybridizetion), 
I, to the complex: 


| 3d 4s 4p 4d 
cem BT DJ CITTÀ 


in which the cobalt atom was co-ordinated to the 


g-amino group and an imidazole nitrogen atom of © 
However, histidine can ~~ 
behave as a tridentate ligand, and an octahedral - < 
configuration, II, involving co-ordination of ionized | 


each histidine molecule. 


carboxy! groups is not unlikely. Hearon considered | 
this to be only a secondary possibility. 

Beeause of the differing orbital contributions, 
tetrahedral and octahedral cobalt (IT) complexes 
generally have effective magnetic moments at room 
temperature in the ranges 4:3—4.7 and 48-56 B.M. 
respeetively?. This would appear to confirm the 
tetrahedral structure of the complex, but Hearon has 
reported its aqueous solution to be pink, tvpieal of 
octahedral rather than the commonly blue tetra- 
hedral complexes. 





the first section by cooling before the — n 
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C1) (11) 


We have prepared solid bws-histidinato cobalt (IT) 
in oxygen-free conditions, using an apparatus already 
described’, by concentrating the solution obtained by 
dissolving cobalt (IT) hydroxide in an aqueous solu- 
tion of histidine—the method used by Jaselskis* Our 
analyses agree with his formulation of the compound 
as the monohydrate The solid is pink with an 
effective moment of 481 BM at 291° K , 1t obeys 
the Curie-Weiss law between 80 and 300? K, and 
0 = 17°, these values are comparable with those 
obtained for other spm-free, octahedral cobalt (IT) 
complexes by Figgis and Nyholm?) The variation 
with temperatme of molar susceptibility ym and 
effective moment uef 18 shown 1n Table 1 


Table 1 
T° K 86 2 116 3 147 8 176 2 204 7 232 1 
4M x 10° 29,750 22,850 18,630 15,900 13,890 12,320 
keff 4 55 4 63 471 475 479 4 80 
°K 261 5 291 0 305 3 822 2 
xM x 10° 10,910 9,833 9,453 8,956 
Left 4 80 481 4 82 4 88 


The magnetic moment of the compound re-dissolved 
in water was 5 16 B M. at 297 2? K , much higher than 
that recorded by Hearon ‘The measurements were 
repeated on a solution of the complex prepared by 
mixing aqueous solutions of histidine and a cobalt 
salt, and a value of 513 BM was obtamed This 
method was used by Hearon, but he allowed momen- 
tary exposure to the atmosphere during the filling of 
the susceptibility tube There 1s some inconsistency 
in the concentrations recorded by Hearon for his 
solutions and we believe that either crystallization or 
partial oxidation of the compound may account for 
the low moment obtamed Our values of moment 
from the solution measurements are well within the 
range expected for octahedral spin-free cobalt (II) 
complexes, and agree with the value of 497 BM 
reported by Michaelis? for the complex m solution 

The visible absorption spectrum of the complex in 
aqueous solution! 1s very sumilar to the spectra of 
octahedrally co-ordinated cobalt (II) complexes? and 
shows a weak band at 486 my (c = 184) The 
reflectance spectrum of the solid has a peak at the 
same wave-length 

In the infra-red spectrum of the cobalt histidine 
complex obtaimed in a ‘Nujol’ mull & broad, intense 
band appears at 1,587 cm -!, which 1s unchanged on 
deuteration Since it ıs well below the 1,700 cm ~! 
region where non-1onized carboxyl groups absorb’, 1t 
must arise from the asymmetrical stretching vibration 
of 1omzed and probably co-ordinated carboxyl groups 
Consequently, structure I, which necessitates unco- 
ordinated non-1onized carboxyl groups, cannot be 
correct 

These measurements show that the cobalt atom 1s 
m an octahedral environment and are in agreement 
with the recent work of Leberman and Rabin’, who 
have deduced fiom potentiometric titration data that 
all three available donor groups of the histidine 
molecules are co-ordmated to the metal atom im 
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complexes with cobalt (II), nickel (IT), zme (II), and 
probably cadmium (II) 
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Some Tetrahydropyranyl Derivatives of 
Glycine, Serine and Urea 


THE provision of model compounds containing 
amino-acids or their analogues attached to sugars 1s of 
importance m evaluating the stability of the numerous 
types of carbohydrate-peptide linkages theoretically 
possible ın mucoproteims. The ability of 2,3-dihydro- 
pyran to condense with —OH, —SH, and —NH, 
groupings suggested a route to the glycosidically 
linked model compounds The tetrahydropyran-2-yl 
derivatives so formed had the added advantage that 
the lability of the glycosidic linkage could be investi- 
gated without attendant complications such as acyl 
migration under alkaline conditions or Amadori 
re-arrangement catalysed by acid which might ensue 
in the presence of a hydroxy! substituent at C-2 of 
the pyran ring 

In the condensation between 2,3-dihydropyran and 
N-benzylsulphonyl-serme (DL-mrxture) the tetra- 
hydropyran-2-yl residue was introduced, solely at the 
hydroxymethyl grouping, no evidence for reaction 
with the acidic hydroxyl was detected N-Benzyl- 
sulphonyl-serine (97 gm) ın ether-ethyl acetate 
(1 1 v/v) was stirred at ambient temperature for 
15 days with 2,3-dihydropyran (97 gm) in the 
presence of two drops of concentrated hydrochloric 
acid After neutralization (silver carbonate), the 
solution was evaporated and the residue extracted 
successively with water and ethyl acetate The latter 
extract yielded crystalline O-tetrahydropyran-2-yl- 
N-benzylsulphonyl-serine (104 gm), mp 130-132°, 
after five recrystallizations from ethyl acetate The 
optically inactive product contamed C, 525, H, 
58, S, 9 55 per cent and had an equivalent weight of 
349 by titration, C,,H,,NSO, requires C, 524, 
H, 61, S, 93 per cent and an equivalent weight of 
343 Addition of aqueous 05 N silver mitrate to a 
cooled (0°) methanolic solution of the serme com- 
pound precipitated the crystalline silver salt Found 
C, 408, H,45, N,31, Ag, 23 4 per cent, C,,H440,- 
NSAg requires C, 400, H, 45, N, 31, Ag, 23 95 per 
cent Under similar conditions S-tetrahydropyran- 
2-yl-n-cysteme yields the silver mercaptide of 
cysteme? 

Preparation of the N-glycoside adducts was 
rendered difficult by their instability An aqueous 
solution of glyeme (10 gm), tetrahydropyran-2-ol 
(5-hydroxypentanal) (13 4 gm ) and sodium bicarb- 
onate (12 gm ) was stirred at room temperature for 
90 hr ‘The residue obtamed on evaporation (below 
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40° C.) was kept ın a vacuum desiccator over phos- 
phorus pentoxide for 3 days and further dried for 1 hr 
at 63° C Thereafter, the residue (47 gm) was 
extracted with dry methanol and the crude sodium 
salt of N-tetrahydropyran-2-yl glycme precipitated 
with ether After six such treatments a relatively 
pure but unstable amorphous product was obtamed 
giving a positive Erhlich reaction? (without acetyl. 
acetone) On paper chromatograms irngated with 
butan-l-olfethanol/water (4-1 5) ıt decomposed 
into a mixture of tetrahydropyran-2-ol (detected with 
a 2,4-dinitrophenylhydrazme spray?) and sodium 
glycinate (revealed by nmhydrin‘) The corresponding 
ethyl and benzyl esters of N-tetrahydropyran-2-yl 
glycine were more stable and moved as chromato- 
graphically homogeneous components with Rr 0 89 
and 0 90 respectively (cf glycine ethyl ester Rr 0 4) 
as revealed by chlorine—potassium 10dide treatment? 
Kaverzneva and Kahs* have shown that the sodium 
salt of N-p-glucosylglycine ıs readily hydrolysed in 
aqueous solution at room temperature Other workers? 
have demonstrated that N-p-glucosylglycme ethyl 
ester undergoes slow hydrolysis 1n aqueous solution at 
room temperature and 1s rapidly and quantitatively 
hydrolysed at 90? C The pyranyl derivatives were 
prepared by reaetion of the appropriate ester and 
dihydropyran for 17—20 days at room temperature m 
dimethylformamide (ethyl ester) or ether (benzyl 
ester, anhydrous magnesium sulphate added) con- 
taming a trace of mineral acid A mixture of dihydro- 
pyran (21 ml)-and urea (06 gm) in dimethyl- 
formamide (30 ml) contaming a trace of concen- 
trated hydrochloric acid gave, after 96 hr at 17? C, 
two products with Er 070 and 093 (butan-l-ol- 
ethanol-water) The mixture was taken up in water 
(30 ml), extracted with chloroform (6 x 50 ml) 
which was back-washed with water (2 x 50ml) The 
dried chloroform solution contamed the more mobile 
component which, after re-crystallization from acetone 
(twice), chloroform (twice) and ethanol (six times), 
yielded. pure NN’-di-tetrahydropyran-2-yl-urea, m p 
211-212? C, dropping to 201-202? C after standing 
for 24hr The freshly isolated compound contained C, 
579, H, 85, N, 123 per cent, C,,H4,,0,N, requires 
C, 579, H, 88, N, 123 per cent The aqueous 
layer obtained after chloroform extraction of another 
urea-dihydropyran condensation was freeze-dried and 
separated on a cellulose column eluted with butan-1-ol/ 
ethanol/water (4 1 5) The N-tetrahydropyran- 
2-yl-urea fraction (Fr 0 70) so obtained was repeatedly 
recrystallized from chloroform and ethanol to yield 
the pure compound, mp 187-188? C (melting at 
178-179? after 24 hr) Found C, 500; H, 83, 
N, 194 per cent, C,H4,,0,N, requires C, 500, H, 
83, N, 19 4 per cent Hydrolysis of both pyranyl 
ethers at 100? with 'Zeo-Karb 225' (H*) afforded urea 
and tetrahydro-pyran-2-ol (characterized as its 2,4- 
dinitrophenylhydrazone, mp 107-109? C 8) Benn 
and Jones? have characterized the products of the 
acid-catalysed condensation of D-glucose and. urea as 
N-B-D-glucopyranosyl- and .N.N'-d1-D-D-glucopyranos- 
yl-urea 

The relative stability of the tetrahydropyranyl 
derivatives was determined by hydrolysis of an 
aliquot (8-10 mgm) in 1 ml of aqueous aeid or 
alkah, neutralization and estimation of the tetra- 
hydropyran-2-ol liberated usmg alkaline hypouo- 
dite!? Control experiments showed that the original 
compound was stable under the conditions used in 
estimation N-Tetrahydropyran-2-yl-urea was more 
stable under alkaline conditions [0 1 N sodium hy- 
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droxide for 15 mim , percentage hydrolysis 30 (80? C ), 
57 (100° C)] than acid conditions [0 0] N hydro- 
chloric acid for 15 mun, percentage hydrolysis 
11 (40° C), 67 (60° C ), 87 (80° C), 100 (100° C)] A 
simular stability was exhibited by NWN’-di-tetra- 
hydropyran-2-yl-urea [001 N hydrochloric acid for 
15 mm, percentage hydrolysis, 97 (100? C) O1N 
sodium hydroxide for 15 min , percentage hydrolysis, 
615 (100° C)] N-Tetrahydropyran-2-yl-glycme 
decomposed in water withun a few mmutes, but was 
stable ın ethereal suspension at room temperature 
The stability of O-tetrahydropyran-2-yl-N-benzyl- 
sulphonylserme was not much different under corre- 
sponding acid [0 01 N hydrochloric acid for 15 min, 
percentage” hydrolysis, 25 (40° C), 71 (60° C), 92 
(80° C), 100 (100° C)] and alkalne conditions 
[001 sodium hydroxide for 15 min, percentage 
hydrolysis, 37 (50° C ), 67 (60° C ), 100 (100° C.)]. 

We thank the Medical Research Council for a 
grant and one of us (S M A ) thanks the Council of 
Scientific and Industrial Research (Pakistan) for a 
scholarship Our thanks are also due to Prof. M. 
Stacey for his interest ın this work 
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Carcinogenicity of the Methyl-1,2- 
Benzanthracenes and their Derivatives 


A NUMBER of theories have recently been put 
forward to account for the carcmogenic activity of 
the polycyclic aromatic hydrocarbons, in ther 
present form, the majority of these theories do not 
provide a rationale for the fact that a number of 
chemically dissimilar caremogens appear to operate 
through some common protem deletion principle. 
Previous descriptions of a possible mechanism of 
careimnogenesis?-! have pointed out, however, that, m 
principle at least, the unifymg mechanism by which 
such carcinogens act may be their formation of charge- 
transfer complexes with protems, we are now able to 
discuss the activities of the methyl-1,2-benzanthra- 
cones and the mono-fluoro-10-mothyl-1,2-benzan- 
thracenes (Fig 1) in such terms 

The calculation of the electron distribution 1n these 
molecules has been performed within the framework 
of the usual linear combmation of atomic orbitals— 
molecular orbital (L C A O -M O ) method, where we 
describe the molecule by specifymg which molecular 
orbitals are allowed for the x electrons and what 
are their energies The orbital energies are given 
in the form 
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á Ei = 4 + kity 
« and y bemg the usual Coulomb and resonance 
mtegrals of the Wheland approximation The 
difference ın energy between two levels + and 7 18 
quite sunply 

AE. = (Ai—k3z)y 
and ıs therefore mdependent of « The values of the 
coefficients (%,—k;) are listed m Table 1 





5 IO 4 


Numbering of the ring positions in 1,2-benzanthracene 


Fig 1 


In the case of the aromatic hydrocarbons, the 
criterion for activity was established?:? ag 


AE 3 = 3 24 + 0126V 


This energetic criterion was taken as implying that 
for a x complex to describe the transition state of the 
hydrocarbon-proterm interaction, matchmg of energy 
levels m the complex was necessary, the highest 
filled orbital of the hydrocarbon comeided with the 
lowest filled band of the protem while the second 
unfilled level acted as a resonating level for conversion 
of electrons from the valence band to the lowest 
unfilled level of the carcmogen An inspection of 
Table 1 now shows that the active range for the 
methyl-1,2-benzanthracenes and the fluoro-1 0-methyl- 
1,2-benzanthracenes 1s 


1334ly < AE,5 < 14462 


There aie two exceptions only in the case of the 
methyl benzanthracenes to activity as defined by 
this criterion both 5,8-dumethyl and 2’6-dimethyl 
1,2-benzanthracene are allowed to be active whereas 
they are m fact mactive The experimental data for 
the mono-fluoro derivatives are less complete, their 
most interesting feature ıs the dependence of the 
activity on fluoro-substitution ın the ‘K’ region, for 
the 4 isomer ıs strongly carcmogenic while the 3 
derivative 1s inactive®* This ıs now consistent with 
theory which shows 3-fluoro-10-methyl-1,2-benzan- 
thracene to fall well outside the active range with 
A#,3 = 1 2824y For those molecules which remain 
to be tested theory predicts 

(1) the 1’- and 2'-fluoro-10-methyl-1,2-benzanthra- 
cenes should be active, (11) both the 5 and 8 isomers 
fall just a little outside our present ‘active’ range with 
AH, 3’s0f 1 3286 and 1 3327respectively , since we have 
no molecules the activities of which are known with 
such low values of AE; we cannot be certam as to 
the probable activities of these compounds, and 
(uj the 9-fluoro isomer has A# 3% lymg within the 
active range There seems no reason why the fourth 
unfilled level should not be used as the resonating 
charge transfer-level so that we would predict this 
molecule to be active Evidence of inactivity would 
indicate that a common resonating level must be used, 
by all the molecules of an isomeric series and would 
clearly be of considerable interest 

The interpretation of the activities of the methyl 
benzanthracenes has always been one of the most 
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TABLE 1 DIFFERENCES IN ENERGY BETWEEN THE HIGHEST FILLED 
AND SUCCESSIVE UNFILLED LEVELS IN UNITS OF 7, THE RESONANCE 
- INTEGRAL 

Molecule AEF AE. 5 AEis AE1 Activity 
5,9,10 Trimethyl- 08711 11025 138868 15509 T 
6,9,10 Trimetnyl- 0 8733 11129 13919 1 5593 + 
9,10 Dimethy'!- 08769 11154 18978 1 5687 + 
8,10 Dumethy!- 0 8842 11266 14122 1 5752 + 
5,10 Dimethyl- 0 8848 1 1244 1 4114 1 5747 + 
5,9 Dimethyl- 0 8851 113812 14156 1 5292 + 
1°10 Dimethyi- 0 8909 1 1484 1 4229 1 5895 + 
10 Methvl- 0 8909 1 1379 1 4229 1 5885 + 
5,8 Dimethyl- 0 8807 11876 1 4252 1 5800 — 
9 Methyl- 0 9031 114063 1 4287 1 5966 + 
5,6 Dimethyl- 0 3910 11469 14809 1 5956 + 
5 Methyl- 08965 11517 1 4387 1 6021 -+ 
3 Methyl- 0 8977 11592 14390 1 6048 + 
8 Methyl- O 8974 11552 14409 1 6038 + 
4 Methyl- 0 8975 1 1562 1 4411 1 6039 + 
6,7 Dimethyl- 0 8984 1 1569 1 4413 1 6062 +- 
2'6 Dimethyl- 0 8985 11605 1 4428 1 6071 — 
7 Methyl- 0 9002 1 1587 1 4462 1 6097 + 
6 Methyl- 0 9014 1 1644 1 4462 1 6133 + 
3'6 Dimethyl- 09004 11671 14473 1 6119 — 
3^7 Dimethyl- 0 8996 1 1618 1 4477 1 6087 — 
4’ Methyl- 0 9022 11724 14480 1 6144 — 
2' Methyl- 0 9012 1 1631 1 4485 1 6114 — 
1' Methyl- 09046 11777 14593 21 6186 — 
3' Methyl- 09038 11708 1 4536 1 6167 — 
1’ Fluoro-10-methvl- 0 8806 12190 1 4126 1 6184 ? 
2’ Fluoro- 08274 10728 13794 1 5061 ? 
3’ Fluoro- 0 8622 1 1402 1 4804 1 5736 d 
4^ Fluoro- 08173 11397 13379 165542 Toxic 
3 Fluoro- 07911 10519 12824 1 4580 — 
4 Fluoro- 0 8116 1 0381 1 3462 1 4609 + 
5 Fluoro- 08161 10097 13286 1 4836 ? 
6 Fluoro- 0 8205 10771 13341 15773 + 
7 Fluoro- 0 8321 10482 13667 15971 -+ 
8 Fluoro- 0 8035 10238 1 3327 1 6199 ? 
9 Fluoro- 0 7806 1 0802 1 2712 1 4141 ? 


Note For the methyl group, 200. enm,, ihe following 


parameters have been used ag, —09—0 18 
dg, =a 
ag, —ag-—0 58 
Bon, —2 58g. o 
Bo,—0, —0 78g — o 
ap -—aGcg +1 08 


Bo—r=8o=¢ 


For the fluorine atom 


demanding requnements of any electronic theory of 
the mechanism of carcmogenesis The success of the 
7 complex model in this sense together with its 
explanation of the differences in activity between the 
3- and 4-fiuoro-10-methyl.1,2-benzanthracenes must 
be regarded as some further justification for its 
acceptance On the other hand, the origmal difficul- 
ties of the modelremain The calculated energy-levels 
are based on an approximation which ignores the 
singlet-triplet separation of states arismg through 
7 electron excitation, moreover, this separation 18 
not constant for all the carcinogenic alternant hydro- 
carbons although 1¢ 1s likely that ıt will be similar for 
the molecules discussed here There is also the 
problem of the effects of mutual polarization on the 
energy-levels of the protem and hydrocarbon and its 
bearing on the likelihood, or otherwise, of the presence 
of resonatmg levels m the x complex The attractive- 
ness of the model undoubtedly lies in its srmpheity and 
its ability to predict critical experiments Davis 
et al” have measured the enhanced semiconductivity 
of provem complexes and interpreted the results m a 
way consistent with the mechanism put forward here 
Spectroscopical investigations of the hydrocarbon- 
protein complexes formed ın vwo would clearly be 
also useful m defining the nature of the mteraction 
From the theoretical point of view, we hope to be able 
to examine the problem more realistically by the use 
of more sophisticated models for the carcinogéns and 
protein since the present approach does not offer 
convmeing evidence that the charge-transfer hypo- 
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thesis 1s & unique, rather than the most economical, 

description of the carcmogenic mteraction 
O CHALVET 
R Mason 

Centre de Mécanique Ondulatoire, 
155 Rue de Sévres, Paris, 15, 
and 
Department of Chemistry, 
Imperial College of Science and Technology, 
London, S W 7 
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Hydrolysis of Hippuric Acid in 
Electrolytic Desalters 


In 1947 Consden, Gordon and Martin! published 
the design of an apparatus for the removal of salts 
from solutions of ammo-acids and peptides by 
electrolysis Since that time this method has been 
frequently used for the preparation of samples for the 
analysis of urinary amino-acids by paper chromato- 
graphy Whenever this has been done litle account 
seems to have been taken of the fact that hippuric 
acid, which 1s present ın relatively large quantities in 
some urines, 1s & fairly strong organic acid, and for 
that reason approaches the semipermeable membrane 
of the desalter at an early stage ın the electrolysis, 
and ıs there hydrolysed to benzoic acid and glycine 
The purpose of this communication 1s to show that 
glycine released by the hydrolysis of hippuric acid 1s 
retained 1n the cathode compartment of the desalter, 
where ıt adds to the amount of free glycine already 
present m the urme, and that the mcrease ın free 
glycme ıs dependent on the initial concentration of 
hippuric acid and salt, 

In the course of work on the determination of 
amino-acids in urine using electrolytic desalting 
followed by paper chromatography?-5, ıt was found 
that the mean 24-hr excietion of glycine from ten 
subjects of European stock was 3 43 m moles/24 hr , 
whereas the mean value obtained by Stein? using an 
ion exchange procedure was 1 76 m moles/24 hv , and 
that obtained by Gutman and Alexander® using a 
chemical method was 160 mmoles/24 hr The 
fact that some microbiological methods were giving 
values in the region of 10 m moles/24 hr’, and that 
these high values were attributed to a greater activity 
of the micro-organism concerned for hippuric acid, 
led to the possibility that the high results obtamed 
in my experiments could have been due to the 
retention of glycine in the cathode compartment 
subsequent to the hydrolysis of hippuric acid at the 
semipermeable membrane 

All the results quoted here were obtained with a 
small ‘Perspex’ electrolytic desalter using the same 
basic principle as that of Consden, Gordon and 
Martm}, but designed for the rapid desaltimg of 
solution volumes not greater than 1 ml In each case 
a starting current of 0 9 amp and a voltage rising to 
about 200 V was applied to the electrolysing solution. 
The fact that the hydrolysis of hippuric acid and the 
factors affecting ıt are not peculiar to a particular 
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Fig 1 A shows the amount of glycine retained in the cathode 

compartment when the initial concentration of sodium chloride 

18 varied and the initial concentration of hippuric acid 18 constant 

at 50 umoles/ml B shows the amount of glycine retained in the 

cathode compartment when the imitial concentration of hippuric 

acid 13 varied and the initial concentration of sodium chloride 
18 constant at 1 0 per cent 


design of electrolytic desalter was shown when simular 
results were obtamed from the electrolytic desalter 
of Astrup, Stage and Olsen® 

The initial possibility that hippuric acid hydrolysis 
took place and resulted 1n the retention of free glycine 
in the cathode compartment of the desalter was 
examined by desalting a solution of hippuric acid in 
1 2 per cent sodium chloride A sample of the desalted 
solution was chromatographed and glycine was found 
to be present A control was carried out by electro- 
lysmg a pure solution of hippuric acid for the same 
length of time, and this produced no free glycine 
Desalting a solution of glycylalanme m 1 2 per cent 
sodium chloride produced no free glycine, which would 
seem to indicate that neutral peptides are unaffected 

A series of experiments was then carried out to 
determine the effect of changmg concentrations of 
salt on the rate of hydrolysis of constant amounts of 
hippuric acid, and, also, the effect of changing 
amounts of hippuric acid m solutions m which the 
initial concentration of sodium chloride was kept 
constant The results of these experiments are shown 
mPFig 1 Each electrolysis was carried out by placing 
l ml of the test solution in the desalter No loss of 
glyeme occurs durmg electrolysis m this desalter® 
The desalting time varied from 2 to 15 min depending 
on the initial concentration of sodium chloride 

Curve A shows that the amount of free glycine 
retained in the cathode compartment approaches 
an equilibrrum between 3 and 4 per cent sodium 
chloride for a constant amount of hippuric acid 
Curve B also shows a tendency to approach an 
equilibrium, and 16 1s clear that the position of this 
equilibrium will be determined by the initial concen- 
tration of salt Unfortunately, ıt was not possible 
to extend curve B any further due to an uncontrollable 
amount of heat bemg evolved at higher concentrations 
of hippuric acid 

All efforts to prevent the hydrolysis of the hippuric 
acid either by varying the starting current and 
voltage or the concentration of the sulphuric acid 


t 


December 16, 1961 


flowing through the anode compartment resulted in 
failure 

No attempt has been made to examme experimmen- 
tally the possible mechanisms involved in the reten- 
tion of glycine 1n the cathode compartment, or of the 
hydrolysis of the hippuric acid at the semipermeable 
membrane It seems reasonable to suggest, however, 
that the basic factor involved is the very low pH 
which, according to Consden, Gordon and Martin}, 
prevails ın the region of the semipermeable membrane 
At the commencement of electrolysis the amount of 
chloride 10n passing through the semipermeable 
membrane should be dependent on the initial 
concentiation of sodium chloride This movement 
of chloride ions from the cathode towards the mem- 
brane 1s presumably balanced by a similar movement 
of hydrogen ions supplied by the sulphunic acid on the 
anode side of the membrane The concentration 
of hydrogen ions available m the region of the mem- 
brane would thus be determmed by the amount 
of chloride ion approaching the membrane and woulé 
in turn determine the rate of hydrolysis of the 
hippuric acid together with the degree of retentior. 
of glycine ın the cathode compartment 

These results show that great care must be taken 
when examining paper chromatograms of urmary 
amino-acids after electrolytic desalting, since the 
amount of free glycine found on the chromatogram 
will be seriously affected to a varying degree depend- 
ing on the initial concentration of hippuric acid and 
salt in the urme In general, electrolytic desalting 
should be avoided ın any work ınvolvmg the quan- 
titative determination of glycine m urme 


E McEvoy-Bowr 


Department of Biochemistry, 
University of Malaya, Singapore 
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Purification of Fluorescent Protein 
Conjugates : Comparison of Charcoal 
and ‘Sephadex’ 


REMOVAL of unreacted fluorescent material from 
fluorescent protem conjugates ıs essential for unam- 
biguous interpretation of microscopical findings m 
immunofiuorescence! Many procedures have been 
suggested for conjugate purification, but extraction 
with powdered activated charcoal? and gel filtration 
with 'Sephadex'?:* are at present the only efficient 
methods suitable for general application These two 
methods have been compared as purification pro- 
cedures for conjugates of lissamume rhodamine B 
(RB 200) and fluorescein isothiocyanate We have 
confirmed the inefficiency of dialysis® after exhaustive 
dialysis (7-10 days), conjugates still contain appreci- 
able unreacted fluorescent material which can be 
removed by shaking with charcoal or passage through 
‘Sephadex’ 

The powdered activated charcoal supphed bv 
British Drug Houses, Ltd, for general decolorizing 
purposes has been found to be the most efficient 
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material for removal of unreacted fluorescent 
material It may contain soluble substances which 
affect the pH of the solution, but after thorough 
washmg m phosphate-saline (0 15 M sodium chloride, 
001 M phosphate, pH 71) and water, and drying 
at 100° C , 1t remains highly adsorbent The effect of 
shaking different amounts of charcoal for 1 hr with 
samples af the same conjugate has been examined by 
measuring the ratio of dye to protem concentrations 
This ratio decreases to a constant value for both 
KB 200 and fluorescem isothiocyanate conjugates, as 
the amount of charcoal is increased (Table 1) For 
RB 200 conjugates, 15 mgm charcoal per ml of 
original serum is sufficient to reduce the ratio to its 
lowest value, but for fluorescein isothiocyanate 
conjugates, at least 75 mgm per ml ıs requned, 
double these quantities are normally used to allow 
for small variations in conjugates Only 5-10 per 
cent protein 1s lost fom RB 200 conjugates, but the 
larger amount of charcoal for fluorescem :sothio- 
cyanate conjugates removes 30—40 per cent protein 


Table 1 RATIO OF DYE TO PROTEIN IN CONJUGATES EXTRACTED 
WITH CHARCOAL (uGM [MGX ) 

Mgm charcoal per ml original 

serum 0 15 30 75 150 300 

RB 200 conjugate 36 16 17 17 17 — 

Fluorescein xsothiocyanate 

conjugate 38 — 27 23 22 22 


Purification by gel filtration 1s achieved by passing 
the centrifuged conjugate through a column of 
‘Sephadex G-25', which has been washed with 
phosphate-salme The protem conjugate is eluted 
by phosphate-saline and travels more rapidly than 
the unreacted fluorescent matenal A clear region 
develops between two coloured bands and the 
purified conjugate 1s collected fist, there is very 
hittle loss of protem ‘The elution ıs continued to 
remove unreacted fluorescent material and clean the 
column for further use Dilution of the conjugate 
(about tkree-fold) 1s of little consequence since the 
globulin fraction may be piecipitated and recon- 
stituted 

The antibody content of conjugated rabbit serum 
(anti-bov.ne-serum-albumin) has been measured by 
precipitation before and after purification by charcoal 
and by Sephadex’ The percentage recovery of 
antibody has been the same as the total yield 
of protem m each case, mdicating that antibody 
is neither selectively removed from the conjugate 
nor denatured FB 200 and fluorescein isothiocyanate 
conjugates of rabbit serum (anti-klebsiella) and goat 
serum (anti-rabbit-globulm), purified by each tech- 
nique and brought to equal protem concentration, 
were examined for specific and non-specific stammng 
and compared with dialysed samples Both direct 
and sandwich staming were tested with a large series 
of histological and bacteriological preparations No 
significant differences were found between charcoal- 
and 'Sephadex'.purified conjugates, both gave sub- 
stantially less non-specific staimng than the dialysed 
conjugates 

The convenience of a simple batch process recom- 
mends powdered activated charcoal as the most 
suitable routine purifying agent, 1t has always given 
uniformly satisfactory results with RB 200 conjugates 
Our origmal experience with fluorescein conjugates 
was less satisfactory®, but since using pure fluorescem 
isothiocyanate for conjugation and adopting the 
present standard procedure of charcoal extraction, 
consistently good results have been obtaimed The 
‘Sephadex’ method, although time-consuming and 
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less simple, is as efficient as charcoal extraction and 
may be preferred for fluorescem isothiocyanate 
conjugates of any weak sera which cannot be handled 
by sandwich staining 
We thank Dr G S Warner for gifts of pure 
fluorescein isothiocyanate, and Prof W O Kermack 
and Dr M G McEntegart for helpful advice The 
research programme has been supported by a grant 
from the Scottish Hospital Endowments Research 
Trust 
J. E FOTHERGILL 
R C NAIRN 
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Gas Chromatography of Androst-I6-en- 
3«-o0l and Related Steroids 


Durine the course of work on the n vitro bio- 
synthesis of androst-l6-en-3a-ol (androstenol, I) 
from 2-C-acetate or *H-acetate by rabbit and 
guinea pig testes!, ıt was found that the highly radio- 
active saponifiable lipids present could be only 
partially separated from the shghtly active I on 
alumina, using as eluant hght petroleum/benzene 
(1 1, v/v) Although m later experiments the 
neutral lipids were removed by saponification before 
column chromatography, 16 was considered that the 
technique of gas chromatography might provide an 
alternative method of separating (I) m view of recent 
results obtamed in the steroid field? 

We have used as stationary phase a non-polar 
&hcone gum, MS 2211 (Midland Sihcones, Ltd.) 
This was dissolved ın toluene and stirred with suffi- 
cient acid-washed ‘Celte 545’ (85-100 or 100—120 
mesh) to give 05, 15, 10 and 15 per cent (w/w) as 
already described! Fig 1 shows the separation of 
(I)! from a mixture of fatty acids up to C,,, using 15 
per cent suicone gum on ‘Celte 545’. With this 
relatively high concentration of stationary phase a 
fairly good separation was obtamed but the retentions 
of columns having only 0 5 or 1-5 per cent were too 
small to allow adequate separation Although such 
columns could well be of use m the analysis of bile 
acids (cf. VandenHeuvel, Sweeley and Horning’), 
they were not investigated further in relation to (I) 

Using this 15 per cent column, an attempt has also 
been made to separate androstenol from a group of 
four steroids, similar to it both chemically and in 
ther mobility on fully acetylated paper! These 
compounds, all generously supplied by Dr C L 
Hewett (Organon Laboratories, Ltd), were the 
38-epimer of I (androst-16-en-38-ol, II), ætiochol-16- 
en-3a-ol (III), androst-5 16-dien-38-ol (IV), and 
cestra-l 3 5 16-tetraen-3-ol (V) They were.each 
applied to the column as 10 per cent (w/v) solutions 
m distilled methyl laurate, which contaimed enough 
myristic ester to serve as a reference substance 
Analyses were carried out at six temperatures within 
the range 145-225°, usmg appropriate argon flow- 
rates and suitable chart-speeds in the recordmg 
potentiometer® The results, together with the 
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Fig 1. Vapour phase chromatogram of 10 ugm, androsten-3a-ol 

(D, showing separation from methyl esters of (4) caprie, (B) 

Jaurie, (C) myristic, (D) palmitic and (E) stearic acids Stationary 

phase, 15 per cent silicone gum MS2211 on ‘Celite’, at 206°C , 
argon flow-rate 35 ml /mm 


retention of each steroid relative to myristic ester 
and the calculated number of theoretical plates, are 
shown m Table 1. 

Compounds III and V could be resolved from each 
other and from I, II and IV without difficulty, but 
the latter group of three steroids showed. very similar 
properties and only partial resolution was achieved 
Separation did not alter sigmficantly over this range 
of temperature. Evidence of the thermal instability 
of I, IE and IV was noticed at 185°, increasing 
markedly as the column was run at higher tempera- 
tures Below 185°, however, the substances appeared 
stable even though they were retained for considerable 
periods 

After plottmg the reciprocal of the absolute 
temperature against log,, (relative retention), i6 was 
clear that effective resolution of J, II and IV from 
one another would be possible with silicone gum as 
stationary phase in the range 150-180°, provided 
that columns equivalent to 45,000 theoretical plates 
were used This should be possible with capillary 


Table 1  RETENTIONS RELATIVE TO METYHL MYRISTATE OF SOME 
STEROIDS AT DIFFERENT TEMPERATURES ON A SILICONE GUM COLUMN 


Temperature (°C) 145 153 164 185 206 225 
I 618 631 594 3537 504 602 
II 645 645 605 548 511 506 

Steroids * ILL — — — 4 86 4 47 — 
IV 6 48 6 21 5 82 5 25 496 4 96 

v — — — 681 596 — 

Gas flow (ml /mm ) 35 34 32 40 35 21 

Theoretical plates 

(for methyl stearate) 4,210 1,950 2,240 1,460 1,200 930 


*T, Androst-16-en-3a-ol, II, androst-16-en-38 ol, III, setiochol- 
Edo IV, androst-5 16-diene-3f-ol, V, œstra-1 3 5 16- 
etraen-3-o 
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columns about 50 feet long’. 
such a column 18 m hand 
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Effect of Insulin on Pathways of Glucose 
Oxidation in the Rat Lens 


EXPERIMENTAL evidence as to whether lens is a 
tissue which responds to insulin has been inconclusive. 
Some investigators have found that glucose uptake by 
the isolated intact lens is increased after admmistra- 
tion of insulin 27 vwo? However, neither a direct 
effect n vitro on glucose uptake could be demon- 
strated), nor did msulin influence the accumuletion 
of labelled glucose by the intact lens Recent work m 
this laboratory has shown that msulin causes a small 
but consistent mncrease of glucose uptake by the intact 
lens in Krebs—Rimger bicarbonate medium> Kmoshita 
and Wachtl* have found that lens 1s capable of meta- 
bohzmg glucose by both the Embden-Meyerhof 
pathway and the hexose monophosphate shunt This 
communication deals with the effect of msulin on the 
two oxidative pathways ın the rat lens and demon- 
strates an alteration of glucose oxidation imn lenses of 
diabetic rats 

Lenses of rats of body-weight 100-105 gm were 
excised as described in ref 5 Diabetes was produced 
by imtraperitoneal injection of 145 mgm of alloxan/ 
100 gm. body-weight; those animals having blo. 1 
glueose-levels, when fed, of at least 350 mgm. per cent 
after three weeks were considered to be diabetic 
Glucose-1-"C and glucose-6-44C were obtained from 
the Radiochemical Centre, Amersham, England. 
Carbon-14 labelled carbon dioxide produced during 
incubation was collected and counted as barium 
carbonate on a windowless gas-flow counter, correc- 
tions to infinite thmness were made according to 
an experimentally determmed self-absorption curve 
Results were calculated according to the following 
formula 


umoles of added glucose converted to “CO, = 


c.p m as barium carbonate x 103 
specific activity of medium glucose 


Values were multiplied by 10? 1n order to present the 
results as whole numbers since the absolute amount 
of conversion was low 

The stimulatory effect of insulin on the oxidation of 
glucose-1-“C to carbon-14 labelled carbon dioxide 
may be seen in Table 1 This activation of the hexose 
monophosphate shunt by insulin was small (about 20 
per cent) but significant (P < 0 01) and was consis- 
tently observed ın all experiments At the same time 
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Table 1 EFFECT OF INSULIN ON THE OXIDATION OF GLUCOSE-1-*C 
AND (GLUCOSE-6-*C To CO, IN RAT LENSES 


No of moles of glucose con- Insulin effect 


Insulin exp verted to CO, x 10-? (per cent) 
Glucose-1-4C — 6 12 39 + 0 43 
t 6 15 01 + 0 48 + 21 
Glucose-6-"*C -— 4 055 + 004 
+ 4 029+ 004 — 46 


Incubation medium 12 ml of Krebs—Ringer bicarbonate buffer- 
pH 7 4, containing 5 8-6 5 umoles non-labelled glucose plus labelled 
glucose to give specific activities of 147,000-176,000 c p m /umole 
glucose Insulin, when added, was 01 unit/ml — Incubated at 37° 
for 2 hr in 95 per cent oxygen-5 per cent carbon dioxide Each 
Warburg vessel contained three lenses (average weight, 25 2 mgm ) 
from rats fasted for 10 hr Potassium hydroxide was injected through 
a special rubber stopper at the end of incubation, and after addition 
of sulphuric acid from side-arm the carbon dioxide released was 

collected for 45 min 


it may be seen that the oxidation of glucose-6-'!C to 
carbon-14 labelled carbon dioxide was depressed in 
the presence of insulin by about 50 per cent This 
finding, although unexpected, has also been noted m 
experiments withmammary glands’ 

When these experunents were performed ın a 
medium of Krebs-Ringer phosphate mstead of 
bicarbonate, no insulin effect could be observed in 
either of the oxidative pathways 

Investigations on lenses from diabetic rats (Table 2) 
indicated that the production of carbon-14 labelled 
carbon dioxide from glucose was depressed in the 
diabetic state by about 20 per cent The extent to 
which the oxidation of this sugar via the hexose 
monophosphate shunt was dunmished in diabetes 
was of the same order of magnitude as the amount of 
activation observed when insulin was added en vetro 
tonormallenses No consistent alteration in carbon-14 
labelled carbon dioxide production from glucose-6-4C 
could be demonstrated 1n lenses from diabetic rats 


Table 2 OXIDATION OF GLUCOSE-1-“C AND GLUCOSE-6-"C BY LENSES 
OF DIABETIC RATS 


Percentage 
Lenses No of moles of glucose con- of change 
used exp verted to !*CO, x 10-3 in diabetes 
Glucose-1-4C Normal 4 18 82 + 078 
Diabetic 4 10 84 + 0 09 — 22 
Glucose-6-*C Normal 6 040 + 004 
Diabetic 4 037 + 006 none 


Incubation medium and conditions the same as in Table 1, except 
rats were fasted for two days 


The stimulatory effect of msulin on the hexose 
monophosphate shunt found in these experiments 
does not necessarily indicate that imsulm ıs acting 
directly on the enzyme‘systems of this oxidative 
pathway. One of the present theories of insulin 
action 18 that ıt mediates m the transport of glucose 
into the cell It 1s possible that msulin might, ın this 
case, facilitate the transfer of glucose to that site m 
the lens where the hexose monophosphate shunt 1s 
operating 

Simultaneously with the mereased activity of the 
direct oxidative pathway, a dimimished production 
of carbon-14 labelled carbon dioxide from glucose- 
6-4C takes place ın the presence of insulm Similar 
shifts, but in the opposite direction, have been 
reported by Lerman??, who found that the hexose 
monophosphate shunt was depressed in galactose-fed 
and 1n old rats while production of carbon-14 labelled 
carbon dioxide via the Embden-Meyerhof and Krebs 
cycle was mereased Our experiments have shown 
that, ın diabetes also, the hexose monophosphate 
shunt is depressed; the corresponding increase in 
carbon-14 labelled carbon dioxide production from 
glucose-6-“C was, however, not observed, possibly 
because the absolute amount of radioactivity resulting 
from this pathway was so low that small differences 
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could not be detected. It would appear that at least 
one common denominator exists m all three of these 
cataractogenic conditions, namely, a diminished 
activity of the hexose monophosphate shunt 
This work was supported by research grant B-2298 

of the Public Health Service, United States National 
Institutes of Health 
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Isolation of an Unknown Auxin from a 
Solution of Indole-3-Acetic Acid labelled 
with Carbon-14 


LT 18 desirable in certain investigations in metab- 
olism to work with as stable a compound as possible, 
or use as an indicator of the basic structure of the 
compound some form of marker or tag Such 1s the case 
with plant growth regulators and auxins 

In the case of indole-3-acetic acid (IAA) 15 1s known 
that the carboxyl] group 1s quite reactive and even the 
methylene group may be degraded Thus, there is 
advantage in labelling an atom ın one of the rings 
This has been done by Pichat et al} at position 2 
in the indole rmg 

This material was obtamed for work on trans- 
location of IAA ın the Avena coleoptile Approxim- 
ately four months after its synthesis very little 
activity could be found ın the labelled material The 
substance was known to be unstable from radiolysis 
(internal wrradiation from the isotope) by the carbon- 
14 on some part of the molecule 

The solution contamed 25 mgm of IAA in meth- 
anol Its specific activity was origmally 6 9 me /mm 
No suggestion has been made as to the degradation 
product(s) This may prove to be one of those 
recently suggested by Fawcett? 

In order to determine the purity of the solution 
and to find out where the radioactivity was located, 
that is, 1f on. the JAA or some breakdown product, 
a chromatographic separation of the methanol solu- 
tion was made 

This had been reported (private communication) 
by K V Thimann in June 1960 He had made a 
chromatographic analysis of the solution and found 
that most of the radioactivity was in a spot near the 
solvent front and very little in the IAA at 030 The 
method of Stowe and Thimann® was used with 1so- 
propanol/ammonia/water (10 1 1) to identify the 
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auxin The chromatogram for the IAA solution 
gave two spots when sprayed with Salkowski reagent‘, 
one at about Rr 0-33 (for IAA) and another (salmon- 
orange colour) at about Er 0 90 

The strip was placed under a Geiger counter and 
read for radioactivity All of the counts were at 
Rr 090 and none at Rr 033 This corroborated 
the results of Thimann 

A test was made to determme which compound was 
an active auxin ‘The spots (before development 
with Salkowski) were cut from the paper strip, 
placed ın cold peroxide-free ether in flasks in the 
refrigerator overnight The flasks (30 ml) were 
placed on a shaker for a short time, then the ether 
was evaporated down before being applied to 1 5 per 
cent agar medium 

A Went Avena bioassay was run on these materials 
A 50 ugm /l sample was run as a control This gave 
a normal curvature of about 13° 

The ether extracts from the IAA spot produced 
curvature However, when the eluted spot was 
sprayed with Salkowski after extraction, an easily 
detectable spot was developed Thus mdieated that 
much of the IAA was not eluted from the spot by 
ether 

When the same test was made on the X substance, 
curvature resulted On spraying with Salkowski 
reagent, no colour developed at the spot for the 
X compound 

One further test was conducted to see 1f possibly 
the IAA was being carried along to the X spot and 
resulting 1n a tail between the two spots There was 
no radioactivity m any area other than at the X spot 
of Rr about 0 90 

Strips were cut from the paper between the IAA 
spot and X spot and eluted with ether No curvature 
resulted from these areas, whereas ıb consistently 
occurred for the X compound 

Because of the lack of more compound (original 
sample only 2 5 mgm ) only three runs were made on 
the X compound and the blank areas between the two 
spots 

An attempt was made to obtain an ultra-violet 
spectrum for the substance, but due to interfermg 
(brown) degradation colours of indole derivatives, no 
satisfactory spectrum could be obtamed 

Although closer to the chemical structure of IAA, 
the new auxin described by Postë, skatylglyoxal 
hydrate, does not appear to comeide in both require- 
ments Its Avena curvature seems similar, especially 
in bemg more active than IAA, but the chromato- 
graphic analysis does not behave in the same pattern, 
although m no case was the solvent system exactly 
the same 

An unknown, X compound was shown to contain 
all the radioactivity from an initial preparation of 
B-(#40-2-indole) acetic acid This compound also 
possessed auxin properties as shown by its Avena 
coleoptile curvature ability Further mvestigations 
will be attempted when more of the labelled TAA 18 
available and more quantitative runs can be made 

Other compounds were run in both the bioassay 
and, chromatographic analysis, but none possessed, the 
characteristics of the X compound Such compounds 
as indole, skatole, mixtures of LAA. and the former two, 
other indole compounds, and the two non-mdohe 
auxms of Crosby and Vhtos5, 1-docosanol and 1- 
octadecanol, were run None was found to fit the dual 
patterns of the X compound , none showed Avena 
curvature It does not seem likely that the two com- 
pounds of Crosby and Vlhtos could be formed from 
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the original compounds or the degradation products 
in the Pichat synthesis! 
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Distribution of Trypsin Inhibitors in the Sera 
of Various Animals 


TRYPSIN inhibitors have been found ın pancreas, 
serum, colostrum, egg-white, soya bean, and lma 
bean! They have all been crystallized except from 
egg-white? Thus, examination of the distribution of 
trypsin inhibitors ın protems of them appears to be 
out of the question Recently, Nakamura et al ? have 
demonstrated, by two-dimensional paper electro- 
phoresis, that two trypsin inhibitors were contamed 
in the extract of soya-bean Hence the distribution 
of trypsin mhibitors 1n other biological fluids deserves 
to be re-investigated to see whether there are also 
two mhibitors m them or not 

In Fig 1 1s shown one of the ‘crossing diagrams’ 
of human serum agamst trypsm The electrophero- 
gram shown was obtained by two-dimensional 
electrophoresis as follows Human serum was applied 
on hne AB and the first electrophoresis was carried 
out in direction 1 A solution of trypsin was then 
apphed on hne XY and the second electrophoresis 
was carried out in direction 2 Under the given 
experimental conditions, trypsin migrates towards 





a 2 
Fig 1 ‘Crossing diagram’ of human serum against trypsin 

First electrophoresis, 0 04 ml /6 cm of human serum were applied 
on hne AB and run at 100 V fori6 hr Second electrophoresis, 
after the first one, 01 ml /14 cm of 15 per cent crystallized 
trvpsin solution was apphed on line XY, and run at 100 V for 


8 hr Barbiturate buffer, pH 86 and tonic strength 005 
Stained with bromophenol blue 


E 


NATURE 


1077 


the cathode and serum protems towards the anode. 
Thus the former migrates over the lines of the latter. 
As can be seen from Fig 1, the lmes of serum pro- 
tems were partially digested by trypsin In this 
way the front of the trypsin hne, which 1s named 
the crossing diagram’ of the serum agamst trypsin, 
appeared across the zones of serum protems It shows 
two grooves (or peaks, if viewed conversely), one in 
the zone of «,-globuhn and the other m that of 
«,-globuhn At the grooves ın the line, trypsin 1s 
retarded The retardation of the migration of trypsin 
must have been caused by the reaction with sub- 
stances ın serum, which combined with 16 and inhibited 
its activity Therefore from the ‘crossmg diagram’ 
of serum protems against trypsin the distribution of 
trypsin inhibitors in serum can be investigated easily 
Fig 1 shows that human serum contams two trypsm 
inhibitors, one m «,- and the other in «,-globulm 

Table 1 shows some of the results obtained by the 
same method with sera of various animals From 
the results obtained so far, ıt can be mferred that 
sera of many animals contain two trypsin mhibitors 
(although some contain only one) and the distribution 
of them in the serum protems 1s characteristic of 
the species The circumstances are the same as for 
the ‘crossing diagrams’ of serum against protem J of 
jack beans? 


Table 1 DISTRIBUTION OF TRYPSIN INHIBITORS IN SERA OF VARIOUS 
ANIMALS 

Animal Albumin a Bv 

Human PEE F 

Dog ++ 

Cat ++ ++ 

Horse ++ nie 

Cattle Ht 

Sheep +++ + 

Pig dp 

Rabbit Tb + 

Guinea pig +++ + 


The number of (+-) denotes rough estimation 


The method of two-dimensional electrophoresis to 
obtam the ‘crossing diagram’ is not strictly quanti- 
tative, but from the height of the peak, 1f other con- 
diticns were the same, a rough comparison can be 
made between the sera of different animals In human 
sera particularly, the changes of distribution of trypsin 
inhibito1s in diseases deserve further investigation 
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Trehalose in the Cellular Slime Mould 
Dictyostelium mucoroides 


Iw 1925 Iwanoff! demonstrated the presence of the 
non-reduemg disaccharide, trehalose, in isolated 
spores of the acellular shme mould, Reticulana 
lycopeidon (Myxomycetes). Recent work? on soluble 
carbohydrates in the cellular slime moulds have 
not mentioned the presence or absence of this 
sugar The present report concerns the occurrence of 
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trehalose m the cellular shme mould Dictyosteluum 
mucoroides (Acrasiales), and prelmunary work on 
the role of this sugar during development 

The fruittmg body of D mucorordes consists of a 
long cellular stalk that bears a spherical mass of 


spores On germination each spore releases a small 
*amoba! These amæœbæ feed on bacteria, grow, and 
divide When the bacteria have been consumed, 


aggregation of the amcebe occurs at various locations 
on the culture dish forming cigar-shaped masses of 
cells, pseudoplasmodia The psoudoplasmodia migrate 
and each constructs a stalk as 15 does so. Eventually 
migration ceases and those cells that have not become 
stalk cells are transformed into spores In certam 
strains of this species post-aggregative development 
results ın the formation of a multi-cellular encystment 
stage, the macrocyst, instead of a fruitmg body The 
present work 18 concerned mainly with spores and 
macrocysts, but vegetative amcbe and pseudo- 
plasmodia were also mvestigated 

Spores were plated together with Escherwlua colo 
on the nutrient agar medium of Bonner. When 
fruiting occurred, the spores were harvested, washed, 
and homogenized m a glass homogenizer with 80 per 
‘cent methanol Macrocysts were collected by plating 
spores of the proper strain on the same medium and 
flooding the culture with about 3 ml of sterile dis- 
tilled water Under these conditions very few fruiting 
bodies and large numbers of macrocysts were formed. 
The latter were collected, washed, and homogenized 
m 80 per cont methanol Following centrifugation 
the alcoholic extract was evaporated to dryness and 
redissolved in distilled water This solution was 
chromatographed on Whatman No 1 chromato- 
graphic paper for the separation, elution, and, quanti- 
tative determination of carbohydrates* The solvent 
systems used were n-butanol/95 per cent ethanol/ 
acetone/water (5 4 3 2), n-propanol/ethyl ace- 
tate/water (7 1 2), ethyl acetate/pyridine/water 
(8:2 1l)andn-butanol/acetie acid/water (£ l: 5) 

When extracts of various stages of the life-cycle 
were analysed by paper chromatography, large 
amounts of an alcohol-soluble carbohydrate were 
detected 1n the spores and macrocysts but not in the 
other stages This substance migrated with known 
disaccharides and was shown to be trehalose by the 
following criteria ıb was non-reducmg unless 
oxidized first with periodate’ After elution from the 
chromatogram 1:6 reacted with the anthrone reagent? 
and on hydrolysis with 1 N hydrochloric acid liberated 
only glucose as judged by use of the glucose oxidase 
system (‘Glucostat’, obtamed from the Worthmgton 
Biochemical Corp , Freehold, New Jersey, was used 
for the assay of glucose) When an eluted sample 
was co-chromatographed with authentic trehalose, no 
separation was observed in the four solvent systems 
listed above Treatment of an eluted sample with a 
partially purified preparation® of the specific hydro- 
lytic enzyme, trehalase, readily hydrolysed the sample 
exclusively to glucose 

Quantitative work carried out on isolated spores 
showed that trehalose constituted more than 7 per 
cent of the dry weight, and a similar concentration was 
found for the macrocysts. Trehalose could not be 
detected ın the other life-cycle stages (limits of detec- 
tion < 01 per cent of the dry weight) but small 
amounts of glucose were always present as judged by 
paper chromatography Fructose has been reported 
present m D discoideum”, but we have not detected 
this sugar m our material It appears that trehalose 
and small amounts of glucose are the mam, and 
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perhaps the only, soluble carbohydrates present m. D 
mucorordes 

The restriction of trehalose to the spores and 
macrocysts implied that this sugar was utilized 
durmg germination Accordingly, we meubated 
spores for 12 hr under conditions conducive to ger- 
mination, and then analysed the resultmg amæœbæ 
for trehalose content No trehalose was detected 
Although a more complete balance sheet 18 necessary 
before any conclusions can be drawn, it appears that 
trehalose might play some part ın the germination 
process of this organism, possibly as an energy source 
for this activity 

Trehalose has been found in large amounts m the 
resistant or dormant stages of several other organisms 
such as the ascospores of Neurospora’, the eggs of 
Ascaris® and Bombyx mor, and the resistant embryo 
of Artema® In addition, we have found large 
amounts of trehalose m the desiccatable eggs of 
Aedes aegypti and dried statoblasts of the bryozoan 
Plumatella (unpublished observations). Moreover, 
in the majority of these cases the amount of trehalose 
decreases sharply during the resumption of ‘activity’, 
again indicating a role for this sugar during the 
transition from the dormant to the active state We 
are at present extending our observations to resistant 
stages of representatives from other phyla 

This work was supported by grants from the 
National Institutes of Health (E 2358) and the 
National Science Foundation (G—4549) One of us 
(J S C) recerved support from a National Institutes 
of Health predoctoral fellowship 
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Structural Investigation of a Laminaran 
isolated from Eisenia bicyclis 


In 1939 Nisizawa! isolated a soluble laminaran from 
the fronds of the brown alga, Ersema bicychs No 
further imvestigations, however, were made at 
that time, beyond observations on some of its 
chemical properties and behaviour towards enzymes 
Recent detailed structural investigations are now 
reported 

In contrast to the modified Kylin method previously 
used by Nisizawa, the small pieces of frond were 
extracted with about ten times them volume of 1 
per cent hydrochloric acid at room temperature for 
five days. The crude lammaran was precipitated 
from the extract by the addition of five volumes of 


December 16, 1961 


No 4807 
Table 1 

Ohgo- 
saccharide F1 F2 F3 F4 F6 F6 F7 F8 F9 F10 
fraction 
Yield (gm ) 12 115 16 09 22 08 05 04 04 01 
[aly +96 +204 — -—15 +24 -24—- — — — 
DP * 20 20 31 30 31 813839 30 39 40 
Disaechai- 
ide pro- 
duced 
from each 
fraetion T 
Laminar- 
1b1ose — T - + + + ~ + + + 
Gentiobiose + -— + + — + T + + ~= 


* Ratio of the reducing powers before and after complete hydrolysis 
+ Identified by paper chromatography 


methanol. Purification was effected by repeated 
treatment with charcoal and precipitation with 
methanol from aqueous solutions 

The final product, obtained as a white powder after 
electrodialysis, was very soluble in water and 
nitrogen-free (Kjeldahl) Ash (direct), 0-1 per cent 
Found, C, 44 44 per cent, H, 6-22 per cent, (C,H4,,0;,);, 
requires, C, 44 44 per cent, H, 6 17 per cent 

Exsema laminaran reduced hypoiodite equivalent 
to an average chain-length of 18 This is close to the 
value, 21, obtamed by eryoscopy! and thus almost all 
molecules of this laminaran, m contrast to the 
ingoluble?:^/5 and soluble? Jaminarans from the genus 
Laminaria, appear to possess a reducing group No 
mannitol was detected by paper chromatography of 
the lammaran hydrolysate after removing glucose by 
alkaline degradation and by fermentation 

The specific rotation of the lammaran was the same 
as that reported by Nisizawa', [a]z, — 455° (in 
water), although the extraction method was essen- 
tially different The acetyl derivative had [«]b, 
— 42 2° (ım chloroform) Intrinsic viscosities were 1:35 
(un water) for free lamunaran, and 3 87 (m n-cresol) 
and 5 9 (ın chloroform) for lammaran acetate. 

The laminaran consumed 0 73 mole periodate and 
released 037 mole formic acid per mole anhydro- 
glucose when oxidized by 0 03 M sodium metaperiod- 
ete at room temperature for 24 hr. These values 
were much higher than those for msoluble lamim- 
&ran? 

To obtain paitial. hydrolysis products, laminaran 
(150 gm ) was acetolysed at 35? C for 96 hr and the 
mixture of deacetylated saccharides (121 gm) was 
fiactionated by charcoal-‘Celite’ column chromato- 
graphy Ten different oligosaccharides were isolated. 
The yield [x] p, D P. and the identity of disaccharides 


Table 2 


Ohgo- Maximum value Maximum theoret- 
sacchar- observed (moles) Possible structure ical value (moles) 
ide Period- Formic eriod- Formic 
fraction ate acid ate acid 
Fl 49(48) 39 (38) G1-6 (G) 5 (5) (4) 
F2 63 (32) 27(19) G1-3(G) 5 (3) 8 (2) 
F3 71(68) 49 (—) G1-6G1-6(G) 7 (7) 5 " 
F4 62 (49) 88 (37) G1-3G1-6 (G) 5 (5) 4 (4 
F5 47 (26) 29(18) G1-3G1-3 (G) 5 (8) 3 im 
F6 "72(48) 40(33) G1-6G1-38 (G) 7 (5) 4 (3) 
F7 89(87) 58(02) G1-6G1-6G1-6 (G) 9 (9) 6 (6) 
F8 68 (69) 49 (—) G1-6G1-3G1-6 (G) 7 (7) 5 (5) 
G1-8G1-6G1-6 (G) 
Sr (G) 
F9 70(49) 40(27) G1-8G1-6G1-3 (G) 7 (5) 4 (8) 
G1-6G1-3G1-3 (G) 
ee (G) 
F10 62 (28) 29(27) G1-3G1-3G1-3 (G) 5 (3) 4 (3) 
Note G, #-linked glucose residue, (G), glucose residue withreducing 


group For the figures without parentheses, 006 M sodium meta- 
periodate, at room temperature, for 144 hr For the figures with 
Dineen: 003M sodium metaperiodate, at room temperature, 
for 24 
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produced from the oligosaccharides on partial acid 
hydrolysis are shown in Table 1 Of the ten oligo- 
saccharides obtamed, two were disaccharides, four 
were trisaccharides and another four were tetra- 
saccharides. All these appeared to contain only 
B-1 3- and/or g-1  6-hnks Table 2 shows the 
periodate oxidation data foi these oligosaccharides 
and, their possible structures Maximum periodate 
consumption and formic acid release increased by 2 
moles and 1 mole, respectively, for some oligo- 
saccharides when 0 06 M periodate was used in place 
of 0 03 AZ, whereas the values for the others were the 
same at bath periodate concentrations. The former 
group may be termmated by a reducing glucose 
residue which was subject to over-oxidation, possibly 
joined by a B-1 + 3-Imk, whereas the latter group may 
be terminated by a reduemg residue which was 
resistant to over-oxidation, possibly bemg jomed by a 
Q-1 6-lmk. From the maximum values obtained on 
periodate oxidation and the results in Table 1, the 
fractions from F1 to F6 were identified as gentiobiose, 
lammaribiose, gentiotriose and 6-8-laminaribiosyl- 
glucose, laminaritriose and 3-Q-gentiobiosylglucose, 
respectively 

Although 3  6-di-O-g-glucosylglucose would be 
expected to produce the same maximum values on 
periodate oxidation as laminaritriose when 0 06 M 
periodate was used, they may be differentiated on the 
basis of their maximum values m 0 03 M periodate 
since only lamimaritriose would be expected to show 
a lowered value Furthermore, F5 did not give 
gentiobiose on partial acid hydrolysis and gave 
glucose after bemg oxidized with periodate and 
hydrolysed. This behaviour indicates the absence of 
3 6-di-glucosylglucose The absence of this tri- 
saccharide suggests in all probability a linear struc- 
ture for Hrsenra- laminaran Results with methylation 
also support this assumption Although three 
different znethylglucoses were obtamed, one of 
which was identified as 2 3 4 6-tetramethyl- 
glucose and the othertwoas2 3 4-and2 4 6- 
trimethylglucoses on the basis of their methoxyl 
contents and Rr-values, no dimethyl glucoses were 
found on the paper chromatogram Of the four 
different tetrasaccharides, F8 and F9 could not be 
identified, while the characteristic patterns of maxi- 
mum values for F7 and F10 suggest that the latter 
two may be gentiotetraose and lamunaritetraose, 
respectively It should be noted that gentiotriose and 
gentiotetraose have never been found in the partial 
acid hydrolysates of Lamanaraa lammaransg?;? 

The alkaline degradation of Hzsema lamunaran in 
4 N as well as 2 N sodium hydroxide solutions at 30° C 
ceased after the loss of about one-third of the weight 
of the lamimmaran, whereas periodate uptake and 
formic acic release by the residual polysaccharide was 
nearly 14 times that of untreated Jammaran The 
part of the lammaran removed appears, therefore, to 
consist of 6-1 3-linked glucose residues which would 
not contribute to the periodate consumption. The 
cessation of alkalne degradation may reflect the 
presence of a 8-1 6-linkage in the molecule, as 
discussed m ref 6 ‘Thus ıt may be suggested that 
Evsenva laminaran ıs a linear g-glucan with a D P. of 
about 20 containing both 1,3 and 1,6 lmkages (in the 
approximate proportion 2 1), and since gentio- 
tetraose was isolated from this lammaran by partial 
acid hydrolysis, at least three B-1 6-linked glucose 
residues must be present as a block among the 
8-1 3-hnkEed residues, probably occupying about the 
central region of the molecule 
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Occurrence of Sedoheptulose in Carpo- 
phores and Basidiospores of Inocybe 
Species 
ALTHOUGH basidiospores of various xylophilous, 
coprophilous and lignicolous Hymenomycetes germi- 
nate quite readily, and m high percentage, those from 
mushrooms with proved mycorrhizal associations 
rarely, if ever, respond to standard mycological 
techniques Among the latter are species of Amanita, 
Lactarvus, Cortunarws, Russula, Hygrophorus, and 
Boletus After completmg an extensive series of 
experiments on the above problem, Kneebone! 
concluded that the low respiratory-rate of the spores 
18 probably not limited by a lack of metabolic reserves 
but rather by some deficiency of the organism which 
prevents efficient utilization of available respiratory 

substrates 

We are investigating physiologically active con- 
stituents m the carpophores of various species of 
Panaeolus and Inocybe native to the Pacific north- 
west of the United States Inocybe species are thought 
to be mycorrhizally associated and have proved 
extremely difficult to sub-culture ether from carpo- 
phore tissues or spores Information on the nature 
of the carbohydrate reserves of carpophores and 
spores was needed. 

In a paper chromatographic study of extracts of 
carpophores of 91 species representing 29 genera of 
fleshy fungi, Bonnet? found mannitol in 86, trehalose 
in 82, and glucose m 34 The results of Sussman 
and Lingappa? suggested that trehalose 1s the prob- 
able substrate the utilization of which ıs correlated 
with the germination of ascospores of Neurospora 
tetrasperma However, Kneebone had reported that 
the stimulatory effects of heat shock and of furfural 
on the germmation of Newospora ascospores could 
not be duplicated on spores of the mycorrhizal- 
associated fungi which he tested 

Dried carpophores of several species of Inocybe, 
ground to a No 40 powder, were each shaken for 
18-24 hr at room temperature with 20 ml of 70 
per cent ethanol per gram of powder The mares 
were discarded and the clear filtrates extracted with 
petroleum ether to reduce the fat and o1] contents 

Following evaporation on vacuo at 38? C , the resi- 
dues were dissolved m 1 5 ml of 50 per cent isopro- 
panol, transferred to vials and chilled overnight to 
remove interfering salts* Portions (25-50 ul) were 
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spotted on sheets of Whatman No 1 filter paper 
and irrigated by the circular method of Rutter’ in 
150-mm Petr: dishes with n-butanol/pyridine/ 
water (6 4 3) or n-butanol/ethanol/water (10 1.2), 
for 2 and 7 hr respectively When processed with the 
amrroniacal silver nitrate spray of Partridge® or the 
periodate-permanganate spray of Lemieux and 
Bauer’, three to five distinct zones appeared. One 
of these was identified as mannitol by comparison 
of its Rr value with that of reference mannitol 

Volemitol (D-manno-p-talo-heptitol®) was isolated 
many years ago by Bourquelot® from carpophores of 
Lactarius volemus The possibility that seven-carbon 
saccharides might also occur ın Inocybe species, 
plus the apparent specificity of colour reactions 
for ketoses reported by Benvenue and Williams?®, 
prompted us to utilize a spray contamung orcinol 
After irrigation in the solvent systems previously 
mentioned, the papers were sprayed with water- 
saturated n-butanol—orcmol-irichloracetic acid! and 
heated for 10 mm at 105? C Blue bands with 
low Rr values were noted from carpophore extracts 
of the followmg species of Inocybe * prcrosma Stuntz, 
kauffmanw A H Smith, connamomea A H Smith, 
laca (Boud ) Kauff, mixtis (Britz ) Sace sensu 
Kuhner, subdesiricta Kauff, geophylla (Fr.) Quél 
var latera Wemm , agglutenata Peck, and lacera 
(Fr) Quél J albodisca Peck, I soror Kauff, and 
I xanthomelas Boursier and Kuhner m Kuhner did 
not show detectable amounts 

The concentrations of the ketoheptuloses in the 
extracts were very low. I kauffmamw gave the strong- 
est tests but our supply of dried carpophores was 
limited The mobilities of ketoheptulose from J 
cinnamomea and I kauffmaniw extracts, which had 
been partially pumfied by a series of treatments 
including defatting, deprotemuzation, and 10n-ex- 
change were compared with those of crystallme 
standards of r-gala-heptulose, p-gluco-heptulose, 
D-manno-heptulose, and D-allo-heptulose Partially 
purified sedoheptuloses from Cotyledon glauca Baker 
and Sedum spectabile Bor were also included 

A 48-hr descendmg irrigation technique, which 
allowed the solvent mixture (n-butanol—pyridine- 
water) to drip off the paper, was necessary for clear- 
cut separation Although comparative Rr values 
could not be obtamed, the mobilities of heptulose 
from the two species of Inocybe were identical with 
reference sedoheptulose, separately and in admrxture 

The smooth-walled spores of I cinnamomea were 
subjected tolow-temperature cavitation 1n a Raytheon 
oscillator (10 ke /s) About 60 mm were required to 
disrupt approximately 90 per cent of 100 mgm of 
spores m 20 ml of water together with some 0 2 mm 
diameter glass paving beads The mobility of spore 
heptulose m the descending system was the same as 
that obtained from the sporocarps of I cinnamomea 
A second ketose was also present in the partially 
purified spore extract It gave a bright yellow 
colour with the spray contammg orcmol and had a 
mobility similar to that of fructose Angular spores 
from I maths and I zanthomelas were far more 
refractory to treatment and similar amounts did not 
give positive heptulose tests Much greater quantities 
of spores would be required to obtam enough hep- 
tulose for positive chemical identification This would 
indeed be difficult considering that approximately 
6,000 caps of I. connamomea, averaging about 1 in 
in diameter, yielded only 800 mgm of spores 

This constitutes the first report of the occurrence 
of sedoheptulose m extracts of mushroom tissues 
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The possibility that one of the oxidative pathways 
m these spores may proceed through the pentose— 
phosphate cycle remains to be proved 

We are indebted to Dr N K. Richtmyer, National 
Institutes of Health, Bethesda, Md, for suggestions 
and supplies of several different crystallme heptu- 
loses and heptulosans, and to Dr Howard Douglas, 
Department of Microbiology, University of Washing- 
ton, for the use of the Raytheon oscillator Tha 
support of the US Public Health Service grant No 
RKG-7515 1s gratefully acknowledged 


ROBERT G BENEDICT 
VARRO E TYLER, JUN 
Lynn R BRADY 


Drug Plant Laboratory, 
College of Pharmacy. 
DANIEL E STUNTZ 

Department of Botany, 
University of Washmgton, 

Seattle 5, Washington 
' Kneebone, L R, PhD thesis, Pennsylvania State College (1950) 
? Bonnet, J L, Bull Soc Mycol France, 75, 215 (1959) 
° Sussman, A S, and Lingappa, B T, Scrence, 180, 1343 (1959) 


' Hughes, D H, Lynch, D L, and Somers, G F, J Agri Food 
Chem , 6, 850 (1958) 


* Rutter, L, Nature, 161, 435 (1948) 
* Partridge, S M, Biochem J, 42, 238 (1948) 
? Lemieux, R E, and Bauer, H F, Anal Chem , 26, 920 (1954) 


*Stewart, L C, Richtmyer, N K, and Hudson, C S, J Ame" 
Chem Soc, 71, 3532 (1949) 


? Bourquelot, E , Bull Soc Mycol France, 5, 132 (1889) 


1° Benvenue, A, and Willams, K T, Arch Biochem Biophys , 34, 
225 (1951) 
1 Klevstrand, R , and Nordal, A , Acta Chem Scand , 4, 1320 (1950) 


Inhibition of Dopamine 8 Oxidase by 
Adrenalone 


We have reported. that several structural analogues 
of dopamme aie inhibitors of dopamme B oxidase 
Dopamme () oxidase catalyses the conversion of 
dopamine to norepmephrine and the enzyme activity 
was determined by fluorimetric estimation of nor- 
epinephrine formed, by the method of von Euler e al ! 
However, when adrenalone was tested as a possible 
inhibitor of dopamine 8 oxidase, the fluorimmetrie 
assay of norepinephrine was unsatisfactory This was 
due to the fluorescence quenching of norepinephrine 
by adrenalone The fluorescence quenching by other 
keto compounds has been reported?, and such quench- 
Ing may represent a serious obstacle to the fluori- 
metric determination of catecholamines im the 
presence of ketones such as adrenalone 

Therefore, 1n these investigations, where adrenalone 
was tested as a possible inhibitor of dopamine B 
oxidase, dopamine-'C was used as a substrate Tho 
amount of dopamine-4C which disappeared from the 
incubation mixture as well as the norepinephrmo-:C 
formed in the incubation mixture were calculated 
from the radioactivity of each of these compounds 
The incubation procedure as well as the separation of 
dopamme-*C fiom norepinephrine-“C was carried out 
as already described by us (ref 3) The degree of the 
rate of inhibition of dopamime B oxidase was determ- 
ined by comparing the amount of norepinephrme-4C 
formed and the amount of dopamme-“C which 
disappeared in an incubation mixture which contained 
only the substrate and m an incubation mixture 
which contamed adrenalone and the substrate 

Table 1 shows the 1ate of inhibition of adrenalone 
on dopamine to norepmephrme conversion For 
comparison, the rate of mhibition of dopamine to 
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Table 1 INHIBITION OF DOPAMINE TO NOREPINEPHRINE CONVERSION 
BY ADRENALONE 


Norepinephrine Dopamine 
Amount added (umoles) formed disappearing 
15 none none 060 + 006 0 80 + 008 
15 none 12 045 + 005 not estimated 
15 12 none 020 + 002 12+01 


norepinephrine by epinine ıs also presented ın Table 1 
It ıs evident that adrenalone 1s a more potent inhibito1 
of the dopamine to norepinephrme conversion than 
epinme 

The structure of adrenalone (a) differs from epinine 
(b) only in that the former possesses & ketone group 
m ihe B position. 


O H H 
l^ £2 | : 
C—C—NHCH,; HC—C-—NHCH; 
| | H 

(a) Adrenalone (b Epmine 


The electron-withdiawing effect of the carbonyl 
group m adrenalone will tend to make the nitrogen of 
the secondary amino group less basic ‘This 1s con- 
sistent with our previous findings that primary 
amines (which are weaker bases) are also stronger 
inhibitors of dopamine 8 oxidase? <A second possi- 
bility is that the electrophilic centre of adrenalone 
interacts with the nucleophilic centre on the enzyme 
surface 

It should be stressed that while epinme itself 1s also 
a substrate of dopamme B oxidase and 1ts mhibition 
of dopamine to norepinephrine conversion 18 due to a 
substrate competition, 1t 1s more likely that adrena- 
Jone 1s a non-competitive inhibitor 

This work was supported by grants from the 
National Institutes of Health 

M GOLDSTEIN 
J F. CoNTRERA 

Departmen: of Psychiatry and Neurology, 
New York University College of Medicine 
? von Euler, U S , and Floding, I , Acta Physiol Scand , 38, 45 (1955) 


*van Duuren, B L, J Organe Chem (in the press) 
? Goldstein, M , and Contrera, J F , Experwnta, 17, 267 (1961) 


Acidic Dissociation of 7 : 9-Dialkylguanines 
and its Possible Relation to Mutagenic 
Properties of Alkylating Agents 


Watson and Crick! proposed as a possible mechan- 
18m for mutation that changes m the tautomeric 
structure o? a base of deoxyribonucleic acid (DNA) 
could induce its pairmg with an anomalous base In 
considering the possible correlation between the 
action of alkylatmg agents on DNA and the mutagenic 
activity of these agents, we mentioned im a recent 
report? that it was not obvious how the initial action 
of alkylation of DNA, which has been shown to occur 
at Nin of guanine mozreties?:*, could affect base-pairmg 
in DNA according to the Watson-Criek model We 
therefore suggested that the subsequent loss of the 
alkylated guanine moiety from DNA (refs 4 and 5) 
might be the chemical action necessary for mutation 
to result 

We now wish to present preliminary evidence that 
alkylation of guanine nucleosides or other 9-substi- 
tuted guanmes at N,. results m an 1mimediate change 
in the molecular structure of these bases at neutral pH 
in that part of the molecule mvolved in hydrogen- 
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Absorption spectra of 7 9-di-(2'-hydroxyethyl)guanine 
(0 0267 mgm /ml ) at pH 2, pH 7 3 and pH 12, 20? 


Fig 1 
bonding as required by the Watson-Crick model This 
follows from investigation of the acidic dissociation of 
7 9-disubstituted guamnes by spectrophotometric 
titration The absence of a basic pKa im the region of 
3 for 7 9-dialkylguanmes has previously been 
noted? However, with increasmg pH ım the region of 
pH 7 the absorption spectrum of 7 9-dia&lkylguanmes 
changes, the change being complete at about pH 9, 
and, these changes are consistent with the occurrence 
of an acidic dissociation in the region of pH 7, that 18 
about two units of pH lower than for the correspond- 
mg 7 or 9-monosubstituted guanines Fig 1 shows 
spectra for 7 9-di-(2’-hydroxyethyl)guanine and 
Fig 2 for 7-methylguanosme 

The spectrum of the molecular species of 7 9- 
disubstituted guanines with zero net charge, that 1s, 
at pH greater than 9, resembles that of 7- or 9-mono- 
substituted guanines in alkali This suggests that the 
proton has been lost from the N, ring-nitrogen atom 
Conventional formulation of these bases must there- 
fore be as a zwitterion, as represented 1n (I), or with the 
negative charge on the extranuclear oxygen atom. Ib 
may be noted that the dissociated proton 1s normally 
required 1n formation of one of the hydrogen bonds 
between guanine and cytosme moieties of DNA 
according to the Watson-Crick model 


R 
Oo 
[+4 + R 
H wes NC K, pP. 
2 N N N 
R pkan? "2 I 


a 


(1) 


It appears, therefore, that at neutral pH. the effect 
of alkylation of DNA at N, of guanme moieties would 
be to weaken the bonding between guanme and 
cytosine, since the tendency for the alkylated guanine 
to exist in the form shown in (I) would be much 
greater than for normal guanme Furthermore, it 1s 
possible that during duplication of DNA the speci- 
ficity of base-pairmg would be weakened, smce the 
number of hydrogen bonds which could form between 
alkylated guanme in form (I) and cytosme would be 
reduced by one It may be noted that the configura- 
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Fig 2 Absorption spectra of 7-methylguanosine (0 0234 mgm / 


ml.) at pH 2, pH 7 2, and pH 9, 20? 


tion of (I) 18 such as to permit two hydrogen bonds to 
form with thymime, involving N, and the extranuclear 
amino group of the guanine moiety (Fig. 3) The 
configuration of this base-pair 18 such that 16 could fit 
into the DNA structure in place of a normal guanme- 
cytosine pair 


R 
/ CH 
+ O O 3 
Hc. 2d vid 
\ / Nes 7 N 
A-d WHN BH 
T Ne [ = 
N-H----O €- 


Fig 3 Possible base-pairing of alkylated guanme and thymine 


We suggest, therefore, that the mutagenic action of 
the alkylating agents could be due to their ability to 
alkylate DNA at Nọ of guanine moieties, thus 
strengthening the acidity of the —NH—CO— group 
in alkylated guanme so that its dissociation would 
cause a tendency for alkylated guanine to base-pair 
with thymine instead of cytosine during DNA duplica- 
tion. After such anomalous base-pairing, in subse- 
quent DNA -.duplications an adenme-thymine pair 
would replace the origmal alkylated guanime-cytosine 
pair 

This investigation has been supported by grants to 
the Chester Beatty Research Institute (Institute of 
Cancer Research Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign, the Jane Coffin Childs Memorial Fund for 
Medical Research, the Anna Fuller Fund and the 
National Cancer Institute of the National Institutes of 
Health, US Pubhe Health Service 
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A Central Action of 5-Hydroxytryptamine 
and Noradrenaline 


THE expermments reported here were based on the 
observation that an mtra-carotid or intravenous 
injection of d-lysergic acid diethylamide (LSD-25) 
depresses the transmission of orthodromue impulses 
through the lateral geniculate nucleus of the cat? 
The nature of this depression suggests that LSD-25 
can compete with the excitatory transmitter for 
post-synaptic receptor sites Consequently the 
known antagonism between LSD-25 and 5-hydroxy- 
tryptamme (5-HT) at receptors of smooth muscle? 
indicates the possibility that the as yet unknown 
central excitatory transmitter might be related to 
5-HT It ıs probable that the failure to demonstrate 
an action of 5-HT on these neurones! was due to the 
blood-brain barrier, which 1s relatively mnpermeable 
to this substance? 

In the present investigation, 5-H'T and a series of 
structurally similar compounds, includmg some 
catecholamines, have been applied electrophoretically 
to single neurones in the lateral geniculate nucleus of 
a cat anezsthetized with pentobarbital. The direct 
extracellular application of drugs circumvents the 
blood-brain barrier and the actions of four different 
compounds could be compared on single cells by the 
use of five-barrel electrodes* The spike responses, 
02-1 0 mV in amplitude and of negative-positive 
voltage sequence, were recorded by means of the 
central barrel of the electrode, which contamed 4 M 
sodium chloride Most substances were passed as 
cations from saturated aqueous solutions of pH 3-4 
These included 5-HT creatinine sulphate, tryptamme, 
bufotenine, LSD-25, 2-bromo-LSD(BOL-148), psuo- 
cin?, noradrenaline bitartrate, adrenaline bitartrate 
and 3-hydroxytyramme 1-Glutamic acid and psilo- 
cybin® were applied as anions from solutions of the 
sodium salt at pH 8 

When an electrophoretic current was used to apply 
cations from a saturated aqueous solution of 5-H'T 
creatinme sulphate, there was suppression of the 
orthodromic responses of neurones which responded 
monosynaptically, and occasionally repetitively, to 
an optic nerve volley Such was not the case when 
the electrode contamed creatmimme sulphate instead 
of the 5-HT creatinme sulphate complex, hence it 18 
reasonable to assume that the depression observed 
with the complex was due to 5-HT The latency of 
this effect was reciprocally related to the magnitude 
of the electrophoretic current and for currents of 
20-100 mpamp was about 10-2 sec Following the 
termunation of the current flow the spike responses 
recovered m 05-20 sec When r-glutamate was 
apphed from another barrel, the excitation of the 
neurones, measured by the frequency of the firing 
evoked by the amino-acid’, was unaltered by 5-HT 
Furthermore, the antidromic spike responses of these 
neurones, evoked by stimulation of the optic 1adiation 
beneath the ipsilateral gyrus marginalis of the cerebral 
cortex, were unaffected by 5-HT These actions of 
5-HT are illustrated m Fig 1 

All the substances mentioned here, except creatin- 
ine and r-glutamie acid, had actions identical with 
those of 5-HT Although ıt 1s difficult to compare 
various substances quantitatively by these electro- 
phoretic techniques‘, an approximate estimate of the 
potency of the compounds can be given 5-HT was 
the most effective depressant of these cells, as 


NATURE 


1083 


A] D 
wae oh ir e 


B E H 
C F 1 
LULL Lm 


Fig 1 Spike responses of a single neurone in the lateral geniculate 
nucleus responding monosynaptically to a contralateral optic 
nerve volley (4, D, G), antidromically to a stimulus to the Ipsi- 
lateral optic radiation (B, E, H) and repetitively to L-glutamie 
acid (C, F, I) which was apphed from one barrel of a five-barrel 
electrode using an amonic current of 100 muamp After the con- 
trol responses 4 and B,acurrent of 20 muamp. passed cations from 
an aqueous solution of 5-HT creatine sulphate (pH 3 3) for 12 sec 

The responses D and E were recorded 5-7 sec after the current 
started and G and H, 5-7 sec after 16 terminated C, F, I were 
recorded with lower amplification (all spikes are approximately 

0 5 mV. in il irn ın another series C, control, F, 31 sec 

after a current of 20 muamp passed 5-HT creatinine sulphate 
into the environment of the cel At this time orthodromic 
responses were suppressed. J, 2 min after the 5-HT application 
ceased, the orthodromic responses having recovered fully, 
Time, msec for A, B, D, E, e H bos dun H, 10 msec for C, F, I 

enea 


determined. by the magnitude of the electrophoretic 
current necessary to block the excitation of single 
cells within a given time ‘The other agents were less 
effective, the descending order of potency bemg 
tryptamimne, bufotenme,  LSD-25, psilocm and 
psilocybin, 3-hydroxytyramine, noradrenaline and 
adrenalme, BOL-148 The latter compound had a 
very weak action Several experiments were carried 
out to test whether BOL-148 interfered with the 
effect produced by 5-HT and no antagonism could be 
detected In addition to being less effective than 
5-HT, some of the other active compounds were 
more prolonged in their action after the applying 
current was termmated Thus the recovery from an 
appheation of LSD-25 usmg an electrophoretic 
current which produced depression in 30-40 sec 
often took 10-15 mm 

Several conclusions can be drawn from these 
observations 

The failure of 5-HT to affect either the antidromic 
firmg of these neurones or the firmg evoked by 
L-glutamic acid indicates that 5-HT does not sıgmfic- 
antly modify the membrane conductance of the cells 
Thus ıt ıs very unlikely that 16 was combining with 
the sub-synaptic receptors of inhibitory synapses and 
activating the associated receptor membrane, or that 
it was depressing the electrically excitable membrane 
of the cells in some other fashion It ıs probable that 
the depression of the orthodromic responses was due 
to a reversible interaction between 5-HT and the 
receptors at excitatory synapses which are specialized 
for the transmitter released from the optic tract 
terminals However, the possibility that 5-HT was 
depressing the release of this transmitter cannot be 
excluded until the transmitter 1s identified and apphed 
to the synapses 

The antagonism which 1s exhibited between 5-HT 
and the other compounds, when tested on smooth 
muscle, was not apparent at these central synapses 
Indeed these ‘antimetabolites’? had actions simular 
to that of 5-HT. Presumably all these depressants 
interacted with the same receptors, the potency and 
the duration of action of a particular compound 
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being determined by the stability of the drug-receptor 
complex 

The possible interaction of these substances with 
post-synaptic transmitter receptors suggests that the 
excitatory transmitter acting on the lateral genic- 
ulate neurones might be related structurally to 
them Experiments are proceeding with a large 
number of indoles and catecholammes in order to 
determine those structural features necessary for a 
compound to mteract with the transmitter receptors 

Grateful acknowledgment ıs made for the folowing 
gifts 5-HT creatmine sulphate, creatine sulphate 
and bufotenme (Dr M E Speeter, The Upjohn Co, 
Michigan), LSD-25 and BOL-148 (Sandoz, Ltd, 


Basle), psilocm and psilocybin (Dr Hofmann, 
Sandoz, Ltd ) 
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Hormones and Electrolyte Excretion 
in Sheep 


MERINO sheep m hot environments effectively 
1educe the rate of excretion of water but that of 
sodium and potassium may not change. and often 
increases durmg periods of dehydrationi. Renal 
hemodynamics may be concerned in this adjustment 
of kidney function but endocrine activity has been 
examined, in the search for possible mechanisms 

Merino ewes were accustomed to life m metabole 
cages on a fixed feeding regime at room temperatures 
between 22° and 24? C Electro- 
lyte exeretion was followed 
throughout periods of 36 hr using 
a fraction collector to take speci- 
mens at 4hr mtervals There 
was considerable variation in ex- 
cretion, majnly following morning 
feeding which produced a rise in 
sodium and potassium output by 
day and a low rate of excretion 
at night Sheep were therefore 
ireined to take lucerne chaff dur- 
ing a period of 3 hr between 
10 am and 1 pm It was 
observed that withm 20-30 mm 
of begmning to feed, normally 
alkaline (pH 8 2-8 6) urine became 
acid, (pH 5 2-6 6) for about 1 hr 
While feeding continued (Fig Ic) 
the urine returned to a pH of 8 2 
Production of saliva with a high 
bicarbonate content could leave 
the blood depleted of alkal and 
an acid urime could result 

Infusion of small amounts of 
hormone intravenously over an 
hour was undertaken “x hor- 
mones were examined . Mixed 
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arginine and lysme vasopressin (‘Pitressm’), infused 
at the rate of 12 mulhunits/mm , had two types 
of effect At urme flows lower than 1 ml /min 
there was an increase of water, sodium, potassium 
and chloride excretion per unit of time (Fig la) 
At flows greater than 2 ml/min there was a reduc- 
tion of flow of urme and mereased output of 
electrolyte The osmolar exeretion-1ate mereased at 
both high and low levels of urme flow under the 
influence of vasopressin This occurred both in the 
field (the tropics at 21°S latitude) and im the 
laboratory During duuresis the osmolarity of urine 
was 100-200 m osmol/l, and at low flows ıt was 
1,400-1,800 mosmol Vasopressin produced urme 
between 500 and 1,700 mosmol/l always more 
concentrated than plasma 

Lysine vasopressin gave identical results Although 
vasopressin does not produce the changes of urine 
flow found ın a hot environment, ıt could contribute 
to the sodium excretion which can occur in such 
circumstances At both high and low rates of urine 
flow, vasopressin increased glomerular filtration 
(measured, by ereatinmne clearance) so that differences 
in renal dynamucs do not account for the phenomena 
It appears that the effect of the polypeptide is on 
electrolyte movements (mamly potassium) in tho 
tubule. 

Infusion of adrenaline at a rate of 15 ugm./mun. 
into sheep with urine flows of 0 4-1 ml /mm (Fig. 15) 
led to excretion of 3-6 ml /mm of water with no 
increase of electrolyte output In partially de- 
hydrated &nrmals there was httle effect on water 
flow Noradrenaline infused at a rate of 5 ugm./min. 
increased water, sodium and potassium excretion. 
The effect of adrenaline m increasing water excretion. 
1s the opposite of that found during dehydration 
Aldosterone moereesed the re-absorption of sodium in 
sheep given salt supplements (Fig. lc) but 16 did not 
increase potassium excretion as in carnivores or 
man? ‘There was no change m pH and little in 
water output under the influence of an infusion of 
add ugm d,-aldosterone in the course of an 
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Fig 1 Infusion of hormones intravenously in sheep resulted 1n urine excretory changes 
those for potassium, chlorine and sodium being shown in the upper panel while water 
and osmolar excretion are shown below a, Lysine vasopressm (12 mulliunits/min ) 
increased low urine flow and decreased high urine flow, but osmolar and electrolyte 
flow mereased in both 0, Adrenalin (15 “gm /min ) caused water to be excreted, but 
electrolytes were lost at a slower rate e, During feeding, urme pH fell, but rapidly 
returned to the normal 8 2-8 5 Ingestion of sodium chloride in 2-gm aliquots increased 
sodium excretion and this was reversed for 4 hr bv 05 agm min d,l-aldosterone 
Excretion of potassium was not mcreased by this substance 
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The sheep 1s thus different from most laboratory 
animals and man? in having a large acid shift of 
its urine during feeding, ın increasing the excretion 
of salts and water during the action of vasopressin, 
and in showing no increased potassium excretion 
under the mfluence of aldosterone 

We are indebted to the Wool Trust Fund and 
the Rural Credits Development Fund of the Common- 
wealth Bank for support m this work, to the Ciba 
Laboratories for the supply of aldosterone, and to 
Sandoz Laboratories for lyse vasopressin 
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Department of Physiology, 
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Paradoxical Effect of Phlorizin on 
Glucose Uptake and Intracellular 
Accumulation of Amino-Acids in Rat 
Kidney Slices in vitro 


THe discovery by von Mermg! that phlorizin 
causes glycosuria in the dog and the observation 
that phlorizin prevents renal tubular re-absorption 
of glucose?:? have evoked considerable interest ın this 
substance as a tool in the mvestigation of cellular 
transport mechanisms Much work with phlorizin 
has shown this drug to be a potent inhibitor of penetra- 
tion of hexoses and other sugars ın gut preparations*:5, 
kidney shees?, ascites tumour cells’, and red cells® 
Significant alteration of intracellular metabolism 
has also been noted This lrterature has recently been 
reviewed by Lotspeich? and Crane? 

We have reported? that rat kidney cortex slices 
possess an active transport system for the intra- 
cellular accumulation of amino-acids against a con- 
centration gradient This system is dependent on 
oxidative metabolism as shown by the mhibition 
produced by anaerobiosis and dinitrophenol In 
view of the known inhibition by phlorizin of sugar 
penetration and re-absorption in the kidney, experim- 
ents were carried out to ascertain whether this drug 
similarly affected the penetration of amino-acids into 
kidney cells This communication demonstrates 
the unexpected findmg that, m contrast to the 
inhibition. of glucose uptake, phlorizin increases the 
intracellular concentration of amino-acids 

Renal cortical slices from male Sprague-Dawley 
rats were cut with a Stadie Riggs microtome Follow- 
ing a 10-mn pre-incubation at 25°C im isotonic 
Krebs—Ringer bicarbonate buffer, the slices (about 
100 mgm /flask) were transferred to 25-ml Erlenmeyer 
flasks contaimng the amumo-acids labelled with 
carbon-14 in 2 ml Krebs—Ringer bicarbonate buffer 
pH 74 The flasks were gassed with 95 per cent 
oxygen, 5 per cent carbon dioxide, sealed and incub- 
ated in a Dubnoff metabolic shaker at 37°C At the 
end of the incubation period the slices were dipped 1n 
isotonic saline, blotted, weighed on a torsion balance 
and placed in 2 ml of boiling distilled water for 5 
min  Ahquots of the mcubation medium and the 
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aqueous tissue supernatant were then counted in a 
hquid semtüllation spectrometer, and the ratio of 
cpm per ml intracellular fwd to cpm- per ml 
extracellular fluid calculated Extracellular space 
was estimated using mulin labelled with carbon-14 
Glucose disappearance from the medium was assayed 
with glucose oxidase 

The iesults of these experiments are shown in Table 
1 Glucose uptake was reduced at phlorizin concen- 
trations of 5x 10-* M and higher, reaching a 50 per 
cent reduction at 3x 10-3 M The ratio of intracellular 
to extracellular amino-acid concentration, however 
was increased for all the amino-acids studied The 
increase was most pronounced at the highest phlorizin 
concentration employed, the mtracellular concentra- 
tion of g-amino-isobutyric acid (ATB) bemg increased 
by 77 per cent at 3x 10-3 M The magnitude of the 
effect on basic amino-aeids was somewhat less than 
that seen with neutral ones For AIB the increase 
in this razio was observed at the same concentration 
of the drug which was noted to block glucose uptake 
Although the fact that the divergent effects on glucose 
and ammo-acids occur in the same concentration- 
range suggests the two effects may be mter-related, 
the ammo-acid effect 1s independent of the presence 
of glucose m the medium 


Table 1 EFFECT OF PHLORIZIN ON GLUCOSE UPTAKE AND INTRA- 
OELLULAR CONCENTRATION OF AMINO-ACIDS BY RAT KIDNEY SLICES 
THE 90-MIN INCUBATION WAS CARRIED OUT IN TRIPLICATE 
Ratio of intracellular to extracellular 
amino-acid concentration 


Phlonzn*  Glucoset 
concentra- uptake(y/ AIB} Glyeme L-Phenyl- L-Lysme 1-Hist- 

tion (M) 100mgm ) alanine ine 
None 258 3 49 5 76 1 85 3 52 2 28 
10-5 247 

5 x 10-5 3 99 

10-4 230 3 89 

5 x 10-4 157 471 

-3 143 5 09 7 53 2 20 261 

3 x 103 129 618 9 49 3 42 4 55 3 41 


* Phiorizin (Mann Co) was twice recrystallized 
T Initial glucose concentration, 1 mgm /ml. (5 6 mM) 
tf Initial amino-acid concentrations ranged from 0 05 to 0 17 mM 


In contrast to the kidney slices, experiments with 
isolated rat diaphragm have demonstrated a slight 
reduction 1n the intra-cellular concentration of AIB at 
3x10- W phlorizm This has been reported by 
others!? Thus, increased intracellular amino-acid 
concentration as a result of phlorizm action 1s not a 
common property of all tissues 

Various components of the phlorizin molecule, the 
aglycone, phloretin, and phloroglucinol were also 
studied in order to see if the complete glycoside was 
needed to produce the effect on amino-acids Neither 
phloretin nor phlorogluemo! produced a similar 
increase in intracellular amino-acid concentration 
Phloretin 1s known to be weakly active m inhibiting 
tubular 1eabsorption of glueose!! The complete 
glycoside appears to be necessary for both the glucose 
and the amino-acid effect 

The mechamsm of action of phlorizm-mduced 
inhibition o? sugar penetration into cells ıs unknown 
although the general view is that the drug affects 
membrane permeability independently of the 
observed inhibitory effects on oxidative metabolism! 
as well as various enzymes!? The explanation for the 
amino-acid, effect ıs unknown Since these results 
are seen with a non-utilizable amino-acid (ATB), the 
phenomera cannot be related to inhibition of amino- 
acid metabolism per se The intracellular concentra- 
tion of the amimo-acid 1s an equilibrium between 
influx and efflux rates Phlorizm may produce the 
observed mcereased intracellular amino-acid concentra- 
tion either by augmentimg the transport-rate of amino- 
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acids into, or by inhibiting the transpoit rate out of, 
the cell Phlorizin 1s known to inhibit the tubular 
excretion of orgamic acids, perhaps indicating a 
selective effect on amimo-acid efflux-rates However, 
an induced binding of amimo-acids within the cell 
must also be considered as an explanation The 
possible basis for the observed phenomenon 1s under 
Investigation 

STANTON SEGAL 

ALBERTA BLAIR 

Leron E ROSENBERG 
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Heart-rates and the Sub-lingual 
Temperatures of Heat-acclimatized 
People 


PEOPLE resident at sea-level in the equatorial 
tropics are considered to be ‘naturally’ acclimatized 
to heat! There is evidence that the indigenous 
peoples of these regions have low forearm blood 
flows and systolic blood pressures ın relation to then 
surface and deep-body temperatures?-! This evidence 
seems to indicate that the cardiovascular systems of 
heat-acclimatized, people are relatively msensitive 
to increases of body temperature If this 1s true, the 
relationship between the heart-rates and sub-lingual 
temperatures of tropical people would be expected to 
differ from that of people who are not acclimatized to 
heat The relationship between the heart-1ates and 
sub-hngual temperatures of young English subjects, 
at rest in a temperate climate, has been mvestigated 
by Tanner® Comparable data are not available for 
the indigenous peoples of the tropics 

In order to provide these data, measurements of 
heart-rates and sub-hngual temperatures have been 
made on thirty-two male Asian subjects m Singapore 
The subjects were twenty-two Chinese eight Indians 
and two Malays, their average age was 22 7 yr (S D 
= + 31) and their mean body-weight was 57 3 kgm 
(SD = +172) Each subject wore his normal 
clothing’ and lay on his back for 90 min before any 
measurements were made Heari-retes and sub- 
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Heart-rates and sub-hngual temperatures of 32 Asian 
subjects in Singapore The continuous line 15 the fitted regression 


Fig 1 


of heart-rate on sub-lingua] temperature for these data The 

broken line 1s the regression of heart-rate on sub-lingual tem- 

perature for English subjects, calculated from data presented by 
Tanner (ref 6) 


lingual temperatures were measured every 5 min for 
30 min and the average of readings for each subject 
was taken The mean envnonmental temperatures 
during all experiments were 28 9 + 1 0? C , dry bulb 
and 256 + 09° C, wet bul MHeart-rates were 
counted from electrocardiogiams and sub-bngual 
temperatures were measured by means of a 40s we 
copper-constantan thermocouple 

The heart-rates and sub-lingual temperatures of 
the thirty-two subjects are shown m Fig 1 The 
correlation coefficient between heart-rate and sub- 
lingual temperature was 0 554 (001 > P > 0001) 
The equation for the regression of heart-rate on sub- 
hngual temperature was 

Heart-rate (beats/min.) = (17 24 x sub-hngual temperature 
in °C) — 569 19 
Also included m Fig 11s the regression Ime for heart- 
rate on sub-Imgual temperature calculated from data 
presented by Tanner? Tanner’s data were obtained 
from forty-six English subjects whose mean age was 
221+ 41yr, measurements of heart-rates and 
sub-lingual temperatures on these subjects were made 
while they lay on a couch at a room temperature of 
17 5-20 0° C The correlation coefficient between 
heart-rate and sub-lingual temperature ın the forty- 
six subjects was 0510 (P < 0001) and the equation 
for the regression hne of heart-rate on sub-lngual 
temperature was 
Heart-rate (beats/min.) = (19 54 x sub-hngual temperature 
in °C) ~ 655 10 

The heart-rates and sub-lingual temperatures of the 
heat-acclymatized people in Singapore tended to be 
higher than those of Tanner’s subjects m England 
The slope of the regression line of heart-rate on sub- 
lmgual temperature was slightly greater for the Eng- 
lish subjects However, the correlation and regression 
coefficients for the two groups of data were not 
significantly different (P > 0 10) 

These 1esults have not provided any evidence that 
acelmatization to heat 1s associated with a significant 
general variation in the sensitivity to temperature of 
the tissues of the cardiovascular system The posm- 
bility remains that changes of sensitivity to tempera- 
ture are localized ın discrete areas of the body such 
as the forearm blood vessels or centres in the brain 
The latter possibility would be in agreement with a 
previous suggestion that acclimatization to heat 
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involves adaptive changes in the central nervous 
system? 
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BIOPHYSICS 


Elimination of the Liquid Junction by 
using Glass Electrodes 


IT ıs assumed m measurmg potential with hydrogen 
or alkali-sensitive glass electrodes! that the salt bridge 
which eonneets the reference electrode to the solution 
generates a negligibly small potential at the hquid 
junction ‘Thuis is a reasonable assumption so long as 
the unknown solution contams no colloids, and 1ts 
ionic strength 1s approximately that of the buffers 
used in standardization Unfortunately these ideal 
conditions are seldom met in biological systems 
The resultant error 1s often of a serious magnitude, 
as shown ın experiments on pH ın colloidal systems?’ 

In many inorganic systems the liquid junction 
potential has been elammated by the use of silver- 
silver chloride and other metallic reference electrodes 
placed directly mto the unknown solution with- 
out a salt bridge* The metallic reference electrodes 
function poorly ın most biological systems because 
of the various interfering oxidizing and reducing 
substances which are present 

Glass electrodes are not affected by oxidation- 
reduction reactions and are well suited for use in 
biological media With these advantages in mind, 
a system was designed and tested in which a hydrogen- 
sensitive glass electrode functioned as a reference 
electrode for sodium activity measurements with a 
sodium-sensitive glass electrode The pH of the solu- 
tion being tested was kept at 721 Any erro: m 
sodium determination which might have occurred if 
the pH were allowed to shift would tend to be auto- 
matically balanced out because the sodium-sensitive 
glass 1s also sensitive to hydrogen 10ns The sodium 
concentration was varied by addition of 1 N sodium 
chloride to the buffer solution (#7s-hydroxymethyl- 
aminomethane buffer®) 

The sodium-sensitive glass electrode was of the bulb 
type (Electronic Instruments, Ltd, glass BH 104) 
while Corning 015 glass was fused to a lead glass stem 
to form the hydrogen-sensitive MacInnes—Dole type 
electrode All potentials were measured with the 
Vibron model 33B electromete. and model C33B 
‘bucking’ creuit 

Hydrogen ion sensitivity of the Cormng 015 glass 
electrode was checked with buffers from the National 
Bureau of Standards (from pH 465 to 9 18), usmg 
a saturated potassum chloride-calomel reference 
electiode The liquid junction between the saturated 
potassium chloride and buffer being tested was made 
through & porous ceramic plug ‘The sodium ion 
sensitivity of the BH 104 glass was tested m a tras 
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Fig 1 Representative sodium-sensitive glass electrode potentials 
(circle) using a calomel reference electrode and (triangle) using 
a Corning 015 MacInnes—Dole glass electrode as the reference 
electrode The straight line plots the slope of the theoretical 
potential given by the Nernst equation E = E? + 2 303R7/F 
(log aNat) while the points are experimental measurements The 
value of 2 3083 RT| F was taken as 59 mV at 23°C The negative 
logarithm of the activity of Na+ 1s plotted on the abscissa using an 
activity coefficient of 073 based on the presence of a constant 
0 2 M buffer solution 


2 20 


buffer solution (pH. 7 21) by varying the concentra- 
tion of sodium with 1 N sodium chloride The refer- 
ence electrode was again the saturated potassium 
chloride-calomel with a porous ceramic plug 
Representative data (circles) for the sodium-sensitive 
glass electrode and calomel reference are shown 1n 
Fig 1 The hydrogen ion-sensitive glass electrode 
was then substituted for the calomel reference and 
the sodium 10n measurements repeated in the tras 
buffer solutions (triangles im Fig 1) 

The equivalent response of the sodium 10n electrode 
with either the standard saturated potassium chloride— 
calomel reference or the Coinmg 015 glass reference 
illustrates the ability of the glass electrodes to function 
i» a system as both an ion-specific electrode and 
reference electrode The simplicity of this method of 
eliminating the liquid function should prove useful to 
workers ın many fields, especially when the specific 
cation to be measured 1s a solute 1n a complex solution 

This work was aided by US Public Health Service 
research tiaiming grant No HTS 5454 

CARL R MERRIL 
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Department of Medicine, 
Georgetown University, 
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Washington, D C 
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Mechanism of Nicotinic Action at the 
Adrenal Medulla : Calcium as a Link 
in Stimulus-secretion Coupling 


IN experrments to piobe the mechanism of trans- 
mission of sympathetic activity at the adrenal 
medulla we have found that acetylcholine, which 18 
believed to be the chemical transmitter, evokes. 
catecholamine secretion through some  ealeium- 
dependent process Our evidence, obtained in experi- 
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ments ın cats’ adrenal glands perfused ın vwo or 
«n vitro with Locke’s solution or variations of 16, may 
be summarized as follows 

Acetylcholine failed to release catecholamines 
when calcium was omitted from the perfusion fluid 
(1n simular experiments ın which sodium or potassium 
was omitted acetylcholine still had a strong stimulant 
effect) The amount of catecholamines released by 
acetylcholine varied with the calcium concentration 
of the perfusion fluid over a wide range, bemg m- 
creased about 50 per cent above the normal with 
88 mM calcium and being about doubled with 
17 6 mM ealerum Calcium itself (2 mM) following 
a period of calcium-free perfusion caused a vigorous 
secretion of catecholamines This evidence, con- 
sidered along with the known ability of acetylcholine 
to increase membrane permeability at other junctional 
sites, led us to postulate that acetylcholine evokes 
secretion of catecholammes by causing an influx of 
calcium ions into the adrenal medullary cells: 

In support of this postulate, one of us (W W D) 
has recently found in experiments with Dr A M 
Poisner that acetylcholine (10-5 gm /ml) greatly 
increases the uptake of calcium-45 by the adrenal 
medulla We have in fact proposed that calerum 
has a role m the process we have termed ‘stimulus- 
secretion coupling’ analogous to 168 supposed role m 
‘excitation-contraction coupling’ m muscles A full 
account of these experiments will be published 
elsewhere? 

We have now obtained evidence that other sub- 
stances which stimulate the adrenal medulla and 
which belong to the family of drugs with ‘nicotinic’ 
actions evoke secretion m a similar fashion The 
present experiments were carried out on cat’s adrenal 
glands acutely denervated and perfused ın sutu 
through the aorta with Locke’s solution In such 
experiments the ‘resting’ secretion of catecholamines 
appearing in the effluent collected from the adrenal 
vems was usually equivalent to about 50-100 mugm 
adrenaline (base)/min The addition of 10-5 gm / 
ml  nieotme, tetramethylammonium, lobeline or 
dimethyl-4-phenylpiperazimnium 10d1de (DMPP) to the 
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Fig 1 A typical secretory response of perfused cat’s adrenals to 

DMPP 10-5 gm /ml Both adrenals were perfused with Locke's 

solution and the effluent assayed in terms of adrenaline (base) 

by bioassay with the spirally cut rabbit aorta Before addition 

of DMPP the gland was perfused for 20 min during which the 

‘resting’ output was determined the output in the last 14 min 
of this period ıs indicated 
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Fig 2 Failure of nicotine (10-5 gm /ml ) to evoke catecholamine 
secretion in the absence of calerum The thickening of the base- 
line to the left indicates the ‘resting’ outputs (mm 4-12) and 
the negligible response to nicotine (min 12-16) mn calcium-free 
Locke’s solution The cross-hatched bars which follow indicate 
the stimulant effect of re-introducing calcium (in the form of 
Locke’s solution) The solid bar to the right mdicates the control 
response to nicotine m Locke’s solution 





perfusion fluid caused an enormous increase in the 
catecholamine output Not uncommonly the secre- 
tion evoked by these drugs, particularly DMPP and 
nicotine (which seemed to be especially active), was 
more than 100 times the control ‘resting’ secretion 
A typical response 18 shown m Fig 1, from which 
it can be seen that DMPP increased the rate of secre- 
tion to more than 13 ugm/mm This high rate of 
secretion was not maintained, but fell progressively 
so that in about 10 mm it was near to the resting 
value despite the continued presence of the drug 
Ihe cause of this progressive diminution ın the re- 
sponse was not determined for the present purpose 
tests were made with each of these substances by 
perfusing them 1n this same concentration (10-5 gm / 
ml) for periods of 4 mm. In each experiment one or 
the other drug was first tested m Locke's solution free 
of ealerum and then ım Locke’s solution. In each 
instance the drugs were active in Locke’s solution but 
mactive (or almost so) ın calcium-free Locke’s solu- 
tion A typical experrment is shown m Fig 2 After 
@ period of perfusion with calcium-free Locke’s 
solution (usually 16 min ) perfusion was switched to 
calcium-free Locke’s solution with the addition of 
nicotine (10-5 gm /ml) This raised secretion very 
httle, if at all, above the resting value Perfusion 
was then switched back to Locke’s solution This 
change in itself caused a transient but very vigorous 
secretion which, as mentioned above, ıs due to the 
re-introduction of calcıum (it occurs also without 
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prior exposure to any of the stimulant drugs) When 
spontaneous secretion had returned to a low level 
perfusion was once more switched, this time to 
Locke’s solution plus nicotine Nicotine then exerted 
its familiar powerful excitant effect ralsing secretion 
to more than 10 ugm/min Similar results were 
obtamed with TMA, lobeline and DMPP 
It thus appears that these various drugs of the 
nicotine group’ may all evoke catecholamme secre- 
tion by causmg calum ions to penetrate the 
medullary cells 
W W Doveras 
R P Rosin 
Department of Pharmacology, 
Albert Einstem College of Medicine, 
New York 61 
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PHARMACOLOGY 


A New Potent Analgetic Antagonist 


Tue discovery of a new potent analgetic with a 
reduced lability to addiction! m the benzomorphan 
series, namely, 2'-hydroxy-5,9-dimethyl-2-phenyl- 
ethyl-6,7-benzomorphan? (I), has suggested further 
work in the series 2’-Hydroxy-5,9-dimethyl-2-allyl- 
6,7-benzomorphan (III) ıs a potent antagonist of 
phenazocme, morphme, meperidine, and other anal- 
getic agents This compound ıs of special interest in 
that combinations of phenazoeme and III m ratios 
of 5 1to100 1 retam analgetic activity in &nimals 
yet seem to be relatively devoid of physical depend- 
ence properties in the monkey in both acute and 
chronic experiments (biological details of this work 
will be described elsewhere) 

The demethylation of 2/-hydroxy-2,5,9-trimethyl- 
6.7-benzomorphan has been described? Reaction of 
the nor-compound (II) with a slight excess of allyl 
bromide in ethanol containmg sodium bicarbonate 
for 18 hr under reflux gave, after filtration, con- 
centration and trituration with ether, the product 
(III), mp 141-144? in 46 5 per cent yield Anal 
cale C,,H,NO, C, 7933, H, 901, N, 544 
Found C, 79 06,7899, H, 9 19, 929, N, 5 64, 5 78 

A mixture of 5,9-dimethyl-2’-methoxy-6,7-benzo- 
morphan (IV), prepared by treating 5,9-dimethyl. 
2’-hydroxy-6,7-benzomorphan? (II) m ethanol with 
diazomethane in ethanol contaming sodium bicarb- 
onate was treated with allyl bromide under reftux 
After appropriate workmg up, the residue was 
dissolved in acetone and treated with ether to give 
the desired product (V), m p 216-218°, for the hydro- 
chloride salt Anal cale for C,,H,,NO HCl C, 70 22; 
H, 851, N, 455 Found C, 7000, H, 850, N, 
478 

The present antagonist (III) combmed with phen- 
azocine m a l l ratio showed no analgesia, and 
precipitated abstinence phenomena in the morphme- 
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addicted-monkey (Deneau, G A , and Seevers, M H, 
private communication) With a ratio of 9 parts 
of phenazocine to 1 of the antagonist (ILL) the 
analgesic effect was as good as with phenazocine 
alone, and there was a precipitation of abstmence in 
addicted monkeys as seen with nalorphine, instead 
of a suppression Mixtures of 25 : 1 and 50 1 acted 
sumuarly, with a 100 1 mixture there was no pre- 
cipitation of abstmence and no suppression up to a 
dose of 16 mgm /kgm The retention of good analgesie 
effect without suppression of abstmence, indeed with 
the presence of nalorphine-hke effects with respect 
to precipitation of abstmence m morphine-addicted 
animals, seems very promising and these mixtures 
will be studied in man The antagonist (III) itself 
showed no significant analgesic effect in animals 
An analgesic effect of nalorphme m man, and 
retention of the analgesic effect of morphine in 
appropriate mixtures of morphine and this ant- 
agonist, were first reported by Beecher and Lasagna? 
Later ıt was shown that morphine-nalorphine mıx- 
tures administered repeatedly to former addicts 
(Fraser, H F, and Isbell, H, personal communica- 
tion) produced a milder degree of physical dependence 
than equivalent doses of morphme alone N B. 
Eddy, M Piller, L A Pirk, O Sehrappe and S 
Wenda^* have shown that when mixtures of morphine 
and levallorphan (an antagonist of the morphinan 
group) were administered for chronic pain there was 
a definite trend toward delay m the development 
of tolerance and physicel dependence under clinical 
conditions 
MAXWELL GORDON 
JOHN J. LAFFERTY 
Davip H. TEDESCHI 
Smith Kime and French Laboratories, 
Philadelphia 1 
NaATHAN B Eppy 
EVERETTE L May 
Laboratory of Chemistry, 
National Institutes of Health, 
Bethesda 14, Maryland 


' Fraser, H F, and Isbell, H , Addendum to Minutes of Twenteth 
Meeting, Committee on Drug Addiction and Narcotics, January 
10-11, 1959 (Nat Acad Sci—Nat Res Council) 


^May, E L,and Eddy, N B,J Org Chem , 24, 294 (1959) 
3J Pharmacol Exp Therap , 119, 356 (1954) 
* Bull. Narcotees, 12 (4), 1 (1960) 


Anti-Asthmatic Effect of Phenazone and 
Amidopyrine 


Many chronic asthmatics state that they obtam 
relef from proprietary asthma powders available m 
Germany without medical prescription Most of these 
powders contain either phenazone or amidopyrine, 
besides much smaller quantities of various other 
ingredients — In the list of German proprietaries 
(the "Red List"), we have found 53 such prepara- 
tions, of which 27 eontamed phenazone, 22 amido- 
pyrme and 4 both 

As little seems to be known about the 
anti-asthmatic effects of phenazone and 
amidopyrine, we have investigated the 
question 1n 46 patients with chrome asthma, 
who were trained in spirometry In each 
experiment the patient’s vital capacity was 
recorded successively three or more times, 
and he was then given placebo or drug by 
mouth 1 hr later a second series of vital 
capacities was recorded as before The 
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Placebo Dose amidopyrine Dose phenazone (gm ) 
(gm ) on log scale on log seale 
Fig 1 Percentage change in vital capacity for placebo and 


doses of amidopyrine and phenazone — 6, Individual experi- 
ments, O, mean response at each dose 


means of vital capacities before and after treatment 
weie ealeulated and results expiessed as percentage 
change of vital capacity On some occasions we 
also recorded peak flow and forced expiratory 
volume, but recording the latter tended to increase 
bronchial spasm 

Twenty-seven patients received phenazone m 
doses of 0 5, 1:0 or 2:0 gm in 63 experiments, and 
26 patients recerved amidopyrine 1n doses of 0 6, 1 2, 
15 or 18 gm in 43 experrments Placebo was given 
in 17 experiments The percentage changes in mean 
vital capacity from the basal values before treatment 
m each experiment and the overall mean values after 
placebo and at each dose of drug are plotted in Fig 1 
A representative example of the phenazone effect 16 
given in Fig 2 

Compaied with the basal values before treatment, 
the increases in vital capacity after amidopyrine or 
phenazone are evident from Fig 1, while the change 
after placebo 1s negligible The differences between 
placebo and all doses of phenazone or of amidopyrine 
are highly significant (P < 0 001 m both cases) 

The calculated regiession line for amidopyrine, 
which has significant slope (P < 0 05), ıs also given 
m Fig 1 A regression hne was not calculated for 
phenazone, because 16 clearly would not have a sig- 
nificant slope Where forced expiratory volume was 
recorded we found no definite effect, but the peak 


ho NEP 


-— 
ce i 
i i 


E 
|. 
|. 

|| 

H a 
LIE T. 
mE 
M'EN 
al 
Bae 
mex 


E 
JE 
E 

3 LEA 
eee 


me, 
| 
Nx 





Fig 2 Effect of phenazone on vital capacity of a chronic 

asthmatic Left-hand panel, before treatment, right-hand panel, 

1 hr after phenavone, 20 gm by mouth The figures give the 
vital capacities 1n ml 
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flow usually increased when the vital capacity 
increased. 

These results show that phenazone and amudo- 
pyrme lessen respuatory obstruction in most chronic 
asthma patients examined Results with aspirim, so 
far unpublished have been comparable Our ex- 
perience with other agents, such as histamine and 
150prenaline, has shown that an increase or decrease 
of vital capacity by less than 4 o1 5 per cent 1emains 
subjectively unnoticed, but greater changes are felt 
by the patient Since most mcreases of vital capacity 
exceeded 5 per cent afte: all doses of both diugs, 
most patients felt relief fiom phenazone and amido- 
pyrme, as was to be expected 

A. search in the literature has so far 1evealed no 
previous reference to the anti-asthmatic action of 
amidopyrine Two reports, one of 1889 ' and one 
of 1890 ?, have been found on phenazone In each 
of these the diug was claimed to have reheved 
asthma in one patient Our results indicate that m 
many asthma cases both drugs play a more active 
part than was hitherto supposed 

The anti-asthmatic action of phenazone, amudo- 
pyune and aspuin, which also inhibit histamine 
1elease in anaphylaxis’, ıs particularly imteresting 
because these drugs specifically antagonize bradykinin 
broncho-constriction 1n the guinea pig*:^, and because 
inhalation of bradykinin aerosol 1educes the vital 
capacity of chronic asthmatics® We are therefore 
investigating the possible relationship between brady- 
kmun and asthma, but in 30 experiments in which 
one of these analgesic-antipyretic drugs was given. 
orally before the patient inhaled a bradylanin aerosol, 
the reduction of vital capacity by bradykimin was 
inhibited on only seven occasions This result points 
against the antagonistic effect of these drugs to 
bradykinin in man, but work on this problem con- 
tinues Results will be published in detail later 
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3 Mongar, J L, and Schild, H O,J Physiol , 135, 301 (1957) 
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PATHOLOGY 


A New Method for Local Chemical 
Analysis of Human Tissue 


As a consequence of the original work of Castaing? 
on the electron beam mucro-analyser, widespread 
application has been made in the field of physical 
metallurgy? It ıs the purpose of the present com- 
mumeation to 1ieeord tbe applicability of this 
technique to biological problems In the Castaing 
instiument a beam of electrons, focused to a spot 
lu in diameter, excites fluorescent or secondary 
X-rays in the specimen, which are analysed in a 
crystal spectrometer with Geiger counter detection 
An optical microscope with a reflecting objective 
permits simultaneous viewmg and analysis of the 
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irradiated spot Mechanical stage == = SS eS 
motion allows the selection for == SS SS 
analysis of any desired spot m the == == === === == === == === —— 
specimen The range of elements at === = == = E 
present detectable coimeides with Eee 
that of modern X-ray spectro- 3={=—= === == = SS CEDE 
graphs, that a elements. lag = = f= = Ss Sa = = magic cc 
above sodium ın the Periodic Table === A ee 
Two characteristics of these mstru- ===) .S====—====——==—========= 
ments of paramount importance to SSS) (SS —= = = = SS SS SS SS SS 
biological research are (1) a detect- p————— Egi === SSS == SS SS SS SSS 
able limit as low as 10-™ gm , (2) EE 2========="============ 
spatial resolution of approximately S=S SS SS SE 
lu Burks has recently discussed 5e 
the electron probe instrument m ıts ——— SS SS SS SS SS SS SSS 
numerous modifications! S292. === =======0============ 
In solids which are good con- = ee ae = = = SS 
ductors of heat and electricity, 255s == S==================== 
electron bombardment m the m SiS =fe=s= SS == = E 
strument produces no damage In gta ee LE cci BE 
biological materials, however, dam- = Se p we p E 
age to a specimen may be catastro- Eepe 
phic under uradiation by 25-kV n Annan 
electrons at current densities of the Fig 1 Iron distribution in a synovial membrane 
order of 100 amp /em ?. Our experi- 
ments have been made on micro- === === === ee | 
tome sections of tissue nomunally =< 
4u thick, mounted on polished car- == === === SS === SS = SS SS SS SS SSS SS 
bon rods Sections were cut from == =======—>= === ne === === === == 
formabn-fixed paraffin blocks, and == ==- = == === === = SS = a= = 
picked up from distilled water with ==- === S@= == == ssa == == =e i= 
the carbon rods Subsequent de- =S= E= 
hydration and removal of paraffin SS SaaS 2 =a = SaaS = = a= === E 
with organic solvents was accom- ===) = === 7, = =========== 5 afoot == 
plished, producing a specmen of === Re -E == === === = Sl) —-— 
issue firmly bonded to the undor- = -= -Rp Eoo -c--- Eua ------ 
lying carbon ‘These were analysed === = = SERI 
without further manipulation 1n the = 
electron probe mstrument manufac- S25 2522 e E E 
tured by the Parıs firm of CAMECA Syme a Se Se sa 
=e Se Sa eo eee 
sandal ah pathology, tie ee E: O 
standard m pathology, the spec- 3== ===] === === 2 === —=—====S2=— ee === 
mens proved to be virtually m- S=== 55] ===] === Sa Se 
destructible === === = E 


Fig 1 shows the results of an iron 
analysis in human synovial mem- 
brane, pathologically diagnosed 
as pigmented villonodular synovitis The curve is a 
typical linear scan across the specumen, showing the 
intensity of iron Ka X-rays as a function of position 
Beam current was 2 x 10-§ amp at an accelerating 
potential of 27 kV Sharp beam focusing is indicated 
by the steepness of the response curves Maximum 
X-ray intensity observed m Fig 118 some 30 counts/s , 
under identical instrument conditions a sohd iron 
specimen emits 700 cps Under much higher beam 
currents this specimen of tissue was found to yield 
intensities from iron-rich regions as high as 800 cps, 
with a spot diameter about twice as large as that used 
m obtaming Fig 1 Therefore ıt may be estimated 
that the mmimum detectable amount of iron in a 
spot of 4p diameter is about one-thousandth of 
that actually present m this section of tissue 

An example of exogenous material present in tissue 
1s furnished by the curves of Fig 2 This material 
is a section of joint capsule taken from the viemity 
of a surgical metallic implantation (hip jomt prosthe- 
sis) Two hnear scans show the distribution of iron 
and chromium along the same path The remarkable 
similarity of these curves implies the co-preerpitation 
of these two elements ın this particular region of the 


Fig 2 


| 


lron and chromium distribution in joint capsule (hip joint prosthesis) 


tissue Noteworthy is the low background, essentially 
zero, and the steepness of rise at the edge of the 
metal-mch areas It was observed further that 
sequential beam traverses over the same path gave 
practically identical responses, that 1s, for analytical 
purposes the method is non-destructive under the 
instrumental conditions used (27 kV, 10-7 amp, 
beam scanning speed, 12 u/muin ) 

The same specimen was investigated 1n a scanning 
probe which utilizes the ‘flymg spot’ arrangement of 
Cosslett! In this mstrument the electron beam ıs 
caused to execute two-dimensional seannmg while 
the emitted X-rays are used to modulate the intensity 
of a synchronously driven cathode-ray tube Photo- 
graphy of the cathode tube display yields a television- 
hke image of the distribution of a chosen element 
Alternatively, an image formed by back-scattered 
electrons may be displayed, giving information 
analogous to the conventional image formed by an 
optical microscope Fig 3 shows the same specimen 
as Fig 2, imaged successively by means of scattered 
electrons, iron Ka, and chromium Ka X-rays 
Identical areas at a magnification of 300 are covered 
by the three images Also shown are two lmear 
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Fe Ka 





Tay Line scan 


Cr Kq 


Fig 3 Same specimen as Fig 2, imaged by back-scattered 


electrons, iron and chromium X-rays 


scans simular to those of Fig 2, plotting variations in 
iron and chromium concentrations across the tissue 
Fig 3 clearly indicates differing composition from one 
metal-rich area to another m this tissue No serious 
damage to the specimen occurred durmg the experi- 
ments, and the pictures of metallic localizations in 
Fig 3 were reproducible 

It appears that the Castaing electron probe micro- 
analyser 1s directly applicable to the field of human 
pathology With proper specimen preparation, the 
microtome section 18 amenable to extremely sensitive 
chemical analysis Many problems in cellular chemis- 
try and pathology could be investigated by the use 
of the technique For example, preliminary investiga - 
tion has shown the feasibility of measuring the 
distribution of calcium and phosphorus in undecal- 
cıfied bone blocks 

We wish to acknowledge with thanks the support 
and encouragement of F L LaQue, and the help of 
Carl Kruse, Cambridge Instrument Co , in the use of 
the beam scanning probe 

Note added wn proof An oral presentation m this 
subject was made on November 15, 1961, at the 
Eastern Analytical Symposium, New York City, 
entitled “Elemental Analysis (Cu, Ag Fe) at the 
Subcellular Level in Tissue Sections of Human 
Specimens by Means of the Electron Microprobe", 
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Carcinogenicity of Dibenzo(a,!)pyrene 


DrBENzO(a,l)PY&ENE (1,2,3,4-dibenzopyrene) has 
been shown to be present 1n cigarette smoke condens- 
ate and m automobile exhaust gas in small quan- 
tibjies!-5 In view of this, the relative dearth of tests 
for the caremogenic activity of this substance 1s 
sul prising Though dibenzo(a,l)pyrene was re- 
garded as a strong carcmogen by Cook and 
Kennaway® and by Pullman and Pullman’, the only 
biological evidence we could find in the literature has 
been presented by Bachmann et al® These authors 
placed & 0 3 per cent dibenzo(a,l)pyrene solution m 
benzene on two mice After 6 months one mouse died 
The remaming mouse lived for 262 days and had 
developed an epithehoma To our knowledge no other 
group of workers has reported the earemogenic 
activity of dibenzo(a,l)pyrene? 

This report presents results of testing the carcmo- 
genic activity of different concentrations of dibenzo- 
(a,l)pyrene With shght modifications m the method, 
dibenzo(a,l)pyrene was synthesized by  Zander's 
methodi? The material used for testing was purified 
by vacuum-sublimation, repeated column chromato- 
graphy on alumma and recrystallization from benzene. 
The purity of this hydrocarbon (m p 224-226? C ) was 
checked by ultra-violet absorption and fluorescence 
spectra and by paper chromatography? 

Acetone solutions m concentrations of 0 25, 01, 
0 05 and 0 01 per cent were applied thrice weekly to 
the backs of 6-week-old Swiss (Millerton) female mice 
The materials were applied with one stroke of a 
camel-harr brush (No 5) Re-grown hair was 1emoved 
with an Otis clipper whenever necessary 


Table 1 CARCINOGENIC ACTIVITY OF DIBENZ0(@,1)PYRENDE 

No of 025 per cent Olpercent 005 percent 001 per cent 

months S* Pt Ct S P C S P C S P C 
1 20 0 0 20 0 0 20 0 0 20 0 O0 

20 0 0 20 0 0 20 0 020 0 O0 

3 20 0 0 20 0 0 20 0 020 0 O0 
4 20 5 0 20 5 0 20 0 0 20 0 O0 
5 17 65 30 20 35 10 20 15 5 20 0 9 
6 10 95 50 13 75 35 18 65 10 20 5 O 
í 


0 100 100 6 95 70 3 95 65 18 20 10 


8 3 100 85 1 100 85 16 35 20 
9 Q 100 95 0 100100 12 50 35 
10 8 75 55 
11 2 85 85 
12 0 85 85 

Average 

conver- 

sion time in 

(days) 

from 

papilloma to 

carcinoma 21 27 29 35 

Tumour 

potency 

(ref 11) 70 63 57 39 


* Survivals, t papillomas, ł carcinomas 
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The results of the experiment are listed in Table 1 
and show carcinogenic activity for all concentrations 
tested Comparmg Blanding potency numbers!! with 
previous data for benzo(a)pyrene 0:05 per cent, 
94 (ref 12), 0 01 per cent, 57 (1ef 13), and for dibenz- 
(a,h)anthracene 01 per cent, 48 and 0-01 per cent, 
33 (ref. 13) shows that the carcinogenic activity of 
dibenzo(a,1)pyrene lies between that of the other two 
carcinogens. 
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RADIOBIOLOGY 


Production of Chromatid Aberrations 
by Diepoxybutane and an Iron Chelator 


RECENT investigations have shown that chromatid 
breaks produced by certain radiomimetic agents m 
combination do not interact to produce reunions! 
Specifically, breaks produced by 8-ethoxycaffeime 
do not form exchanges with those produced by 
maleic hydrazide, nor do the breaks produced by 
potassium cyanide and B-propiolaetone interact with 
each other Conversely, breaks induced by X-rays 
wil interact with those produced by potassium 
eyanide, B-propiolactone, 8-ethoxycaffeme and maleic 
hydrazide. The mterpretation of these results was 
stated m terms of differences in the bonds bioken by 
the chemical agents, such differences precluding inter- 
action or rejomimng of broken ends of chromosomes 

As part of an mvestigation of radiomimetic agents 
and an iron chelator, a series of experments utilizing 
combined treatments was performed In addition, 
combined treatments with X-rays and 1,2-3,4 di- 
epoxybutane or 2,2’ bipyridine were carried out The 
material used consisted of the lateral roots of Vicia 
faba (Carter’s Seville Longpod) grown at 20° C for 7 
days prior to treatment The chemical agents were 
used as follows 2,2’ bipyridine, 2 x 10-3 M for 
15 min , potassium cyanide, 1 x 10-* M for 30 min., 
1,2—3,4 diepoxybutane, 3 x 10-? M for 15 mn In 
the X-ray experiments, the roots were exposed to 
100 r. X-rays administered in 54 sec The source 
used was a ‘Keleket 220-C' X-ray unit operated at 
182 kV p and 18 mamp with 13 mm alummium 
and 08 mm copper filtration  Irradiations were 
performed by Dr John E Edwards, of the Depart- 
ment of Physics, Ohio University Roots were 
immersed ın 1,2-3,4 diepoxybutane or 2,2’ bipyridine 
for 13 mm pror to irradiation, exposed while 
mnmersed, and rinsed 1-2 min following exposure. 
Feulgen squashes were prepared from roots fixed 
24 and 48 hr following treatment 
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Table 1 INTERACTION EFFECTS OF POTASSIUM CYANIDE AND 
1,2-3,4 DIEPOXYBUTANE 
Excbanges per cell 
Observed Calculated - 
Recovery  Isochrom- Com- 
Treatment period atid dele- Addi- „plete 
(hr ) tions per tive ^ inter- 
cell* effect action 
Potassium S 
cyanide 48 024-1002 0074001 — — 
Diepoxybutane 48 054+001 0204001 — — 
Potassium eyan- 
ide + diepoxy- 
butane 48 0824004 048-008 027 051 
Potassium cyan- 
ide and di- 


epoxybutaneT 48 1572008 1034006 027 0 51 


* A minmum of 200 cells was analysed for each treatment 
t Simultaneously 


Table 2 PRODUCTION OF CHROMATID ABERRATIONS BY X-RAYS, 
1,2-3,4 DIEPOXYBUTANE AND 2,2’ BIPYRIDINE 
Exchanges per cell 
Iso- Observed Calculated 
Recovery chromatid Com- 
Treatment period deletions Addi- plete 
(hr ) per cell* tive inter- 
effect action 
Diepoxybutane 24 0334001 0114005 — — 
X-ray 24 026-002 008001 — — 
Diepoxybutane 
+ X-ray 24 062x004 020-002 019 039 
Diepoxybutane 48 0544001 02027001 — — 
X-ray 48 013:002 4005-001 — — 
Diepoxybutane 
+ X-ray 48 068+004 0244002 025 0 46 
2,2’Bipyridine 24 007+0005 001+0002 — — 
X-ray 24 026002 008x001 — — 
2,2’ Biprridme f 
+ X-ray 24 0 204002 0104002 009 015 
2,2’ Bipyndine 48 005+0006 00140002 — — 
X-ray 48 013-002 005001 — — 
2,2’ Bipyridine 
+ X-ray 48 0184002 0042-001 006 011 


* A minimum of 200 cells was analysed for each treatment 


The peak effect of combined treatment with 
potassium cyanide and 1,2-3,4 diepoxybutane 
occurs in early mterphase as indicated ın the ioots 
fixed 48 hr. after treatment This result 1s con- 
sistent with my prelumnary investigations The 
combined applications of potassium cyanide and 
1,2-3,4 diepoxybutane have elicited two unexpected 
results (Table 1) When the two agents were adminis- 
tered one followmg the other, m either order, the 
resultant frequency of exchanges clearly indicated 
mteraction between the breaks produced by the two 
compounds The implication 1s that the breaks 
produced are of a simular or identical chemical nature 
This result 1s contrary to that found with potassium 
cyanide and beta-propiolactone! The other unfore- 
seen result arises from the simultaneous treatment 
with potassium cyanide and 1,2-3,4 diepoxybutane 
The aberration frequencies were so high as to make 
analysis difficult It ıs probable that in this case 
potassium cyanide as a metabolic inhibitor prevents 
the restitution of broken ends of chromosomes ‘Thus, 
all the breaks produced by the two agents are 
available at the same time and for a longer period of 
time favourmg reunions and deletions Potassium 
cyanide 1s known to inhibit the terminal stages of 
cellular respiration, and in this way reduces the 
available energy necessary for restitution? Results 
of this type were also obtained m Allrum roots treated 
with X-rays and carbon monoxide in the dark? 

The results of the X-ray experiments are presented 
in Table 2 The frequencies of exchanges and 180- 
chromatid deletions produced by treatment with 
X-rays and 1,2-3,4 diepoxybutane indicate a strictly 
additive effect This result 1s expected for the dele- 
tions but not for exchanges Earlier work has 
indicated that, for the most part, breaks produced by 
radiomimetic agents mteract with those produced by 
X-rays!'4:5 An explanation of these results may lie 
in the difference in the peak time of effect of the two 
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agents Early mterphase 1s the most sensitive period 
with respect to 1,2-3,4 diepoxybutane activity, 
whereas late interphase appears to be more sensitive 
to X-ray treatment’. Therefore, the majority of 
breaks produced by the two agents would not be 
available at the same time.to facilitate reunions 
This argument has been presented previously by 
Auerbach* The additive effect produced by X-rays 
and 1,2-3,4-diepoxybutane ıs evident for both 
24- and 48-hr recovery despite the fact that 1,2-3,4 
diepoxybutane has an appreciable effect m late inter- 
phase (Table 2, 24-hr recovery period) This 1s also 
the time during which X-rays have their maximum 
effect Presumably, a large number of broken ends 
are available at this time for interaction, but inter- 
action does not occur Since X-rays have an essen- 
tially random effect ın producmg chromosome breaks, 
certain of these breaks must involve bonds simular to 
those broken by 1,2-3,4 diepoxybutane as well 
These breaks of similar bonds would be expected to 
undergo reunions with each other to increase the 
total yield of exchanges The effect, therefore, cannot 
be explained ın terms of one mechanism, but probably 
depends on considerations of both a temporal nature 
and a qualitative difference between the breaks 
produced by the two agents. 

The results of the X-ray investigations with bipyrid- 
ine (Table 2) are similar to those with 1,2-3,4 diepoxy- 
butane. There is no enhancement of X-ray effect with 
2,2’ bipyridine, nor 1s there any indication of mter- 
action of breaks produced by the two agents The 
effect ıs additive for isochromatid deletions and 
exchanges at both recovery periods ‘The result 1s in 
basic agreement with similar work by Kuhlman’ 
Normally, one would expect at least an additive 
effect of the two agents for both aberration types 
In the results reported here, even an additive effect 1s 
lacking in most mstances This may indicate that 
the effect of 2,2’ bipyridine ıs to reduce the total 
yield of aberrations in some manner The sticky 
effect and clumpmg of chromosomes produced by 
2,2’ bipyridine may cause a masking of the true 
breakage frequencies and may account for the 
apparent lack of an additive effect This aspect of the 
results requires further investigation before a clear 
explanation can be presented The absence of inter- 
action between 2,2’ bipyridme and X-ray-induced 
breaks 1s again contrary to previous results 2,2’ bi- 
pyridine appears to act over a long period durmg 
interphase, part of this period comeiding with the 
time during which the peak effect of X-rays occurs 
Thus, the presence of breaks at the same time, and 
the random effect of X-rays, would be expected to 
permit interaction The mechanisms of breakage by 
the two agents are possibly different or there may be 
a qualitative difference in the breaks produced The 
low frequency of aberrations produced by 2,2’ 
bipyridine alone further complicates the situation, 
and the role of 2,2’ bipyridine as a metabolic mhibrtor 
18 even more difficult to evaluate from these results 

This work was supported m part by the U S Atomic 
Energy Commission, under contract AT(11—1) 826 

Norman S8 Conn 
Ohio University, 

Athens, Ohio 
1 Merz, T , Swanson, C P , and Cohn, N S, Science, 188, 703 (1961) 
* Wolff, S , and Luippold, H , Science, 122, 231 (1955) 

* Cohn, N S , Genetics, 48, 362 (1958) 

* Auerbach, C , Rad Res , 9, 33 (1958) 

5 Oster, I I, Z. f Indukt Abstamm u Vererb , 89, S, 1 (1958) 
* Revell, S H , Heredity, 6, Supp , 107 (1953) 

' Kihiman, B A, J Biophys Biochem Cytol , 5, 479 (1959) 
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Radioactivity in Wool 


KurnwicH et al recently reported! the presence of 
unidentified y-ray activity in several samples of wool 
The bulk of the observed activity m the wool was 
shown to be most probably associated with 1ts ympuri- 
ties and hence due to natural and fall-out contamina- 
tion 

In May 1960 we examined a sample of wool for 
its potass1um-40 content in conjunction with an 
experiment for the determination of lean-to-fat ratio 
wn vwo by determining the potassium content of the 
animal Since then, we have again examimed two 
samples of raw wool for their associated radioactivity 
Each sample consisted of approximately 500 gm of 
the material, and the work was performed in a low- 
background room (iron room) of the Biological and 
Medical Research Division of the Argonne National 
Laboratory A5in x 41n sodium 10d3de (thallium) 
crystal detector was used in conjunction with an 
Argonne type 256-channel pulse-height analyser 
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Fig 1 Net y-ray spectra of raw wool samples (———-), compared 
with spectra for pons C E and cesium-187 ) 
standar 


(s ene 

Our work confirms the presence of y-emitting 
radionuclides m the wool of Hampshire ewe and 
Rambouillet ram lambs, and allows tentative 1dentifi- 
cation of the major components of such activity 
Fig. 1 shows the net y-ray spectrum of one of the two 
wool samples as well as y-ray spectra of potassrum-40 
and, cesium-137 for comparison The spectra from the 
two samples of wool are identical ın shape but differ ın 
absolute amount of the activity present. Except for 
trace quantities of other nuclides only two promment 
nuchdes are observed, namely, potassium-40 and 
cesium-137. In practice, the sample to be encoun- 
tered probably will vary widely in activity, hence our 
values shown in Table 1 mdicate only the order of 
magnitude to be expected 

Since no natural activity aside from that of potas- 
&um-40 was observed, one ean conclude that the 
potessium-40 activity 18 present ın wool grease, suint, 


Table 1 

Hampshire ewe Rambouillet ram 
gm potassium/kgm wool 32 14 
upe 1Cs/kgm wool 356 488 


uuc 8'Csfgm potassium 11 31 
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and dead skim in the wool? Cesium-137, on the other 
hand, probably comes from two different sources, 
namely, from fall-out contamination as well as from 
the sources present ın the wool If an appreciable 
portion of the activity were due to fall-out contamma- 
tion, we should observe ruthenium-106 and cer1um-144 
in larger than trace quantities, hence the major 
portion of 15 must be due to the second cause Public 
Health Service Data? of July 1958-July 1960, add 
some credence to this conclusion For example, the 
level of ez:sium-137 1n milk has varied approximately 
from 15 to 70 uuc /gm potassium during this period 
and now 18 running 1n the range 15-25 The observed 
values for wool are also in this range 
This work was performed, m part, under the 

auspices of the US Atomic Energy Commission 
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College of Agrıculture, 
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1Xulwich R, Femstem, L , Decker, R W , Galumbis, C , Hourihan, 
M E,and Terrill, C E , Nature, 188, 511 (1960) 

2 Burns, R H , Johnston, A ,McColloch,R J , and Fisk, H G (unpub- 
lished observations) 

3 Radiological Health Data Monthly Reports, 1, 1 PB 161371 (US. 
Pubhe Health Service, 1960) 
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Toxicity associated with Certain Samples 
of Groundnuts 


A NEW disease, called ‘turkey X disease’ has been 
described since the widespread outbreaks of deaths 
in turkey poults in 1960! Post-mortem exammation 
of dead poults from field outbreaks revealed acute 
hepatic necrosis, associated with generalized bile duct 
proliferation Sulle: and Ostler? directed attention to 


Table 1 COMPOSITION OF DIETS 


Control Suspect Control 

basal diet  Brazihan meal Indian meal 

(per cent) (per cent) (per cent) 
Casem + 0 75 per cent 

L-cystine 20 15 20 15 20 15 

Groundnut oil 10 10 10 
Starch 57 85 37 85 37 85 
Cellulose 6 6 6 
Jones Foster salt mixture * 4 4 4 
Wheat germ oil 15 15 15 
Vitamins (see below) 05 05 05 
Groundnut meal — 20 20 


Vitamin A 200TU 
Vitamin D, 21310 
Vitamins (mgm /100 gm diet) Bs, 0003; folle acid, 15, p- 
aminobenzoie acid, 10, biotin, 002, imositol, 22, thiamine, 05, 
riboflavin, 065, pyridoxine, 03, pantothenic acid, 30, ascorbic 
acid, 0 5, nicotinic acid, 60, choline chloride, 400 
+ J Nut, 24, 245 (1942) 


Vin groundnut oil once weekly to each rat 
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the similarities of the lesions to those of Senecio- 
alkaloid poisoning in the fowl described by Campbell’ 

In the search for the toxic agent, no contamination 
with any known insecticide, solvent, plant toxin or 
alkaloid could be found However, Blount noted 
that these outbreaks of disease had followed the use 
of Brazilian groundnut meal in the feed. Some 
batches of the meal were shown to be toxic for 
turkeys}, and for ducklings! A toxic fraction has now 
been isolated and shown to be free from plant alka- 
lods* Ths toxic material has also been found imn 
some samples of other groundnut meals and ground- 
nuts 

While the above investigations were in progress, 
we observed that feeding Brazihan groundnut meal 
to newly weaned rats did not produce the acute 
toxicity seen in turkey poults. However, a few 
weeks of feeding a diet containing 20 per cent Brazilian 
groundnut meal reduced growth-rate and food intake, 
and the contmued feeding of this diet caused severe 
liver lesions. ‘This communication describes the 
changes seen after a sample of Brazilian groundnut 
meal known to be toxic to turkey poults had been 
fed to rats for 6 months. 

Three groups (9 male and 7 female) of 4-week-old 
rats from our mbred colony were caged singly and 
fed on the following diets purified diet, purified diet 
with 20 per cent of the starch replaced by Brazihan 
groundnut meal, and a diet with 20 per cent (control) 
Indian groundnut meal The purified diet used 18 our 
standard purified diet (Table 1) 

All rats received tap-water ad hb, were weighed 
weekly and thew food intakes measured at twice 
weekly feeding After 9 weeks, 2 male and 2 female 
rats from each group were killed for post-mortem 
The remainder were killed after 30 weeks feeding, 
by this time the males had eaten 650 gm of ground- 
nut meal. 

Histological examinations were carried out as 
follows Tissues were fixed ın formol-saline, embedded 
in paraffm and sectioned at 7y (hematoxylin and 
eosin), the liver sections were also stamed by 
Gallegio, retıculın (Gordon and Sweet) and periodic 
acid—Schiff methods. Frozen sections of the liver 
and kidney were stamed for fat by sudan IV 

Growth-rate, food consumption and food conver- 
sion ratio were similar in the two control groups 
receiving the purified diet and the Indian groundnut 
meal. The weights of rats fed the Brazilian ground- 
nut meal were all lower than the controls, the 
difference was not significant for the females, but the 
males reached a difference of 70 gm at the end of the 
test The food mtake and conversion of these rats 
were also lower than those of the controls (Table 2) 
No other clinical changes were noted 

Post-mortem examination after 9 weeks In the rats 
killed after 9 weeks feeding, macroscopic lesions were 
confined to the liver of those rats fed Brazilan 
groundnut meal. The surface of the hver was 
smooth, with numerous sub-capsular yellow focal 


Table 2 GROWTH AND FooD UTILIZATION 


Mean food intakes (gm ) 


Mean body-weight gams (gm ) 


Mean gains (gm )/food consumed (gm ) 
Males Females 


Males Females Males emales 
0-6 0-9 0-6 0-9 0-6 0-9 0-6 0-9 0-6 0-9 0-6 

weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks 

Control, puriüed diet 5530 886 6 473 2 745 4 164 4 203 8 97 0 1118 0 207 0 229 0 206 0 150 
Brazilian groundnut 

meal (20 per cent)* 4025 748 5 428 5 669 2 120 5 1011 821 92 2 0 274 0 217 0194 0 137 
vont goundmit 

, indian er 
peat s 567 0 887 3 482 9 744 4 167 7 208 1 08 Z 111 9 0 296 0 235 0 205. 0 151 


* Significant difference (P = 0 05) between results for Brazilian groundnut meal diet and control diets 
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Table 3 EFFECT OF FEEDING GROUNDNUT MEALS ON LIVER WEIGHT 
AND TUMOUR INCIDENCE 


Average liver Liver tumours 
Group weight (gm ) 
Male Female Male Female 

Purified diet 13 6 82 0/7 0/5 
Purified diet + Brazilian 

groundnut meal, 20 per cent 289 16 6 5/6* 4/5 
Purified diet + control (Indian) 

gioundnut, 20 per cent 10 2 1/7 0/6 
Stock diet (containing 10 per 

cent groundnut meal) — — 0/243 1/257 


Rats 6-12 mths old 
* One death at 6 weeks 


lesions 1-2 mm diameter The kidney appeared 
normal, but sections showed some hydroptie change 
in the tubules No macroscopic or microscopic lesions 
were found m the liver and kidneys of the rats in 
either of the control groups 

Post-mortem examination after 30 weeks In the 
rats killed. at the end of 30 weeks feeding, macroscopic 
lesions were confined, to the livers and lungs of the 
rats fed the Brazilian groundnut meal The other 
organs—heart, spleen, kidney, adienal, mtestinal and 
urogenital tract—all appeared normal The livers of 
all rats in this group were grossly abnormal, twice 
the weight of the controls (Table 3) with a brownish 
yellow irregular nodular surface, red and greenish 
cysts and numerous (1-2 mm diameter) yellowish 
focal lesions The nodules consist of hver tumours of 
three types solid yellowish lobulated hepatomas, 
and blood- or bile-filled cysts Of the 11 rats m the 
group fed Brazilan groundnut meal, 9 had macro- 
scopic tumours, and two of these rats also had 
secondary deposits m the lungs The yellow focal 
lesions seen 1n all the livers ın this group are simula 
to those found ın the rats killed at 9 weeks 

In the control animals, one hepatoma was found 
in the group fed the control groundnut meal, but no 
focal lesions were seen There were no macroscopic 
lesions in the rats fed the purrfied diet 

The kidneys were all macioscopically normal, but 
in the group fed Brazilian groundnut meal, sections 
show some glomerular and tubular changes In 
some glomeruli there 1s a homogeneous eosinophilic 
deposit on the glomerular membrane Some tubules 
show a few greatly enlarged hydroptic cells, these 
have very large vesicular nucle: and much vacuolated 
cytoplasm No changes were found in the kidneys 
of control rats 

The lungs all show various stages of the rat 
pneumonia complex, however, in two rats fed 
Brazilan groundnut meal macroscopic greyish lesions 
2-3 mm in diameter with a wide surrounding zone of 
hamoirhage were found Sections show infiltration 
with anaplastic hepatoma cells, with mitosis, and a 
wide outer zone of alveoli filled with alveolar phago- 
eytes and red blood cells Control rats show only 
the lesions of the rat pneumonia complex 

We have therefore found that the feedmg of a 
known. toxic sample of Brazilian groundnut meal to 
rats failed to reproduce the acute liver damage which 
occurred in turkey poults The growth of male and 
female rats was depressed, but this was accompanied 
by a reduced food intake and lowered food conversion 
ratio (Table 2) Diets contamimg the toxic meal were 
unpalatable and reduced the giowth-rate in turkey 
poults! 

After six months feeding of 20 per cent Brazilian 
groundnut meal in a purified diet, 9 out of 11 rats 
developed multiple hiver tumours, and 2 of these had 
lung metastases This finding indicates that this diet 
18 carcinogenic In comparison the breeding stock 
show a very low incidence of liver tumours (Table 3) 
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The presence of liver tumours m the absence of 
cirrhosis, cell necrosis, or cellular infiltration suggests 
that the toxic agent acts directly on the hepatic cells 

The nature of the toxic agent 1s at present unknown, 
so far all the attempts to show significant amounts of 
known toxic substances have been negative, and in 
spite of the resemblance of the liver lesions ın turkey 
poults to those produced by Senecio alkaloids these 
have not been found in the toxic extract! The 
presence of the toxin in groundnut meals from other 
sources has been reported’, but our finding of a 
single hepatoma in rats fed the control Indian 
groundnut meal 1s not conclusive evidence for the 
presence in this sample of the carcinogenic agent 

Extracts of the meal are now being tested for their 
hepatotoxic and carcmogenic effect m rats, but we 
think that these unexpected preliminary results are 
of general interest 

: M C LANCASTER 
F P JENKINS 
J McL PHILP 
Unilever Research Laboratory, 

Colworth House, Sharnbrook, Bedford 
‘Blount, W P , Turkeys, 9, 52 (1961) 
'Siler, W G, and Ostler, D C, Vet Rec, 78, 134 (1901) 


3 Campbell, J G, Proe Roy Soe Edw, 66, 111 (1955-57) 


t Alleroft, R , Carnaghan, R B A, Sargeant, K , and O'Kelly J, 
Vet Rec , 73, 428 (1961) 


5$ Carnaghan, R B A, and Sargeant, K, Vet Rec , 78, 726 (1961) 
Saree , Alicroft, R , and Carnaghan, R B A, «bid , 78, 
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La4naE numbers of turkey poults! and ducklings? 
died on British farms in 1960 as a result of consuming 
groundnut (Arachis hypogaea) meal imported from 
Brazil Afterwards, outbreaks of disease associated. 
with the feeding of Brazilian groundnut meal were 
reported in cattle’, pigs', and sheep (Buxton, J C, 
personal communication) More recently 1t has been 
shown that some samples of groundnut products from 
a number of other producing countries are toxic to 
animals® 

Toxic gioundnuts cause hepatic changes ın all the 
species mentioned In cattle, the disease has been 
reported as indistinguishable from ragwort (Senecio 
gacobea) poisoning? In rats fed on a diet containing 
toxic groundnut meal for 6 months, carcmoma of the 
liver developed (Lancaster, M C , etal , preceding com- 
munication) 

Earher work provided a sensitive biological method 
of detecting toxicity m groundnut pioducts and the 
active substance was concentrated 250 times We 
have now further purified the toxic extracts from 
Brazihan groundnut meal by chromatography on 
alumina and obtained a crystalline though still not 
pure substance which produces the same biological 
effects in ducklings Twenty ugm. of this maternal 
given orally is fatal to day-old duckhngs m 24 hr, 
and considerably less produces the charactetistic 
histological liver lesions 

The toxic substance is almost colourless, and on 
paper chromatography on Whatman No 1 paper in 
n-butanol-5 per cent acetic acid gives a single spot, 
Rr 07, which emits a bright blue fluorescence in 
ultra-violet ight The amount of fluorescent material 
estimated visually to be present ın the spots produced 
m. this way from numerous samples has invariably 
corresponded with the toxicity of the sample as de- 
termined biologically We are now using this method 
to select samples for biological testing, when a little 
more 18 known of the physical and chemical properties 
of the toxic material we have every hope that the 
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method will provide the basis of a routine chemical 
test 
It was suspected that the toxic substance might be a 
fungal metabolite since a highly toxic sample of nuts 
fiom Uganda which had been associated with the 
deaths of ducklings ın Kenya was seen to be heavily 
contanunated with fungi 
Pure cultures of certain of the fungal species present 
m this sample were produced and those of eight 
isolates, grown for 7 days at 27° C on Ozapek’s 
solution agar, were extracted with chloroform. The 
extract from one of these was shown to contain a 
fluorescent material, Rre 0 7, m n-butanol-5 per cent 
acetic acid ‘These extracts were dosed to groups of 
day-old ducklings and those receiving the fluorescent 
extract died with the characteristic histological liver 
lesions of toxic groundnut poisonmg The dose 
required was also of the order expected from a con- 
sideration of the amount of the fluorescent material 
present The toxm-producing fungus was next grown 
on heat-sterilized, non-toxic groundnuts After 7 
days at room temperature extracts prepared from the 
visibly mouldy nuts were shown to contain the blue- 
fluorescent material and to be lethal to day-old 
ducklings, produemg the typical liver lesions 
The toxin-producing fungus has now been identified 
as Aspergillus flavus Link ex Fries 
Further work on several aspects of this problem 1s 
now bemg pursued Thus the toxic substance 1s being 
prepared 1n a pure state from cultures of A flavus for 
comparison with the crystalline material isolated from 
the toxic groundnut meal, and then for detailed 
chemical and biological study Examination of other 
fungi isolated from groundnuts is also bemg con- 
tinued to discover whether they produce a toxm 
Development of & routine chemical test for the toxin 
1s also in hand, while other sections of the Tropical 
Products Institute are studymg the imeidence of 
fungal attack on groundnuts in the tropies and the 
Steps necessary to preventit Finally, we aie examun- 
ing possible economic methods of making toxic meals 
safe 
Smee strains of Aspergillus flavus are among the 
commonest fungal contammants of cereal grains’, 16 
would not be surprising 1f some gram samples wero 
found to be contammated with the toxic metabolite 
described We intend to study this problem 
We wish to thank Mr J J Elphick, of the Common- 
wealth Mycological Institute at Kew, for 1dentifymg 
the toxin-producing fungus 
K SARGEANT 
ANN SHERIDAN 
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Tropical Products Institute 
(Department of Scientific and) 
Industrial Research, 
London 
R B A CARNAGHAN 
Central Veterinary Laboratory 
(Ministry of Agriculture), 
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Leaf Vernalization 


VERNALIZATION Is the indirect stimulating effect of 
low temperature on subsequent flower formation in 
high temperatures So far seed vernalization and 
plant--vernalization are known In winter annuals 
vernalization of germinating seed ıs effective In 
biennials seed vernalization has no visible effect, but 
‘adult’ plants—which have passed the juvenile phase 
—can. be vernalized 

In their classical experiments, Gregory and Purvis!)? 
and Purvis? demonstrated that ın Secale cereale 
variety Petkus the locus of seed vernalization 
lies within the embryo and more specifically in the 
stem apex Curtis and Chang? found that 1n celery the 
terminal meristems of the stem can be vernahzed 
Further investigations on the locus of plant vernaliza- 
tion are unknown, but 1t 1s believed that the stem 
apices, or the buds, are the only organs that perceive 
vernahzmg temperatures However, recent experi- 
ments have shown that leaves can be also vernalized 

These expermnents were carried out with leaf 
cuttings of honesty, Lunaria biennis According to 
former investigations? this plant 1s a typical cold- 
requiring biennial Hagemann’ demonstrated that 
leaf cuttings, consisting of a complete leaf with part 
of its petiole but without a bud, regenerate easily and 
reproduce the developmental phase of the plant of 
origin leaf cuttings from vegetative plants 1emain 
vegetative, but those of generative plants will flower 
Unpubhshed results by me have shown that trans- 
location of a ‘flowermg stimulus’ from vernalized 
scions to unvernalized stocks may occur 

The experimental approach to leaf vernalization 
was quite simple Leaf cuttings of juvenile and adult 
plants, 6 and 12 weeks old respectively, were obtained 
These cuttings were made of leaves of approximately 
the same age and were exposed to 5° C durmg 12 or 
20 weeks and afterwards grown at ordmary green- 
house temperatures None of the cuttings from 
juvenile plants flowered Of the adult plants none of 
the 25 controls flowered, but 3 out of 17 (17 per cent) 
and 21 out of 24 (88 per cent) after 12 weeks and 20 
weeks of vernalization, respectively, flowered quite 
normally They had visible flower buds after. 
respectively, averages of 219 and 182 days from the 
day of cutting The cuttings had started root form- 
ation while at 5? C , but no bud had yet regenerated 
Consequently, vernalization of leaf plus part of 
petiole without a bud had taken place 

Two additional points are of interest  First—and 
this 1s quite remarkable—the juvenile nature of the 
original plants 1s maintamed in the leaf cuttings 
Secondly, leaves from adult plants require more cold 
than whole plants, as 9 weeks of 5° C and sometimes 
less are already sufficient for complete vernalization 
of 12-week-old plants® 

Two possibiltties offer themselves as explanations 
of leaf vernalization (1) The whole leaf 18 vernalized 
resulting in the production of a flowermg stimulus 
which 18 translocated to the regenerating new plant 
The results of Hagemann and of my own grafting 
experiments tend to support this possibility (2) Each 
meristematic cell is subject to vernalization and 
reproduces the vernalized condition by mitosis to the 
newly regenerating plant It is difficult to choose 
between these possibilities, but experiments. are 
under way to settle this question 

The investigation has been extended by growing 
the leaf cuttings at ordinary greenhouse temperatures 
for 2 weeks before the cold treatments started This 
was done on the supposition that the cuttings would 
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stand the cold treatments better 
After all, 16 has turned out to be 
unnecessary, but rather unexpected 
results were obtamed. percentages 
of flowermg between 72 and 87 pe 
cent ın the four groups of 6- or 
12-week-old plants and 12 or 20 
weeks vernalization It should 
be realized that the leaves from the 
6-week-old plants were 2 weeks 
older when the cold treatment 
started, and according to former 
results plants of 8 weeks old 
are usually adult Furthermore, 
root formation had started when 
the cuttmgs were exposed to low 
temperature, while a number of 
them had formed buds during the 
cold treatment However, cut- 
tings without buds at the end of 
the vernalization have flowered, 
while for the rest the expermments 
without a 2-week warm period and 
without buds formed in the cold 
are conclusive enough The favour- 
able effect of a preceding root 
formation remains unexplained 

Fmally, some side-results with 
regard to the influence of low 
temperature on the regeneration are 
worth while mentionmg. All cuttmgs formed roots 
quite readily All cuttmgs from 6-week-old plants 
without cold treatment regenerated sprouts after an 
average of 89 days Only 52 per cent of the cuttings 
from 12-week-old plants without cold treatment 
regenerated sprouts after an average of 169 days 
After cold treatment, however, 100 per cent regenerat- 
ed sprouts after approximately the same time as the 
comparable 6-week groups Judging by the average 
numbers of sprouts per plant the low temperature had 
a decidedly favourable effect: 1 3-2 6 m the 6-week 
group and 1 2-4 8 in the 12-week group 

In conclusion, leaf vernahzation 1s possible when 
the leaves are taken from adult plants On the other 
hand, the regeneration of sprouts 1s much better 
when the leaves arme from juvenile plants Low 
temperature has a decidedly favourable effect on this 
regeneration 
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A Potent, Non-Toxic Plant-growth 
Inhibitor from an Antibiotic 
Fermentation 

THE production by micro-organisms of substances 
inhibitory to the growth of higher plants is well 
documented. The purpose of this communication 18 
to report a potent inhibitor of plant growth, as 
measured by our duckweed (Lemna) test! Solvent 
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Fig 1 Effects of a preparation of P.A-180 on the growth of Lemna mnor under aseptic 
conditions on 8 liquid synthetic medium The dwarfing effect 13 apparent at 5 ppm 
The original four leaves of the rosette used for inoculation are clearly shown 
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PA-180 
(5658 - 107*- 3) 


at these same levels 


extraction at pH 9 0 of filtrates derived from fermenta- 
tions of an unidentified Streptomyces led to the 
recovery of a light tan solid, designated crude PA-180 
This preparation exhibited considerable antibiotic 
activity against various micro-organisms (for example, 
minimum inhibitory concentrations of 3 12 and 6 25 
ugm /ml agamst Streptococcus faecalis and Coryne- 
bactervum diphtheriae, respectively, we wish to thank 
Dr A R Enghsh for the anti-microbial testing and 
Dr T M Lees and Mr M Lynch for papergram 
determinations). This crude PA-180 preparation also 
was shown to exhibit remarkable plant growth 
activity This mhibrtory effect was first noticed in 
a routine test being conducted for an evaluation of 
its growth effect and rts phytotoxicity The results 
(Fig 1) were noteworthy since they demonstrated 
a strong mhibitory action with no apparent toxic 
symptoms ‘The plants at all test-levels were normal 
except for a decreased size The origmal exper- 
mental transfer consisted of one rosette of four 
fronds These four original fronds are easily detected 
among the tmy daughter fronds at the 5, 10 and 
20 ppm test-levels The number of fronds 1s not 
appreciably decreased, as opposed to the size and 
weight of the plants 

The effect of this new inhibitor on the fresh weight 
of Lemna manor, & small aquatic duckweed grown 
under aseptic conditions on a simple, synthetic liquid 
medium, is shown in Table 1 along with similar data 
in this test using several microbial metabolic products, 
mcluding antibiotics and some well-known plant- 
growth and general metabolic mhibitors Present 
investigations are bemg conducted for the purpose of 
determmuing how widespread this mhibitory action 1s 
and the range of plants affected, mcluding the lower 
forms Prelimmary results show inhibition of 
(1) several plant tissues ın vitro, (2) cucumber seed 
germination, and (3) growth of barley and several 
other seedlings 

Efforts were then directed toward the preliminary 
characterization of crude PA-180 Papergram 
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EFFECT OF FERMENTATION PRODUCTS (INCLUDING ANTIBIOTICS), PLANT-GROWTH INHIBITORS AND METABOLIC INHIBITORS ON THE 
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GROWTH OF A DUCKWEED (Lemna minor) UNDER ASEPTIC CONDITIONS 


Compound 


Actidione (refs 1, 2) 
Anwomycin 


Azaserine (ref 3) 
Bacitracin (refs 1, 4, 5) 
Catenulin (ref 1) 
Duramycin (ref 6) 


Griseofulvin (ref 1) 

Kopce acid 

Oleandomycin phosphate (ref 5) 
Penicillin G (refs 1, 4, 5) 
Penicillin S 

Polymyxm B (refs 4, 7) 
Tnchomycin 

PA-180 


Avauracil 
3-Ammo-1,2,4-triazole (ref 8) 


Amo-1618 (refs 9, 10, 11) 
Amo-1619 (ref 10) 

» 2,4-Dinitrophenol (refs 12, 13) 
(2-Bromoethy) trimethyl-ammonium bromide (refs, 14, 15, 16) 
(2-Chloroethyl) trimethyl-ammonium chloride (refs 14, 15, 16) 
(2,3-n-Propvlene) trimethyl-ammonwm chloride (refs 14, 15, 16) 
Maleic hydrazide (ref 17) 


investigations utilizing various chemical and, physical 
detection techniques disclosed a heterogeneous nature 
for the material Bioautographs showed the presence 
of one dominant antibiotic substance Work with 
eluates of papergram sections (with several culture 
strains) led to detection of plant-growth inhibitory 
activity dissociated from that of the dominant anti- 
biotic component, heat stability of the plant factor 
was also demonstrated It is apparent that the plant 
factor 1s a small but potent fraction of crude PA-180 
Thousands of materials have been screened to date 
in this test, but none has demonstrated the amount, 
type and reproducibility of plant-mhibitory activity 
associated with crude PA-180, with the possible 
exception of another actinomycete fermentation 
preparation (at present being compared with the 
PA-180 product). 


L G NICKELL* 
W D CELMER 


Medical Research Laboratories, 
Chas Pfizer and Co, Inc, 
Groton, 
Connecticut 


* Present address Experiment Station, Hawanan Sugar Planters’ 
Association, Honolulu, 14, 
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Percentage change from control 


(wet weight basis) Comments 
ippm 5ppm 31!0ppm. 20ppm. 
dead dead dead dead 
— 80 — 90 —90 dead leaves small, chlorotic, 
complete root mhibition 
dead dead dead dead 
0 +80 +100 +130 
dead dead dead dead 
+35 +35 +35 +30 root inhibition at 20 
ppm a 
—10 —15 — 20 " 
+40 +70 +65 +70 
0 0 0 0 
+60 +225 + 280 +220 
+100 +210 + 290 + 240 
~16 — 15 dead dead 
0 +5 +10 +35 
— 15 to —60 -85 — 90 —95 tiny plants at 6-20 
m. 
— 20 dead dead dead "E 
—5 —10 — 50 —70 chlorosis and root in- 
hibition at 5-20 p pm 
--10 + 20 +20 +25 
+15 +15 +10 +10 
— 25 dead dead dead 
0 +10 +5 —b55 
+55 +20 0 0 
4 40 +25 10 0 
0 — 10 — 25 —40  rootinhibition at 10-20 


ppm 


Antennary Feeding of the Hermit Crab 
Diogenes brevirostris Stimpson 


THERE exist only two previous descriptions of 
feeding behaviour m hermit crabs, namely, those of 
Thompson, who described the feeding of Hupagurus 
longwarpus Say , and of Orton on E bernhardus (L ) 
Orton! says that both species feed by seoopmg up 
debris directly with either the third maxillipeds or 
with the small chela The material 1s brushed between 
the third maxillipeds, and the rejected portion falls 
to the ground The antenne and the walking legs 
play no part in the feeding of these animals 

Diogenes brewwosirus Stimpson usually feeds by 
Scraping debris towards the third maxillipeds with 
the second and third walkmg legs, and the small 
chela The material 18 picked up by the endopods of 
the third maxillipeds, scrubbed between the brushes 
of the propus, dactylus and merus, and then passed on 
to the endopods of the second maxilhpeds. These 
brush the debris further and pass the food to the 
mouth, the inedible portions bemg carmed away in 
the exhalent respiratory current Small pieces of 
algæ may be picked from stones by the small chela 
and passed on to the mouth parts and so to the 
mouth 

The alternative method of feeding can be described 
as antennary cast-net feeding. The flagellum of each 
antenna bears two rows of plumose sets These are 
about 3mm long and set widely apart, each being 
separated from rts neighbour by 02mm The sete 
of the two rows curve 1n towards one another so as to 
form an obtuse and reflex angle between them The 
animals normally make occasional cleaning move- 
ments of the antenne, bringing them down alternately 
to the endopods of the third maxillipeds, which clean 
them by wiping off the debris caught on the sete 
The antenne then resume ther normal resting 
position, the oblique angle between the sete facing 
downwards and slightly laterally If, however, food 
particles are caught on the soto, the antennze begin 
rapid to-and-fro movements These are interspersed 
with cleanmg movements after every three or four 
sweeps, and the adhering particles are removed by the 
maxilhpeds and eaten During each sweep the 
antenne are twisted so that the oblique angle between 
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the setz faces ın the dnection of the sweep If the 
animals are feeding in a water current the antennæ 
are not swept, but merely kept with the oblique 
angle between the set» facing into the oncoming 
current so as to catch the suspended particles The 
antenne are then cleaned in the noimal manner 
Sorting of the edible and inedible fractions takes place 
in the usual manner 

Cast-net feeding occurs in othe: Crustacea but 
appendages other than the antenne may be used 
Thus Porcellana longecorms (L)? and Haploca» cus 
marsupialis Stimpson! use the third maxillipeds as 
cast-nets The use of antenne as cast-nets is found 
m the nauphus larve of Ar tema salına (L )?, while two 
anomuran sand crabs, Emerita talpordea (Say), and 
E analoga Stimpson, are also known to feed with then 
antenne They feed ın the wash of the waves on the 
shore, with their antenne extended as nets It ıs 
reported that E analoga can feed m quiet water by 
waving 1ts antenne, but that E talpordea cannot 
feed in quiet water at allt There 1s, however, & 
distinct difference between the structure of the 
antenne of Emerita and Diogenes The flagellum 
of each antenna of E aust oafiicana Schmitt has two 
double rows of setze, the outer sete of each pair 
bearing long setules, and the inner short setules These 
crabs depend almost exclusively on cast-net feeding, 
and correlated with this carry on their antenne & 
dense feltwork of setules which can trap both large 
and minute particles This is not true of Diogenes 
brevu ostris, which uses 1ts antennz only as accessory 
feeding devices 

R E BOLTT 
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Spawning Mechanism in the Male 
Lugworm 


Ir has been shown! that the male lugworm (Areni- 
cola marina, L ) can be induced to spawn by injecting 
mto the body-eavity the lipid fraetion of tissue 
extracts of whole worms It was suggested that 
release of lipid into the body cavity might provide 
the immediate (internal) stimulus for spawning under 
natural conditions The validity of this suggestion 
can only be tested when the mechanism by which the 
gametes aie emitted 1s thoroughly understood 

In the lugworm the gametes develop in the body- 
cavity for a prolonged period and are eventually shed 
through the nephromuxia? The problem m the 
elucidation of the spawning mechanism lies in the 
fact that during their development the gametes must 
be rejected by the ciliated funnels of the nephromixia 
so that they are retained ın the body-cavity. whereas 
when spawning commences they must suddenly be 
accepted by the ciliated funnels so that they are shed 

The answer to this problem suggested itself ın the 
expermments, mentioned above, im which tissue 
extracts were injeoted into male worms It was 
noted that before the worms began to spawn the 
spermatozoa in the colom, which are normally 
bound together in morule, became dissociated 
forming a dense suspension of free spermatozoa It 
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seemed possible that whereas sperm morule were 
iejected by the nephromixia, free spermatozoa were 
accepted by them so that sheddmg automatically 
ensued This possibility has since been tested m a 
series of experiments ın which samples of fice sperma- 
tozoa were injected mto the body-cavities of male 
worms which weie not themselves spawning Samples 
of free spermatozoa were obtained by concentrating 
sperm suspensions spawned, naturally by centrifuga- 
tion, or by treating ccelomic sperm in vivo 01 ?n vitro 
with lipid extract The lipid was afterwards sepa- 
ated, again by centrifugation As it could be argued 
that free spermatozoa obtained by both these methods 
might be contammated with a natural spawning 
stimulant, samples of free sperm were also obtained 
by treating ccelomic sperm with alkali The pH of 
the suspension was afterwards adjusted to 75 

Untreated ccelomic sperm was administered to control 
worms 10-15 ml of one of these concentrated 
suspensions was administered to each test worm, the 
total number of free sperm injected having been 
estimated previously by counts usmg a ‘Metz’ 
hemocytometer With the exception of the controls, 
shedding ensued in every case, usually less than 1 hr 

after myection of the free spermatozoa (Table 1) 

It would appear, therefore, that free spermatozoa 
are accepted automatically by the nephromuxia and 
shed It is possible, however, that shedding under 
natural conditions 1s not entuely passive In these 
experiments spe1matozoa were shed from the pores 
of the nephromixia much less vigorously than m 
normal spawning Furthermore, estimates of the 
number of free sperm remaming in the body cavities 
of the test worms after shedding had ceased showed 
that m most cases only a third to a half of the total 
free sperm injected had been shed (Table 1) 


Table 1 COUNTS BY HZ MOCYTOMFTER OF FRIDE SPERM INJECTFD 
INTO MALF WORMS AND OF THE NUMBER REMAINING IN THE BODY 
CAVITY AFTER CESSATION OF SHEDDING 


13 Control untreated 17 
14 Control untreated 17 
15 Control untreated 20 
16 Control] untreated 20 


Total free 
Total Spawn- Tıme of sperm 
Worm Type or treat- free ing spawning (x 10°) m 
No ment of injected sperm occurred (mm) body cav- 
sperm (x 10°) in (+) after ity after 
injected injection spawning 
ceased 
1 Natural spawned 20 + 24 03 
2 Naturally spawned 31 + 10 not 
counted 
infected 
3 Naturally spawned 31 T 28 not 
counted 
infected 
4  Extraet Gn mlo) 8-103 t 90 3 
5 Extract (an vro) 8-103 + overnight 8 4 
6 Extract Qu etre) 8-103 + 53 
7  Xxtract (1n vivo) 8-12 6 + 28 29 
8 Extract (1n vivo) 8-12 6 + 14 30 
9 Extract (in vwo) 8-12 6 + 13 25 
10  Alkal (27 vtro) 110 + 9 41 
J1 = Alkali (27 vtro) 110 + overnight 10 9 
12  Alkalh (1n vitro) 110 + 15 41 


— 


While no great accuracy can be claimed for these 
counts due to difficulties in estimating the volume of 
the ecelomie fluid in each worm, it ıs clear that sub- 
stantial numbers of fiee spermatozoa were usually 
1etamed in the body cavity Even in the controls 
substantial numbers of free sperm were present m the 
suspension. injected (due to handling of the suspension 
and to the fact that 1t was exposed to the air for some 
time) and none of this sperm was shed, This suggests 
that in normal spawning there 1s more active uptake 
of fiee sperm from the body-cavity On the other 
hand, ıt was noticeable that when concentrated 
suspensions of naturally spawned sperm were mjected 
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there was more complete evacuation of free sperm 
from the body cavity although ıt was only possible 
to make one count (Table 1) Furthermore, when 
& microscopic examination was made of the sus- 
pensions of free spermatozoa produced by treat- 
ment with extract and alkali, ıt did appear that 
although the sperm morule had been broken down 
there was & tendency for the spermatozoa to con- 
tinue to adhere together by their tails It may 
have been for this reason that many apparently free 
spermatozoa were not shed whereas the naturally 
spawned sperm was completely dissociated and thus 
accepted more readily by the nephromxia The 
correct interpretation of this evidence was suggested. 
in similar experiments with female worms, which are 
reported at greater length elsewhere? In these ıt was 
shown that maturation of the ova immediately 
precedes the onset of sheddmg This suggested that 
mature eggs might be accepted by the nephromixia 
whereas immature eggs are rejected. Mature eggs 
whieh had been spawned naturally were collected and 
concentrated As in the expeimments with males, 
these were injected into test worms which were not 
spawning Shedding immediately ensued, but again 
only about half of the material myjected was emitted. 
lt appears, therefore, that emission of the gametes mm 
A marina involves primarily a change m the nature 
of the gametes which 1s associated with their matura- 
tion so that they can be accepted by the ciliated 
funnels of the nephromixia, and secondly, there may 
also be some form of active uptake of the gametes 
by the nephromixia D I D Howe 
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VIROLOGY 


Cytopathic Protective Factor : its 
Production by Normal Uninfected 
Serum-free Cell Cultures 


AT the present time two well-defined systems of 
viral interference by cell products have been demon- 
strated «n vtro They are interferon! and viral 
inhibitory factor?, the latter possibly bemg a variety 
of interferon Both at least have ın common the fact 
that they are produced 1n cell cultures infected with 
virus, active virus in the case of the latter, or macti- 
vated where interferon 1s concerned Other differ- 
ences and similarities are discussed 1n a recent report 
by Ho and Enders? It is well known that virus 
inhibitors are present in a variety of mammalian 
tissues and fluids and may be demonstrated either 
un VWO Or 4n Viro 

In the process of searching for biologically syn- 
thesized inhibitors for viruses, 16 was discovered that a 
Ime of serum-free mouse lung cells produced a sub- 
stance which ‘protected’ heterologous cells from 
destruction by influenza virus The lung cells were 
originally isolated from lung tissue of new-born 
white Swiss mice on a medium of 10 per cent horse 
serum and 90 per cent medium 199 They were 
afterwards adapted to rapid growth on a medium 
consisting of 1 per cent peptone, 100 mgm per cent 
dextrose, and 99 per cent medium 199 (ref 5) They 
have been designated the M PDI line of cells It had 
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also previously been shown that the serum-free cells 
were equally as susceptible to vaccimia virus infection 
as the original serum-containing parent stram‘ 
Neither line of cells showed any response to dilute or 
undilute influenza viruses PR8, Asian, Lee B, o 
B54, when 40-hr or older cultures were used. 

Two additional cell lines, one designated UIEH MI 
(University of Illinois rabbit heart mark 1) isolated 
from normal rabbit heart tissue, and one designated 
UIKM1 (University of Illinois keratoacanthoma 
mark 1) isolated from a human kezatoacanthoma 
lesion’, are fully susceptible to all four of the influenza 
viruses previously mentioned Both these cell lines 
contained 10 per cent calf serum as a supplement to 
the base medium 199 The cytopathic effect of the 
virus was evidenced as a pronounced cytoplasmic 
vacuolation with eventual cell destruction m the 
UIE M1 cells In the case of the UIRHM1 cells the 
destruction of cells occurred without cytoplasmic 
vacuolation These cytopathic effects could be 
prevented by specific antiserum, and occurred within 
48 hr of virus moculation 

Followmg the basic recognition that such a pheno- 
menon occurred with MPDI1 fluds and influenza 
virus, 16 was decided to develop and control an 
investigation into this ‘protective’ effect. 

Cultures of UIRHM1 and UIKM1 cells were 
seeded ın a volume of 5 x 105 cells per ml in 1-ml 
Leighton tubes and incubated at 37? C for 24 br At 
the end of this time, the supernatant fluid was 
removed and the cells were covered with 1 ml of 
pooled 6-day supernatant fluids from MPD1 cells 
5 min after the addition of the 6-day old fluid, the 
cultures were moculated with 005 or Ol ml of 4 
specific strain of influenza virus, either PR8 or B54, 
which had been grown in chick embryos Controls 
consisted of normal cultures, cells which were reared 
with maintenance media (99 per cent Hanks balanced 
salt solution and 1 per cent calf serum), and cells to 
which complete fresh peptone 199 media was added 
In addition to these, a third series of tubes received 
an overlay of pooled MPD1 supernatant fluid to 
which had been added concentrated medium 199 and 
calf serum so that the amount of these substances 
present was equal to their original concentration m 
the test cell media The cells were re-incubated at 
37°C and viewed microscopically at 17, 24, and 40 hr 
The cytopathic response was graded as 0, 1+, 2+, 
3+,or4+ Under this system, 0 would indicate no 
cytopathic response or complete cell protection, 
1+ as 25 per cent, 2+ as 50 per cent, 3+ as 75 
per cent, and 4+ as 100 per cent cytopathic effect 

Results showed complete protection agamst cyto- 
pathic effect of both influenza viruses m the two cell 
Imes In addition, it was found that this same 
protection occurred when Lee B or Asian influenza 
viruses were used This protective fluid was afterwards 
named cytopathic protective factor 

In order to standardize future work, a test system 
composed of ULRHM1 cells and B54 virus was 
chosen The standard moculum was approximately 
3 x 105 tissue cells per ml of fwd and 01 ml of 
B54 chorioallantoic fluid virus, contamimg 107! 50 
per cent chick embryo infective doses (HID,,) 

In order to determine the concentration of cyto- 
pathic factor ın the supernatant fluids, the following 
experiments were set up Fluids from pooled 6-day 
harvests of M PD1 cells were diluted from 1 2 up to 
1 512 m two-fold steps m complete growth media 
The fluid from 24-72 hr old UIRHM1 cells was 
decanted and the cells overlayed with specific cyto- 
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pathic factor dilutions, and the standaid testing 
procedure carried out Four tubes were used for each 
dilution, as well as the normal control series It was 
possible to dilute the cytopathic factor 1 16 and still 
protect 75 per cent of the cells A dilution of 1 8 
afforded 100 per cent cell protection 

At this pomt ıt was considered vital to know 
whether the cytopathic factor acted on the cell per se 
or the virus particle To resolve this problem, the 
fluid from 24-hr old cultures of UI[RHM]1 cells was 
decanted and the cell sheet was overlayed with 
undiluted cytopathic factor fluid and ineubated for 
1, 3, 6, and 20 hr at 37°C At the end of this time, 
the fluids were removed and replaced by complete 
growth media and 0 1 ml of B54 virus No protection 
occurred at any of the periods tested, showmg that 
the cytopathic factor was not adsorbed to the cell 
sheet. 

To test the action of cytopathic factor on influenza 
virus, B54 virus was diluted 1 10 in the undiluted 
factor fluid and incubated at 37° C for 1, 3, 6, and 
20 hr At the end of this time, the virus was sedi- 
mented by centrifugation at 81,000g for 30 min 
The fluid was decanted and the virus re-suspended, to 
1ts original stock concentration, m complete growth 
media and used in the standard test system The 
virus was fully as toxic to UIRH M1 cells as untreated 
virus, indicating that the action of cytopathic factor 
is not directed agamst the virus per se The lack of 
action on the virus was further demonstrated by its 
negative reaction in hemagglutination mhibition tests. 

In order to determine the period of formation of 
cytopathic factor, the followmg experment was 
designed Sıx 10-ml flasks of MPD1 cells were 
inoculated with 4 x 105 cells per ml and moeubated 
at 37? C. At the end of 24 hr , and every 24 hr fora 
total of 6 days, the entire 10 ml of supernatant fluid 
was harvested and stored frozen When all fluids had 
been collected, they were tested for the presence of 
eytopathie factor by the dilution method mentioned 
The flud was negative for protective capacity at 
24 hr , became posrtive at 48 hr , and increased to a 
maximum at § days The period between 24 and 72 hr 
1s undergoing further investigation 

Present results indicate that the cytopathic factor 
differs mainly from interferon and viral mhuibitory 
factor in that 16 1s produced ın uninfected cultures and 
not as a result of contact with viruses, either active or 
mactive IJt1is similar to viral mhibitory factor in that 
1t neither acts on the virus per se nor ıs adsorbed to 
the cellsheet Interferon, on the other hand, 1s readily 
bound by test cells The cytopathic factor appears to 
be a natural cell product protecting against the cyto- 
pathic effect of influenza vu us in the cells from which 
16 originates as well as cells from human and rabbit 
sources Further, ıt has not been found m the parent 
cultures contaming serum of the MPD1 lme Simce 
both virus infection and adaptation to serum-free 
media must represent a traumatic experience to the 
cell, there is the possibility that other manrpulations 
of this type will produce similar materials That the 
protection crosses species barriers at a cellular level 1s 
not startling, sınce ıt has been shown by Alfred and 
Pumper! that the supernatant fluid from M PD1 cells 
or purified portions of 16 can act as a serum replace- 
ment for human liver cells «n vitro 

Cytopathic factor had been used ın attempts to 
protect the U[KM1 lme of cells agamst coxsackie, 
mumps, vacemia, poliomyelitis, and adenoviruses to 
which this cell line 1s susceptible, without success 
Thus ıt appears to be specific for mfluenza viruses 
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Experiments to determine 1ts physical and chemical 
properties and site of action, as well as work on its 
purification, are m progress 


ROBERT W PUMPER 
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MISCELLANY 


The Grayling Fish and River-Names 


THE grayling fish belongs to the family Thymalıdae 
and is closely related to the famly Salmonidae It 
offers, I believe, a new and tenable explanation for the 
much-disputed origin of the river-names "Thames! and 
‘Humber’ 

When, in. British prehistory, these Rivers were so 
named, fishing was a vital industry, certainly more 
so than agriculture, and possibly more than hunting. 
Our rivers were, in those remote days, teemmg with 
fish, and especially fish of the salmon family, so that 
nothing could be more natural than that some of these 
rivers should be named ‘grayling-river’ 

‘Grayling’ ıs a name of germanic origin (cf German 
grau) But m medieval Enghsh the grayhng fish 
retained two names of non-germanic origin thyme 
and umbre Tho ‘thyme’ word for a grayling is due to 
the fact that the fish has a smell closely resembling 
that of the herb of the same name ‘The word is 
related to Latin thymallus (a fish smelling of thyme) 
and to Greek 0)5uoc, the herb ‘thyme’ (8d, ‘to 
smell’) The 'umbre' word for a grayling 1s due to its 
grey and shadowy appearance, and may be cognate 
with, if not directly descended from, Latin umbra, 
‘shade’ (umbra was a Roman word for a grayling 
fish) 

In his book, Der Flussname Thamse unde sene 
Sippe (1941), Prof Max Forster reaches the conclusion 
that the meaning of ‘Thames’ ıs ‘dark river’ For 
‘Humber’, Prof HEiert Ekwall (Oxford Dictionary of 
Englsh Place Names) suggests that the meaning 1s 
*good-river'. 

However, I submit that there ıs a prema facie case 
for expert investigation of the hypothesis that both 
the Thames and the Humber, and the groups of river- 
names associated with them, are so called because of 
the grayling fish that frequented them—the Thames 
on account of the smell, and the Humber on account 
of the colour 

If this ıs acceptable, ıt has some bearing on the 
origins of the language spoken by the natives of 
Britain before the Romans arrived 

JoHN TUTIN 
11a Tregunter Road, 
London, S W 10 
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FORTHCOMING EVENTS 


Monday, December 18 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEOTRONIOS AND COM- 
MUNICATIONS SECTION (at Savoy Place, London, W C 2), at 530 pm 
—Mr F J D Taylor "Large Microwave Steerable Aerials for Com- 
munication with Artificial Earth Satellites and Space Probes". 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
grave Square, London, S W 1), at 5 30 p m —Meeting on “The Moth- 
proofing of Wool" 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAIN- 
ING GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 
6 pm —Duiscussion on “The Teaching of Machine Tool Technology 
as an Academic Subject” 


Tuesday, December 19 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 530 p m — 
Mr K G King "The Use of Controllable Semiconductor Rectiflers 
m Machine Control”. 


Wednesday, December 20 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
S W 7), at 5 p m —Scientific Papers 


ROYAL SOCIETY OF MEDICINE, COMPARATIVE MEDICINE SECTION 
(at 1 Wimpole Street, London, W 1), at 5 p m —Meeting on “The 
Provision and Use of Pathogen-free Laboratory Animals" Speakers 
Dr W Lane-Petter, Dr D G Davey and Dr. A O Betts 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEOTRONICS AND COM- 
MUNIOATIONS SECTION (at Savoy Place, London, W C 2), at 530 pm 
—pr R L F Boyd “Satellite Instrumentation" 


SoocrETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 p m —Duiseussion of recently published 
papers 


Thursday, December 21 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 5 pm — 
Prof B V Derjagun (U S S R )and Mrs N D Shukakidse (U SS R) 
“Dependence of the Floatability of Antrmonite on the Value of Zeta- 
Potential’, Dr J D Peacock and Mr R Willamson “Radon 
Determination as a Prospecting Technique” 


LONDON MATHEMATIOAL SOCIETY (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W 1), at 5 pm — 
Prof G W Mackey “Some Connections between Ergodic Theory 
and Group Theory" 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or 
before the dates mentioned 

LEOTURER IN MATHEMATIOS— The Principal, College of Education, 
St Andrew Street, Aberdeen (December 26) 

ORGANIO GHEMIST or BIOCHEMIST (with a good honours degree or 
equivalent qualification), for research in structural carbohydrate 
chemistry and immunochemistry—The Secretary, Luster Institute of 
a Medicine, Chelsea Bridge Road, London, S W 1 (Decem- 

er 

CHAIR OF APPLIED PHYSIOS— The Registrar, The University, Hull 
(December 31) 

ù r5. o? SoororoaY—The Registrar, The University, Hull (Decem- 
er 

LEOTURER IN GEOGRAPHY, a LECTURER IN PHYSIOS, and a LEC- 
TURER IN PSYCHOLOGY at the University of Tasmania—The Secre- 
tary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, 8 W 1 (Australia and 
London, December 31) 

LEORURER or SENIOR LECTURER IN GENETICS at the University 
of Melbourne, Australia—The Secretary, Association of Universities 
of the Bntish Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (Australia and London, December 31) 

LECTURER (with an honours degree in biochemistry or chemistry 
with subsequent research and/or teaching experience 1n some branch 
of biochemistry) IN BIOCHEMISTRY at the University of Queensland, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (Australia and London, December 31) 

LECTURER (with some experience in computing, preferably 1n con- 
nexion with electronic machines) IN CoMPUTING—The Registrar 
University College of Wales, Aberystwyth (December 31) 

READER or SENIOR LECTURER IN MATHEMATICS at the University 
College of Townsville, University of Queensland, Australia—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mal, London, SWI1 
(Australia and London, December 31) 

ASSISTANT IN BACTERIOLOGY (Science)— The Secretary of Univer- 
sity Court, The University, Glasgow (January 3) 

LECTURER IN THE ELECTRONIC COMPUTATION LABORATORY OF THE 
APPLIED MATHEMATICS DEPARTMENT—The Registrar, The University, 
Sheffield (January 6) 

LECTURER or SENIOR LECTURER IN STATISTICS IN THE DEPARTMENT 
OF MATHEMATICS—The Registrar, University College of South Wales 
and Monmouthshire, Cathays Park, Cardiff (Januarv 6) 
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LECTURER or ASSISTANT (preferably with a special interest in solid 
state physics) IN PHysics—The Secretary, Queen's College (Univer- 
sity of St Andrews), Dundee (January 8) 

LECTURER (preferably candidate who can teach m the fields of 
Romano-—British and/or Medieval English archeology) IN AROHZO- 
LOGy—The Registrar, The University, Nottingham (January 13) 

CHAIR OF ANATOMY in the University of Malaya, Singapore—The 
Secretary, Inter-Umiversity Council for Higher Education Overseas, 
29 Woburn Square, London, W C1 (January 15) 

LECTURERS IN PuHysics—The Registrar and Secretary, King’s 
College (University of Durham), Neweastle-upon-Tyne 1 (January 15) 

RESEARCH FELLOW (preferably with experience in elementary 
particle physics) IN THE DEPARTMENT OF THEORETICAL PHYSICS, 
Institute of Advanced Studies, Australian National University—The 
Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S W.1 
(January 15) 

SENIOR DEMONSTRATOR (with a science degree with a major in 
geology, and special qualifications and research experience in geo- 
morphology) IN GEOMORPHOLOGY IN THE DEPARTMENT OF GEOLOGY 
— The Registrar, University of Melbourne, Parkville, N 2, Victoria, 
Australia (January 15) 

SENIOR LECTURER (with special qualifications in analysis) IN 
MATHEMATICS, and a LECTURER and an ASSISTANT LECTURER (with 
research experience in mathematics) IN MATHEMATICS IN THE DEPART- 
MENT OF PURE MATHEMATICS—The Registrar, University College of 
North Wales, Bangor, North Wales (January 18) 

PROFESSOR (with a higher degree, preferably à doctorate, and 
research in the field of philosophy) OF PHILOSOPHY at the University 
of Queensland, Australia—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Malt, London, S W 1 (Australia and London, January 20 

LECTURER IN MATHEMATICAL STATISTICS at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (Australia and London, January 22) 

READER IN PHYSICS at St Bartholomew's Hospital Medical College 
—The Academic Registrar, University of London, Senate House, 
London, W C 1 (January 22) 

CHAIR OF THE HISTORY OF SOIENCE AND TECHNOLOGY at Imperial 
College—The Academic Registrar,. University of London, Senate 
House, London, W C 1 (January 25) 

TURNER AND NEWALL RESEAROH FELLOW (with two or three 
yearg postgraduate eaperience, or industrial experience, and prefer- 
ably some knowledge of semiconductor devices) IN APPLIED SOIENOE, 
for research concerned with novel types of electrical machines of special 
significance to control engineermg——The Registrar, University College 
of North Wales, Bangor, North Wales (January 25) 

LECTURERS (2) IN PURE MATHEMATICS at the University of Sydney, 
Austraha—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pal Mal, 
London, S W 1 (Austraha and London, January 20) 

CHAIR OF ENGINEERING 1n the University of Malaya, Kuala Lumpur 
—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8 W 1 
(Kuala Lumpur and London, January 31) 

DEMONSTRATORS (graduates with some research experience) IN THE 
DEPARTMENT OF ORGANIO CHEMISTRY-—The Registrar, The University, 
Taverpool, quoting Ref CV/575/T (January 31) 

LECTURER IN Puysics—The Registrar, The University, Hull 
(January 31) . 

OFFICIAL FELLOW AND TUTOR IN PHYSIOS, or a LECTURER IN 
Puvsros—The Principal, St Hugh’s College, Oxford (February 1) 

READER IN MATHEMATIOS at the University of Western Austraha 
—The Secretary, Association of Universities of the Bnitish Common- 
wealth (Branch Offiee), Marlborough House, Pall Mall, London, 8 W 1 
(Australia and London, February 17) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSICS, METALLURGY, ENGINEERING, GEOLOGY, AGRI- 
CULTURAL SCIENCE or related subjects—The Registrar, University of 
Wales, Cathays Park, Cardiff (March 5) 

LECTURER (with a good honours degree ın physics with chemistry 
as a subsidiary subject, and a Diploma in Education or Teachers 
Certificate, or a good general degree with physics and chemistry, and 
at least five years teaching experience) IN PHYSICS with CHEMISTRY 
m Nigeria—The Recruitment Attaché, Nigeria High Commission, 
9 Northumberland Avenue, London, W C 2, quoting Ref G 18/3 

PSYCHOLOGIST with a Research Umit engaged on laboratory and 
field studies of complexity of industrial tasks—H Murrell, Depart- 
ment of Psychology, The University, 22 Berkeley Square, Bristol 8 

RISEAROH FELLOW (Senior or Junior) (with a PhD, and preferably 
postdoctoral research experience), for work on biochemical activities 
of intact mtestine and of isolated subcellular fractions of intestinal 
mucosa] cells—Dr J W Porteous, Department of Biological Chem- 
istry, Marchal College, The University, Aberdeen 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


World University Service Student Mental Health Report of à 
Conference held at Campbell Hall, London, 8th-9th April, 1961 
Pp 44 (London World University Service, 59 Gloucester Place, 
1961) 25 6d [259 

Institute of Personnel Management Personnel Management 
Salaries Report of & Survey undertaken in February/March 1961. 
Pp 82 (London Institute of Personnel Management, 1961 ) 21s [259 

Thomas Hedley and Co, Ltd, Finaneial Statement for the year 
ended 30th June, 1961 Pp 16 (Gosforth, Newcastle upon Tyne 
Thomas Hedley and Co, Ltd, 1961 ) 259 

The University of Sussex Prospectus 1961-1962 Pp 286 +2 plates 
(Brighton The University of Sussex, 1961 ) {259 
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Research Institute, Animal Virus Diseases, Pirbright Report for 
the years 1956-1960 Pp 52 (Pirbright, Surrey Research Institute, 
Animal Virus Diseases, 1901) 2s 6d. {259 

Agricultural Research Council <A Bibliography of Farm Buildings 
Research 1945-1958 Part 6 dings for the Processing and 
ena d POURI Pp.52 (London Agricultural Research Eur 

8 

Corrosvon Scrence, Vol 1, No 1 (August, 1961) (An International 
Journal of the Science of Corrosion and Protection of Metals} Pp 76 
Annual subseription (A) For libraries, government establishments, 
and research institutions 1403 , 20 dollars (B) For indrviduals who 
write directly to the publisher certifying that the journal is for their 
personal use 70s , 10 dollars (London and New York Pergamon 
Press, 1961 ) [259 

Ministry of Agriculture, Fisheries and Food, Department of 
Agriculture and Fisheries for Scotland, Department of Health for 
Scotland Milk Powder Pp v+18 (London HMM Stationery 
Office, 1901 ) 1s 3d 259 

The Royal Institute of Chemistry Lecture Series, 1901 No 1 
Atmospheric Photochemistry By Sir Harrie Massey and A E 
Potter Pp 27 5s No 2 A Chemist's Introduction to Statistics, 
Theory of Error and Design of Experiment By Dr D A Pantony 
Pp 1+38 5s No 3 Recent Development in Polarography By 
Dr G W C Miner Pp u+41 65$ (London The Royal Institute 
of Chemistry, 1961 ) 259 

Building Research Station Digest (Second Series), No 14 Concrete 
Mix Proportiomng and Control—2 Pp 4 (London XM Stationery 
Office, 1961) 4d [25 

Department of Agriculture and Fisherres for Scotland Freshwater 
and Salmon Fisheries Research No 26 The Fecundity of Atlantic 
Salmon (Salmo salar Linn) By J A Pope, D H Mulls and W M 
“nearer Pp 12 (London HM Stationery Office, 1961) (959 
ne 
Muustry of Pensions and National Insurance Digest of Statistics 
Analysing Certificates of Incapacity, 1957/58 Pp 254-2 charts+ 
Tye ta (London MXAfinistry of Pensions and National morus 


Other Countries 


Organization for European Economic Co-operation Research Into 
Road Safety Report on the Firat International Meeting on Research 
Into Road Safety, organized by OEEC, at the Road Research 
Laboratory, Langley (United Kingdom), July, 1960 Pp 54 (Paris 
Organization for European Économie Co operation, London H M 
Stationery Office, 1961 ) [259 

United States Department of the Interior J ish and Wiuldlrfe 
Service Circular 107 Patuxent Wildlife Research Center—Descrip- 
fe Brochure Pp 24 (Washington, DC Government Printing 
Office, 1961 ) 20 cents [259 

The Conservation of Wild Life and Natural Habitats in Central and 
East Africa Report on a mission accomplished for Unesco, July~ 
September 1960 By Julian Huxley Pp 113--20 plates (Paris 
Unesco, London HM Stationery Office, 1961) 450 NF, 63, 
1 25 dollars [259 

Coryndon Memorial Museum Occasional Papers No 7 New 
and Little-known African Lepidoptera By R H Carcasson Pp 
23+5 plates 7s 6d No 8 Notes on the Snails of North-East 
Tanganyika By B Verdcourt Pp 23 7s 6d (Nairobi Coryndon 
Memorial Museum, Cambridge Deighton Bell and Co , 1981 ) [259 

Chicago Natural History Museum Frieldiana Zoology Vol 33, 
No 7 The Philippine Biting Midges of the Genus Culwowdes (Diptera 
Ceratopogonidae) (Phihppme Zoological Expedition, 1946-1947 ) By 
Mercedes D Delfinado Pp 627-675+plates8-14 2dollars Vol 39, 
No 48 <A New Genus and Species of Frog (Leptodactylidae) from 
Colombia By Doris M Cochran and Coleman J Goin Pp 548-540 
10 cents Vol 39, No 49 On the Nomenclature of Certain Whales 
By Philip Hershkovitz Pp 547-566 50 cents Vol 39, No 50 
Vanation m the Quatl-Dove Geotrygon frenta By Emmet R, Blake 
and Gunnar Hoy Pp 567-572 15 cents (Chicago Chicago 
Natural History Museum, 1961 ) [259 

Geological Survey of British Guiana Geological Maps Quarter 
Degree Sheet 0559 SW PotaroS W Quarter Degree Sheet 1658 SW 
Georgetown SW Quarter Degree Sheet 0659 SW Purunt S W 
Quarter Degree Sheet 0759 SW Wam SW 1 dollar (BW I ) each 
(Georgetown Geological Survey, 1961 ) (250 

Indian Forest Bulletin (New Series) No 230 Wood Seasonmg— 
Experiments on the High Temperature Drying of some Indian Timbers, 
Pert 1 By S N Sharma, B I Bal, an M A Rehman Pp 1+14 
(Delhi Manager of Publications, 1961 ) Bs 18nP , 2s 94d [259 

Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Memoir No 316 Triassic Stratigraphy and 
Faunas, Queen Elizabeth Islands, Arctic Archipelago By E T 
Tozer Pp vii+116+30 plates (Ottawa Queen's Printer, 1961 ) 
2 50 dollars 250 

United States Department of Agriculture Agricultural Research 
Service—Plant Pest Control Division Picture Sheet No 4 Japanese 
prone Pp 2 (Washington, DC Government Printing ome 

Indian Forest Records (New Series)—Silviculture Vol 10, No 6 
Indian Forest and Forest Products Terminology Part 1—Forests 
(Silviculture, Protection, Mensuration and Management, Ecology, Soul 
Science and allied subjects) Pp 1v¥+125-215 (Delhi Manager of 
Pubheations, 1961) Hs 600 nP , 9s 6d (259 

World Health Organization Technical Report Series Wo 219 
Arthropod-Borne Viriuses—Report of a Study Group Pp 63 3 Swiss 
francs, 53 , 1 dolar No 223 Programme Development in the 
Mental Health Field—Tenth Report of the Expert Committee on 
Mental Health Pp 56 92 Swiss francs, 3s 64 , 0 80 dollare World 
Directory of Dental Schools Pp 228 15 Swiss franes, 25s , 5 dol- 


ars (Geneva World Health Organization , London HM Station- 
ery Office, 1981 ) [259 
Geological Survey of British Guiana — Mineral Resources Pamphlet 


No 10 Preliminary Report on the Ferruginous Bauxites of the 
Pakaraima Mountams By J H Bateson Pp 27 (Georgetown 
Geological Survey, 19601) 1 dollar (B WTI) [259 
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World Meteorological Organization Technical Note No 35 
Techniques for High-Level Analysis and Forecasting of Wind- and 
Temperature Frelds Pp xv+i87  (WMO-No 106 TP 45) 
8 Swiss frances "Technical Note No 36 Ozone Observations and their 
Meteorological Applications By H Taba Pp xu--48 (WMO- 
No 108 TP 5 Swiss francs (Geneva ‘World Meteorological 
Organization, 1961 ) [259 

Food and Agriculture Organization of the United Nations, Rome 
The State of Food and Agneulture, 1961 Pp vin+i77 (Rome 
Food and Agriculture Organization of the United Nations, London 
HM Stationery Office, 1961 ) 108 , 2 dollars {259 

Annals of the Natal Museum Vol 15, Part 12 (15 September 1961) 
African Trombiculidae (Acarina) 1 An Interim Note on the Genus 
Tromincula Berlese and the Subgenus .Mtcrotrombecula Ewing y 
J E Audy and P H Vercammen-Grandjean Pp 125-133 3s 0d 
net Vol 15, Part 13 (15 September 1981) African Trombiculidae 
(Acarins) 2 The Genera Éwtrombwula Ew and Saurwcus Lawr, 
with description of a new Subgenus, Sguameola By JI R Audy and 


P H Vercammen-Grendjean Pp 135-140 4s 6d net  (Pieter- 
mantzburg Natal Museum, 1901 ) [269 
Forsehungsberichte des Landes Nordrhein-Westfalen No 1001 


Die Informationsubertragung bei der Mikroskopie mit Rontgen- 
strahlen Von Günther Langner Pp 126 (Koln und Opladen 
Westdeutscher Verlag, 1961) 37 DM [259 
Umted States Department of the Interior Geological Survey 
Professional Paper 386—A ‘Temperature Rise Within Radioactive 
Liquid Wastes Injected Into Deep Formations By Herbert E 
Skibitzke Pp 4-8 15cents Professional Paper387—A Botanical 
Evidence of the Modern History of Nisqually Glacier, Washington 
By Robert S Sigafoosand E L Hendricks Pp iu--20 Professional 
Paper411-A A Solution of the Differential Equation of Longitudinal 
Dispersion in Porous Media By Akio Ogata and R B Banks Pp 
ir 1 y 15 cents (Washington, DC Government Printing one 
Publications of the Dominion Observatory, Ottawa Vol 22, 
No 4 Blbhographv of Seismology, Items 10514-11580, July- 
December, 1958 By J H Hodgson and F E Langil Pp 87-133 
(Ottawa Queen's Printer, 1901 ) 25 cents [250 
United States Department of Commerce Weather Bureau 
Research Pape: No 43 ‘The Measurement of Secular Temperature 
Change in the Eastern United States By J Muray Mitchell, Jı 
Pp 1x+80 (Washington, D C Government Printing Office, 1961 ) 
90 cents 259 
Institut Royal Météorologique de Belgique 
spheriques-Station de Dourbes Janvier, 1961 
1961 Pp 26 Mars,1961 Pp 26 Avru, 1961 26  (Ucele- 
Bruxelles Institut Royal Météorologique de Belgique, 1961 ) [250 
Organization for European Economic QCo-operation— Office for 
Serentific and Technical Personnel New Thinking in School Chemis- 
try Report on the OEEC Seminar on the Status and Development 
of the Teaching of School Chemistry, Greystones (Ireland), March 
1960 Pp m—215 (Paris Organization for European Economic 
Co-operation—Office for Scientific and Technica! Personnel, 1961 ) [259 
Organization for European Economic Co-operation-—European 
Nuclear Energy Agency Third Report on the Activities of the 
Agency Pp 253 (Pans Organization for European Economic 
Co-operation—Huropean Nuclear Energy Agency, 1961 ) [259 
Publications of the United States Naval Observatory, Second Series 
Vol 17, Part 7 ‘Photometry of Stars in Galactic Cluster Fields 
By A A Hoag, H L Johnson, B Iriarte, R I Mitchell, K L Hallam, 
and $ Sharpless Pp i1n-F347-542 (Washington,DC Government 
Printing Office, 1961 ) [259 
United States Department of Agriculture Agricultural Research 
Service, in co-operation with the United States Department of the 
Interior— Geological Survey Agriculture Handbook No 200 Selen- 
ium in Agriculture By M S Anderson, H W Lakin, K C Beeson, 
Floyd F Smith, and Edward Thacker Pp v+65 (Washington, 
DC Government Printing Office, 1961 ) 50 cents [410 
United States Department of the Interior Geological Survey 
Water-Supply Paper 1330-E Water Reqmremenis of the Copper 
Industry By Orville D Mussey Pp 1v+181-219+plate 2 Water- 
Supply Paper 1706 Surface Water Supply of the United States, 
1960 Part 3-B Cumberland and Tennessee River Basins Pre- 
pared under the direction of E L Hendricks Pp wu+234 Profes- 
gional Paper 3816-E Regional Gravity Survey along the Central and 
Soutbern Wasatch Front, Utah By Kenneth L Cook and Joseph 
W Berg, Jr Pp 114+75-89+plate 18 (Washington, DC Govern- 
ment Printing Office, 1961 ) 410 
Meddelanden från Statens Skogsforskningsmsiitut, Band 49, 1960— 
1961 (Reports of the Forest Research Institute of Sweden, Vol 49 ) Pp 
1v--580 — Flygblad Nr 74 Skogatradens Fruktsitning Ar 1959 
Av E Fal. Pp 4--10 figures Flygblad Nr 75 Skogstridens Frikt- 
süttning År 1960 Av E Fall Pp 4+10 figures (Stockholm Statens 
Skogsforskningsinstitut, 1961 ) Skogsforskningsinstitut, [410 
Arctic Institute of North America ‘Technical Paper No 6 ‘The 
Medisae of the Chukchi and Beaufort Seas of the Arctic Ocean including 
the description of a New Species of Eucodontum (Hydrozoa Antho- 
medusae) By Cadet Hand and Lai Bing Kan Pp 23 (Montreal 
and Washington, DC Arctic Inafitute of North America, 1961 ) 
1 dollar [410 
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TECHNICAL AND SCIENTIFIC MAN-POWER IN 
BRITAIN 


HE debate on technical and scientific man-power 
and research which was opened in the House of 

Lords on November 15 by Viscount Caldecote and 
Lord Shackleton drew a major speech from Lord 
Hailsham, the Minister for Science, m reply, but was 
also noteworthy for several constructive suggestions 
Viscount Caldecote’s purpose was to direct attention 
to the significance of makmg full use of the technical 
man-power of Britain and to the need to devote more 
resources in research and development m industry to 
enable exports from Britain to compete effectively 
in the changing conditions of world trade, end he 
was confident that if we made full use of the 
scientific factor we could lead ın many more fields 
He quoted with approval the view of Mr S P 
Chambers that we could keep our balance of pay- 
ments strarght only by bemg among the world’s 
leaders 1n developing new products and new processes 
We had to export ideas and techniques as well as 
products 

Viscount Caldecote emphasized the importance of 
making full and proper use of trained man-power m 
order to maimtam the quality of products, but ho 
was highly critical of the magnitude of expenditure 
on home advertising compared with that on research 
and development He was doubtful whether there 
18 adequate co-operation between the universities 
and industry, and thought that there may ho some 
duplication of research and development m the 
nationalized industries, particularly the service indus- 
tries of transport, electricity and gas, where the 
emphasis should be on operational research Ho 
suggested that further investigation 1s required into 
the possibilities of collaboration between industry and 
the universities and colleges of technology, but his 
suggestion foi the appointment of a scientific com- 
mittec akin to the Public Accounts Committee to 
investigate whether the nation’s scientific resources 
are being adequately, properly and economically used 
seers to disregard the Advisory Council on Scientific 
Poley, mn spite of a compliment he paid to the 
Council’s work 

Viscount Caldecote also thought that the Research 
Associations should be expanded, though he agreed 
that some of the smaller associations might perhaps, 
with advantage, be amalgamated He advocated 
larger grants, including capital grants, and an inquiry 
into the reasons why industrial support 18 so lumited 
He also pointed out the opportunities which the use 
of computers in management techniques may offer 
in gaining the full advantage of professionally trained 
staff, and he pressed the need to ensure that scientific 


and technically tramed staff should have every 
opportunity to reach the highest positions 

By and large, Viscount Caldecote was concerned 
to avoid the waste of trained man-power Lord 
Shackleton was concerned primarily to direct atten- 
tion to the recent report of the Committee on 
Scientific Manpower on the long-term demand for 
man-power, of which he was both apprehensive and 
somewhat entical While he recognized the reserva- 
tions which the Committee expressed in the report, 
he seemed to thnk that the mere suggestion of a 
possible surplus of scientists and technologists was 
unfortunate and that the Committee had not pomted 
out in anything lko sufficiently forthright terms the 
value of employing scientists and technologists out- 
side positions that are strictly professional Lord 
Marks referred particularly to the problem of the 
dissemination of information, which he regards as the 
greatest single difficulty, particularly among the 
small and medium-sized firms Lord Fleck, however, 
thought that hitle is likely to be gamed by further 
inquiry mto the use of technical man-power, but that 
ib is much more important to improve the tramung 
of technicians and apprentices, particularly to make 
better use of the higher grade of recruits who now 
enter on such trang. He agreed, however, that wo 
could make far better use also of the most highly 
trained technologists and scientists at the top, but 
for this he looked not to the new computer techniques 
and the hke but to the use of the human sciences 
and, especially psychology ` 

Lord Walston dealt more particulaily with the 
character of the trainmg which scientists and tech- 
nologists should receive, and, while fully conscious 
that the Robbms Committee 1s examimng the whole 
field, suggested that both the extent of university 
couises and the organization of the universities may 
require adjustment to meet the needs of to-day. 
Specifically, he suggested a rearrangement of academic 
terms which would m effect facilitate something like 
‘sandwich courses’ (though he did not himself use the 
term) and in any event promote co-operation with 
industry for those studying social science as well as 
for students of engineering and science He also 
advocated closer co-operation between the colleges of 
technology and the univeisities, and was anxious that 
the colleges should have the status that conferment 
of a degree rather than a diploma would give 

Lord Halsbury, who strongly supported the transfer 
of scientists and tochnologists across the economic 
structure, referred to then importance as admuus- 
trators and on occasion as salesmen, ho was highly 
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critical of the efficiency with which they aro used, 
particularly m the Government service, and of the 
way m which admmustrative delays hinder technical 
progress Lord Taylor was doubtful whether we are 
attracting sufficient of the ablest young minds into 
scientific and technical careers, attributmg this 
largely to madequate financial rewards as compared 
with those open to men who take up an admunus- 
trative career He stressed, however, the need for 
some degree of planning if the resources of Britain 
were not to be too diffused, but thought that free 
consultation and co-operation, particularly by usmg 
the statistics which planning produced, might be 
an effective answer 

Lord Hailsham, who replied, has within the past 
two months delivered thee major addresses dis- 
cussing the problems of science and Government in 
a free society, research in the universities, and again, 
in his Fawley lecture, to which Lord Taylor referred, 
science and Government All these issues m some 
aspects or other were raised in the debate, and Lord 
Hailsham’s reply naturally reflected a good deal of 
his conception of his office as indicated m those 
addresses Nevertholess, his address ın the House of 
Lords on November 15 was no mere repetition, and 
some of his comments were timely in a debate which 
once or twice seemed to reflect sensibility more than 
sense. Lord Hailsham commented that the demands 
on skill and knowledge for scientific and technical 
man-power 1n Britain are not exclusive demands, and 
are not substitutes for the knowledge of the arts and 
humanities or of the human sciences. Ho did not 
think that ın any large respect an advance 1n science 
ean any longer be obtained by getting out of the 
schools a much higher proportion of scientists as 
against humanists. 

Lord Hailsham firmly defended the report of the 
Committee on Scientific Manpower, pointing out that 
the latest report was one of a series which went back 
as far as 1946 and that another survey would be 
made in January 1962. He maimtained, moreover, 
that the prospects for any able young man or woman 
entermg on a scientific or technological career are, 
and will remain, wider and better than ever before, 
and ıt would be a disaster 1f misinterpretation of the 
report made any such young people hesitate He 
stated that the Government is seeking accurate 
information about the numbers of technicians m 
trang, and agreed that ıt 1s essential that highly 
trained scientists and technologists should be 
adequately supported in this way. The University 
Grants Committee 1s also considering this aspect of 
the effectiveness of university research 

On the wider use of scientists and technologists 
outside strictly vocational fields, Lord Hailsham was 
m full agreement with other speakers He referred 
to the critical shortage of teachers of mathematics, 
and in & passing reference to university research, in 
which he put the current research grants from the 
Department of Scientific and Industrial Research at 
a total of £2,970,000, expressed the view that the 
greatest need 1s to encourage research in industry 
Industry, however, must in the end meet tts own 
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needs, and, turning to the Research Associations, 
although he agreed that the system could appro- 
priately be re-examined and that there are several 
ways in which we could stimulate co-operative 
resoarch, he was convinced that an approach which 
relied principally or primarily on State support 15 
ineffective In this connexion, supporting what 
Viscount Caldecote and Lord Marks had said about 
libraries and the dissemimation of information, he 
suggested that oven firms which are too small to 
conduct research themselves could well afford the 
modest subscription to their Research Associations 
which would make available to them so much 
information on other people's experience in re- 
search 

The difficulty here 18, of course, that many such 
firms are not even aware of what they are missing, 
and that frequently they lack people capable of 
appreciating the significance for their own activities 
of current advances 1n science and technology. Here 
there might be a place for the scientific adviser, such 
as Lord Marks suggested, but though Lord Hailsham 
thought that the Department of Scientific and 
Industrial Research should encourage industrial 
research chiefly through the Research Associations 
and the work of 1ts own research stations, he thought 
that there are two other promising possibilities One 
18 in the work of the Department's Economics 
Committee, established four years ago, ın promoting 
investigations providing information essential in 
determining future policy. The Commuttee's pre- 
liminary work has led to more detailed and technical 
investigations of particular industries, two of which, 
on machine tools and shipbuilding, have been com- 
pleted, while others are ın progress 

Lord Hailsham believes that the machine tool 
project was outstandingly successful It had effected 
a decisive change of atmosphere and stimulated a 
much greater interest by the industry m education 
The design scholarship course sponsored by the 
industry at the Manchester College of Science and 
Technology is proving & great success, and schools of 
research are bemg developed in four institutions, to 
which the Department has already awarded research 
grants amounting to £170,000, and the industry has 
now established its own research association In 
addition, the National Engineering Laboratory 18 
making an impressive contribution im this field, and 
several projects for civil development contracts are 
under investigation 

The civil development contract 1s the other hne of 
development which Lord Hailsham regards as par- 
ticularly promising, and, quite independently of the 
work of the Economics Committee, the Department 
of Scientific and Industrial Research has been con- 
cerned with the general problem of large-scale 
development work and has been considermg the use’ 
of civil development contracts to complement the 
work of the National Research Development Cor- 
poration Lord Hailsham said that the Department 
has now been authorized to proceed with two major 
projects, and, if these projects succeed, we may have 
achieved a major break-through in the relations 
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between Government and industry ın the encourage- 
ment of science Early in his speech, Lord Hailsham 
had referred to the long period of time required to 
bring any plan to fruition—and especially in regard 
to education. The production of leaders in science 
may represent the better part of thirty years offort, 
and ıt may be for no more than a further ten that 
they are at the height of their powers, and perhaps 
fifty years before the application of their discoveries 
really begins Nevertheless, he reiterated, in con- 
cluding, the :mportance of this connexion between 
education and man-power and productivity, and the 
ultimate dependence of progress on the devotion 
and creative inspiration of men of dedicated 
genlus 

Although the main interest of this speech of Lord 
Hailsham hes in his reference to the work of the 
Department of Scientific and Industrial Research, 
and m the indication i6 gives of his attitude to the 
Research Associations, 1t reflects very clearly his 
consistent adherence to the principles which he laid 
down in his earlier address on science and Govern- 
ment. He adheres firmly to the idea of the maximum 
freedom for the scientist and technologist, whether 
in mdustry or m the university The main task of 
the Government and 15s own institutions 18 to supple- 
ment and to stimulate, to correct the balance where 
necessary and to identify neglected areas m which 
some national effort 1s desirable It was not appro- 
priate on that occasion for Lord Hailsham to enlarge 
on the detailed implications of that policy or 
philosophy, though some of the questions asked might 
have tempted hun to do so He admitted, indeed, 
that the British system of traming craftsmen and 
technicians needs a thorough overhaul, but otherwise 
made no reference to this aspect of the effective use 
of tramed man-power On the dissomination of 
information and the place of libraries and information 
services he made no comment, although ıt should 
be & prime concern of the Minister for Science, or 
any such philosophy as Lord Hailsham expounds, to 
seo that both the National Lending Library for 
Science and Technology and the National Reference 
Library for Science and Invention are adequately 
conceived and planned as part of a national system, 
and that the resources placed at their disposal are 
adequate to the needs, not just of to-day, but of 
the decades immediately ahead A firm adherence to 
the principles that fundamental research 1s best 
pursued at, or in close association with, the univer- 
sities and that mdustrial research ın the main 18 the 
busmess of industry, implies as a corollary that the 
Government has the responsibilty to seo that such 
ancillary services as library services, the supply and 
iramung of technicians and craftsmen, the provision 
of equipment, etc , for co-operative effort are gener- 
ously adequate, and commensurate with national 
needs and technical potentialities rather than the 
limited horizons which may characterize a backward 
industry It ıs ın such respects that the Minister for 
Science has yet to convince some of those who are 
most ready to applaud his policy and his philosophy 
that his actions are woithy of his ideas and his vision 
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The Journals of Captain James Cook on his Voyages 
of Discover 

Edited by J © Beaglehole Vol 2: The Voyage ot 

the Resolution and Adventure, 1772-1775. Pp elxx+ 

1,021 (82 figures). (Cambridge At the University 

Press, 1961 Published for the Hakluyt Society ) 
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NE of the greatest explorers and discoverers of 
the eighteenth century, Captam James Cook, 
was responsible for 1mportant contributions to scien- 
tific knowledge After Cook had completed his first 
voyage round the world m the Endeavour (1768-71), 
during which the transit of Venus was observed at 
Tahiti, with the support of the Admiralty he was soon 
able to pursue his further strategic plan of discovery 
in the southern hemisphere By his own first voyage 
and by the work of others 1t had been proved that no 
southern continent of any magnitude could exist 
north of 40° south The next step, therefore, was to 
see whether such a continent could he south of the 
fortieth parallel This Cook proposed to do by 
circumnavigation of the globe in high southern 
latitudes, taking advantage of the prevailing westerly 
winds His aim was amply realized. Leaving London 
with two ships m July, 1772, he arrived back m 
July, 1775, after an absence of three years and 
eighteen days  Half-way through the voyage he had 
been parted from the Adventure, under Captain 
Furneaux, which returned to England alone But he 
carried on with his plan in the Resolution and returned 
in good order, having lost but four of his crew, only 
one of these by sickness As part of this remarkable 
feat of mgenuity and endurance, using New Zealand 
as & primary base with Tahiti as a secondary one, he 
made three major mcursions into the antarctic and 
two into the tropical waters of the Pacific, each cruise 
yielding significant discoveries 

Crossmg the antarctic circle for the first time in 
history, he succeeded on one occasion in getting 
farther to the south (71° 10’) than any other nautical 
explorer on record up to the present day has been 
able to achieve He encountered a great deal of 1ce of 
various types which led hun to many interesting 
observations Though he did not establish the 
existence of the antarctic continent, and indeed con- 
sidered 1t probable that no land would be found to the 
south of the 1ce, he did incline to the view that the 
ice extended ın a solid body to the Pole 

Apart from the observations on 1ce and weather m 
these high southern latitudes right around Antarctica, 
Cook and his companions were responsible for various 
other 1mportant scientific achievements The hypo- 
thesis of a great southern continent in the temperate 
zones, so persistently advocated by Alexander 
Dalrymple and others, was-finally disposed of In the 
tropical waters Cook, ın pursuance of his plan, was 
able to confirm, systematize and extend in many 
particulars the discoveries of Pacific islands hitherto 
made His observations on the Tonga group and on 
the New Hebrides were particularly full and signifi- 
cant, and his own geographical discoveries included 
Palmerston Island and Niue. 

From the scientific pomt of view, one of the most 
important contributions of this voyage was un- 
doubtedly the success of the chronometer for the 
establishment of longitude Cook carried with him 
several of these instruments, not all of which were 
rehable, but the one which triumphantly proved 
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itself was that made by Larcum Kendall as a duplicate 
of the fourth instrument made by John Harrison. 
Known as “Mr Kendall’s Watch", this mstrument 
received high praise from Cook and greatly facilitated 
the research of the astronomers aboard The botanical 
and zoological records made by John Reinhold 
Forster and his son George, together with the anthro- 
pological and other observations of Cook and his 
companions, have now passed into the annals of the 
early scientific history of the Pacific 

This volume, like its predecessor (see Nature, 179, 
390, 1957), 18 a model of editing In the mtroduction 
to his first volume Dr Beaglehole rather prematurely 
stated that the study of Cook’s journals 1s more 
complicated for the first voyage than for the second 
In the introduction to this volume he remarks rather 
ruefully that the more the textual problem for this 
volume is serutinized, the more complicated it 
becomes, since there 18 no existing origmal version— 
properly speakimg-—of Cook's journal on the 
Resolution The editor deserves, therefore, all the 
more congratulations for the meticulous way ın which 
he has accomplished his task The text primarily 
used for this volume 1s that of a holograph manuscript 
in the British Museum, written by Cook Thuis has been 
supplemented by material from another parallel 
manuscript, also by Cook, which he used as a draft 
for printing his own Voyage towards the South Pole, 
which appeared m 1777 Readers who have known the 
latter will recognize the great value of the present 
edition for the expansion of the text, and for the 
scholarly introduction and abundance of footnotes 
which assist a great deal in the interpretation In 
addition, extracts from officers’ records, meluding 
that of Furneaux; the journal of William Wales, the 
astronomer, papers from the Board of Longitude 
respecting instruments and their use, some letters by 
Cook; and an admirably annotated calendar of 
documents add much to the story of the voyage Of 
particular human interest in the penumbra of 
scientific activity is the account of the abortive 
attempt by [Sir] Joseph Banks (afterwards president 
of the Royal Society) to assume a leading part in the 
voyage In his introduction, Dr Beaglehole seems to 
be rather hard on Banks But his reproduction of 
Banks's own letter to the Earl of Sandwich, as First 
Lord of the Admiralty, makes ıt quite clear that 
Banks’s concern for the size and accommodation of 
his own retinue weighed with him at that tıme more 
than a proper thought for the scientific objectives of 
the voyage The volume ıs completed by an important 
series of maps and plans and many very effective 
illustrations, including a large number by Hodges, 
the official artist R FIRTH 


FLORA OF NEW ZEALAND 


Flora of New Zealand 

By H H Allan Vol 1 Indigenous Tracheophyta- 
Psilopsida, Lycopsida, Filicopsida, Gymnospermae, 
Dicotyledones Pp liv+1085 (Wellington Govern- 
ment Printer, 1961.) 105s 


HE publication of a new Flora of New Zealand 

18 an event of supreme importance, and the work 
now available is a remarkable tribute to the industry 
and critical botanical sense of the author Unfor- 
tunately, Dr Allan did not live to complete his 
form dable task of compilation and eluc:dation, and 
this book, which includes all indigenous vascular 
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plants except the monocotyledons, was most worthily 
finished and seen through the press by Miss Lucy B 
Moore Tt ıs thrty-six years since the last compre- 
hensive descriptive account of New Zealand plants 
was published by F T Cheeseman, and 1n that period 
collectors and investigators have been most aetive ın 
the study of the flora Dr Allan played a leading 
part in these researches and ın field-work, and his 
wealth of knowledge of plants, botanical literature 
and the classic collections preserved m Britam 
equipped him admirably for the forbidding exercise 
of preparmg a new Flora 

Students of the vegetation of New Zealand are 
well aware of the problems of unusual taxonomic 
complexity with which the flora of the country 
bristles In many groups delimitation of acceptable 
taxa 1s notoriously difficult because of the high degree 
of polymorphy and the prevalence of natural hybridity 
There 1s a wide range of habitats, and the compara- 
tively small area of New Zealand has developed an 
extraordimary concentration of critical genera Pos- 
sibly, as has been suggested ın the case of the north- 
temperate flora, some disturbance of the genetical 
balance during glacial periods has led to the mtense 
and critical diversification which poses the multitude 
of taxonomic problems Most informative, adequately 
referenced, supplementary notes throughout the work 
add greatly to rts value and assist the reader to gain 
a better understanding of the many specific and 
generic complexities 

There is still ample scope for research, and Dr 
Allan’s work reveals most pertinently the many 
challenging features of the New Zealand flora 
Within the compass of httle more than a thousand 
pages he has produced a concise, convenient and 
eminently satisfactory Flora which will be of immense 
help in identifying New Zealand plants Many 
beautiful New Zealand species have enriched gardens 
in other parts of the world, and horticulturists will 
certainly welcome this informative and valuable work 

There ıs an excellent chronological bibliography 
and, throughout, copious references are given to 
relevant literature This is a work thoroughly to be 
recommended to all mterested in the New Zealand 
flora—indeed, 1b 18 an indispensable tool 

GEORGE TAYLOR 


SAMPLING AND ANALYSIS OF 
COMBUSTION PRODUCTS 


Gas Sampling and Chemical Analysis in Combustion 
Processes 

By Prof G. Tmé (AGARDograph No. 47) Pp 

xv+94 (London and New York: Pergamon Press, 

1961. Published for and on behalf of Advisory 

Group for Aeronautical Research and Development, 

North Atlantic Treaty Organization) 42s. net 


HIS latest AGARDograph 1s devoted to a review 

of the experimental technique which forms ite 
title, with particular reference to combustion pheno- 
mena of aeronautical interest A proper appreciation 
of this subject involves a full understanding of many 
aspects of chemistry, aerodynamics and heat transfer, 
and it 18 rare to find an author with an equally 
detailed acquamtance of all three branches of science. 
It is clear fiom the introduction (Section A, 3 pages) 
that Prof Tiné 1s well aware of the great importance of 
chemical phenomena in combustion processes but 
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from the remainder of the book ıb is apparent that 
this 18 not where his own interests lie and that he 18 
much more at home when discussing sampling 
(Section B, 53 pages) than he 1s when describing gas 
analysis (Section C, 31 pages). Indeed ın the con- 
clusion (Section D, 1 page), Prof Tmé pomts out that 
“if sampling procedures were absolutely reliable, 
chemical analysis would raise no problem at all". 
This, in the reviewer’s opinion, epitomizes one of the 
principal weaknesses in what 1s otherwise a useful 
and well-constructed book The author gives the 
mmpression that chemical analysis ıs essentially 
straightforward and easy and thus—to quote but one 
example of this pomt of view—we read on p. 69 that 
“qualitative and quantitative analysis of alcohols and 
ethers is exhaustively described m most analytical 
textbooks”, a statement that would surprise many 
expert analysts The section on sampling, however, 
gives a masterly account of the various difficulties 
encountered in obtaming representative gas samples; 
1t deals fully with such topics as the disturbance of 
gas flow by a probe and the problems mvolved ın 
bringing about rapid quenching 

Prof. Tmé has made a noble effort to write a book 
which attempts to bridge the gaps which always tend 
to exist between different formal branches of learning 
It contains a wealth of information, ıt 18 well pro- 
duced and copiously illustrated with diagrams and 
tables and even 1f 1t 18 m some ways unbalanced 1n 1ts 
treatment, ıt nevertheless provides the most useful 
and comprehensive treatment of the subject yet 
produced The price 18, however, even on present-day 
standards, high for a book of this length. 

C. F Currrs 
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The Enzymes 

Edited by Paul D Boyer, Henry Lardy and Karl 
Myrback Vol 2 Purine and Pyrimidime Nucleotides 
and Phosphagens Prosthetic Groups and Cofactors 
(Part A) Second edition, completely revised Pp 
xin4-479 16 dollars 


Vol. 3 Prosthetic Groups and Cofactors (Part B) 
Pp. xıv +497 16 dollars 


Vol. 4 MHydrolytic Cleavage (Part A) Second 
edition, completely revised Pp xx+631 18 dollars. 
(New York Academic Press, Ine, London 
Academic Press, Ine. (London), Ltd , 1960 ) 


HE second edition of The Enzymes 1s now 

expected to run to seven volumes, compared 
with the four volumes of the original edition prepared 
by Sumner and Myrback. Volume l, on general 
principles, has already been reviewed 1n this journal 
(Nature, 184, 1759, 1959). Volumes 2 and 3 cover 
nucleotides, phosphagens, prosthetic groups and 
cofactors, and the chapters are numbered consecu- 
tively through these two volumes, since it was 
originally intended that this material should be 
covered ina single volume Volume 41s the first part 
of a survey of enzymes involved m hydrolytic cleav- 
age; m this case also 16 has been necessary to extend 
to two volumes the treatment of a topic originally 
expected to occupy only one ‘These changes are 
sufficient evidence of the wealth of material available 
to the editors, and of the appropriateness of a new 
edition at this time 
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At the end of Volume 3 1s a chapter on ‘“Enzymic 
Equilibria and Thermodynamics” which belongs to 
Volume 1, but was unfortunately delayed by Prof. 
Johnson's illness A chapter of this kind, discussing 
basic ideas of equilibria, free-energy changes, pK'8, 
binding constants, and so on, 1s extremely valuable 
to the biochemist with little trammg ın physical 
chemistry who wishes to understand the more 
quantitative work m the field of enzymology. On the 
whole this chapter succeeds ın 1ts purpose, although 
in places the treatment 1s perhaps too elementary, 
especially compared with the level of many of the 
chapters in Volume 1 For example, the umportance 
of the actwty of reactants in thermodynamic calcu- 
lations might usefully have been stressed 

The subject-mattei of Volumes 2 and 31s primarily 
chemical rather than enzymological ‘There is a 
chapter each on nucleotides containing adenine, 
uridine, cytidine, and guanosine and inosine, and 
one on JN-phosphorylated guanidines The remaming 
15 chapters come under the general heading ‘‘Pros- 
thetic Groups and Cofactors’’, and include chapters on 
pyridoxal phosphate, folic acid, glutathione, flavins, 
coenzyme A, pyridine coenzymes, and lipoic acid, as 
well as a chapter on metal-enzyme interactions and 
four chapters on vitamins The emphasis varies con- 
siderably from chapter to chapter, although 1t must be 
admitted that this may be due to the mformation 
available as well as to the idiosyncrasies of the 
authors (It should be noted here that, as m the 
earher volumes of The Enzymes, each chapter ıs 
written by a different expert) The article on adenine 
nucleotides and pyrophosphate compounds by R. M 
Bock is a useful general review of the maim groups of 
enzymes acting on a&denosme triphosphate, and a 
discussion of some of the mechanisms involved; 
those on uridine nucleotides by L F Lelor and 
C E Cardi on cytidme nucleotides by E P 
Kennedy, and on guanosine and iosine nucleotides 
by M F Utter are largely metabolic, stressing the 
enzyme systems through which biosynthesis 1s brought 
about by these nucleotides On the other hand, the 
articles on the pyridine coenzymes by N O Kaplan 
and on thiamine coenzymes by D E Metzler contain 
a much larger proportion of the pure chemistry of 
these compounds 

Two chapters seem to me to be of particular 
importance since they survey fields 1n which there 18 a 
good deal of recent work, and which are clearly ripe 
for an authoritative treatment The first of these is 
on folic acid, which 1s excellently covered in 68 pages 
by J C Rabmowitz. The rather complicated 
chemistry 1s first set out, and then the maim bio- 
chemical functions of folate derivatives are considered 
m turn purme biosynthesis, serine biosynthesis, 
methyl group biosynthesis, and the metabolism of 
various ammo-acids Finally, the metabolism of folic 
acid 1tself ıs discussed. The other chapter referred to, 
by L Jaenicke and F. Lynen, 1s on coenzyme A, and 
contains nearly 100 pages This is particularly 
authoritative, since Lynen has himself been respon- 
sible for so much of the work which has made clear 
the metabolic importance of this compound The 
chapter finishes with a useful table of 63 enzymes 
requiring coenzyme A or its derivatives Another 
useful table 18 that given by A E Braunstein of 
enzymes requiring pyridoxal phosphate 

In view of the obvious pressure on space in this 
new edition, 16 seems doubtful whether ıt was neces- 
sary to melude in Volume 3 separate chapters on 
vitamin K, vitamm E, ascorbic acid, and the visual 
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cycle. The role of vitamms K end E ın oxidative 
phosphorylation 18 still a matter of some uncertainty 
and speculation, and cannot yet be discussed ın terms 
of known enzymes. The chapter on ascorbic acid does 
in fact contain a good deal of enzymology, but treats 
the metabolism of the compound rather than its 
coenzyme function, which is not known 

Volume 4 of the present series 18 she first of three in 
which the main groups of enzymes and a number of 
individual enzymes will be surveyed It deals with 
enzymes hydrolysing peptide, glycosidic and ester 
bonds. The chapters are arranged 1n groups, 1n each 
of which the first chapter ıs a survey of the field 
covered by those followmg In the volume under 
discussion the ‘survey’ chapters are. ““Peptide Bond 
Cleavage”, by Emil Smith, '*Other C-N Bond Hydro- 
lyses”, by J E Varner, “Cleavage of O- and S-glyco- 
sidic Bonds", by E. H Fischer and E. A. Stein, and 
"Carboxyl Ester Cleavage’, by D K. Myers This 
arrangement helps greatly to wufy what might 
otherwise be merely a series of disconnected mono- 
graphs. There ıs some evidence, too, of editorial 
efforts to avoid overlap between the chapters 

The general standard of this volume 1s very high, 
although inevitably the time taken to assemble 
manuscripts and produce such a volume has meant 
that in some cases recent developments are not 
included and the articles are somewhat out of date 
Most of them, however, will probably remain author- 
tative sources for some time to come TIt ıs not 
possible here to mention many of the 33 chapters, 
however, some stand out as giving a stimulating 
account of an enzyme, in which a large body of factual 
information 18 critically assembled, and used as the 
basis for a discussion of the mechanism of the 
enzymatic catalysis or the metabolic rmportance of the 
enzyme Such chapters are useful reading for all 
enzymologists, whether or not them own work 1s con- 
nected with the enzymes under discussion They 
include those on chymotrypsin and trypsin by P. 
Desnuelle; papam by E L Smith and J R. Kimmel, 
a-amylases by D. French; B-galaetosideses by K 
Wallenfals and O. P. Malhotra; and acetylcholin- 
esterase by I R Wilson 

The Enzymes 18 well printed on pleasant paper, and 
the volumes are strongly bound and are not un- 
pleasantly large to handle The whole work 1s too 
large to be regarded as a text-book, but as a reference 
book 16 should be on the shelves cf every biochemist 
whose activities demand a reasonable knowledge of 
enzymology EDWIN C WEBB 


IDENTIFICATION, PROPERTIES 
AND USES OF INDIAN TIMBERS 


Indian Woods 

Their Identification, Properties end Uses By Dr 
K. A. Chowdhury and S. S. Ghosh. With the assist- 
ance of K Ramesh Rao and S8 K. Purkayastha 
Vol. 1l: Dillenaceae to Elaeocarpaceae Pp lin+ 
304+30 plates (Delhi Manager of Publications, 
1958) Rs. 2550 np., 39s 


HE publication of a new reference book on 
Indian timbers is a notable event, for Gamble’s 
Manual of Indian Timbers (1922) 18 now out of date 
and the more recent Commercial Timbers of India 
(1932) by Pearson and Brown omits many of the 
timbers that are now being exploited commercially. 
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The volume under review 1s the first of a series of six 
each dealing with the wood of 250-300 tree species 
that occur m the Indian sub-continent and are 
represented in the wood collection at the Forest 
Research Institute at Dehra Dun. The chief purpose 
of the book is to enable the timbers to be identified 
by characters that are to be seen with the naked eye or 
hand lens, and to assess the working qualities of the 
woods from thew structural and physical properties 
Brief notes on the habit and distribution of the species 
are given, together with some particulars of their 
strength, seasoning properties, durability, working 
qualities, supplies and uses The descriptions of the 
woods are ulustiated by photographs (x 10) of 
transverse sections. These illustrations, which are 
of excellent quality and well reproduced, add con- 
siderably to the value of the book The scientific 
names and the trade and common names are given in 
separate indexes and there are appendixes dealing in 
tabular form with the nomenclature of species, 
classification of the woods by uses and by anatomical 
structure respectively 

After a valuable introduction of 53 pages, the mam 
part of the book consists of descriptions of the woods 
under the botanical families to which they belong 
For the sequence of families the authors have used 
the modified form of the Bentham and Hooker system 
adopted by Metcalfe and Chalk in Anatomy of the 
Dicotyledons The volume now under review covers 
20 families rangmg from the Duillemaceae to the 
Elaeocarpaceae and includes the important timber- 
yielding Dipterocarpaceae, more than 70 pages being 
devoted to this one family. At the end of each family 
there is an extensive bibliography 

The authors are at pains to dispel the popular con- 
ception that India 1s the potential source of large 
supplies of many diverse timbers They emphasize 
that the number of timbers available m large quan- 
tities 18 not more than sixty or so, the most 1mportant 
being teak (Tectona), sal (Shorea robusta) and deodar 
(Ced: us deodara). Before 1939 the number of timbers 
handled commercially was 300-350, but about 500 
were in use during the Second World War Now the 
local exploitation of relatively unknown woods is 
becoming more common owmg to the increased 
demand for timber resulting fiom industrial expan- 
sion and to the difficulties of transport 

In discussing the general question of how far wood 
structure can serve as an aid m taxonomy, the 
authors, ın my opinion, take a somewhat pessimustic 
view. It 1s quite true, as the authors pomt out 
that in many fammhes the individual species, and 
sometimes the genera, are not easy to separate on the 
basis of wood structure This, however, does not 
exclude the possibility of using wood characters for 
diagnostic purposes, and they are often valuable im 
determining the correct family relationships of genera 
the taxonomic position of which 1s uncertam from exo- 
morphic characters alone The great danger in the 
study of systematic anatomy is to rely too exclu- 
sively on wood characters alone without taking 
the histology of the rest of the plant mto considera- 
tion 

The authors are to be congratulated on having 
produced the first volume of a most valuable book 
which cannot fail to be welcomed by botanists, 
foresters and wood technologists, and the publication 
of further parts will be eagerly awaited. It 1s a matter 
for regret that the quality of the binding does not do 
justice to a reference book of such undoubted impor- 
tance C R MxzrTCALFE 
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introduction à l'Electrodynamique Quantique 
Par Prof Damel Kastler (Travaux et Recherches 
Mathematiques) Pp xxxm+333 (Pans Dunod, 
1961) 68 NF 


HIS remarkable monograph has been written 

with the highly commendable aim of providing 
a common understanding between physicists and 
mathematicians, so far as the elements of quantum 
field theory are concerned Whether this purpose 
has been achieved will probably be answered on the 
basis of the individual taste of any prospective reader 
The present reviewer feels that the book will prove 
stimulating for the highly tramed theoretical physi- 
cist, provided he has already acquired a famly 
comprehensive  famiheriy with the customary 
formulation of quantum field theory. 

The first two chapters and Appendixes A, B, C 
provide the general mathematical tools and notions 
veobor-spaces, Hilbert space theory, the Lorentz 
group and its representations, tensor- and spinor- 
calculus A short chapter on the method of second 
quantization precedes the classical and quantized 
theory of the scalar Klem-Gordon field, Maxwell 
field and Dirac field (Chapters 4-9) Chapter 10 1s 
devoted to a general discussion of the coupled Maxwell 
and Dirac fields, and the next chapter surveys briefly 
the formalism of interacting fields m general, meluding 
the S-matrix theory (The relationship between the 
S-matrix and scattermg cross-sections 1s established 
in Appendix D) Chapters 12-14 show, by examples 
of Compton scattering, Möller scattermg and pair 
annihilation the applications of the theory The 
Dyson-Feynman technique and diagrams are dis- 
cussed only in the next chapter The book concludes 
with a review of external field problems 

The mathematical exposition i8 ‘ngh-brow’ and 
follows the pattern of best French tradition, but 
most physicists will probably find ıb difficult to 
rediscover within this work the famular physical 
concepts they are looking for P Roman 


Moon Atlas 

By V A Fursoff Pp 32+7 plates + 2 fold-out maps 
(London Hutchinson and Co (Publishers), Ltd , 
1961) 63s net 


HE descriptive classification of lunar surface 

features to be found at the begimmnung of this 
atlas 1s a commendably lucid account of the mirica- 
cies of lunar topography Unfortunately, the illus- 
trations appealing later m this atlas do little justice 
to the lunar photographs now available The four 
quadrant maps of the lunar surface, although artist1- 
cally drawn, have the annoying property of including 
very few names, identifications have to be made via 
co-ordinates of mdividual craters Page 22 consists of 
a very handsome set of photographs of progressive 
lunar phases but of restricted value The relief map 
of the Moon, extremely ingeniously drawn, 18 of 
value to young astronomers with small telescopes. 
it 18 doubtful, however, whether these persons will be 
able to afford the cost of the atlas The spherical 
projection photographs add little value to the atlas 
although there are few such photographs available 
elsewhere, Firsoff’s efforts have not succeeded in 
producing pictures of sufficiently good quahty to 
contribute much to selenological thought ‘There are 
good reproductions of the Ful Moon, the Moon’s 
averted hemisphere, and the well-known Palomar 
Observatory Clavius photograph It 1s misleading 
that these latter should be included in the section on 
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spherical projection photographs The Moon Atlas 
closes with Firsoff’s personal map of the lunar grid 
system The presentation (in three colours) of this. 
chart leaves something to be desired and I personally 
prefer to use the small-scale reproduction appearing 
on the back of the dust cover BRIAN WARNER 


The Internationa] Dictionary of Physics and Elec- 
tronics 

Second edition Pp. ıv +1355 (Prmceton, NJ ; D 

Mos Nostrand Company, Ltd., 1961) 27 85 dollars, 

2058 


HE standardization of termmology in physics 

and electronics 18 not an attractive task Some 
national and mternational bodies have tackled parts 
of 15 with fair success, but because they seek agree- 
ment between organizations with widely differing 
experience and outlook, their progress 18 often slow 
This comprehensive dictionary, the work of a handful 
of scientists with an overwhelmingly academic back- 
ground, 1s therefore very welcome, even though one 
can find some unevenness and lack of balance—most 
likely attributable to the speed of compilation—and 
some failure to draw sufficiently directly on the works 
of the established standaidization bodies 

Three features distinguish the second edition of the 
dictionary from the first, published in 1956 First, a 
new introduction shows how classical physics re- 
treated before experimental findings of the early 
twentieth century and how new theories filled the 
gaps created, parts of the old introduction, on units 
and dimensions, are retamed under appropriate 
headmgs in the body of the book Secondly, the 
inclusion of many new items lengthens the book by 
about 200 pages and, tlurdly, multilmgual indexes 
(n French, German, Spanish and Russian) are 
added. 

The ire ‘Dictionary’ understates the value of 
the book for some entries would fully satisfy, and 
many partially satisfy, the title “Encyclopxdia’, the 
book is therefore educational as well as one of 
reference The next edition will have many new 
fields to cover, such as the properties of space, lasers 
and the applications of low-temperature physics, 1f 16 
must accordingly increase 1n sıze, might not a shorter 
or concise edition, prepared by cutting the length 
rather than the number of entres, find a market as 
well ? J R TILMAN 


The International Zoo Year Book 

Vol. 1, 1959 Pp vu+160 19 plates. Edited by Dr 
Desmond Morris and Caroline Jarvis (London. Zoo- 
logical Society of London, 1960) 40s 


HE International Zoo Year Book fulfils a very 
long-needed want, but I feel ıt would be a great 
advantage 1f some check or verification could be 
made on the information given with regard to zoos— 
particularly in the Reference Section To my know- 
ledge there are many inaccuracies, especially with 
regard to details concerning the smaller zoos This 
18 my only criticism—otherwise I think the book 1s a 
very worth-while effort which will prove of great 
benefit to all zoological gardens 
It is a great advantage to have a list of the senior 
staff of the zoos of the world, together with them 
addresses, and also the various departments of 
zoology The London Zoological Society should be 
congratulated on the way this book has been 
produced G S MOTTERSHEAD 
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THE BETTER USE OF THE WORLD’S FAUNA FOR FOOD 


fi bee a lage proportion of the world’s population, 
especially in the technologically under-developed 
countries, suffers from either chronic or seasonal 
under-nutrition 18 well known. In many of these 
countries there is & continuous shortage of dietary 
calories, the ultimate effect of which 1s to slow down 
most human activities, with the apparent exception 
of the rate of reproduction Not less serious than 
calorie shortage 1m i58 effect on the younger groups 
of the population and on pregnant and lactating 
women 18 the acute deficiency o? dietary protein, 
which may occur with or without a calorie shortage, 
and 18 most obvious 1n rts effects on the post-weaning 
child up to the age of about five years Such protein 
deficiency 18 particularly marked m animal protein, 
usually richer in the amino-acids essential for growth 
and usually accompanied by & more valuable assort- 
ment of mineral salts, trace elements and vitamims 
than 1s vegetable protein 

The Freedom from Hunger Campaign of the Food 
and Agriculture Organization has as ite objectives 
the improvement m quality as well as in quantity of 
food consumed in the existing hungry countries It 
was therefore a most timely effort of the Institute of 
Biology to arrange a symposium, held during Octobe 
27-28 in the Royal Geographical Society’s rooms, on 
“The Better Use of the World's Fauna for Food" 

In the opening session, under S.r Juhan Huxley’s 
chairmanship, Dr Franeis Aylward (Borough Poly- 
technic, London), who has fairly recently returned 
from an extensive nutritional mission for the Food 
and Agriculture Organization in one of the under- 
developed countries, discussed the methods of assess- 
ment (1) of protem requirements of individuals and 
communities, (2) of protein supplies actually available 
im a country, (3) of protem deficits on a regional, 
national and world-wide basis The available 
statistical evidence of protem deficits, though not 
always as accurate as one could wish, was sufficiently 
convineyng, apart from the additional evidence 
afforded by direct observations, by moi bidity 1ecords 
and by mortality statistics Though ıt was highly 
desirable to remove some of the uncertainty regarding 
the quahty of the statistics and for further research 
on physiological requirements to he carued out, the 
need was even more urgent to use the scientific and 
technical knowledge now available ın an intensive 
effort to umprove indigenous protem supplies by the 
adoption of a more vigorous agricultural policy (in 
the widest sense, to include animal husbandry, 
fisheries and controlled utilization of wild fauna) 
and also by a more thorough application of modern 
food science to conservation and distribution of 
food 

“The Relative Merits of Plant and Animal Proteins”? 
was the title of the paper given by Dr A E Bender, 
whose important work on the assessment of the 
nutritional value of proteins and mixtures of proteins 
is well known to British nutritionists Dr Bender’s 
contribution provided a useful epitome of the methods 
by which an assessment may be made of the com- 
parative dietary values of different mdividual proteins, 
or mixtures of protems He related the figures 
obtained to needs at different ages and in different 
physiological conditions The protems of cassava, 
lapntam, breadfruib and sweet potatoes are inadequate 


fo: health of child or adult, those of rice, yams, 
mullet and wheat can maintain the adult, but not the 
adolescent or the child Some seed proteins, 
especially those of legume seeds (and particularly 
if two or more 'oil-seed' proteins, fieed from oil, 
are mixed), will provide an adequate protein supply 
fo: all ages, 3f they constitute a sufficient proportion 
of the diet The advantages and disadvantages of 
plant and ammal proteins were compared, plant 
proteins bemg usually the cheaper, with a bigger 
yield per acre than animal proteins, recent attempts 
have been made to produce 2 cheap high-protein food 
mainly or even exclusively from vegetable sources 
(for example, ‘Incaparma’ in Central America) A 
mixture of animal with a poorer vegetable protein 
often gave a protein utilization result for the mixtu1e 
almost as high as if the whole had been animal 
protein 

Religious prejudices in certain countries—not 
always under-developed countries—and local taboos 
more frequently handicapped the consumption of 
animal than of vegetable protem-rich foods, but the 
former were, for most people, tastier and more 
acceptable 

Though the answer to the protem-shortage problem 
1n some countries might be intelligent vegetarianism, 
yet the advantages for the agricultural productivity 
of land of mixed farming, and the importance especi- 
ally to the vulnerable groups of the population of 
having m the diet a reasonable percentage of protem 
food from animal sources, could not be overlooked 

Mr T J Lansbury, in discussing potentialities of 
animal and particularly ruminant husbandry in West 
Africa, described the existing handicaps of absence 
of enclosure and of any intelligible system of land 
tenure, of ‘night kraalmg’ with 1ts consequent decrease 
in live-weight gain, of disease and particularly of the 
piesent of tsetse fly in many of the wooded areas, of 
unfertilized, mine1al-poor pasture and semi-starvation. 
of stock during long periods of diought, of catastrophic 
overstoclung where cattle and even sheep and gosts 
were regarded more as status symbols than as sources 
of food, being associated with bride price, ceremonial 
gifts and ritual sacrifice at traditional ceremonies 

The local cattle were nevertheless capable of good 
growth and production if adequate and contiolled 
water supplies and the provision of dry-season supple- 
mentary foods could be organized Two indigenous 
breeds of cattle, the ndama and the West African 
dwarf shorthorn had considerable resistance to try- 
penosomiasis and were being mtroduced with advan- 
tage into certain tsetse-mfested areas where well- 
distributed ramfall gave good grass production ‘The 
substitution of nomadic husbandry by mrxed farming, 
enabling pastures to be switably fertilized and fodder 
to be conserved for the dry season, entailed formidable 
sociological problems as well as wide dissemination of 
improved techniques. 

M Lansbury considered that pig and poultry 
husbandry probably offered fewer difficulties than 
cattle husbandry and that ıt should be possible to use 
modern knowledge to expand the pig and poultry 
industry rapidly and efficiently ın West Africa, with 
great benefit to human nutrition 

The text of a paper by Prof A G Banmkov, of 
the Academy of Veterinary Sciences, Moscow, on the 
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exploitation of the saga antelope in the USS R had 
been circulated, but unfortunately had to be discussed 
in the author's unexpected absence. 

This antelope, which now occurs in increasing 
numbers m both European and Amate USS.R 
territories, was 1n the 1920’s, as the result of uncon- 
trolled, destructive hunting, almost extinct Protec- 
tive laws, introduced in 1919, intended merely to 
preserve the remnants of the species as a rare curiosity, 
had little effect at first, but in the 1930’s and 1940’s 
a rapid merease in numbers became evident and 
to-day the total saiga population in Europe 1s about 
500,000, and m Asiatic USSR about 1,500,000, 
mainly in the steppe plains and semi-deserts It isa 
fertile ruminant, congregates in large and mobile 
herds and is now being systematically and rationally 
hunted, usually at might by organized groups of marks- 
men equipped with motor-vehicles with powerful head- 
hghts which attract the antelopes Prof Bannikov 
stated that the recovery of the saiga from near 
extinction to profitability 1s a vindication of the 
principles of mtelligent nature conservation 

The use of an ontirely different genus of animal 
for food was recorded by Dr R Orraca-Tetteh, who 
described the habits, collection and utilization in the 
diet of the giant African snail, Achatena 

Achatina, the largest living land mollusc, with. 
1t was stated, a foot which when fully expanded might 
reach 30 cm m length, 18 found in different parts of 
Africa, south of the Sahara Durmg the ramy season 
the snail population in the forests is often large, 
The animals are particularly active at night, browsmg 
on tender leaves and fallen fruit, and growing rapidly 
They are collected usually before sunrise and sent 
quickly to the market They are killed by dropping 
snail and shell into hot water, the molluscs are then 
removed by hand They may be eaten at once in 
soup or stew, or preserved for three months or more 
by smoking The fresh samples contain about 16 
per cent of protein, with a smali amount of fat, some 
thiamine, riboflavim and macin, and more than 
70 per cent of moisture, the protein has a high content 
of lysine. 

In parts of West Africa the snail 18 a very popular 
article of diet, and can be purchased cheaply durmg 
the rainy season i 

Dr L Harrison Matthews discussed the problems 
and potentialities of wild-game ranchmg, which 
appears to be mmcieasing, m Africa The existing 
species of wild vegetrvorous fauna m large areas in 
Africa have been established there long enough to 
become adjusted to ther environment, making use 
of all the food resources, some by grazmg, others 
browsing, others by eating the upper leaves of trees 
The bio-mass of this wild fauna which 18 commercially 
exploitable ıs large, especially if natural predators 
are kept in check 

Most cattle ranchers commg into these areas in 
the past have destroyed or driven away the wild 
ungulates, regardmg them as pests, though the 
cattle brought ın have made less-efficient use of the 
vegetable food available 

The dehberate ranching of mixed wild fauna if 
they can be profitably cropped for human food 18 a 
commercial possibility that is now bemg exploited 
with some success In Southern Rhodesia it 1s said 
to be more profitable than cattle ranching, while in 
the Republic of South Africa between 2,000 and 3,000 
farmers are said. to be stocking game, including such 
anunals as zebra, wildebeest, impala, eland, kudu 
The resistance of these animals to disease 18 greater 
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than that of imported cattle Transport and market- 
ing problems ın the sale of meat and hides are being 
solved It was thought that once game ranching 
becomes commercially established, the extinction of 
the wild fauna concerned will be unlikely. 

Efficient food processing preserves the nutnt:ve 
value of the raw materials and yields a product 
acceptable to the consumer P L Pellet and D. S 
Millar, of the London School of Hygiene and Tropical 
Medicme, considered the processing and preservation 
of meat in under-developed areas from both these 
points of view. In tropical environments the slaughter 
of stock and the production of dressed carcasses 
either for immediate consumption or for preservation 
are fraught with temperature, and other, hazzrds 
Further, the particular, and to Western eyes rather 
peculiar, food preferences of the local consumers 
have to be taken into account, for example, ‘To the 
Ghanian, the eating of, or rather the chewing of, 
meat 18 a pleasure to be taken leisurely, and conse- 
quently he regards tender flesh as low im value" 
Methods of preservation can seriously lower the 
nutritive value of any kind of meat or fish, but 
traditional preserved meats such as biltong, charqui, 
pemmican and kavurma are highly acceptable to the 
local consumers, and often showed little protem 
damage. If traditional methods of preservation were 
studied scientifically, many could be extended with 
advantage to meet the mnmediate protem needs of 
populations of under-developed countries More 
sophisticated, modern methods such as refrigeration, 
canning, dehydration, vacuum contact drying, 
vacuum oil dehydration, production of meat powders, 
with the modern equipment necessary could be 
brought im as capital resources increased and mdigen- 
ous food preferences and habits permitted 

The waters of the Earth (seas, Jakes and rivers) 
occupy 75 per cent of 1ts surface, but account for only _ 
10 per cent of the world’s food supply The second 
day of the symposrum was devoted to the problem 
of increasmg food supplies from these sources. 
Mr E B Parrish (Department of Agrmeculture and 
Fisheries for Scotland, Aberdeen) introduced the 
complex question of how to obtain maximum yield 
from traditional methods of fishing The increasmg 
intensity of fishing m certain areas such as the North 
Sea and north-west Atlantic has led to a decrease in 
the size and age of the fish caught and to a dimmution 
in profitability of fishing To prevent ‘overfishing’ 
of these areas, international conventions have been 
arrived at “for the mvestigation, protection and 
conservation of the fisheries" m order to make possible 
the maintenance of a “maximum sustained catch" 
Regulations for the fixing of catch quotas, for closed 
seasons, for closed fishmg areas, for controllmg the 
size at which fish could be caught by the fishing gear, 
for fixing of minimum landing-size limits, have been 
tmed with mixed success 

In the conservation and management of fisheries 
large demands are made on scientific methods of 
investigating the population dynamics of the exploited 
fish stocks, these demands continue after regulations 
have been put into practice, to assess the responses 
of the exploited stock to them and give more precise 
adjustments of present fishing mtensity to the main- 
tenance of adequate future fish supphes. 

Mr F D Ommanney gave a fascimatmg account of 
sea fisheries m tropical areas The poor gear and low 
status of the average tropical fisherman are slowly 
improving and in British dependent territories the 
work of fishery officers has led to major advances, 
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largely a result of fitting fishing boats with engines— 
outboard for the smaller and mboard for the larger 
craft, and partly by umpioved nets At the same 
time, attempts have been and are being made, as 8 
result of mereased landings of fish, to reduce the 
price to the consumer 

Some Governments in British dependent territories 
or those formerly dependent, have provided special 
fishing vessels for exploratory and pioneering work 
Stations for fisheries investigations have been estab- 
lished ın a few tropical countries, but owing to the 
vagaries of Government support have not been en- 
tirely successful For the progress of tropical fisheries 
and the optimal use, m protem-hungry, maritime 
countries, of sea fauna for food, active and adequately 
supported research stations are urgently needed. 

Improvements and trends of development in marine 
fishing methods and gear were the subject of a techni- 
cal, well-illustrated contribution from Dr J Scharfe, 
of the Food and Agriculture Organization (Rome) 
Fish location and detection have been aided by aerial 
scouting and still more by fish-finding echo sounders 
and rangers These need much skul and practical 
experience to use to full advantage. This technique 
1; now firmly established for all medium and large 
fishing vessels ın the developed countries Synthetic 
fibres stronger and more elastic than natural fibres 
are being used very widely for nets and lines, and have 
mspired new ideas in the design and operation of 
fishing gear and methods 

Larger stern-trawlers of up to 3,000 hp with 
freezers, cold storage and 1n some cases manufacturing 
plant for oul and fish meal can now go quickly to 
distant grounds and remain away from home ports 
for extended periods Fishmg fleets exist with boats 
specialized for searching. catching, factory work, 
transport, hospital and recreation facilities Maid- 
water trawling with echo sounding 1s a modern line 
of development which is likely to have far-reaching 
results 

Electrical kilhmg or stunnmg of fish m confined 
waters has been experimented with with some success 
and may have a future even for sea fish 

Mr K F Vaas, of Yerseke (Netherlands), pointed 
out that fish culture in freshwater and brackish 
ponds was both an ancient and & very widespread 
craft — T^lapwa was cultivated ın ponds m Egypt 
before 2,000 B € , and a text-book on fish culture was 
written m China in 475 80 Large yields of fish 
per acre of water surface are obtainable under 
favourable conditions—the Grand, Lac in Cambodia 
with an area at high water of 10,000 km ? 1s said to 
produce 100 kgm fish per hectare 

Tropical ponds give better yields than those of 
colder climates, but much depends on ‘management’ 
in the shape of fertilizers or the introduction of fish 
foods of various kinds Fish culture may be combined 
with animal husbandry, the dung fertilizmg the 
growth in the ponds of fish food such as diatoms, 
plants and crustaceans Production of fish from 
inland, waters has been calculated to be some 18 per 
cent of the total world catch 

The culture of marine molluses and crustaceans was 
reported on by P R Walne, of the Ministry of 
Agriculture, Food and Fisheries, Fisheries Experi- 
ment Station, Conway In the United Kingdom, 
shellfish form only 2 5 pex cent, ın Japan 19 per cent, 
in the Netherlands 28 pei cent, and, rather surpris- 
ingly, m the United States 30 per cent of the total fish 
landmgs Oysters and mussels are slow growing, the 
mussel requiring four years, and the oyster five, to 
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reach marketable size The meat of the adult oyster 
or mussel contams some 80 per cent of water and 
9-13 per cent of protem, that 1s, roughly 50 per cent 
or more of protem on the dry weight Oysters are 
probably the most carefully cultivated crop obtain- 
able from the sea In recent years mechanical 
methods, including special dredges, are being used 
for removal of the bivalves to new grounds from 
time to time, and for final harvesting Such dredges 
attached to power-driven boats can work economically 
on quite low population densities By this means 
both the mussel and the oyster stock m Holland 1s 
moved several times to assist growth and reduce 
starfish depredation 

Mr Walne considered that an important future” 
step 1n oyster husbandry should be what has been 
done with practically all agricultural plants and 
anunals, namely, to increase the rate of growth and 
quahty of the stock by breeding and selection 

Some recent advances in the processing of fish were 
deseribed by Dr D L Nichol, of the Department of 
Scientific and Industrial Research, Humber Labora- 
tory, Hull, in relation to the more efficient use of this 
source of food 

‘White’ fish gutted, washed and stored im ice at 
sea become stale after 12-15 days, and 1f distant water 
voyages are to last longer than the average of 18-20 
days (4 days each way to the fishing grounds) appara- 
tus 1s needed for deep freezing at sea at least part of 
the catch In trials carried out in 1956, this method 
of preservation of whole fish has been proved success- 
ful and more trawlers are being fitted out with the 
necessary deep-freeze equipment 

Deep-frozen fish ıs now bemg distributed ın various 
forms to consumers It ıs necessary to keep the 
temperature down all along the distribution chain, 
and this 1s not always realized, as the difference 
between a block of frozen fish at — 20° F (a tempera- 
ture at which no deterioration occurs m eight months) 
and + 20? F (a temperature at which deterioration 
occurs withm a month) 18 not obvious to the operator 

Herrmg processing presents different problems 
from that of white fish, as herring fishing 1s seasonal 
and the disposal of gluts may arise Gluts of herrings 
are usually transformed into oil and fish meal, the 
latter bemg utilized in the manufacture of animal 
feeding stuffs and mereasmgly m tinned food for 
domestie pets 

White fish meal prepared from surplus or con- 
demned fish and from fish offal 1s manufactured in 
the United Kmgdom and abroad im substantial 
quantities for use in animal feedmg stuffs. Fish 
flour, a deodorized and almost flavourless powder 
usually made from whole fish, 1s proving acceptable 
as an addition to human diet in certam. protem- 
deficient regions 

A paper on the possible farming of the sea from 
Sir Ahster Hardy concluded the sympostum He 
discussed the possibility of improving the production 
of plankton and hence of the fish that ultimately 
depend on plankton for food either by fertilization of 
limited or confined. areas of sea with phosphates and 
nitrogen or by eausmg up-wellmg of the deeper 
layers of sea-water which are richer in nutritive salts 
than the upper layers He also mentioned methods 
for diminishing the enormous loss of fish that occurs 
in early life and the possible transporting of young 
fish from crowded to less-crowded areas 

Recent research has shown that invertebrate com- 
petitors of fish on the sea bed, such as starfish, are 
much more important in limiting the potential supply 
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of food available to fish than was formerly reahzed, 
and that at least m lhnmuted areas such pests mught 
be greatly reduced in numbers by specialized 
trawling 


To summarize, the following are among the mam 
considerations that emerged fiom the symposium 

(1) The rapid rise in world population makes ıt 
doubly important that there should be ine1eased 
production and much bette: utilization for human 
food of land fauna, both domestic and wild, and of 
sea fauna. 

(2) The potentialities of such increased production 
are large if present agricultural, animal husbandry 
and fisheries knowledge 18s effectively apphed, and 
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if the utihzation of wild animals 18 conducted intel- 
hgently and under adequate control, these potentiah- 
ties are immense if sufficient research effort 1s directed 
towards the further acquisition of knowledge in these 
fields, particularly in that of marine biology 

(3) The rate of progress n nnproving the protein 
status of malnourished populations will depend 
largely on mdigenous decisions to correlate their 
farming and thew fisheries policy with indigenous 
nutritional needs, and actively and continuously to 
stimulate the mtelhgent knowledgeable local produe- 
tion of fish, flesh and fowl 

The proceedings of the symposium will be pubhshed 
by the Institute of Biology (41 Queen's Gate, London, 
S W 7) H D Kay 


FIFTH INTERNATIONAL CONGRESS OF BIOCHEMISTRY 


T fifth Internatıonal Congress of Biochemistry, 
orgamzed by the USSR Bıochemcal Society 
and sponsored by the International Umon of Bio- 
chemistry and the Academy of Science of the USSR, 
was held m Moscow durmg August 10-16, under the 
presidency of Academician A I Opern The 
scientific sessions were held in the unposing building 
of the University of Moscow which stands on the Lenin 
Hills and overlooks the historic city The number of 
registered participants, about 4,500 together with an 
additional 1,000 or so guests of the O: ganizmg 
Committee, was larger than any previous congress, 
and ıt seems that each congress, from the first, which 
was held in Cambridge in 1949, to the present one 
in Moscow, attracts more and more workers who are 
interested in one or many aspects of the bioad 
subject of biochemistry 

The congress held 1ts opening ceremony in the 
impressive Palace of Sports of the Central Lenin 
Stadium and the session closed with a masterly 
lecture on “The Structure and Function of Sub- 
cellular Particles", by Prof D E Green (Umted 
States) Unfortunately, poor projection facilities 
reduced the enjoyment of many participants who 
were not fortunate enough to be seated near the front 
of the huge lecture hall The plenary session was 
followed by a most enjoyable concert given by the 
Moscow Symphony Orchestra 

The scientific programme which followed included 
a series of symposia, and between two and three 
thousand original contributions given under the 
auspices of twenty-eight sections The main congress 
symposia were held m the large assembly hall of the 
University or in auditoria of ample seating capacity 
and were well attended throughout The symposia 
covered the following subjects (1) Biological Struc- 
ture and Function at the Molecular Level (president, 
M F Perutz, Great Britain), (2) Functional Bio- 
chemistry of Cell Structures (O. Lindberg, Sweden), 
(3) Evolutionary Biochemistry (S Ochos, United 
States), (4) Molecular Basis of Enzyme Action and 
Inhibition (P Desnuelle, France), (5) Intracellular 
Respiration Phosphorylating and Non-Phosphorylat- 
ing Reactions (E C Slater, Holland), (6) Mechanism 
of Photosynthesis (H Tamuya, Japan); (7) Biosyn- 
thesis of Lipids (G  Popják, Great Britam), (8) 
Biochemical Prmerples of Food Industry (E Pyanow- 
ski, Poland) The mam speakers in these sessions 
were allowed up to forty munutes to develop 


their subject and the subsequent speakers fifteen 
minutes, & half to three-quarters of an hour 
bemg set aside at the end of the session for 
discussion The time proved to be adequate, and 
the discussions were usually lively The arrange- 
ments for simultaneous translations m these meet- 
mgs were excellent. 

Among the many important communications given 
in the symposie Dr. Britton Chance’s demonstration 
of a new effect m the field of intracellular respiration 
predicted on theoretical grounds some years ago 
by Sir Hans Krebs, namely, the reversal of the 
direction of electron transfer 1n isolated mitochondria 
occurring on the addition of adenosine triphosphate 
and leading to a reduction of pyridme nucleotide 
was particularly noteworthy, as were Prof A L. 
Lehnmger's report on a preparation of hitherto 
unrecognized components of the chain of oxidative 
phosphorylation and their relation to the swelling 
and contraction of mitochondria, and Prof Lynen’s 
account of the advances he and his colleagues had 
recently made in the understanding of the role of 
(+)-biotin as & coenzyme of carbon dioxide fixation 
and transcarboxylation Prof E P Kennedy 
(United States) gave an outstanding lecture on lipid 
biosynthesis There were, of course, many other new 
and interesting aspects of fundamental problems 
presented at the congress, but the author, ın common 
with other participants, was able to hear only a small 
part of them. Pre-prints of the main congress lectures 
and of the contributions to the symposia were available 
to particrpants before the meetmg 

Probably the largest part of the scientific pio- 
gramme was associated with the activities of the 
twenty-eight sections which held their meetmgs and 
discussions m nearly as many rooms scattered 
throughout the very large University building and 
in the Departments of Physics and of Chemistry 
situated a few minutes walk from the mam building. 
Two of the Sections, those concerned with Immuno- 
chemistry and the Biochemistry of Mahgnant 
Tumours, held ther meetings in the Sternberg 
Institute of Astronomy, which was unfortunately 
about a 15-mm walk away from the site of the mam 
congress activities 

Each section had its own interpreter, and language 
difficulties were thereby reduced to a munimum 
Abstracts of the short communications were available 
in the form of a separate book, and where the text 
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was submitted in Russian, an English tianslation was 
also provided. 

A Russian version of the whole of the congress 
proceedings is to be published by the U.S.S R 
Academy of Science and a corresponding publication 
in English (10 vols.) will be made by the Pergamon 
Press, Ltd These volumes are m course of prepara- 
tion. 

There was a useful display of scientific apparatus 
originating from fourteen countries, and an attractive 
exhibition of modern books dealing with all aspects 
of biochemistry and pubhshed in many different 
countries 

A significant achievement, admittedly not directly 
a part of the congress, was the appearance of the 
report of the Commission on Enzymes, of the Inter- 
national Union of Biochemistry This document, 
which is the first official attempt to put enzyme 
nomenclature on an international basis, 18 the work 
of a group of acknowledged experts under the char- 
manship of Dr Malcolm Dixon of the University of 
Cambridge. It makes an outstandmg and much- 
needed contribution to modern enzymology. 

Most of those attending the congress were accom- 
modated in the student quarters of the Unrversity 
or ın two of the largest hotels in Moscow, Hotel 
Ukrame and Hotel Mockba The problems which 
arose through accommodating so many visitors in 
so short a time were finally sorted out, although only 
after some participants had suffered considerable 
inconvenience It was generally agreed, however, 
that once one had found the accommodation for 
which one had origmally asked, the standard of 
comfort was all that could be desired ‘Transport 
between the University and hotels was well man- 
tained throughout the congress by an excellent bus 
service The hosts were most generous with their 
hospitality and Academician Oparin gave a series of 
most delightful receptions to the participants ın the 
symposia There was & series of mteresting tours 
arranged by Intourist. 

The participants from the Commonwealth much 
appreciated the kindness of Sir Frank Roberts, the 
British Ambassador in the USSR, who held a 
reception so that British participants might entertam 
their Russian colleagues who had given so much tıme 
and made so much effort to make the congress the 
scientific success 16 undoubtedly was 

Plans for the next international congress are by now 
under serious consideration, and 1t must be m the 
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minds of the orgamzers that it will be attended by 
an even greater number of scientists than were 
present in Moscow this year It 1s clearly impossible 
for any one person to attend more than a few of the 
sessions, and it is also evident that ten minutes for 
the presentation and discussion of each ordinary 
communication 18 madequate It might, therefore, 
be worth considermg whether a more satisfactory 
piocedure for use at future congresses would be to 
restrict the number of speakers, without limuting 
the number of papers communicated by title and 
circulated ın the form of abstracts A hmuitation 
of this kind would also reduce the number of simul- 
taneous sessions, which, ıt 18 generally agreed, are far 
too many at large mternational congresses ın which 
there are only four or five days to present and discuss 
all the papers submutted by the participants 

Perhaps to-day the long notice required to publish 
and pre-circulate abstracts of the scientific contribu- 
tions makes 15 unlikely that anything really new will 
be announced at an international congress Probably 
the most valuable function of such a meeting 18 to 
bring workers together to take part in symposia and 
to engage in informal discussion, where they can 
estimate their progress or thrash out their differences 
or misunderstandings ın small rooms or quiet corners 
which are set apart for such gathermgs, but which are 
withm easy reach of the mam meeting rooms and 
where light refreshments would be available. 

The fifth International Congress in Biochemustry 
was the largest congress yet held m the USSR and 
it was obviously well supported by the Russian 
Government It 1s generally recognized that the more 
biological aspects of science in the USSR have up 
to the present received far less attention than have 
the physical and engineering sciences, but the 
impression gained was that there 1s a growing aware- 
ness of this relative neglect, and that there was an 
awakening to the fact that biochemistry and other 
biological subjects must ın future recerve the support 
they so justly deserve and need 

The closing plenary session was especially note- 
worthy for the outstanding and wformative lecture 
on “Protems, their Function and Structure" grven 
by Prof F Sorm (Czechoslovakia) This was followed 
by a number of short addresses of appreciation by 
delegates from several countries, after which the 
president closed the proceedings and formally 
announced that the next congress would be held m 
New York in July 1964 W T J MORGAN 
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ATTENTION AND IN-ATTENTION IN NEUROPHYSIOLOGY’ 


By L. GOLDIEt and Mas J. M. GREEN 
Institute of Psychiatry, Maudsley Hospital, London, S.E 5 


Ree advances in neurophysiological tech- 
niques have enabled objective evidence to be 
readily and rehably obtamed during long recordings, 
and cortical and subcortical electrical events to be 
examined. 

Despite this there has been httle merease in the 
understanding of the working of the human brain 


- * Substance of & paper read at the Ninth Latin American Congress 
of Neurosurgery during a symposium on the “Physiological Basis of 
Mental Activity", October 1961. 


f Present address The Fountam and Carshalton Group, Queen 
Mary’s Hospital for Children, Carshalton, Surrey 


as it relates to mental experience Much experimental 
work in the past has centred on the animal brain 
Transposition of the theories derived from such studies 
to the special problem of the human bram has 
resulted in the formulation of certam philosophical 
devices to overeome complexities by narrowing the 
observations within certain controllable limits 

But philosophical issues must inevitably be 
subjected to the test of practical experrments 
The Dualists, ın supporting a metaphysical theory 
of 1eality, regarded the mind as having an mdependent 
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existence, and since this was considered to be beyond 
the reach of natural science discounted it in formal 
experiments. The psycho-physicists, exemplified 
by Fechner did much the same thing when they 
narrowed the lrmits of ther experiments by attempt- 
ing to exclude the effects of subjective factors, and 
then concentrated on the properties of the stimulus 
which they expressed m terms of mathematical 
formule. Pavlov went even further and chose to 
disregard the subjective factor altogether, assummg 
physiology to be a sufficient explanation of the mind. 
Psychophysical paralleism, on the other hand, 
while acknowledgmg essentially human manifesta- 
tions to be accompaniments of physical activity m 
the bram, considered them to vary concomitantly 
without one affecting the other and therefore to be 
outside the scope of experimental method 

These manceuvres have resulted m any effect of 
mental life beng disregarded, and have led to the 
emphasis bemg placed on the physical attributes of 
stimuli But the problems imposed are the very essence 
of conscious human being and to simplify them 1s to 
destroy the very quahty that it ıs hoped to study 
Such writers as Helmholtz!1, Wundt? and James? 
were not restricted by metaphysical considerations 
and evinced an open-minded acceptance of the 
available facts m the context of the fundamental 
issues raised, discussing them comprehensively and 
elegantly By the same token Sherrington* and 
Adrian! reiterated the unanswered problems impressed 
on them by their expermnents and observations on 
human subjects. Thus Adrian comments that 
“though one bram may look hke another, what ıb 
does 1n response to a stimulus may be quite different 
because 1t depends on all the bram has done since 
it was first in action” This central problem remams 
and has become of paramount importance 1n neuro- 
physiology, where inconsistent results of experiments 
and some routme findings on human subjects have 
not been fully explained by a physiological stamulus- 
response association9-!, 

In this article the attempt has been made to 
examine aspects of the fundamental psychological 
processes of attention and apperception, considering 
also the terminology that may usefully be applied 
and then to relate these to physiological changes 
Some common-place phenomena such as may bo 
geen in routme and experimental neurophysiological 
recordings are considered and used for illustrativo 
purpose to support the suggestion that results, which 
on superficial examination appear to be random, may 
be better understood if, when causal analysis 18 
attempted, the mental no less than the physical 
characteristics of the human subject are accepted and 
used as data 

An elementary mstance of this approach ıs provided 
by the psychogalvame skm response, the variation 
of which m occurrence was apparent during mterviews 
recorded on this unit. (Electrophysiological experi- 
ments performed by us utilized two small rooms, one 
for the patient and one for the apparatus, linked by a 
one-way screen. The observer in the patient’s room 
was kept informed of events m the instrument room 
via an mtercommunicating system lnked to a deaf- 
aid earpiece The electroencephalogram and appro- 
priate peripheral ancillary recordings were made 
durmg interviews The sessions were recorded on 
magnetic tape and these were correlated with the 
electroencephalogram, which could also be marked 
by the observer using a marker-button ) It was 
observed that incidertal door bangs from the corridor 


No 4808 


NATURE 


1117 


usually elicited a response in subjects and patients 
when they were waiting for the observer to enter the 
room During the interviews, however, though 
psychogalvanic skin responses were occurring m 
conversation, they were rarely seen in relation to 
door bangs (the latency of the response to a known 
stimulus having been established) When a response 
did occasionally occur to a door noise, 16 was found 
on cursory examination that the interview material 
usually indicated that at such times the entry of 
another person (such as an unauthorized person or @ 
nurse with an injection tray) would, for example, 
have been a frightening or embarrassing possibility 
Here ıb appears that the assessment of the physical 
properties of a stimulus is alone insufficient to 
account for the behaviour of these responses 

The question of adaptation was considered and m 
the experimental situation when sound and hght 
flash stimuli were repeated for some time without 
mstructions, responses were produced that tended 
to ‘habituate’, that 1s, to decrease and disappear 
However, when subjects then performed a series 
of tasks each one commencing when the stimulus 
sounded, the response was shown to behave differ- 
ently and to alter with each repetition of the stimulus. 
These tasks involved mental mmagery and concen- 
tration, and there were experments with simple 
hand or finger movement and variations with touch. 
From such experiments ıb appeared that when the 
physical conditions of an experment, including the 
stimulus, remained the same, variations m the 
response could be causally related to mental activity 
We are reminded by Adrian" that “tho method of 
experiment 18 to relate the stimulus to the resulting 
response but this ignores the fact of attention to the 
stimulus”, the crucial consideration in this sense 
and in our experiments hinges on the meaning of the 
word ‘attention’ 

When recognizing attention or mental activity one 
should perhaps first consider the distinction between 
the external world of objective realty and the 
reflexion of this m the mternal world of psychical 
reality The description of a stimulus by an observer 
must necessarily have a limited connexion with the 
response, for the stimulus occurs m the external world 
of the subject while the response 1s related to his 
internal world The response to the stimulus will 
therefore be governed by the ‘significance’ that the 
stimulus has for the individual subject at any particu- 
lar moment 

In another context this 1s very obvious when one 
considers a child reacting with a temper tantrum 
to something we may think 1s mnocuous In terms 
of the external world the child’s reaction 18 1nappro- 
priate, but the situation as depicted m the mner world 
of the child may explam the behaviour “In a 
tantrum the violence of the physical struggle bemg 
due to 1nternal changes such that [he] becomes blind 
and deaf to external realiby!?". This 1s further illus- 
trated by an experiment of Sharpey-Schafor et al !*, 
who investigated the mechanism of acute hypotension 
from fear or nausea m s series of patients submitted to 
anesthesia for dental operations He demonstrated 
that m four out of five subjects m whom acute 
hypotension occurred during the administration of 
gas, arterial pressure fell before the mask was placed 
on the faco The dental surgeon and anesthetist 
did not recogmze that severe hypotension was 
present and were apé to call this stato ‘a nice quiet 
gas’ The result was therefore attributed to the 
wrong ‘cause’ and had tradition not ordained that the 
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patients be lam flat the outcome would have been 
irreversible The author comments "It 1s suggested 
that emotional stimulation of the heart beat and a fall 
ın cardiac filing pressure caused virtual emptying 
of a ventricular chamber durmg systole which fires 
the afferent mechanism of the famt reflex". 

In electiophysiological experiments Hernández 
Peón!5 recorded the occipital responses to smgle 
hght flashes usmg subcortical electrodes and found 
that the response amplitude became larger with the 
increased intensity of the ight Keeping the bright- 
ness constant he then suggested alterations m intensity 
and demonstrated that the occipital responses to hght 
flashes showed a greater change m hne with sugges- 
tions than with objective variations ın light mtensity 
It may be said that subjective factors influenced some 
facet of ‘attention’ paid by the patient to the hght 
flashes and this determined the variations in the 
occipital responses Hence these reactions can be 
better comprehended when they are thought of as the 
result of object relationships in the internal world 
This reasoning must also apply m the tantrum and 
dental situations 

A comparable instance was observed by us! 
during an intensive study of & case of sensory reflex 
epilepsy A clear-cut electrical wave-form occurred 
in the left parietal cortex when the patient rubbed 
the right side of his face, which was also associated 
with the production of a fit, and the experiments 
showed that this could also be effectively produced 
by psychological means alone Durmg experimental 
sessions on this patient ıt was demonstrated that the 
electrical response, besides occurring when he rubbed 
his face, appeared when he made the rubbing move- 
ments without touching his face (the patient was 
hypnotized) It was confirmed statistically that this 
psychological stimulus was just as effective for the 
evocation of the wave-form as actual rubbing The 
null hypothesis was tested that this response could 
have happened by chance alone and was shown to 
be highly improbable The electrical response also 
appeared when he anticipated rubbing his face, and 
it occurred when he was asked to magine rubbing 
his face, or when he imagined having a fit this was 
demonstrated m the laboratory and while recording 
directly from the brain exposed at operation At 
other times the occurrence of the electrical activity 
during conversation appeared to be related to certain 
topics. 

Consequent to these findings another sample of 
recordings was examined to determine the frequency 
of similar episodes occurrmg during the resting state 
when stimul were not dehberately bemg given. 
It was established that durmg & period of 15 hr 
35 mun. recording time, the electmcal response 
appeared only on ten occasions unrelated to any 
known stimulus, but on forty occasions was temporally 
related to happenings that had been noted on the 
record (for example, intermittent noises, meluding 
the telephone and people entering the room, eto ) 
It was then shown that during a much shorter period 
of 3 hr. 28 min recording time, under experimental 
conditions, the response appeared on thirty-five 
occasions in relation to known psychological stimuli, 
statistically exceeding anything that could occur by 
chance alone These instances show that a causal 
sequence may be established using data that at first 
sight appear to be random or spontaneous 

In another experiment performed on the same 
patient in the hypnotic state an attempt was made to 
produce an anzsthesia of the mght cheek Loss of 
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sensation was suggested, and when the night face was 
touched by the observer there was no change in the 
electroencephalographie record On another occasion, 
however, the suggestion was worded differently and 
the patient was told that the right side of his face 
was "frozen and insensitive" Contrary to what was 
expected the electrical response was rmmediately 
evident at high amplitude when this area was touched, 
but did not similarly occur when he was touched 
elsewhere on the face (Fig 1) After this session the 
patient volunteered the mformation that he had been 
surprised and impressed to find that his mght face 
had felt intensely cold. It was thus evident that his 
interpretation of the suggestion had differed from 
that which had been intended and that he had in 
effect focused ‘attention’ on this area of the face 
instead of away from it Here the only clue to the 
unexpected results lies in the mformation the patient 
provides regarding his mterpretation of the suggestion 
It appeared that the factors governing the result 
ineluded the direction of attention, the exclusion of 
other matters, and possibly the amount of effort 
involved in the task 

The evidence presented estabhshes that a relation- 
ship can be demonstrated between mental activity 
and physiological changes But to understand some- 
thmg of this problem 1t 1s first necessary to examine 
aspects of the process of attention and then to use 
descriptive terms that have practical apphcation 
Wilham James? and Adnan’? describe attention as 
consciousness being occupied by one thing at a time, 
to Sherrington‘ attention was but a further applica. 
tion of the rule that "unlike refloxes have successive 
but not simultaneous use of the common path 
Expressed teleologically, the common path, although 
economically subservient for many and various 
purposes, 18 adapted to serve but one purpose at a 
time Hence ıt is a co-ordmatmg mechanism and 
prevents confusion by restricting the use of the 
organ, its ‘minister’, to but one action at & time.... 
The resultant singleness of action from moment to 
moment 1s a keystone m the construction of the 
individual whose unity 1b is the specific office of the 
nervous system to perfect The interference of 
unhke reflexes and the alliance of hke reflexes in 
their action on their common paths seem to he at 
the very root of the great psychical process of 
‘attention’ "' 

The application of attention to one thing at a time 
necessitates the simultancous withdrawal of attention 
from everything else that is not attended to This 
is described as ‘in-attention’, and produces a deserip- 
tive hiatus In an attempt to resolve this difficulty 
Freud's concept of mental energy!5 is put forward 
for consideration “The Pre-conscious has at tts 
disposal for distribution a mobile cathectic energy, 
a part of which 1s familiar to us m the form of 'atton- 
tion" " This idea of a constant amount of mental 
energy was first formally proposed by Cabanis?® 
“Sensibility seems to behave hike a fluid whose total 
quantity 1s fixed and which whenever ıb pours mto 
one of its channels in greater abundance becomes less 
in others” and ıt was referred to again by Janet 
Using this concept some resolution of the semantic 
problem 18 possible An object engaging our attention 
could be said to bo endowed with a special significance 
and meaning, and result in a redistribution of cathec- 
tic energy While this energy 1s focused on one 
object, there 1s simultaneously a reduction of energy 
available for other objects When an object 18 
weakly cathected, another object may readily sup- 
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plant it in common parlance ıt may then be said 
that we are ‘easily distracted’. 

This formulation may be applied to lambda-wave 
investigations”*, where 15 was an unequivocal finding 
that ın the majority of control subjects tested, hght, 
eye movement and some facet of psychological ‘set’ 
were all necessary for the evocation of lambda-waves 
in the ocerpital cortex when looking at a picture It 
appeared that interest, effort or the focusing of atten- 
tion m & particular direction were necessary, that 18, 
the picture had to be ‘cathected’ The problem, 
however, remains as to whether recorded changes 
may be due to ‘attention’ or ‘in-attention’ or due to 
the process of redistribution of cathectic energy 
Adrian’? in 1934 and afterwards, by his exhaus- 
tive examination of the alpha rhythm on hrmself 
and his co-workers, makes the consideration of such 
mental processes inevitable He speaks of closing 
the eyes with the automatic withdrawal of attention 
from visual phenomena . . . “we try to see in the 
dark when the subject does not expect to see any- 
thing the rhythm persists" “A problem that contains 
the whole attention even with the eyes shut will 
block the rhythm, it will return as soon as the 
‘attention’ wanders”. “The rhythm 1s stopped if 
the whole attention 1s involved Perception of light 
does not affect it perception of pattern or the 
attempt to perceive 1$ does" 

Characteristically the alpha rhythm of the human, 
while varying enormously from subject to subject, 
when fully developed, remains of constant form for 
the mdividuel. The phenomenon has much in eom- 
mon with that seen in the water beetle?’. and w pre- 
sumably connected with basic biological activities 


necessary for survival, though in human begs the 
added cerebral organization obscures and complicates 
the connexion In man, vision 1s the dominant sense 
and the only one that can be voluntarily controlled, 
and ıt ıs perhaps not without reason that the alpha 
rhythm ıs most easily mfluenced by the act of openmg 
and closing the eyes It may also be modified by 
psychological factors, the exammation of which 
inevitably concerns us with the central process of 
attention Openmmg the eyes must involve at a 
primitive level the ‘taking m’ of visual information 
from the external world which confirms or denies 
the possibilities arising as a result of sensory input 
from other modalities. Similarly, closmg the eyes 
may shut out visual stimuli arriving from the external 
world but also has the effect of increasmg dependence 
on other sensory information which 1s interpreted in 
the light of past experience — With such an act these 
interpretations become prepotent because they now 
lack the possibility of visual checking with reahty. 
These considerations therefore make ıb necessary to 
try to examine the physiological changes in terms of 
a relationship with the mental counterparts of physi- 
eal acts This possible relationsmp was found to 
occur m the case of sensory reflex epilepsy already 
described where the mental counterpart of the physical 
act was shown to be as effective in evoking the eleetri- 
cal response as actual rubbing of the face 

That psychological factors can mfluence the alpha 
rhythm behaviour may be well illustr&ted by the 
occasions of its appearance and non-appearance 
and its fluctuations, durmg recorded interviews or 
silences, when the eyes were kept open or closed The 
significance or meaning that the situation had for 
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the subject, and also the amount of continued ‘force’, 
‘effort’, or ‘cathectic energy’ that was invoked 
appeared to be but two of the factors that could 
inhibit the alpha rhythm ‘This was particularly 
promunent with visualization 

It was, however, notable that the rhythm could 
be both evoked or mhibited when speech started or 
stopped This was surprising, since one might expect 
the rhythm to be inhibited on the commencement of 
conversation and to reappear on its cessation 
Furthermore, when ib was shown that ono subject, 
who had a sensitive high-amphtude alpha rhythm 
which was classıc in behaviour, was attending closely 
to a discussion which at one stage involved the 
description of a biological film, his alpha rhythm 
continued unabated Not only was the subject kept 
deeply involved but when electronic sound stimuh 
were introduced during the discussion they failed to 
effect any alteration ın the alpha rhythm or to elicit 
a psychogalvame skm response within 3 sec of 
the stimulus From these observations and some 
experiments involving mental tasks which produced 
inconsistent results ıt appears then that attention 
cannot be considered or discussed in psychologically 
unsophisticated terms 

That mental processes could be related to physio- 
logical functions was recognized by Darwin?! when, 
for example, he wrote . . . “Blushmg is not only 
voluntary, but the wish to restrain 1t by leading to 
self-attention actually mcreases the tendency” 
and. . “the reddenmg of the face from a blush 1s 
due to the relaxation of the muscular coats of the 
small arteries, by which the capillaries become filled 
with blood, and this depends on the proper vaso- 
motor centre being affected" Reflecting on the 
mental state that produces blushing he wrote 
“Tt ıs not the simple act of reflecting on your own 
appearance, but the thmking what others think of 
us which excites the blush" A brief consideration 
of deceptively simple phenomena therefore yields 
complexities: paying attention to a person will not 
of itself produce a blush without the mtervention of 
affective factors In Darwin’s example ıt may be 
said that an affective response has been induced 
by a mental mage which is endowed with certain 
attributes here the evocative stimulus is not the 
object m the environment but the feelings we have 
about ıt or 1ts supposed intent 

With the above presumptions we may with profit 
re-examine other situations which remain causally 
enigmatic Of the epilepsies, the ‘reflex’ type 1s 
perhaps most pertinent simce there ıs an apparently 
specific stimulus response association Apart from 
the case of sensory reflex epilepsy already quoted it 
was found in other cases that the causal connexion 
was not a simple one and that the emotional substrate 
had to be considered ‘The clearest demonstration 
of this was provided by three patients suffermg from 
musicogenic epilepsy where the music alone was 
shown. not to be directly and consistently responsible 
for the fits. In our experiments the metronome 
sounds and gramophone-record music alleged by the 
patients to precipitate fits were presented. Apart 
from rare occasions when fits occurred, the patients 
reported that the stimulus had not produced the 
feeling that occurred when a fit was mmmuent, 
Conversely, fits occurred when there was a marked 
emotional response to the music, and this was often 
accompanied by an electroencephalographic change 
This observation has already been noted by Critch- 
ley?*, Shaw and Hull®* and others. Therefore ıb can 
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only be the psychological import of the stimulus that 
produces the evocative effect 

The function of the affective labelling of experience 
governing behaviour and the direction of attention 
may be illustrated by a patient with an obsessional 
neurosis which in this connexion was a case of singular 
interest (details of which are to be published else- 
where) In response to a specific word or allusions 
to it, the patients blood pressure rose from 185/124 
to 230/155 He became extremely distressed, restless 
and anxious, and tred by every means to avoid the 
conversation which was for him disturbing. This 
patient was seen again after he had been subjected to 
a leucotomy and the rise in diastole and systolic 
pressure was then even more rapid and was still 
sufficiently alarming to prevent mention of the word 
By contrast there was, however, a striking clinical 
change, for there was a noted absence of observed o: 
reported experience of anxiety, though the pressor 
response was even more marked. There were no 
attempts by the patient to remove himself from the 
Stimulus as he had done before leucotomy because his 
protective mechanism utihzmg anxiety agamst a 
dangerous rise in blood pressure had been interfered 
with. Focusmg of attention cannot simply be 
governed by the conscious discernment of certam 
properties of the environment, and the word pre- 
sumably had a particular unconscious meaning for the 
patient and was attended to in a particular way 
because of the subjective experience of anxiety. 
This 18 but an exaggeration of the normal process 
whereby objects are attended to and distmguished one 
from another by their affective value, differentiation 
being ultimately impelled by pain/pleasure considera- 
tion This complex and indirect connexion with an 
objective stimulus could also be said to apply to the 
cases of reflex epilepsy 

Our discussion has raised certain theoretical ques- 
tions inherent in any work on conscious human beings. 

Startmg with some considerations that arise out of 
hmited. neurophysiological studies ıt has been neces- 
sary to re-appraise the fundamental question of 
attention and the approach to this problem ‘The 
waking state, and therefore consciousness, 18 con- 
ceived of as & theoretic state which 1s inferred when 
discrimination is exercised in attending to internal 
as well as external stumul:, the switchmg of attention 
from ono thing to another further implies an executive 
function performed by the ego which organizes 
information that 1s not m consciousness (pre-con- 
scious) into a probability hierarehy awaiting entry 
into consciousness. Emstem*! concerned himself 
with the stimulus response problem when he asked, 
"What, precisely, is ‘thinking’? When, at the 
reception of sense-lmpressions, memory pictures 
emerge. . (and) Ib is by no means necessary that 
‘concept’ must be connected with sensorily cognizable 
or reproducible sign (word), but when this 1s the 
case thinking becomes by means of that fact com- 
municable ... For me 16 18 not dubious that our 
thunkmg goes on for the most part without use of 
signs (words) and beyond that to a considerable 
degree unconsciously” (note, his brackets) 

Adrian?* said that “research has shown how 
information gets mto the brain but not how the brain 
reacts to it" It is apparent from physiological 
studies that sensory input ıs always the same, from 
whatever organ, so that ib 18 the arrival pomt that 
determines whether we see or hear, and contact 
with reality is necessarily retrospective But to 
determme what in consciousness we see or hear, 
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we have to be concerned with the psychological 
aspects of attention or mattention based on repre- 
sentations that are an amalgam of sensory input, 
past experience and gymbohzation Psychical reality 
consists therefore of very individual representations 
The focus of attention 1s the product of these factors 
and m the process the peripheral receptors may be 
affected?** The relating of psychical to physiological 
events is therefore necessary in neurophysiological 
experiments. ‘The usual causal equation of objective 
stimulus and objective response lacks the mter- 
position of the psychical stimulus with the mental 
and emotional reactions This leads us to consider 
the terms that have to be used to describe such 
observations Generalizations based on these 
accounts require the use of psychoanalytic concep- 
tions, to avoid the too-ready assumption that there 
18 & simple psychological event directly accounting 
for a physiological change 

Thus we are led to suggest that there are comple- 
mentary points of view that are both necessary for 
the understanding of perceptual processes In such 
experiments we have two observers: the experimenter 
with his objective recordings, and the subject who 
1S an introspective observer who attempts to report 
on the content of consciousness, that 18, that on which 
attention 1s focused Since the latter’s account 1s 
retrospective, he necessarily uses complementary 
terms to describe a state of mind, at the same time 
being subject to a continuous experience Philosoph- 
ical issues concern us less than the epistemological 
difficulties of dealing with two such streams of 
information and the attendant problems of com- 
munication 


This work was supported by a grant from the Ford 
Foundation, at the Institute of Psychiatry, The 
Maudsley Hospital, London 
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AMINO-ACID SEQUENCE OF HORSE HEART CYTOCHROME C 


Peptides released by Digestion with Chymo- 
trypsin 
Él bec only part of the amimo-acid sequence of 
cytochrome c which has been established so far 
18 the region to which the hem 1s attached! through 
thioether bonds between the two cysteime residues in 
the peptide chain and the side-chams of the proto- 
porphyrin? Since the conformation of the entire 
protein has a profound mfluence on the enzymatic 
and physico-chemical properties of the prosthetic 
group?, an understanding of the mterplay of structure 
and, function in cytochrome c, as well as of 158 reactions 
with other components of the termmal oxidation 
chain, must be based on an accurate knowledge of 
the entire protem As a first step towards the 
elucidation of the structure of cytochrome c, a study 
of its complete amino-acid sequence was under- 
taken The present communication discusses the 
peptides recovered from chymotryptic digests of 
horse heart cytochrome c. 


Methods and Amino-acid Sequences of Peptides 


Horse heart cytochrome c (ref 4) was purified by 
twice chromatographng on ‘Amberlite IRC-50’ 
(ref 5) Chromatographie fraction I, the enzymatic- 


ally fully active protein, containng 0 45 per cent 
won, was denatured in 60 per cent ethanol The 
lyophilized denatured protem (100 yumoles) was 
digested at room temperatme for 29 hr with a 
twice-recrystallized chymotrypsin preparation which 
exhibited no detectable tryptic activity ‘The mıx- 
ture was maintained at pH 78 with an automatic 
titration apparatus, and 2 per cent by weight of 
chymotrypsin was added three times durmg. the 
course of the digestion The complete digest was 
chromatographed at 40° on a column of ‘Dowex 
50 x 2? 37 em x 150 em with volatile pyridine— 
acetic acid buffers by applymg & lmear gradient 
of pH. and ionic strength from 02 M at pH 34 
to 20 M at pH 50 The peptides m each fraction 
were purified further by various combinations of 
electrophoresis and chromatography on paper The 
amino-acid composition and the purity of each 
peptide isolated were determined by analysing surt- 
able aliquots after acidic or enzymatic’ hydrolysis 
on the automatic amino-acid analyser of Spackman, 
Stem and Moore’ All purification steps were guided, 
and their efficacy monitored, by use of the two- 
dimensional electrophoresis-chromatography tech- 
nique of Ingram? The yields of peptides were 
calculated from the analytical data on the final 
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Table 1. PEPTIDES OBTAINED FROM HORSE HEART CYTOCHROME ¢ BY DIGESTION WITH CHYMOTEYPSIN 
No -C* Sequence Yield (per cent) 
XIXa Acetyl (Asp,Gly) Val Glu Lys.Gly Lys Lys Deu Phe (N-terminal peptide) 94 
XXXIII Yal GUN H, Lys Ki Ala Glu-NH, TR Thr Val Glu Lys Gly Giy Lys H1s 60-70 
_—hm —— 
XXVa Lys Thr Gly Pro Asp-NH, (Leu,His) Gly Leu Phe 63 
XXVIa Gly Arg Lys Thr Gly.Glu-NH, Ala Pro Gly Phe 62 
XIIIa Thr Tyr $8 
XXa Thr Asp Ala Asp-NH, Lys Asp-NH, Lys.Gly Heu Thr Try 44 
XVIIIb Lys Glu Glu Thr Leu Met Glu Tyr 4% 
XAIVG Leu Glu Asp-NH, Pro Lys Lys. Tyr 49 
XVIIa Ileu Pro Gly.Thr Lys Met 47 
XIVa Ileu Phe 58 
REVUE e Gly Ieu Lys Lys Lys Thr Glu Arg Glu.Asp Leu (Ueu, Ala) Tyr Ys 
a u 
XXIe Lys Lys Ala Thr Asp-NH, Glu (C-terminal peptide) 44 


* Peptides are designated by the prefix C to indicate their origin from a chymotryptic digest. The fraction number indicates the sequence 


of elution from the 10n exchange resin 


products and thus represent only minimal values, in 
some cases probably as much as 25—30 per cent less 
than the actual yields, because of variable losses 
during purification and because the original column 
chromatographic fractions were pooled to obtam 
as pure fractions as possible 

The amıno-acıd sequence of each peptide was 
established by combinations of chemical and enzym- 
atic methods appropriate to each particular case 
The chemical procedures used were the dintro- 
phenylation technique of Sanger? for the identifiea- 
tion of ammo-terminal residues and the Edman 
method" for the sequential identification of amino- 
acids in peptides At each step of the Edman pro- 
cedure, in addition to the chromatographic identifica- 
tion of the phenylthiohydantom of the N-terminal 
amino-acid, an aliquot of the residual peptide was 
hydrolysed and 1ts ammo-acid composition quantita- 
tively established Digestion with leucme amuno- 
peptidase’! or with carboxypeptidase A often per- 
mitted identification of N-termmal and C-terminal 
residues or short sequences, respectively When 
digestion of peptides with endopeptidases, such as 
trypsin and papam, was performed, the resulting 
derived peptides were purified and the composition 
and sequence of each one were established by the 
methods already cited 

The sequences of the chymotryptic peptides 
isolated from horse heart cytochrome c are listed m 
Table 1 Except for the hem peptide, the peptides 
given m Table 1 are only the longest peptides isolated ; 
n most cases shorter peptides were obtaimed ın much 
higher yields than the ‘overlapping’ long peptides 
The yields cited represent the sum of the yields of 
the shorter and longer peptides meluded in a given 
sequence 

In the column chromatography of the onginal 
chymotryptic digest, the mam hem-containing 
peptide could not be eluted from the “Dowex-50’ 
resin It was prepared from another digest by 
column chromatography on ‘Amberlite JRC-50’. 
Since the enzymatic hydrolysis ın this experiment 
was not carried to completion, the hem peptide 
obtained was larger than the hem peptide of which the 
amino-acid sequence 1s given in Table 1 and which 
represents the minimal chymotryptic ‘core’ of cyto- 
chrome c 

The peptides recovered from the chymotryptic 
digest represent the entire amino-acid complement 
of horse heart cytochrome c, the composition of which 
was determined by analysis of acid hydrolysates 
(Margohash, E, Hill, R L, Kimmel, J R, and 
Schmidt, W R , paper in preparation) Try, 19 Lys, 
3 His, 2 Arg, 3 Asp, 5 Asp-NH., 10 Thr, 9 Glu, 
3 Glu-NH,, 4 Pro, 12 Gly, 6 Ala, 2 CySH, 3 Val, 
2 Met, 6 Heu, 6 Leu, 4 Phe, 4 Tyr The amide 


distmbution was determmed on enzymatic hydro- 
lysates. 


N-terminal and C-terminal Sequences 


The first peptide listed in Table 1 behaved abnorm- 
ally. It contamed three lysyl residues and one 
each of glutamic acid and aspartic acid and would, 
therefore, be expected to have an overall positive 
charge at near neutral pH values, however, on electro- 
phoresis at pH 6 5, ıt behaved as a neutral compound, 
indicating that either one positive charge had been 
eliminated or an extra negative charge added The 
lysyl residues all had normal unsubstituted c-amimo 
groups, since digestion with trypsin resulted in 
practically quantitative yields of all four peptides 
expected. Moreover, the lysine residues were recov- 
ered as e-dmitrophenyllysine after treatment of the 
peptide with fluorodinitrobenzene On the other hand 
all attempts to identify an N-terminal residue failed, 
mdicating that there was no free «a-ammo group 
Thus, the peptide could not be digested with leucine 
aminopeptidase at ratios of enzyme to substrate fully 
effective for all other peptides, no N-termimal residue 
could be recovered after prolonged dinitrophenyla- 
tion, two successive steps of the Edman procedure 
did not release any phenylthiohydantoim derivative 
and did not result m any change in composition of 
the residual peptide Gas chromatography of a 
suitable acid hydrolysate established the presence of 
acetic acid, and 1t was concluded, therefore, tnat the 
amino-terminal «-amimo group was acetylated This 
finding explams the abnormal charge of the peptide 
Incubation of the peptide in methanolic 1 N hydro- 
chloric acid gave a mixture in which only aspartic 
acid and glycine could be identified as amino-termma! 
residues by the Edman procedure, thereby placing 
these residues at the amino-terminal end. 

Since this pepuide had an acetylated o-amino 
group, 15 must represent the amino-terminal sequence 
of cytochrome c This assignment of position was 
fully substantiated by the work of Kreil and Tuppy 
and when the entire amino-acid sequence of the 
protein was determined (see following communica- 
tions) Similarly, acetylated amino-terminal a-amino 
groups have been shown to occur in other protems, 
for example, melanophore-stimulating hormone!*, in 
tobacco mosaic virus protein, in egg albumin, 
and in turmp yellow virus protem™ 

The amimo-terminal residue of horse heart cyto- 
chrome c has been reported by one of us (E M) to 
be histidine!5 and by another group of mvestigators 
to be argimne!? Both these claims are erroneous, 
since the three histidyl residues and the two arginyl 
residues in the molecule have now been located m the 
interior of distinct chymotryptic peptides that must 
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be located in the portion of the protem carboxyl- 
terminal of the hem 

The last peptide listed m Table 1 has a carboxyl. 
terminal glutamic acid Clearly this residue could 
not represent & possible pomt of attack for either 
chymotrypsin or trypsin Moreover, no longer 
sequence of which this peptide was a part could be 
found The last peptide listed in Table I was assigned, 
therefore, to the carboxyl-termmal position in the 
protem This conclusion 18 m accord with the results 
of Titam, Ishikura and Mmakami!* who identified 
glutamic acid as the carboxyl-terminal residue of 
horse heart cytochrome c by the hydrazinolysis 
method Smar findings have also been obtamed 
by Kreil and Tuppy (see following communication) 

In summary, the amino-acid sequences of the 
peptides obtamed by digestion of horse heart cyto- 
chrome c with chymotrypsin have been determined 
and these peptides account for the amino-acid com- 
position of the protem There 1s no free «-amino 
group m the protein The amino-terminal residue 
occurs as the acetyl derivative The amino-terminal 
chymotryptic peptide has the structure Acety] 
(Gly, Asp) Val Glu Lys Gly Lys Lys eu Phe The 
carboxyl-terminal residue is glutamic acid with the 
terminal chymotryptic peptide having the sequence 
Lys.Lys Ala Thr Asp-NH, Glu 

While this work was in progress, we learned from 
Prof H Tuppy that an mvestigation of the tryptic 
peptides of cytochrome c was under Investigation 
in his laboratory; 1t 1s a pleasure to acknowledge 
the co-operative exchange of mnformation which has 
led to simultaneous and jomt publication of results 
We are indebted to our associates, Dr A Light and 
Dr J R Kimmel, for their help and advice This 
investigation has been aided by research grants from 
the National Institutes of Health, U S Public Health 
Service 

A complete description of our work will be sub- 
mitted for pubhcation ın the Journal of Biological 
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Peptides, Terminal and Internal, released by 
Digestion with Trypsin 


ACCORDING to recent analyses, horse heart cyto- 
chrome c contains 2 argmme (refs 1-4) and 18 
(efs 1, 2, 4) or 19 (ref 3 and preceding communica- 
tion) lysine residues per molecule Tryptic digestion 
was therefore expected to yield 21 or 22 fragments 
However, smce the commorcial trypsin used (Worth- 
ington, twice cryst ) exhibited a slight chymotryptic 
activity, & greater number of peptides was obtamed 
In order to mmimize chymotryptic. activity, the 
enzyme was pre-treated with dilute hydrochloric 
acid® and the duration of the enzymatic digestion of 
cytochrome ¢ was reduced to 2 hr. The peptide 
mixture obtamed was resolved on sheets of Whatman 
paper 3 MM with the help of a two-dimensional 
‘finger-printing’ technique very simuar to that mtro- 
duced by Ingram* The peptides were located with 
the help of ninhydrin or by observing the fluorescence 
which appeared on heating the sheets at 105° for 
10 mm (ref 7) The resultmg peptide pattern is 
shown in-Fig 1 

For the qualitative determinat on of their amuno- 
acid composition, the peptides from one sheet were 
eluted, hydrolysed with 57 N hydrochloric acid 
(contaming 1 per cent thioglycollic acid m the case 
of peptides containing methionine), and the hydroly- 
sates were analysed by paper chromatography 
(Table 1) When larger amounts of peptide were 
required for end-group determmation by the dinitro- 
phenyl method and for sequential analysis, the 
material eluted from several ‘fingerprints’ was com- 
bined Alternatively, a larger-scale resolution of the 
peptide mixture obtained on tryptic digestion was 
carried out in two consecutive steps 8-mgm. portions 
of the digest were first subjected to one-dimensional 
paper electrophoresis so as to give a series of fractions 
of different mobility, corresponding fractions eluted 
from several electrophoretic runs were then combined 
and purified by chromatography on Whatman 3 MM 

aper 

x The methods used for elucidating the ammo-acid 
sequence in most of the peptides occurrmg in the 
tryptic digest of horse cytochrome c (Table 1) were, 
largely, the classical ones mtroduced by Sanger, such 
as end-group determinations and partial hydrolysis 
by acid and by various enzymes, followed by charac- 
terization of the resulting smaller fragments 

Special attention was given to the peptides occupy- 
ing N- and C-terminal positions m the polypeptide 
chain of cytochrome c The search was stimulated 
by the fact that numerous attempts to identify an 
amino-acid carrying & free «-amino group had been 
unsuccessful (Paléus, S , and Tuppy, H , unpublished 
work)  Earher reports claiming a hustidine? or an 
arginine residue? to be N-terminal could not be 
confirmed. 

In the tryptic digest of horse heart cytochrome c, a 
peptide (7'-20) was observed which gave a very weak 
nmhydrm colour and which was devoid of a free 
a-amimo group Cleavage by pepsin resulted in a 
tripeptide, Val-Glu-Lys, and an acidic fragment which 
failed to react with ninhydrin The latter. on total 
acid hydrolysis, gave glyeme and aspartic aed, 
whereas partial hydrolysis with 2 N hydrochloric 
acid (40 min , 100°) yielded the dipeptide Gly Asp, 
heating at pH 2 (90 mm , 105°) produced free aspartic 
acid and a substance chromatographically indis- 
tinguishable from acetylglycme, hydrazinolysis gave 
aspartic acid and two hydrazides behavimg like glycyl- 
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Table 1 PEPTIDES FROM TRYPTIC HYDROLYSATES OF HORSE CYTOCHROME c 
Amino-acids in the hydrolysate * Proposed structure j Remarks 
T-20 Asp,Glu,Gly, Lys, Val Acetyl-Gly-Asp-Val-Glu-Lys a 
T-2 Gly,Lys Gly-Lys-Lys b 
T-4 Gly,Lys - Gly-Lys 
T-12 Glu, Jleu, Lys, Phe, Val Jleu-Phe-Val-GluN-Lys e 
Hem peptide Ala,Cys,Cys,Glu, His, Lys, Thr, Val Cys-Ala-GluN-Cys-His-Thr-Val-Glu-Lys (18) 
T-6a Gly, Gly,Lys Gly-Gly-Lvs d 
T-2a H18,Lys His-Lys b 
T-10a Arg, Asp, Gly,His,Leu,Phe,Pro, Thr Thr-Gly-Pro-AspN-Leu-His-Gly-Leu-Phe-Gly-Arg € 
T-17 Ala Asp, Glu,Gly,Lys,Phe,Pro,T Ar, Thr, Tyr Thr-(Ala,GluN,Gly,Pro)-Phe-Thr-Tyr-Thr-(Ala,Asp)-Lys f 
T-0b Asp,Lys AspN-Lys d 
T-11a Gly, leu, Lys, Thr, Try Gly-Ileu-Thr-Try-Lys i g 
T-19 Asp,Glu,Glu, Leu,Lvs,Met,Pro,Thr,Tyr Glu-(Glu, Thr, Leu)-(Glu, Met)-Tyr-Leu-Glu-AspN-Pro-Lys h 
T-11 Gly,Ileu,Lys,Pro,T hr, Tyr Tyr-Ileu-(Pro, Gly)-Thr-Lys 1 
T-12b Ala, Qly, leu, Lys, et, Phe Met-Ileu-Phe-Ala-Gly-Ileu-Lys k 
T-1 Lys,Lys Lys-Lys 
T-8a Arg,Glu,Lys,Lys, Thr Lys-Lys-Thr-Glu-Arg i 
T-8 Arg,Glu,Lys, Thr Lys-Thr-Glu-Arg 
T-15 Arg,Glu,T'Àr Thr-Glu-Arg 
T-19a Ala, Asp,Giu,Ileu,Leu, Lys, Tyr Glu-Asp-Leu-IHeu-Ala-T yr-Leu-Lys m 
T-18 Ala, Asp, Glu, Thr Ala-Thr-AspN-Glu n 


Peptides are designated by the prefix T to mdicate their ongin from a tryptic digest 
* The N-terminal amino-acid determined by the dinitrophenol method 18 given in italics 
Where amino-acids have been enclosed in brackets, neither their order nor molar ratio has been determined. 


a) Pepsin treatment gave acetyl-Gly-Asp and Val-Glu-Lys 


(b) The peptides 7-2 and T-2a were separated by electrophoresis at pH 6 4 


i Chymotrypsin, pepsin and subtilisin produced the same fragments (Ileu,Phe) and Val-GluN-Lys 


was formed in good yield 


On partial hydrolysis (Ileu,Phe,Val) 


(d) The mixture of 7-6a and T-6b could be resolved by electrophoresis at pH 2 


(e) Chymotrypsin spht 7-10a into two peptides 


Gly-Arg (T-5) and (Thr,Gly,P10,AspN,Leu,His)-Phe (T-12a) 
tihsin gave Thr-(Gly,Pro,AspN), Leu-His, Gly-Leu, (Gly,Leu,Phe), free Phe and Gly-Arg 


Degradation with sub- 
T-12a was further degraded with pepsin yielding 


eee AspN,Leu) and (His,Gly,Leu,Phe) Partial hydrolysis of these two fragments gave (Thr,Gly), (Gly,Pro), (Gly,Pro,Asp,Leu), 


Asp,Leu), (His, Gly) and (Leu,Phe) 


(f) Chymotrypsin gave rise to Thr-(Ala,GluN,Gly,Pro)-Phe,Thr-Tyr and Thr-(Asp,Ala)-Lys 


of (Tyr,Thr, Ala, Asp)-Lys was established 
aci 
Glu), (Met,Glu,Tyr,Leu and (Glu,AspN,Pro)-Lys 


(2) Cleavage by subtilisin gave Tyr, (Ileu,Pro,Gly), (Ileu,Pro,Gly,Thr,Lys) and Thr-Lys 
from 7-1] under the action of ‘oxytocinase’ (ref 16) 
(k) Degradation with chymotrypsin yielded (Met,Ileu)-Phe and Ala-(Gly,Heu)-Lys 


were identified in partial hydrolysates Tyr and Ileu were released 


traces of (Gly,lleu,Lys) 


In a peptic hydrolysate of 7T'-17 the presence 


d (g) Chymotrypsin spht 7'-11a mto Gly-(Ileu,Thr)-Try and free Lys. In a partial hydrolysate (Gly,Ileu) was found in addition to free amino- 
8 


(h) Chymotryptic cleavage gave (Glu,Thr,Leu,Met)-Tyr and (Leu,Glu, AspN,Pro)-Lys (T-14) 
Partial hydrolysis of 7-14 gave (Leu,Glu) and (Pro,Lys) 


Peptic cleavage gave (Glu,, Thr,Leu), (Met, 
(Tyr, Gly,Pro,Ileu), (Ileu,Pro,Gly) and Thr-Lys 
Partial hydrolysis of the latter gave (Ileu,Lys) and 


1) Tryptic cleavage gave  Lys-Lys (7-1), Thr-Glu-Arg (7-15), free Lys and (Lys, Thr,Glu)-Arg (7-8) 


m) Chymotrypsin cleavage yielded (Ala,Glu,Asp,Ileu,Leu)-Tyr (T-21) and Leu-Lys (T"-9) 


resulting two peptides being Glu-Asp-Leu and Ileu-Ala-Tyr 
(n) Glu 1s C-terminal (hydrazimolysis) 
1n partial hydrolysates 


hydrazide and acetyl-hydrazide T-20 1s, therefore, 
taken to be AcetylGly Asp Val Glu Lys and to 
represent the N-terminal portion of cytochrome c 
Thus, cytochrome c can be added to the growimg list 
of proteins and polypeptides characterized by an 


Haem peptide 


C2 Cos 


12 


CA 


id 


li+lia 





Fıg 1 ‘Finger-prmt’ of horse cytochrome ¢ 2 hr digestion (37°, 
pH 8) of cytochrome e with trypsin (20 1, w/w) followed by 
paper electrophoresis (pyridine-acetate buffer, pH 47) and 
chromatography (n-butanol, acetic acid, water, 4 1 5, v/v/v) 
The trypsin had been preincubated with diluted hydrochloric acid 


T-91 was further degraded with pepsin, the 


Subtilisin cleavage gave Ala-Thr and AspN-Glu Ala, (Thr,Asp,Glu) and (Thr, AspN, Glu) were found 


acetylated N-terminal amino-acid residue, namely, 
the proteins of tobacco mosaic*’, cucumber 4 (ref 11) 
and turnip yellow mosaic virus!*, poreimne «-melano- 
cyte-stimulatmg hormone??, and bovine fibrinogen. 

When trypsin virtually free of chymotryptic 
activity was used for the digestion of horse cyto- 
chrome c, all the fragments arising in good vield 
contained C-terminal lysine or arginine, except for 
one (7'-18) the C-terminal residue of which, as determ- 
ined by hydrazinolysis, proved to be glutamic acid 
Glutamic acid had previously been reported by Titan 
et al!5 to be m the C-terminal position mm horse 
cytochrome c, a finding that we could readily confirm 
This obviously suggests that T-18, the structure of 
which has been determined to be Ala Thr AspN Glu, 
is derived from the C-terminus of the polypeptide 
chain of horse cytochrome c 

While this work was in progress, we learned from 
Prof E. L Smith that an investigation of the chymo- 
tryptic peptides of cytochiome c was going on in his 
laboratory It ıs a pleasme to acknowledge the co- 
operative exchange of information which has led to 
simultaneous and joint publication of results Full 
details of this work will be published ın Monatshefte 
fur Cheme We wish to thank the Rockefeller 
Foundation for a grant 
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The Complete Amino-acid Sequence 


From the work reported in the two preceding com- 
munications, 1t became possible to derive a unique 
amino-acid sequence for horse heart cytochrome c 
This sequence of 104 amino-acid residues, together 
with the major points of hydrolysis by chymotrypsin 
and trypsin, is given m Fig 1 


l i. 4 | 
Acetyl Gly Asp Val Glu Lys Gly. Lys Lys Tleu mm Glu-NH, Lys 


l l | 
CySH Ala Glu-NH, CySH His Thr bc Glu.Lys Gly Gly Lys AUN Thr 
hem 





ME 
Gly Pro Asp-NH, Leu Hrs Gly Leu Phe Gly Arg Lys Thr Gly Glu-NH, 
30 1 i 40 
| l 
Ala Pro Gly Phe Thr Tyr Thr Asp Ala Asp-NH, Lys Asp-NH; Lys Gly Ileu 
1 t 50 t 
1 4 
Thr R ^. Glu Glu Thr Leu E mm Glu a) Pro Lys Lys 
0 
{ Vin then 
Tyr Ileu Pro Gly Thr Lys Met Ileu Phe Ala Gly. Tleu Lys Lys Lys Thr 
i 80 ft 1 
L4 
Glu Arg Gl Asp Leu Ileu Ala Tyr Leu Lys Lys Ala Thr Asp-NH, Glu COOH 
00 i t f 100 104 


Fig 1 Ammo-acid sequences of horse heart cytochrome ec The arrows 

above and below the line indicate the points of hydrolysis by trypsin and 

chymotrypsin, respectively The basic residues are 1n italics, the hydro- 
phobic residues are m bold-faced type 


In the followmg discussion the numbers used to 
identify the peptides recovered from cytochrome c 
after digestion with chymotrypsin and trypsin will be 
preceded by tho letters C and T, respectively The 
assignment of the sequence, as shown in Fig 1, 1s 
based on the 13 largest peptides obtamed fiom the 
chymotryptic digest! and the 20 peptides separated 
from the tryptic digest? as follows 

Peptides C-XIXa and 7-20 both contain the N- 
terminal sequence of the protein, since the N-terminal 
-amino group of both these peptides is acetylated 
Peptides 7'-20, 7-2 and T'-4 are portions of the ammo- 
acid sequence of C-XIXa, whereas T-12, Ileu Phe - 
Val Glu-NH, Lys, contams the C-terminal two 
residues of C-XIXa, lleu Phe and three additional 
residues Indeed, the only other peptide from the 
chymotryptic digest contaming an Ileu Phe sequence 
is the dipept'de C-XIVa, obtained in 53 per cent 
yield, if C-XIVa were to represent the N-terminal 
portion of 7-12 ıt would have to be preceded by a 
residue which affords a bond highly sensitive to both 
chymotrypsin and trypsin, which is an unhkely 
possibibty Moreover, C-XIVa was afterwards 
located in the mterior of T-12b ın the sequence 
Met Ileu Phe, which explains the release of leu Phe 
in good yield by chymotrypsin 


The protem contains three valne residues, all of 
which are present m a Val Glu Lys sequence Two 
of these sequences are m the hem peptides obtamed 
from chymotryptic and peptic digests (ref 1 and 
preceding communication), whereas the third is in 
the N-terminal sequence present m C-XIXa Since 
T-12 continues C-XIXa, the latter 1s necessarily 
followed by the hem peptide resulting from digestion 
with chymotrypsm, which like the hem peptide 
from peptic digests has the N-termmal sequence 
Val Glu-NH, Lys Of the three Val Glu Lys 
sequences, the N-terminal sequence of the hem 
peptide ıs the only one which contains a glutaminy] 
rather than a glutamyl residue, further strengthening 
this conclusion It should be noted that peptide 
T-6a with the unique sequence Gly Gly Lys ıs part 
of the C-termunal portion of the chymotryptic hem 
peptide The above argument thus establishes the 
sequence of the protein from the N-terminal end to 
residue 26 

The dipeptide 7'-2a, His Lys, contains the histidyl 
residue C-terminal in the chymotryptic hem peptide, 
since of the three histidyl residues in the protem 
the other two are m the interior of the hem peptide 
in a His Thr sequence and in C-XXVa or T'-10a in 
a His Gly sequence The peptide following the 
chymotryptic hem peptide must, therefore, have an 
N-terminal lysyl residue Three such peptides were 
isolated from the chymotryptic digest, C-XXVa, 
C-XVIIIb and C-XXIIIa Peptide C-XXIIIa, 
Lys Lys Ala Thr Asp-NH, Glu, 1s the only peptide 
obtamed from the chymotryptic digest that does 
not have a C-terminal residue at which chymotrypsm 
could hydrolyse a peptide bond and for which 1$ was 
not possible to show that 1t 1s followed in the overall 
amino-acid sequence by another peptide It was 
therefore assigned to the C-terminal position in the 
protein (preceding communication by E M and 
ELS) Smulrly, the corresponding C-terminal 
peptide 7'.18, Ala Thr Asp-NH, Glu, was obtained 
from the tryptic digest (precedmg communication 
by G K and H T) C-XXIIIa can therefore be 
eliminated as a possible candidate for continuation 
of the chymotryptic hem peptide On the other hand, 
from the C-terminal end of the protem, peptide 
C-XVITIb follows the smgle tryptophan-contammg 
peptide, C-X Xa, because of the series of overlapping 
unique sections of chymotryptic and tryptic peptides 
discussed later and thus is located in the second 
half of the overall amimo-acid sequence Hence, 
C-XXVa, Lys Thr Gly Pro Asp-NH, Leu His Gly - 
Leu Phe, is the only peptide im the chymotryptic 
digest which can represent the sequence immediately 
followmg the chymotryptic hem peptide This 
conclusion 18 supported by the finding that, from a 
partial chymotryptice digest, a hem peptide was 
isolated which contains, in addition to the minimal 
chymotryptic hem peptide listed ın Table 1 of the 
preceding communication (by E M and E L S.) 
also the amino-acid sequence of C-X X Va 

The entire amino-acid sequence of C-X X Va, except 
for the N-terminal lysyl residue, is present in 7'-106, 
which also contams a Gly Arg sequence at its 
C-terminal end This Gly Arg sequence 18 unique in 
the entire protem and C-XXVTa possesses Gly Arg 
at its N-terminalend Thus, T'-10a provides a defini- 
tive overlap for placing C-XXVia ummediately after 
C-XXVa 

The unique composition and the N-terminal residue 
of the first half of peptide 7-17, Thr(Ala,Glu-NH,,- 
Gly,Pro)Phe Thr Tyr Thr Asp (Ala,Asp)Lys shows 
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that the N-terminal portion of this peptide contains 
the same sequence as the C -terminal part of C-XX VIa, 
the complete sequence of which 1s Gly Arg.Lys Thr - 
Gly Glu-NH, Ala Pro Gly Phe Moreover, the C- 
terminal portion of the sequence of 7-17 clearly 
contains the dipeptide C-XIIIa, Thr Tyr, as well as 
the first five residues of C-XXa, Thr Asp Ala Asp- 
NH, Lys Asp-NH, Lys Gly.Ileu Thr Try. Hence the 
derived sequence of ehymotryptie peptides 18 C- 
XX Va O-XXVIo C-XIIla C-X Xa, and the sequence 
of tryptic peptides 1s T-2 T-10a.T-3 T-17, extending 
the overall amino-acid sequence to the 59th residue 

Peptide T'-11a cludes the C-terminal sequences of 
C-XXa, as well as a C-terminal lysine residue, thus 
showing that the chymotryptic peptide following 
C-XXa is one of the three having an N-terminal 
lysyl residue (C-XXVa, C-XVIII6 or C-XXIIIa) 
The same argument applies in this case as for the 
demonstration of the adjacent positions of the hem 
peptide and C-XXVa already discussed above 
Peptide C-XXIIIa cannot follow C-XXa as 1 
represents the C-terminal sequence of the protein 
Since the remaining part of the ammo-acid sequence 
of the protem can readily be established from the 
C-terminal end of the overall sequence to peptide 
O-XVIIIb, C-XVIIIb 1s the only possible continua- 
tion of C-X Xa. 

The N-terminal half of peptide 7-19, Glu(Glu,Leu,- 
Thr)(Glu,Met) Tyr Leu Glu Asp-NH, Pro Lys, clearly 
contains the same sequence as C-XVITIb, Lys Glu - 
Glu Thr Leu Met Glu Tyr, except for the N-terminal 
lysyl residue On the other hand, the C-terminal 
portion of 7'-19 contains the sequence of the first 
five residues of C-XXIVa, Leu Glu Asp-NH, Pro - 
Lys Lys Tyr, showing that C-XXIVa immediately 
follows C-XVIIIb 

Since the C-terminal sequence of C-XXIVa 18 
Lys Lys Tyr, the following tryptic peptide must be 
one having an N-terminal tyrosyl residue Only 
one such tryptic peptide was found, namely, 7’-11, 
with the sequence Tyr Ileu(Pro,Gly)Thr Lys The 
other three tyrosyl residues in the protein are present 
in the interior of tryptic peptides 7’-17, 7-19 and 
T'.19a, which contain the C-terminal tyrosyl residues 
of C-XIla, C-XVIIIb and C-XXVIIIa, respectively 
The C-terminal sequence of Z-11 is unique and 
corresponds to the first five residues of C-XVIIIa, 
Ileu Pro Gly Thr Lys Met Thus, C-XVIIIa follows 
C-XXIVa and the overall sequence 1s established to 
the 80th residue 

The C-terminal sequence of C-XVIIIa 15 Lys Met , 
hence the following tryptic peptide must contain an 
N-terminal methiony] residue The only such peptide 
1s T-19b, Met Ileu Phe Ala Gly leu Lys The only 
other methionyl residue in the protein 1s present in 
the interior of C-XVIIID and T-19 Peptide 7-126 
contains, 1n. addition to the second methionine in the 
protem, the dipeptide C-XIVa, Ileu Phe, and the 
first four residues of C-XXVIIIa@ This unique 
sequence, Ala Gly Ileu Lys, constitutes the four 
C-terminal residues of T'-12b and the four N-terminal 
residues of the fifteen-residue chymotryptic peptide 
C-XXVIIIa, Ala Gly Ileu Lys Lys Lys Thr Gly Arg - 
Glu Asp Leu Ileu Ala Tyr, this demonstrates that 
C-XXVIIIa follows C-XIVa, which itself follows 
O-XVIIIao It should be noted that C-XXVIIIa 
contains the sequences of the tryptic peptides 
T-8, T-8a and T-l9a, so that the correct sequence 
of the tryptic peptides 18 T11 T'-12b T-8a 'T-19a 

The six residues at the N-terminal portion of the 
octapeptide T-l9a, Glu Asp Leu Ileu Ala Tyr Leu - 
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Lys , are in the same sequence as the six residues at 
the C-terminal part of peptide C-X XVIIIo, showing 
that the last two residues of 7’-19a, Leu Lys, follow 
the C-terminal tyrosyl residue of C-XXVIIIa, 
thereby placing leucine (C-IVa) the only free amino- 
acid recovered in the chymotryptic digest The 
chymotryptic peptide following C-IVa must contain 
N-terminal lysme and. ıs, therefore, C-XXIIIa, 
Lys Lys Ala Thr Asp-NH, Glu, the only chymotryp- 
tic peptide with N-terminal lysine not yet allocated 
and which represents the C-terminal sequence of the 
protein It should be recalled (preceding communiea- 
tions) that cytochrome c possesses a C-terminal 
glutamic acid residue Such a residue would not be 
expected to be C-terminal ın peptides derived from 
chymotryptic or tryptic digests 


Discussion 


The amino-acid sequence of horse heart cytochrome 
c given in Fig 1 accounts for the entire composition 
and amide distribution of the protein From this 
sequence the calculated molecular weight of the 
protem (Margoliash, E, Hil, R L, Kimmel, J. R, 
and Schmidt, W R, in preparation) ıs 12,398, 
corresponding to an iron content of 0 45 per cent 
These values agree well with those previously determ- 
ined from the iron content of the chromatographically 
purified? or the crystalline protem?, on the basis of 
a content of one atom of iron per mole of protein 

Horse heart cytochrome c does not show any 
obvious relationship in its amino-acid sequence to 
either the g- or B-chains of human hemoglobin A 
(ref 4) or to that of sperm whale myoglobin (ref 5), 
although there are distinct similarities between the 
two hemoglobin chains and myoglobin (ref 6) In 
horse heart cytochrome c the hæm 18 bonded by thiol 
ether linkages to 1esidues 14 and 17, a position 
which 18 much nearer the N-terminal end of the chain 
than the location of the non-covalently bound hem 
of either hemoglobin or myoglobm*? ‘This lack of 
similarity 1s not unexpected in view of the different 
functions of cytochrome c and the oxygen-carrying 
hem proteims 

Some noteworthy features of the amino-acid 
sequence of cytochrome c are as follows 

(1) The N-termimal «-amino group 18 acetylated, a 
situation which has also been shown to occur in 
several other cases’, already c:ted in the preceding 
communications Acylated N-terminal residues may 
be expected to occur ın other situations, particularly 
1f one considers that N-terminal amino-acids have not 
been found in a number of other protems by chemical 
methods 

(2) Those acidic residues which are not present as 
amides appear to have some tendency to be found in 
groups Thus there are Asp ValGlu, Glu Glu, 
Glu Tyr Leu Glu and Glu Arg Glu Asp sequences 
However, two glutamyl and one aspartyl residues 
are not in these areas 

(3) On the other hand, the basic amino-acids of cyto- 
chrome c are mainly grouped 1n small regions of the 
protein chain These residues are shown 1n italics in 
Fig 1 Of the nineteen lysyl, two arginyl and three 
histidyl residues, there are Lys Gly Lys Lys, Lys Gly - 
Gly Lys His Lys, Arg Lys, Lys Asp-NH, Lys, Lys- 
Lys Lys and two Lys Lys sequences. Only threo 
lysyl, one arginyl and two histidyl residues are not 
included in these sequences 

(4) There 1s an even more remarkable groupmg 
of large hydrophobic residues (Leu Ileu,Phe,Tyr,Try) 
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which are marked in bold-faced letters in Fig I 
The chain includes the followmg sequences of 
such residues Tleu Phe, Leu His Gly Leu Phe, 
Phe Thr Tyr, Ileu Thr Try, Leu Met, Glu Tyr Leu, 
Tyr Ijeu, Ileu.Phe Ala.Gly Ileu, and Leu Ieu Ala - 
Tyr Leu. 

Cytochromes c of the mammalian type, defined as 
those cytochromes c that can readily interact with the 
appropriate enzyme systems of the terminal oxidation 
chain obtained from mammalian sources, have been 
isolated from a large variety of organisms These 
include mammals, birds, fish and plant cells At 
least twelve of these cytochromes c have been erystal- 
lized to date All have molecular weights of about 
12,000, a basic isoelectric pomt and an oxidation 
reduction potential of about + 0250 V It will be 
of interest to ascertam whether this similarity of 
function and physical properties 18 expressed ın 
amino-acid sequences that show the same striking 
features as the protein from horse heart A compari- 
son of the ammo-acid sequences of cytochromes c 
of the mammahan type should yield a pieture of 
those portions of the pattern which are essential for 
the formation of the specific native three-dimensional 
structure that constitutes cytochrome c, and of those 
parts of the amino-acid sequence which can vary 
withm the limits set by the structural requirements 
of the molecule Thus far, such a comparison has been 
limited to a study of sequences adjommg the hem 
group in certain cytochromes!? 
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OBITUARIES 


Prof. M. W Travers, F.R.S. 


Morris WILLIAM TRAVERS, emeritus professor of 
chemistry ın the University of Bristol and the senior 
Fellow (by date of election) of the Royal Society, 
died on August 25 at the age of eighty-nime 

Travers was born into a medical family on J anuary 
24, 1872 He was educated at Blundell’s School, 
Tiverton, and University College, London After a 
period at the University of Nancy, he returned to 
University College as a demonstrator ın 1894, and 
became assistant professor m 1898 The ten years 
from 1894 to 1904 were among the most fruitful in 
Travers’s career, for he returned to London in time 
to play an active part m Ramsay’s brillant work 
which led to the discovery and examination of the rare 
gases The excitement of this period lived vividly 
with Travers during the next sixty years, and he 
never tired of recalling the steps which led to these 
discoveries 

In 1904, shortly after his election to the Royal 
Society, Travers was appointed to the chair of 
chemistry at University College, Bristol He brought 
with him the hydrogen liquefier which he had just 
perfected at London, and during his time at Bristol 
his research was concerned largely with low tem- 
peratures His main interests, however, centred on 
the movement for the foundation of a University of 
Bristol He wrote a pamphlet on the need for a 
University and the principles to be observed in its 
constitution; this pamphlet had wide circulation, 
and Travers enlisted both local and national support 
for his proposals His enthusiasm was in no small 
measure responsible for the movement which cul- 
minated m the offer by H O Wills ın 1908 of £100,000 


towards the endowment of a University, but by this 
time Travers had left Bristol 

In 1907 he became director of the Indian Institute 
of Science at Bangalore, a post which he held until 
his return to the United Kingdom in 1914 On the 
outbreak of war ıb was soon realized that Great 
Britain would suffer a serious shortage of chemical 
glassware, which until then had all been imported 
from the Continent ‘Travers set to work to devise 
suitable glasses for chemical use and took his pro- 
cesses to a small glassworks in Walthamstow The 
enthusiasm with which he had carried through his 
researches in the laboratory was equally effective imn 
the factory, and very soon ‘Duroglass’ was in suc- 
cessful production 

After the First World War, Travers was concerned 
with furnace technology, he patented a furnace and 
for a while ran a factory to produce 1t In 1922 he 
was elected president of the Society of Glass Tech- 
nology He returned to Bristol in 1927 as honorary 
professor, Fellow and Nash lecturer in chemistry He 
now resumed academic research and staged a come- 
back on a topic new to him—the study of gaseous 
and heterogeneous reactions In this field he brought 
to bear his superb experimental skill, and was ahead 
of his time in insisting on a complete and careful 
analysis of all the products of a reaction His return 
to academic life culmmated 1n. his presidency of the 
Faraday Society in 1936 He did not, however, sever 
all hnks with mdustry, he became a consultant to 
the National Smelting Co, Ltd, in 1931, and con- 
tmued to work ın this capacity, apart from a break 
durmg 1940-45, either on a full- or part-time basis 
up to his death In 1937 he retired from the Univer- 
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sity of Buistol and was accorded the title of emeritus 
professor 

At the start of the Second World War ‘Travers 
offered, his services to the Royal Ordnance Factories, 
and, as a consultant, threw himself whole-heartedly 
into the diverse problems which had to be solved 
He made many contributions, paiticularly jn con- 
nexion with the application of silicon iron 1n sulphu116 
acid manufacture, and ın the development of 10cket 
cordite In his dealings with technological problems 
he had a remarkable facilty for putting his finger on 
the source of trouble It was amazing to see & man, 
who was for most of the War more than seventy years 
of age, travel many miles, usually at night, to face 
the problems in the widely scattered ordnance 
factories In this period he was a wonderful example 
to the younger scientists and technologists in his 
untirmg enthusiasm for work 

Soon after the end of the War, Tiavers moved to 
Stroud and began what was for him one of his 
greatest and most congenial tasks, the production of 
a full biography of Sir William Ramsay This work, 
which Travers had began m 1937, was taken up 
again in 1948, and the book was written between 
Travers’s elghty-first and eighty-third birthdays, ıt 
is one of the great biographies of our time and ıt will 
surely remain as a monument to Su William Ramsay 
and a fitting memorial to Travers 

Prof Travers 1s survived by his wife, formerly 
Miss Dorothy Gray, a pianist of outstanding ability. 
whom he married in 1909, by their daughter and by 
their son, who ıs now professor of educational 
psychology at the University of Utah 

I am indebted to Mr S W G. Morgan, Dr W G 
Hiscock and Mr J Lumsden, of the Imperial Smelting 
Corporation, for providing information about Tra- 
vers’s industrial career D H EVERETT 


Prof. R. H Dastur, O.B E. 


Inpa has lost a distinguished plant physiologist 
and agronomist by the death of Prof R H. Dastur, 
which occurred at Bombay on October 1, 1961, at 
the age of sixty-five years 

Rustom Hormusp Dastur was born on March 7, 
1896 After graduating as bachelor of science in 1918 
at the Gujarat College, Ahmedabad, he was appointed 
a demonstrator m botany at the same College and 
obtained the M Se degree m botany, by research, in 
1921 Hus association at the Gujarat College with 
the noted botanist Prof W T Saxton gave young 
Dastur a good grounding in systematic botany and 
ecology Dastur’s interests, however, turned very 
early ın his career towards plant physiology, despite 
the fact that he had Jittle regular traimng m plant 
physiological research, except perhaps for a year 
(1924-25) he spent at the University of Reading, 
England, with Prof W Stiles There he experimen- 
tally tested his earlier ideas on the relation of water 
content to photosynthesis (Ann Bot, 38, 779, 1924) 
and made a new departure by measuring photosyn- 
thesis ın a leaf attached to the plant (Ann Bot, 39, 
769; 1925) 

Dastur was appointed assistant lecturer m botany 
at the Royal Institute of Science, Bombay, in 1921, 
and continued there as professor and head of the 
Department of Botany during 1929-1935 During 
this period of about half a decade he established 
a very active school of plant physiology, and his 
investigations, in collaboration with his pupils, 
related to the influence on photosynthesis of factors 
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such as water and chlorophyll content, and quality and 
polarization of hght, physiology and anatomy of 
tendrils, respiration, and physiology of the rice plant 

The results of these investigations were published in 
the Annals of Botany, the Journal of the Indian Botan- 
cal Socvety and the Indian Journal of Agricultural 
Sewence. 

In the year 1935 Dastur's interest shifted from the 
acadernic to the applied side of plant physiology, and 
work on the cotton crop claimed his entire interest 
for the next 26 years and constituted the magnum 
opus of his scientific output 

In 1919 the crop of the Panjab-American cotton, 
hitherto the main standby of the cultivator m the 
canal colonies of the Panjab, suffered a serious set- 
back when ıt was attacked by a disease called ‘tirak’ 
By 1935, another seven failures of the crop, partial 
or complete, occurred. Various theories were advanced 
to explam this condition but none satisfactorily 
accounted for and solved the mystery of the occa- 
sional failures of the crop Prof Dastur was then 
invited by the Indian Central Cotton Committee to 
undertake investigation mto this problem, and it was 
indeed a far-sighted and bold step on the part of the 
Committee and Mr H.R (later Sir Herbert) Stewart, 
the then director of agriculture, Panjab, to pm their 
faith on one who until he undertook the investigation 
had no previous contact with or knowledge of the 
cotton plant This mvestigation, carried out from 
1935 until 1943 and described in several scientific 
papers and eventually m a monograph, was reviewed 
m Nature (158, 524, 1946) Sir Herbert Stewart 
summed ıt up in the words “The story which it 
unfolds ıs a stmkmg example of how mvestigations 
into the realm of pue science can be turned to 
practical account m everyday agricultural practice" 

Dastur retired from service ın 1951 on attammng the 
age of fifty-five years The Indian Central Cotton 
Committee, however, retained his services m an 
honorary capacity until the time of his death for 
directing and supervising plant physiological and 
agronomic research schemes on cotton 

During 1944-61, Prof Dastur was engaged in 
investigations on (1) causes of bad opening of bolls m 
Sind, (2) causes of the low yield of sea-island and 
Egyptian cottons in the various cotton-growmg 
tracts. (3) causes of red-leaf disease and several other 
related aspects, and obtamed a number of mmportant 
and useful results These results were compiled in 
two other monographs which were published by the 
Indian Central Cotton Committee in 1959 and 1960 
Prof Dastur was m the process of constructing 2 
theory for the apphcation of fertilizers on the basis of 
a balance between nitrogen, phosphorus and potas- 
slum contents of the plant, and it 18 indeed unfor- 
tunate that death clamed him before he could 
complete this interesting and useful concept 

Dastur had a reserved, but gentle and kindly 
disposition and -hunned publicity, he virtually hved 
for his work and had little interest 1n social activities 
and scientific conferences which would take him away 
from ıt For his work on cotton m the Panjab he 
was made OBE. m 1946 He was a Foundation 
Fellow of the National Institute of Sciences of India 
and was elected president of the Botany Section of the 
Indian Science Congress in 1933 and of the Indian 
Society for Plant Physiology m 1959 

He leaves behind a widow, a daughter, a son and a 
large circle of pupils and colleagues who will cherish 
his memory for a long time to come 

R D Asana 
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NEWS and VIEWS 


Post Office Radio Services Department : 
Mr. T A Davies, O.B E. 


Mr T A Davrss, mspector of wireless telem aphy 
in the Wireless Telegraph Section of the Radio 
Services Department of the Post Office 18 to retire 
at the end of the year Mr Davies took a love 
of the sea to his job as head of the Wireless Tele- 
graphy Section m 1948 ‘This was to prove useful 
m his laber work After five years apprenticeship 
in the Royal Dockyard in his home city of Ports- 
mouth, he obtained a first-class honours degree 
in engineering and jomed the Post Office m 1925 
While workmg m the Radio Branch of the Engin- 
eering Department he was able to use his know- 
ledge of shipping in providing radio communica- 
tions to ships and safety services for them while at 
sea As inspector of wireless telegraphy he has been 
responsible for control and operation of the ship- 
shore services, mspection of ships’ radio equipment, 
and the exammations for candidates for the Post- 
master-General’s Certificate Twelve radio stations 
are administered, from the headquarters m London 


Mr. R Billington 


Mr Ree BrrLINGTON has been appointed inspector 
of wireless telegiaphy in the Wireless Telegraph 
Section of the Radio Services Department of the Post 
Office to succeed Mr Davies After obtaming an hon- 
ours degree in the University of London, Mr Bullington 
worked in dustry for two years before Jomung the 
Post Office Engmeermg Department in 1936 For a 
period durmg the Second World War he was seconded 
to the Iraq Government ss chief engineer and returned 
to the Post Office ın 1945, where he soon became an 
assistant inspector of wireless telegraphy In 1948 
he became deputy inspector - 


Applied Electromagnetic Theory Section at the 
US National Bureau of Standards 
Mr 4. R Johler 


MR J R JOHLER has been appointed chief of 
the new Appled Electromagnetic Theory Section, 
National Bmeau of Standards, US Department of 
Commerce The section will be located m the Radio 
Systems Division at the Laboratories of the National 
Bureau of Standards “at Boulder, Colorado Mr 
Johler's Section will be responsible for developing 
techniques for the solution of electromagnetic theory 
problems m terrestrial radio-wave propagation by 
numerical analysis, analytic and asymptotic series 
techniques, and will direct 1ts work to electronic com- 
puter solutions Much of the Section’s work will be 
devoted to programmes of other Sections and Divi- 
sions in providing theoretical computations of propa- 
gation m various media Since 1953, Mr Johler has 
worked principally m the field of radio navigation 
systems evaluation, m low and very low frequency 
radio-wave propagation, and sferics (iadio noise 
caused by lightning flashes} During 1953-55 he was 
responsible for the theoretical prediction of the per- 
formance of certain pulse-type radio navigation 
systems Before jommg the National Bureau of 
Standards m 1946, Mr Johler had worked on the 
computational and engineermg details of exterior 


ballistics at Aberdeen Proving Ground, Aberdeen, 
Md T 


Atlantic Regional Laboratory, National Research 
Council, Canada : Dr A. C Neish 


Dr A. C Nersa has been appointed director of 
the Atlantic Regional Laboratory of the National 
Research Council of Canada, at Halifax, Nova Scotia, 
in succession to Dr E Gordon Young Dr Nesh 
studied at Nova Scotia Agricultural College, he 
obtained his BSc (agriculture) from Macdonald 
College, majoring m agricultural chemistry, and his 
M Se and Ph D (chemistry) from McGill University 
His experience ranges from sous analysis and soils 
surveys at the Canada Department of Agricultme, 
and sessional lecturer, Department of Chemistry, 
McGill University (1942-43), to Ins research work 
with the National Research Council, first im the 
Division of Apphed Biology (1943-48) and then with 
the Prame Regional Laboratory at Saskatoon, Sask , 
where, m 1956, he was appointed head of the Physio- 
logy and Biochemistry of Plants Section 


Royal Society Expedition to Tristan da Cunha 


THE Royal Society ıs to send a scientific expedition 
to examune the recent volcanic activity on the island 
of Tristan da Cunha m the South Atlantic This 
activity is of eonsideiable interest to geologists in 
Great Britam and the proposal is to mount an 
expedition which will include four or five geologists, 
leaving Cape Town some time during January 1962, to 
spend 2-3 months on the island It1s also proposed to 
mclude a zoologist and a botanist ın the expedition 
to study any effects which the evacuation of the 
population of the island may have had on the flora 
and fauna The expedition will be concerned not 
only with a detailed exammation of the present 
volcanic activity but also to determine as accurately 
as possible the past geological history of the Island 
The scientific direction of the expedition 1s under the 
control of Prof W Q Kennedy, professor of geology 
in the University of Leeds, with Prof C F A Pantin, 
professor of zoology m the University of Cambridge, 
as biological adviser, and with the co-operation of 
the Nature Conservancy 

HMS Jaguar will be visiting Tiistan da Cunha 
briefly later this month and advantage 18 being taken 
of this to send two geologists aboard the ship to 
make a pielimmary investigation prior to the depar- 
ture of the main expedition These two geologists 
are Dr R W Le Maitre, of the British Museum 
(Natural History), and Dr P G Harris, of the 
Department of Geology, University of Leeds 


Science in Parlament 


Tue Parhamentary Secretary for Science, Mr D 
Freeth, dealt with a series of questions on science on 
December 5, ranging from nuclear energy, red deer 
stags on the Island of Rhum, engmeering designers, 
strontium research, radioactivity, medical research 
on animals, the emigration of scientists, space ex- 
ploration, the employment of scientists and the 
report on the long-term demand for scientific man- 
power Mr Freoth said that the Minister for Science 
18 not satisfied with the present supply of engineermg 
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designers in Britain and he 1s m close touch with the 
President of the Board of Trade and trymg to find 
ways to ameliorate the position The Department of 
Scientific and Industrial Reseaich at present employs 
170 scientists in Scotland, and it i8 intended to 
mecrease this number, subject to assessments of 
chenging priorities and the resources available There 
are about 22,000 members of research associations, 
of whom a few belong to more than one association 
British plans for space exploration do not melude 
projects for sending mon mto space 


UK. Expenditure on Science, Technology and 
Education 


In a written answer in the House of Commons on 
November 28, the Parliamentary Secietary for 
Science, Mr Denzil Freeth, said that the g1eator part 
of the expenditure on scientific and technological 
1esearch in universities, estumated at £23 3 million in 
1958-59 and £25 9 million m 1959-60, was met from 
the recurrent grants made by the Treasury on the 
recommendation of the University Grants Committee 
and was not separately identified Research Council 
grants to universities and to research units and 
institutes associated with universities amounted to 
£3 1 millon m 1957-58, £3 5 million in 1958-59, £4 5 
million in 1959-60, £6 million ın 1960-61 and £8 2 
million in 1961-62 In figures circulated for the 
Research Councils, with the exception of the Ovor- 
seas Research Council, the grants from the Depart- 
ment of Scientific and Industrial Research are given 
as £1 315,000 m studentships and fellowships and 
£2,600,000 in research grants for 1961-62, the cor- 
responding figures for 1960-61 being £1,050,000 and 
£1,490,000 For the Agricultural Research Council 
m 1961-62, studentships and fellowships amounted 
to £31,000, research grants to £157,000, oxponditure 
of research units within universities £273,000 and 
grants to research units or institutes associated with 
universities, £1,011,000, for the period 1960-61, 
the figures are £24,000, £104,000, £299,000, and 
£931,000 For the Medical Research Council the 
corresponding figures are £115,000, £811,000, 
£1,526,000, and £317,000 in 1961-62, and £100,000, 
£620,000, £1,060,000 and £285,000 in 1960-61 For 
the Nature Conservancy, they are £21,000, £20,000, 
£11,000 under the first threo headmgs ın 1961-62, 
and £18,000, £11,000 and £7,000 m 1960-61 

Replying to a question in the House of Commons 
on November 30, the Minister of Education, Sir David 
Eecles, said that the Ministry’s present grant to the 
National Foundation for Educational Research was 
£7,000 and local education authorities were con- 
tributing £29,000 as members of the Foundation 
The Ministry was at present in discussion with the 
Foundation, and Sir David undertook to sze that the 
availability of mformation was moeluded 


Toxic Chemicals in. Agriculture 


On December 5, the Joint Parliamentary Secretary 
to the Mimstry of Agriculture, Fisheries and Food. 
Earl Waldegrave, announced publication of the 
report of the Research Study Group on Toxic 
Chemicals in Agriculture and Food Storage He 
said that the report concluded that protective 
measures now in force are generally successful, 
but affirmed the need for more fundamental and 
appled research in this field Earl Waldegrave 
said that the Government accepted the conclusions 
and mtends to implement the Group's recom- 
mendations to the full extent of the additional 
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resources which can be made available The Minister, 
Mr C Soames, made a similar statement in a written 
answer in the House of Commons on the same day, 
but, when pressed, neither he nor Earl Waldegrave 
would add to that statement In reply to further 
questions on December 7, Mr Soames said that he 
would be replying next week to the Select Committee 
on Estimates, which, ın its Sixth Report of June 28, 
had recommended an inquiry into the effect on 
agriculture, public health and the ecology of Britain 
of all chemicals used in agriculture, and that he hoped 
that the restrictions on the use of cereal seed dressings 
contaming aldrm, dieldrin and heptachlor which he 
had announced on July 3 would prevent casualties 1n 
future among wild birds and mammals His Depart- 
ment would intensify its survey of wild-hfe casualties 
as recommended by the Research Study Group, and 
consider after next session, with the interests con- 
cerned, whether any further action 18 necessary 
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The Commonwealth Scholarship Commission in the 
United Kingdom 


Tur Commonwealth Scholarship Commission was 
constituted m December 1959 under the Common- 
wealth Scholarships Act, and in accordance with the 
proposed arrangements for administering in the 
United Kingdom the Commonwealth Scholarship and 
Fellowsnip Plan, recommended by the Commonwealth 
Education Conference in July 1959 and set forth in 
the White Paper presented to Parliament Pending 
the introduction of the relevant legislation and to 
facilitate the speedy implementation of the Plan, the 
Secretary of State for Commonwealth Relations had 
already appomted an interim committee, with Sir 
Eric Ashby as chairman, which met three times 
before the Commussion held its first meeting on 
February 23, 1960, under the Karl of Scarborough as 
chairman, Sir Eric Ashby being then elected deputy 
chairman Confirming the prelimmary arrangements 
made by the interim committee, the Commission 
endorsed the view that ım the first year attention 
should be concentrated on the selection of Common- 
weslth Scholars and invitation for senior Common- 
wealth Fellowships deferred for a year. According 

Ao the first annual report of the Commission, up to 
the end of April 1960, 452 applicants were nominated 
by overseas agencies from some 5,177 applications 
received, and from these a Selection Committee 
recommended 219 candidates to the Commission, of 
whom only 178 accepted the offer of scholarships 
(Cmnd 1541 Pp 26. London HMSO, 196] 

ls 6d net) Of these, 37 were from India, 17 each 
from Pakistan and Canada, 16 from Nigeria, 15 from 
Australia, 10 each from New Zealand and South 
Africa, and 8 from Hong Kong. Of these again, 74 
were in the humanities, 50 m science, 33 in technology 
and 21 in medicine The chief considerations m 
selection were intellectual merit and a realistic and 
practicable plan of study, but selections were also 
made so as to ensure that the various parts of the 
Commonwealth are appropriately represented Appli- 
cations have also been invited from candidates in the 
United Kingdom for awards offered by Canada, 
Australa, New Zealand, South Africa, Malaya, East 
Africa and Hong Kong, and scholarships have been 
offered by Canada to 13 candidates nommated 


Exchange of Students for Technical Experience 


THE fourteenth annual report of the International 
Association for the Exchange of Students for Tech- 
nical Experience reports continued growth in 1961, 
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with three new members—Argentina, Luxembourg 
and the United Arab Republic—7,478 students 
exchangod, compared with 6,430 in 1960, and 3,265 
employérs offering tramung, an increase of 229 
Since its foundation the Association has provided 
59,769 students with technical traming abroad 
Exchanges of civil engmeermg and forestry students 
have increased considerably, but the exchange 18 
still concentrated im a few European countries, and 
Germany, which received 1,757 students, with Great 
Britam and Sweden, represents more than 50 per 
cent of the traimung possibilities Some 569 univer- 
sities and colleges are now participating and 45 
faculties are covered These institutions and the 
participatmg firms are hsted in the report by 
countries 

The correspondig report of the United Kingdom 
Association, which was established as an independent 
organization as from October 1, 1960, covers the year 
ending September 1961 Durmg the summer vacation 
of 1961, 894 students were sent abroad for experience 
and 965 overseas students received and placed m 
British industry and commerce with the help of 389 
British firms and organizations, compared with 883 
and 908, respectively, m 1960 Of the students 
coming to Britam, Sweden (225), Germany (108), 
Netherlands (86), France (79) and Canada (57) sent 
the largest numbers, and of those received Sweden 
took 178, Germany 139 and France 117 (Fourteenth 
Annual Report, 1961 Pp 79 Report of IAESTE 
in the United Kingdom for year endmg September 
1961 Pp 14 London International Association for 
the Exchange of Students for Technicsl Experience ~ 
(U K ), 1961) 
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History of Science and Technology at the Imperial 
College, London 


Mucu thought is bemg given to-day, by those 
responsible for the education of scientists and tech- 
nologists, to the best means of broadenmg their 
education and preventing excessive specialization 
The Imperial College of Science and Technology 13 
attacking this problem ın various ways A new 
development 1s now bemg added to thosé already m 
existence A chair 18 being instituted m the history 
of science and technology which will result m a 
department for research and study of this subject in 
its own right, no exactly simmlar chair exists ın a 
British university, although there are chairs else- 
where ın the history and philosophy of science The 
field of study, which 1s intentionally bemg made wide, 
will 1t 1s hoped embrace both the genesis of basic _ 
ideas and tools and the recent history of science and 
technology, the latter particularly because of the 
great acceleration m applying scientific discovery 
with important social and political results The aim 
will be to teach scientists and engineers, rather than 
students of history, so that they become familar 
with the background of major discoveries and mven- 
tions To this end, the Department will start by 
providing postgraduate courses, both full-time and 
part-time Later, 1t ıs hoped, optional undergraduate 
courses will be mtroduced in the third year of some 
degree courses A generous contribution towards the 
cost of maintaming the new Department has been 
made by Imperial Chemical Industries, Ltd , which 
has recently supported the study of the history of 
technology by subsidizing some valuable publications 
The establishment of the new Department will 
present both scientists and historians with a chal- 
lenge, the first holder of the cha will have the 
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opportunity to bridge one of the gaps between the 
humanities and the sciences The results of this 
development will be watched with interest 


United Kingdom Fire Statistics, 1960 


SINCE the Department of Scientific and Industrial 
Research and Fire Offices’ Committee Jomt Fire 
Research Organization began its statistical record 
in 1946, the number of fires m buildings occurring 
annually in the United Kingdom has almost dcubled 
and, in 1960, was moie than 62,000 The total 
number of fires of all kinds reached a peak in 1959 
when, due to an exceptionally dry summer, a very 
large number of-outbreaks occurred ın the open 
However, the figure for 1960, 133,484, 18 second 
only to that for 1959 These figures are revealed 
im United Kingdom Fire Statistics 1960  Statestacal 
Analysis of Report of Fires Attended by Fire Brigades 
m the Umted Kingdom during 1960, which has 
recently been published as the first of an annual 
series made available to the general public (Pp. 106 
London HMSO,1961 12s 6d net) This volume 
presents tables of figures relatmg to the origin and 
extinction of fires and to resultant casualties. Separate 
series are given for England and Wales, Scotland and 
Northern Ireland, and summary tables for the 
United Kingdom as a whole afford comparisons with 
previous years back to 1956 In the last-named 
section graphs are given of the annual and monthly 
incidence of fires, and there 1s a special graphical 
analysis of fires associated with space heating during 
the period 1949-60, this bemg a major cause of fire, 
particularly in dwellmgs A marked downward trend 
In occurrences due to fires in open grates has been 
offset by a sharp rise m fires caused by oil-burning 
heaters, but the latter have been checked in the last 
year of the period under review It 1s encouragmg to 
note that the Fire Brigades are apparently relying 
increasingly on hose reel equipment for the first 
attack on fires and that this 1s proving adequate in 
a large proportion of cases This should result in a 
continued reduction in water damage, although 1t 1s 
not possible to obtain figures to illustrate this point 


Dairy Research tn Australia 


In the small space of twelve short pages the Dairy 
Section of the Austrahan Commonwealth Scientific 
and Industrial Research Organization, led by Mr G 
Loftus Hulls, presents a succinct account of 1ts work 
for the year 1960-61 (Annual Report for the year 
ending June 30, 1961 Pp 18 Melbourne Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Dairy Research Section, 1961) With a staff of 
about fifty people, of whom some twenty are gradu- 
ates, the scope and value of the work now being done 
by the Section are very considerable. The topics under 
investigation include the mechanization of cheese- 
making, the surface deterioration of butter resulting 
from oxidative effects of the copper present in the 
parchment im which it 18 wrapped, and problems 
encountered ın the manufacture of case The mam 
buyers of Australian casem are paper manufacturers 
in the United States and Japan, where ıt 1s used for 
coating art paper, but this outlet for Australian 
casem is threatened by competition from soya bean 
protems and from synthetic substances which give 
solutions of lower viscosity and which therefore allow 
the coating process to be done more rapidly than is 
at present possible with casein solutions. In an 
endeavour to solve this problem a detailed study 1s 
being made of the factors that affect the viscosity of 
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casein solutions A series of investigations, extiemely 
Important not only m dairying but also to many 
other branches of the food industry, 1s that concerned 
with flavour chemistry The object of this work 1s 
to determine what carbonyl and other compounds 
are responsible for the various off-flavours, such as 
oily, tallowy, fishy and cardboardy, that can occur 
in certain circumstances in dairy products, and, if 
possible, to isolate and characterize the substances 
concerned Marked progress has already been made m 
that direction The report ends with a list of twenty- 
nine papers published during the year, some in the 
British Journal of Darry Research, but most of them 
in the Australhan Journal of Deowy Technology 
Judging from this mpressrve lst of publications, the 
Dairy Section of the Commonwealth Scientific and 
Industrial Research Organization can certainly claim 
that ıt had a satisfactorily fruitful year ın 1960-61. 


Strangers’ Hall, Norwich 


Durge the past year, four rooms on the street 
front of Strangers’ Hall have, with the help of a 
Carnegie Grant, been converted mto period rooms. 
On the ground floor ıs a kitchen with furnishings of 
about 1830 and a Georgian sitting-room These rooms 
are seen from the street, but visitors do not go into 
them. On the first floor 18 a Victorian night nursery 
of about 1880 and a Victorian sittmg-room of about 
1860 Visitors walk along a roped pathway through 
these rooms 


Field Studies Council Courses for 1962 


THE programme of courses for 1962, organized 
under the auspices of the Field Studies Council, has 
recently been issued. Such courses vary from those 
suitable for pupils below sixth-form level to those for 
umiversity students, teachers and amateurs Most 
natural-history subjects are covered They are held 
at the following Field Centres Slapton Ley, Kings- 
bridge, Devonshire, Preston Montford, near Shrews- 
bury, Malham Tarn, near Settle, Yorkshire, Juniper 
. Hall, Dorkmg, Surrey, Fletford Mil, East Bergholt, 
near Colchester Further information can be obtamed 
fiom the wardens of these Field Centres or from the 
Publicity Secretary, Field Studies Council, Ravens- 
mead, Keston, Kent 


University News : Glasgow 


Tux following have been appointed to lectureships 
Adam Fleck (biochemistry). N J McCorkindale, 
I C McNeill, K C Campbell and A L Porte (chem- 
istry); W T. Morton (experumental physics), and 
D L Pursey (theoretical physics) A J Baker has 
been appomted Glaxo Fellow m chemistry, other 
fellowships have been awarded to G L le Bouvier, 
June Dixon and K R Dronamraju (genetics), John 
Cumming, A W Hendry and J G Lynch (nuclear 
physics), Robert McCrindle, M B Meyers and 
R D H Murray (organic chemistry}, R M Turnbull 
(physics), and J. D. Roycroft (solid-state physics) 

An Associated Electiical Industries (RS2) high- 
resolution nuclear magnetic resonance spectrometer 
(the cost of which was defrayed by the Department 
of Scientific and Industrial Research) 1s now in 
operation in the Chemistry Department 

For the present session, 392 students (292 men and 
100 women) have been admutted to the science 
departments compared with 396 m 1960 The total 
of matriculated students 1n the University as a whole 
now stands at 6,765, compared with 6,600 m 1960 
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London 


Paor. MICHAEL ABERCROMBIE, professor of embryo- 
logy in University College, has been appointed to the 
Jodrell chair of zoology and embryology at that 
College from October I, 1962, ın succession to Prof 
P B Medawar (Nature, 187, 991, 1960) 

TEx followimg appomtments to readerships have 
been announced Dr J R Butler (pure geochemustry) 
at the Imperial College of Science and Technology, 
Mr J.C G Coleridge (physiology) at the Royal Free 
Hospital School of Medieme, Dr § J. Taylor 
(mathematics) at Westfield College, Mr S. B 
Watkins (chemical engmeermg) at King's College, 
Dr. F W O'Grady (bacteriology) at St Bartholo- 
mew’s Hospital Medical College, Dr. J. C Anderson 
(electrical engineermg) ın the Imperial College of 
Science and Technology 

The title of professor has been conferred on 
Mr J K T L Nash (civil engineering), in respect 
of his post at King’s College, Dr H E Rose 
(powder technology), 1n respect of hus post at King's 
College, Dr J H Westcott (electrical engmeermg), 
in respect of his post at the Imperial College of 
Science and Technology Titles of reader have been 
conferred on Dr K W Gruenberg (pure mathe- 
matics) in respect of his post at Queen Mary College, 
Dr. J. M Zarek (engmeermg science) im respect of 
his post at King’s College 


Announcements 


THe French Minister of Agiiculture has conferred 
on Sir John Russell, formerly director of Rothamsted 
Experimental Station, the honour of Commander of 
the Order of Agricultural Merit on the occasion of the 
bicentenary of the French Academy of Agriculture 


SIR CHARLES Dopps, director of the Courtauld 
Institute of Biochemistry at the Middlesex Hospital 
Medical School. London, and a governor of the Lister 
Institute of Preventrve Medicme since 1956, has been 
appomited chairman of the Governmg Body of the 
Lister Institute, 1n succession to Sir Henry Dale, who 
has resigned after occupying that office for twenty 
years 

THE Bradford Chemical Society and the Depart- 
ment of Chemical Technology of the Bradford 
Institute of Technology, ın conjunction with the 
Yorkshire Council for Further Education, are organ- 
zing a symposium on “Antibiotics and Newer 
Synthetic Drugs", to be held at the Bradford Institute 
of Technology on February 10 Further information 
can be obtamed from Dr R P. Sheldon, Department 
of Chemical Technology, Bradford Institute of Tech- 
nology, Bradford 

THE sixteenth annual symposium on fundamental 
cancer research, entitled “‘Conceptual Advances in 
Immunology and Oncology”, is to be held in the 
University of Texas during March 1-3 Subjects 
under discussion will include theories of antibody 
production, control mechanisms of antibody syn- 
thesis, the nature of the antigen-antibody reaction, 
transplantation and immunological tolerance, and 
cancer specific antigens Further mformation can be 
obtained from the Editorial Office, M D Anderson 
Hospital and Tumor Institute, University of Texas, 
Houston 25, Texas 

Erratum In the communication entitled ‘‘Rio- 
meter Observations during a Solar Eclipse”, by M A 
Gordon, in Nature of October 21, p 249, the legend 
to Fig 1 requires amendment for “275 Mo /sec. 
radio wave" read “27 5 Mc /sec. (day) radio wave". 


` 


No 4808 December 23, 1961 


-NATURE 


TIo” 


1133 


- 


THE NEW MATHEMATICS AND OCEANOGRAPHY BUILDING OF 
THE UNIVERSITY OF LIVERPOOL 


A FEW weeks ago the University of Liverpool 
took over fiom the building contractors (Messrs, 
Gülbert-Ash, Lid ) an almost completed Mathematics 
and Oceanography Building, the architects of which 
are Bryan and Norman Westwood and Partners, of 
London The building, which will cost about £260,000, 
has three wings, one on each of three sides of a grass- 
covered central courtyard, the remaining side of the 
courtyard will, at some later time, be open to one of 
the pathways of what will then be the University 
Preemet 

The main wing 1s à gracious six-storeyed structure 
of glass, black concrete pillars, and white concrete 
panels of special design On the flat roof there 18 a 
‘wood and glass’ penthouse ın which the transcen- 
dental verities may be contemplated m relative 
comfort Below the buildmg 1s a basement for the 
usual services, and farther below still there 18 the 
area, boiler house : 

On the ground floor of the main wing, which 18 
well set back from the road, and which 1s approached 
along a covered pathway traversmg the courtyard, 
there 1s a spacious white-walled, airy, bright, central 
hall, the floor of which 1s made of attractive grey- 
green slate On one of the walls of the hall there 1s 
a five-panel mural inspired by the users, designed by 
John McCarthy, and executed by him m red terossa 
ferrata. This mural represents, in various groups, the 
history and development of mathematics, and many 
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Fig 1 New Building for Mathematics and Oceano 


of the important branches of human activity m which 
pure and applied mathematics play, or have played, 
a significant part In addition, the hall contams a 
tall black-concrete abstract mural designed and 
executed by Eric Peskett Leadimg off the central 
hall there will be, when completed, the two prineipal 
lecture rooms of the new building The rooms will be 
large enough to hold audiences of 110 and 145, 
respectively, and they will be named after A. R 
Forsyth and J Proudman, the first professors of pure 
mathematics and applied mathematics of the Univer- 
sity Of Liverpool Proudman was afterwards trans- 
ferred to the University chair of oceanography, and 
did much to give the Department of that subject its 
high reputation, i6 18 therefore a particularly happy 
arrangement whereby the Departments of Mathe- 
matics and Oceanography are now housed m the 
same building 

The first and second floors contam lecture rooms ; 
the third floor contains more lecture rooms aš well 
as the Sub-Department of Mathematical Statistics 
The fourth floor eontams private rooms for the 
applied mathematics staff, and the fifth floor has 
sunilar rooms for the pure mathematics staff, as well 
as rooms for research students 

At ground-floor level, at right-angles to the main 
block, there ıs a single-storey wig contaming the 
Oceanography Laboratories, these are used for 
research and for -instruction for honours under- 
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graduates There are four main laboratories, two for 
physical work and two for chemical Other rooms, such 
as & spectrographic room, balance room, dark room, 
workshop and store, are provided for special purposes 
The laboratory accommodation and equipment offer 
facilities, on the chemical side, for work on the 
analysis of sea-water, particularly of trace elements 
by spectrophotometric methods, and on the com- 
position of marme sediments On the physical side, 
there are facilities for developing and testing appar- 
atus for measuring, fo. example, the temperature and 
electiical conductivity of sea-water, and the velocity 
and turbulent fluctuations of currents 

At right angles to the single-storey wing, parallel 
to the main wing, there 1s a two-storey block con- 
taming, at one end, staff rooms and a combined 
library and chartroom for oceanography The re- 
mainder of this block 1s occupied by the Sub- 
Department of Numerical Analysis, which possesses, 
1n addition to rooms for ıts staff, otheis which house 
an electronic computer and its ancillary equipment, 
and a mathematical laboratory 

The building was designed to cater for the estimated 
number of science and engineering students, and the 
appropriate staff, likely to study mathematics 1n one 
or more of ıts aspects, or oceanography, within a 
total student community of 5,000 ‘The erection of 
the building had scarcely been begun. however, 
when, under the stimulus of revised estimates of 
national requn ements, the University agreed to plan 
its development on the basis of an ultimate student 
population of about 7,000 Large as ıt appears to be, 
therefore, the bwlding will probably not be big 
enough to meet the demands likely to be made on 1t 
towards the end of the 'sixties 

The research carried out by the staff and graduate 
students of the Department of Pure Mathematics 
(Prof A G Walker), the Department of Appled 
Mathematics (Prof L  Rosenhead), with its Sub- 


OXIDATION PROCESSES IN 


HE two-day symposium on “Oxidation Pro- 
cesses ın Chemical Manufacture" orgamzed by 
the London Section of the Society of Chemical 
Industry, was held in the Wilham Beveridge Hall of 
the University of London during September 28-29, 
and attracted an audience of some 250 scientists from 
industry and the universities—with many overseas 
members 
The remarkable development in mdustrial oxida- 
tion processes over the past decade ıs perhaps best 
illustrated by the fact that while sıx comparatively 
new processes were discussed in some detail by the 
speakers, an equal number were mentioned only in 
passing Among the latter were the direct oxidation 
of ethylene to ethylene oxide, the oxidation of pro- 
pylene to acrolem, the subsequent oxidation of 
acrolem to glycerol, the direct oxidation of propylene 
in the presence of ammonia to acrylonitrile, and the 
production of hydrogen peroxide by the peroxidation 
of isopropyl alcoho] The processes chosen for 
discussion were the direct oxidation of ethylene to 
acetaldehyde, the vapou phase oxidation of acetalde- 
hyde to peracetic acid, the uses of hydrogen peroxide 
in industrial oxidations with particular reference to 
epoxide formation, recent developments 1n the oxida- 
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Department of Mathematical Statistics (R L 
Plackett, reader ın mathematical statistics), and ‘its 
Sub-Department of Numerical Analysis (Dr A 
Young, reader m numerical analysis), and the 
Department of Oceanography (Prof K F Bowden) 
covers a very wide range The work that 1s gomg on 
in oceanography has been mentioned earlier, m pure 
mathematics research interests include classical 
analysis, group theory, algebraic and differential 
geometry and topology, and m applied mathematics 
work 18 being done on fluid motion, acoustics, quan- 
tum theory, nuclear physics, theoretical chemustiy, 
astronomy, geophysics, numerical analysis and 
mathematical statistics 

The facilties of this well-co-ordinated group of 
teachers and research workers will be increased 
within the next few years when, with the aid of the 
grant recently promised by the University Grants 
Committee, an English Electric KDF9 Computer 
will be obtained to 1eplace the existing Deuce of the 
Computer Laboratory, which was bought with funds 
provided by local mdustnalists and the University 
Council 

The University skylme at the top of Biownlow 
Hill is ehangmg significantly—new buildings for 
physics, chemistry and vetermary science have been 
erected, still more buildings are gomg up for chem- 
istry—and the foundations of engmeering buildings 
as well as those of an extension of the Students’ 
Union are now being laid Within this complex of 
building activity the white-walled Mathematics and 
Oceanography Buidmg stands out as something 
rather different and aloof, but the building will, we 
hope, serve as & university focus of mathematical 
thinking, teachmg and research, and a centre from 
which mathematical service will flow to the University 
as a whole—as well as a place where important work 
on oceanogiaphy will be carried out 

L RosENHEAD 


CHEMICAL MANUFACTURE 


tion of aromatic hydrocarbons and the recovery of 
chlorine by oxidation of hydrogen chloride Theoreti- 
eal work on liquid-phase oxidation of organic com- 
pounds, vapour-phase oxidation of hydrocarbons and 
liquid phase oxidation catalysed by soluble metal 
salts was also discussed 

The direct oxidation of ethylene to acetaldehyde in 
the presence of a palladium ehloride-copper chloride 
catalyst was described by Dı Smidt (Consortium für 
Elektrochemische Industrie ‘GmbH ) as a single- 
stage reaction possibly applicable to other olefines 
The mechanism of the reaction in the case of ethylene 
involves the formation of a complex between ethylene 
and palladium chloride The resulting complex 
decomposes to give acetaldehyde, the palladium metal 
being piecipitated Simce the decomposition of the 
complex ıs inhibited by acids, 16 18 suggested that the 
first step ın the reaction 18 the addition of a hydroxyl 
10n to the complex-bound olefine In the second stage 
the x electron pair of the olefine passes over completely 
to the palladium with simultaneous migration of an 
hydride ion from carbon 1 to carbon 2 A double bond 
18 then formed between carbon atom 1 and the oxygen 
of the hydroxyl group with expulsion of proton On 
this hypothesis the oxygen required for the oxidation 


No 4808 


December 23, 196] 


of the olefine 1s supphed by the water, and only the 
oxygen atom from the water passes over to the olefino 
during the reaction, all four hydrogen atoms origmally 
present m the ethylene remammg in the aldehyde 
This 1s in contrast to the suggested mechanism dıs- 
. cussed by Moiseev and co-workers Unpublished 
work of Dr Kreckeler of Farbwerke Hoechst has, 
however, shown that decomposition of the dinuclear 
ethylene-palladrum chloride complex by heavy-water 
vields acetaldehyde which does not show any deuter- 
ation m mass spectrographic exammation 

The commercial development of the reaction to a 
continuous process required the precipitated pallad- 
1um metal to be re-oxidized after reaction 1 


C,H, + PdCl, + H,O = CH,CHO + Pd + 2HCI (1) 
Pd + $0, + 2HCl = PdCl, + H,O (2) 


The addition of cupric chloride enables the second 
step of the process to be carried out since cupric 
chloride readily oxidizes the finely divided palladium 
and the cuprous chloride so formed is quickly re- 
oxidized to the cupric state The overall reaction may 
then be written 


X 





OH, + 2Cu?* + 40l- + H0 PACs, 
CH,CHO + 2H* + 2(CuCl,)- 


the cuprous chloride being reoxidized by air 

In the commercial process, as outlined by Dr 
Smidt, ethylene reacts with the catalyst solution, 
under moderate pressure and medium temperatures, 
in a flow reactor to 99 per cent conversion After 
releasing the pressure of the catalyst solution the 
acetaldehyde formed distils off (the reaction heat bemg 
sufficient to accomplish this), and the reduced 
catalyst solution 1s pumped to the oxidation reactor 
when it 1s regenerated by air and returns to the 
ethylene reactor Further details of this elegant 
process will be awaited with great interest 

The development of a commercial process for the 
manufacture of peracetic acid by the vapour phase 
oxidation of acetaldehyde was described by J A John 
and F J Weymouth, of Courtaulds, Ltd , and British 
Celanese The major problem associated with this 
development was the explosion hazard associated with 
the concentration of peracetic acid Experimental 
work established that concentrations of peracetic 
acid in acetic acid below 40 per cent peracetic acid 
were stable and that in the vapour phase excess 
acetaldehyde reduced the hazard to safe conditions 
Three pilot plants, each of creasing capacity, had 
been successfully operated and the process was now 
considered suitable for commercial exploitation The 
major industrial usage of peracetic acid developed in 
recent years 1s as an epoxidizing agent for the pro- 
duction of epoxy soya bean oil, epoxy tall oil esters, 
dicyclopentadiene dioxide and the diepoxide from 
vinyl cyclohexene 

The production of hydrogen peroxide by the barum 
process or by electrolytic methods has been virtually 
replaced in Britain by the method based on the cyche 
oxidation and reduction of 2-ethyl-anthraqumol The 
development of an alternative method of production 
by direct oxidation of isopropylaleohol m the United 
States wil lead to creased availability of this 
material T D Manly of Laporte Chemicals, Lid 
gave an account of the wide variety of mdustrially 
important chemical processes using hydrogen per- 
oxide Supphed im tank-car quantities stabilized 
against chance impurities the modern product can 
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be used at all strengths under many different condi- 
tions without suffermg detectable loss by decomposi- 
tion 

The recent developments in the production of a 
variety of chemicals using aromatic hydrocarbons 
from petroleum or coal tar were outlmed by R 
Landau and R W Simon The processes discussed 
included the manufacture of phthalic anhydride from 
naphthalene or ortho-xylene, maleic anhydride from 
benzene—or from butene although a direct comparison 
of these two processes was not given—liquid-phase 
oxidation of mixed xylenes to yield isophthalie, 
phthahe, terephthalic acids and the recently an- 
nounced oxidation of pseudocumene to give tri- 
mellitic anhydride Brief mention was also made of the 
many processes now available for the production of 
phenol from benzene and of newer processes using 
cyclohexane and cyclohexanol obtamed by hydro- 
genation of benzene and phenol respectively, for the 
production of adipic acid 

An account of recent developments m the oxidative 
recovery of chlorine from hydrochloric acid by W F 
Engel, S Muller and M J Wade of the Shell Labora- 
tory, Amsterdam, introduced an morganic oxidation 
process—the Deacon process—into the discussion 
The increasing amounts of by-product hydrochloric 
acid produced m conjunction with the manufacture 
of chlorinated organic compounds coupled with the 
probability of an merease in the price of chlorine as 
the demand for chlorine increases beyond the so- 
called caustic-chlorme balance—has stimulated de- 
velopment of processes for the recovery of chlorine 
from the acid Thee such processes have been 
announced recently, the De Nova electrolysis of 
hydrochloric acid operated by Monsanto, the oxida- 
tion by muxed nitrie/sulphuric acid developed by the 
Institut Frangais de Petrole and the modified Deacon 
process described by Shell Several companies have 
suggested the use of a fluidized-bed technique using 
modified cupric chloiide catalysts The Shell process 
employs a modified cupric chloride catalyst supported 
on silica m a fluidized. bed at temperatures between 
350° and 360° C using air or oxygen Conversions of 
76-77 per cent per pass are claimed On the figures 
presented the economics of the process are attractive 

Theoretical aspects of oxidation process were 
reviewed m three papers  Liquid-phase oxidation by 
molecular oxygen was reviewed by G H Twigg 
with particular reference to the oxidation of hydro- 
carbons and the reactions involved m the oxidation of 
cumene to phenol and acetone The extension of the 
general reaction mechanism to oxidation of aldehydes, 
ketones, alcohols and olefines while generally accepted 
does not entirely satisfy, and further work in this field 
18 desirable Recent work on the oxidation of binary 
muxtures 1s likely to be of considerable theoretical 
interest The gaseous oxidation of organic compounds 
was discussed by © F Cullis with particular reference 
to the effects of temperature, pressure, surface catalysis 
and mixture composition on the course of oxidation 
of a particular starting material Investigations such 
as those reported on the vapour-phase oxidation of 
acetaldehyde to peracetic acid indicate that by 
careful choice of reaction conditions the reaction may 
be controlled to give, as final products, compounds 
which normally would occur only as intermediates in 
a more general oxidation It ıs, however, doubtful if 
the knowledge of low-temperature vapour-phase 
oxidation processes ıs sufficiently advanced to 
enable prediction of reaction conditions m particular 
cases to be made on the basis of generalized theory 
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The oxidation of organic compounds by metal 10ns 
and complexes was reviewed by H R Bacon with 
particular reference to complexes of silver and copper 
Recent work using argentic piccolinates to catalyse 
the oxidation of primary and secondary ammes has 
indicated that the effectiveness of the metal 10n may 
be modified by the nature of the ligand Comparison 
of reactions catalysed by cobalt, silver and copper 
complexes may lead to a better understanding of the 
reaction mechanism 
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The conference concluded with a general discussion 
of the relatrve merits of fluidized-bed versus fixed-bed 
reactors for oxidation reactions For those reactions, 
such as the modified Deacon process, in which thermal 
balance ıs readily achieved, the fluidized process 1s 
preferable In reactions hable to rapid heat evolution, 
leading to possible explosion hazard, fixed-bed 
reactors may be preferred although sufficient data on 
the successful application of the fluidized technique 
to such reactions are not yet available. F MORTON 
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FAST REACTIONS IN PHYSICAL CHEMISTRY 


HE first of the triennial Cambridge Physical 

Chemistry Summer Schools was held in August 
1947 but the sequence was broken after 1956 by a 
gap of five years 

Each school has been organized by Prof R G W 
Norrish and his colleagues m the Department of 
Physical Chemistry in Cambridge and this year 
Dr A B Callear and Dr B P Levitt acted as organ- 
izers. The topics were selected to form a composite 
pattern of ideas related to current researches m the 
Department Certaim lecturers belonged to the 
Department, others were guest lecturers 

The intention has always been to correlate facts 
and notions within the pattern chosen, to stimulate 
discussion, to mvite, even to provoke, m a friendly 
way controversy, rather than to instruct by present- 
mg the facts, figures and theory as finished uninspir- 
ing blocks of knowledge which could well be posted 
in cyclostyled form The pattern for the 1961 School 
was “The Study of Fast Reactions" 

Dr T M. Sugden (Cambridge) dealt effectively 
with the recent developments in the collision and 
transition state theories, a matter of constant concern 
with so many chemists m industry and college alike 
In his energetic, elusively ‘off the cuff’? manner, he 
analysed the processes of energy exchange with 
special reference to fast reactions, unimolecular 
decomposition of polyatomic molecules and the re- 
combination of atoms It may be well magmed that 
there was much animated discussion during the half- 
hour coffee-break. 

Dr Sugden described the photometric mvestiga- 
tion of flames He referred to experimental tech- 
niques for the measurements of H-atom, O-atom 
and OH-— group concentrations m flames Signific- 
ances of the method included the determmation of 
bond strengths ın molecules such as M—Cl, M = Mn, 
Ni, ete Trends into the future were not neglected. 
In another talk, Dr Sugden dealt with chemical 
reactions in the upper atmosphere. Methods of 
investigation of temperature, density, pressure, and 
composition gradients and the reactions occurring 
in different strata are bound to attract quickly 
growing interest mm coming years 

Reactions ın shock waves were discussed by Dr 
A G Gaydon (Imperial College of Science and 
Technology), who outlined experimental methods of 
observing the emission spectra and temperatures of 
shock-heated gases Vibrational relaxation times of 
nitrogen and earbon monoxide, and the measurement 
of dissociation-rates of oxygen, hydrogen and carbon 
dioxide were other points of lively interest to the 
non-experb as well as to the expert listener In 
another lecture, Dr Gaydon discussed the advantages 
of low-pressure flames for the study of reaction zones, 


referring to the identification of reactive intermediates 
by emission spectra of flames, to the measurement of 
temperature by study of rotational structure of 
bands, the reversal of spectral limes and to reactions 
in hydrocarbon flames 

Chain reactions m gases, especially those leading 
to the ignition of gases, were discussed by Dr P G 
Ashmore (Cambridge), who has taken part in a number 
of previous Schools Theories of 1gmition limits and 
of mduction periods were discussed with reference 
to non-branching and branching chain reactions 

Ultra-violet spectioscopy and fluorescence was 
dealt with by Dr A B Callear (Cambridge), who 
opened with a helpful reminder on the use of term 
symbols and mode of coupling of angular momenta 
m atoms Information on spin-orbit relaxation can 
be gained from examination of the quenching of the 
fluorescence of sodium and mercury Rate of vibra- 
tional relaxation of electronically excited I,, S, and 
NO was referred to 

Evidence for ions in flames was presented by Dr 
D R Jenkms (Cambridge), who outlined expermmental 
methods for the determmation of distribution of 10ns 
by means of Langmuir probes, microwave and, radio- 
wave attenuation and mass spectroscopy 

Relaxation m liquids was the title of a lecture by 
Prof. J Lamb (Imperial College of Science and 
Technology), who outlined the fundamental theory 
of acoustic relaxation to what must have been 
many new attentive ears. The potentialities of the 
method were amply illustrated ın a very convineing 
way. 

Techniques for the measurements of fast reactions 
in solution were considered by Dr R H Prmee 
(Cambridge), who gave a lucid survey of mechanism 
and reactivity revealed by a study of fast reactions 
in solution Substitution reactions in organometallic 
and co-o1dination compounds, redox reactions, rapid 
isotope exchange were mentioned in particular 

Kinetics of fast 1eactions ın solution was the title 
of the lecture by Dr E A Moelwyn-Hughes (Cam- 
bridge), who, in his mimuitable and stimulating way, 
brought freshness to the ever-difficult problems of rate 
data and transition-state characteristics Interpre- 
tation of rate data as a function of temperature, 
certain limitations of the transition state formulation 
and the derivation of equations used ın the mterpreta- 
tion of relaxation of ionic equilibria were critically 
commented on 

The lecture on fast electrode reactions by Dr G C 
Barker (Atomic Energy Research Establishment, 
Harwell) was & very helpful contribution. He con- 
sidered the theoretical basis of the measurement of 
rapid redox reactions which occur at the electrolyte/ 
electrode interface and remarked in useful detail on 
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experimental methods mvolvmg single-step square- 
wave pulses and Faradaic rectification. 

Not quite in the pattern but timely and very helpful 
was the talk on high-speed gas chromatography by 
Dr. J H. Purnell (Cambridge) Factors determining . 
the correlation between the speed of a gas chromato- 
graphic analysis and the efficiency of the process were 
examined m a cursive and conciliatory way, appro- 
priate in dealing with a technique which is still much 
of an art. If necessary, remarkably short analysis 
times, less than 1 sec, could be achieved, and are 
attractive m the study of gas reactions 

Work on isothermal reactions of atoms and 
radicals by flash photolysis was discussed by Prof 
R G W Norrish, who illustrated the applicability 
of the techniques of flash photolysis m the detailed 
scrutiny of very fast reactions m gases In the last 
lecture of the School, he went into the matter of 
the chemistry of combustion as revealed by kinetic 
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spectroscopy, showmg the applicability of flash 
photolysis in the mvestigation of adiabatic processes 
Anti-knock action of tetraethyl lead was related 
to the appearance and disappearance of lead oxide 
and lead durmg explosion 

Time for discussion was allowed at the end of each 
lecture and indeed there were some astute poimts put. 
There was animated and valuable discussion during 
the long coffee-break ın the morning and durmg the 
afternoons, which were ın the main devoted to visits 
to the laboratories and to a lecture at 5-6 pm. 
There were social meetings when easy exchange of 
ideas was stimulated 

An outstanding feature was the well-organized 
social life of the School, and m this Mrs Norrish 
and other ladies had doubtless been mfluential 
There were some 120 members from industry and 
colleges and quite & number were from overseas 

W., GERRARD 


METALLURGY OF BERYLLIUM 


bo has only emerged as a metal of 
industrial significance durmg tho past few years 
Even now, its use 18 not securely established and ıs 
faced by a number of real difficulties The following 
assessment of its present position 18 based on seventy 
papers presented at an international conference 
arranged by the Nuclear Energy Committee of the 
Institute of Metals and held m London durmg 
October 16-18 

The potential applications of beryllium at present 
le in two maim fields—aircraft, missiles and space- 
craft on the one hand, and atomic reactors on the 


other. In the first, the advantageous properties of.. 


beryllium are its high-strength-to-weight ratio, high 
elastic modulus, specific heat and thermal con- 
ductivity and moderately low coefficient of expan- 
sion. With a density of 1 85 and a tensile strength of 
50—70,000 Ib./sq ın , beryllium has a superior strength/ 
weight ratio to all other metals up to about 350° C, 
although some of the recently developed high-strength 
stainless steels are not far behind. However, this 1s 
not beryllium’s greatest attraction. Elastic stiffness 
and resistance to bucking under compression rather 
than tensile properties are the limiting factors in 
many design problems 1n this aeronautical and space- 
craft field, and ıb 1s ın this that berylhum's com- 
bmation of low density and high modulus of elasti- 
city (E = 43 x 10° Ib /sq in) 18 outstandmg Thus, 
for example, a box beam designed m beryllium to 
resist a buckling load at up to 450° C 1s only about 
half as heavy as one in titanium alloy and about 
one-third as heavy as one ın a high-strength stainless 
steel In addition, the high specific heat and thermal 
conductivity and the low coefficient of expansion are 
important in minimizing the effects of aerodynamic 
heatmg With these properties, “beryllium holds one 
of the keys to a successful flight to the moon” 
(I Perlmutter, Wright-Patterson Air Force Base) 
For atomic reactors, on the other hand, the attrac- 
tion of beryllium hes in its low neutron adsorption, 
and at present there ıs wide mvestigation of its 
possible use as the fuel element can in high-tempera- 
ture, gas-cooled reactors In addition, the Austrahan 
Atomic Energy Commussion is examming the use of 
beryllium, mstead of graphite, as a moderator m 
low-power reactors on the grounds that this would 
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permit smaller reactor cores and possibly reduce 
over-all cost It ıs also considermg fuel elements 
m which the fuel, for example (U,Th)Be,,, 18 dispersed 
in beryllium 

Unfortunately, these attractive properties are 
accompanied by two immediate disadvantages 
Beryllium is very costly, billets are about £20 per 
lb Tho United Kingdom 1s not a producer; supplies 
come from Pechmey and from the United States 
Secondly, there 18 à severe health hazard. Inhalation 
of the metal or 1ts compounds produces acute chemical 
pneumonitis, or, at lower doses, a chronic lung 
disease, beryllosis. To keep the beryllium content 
of the air at safe levels, special workshops are required 
with air extraction and filtration, and total enclosure 
of some machmes | Monitormg of the beryllium-levels 
and health checks are necessary. However, the 
applications suggested for beryllium are those 
that can withstand a fairly high cost and, once 
& berylhum-handhng facility has been established, 
the health-hazard 1s not too troublesome. There 
remains a third disadvantage, that of brittleness, 
and at present this 1s the major problem m the 
metallurgy of berylium Practically every paper 
read at the conference m London was to some extent 
concerned, with brittleness 

Berylhum 1s quite ductile at normal hot-working 
temperatures of 1,000?—1,050? C, so hot-fabrication 
processes do not present any great difficulty How- 
ever, below about 200° C there 1s a fairly sharp 
transition to a low ductility This not only means 
that fabrication by cold-work 1s difficult or impossible, 
but also, and more important, that m service high 
stresses, perhaps purely local, that might be relieved 
by plastic distortion, lead instead to fracture 

This transition to brittleness ıs accompanied by a 
transition in fracture mode fiom so-called ‘ductile 
fracture’ to a process of separation along definite 
crystallographic planes, the cleavage planes ‘Thus, 
the brittleness of beryllium appears to correspond 
to the classical brittle fracture of mild steel that has 
caused so much concern and mvestigation since the 
‘Liberty’ ship failures during the War. 

Investigations of mild steel have brought out the 
importance of two stages in the development of 
cleavage Furst, the initiation of a crack by some 
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process such as the coalescence of the dislocations m 
a slp plane through compression agaist a gram 
boundary, or by the coalescence of dislocations 
through interaction with others on an mtersectmg 
shp plane or by twinning. Secondly, the break- 
out of this dislocation crack across a cleavage plane 
in the manner of a Griffith crack propagated by the 
externally applied stress. It 1s considered that the 
transition to cleavage occurs when the criterion for 
propagation 18 fulfilled. 

This criterion involves three factors First, the 
size of the dislocation crack depends on tbe num- 
ber of dislocations forming the crack and there- 
fore on the gram size The smaller this size, the 
smaller the dislocation crack and the more difficult 
is cleavage Secondly, the effective surface energy 
associated with crack growth represents partly 
the true surface energy and partly the plastic work 
arismg from the operation of dislocation sources m 
the region of stress-concentration surrounding the 
growmg crack. The easier dislocation movement, 
the greater the amount of plastic work, the shorter 
the mutial dislocation crack and the more difficult 
its propagation Thus, a high effective surface energy 
arising from easy dislocation movement favours 
ductility Thirdly, the applied stress available for 
crack propagation ıs determined by the flow-stress 
at the instant of fracture The reason why low 
temperature favours cleavage is that the flow-stress 
is then higher and the effective surface energy lower 
because dislocation movement 1s more difficult The 
papers at the conference showed that the conclusions 
from the work on steel have now been applied at least 
quahtatively to beryllium 

The attempt to overcome brittleness by a fine-grain 
size at present divides beryllium work into two 
categories, powder and mgot Present industrial 
producers of beryllium components start from 
powder, and the oxide derived from the coat on the 
particles inhibits the growth of grains durmg sintering 
andannealing In this way, the grain size can be kept 
to about 50u Others, notably the group headed by 
G C Ells, A J Martin and A Moore at Aldermaston, 
argue that powder methods yield an inti insically 
poorer material with reduced high-temperature ductil- 
ity and resistance to corrosion and they have put their 
effort mto an attempt to obtain fine grain size in 
wrought material derived from an ingot The difficulty 
lies in the easy growth of grains of this material on re- 
erystalhzation So far, the finest grains, 40u, have 
been obtained by ‘flash annealing’, that 1s, exposure 
for a few seconds to a temperature of 900?—1,000* C, 
well above the normal re-crystallization temperature, 
so that many nuclei are active Such treatment 1s 
only possible with thin sections However, even by 
normal re-crystallization ıt has now proved possible 
to keep the grain size at-60—-80p in material that has 
been worked as far as sheet A full assessment of the 
mechanical properties of the products derived from 
ingot has not yet been obtained 

Another possible approach to reduced brittleness 
is through purification This may be beneficial 
because of a reduction in the flow-stress available for 
crack propagation and an increase m the effective 
surface energy through easier dislocation movement 
The beryllium obtamable commercially is not particu- 
larly pure, ıt contains a few hundred p pm of various 
metals, manly iron, aluminium, silicon and of non- 
metals, oxygen, carbon and nitrogen A number of 
laboratory-scale attempts at purification by distilla- 
tion and zone-refining were reported at the conference 
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A R Kaufmann et al, for example, reduced the 
contents of the metallic impurities to the 1-5 ppm 
range There appeared to be a reduction in flow- 
stress and increase in ductility However, the 
purification 1s difficult and consolidation of the pro- 
duct to a uniform, fine-grained polycrystalline state 
has not yet been achieved ‘Thus, at the moment 
there does not seem to be an 1mmediate easy path to 
ductility through purification Perhaps in any 
event 16 may be unsafe to expect too much from this 
approach 1n view of the thin-film electron microscope 
work of H G F Wilsdorf and F Wilhelm that 
showed strict confinement of the dislocations to crys- 
tallographic directions, suggesting that the intrmsic 
lattice resistance to dislocation motion (the Peierls- 
Nabarro stress) 1s already high, mdependent of 
impurity hardening 

Although the brittleness of beryllum seems to be 
essentially similar in principle to that of mild steel, 1t 
emphasizes a pomt that 1s not important with steel 
Beryluum 1s close-packed hexagonal and suffers 
from a dearth of shp systems At room temperature, 
slip on the single basal plane 1s by far the easiest, 
(1010) slip 1s 4-5 trmes as difficult Nether of these 
contributes any component in the c direction Thus, 
any one gram m a polycrystal experiences difficulty 
in deforming crystallographically m conformity with 
the matrix Consequently, as brought out by J 
Sawkill and by B Allen and A Moore, there 18 bend- 
ing and kankmg of the slip planes and this supplies, at 
least 1n some cases, the fracture nucleation mechan- 
ism This ıs the one suggested a number of years ago 
by Orowan and by Stroh m which the discontinuity in. 
displacement when slip crosses a bend plane produces 
cracking down the shp plane A second effect of the 
dearth of slip planes 1s that wrought products such as 
sheet or extruded bar, which have received highly 
directional working, are strongly textured with the 
basal planes parallel to the direction of working ‘This 
has a marked effect on ductility For example, cross- 
rolled sheet can show 30-40 per cent elongation m the 
plane of the sheet even at room temperature, but there 
18 practically no ductility m the third dimension and 
such sheet readily fractures m forming processes 
Thus, the control of texture ıs an mmportant aspect 
of the biittleness problem Some success m achieving 
a more random orientation m sheet has been obtained 
by the press-forgmg of beryllum encased m a steel 
contamer and afterwards rolung the flat produced 
(R L Craik and D A Barrow) 

Another interesting approach to the problem of 
brittleness has been attempted at the Armour 
Research Foundation, Chicago This is to use 
‘liquid-phase smtering’ as in the common tungsten 
carbide-eobalt tools The beryllium 1s dispersed in 
a continuous plastic matrix of silver-alummium— 
germanium that is liquid at the smtering temperature 
and spreads around the beryllium particles The 
product 1s quite ductile at room temperature, but 
Young's modulus ıs reduced to 22 x 10° lb /sq m 

In addition to low-temperature cleavage, beryllium 
also shows & dip in ductihty around 600° C due to 
the occurrence of intercrystalline fracture ‘This 1s 
not so important as cleavage, and in any event it 
has now been shown at Aldermaston and other 
centres that annealing about 800° C followed by slow 
cooling removes the brittleness produced at 600° C 
The heat-treatment appears to over-age impurity 
precipitates and restores a proper balance between 
the ease of deformation within a grain and at a grain 
boundary 
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Apart from this brittleness problem, two other 
problems appear when beryllium 1s used in a reactor 
In the cai bon dioxide-water coolant mixtures, break- 
away, that 1s, accelerati ng, oxidation can occur The 
papers at the conference did not add a great deal on 
this topic, although the Australan Atomic Energy 
Commission reported an inhibition of breakaway 
by oxidation of the beryllium powder at 800° C in 
oxygen prior to smtermg {Irradiation damage also 
occurs m a reactor The normal displacement of 
atoms by neutrons that ıs responsible for the damage 
in steel and copper has little effect in beryllium, and 
damage only appears at doses above about 101 
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neutrons-cm -? when 15 1s due to the helium generated 
by neutron reaction with berylhum. R S Barnes and 
others have shown that when present as small bubbles 
the helium leads to hardening and loss of ductility 
Larger bubbles accumulate at the grain boundaries 
and these promote fracture in creep They can also 
give grain boundary permeability, which 1s, of course, 
highly undesirable in a fuel can. 

It 1s perhaps clear that there 1s no lack of beryllium 
problems However, considering the advances that 
have been achieved in the quite short period of really 
active interest, the future 1s not without hope 

N J PeEtcu 
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CHANGES OF CLIMATE 


~ 


Ar was entirely appropriate for a symposium 
sponsored by the Unesco major project on 
scientific research in arid lands, an effort was made 
on the occasion of the recent meeting ın Rome 
(Octobe: 2-7), arranged by Unesco and the World 
Meteorological Organization, to restrict the mterest 
to climatic variations which have occurred since the 
latest glaciation, with particular attention to tne 
period of the meteorological record The reison 
behind this decision was no doubt the wish to talk 
about something which mught conceivably have 
relevance to the nature and trends of the aiid lands 
of to-day—relevance on the scale of economic plan- 
ning, say, for a hundred years At the same tıme 
this emphasis on what, after all, is micrometric on the 
geological scale se: ved the purpose of almost eliminat- 
mg the endless speculations on the causes of ancient 
climatic change, fascmating though they undoubtedly 
are Most geological, geophysical and astronomical 
happenings which are potential climatic controls, 
such as mountain building and denudation, drifting 
of the contments, changes in solar constant and a 
score of other possible processes, are eliminated when 
the time-scale 1s & mere 100 or 1,000 years 

It should not be supposed, of course, that examma- 
tion of such recent changes will throw much light on 
events on the longer time-scale The odds are that 
variability on each different scale of time presents an 
essentially different problem with an essentially differ- 
ent theoretical explanation But it 18 good to keep a 
Symposium withm bounds, and the short-period 
problem ıs the most tangible, the most suitable for 
the attention of the theoretical meteorologist, and 
the most important economically 

More than forty papers were presented, divided 
into four sessions each of one day and treating 
respectively the period of the meteorological 1ecord 
(chairman, R G Veryard), the late geological and 
early historical period (chairman, K W Butzer), 
theories of recent climatic change (chairman, R C 
Sutehffe) and significance of changes of climate 
(chairman, R O Whyte) A summing-up by C C 
Wallén on the last day was particularly well received 

The first session was much helped by the chairman's 
fine survey of the literature, and the papers presented 
did not seem to take us very much further with the 
facts, although substantiating the main features now 
becoming generally famuhar, m particular the warm- 
ing of extratropical latitudes over the century ending 
about 1940 J M  Mitchels world-wide view of 
the evidence will be found particularly useful, most 
of the other contributions being local studies An 


effort was made to give attention to the statistical 
treatment of time series on the basis of a paper by 
R Sneyers, ıt being well known that a good proportion 
of the published hterature on climatic change suffers 
from uncritical and undefined statistical standards 
The general technique of power spectrum anəlysıs 
received mention but was not pursued. It was, 
however, evident that those m the field were very 
conscious of the problems 

The second session fell mostly to the non-meteoro- 
logical disciplines, geology, geomorphology, arche- 
ology and dendiochionology bemg represented 
Apart fiom the chairman’s valuable introduction, 
the most persuasive paper was by R W Fabi 1dge 
on mean sea-level during the past 20,000 yeas It 
is remarkable and a httle puzzlmg that such clear 
evidence should be obtamable from data which one 
would have thought to be confusing 

Under the heading of ‘Theories of Changes of 
Chmate”’, the papers were entirely by meteorologists, 
some of whom were new to the field This was a 
good feature, as a weakness of the subject 1s 1ts failure 
to attract expert meteorologists aware of the complex 
behaviour of the atmosphere The chairman dnected 
attention to the possibilities of variability through 
feed-back contained within the Earth-ocean system 
without necessarily recruiting the eid of extraneous 
factors, radiation. dust, carbon dioxide and the like, 
and other papeis developed the theme both J 
Bjerknes and J Namias were on this side On the 
other hand, the most substantial paper was perhaps 
that by E B Kraus, giving the results of a heavy 
calculation nobly earried out on the effects of a 
radiation change on the general circulation The 
paper was more an illustration of the mathematical 
approach than a practical solution, but was important 
as being one of very few attempts that have yet been 
published 

In the final session, L P Smith's paper on “The 
Significance of Chmate Variations in Britain" was 
very much to the point, and anyone who previously 
had doubted whethei the subject had any economic 
significance must have given way at this point 

The bioad impression created by the meeting 18 
that, for the period of the instrumental record, the 
subject, which has got to a certam descriptive stage 
by pure empiricism is m danger of languishing 
for want of ideas Perhaps the symposium marks a 
turning point, and the attention which climatologists 
are giving to statistical techniques and which theoreti- 
cal meteorologists are giving to the general circulation 
are pointers to the future For the longer record 
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the ınterest must continue to rest on techniques of 
exploration and interpretation of evidence, and here 
there 18 no slackening of interest, for most of the 
Earth's surface 1s almost unexplored 

The facilities provided by the Food and Agriculture 
Organization and the Italian authorities were 
admirable After several experiences of large meet- 
ings, one looks forward to those where headphones 
and simultaneous translations are provided To be 
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able always to hear 1s & wonderful asset, even 1f the 
language presents no difficulty It ıs understood that 
the complete papers are to be published by Unesco 
and this will be worth while A good proportion 
of the material had been heard or read before, but 
there would be no sense in ingsting on complete 
novelty for an interdisciplmary meeting where the 
object 18 to exchange ideas, not to be mutually 
1meomprehensible R. © SUTCLIFFE 


CHEMICAL WARFARE ON PLANT PESTS AND DISEASES 


HE first British Insecticide and Fungicide Con- 

ference orgamzed by the Association of British 
Manufacturers of Agricultural Chemicals was held at 
Brighton during November 7-9 under the presidency 
of Dr H. G Sanders, ch:ef scientifie adviser (agri- 
culture) to the Mımstry of Agriculture, Fisheries and 
Food It was truly an mternational gathermg, for of 
the 470 delegates attendmg from official research 
stations, Government departments and manufacturmg 
firms, nearly one-quarter came from fourteen coun- 
tries overseas 

The conference consisted of ten successive sessions 
devoted to important present-day problems in plant 
pathology and their possible solution by chemical 
means Durmg the first two days each session began 
with one or more introductory papers by authorities 
on the subject under discussion, and these were 
followed by brief reports of relevant research m 
progress at various centres The mornmg of the third 
day was given over to research reports on new 
mseeticides, fungicides and acaricides, and on novel 
formulations as well as new methods of application 
In the final session attention was appropriately 
directed to the problems involved in translating 
research into practice and m. mtroducing insecticides 
and fungicides into agricultural practice both m 
Britain and overseas. In all, more than fifty papers or 
1eports were presented from the research departments 
of official agricultural institutes and mdustrial firms, 
mcluding a number from Holland, Germany and 
Italy 

On introducing the president, Mr H C Mellor, 
the chairman of the Manufacturers’ Association and 
of the conference, said that the industry 1s at present 
under fire, though much of the criticism levelled at 
it 1s uninformed. The members of his Association 
are as anxious as anyone to find safer chemicals, and 
are most careful to honour the agreements made on 
their behalf with the Mmistry of Agriculture, as well 
as to satisfy the requirements of the Notification 
Scheme under which all new chemicals are notified 
to the Ministry for clearance before marketing. 

In his opening address Dr Sanders referred to 
the increasingly important part played by chemicals 
in farmmg Unfortunately, some of them are toxic 
to mammals and wild-lfe, and this has led to alarm 
in the public mind. He believed that much of this 
concern 18 due to ignorance of the many hurdles new 
chemicals have to surmount before they are cleared 
for marketing by Government departments of health 
and agriculture. The present conference was mainly 
a scientific one, but the delegates included many 
whose functions were to tianslate science mto 
practice, and it should therefore provide a good 
opportunity for getting things, including toxic 
hazards, into proper perspective Dr Sanders also 


commented on the close co-operation now existing 
between industry, research workers and Government 
officials, and expressed appreciation to the manu- 
facturers for disclosmg to him highly confidential 
information which has fully satisfied him that during 
the past five years there has been a very substantial 
reduction in the acreage sprayed. with the more toxic 
chemicals, even though the total acreage sprayed has 
doubled durmg that period 

The first session was concerned with soul pests and 
diseases of agricultural crops, and included a review 
by Dr Hubert Martin (until recently director of 
the Pesticide Research Institute, London, Ontario) of 
a symposium called privately, ın February 1961, to 
discuss the effects of chlormated hydrocarbons and 
other chemicals on the ecology of the sonl fauna and 
flora.  Deahng with the eelworm problem, Mr 
F. G W. Jones (Rothamsted Experimental Station) 
said that a first-class so) nematicide 1s still awaited 
Only three-—bromomethane, dibromoethane and 
dichloropropene—have stood the test of time, 
though some dithiocarbamates show piomise He 
doubted whether soil treatments were the right 
approach Apart from difficulties of mixing and 
dispersion, at least 1,000 tons of soil per acre has to 
be treated Eradication of eelworms 18 mpossible 
and unnecessary, and he looked forward to a systemic 
nematicide moving from foliage to roots, suppressing 
the cyst-hatehung factor, and perhaps passing out 
into the soil to exert a repellant effect Dr Mary 
Noble (Department of Agriculture for Scotland) con- 
sidered that seed is not the best launching vehicle 
for a chemical mtended to control soil-borne fungus 
diseases, while Mr M J Way (Imperial College of 
Science and Technology) did much to restore a 
balance m the campaign against insecticidal seed 
dressings by insisting that the minute quantities used 
are effective and well placed and do not cause off- 
flavours in crops, injure beneficial msects or encourage 
resistance in the pests attacked The problem of 
deaths of birds after eating dressed seed should be mot 
by more circumspect use of seed dressings and not 
by restrictive legislation, a view that recerved much 
support 

The use of systemic insecticides for virus control 
in potatoes and sugar beet was considered at a second 
session Hitherto, potato virus diseases have been 
econtiolled through crop certification schemes, a 
method that has become traditional Dr L Broad- 
bent (Glasshouse Crops Research Institute) and others 
have shown that similar ends may be achieved by 
using systemic insecticides, though few farmers have 
yet attempted to take advantage of this With sugar 
beet thore has been no tradition of certification, and 
farmers responded quickly to a spray-warning scheme 
begun in 1957 to deal with virus yellows. Dr R Hull 
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(Rothamsted Experimental Station) disclosed that 95 
per cent of the crop was sprayed m 1959 and suggested 
that spraymg had converted 1961 from a ‘severe’ to 
a ‘marginal’ yellows year Other reports about this 
disease dealt with the value of menazon and di- 
methoate as sprays, and with the application of 
granular formulations of phorate and thiodemeton 
to the soil or foliage 

In a session on forecasting pest and disease out- 
breaks great interest was shown in the pioneering 
work of Mr G H Brenchley (Mimstry of Agriculture, 
Fishenes and Food) on the use of aerial infra-red 
photography to detect the primary foci of potato 
blight and to study patterns of its early natural 
spread Dr E Evans (Fisons Pest Control, Ltd ) 
reported on difficulties ın evaluating materials for 
blight control and suggested that the performance of 
copper products and dithiocarbamates differs accord- 
ing to the nature of the ep:demic 

Three sittings were devoted respectively to apple 
mildew, fruit tree pests and the control of Botrytis 
diseases It was obvious some years ago that apple 
mildew would agam become the problem 1t now 1s, 
and older delegates listening to the seven speakers no 
doubt recalled similar discussions held thirty years 
and more ago In the meantime, mildew has been 
adequately controlled under a sulphur programme 
for apples, but 16 became resurgent as captan and 
organo-mercury sprays replaced sulphur for scab 
control and as the renewal system of pruning evolved 
Much of the discussion revolved around the difficulty 
of dealing with contmuous comdial moculum and 
preventing bud infection, which can evidently be 
fully accomplished only by weekly or even more 
frequent application of dmocap or other appropriate 
fungicides On frut tree pests, Dr G H Dicker 
(East Malling Research Station) and others emphas- 
ized the importance of a knowledge of the biology of 
red spider mute, codlmg moth and tortrix m the 
effective timing of fruit tree sprays during the 
flowermg period No specific methods emerged for 
dealing with species of Botrytis, notably B cerea, 
which causes so much destruction to many crops, 
and the prospect was not made brighter by the ease 
with which Dr R K.S Wood (Imperial College of 
Science and Technology) has been able to produce an 
atro streams of Botrytis highly resistant to the fairly 
effective chlorinated nitrobenzenes. To protect 
strawberry and raspberry fruts, Dr. W. R Jarvis 
(Scottish Horticultural Research Institute) felt that 
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the only real solution would be n a systemuc fungicide 
applied before the flowering stage. 

In & session on soil stenlants, Dr W. Madel 
(CELA, Gm b H.) described experience m Germany 
with metham-sodium agamst harmful soil organisms, 
and Dr L P Flpse (Ligtermoet and Zoon N V) 
showed how valuable this fumigant and herbicide 1s 
to Dutch horticulture, pserticularly in controjlmg 
soul-borne fungus diseases of bulbs, carnations and 
tomatoes But though practical results contmue to 
accumulate, little is yet known about the mode of. 
action of soil sterilants 

Comment on much of the work discussed at the 
conference must perforce await publication m the 
Proceedings Other 1tems included progress reports 
on & number of new aphicides and acaricides, on the 
potentialities of organic tim compounds and poly- 
butene formulations, and on special formulations for 
low-volume spraymg. In all the developments out- 
lined 16 was not difficult to perceive & general desire 
to find effective chemicals of low mammalian toxicrty 
(if possible, systemic m action) having prolonged 
effects, and preferably apphed in a form that reduces 
hazards to man, animal and wild-life to the absolute 
minimum It was also encouraging to learn from the 
Laboratory of the Government Chemust of the pro- 
gress bemg made in solving the problems which face the 
analyst examining foodstuffs for pesticide residues. 

Speakmg as an adviser concerned with the trans- 
lation of research into practice in Great Britain, Dr 
M. Cohen (Mimuistry of Agriculture, Fisheries and 
Food) emphasized the difficulty that faces everyone 
confronted with the vast number of new materials 
produced durmg the past fifteen years, and referred 
to the apparently msoluble problem posed by the 
confusing combination of endless chemical, common 
and proprietary names for msecticides and fungicides 
on the market Fimally, end in an absorbing talk 
that was delightfully refreshing at the end of three 
days of “sharmg the benefits of new knowledge”, 
Mr G Ordish (Department of Technical Co-operation, 
Tropical Products Institute) dealt with the intro- 
duction of msecticides and fungicides into agricultural 
practice overseas Little had been said at the con- 
ference about economics, though in his view this 
was perhaps the most :mportant factor of all. In 
his closing remarks the president mentioned some of 
the highhghts of the discussions and expressed the 
hope that the conference would be but the first of a 
biennial series W C. MoonE 


THE SOVIET HYDROMETEOROLOGICAL SERVICE 


DECREE, signed by Lomn m June 1921, was 
A the virtual foundation of the modern Soviet 
Hydrometeorological Service In a recent issue of 
Meteorologya 2 Gidrologya (No 6, 1961) the present 
chief director, A A Zolotuhin, traces the history of 
the Service over -tho ensuing forty years 
There had been a small meteorological service m. 
Imperial Russia, but owing to foreign and cıvıl war 
it was 1n a state of complete decline by 1921 Pro- 
gress, however, was slow and inadequate durmg the 
‘twenties, and by 1929 there were twelve meteoro- 
logical services m the USSR which arose from 
departments forming their own services, because the 
mam service could not meet ther demands The 
USSR has for long undoubtedly regarded a soundly 


administered and technically efficient hydrometeoro- 
logical service as essential to its national economy 
and to its defence So 1n the early ’thirties a unified 
service was recreated and thereafter progress was 
rapid For example, ıb 18 claimed that the world’s 
first radiosonde was ieleased in January 1930, and 
that a network of sounding stations was immediately 
commenced By 1941, at the outbreak of War, forty 
radiosonde stations were in beng Advances ın other 
directions were also substantial 

This was, of course, & period of great expansion for 
many national meteorological services owmg to the 
development of the science itself and to the increasing 
demands of military and cıvıl aviation The U S S.R. 
was clearly no exception 
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Since the War, the Hyd:rometeorological Service 
has beon greatly expanded further Separate specialist 
branches have been set up for particular branches of 
the economy Emphasis 1$ placed on activities of 
special importance to the economy of the Union, for 
example, civil aviation, the hydrology of rivers and 
watersheds, agricultural meteorology Nevertheless, 
the confession is made that the rate of improvement 
in the accuracy of the forecasts has not really been 
adequate to satisfy 1ts needs 

Dr Zolotuhin, however, makes tho point that 1t 18 
the level of scientific research which determines the 
quality of the service, and there are now a consider- 
able number of meteorological, hydrological and 
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oceanographical research institutions in the USSR, 
and the Hydrometeorological Service also has a 
number of specialist educational establishments for 
training its staff and potential staff 

Fiom the complete decline of 1921, the past forty 
years have clearly been years of major expansion, 
an expansion which indicates the importance attached 
by the USSR to the sciences of meteorology and 
hydrology Indeed, with sts 29 local and republic 
directorates and its 20,000 observing pomts, em- 
bracing one-sixth of the Eaith’s land surface, the 
Soviet Hydrometeorological Service must now surely 
be about the largest ın the world 
R F ZOBEL 


POPULATION TRENDS IN THE U.S.S.R. AND THE UNITED STATES 


N terms of population, the Soviet Union and the 

United States are the third and fourth largest 
nations in the world Ther combmed population of 
approximately 402 million is close to the population of 
India, but only shghtly more than half that of China 
The two nations are alike in many demographic 
respects A recent survey entitled ‘“Population- 
Trends ın the USSR”, issued by the Population 
Reference Bureau, Inc , compares the various popula- 
tion trends m the USSR with those ın the United 
States * 

In 1959, the Soviet census counted 209 mullion 
people The birth-rate was 25, the deathaate 7 6 
per thousand In 1959, the United States population 
was 176 millon, and the birth-rate 241 and the 
death-rate 94 per thousand The age-specific death- 
rates m the USSR were lugher than those of the 
United States below age forty, and lower above that 
age In both countries, the populations are made up 
of many othnic groups, literacy i8 virtually non- 
existent, and great numbers of people are receiving 
more education Only 1 5 per cent of Russians aged 
9-49 were reported by the census to bo illiterate, but 
there are urban-rural differences at every school. 


* Population Reference Bureau, Inc Population Bulletin, Vol 17, 
No 6 (October 1961) Population Trends inthe USSR Pp v+76 
(Washington, DC Government Printing Office, 1961) 45 cents 


level The educational pattern 1s very different in 
the two countries 

Migratory trends are similar With the growth of 
indusinialization, the people of both nations have 
been on the move, manly from the agricultural 
areas to the urban areas The force which moti- 
vates this migration 1s mainly the desire for advance- 
ment 

In 1926, 82 per cent of the population im the 
USSR lived m rural areas and 18 per cent lived m 
cities By 1959 the proportion had changed to 52 per 
cent rural and 48 per cent urban Russians have 
been moving east m response to a Government- 
planned effort to colomze the ‘new lands! where 
industrial complexes have been established 

In contrast, Americans have been gomg west and 
mainly mto urban areas m a wholly unplanned, 
casual manner because they desire to live and work 
there In 1900, 60 per cent of the population of the 
United States was rural and 40 per cent was urban 
By 1960, the proportion had changed, 37 per cent 
being rural and 63 per cent urban 

There 18 a vast difference ın the kinds of occupation 
m the two countries. In 1959, almost 39 per cent of 
the total labour force in the U 8 S R. was engaged m 
agiiculture In 1960 less than 9 per cent of the 
labour force in the United States was so employed. 


NEW SYNTHETIC DETERGENTS 


LTHOUGH the biologically ‘soft’ detergent 
which has been developed by the manufacturers, 

and has been widely distributed im the south of 
England, has eased the difficulties which have been 
caused by the discharge of detergent residues to 
surface waters, the new material does not afford 
a complete solution to the problems arismg from the 
widespread use of synthetic detergents, and further 
improvement of this material or the development of 
new types of surface-active materials 1s necessary. 
This is the gist of the Fourth Progress Report of the 
Standing Technical Committee on Synthetic Deter- 
gents* The new ‘soft’ detergent, originally supplied 
to the Luton area, has now been distributed to a large 
part of southern England, and moreased removal of 
detergents at sewago treatment plants has been 
observed m many districts No gmnilar change has 


* Ministrv of Housing and Local Government Fourth Progress 
Report of the Standing Technical Committee on Synthetic Detergents 
Pp i9 (London HMS$80,1961) 1s 6d net 


taken place in tho north, where the typo of detergent 
on sale has not beon altered 

One of the difficulties encountered ın experrmental 
work on the breakdown of synthetic detergents 18 
the lack of analytical techniques which can be used 
to study the breakdown products The analytical 
methods used are specific for molecules of a given 
range of size and structure, and it is possible that 
during sewage treatment some molecules may be 
only partly degraded or otherwise changed in struc- 
ture, and may then be undetected m the effluent 
It 1s therefore emphasized ın the report that figures 
given for percentage removal do not necessarily 
imply that the material has been fully degraded An 
extensive programme to be undertaken by various 
members of the Committee will include investigations 
of the biological breakdown. of single substances, m 
order to throw light on this part of the problem 


Nora H. JOHNSON 
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Fig. 1. Effect of concentration of sodium chloride on the turbidity 
‘of suspensions of a marine bacterium and on the absorption at 
.959 mp of the supernates obtained from these suspensions in the 
presence and absence of Mg*'. Curve l, percentage trans- 
o EU of bacterial auepensions in the absence of magnesium 
: ehioride; 
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eurve. 2, percentage transmission in the presence of 


c OOS M magnesium. chloride; curve 3, pd eie density units of 
; p ernates from suspensions in the 
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Fig. 2. Effect of the concentration of Mg**, Ca** and Ni** salts 
on the turbidity of suspensions of a marine bacterium. Curve 1, 
magnesium chloride; curve 2, ealeium chloride; curve 3, nickel 


sulphate 
* See Fig. 1. 


marine bacterial species could be washed and suspen- 
ded without apparent lysis in a solution of 1 M 
sodium chloride containing no. added divalent ions. 


The quantitative requirements for various solutes for 


preventing lysis of several marine bacterial species 
have therefore been determined, and a preliminary 
report is presented here. 

Organisms were grown in a nutrient broth—yeast 
extract medium containing salts previously established 
. to be required for growth. Cells were collected by 
centrifugation at 4? C., washed twice in 1 M sodium 
ehloride and finally suspended in à volume of the 
latter such that a 1:40 dilution gave about 20 per 
cent light transmission in a Coleman spectrophoto- 
meter equipped with a 655-my filter. A 0:25.ml. 
volume of cell suspension was then added to each of 
a series of tubes containing solutions of sodium 
chloride or other solutes to give a final volume of 
10 ml. 

... The results obtained with organism B-16, a Gram- 
negative, polarly flagellated rod, tentatively identified 
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o in piae ‘thar samission) be 
and 0:2 M sodium chloride. and, a very m rk 
below 0-15 M sodium chloride. That t 
turbidity below 0-15 M is due to cell lysi: 
by the fact that turbidity cannot be resto 
the concentration of sodium chloride. T h 
turbidity is thus not merely an opti 
Furthermore no whole cells ean. be detec 
the 0-15 M sodium chloride level by phase. 
microscopy. The same concentrations o 
chloride and sucrose as sodium. chloride. ar 
three times as much potassium chloric 
were also found to be eapable of prever 
these cells. The presence of 0-05 M 
chloride in the suspensions (Fig. 1, curve 2) pi 
cell lysis at all concentrations of sodium ck 
tested. When the suspensions at the various salt 
concentrations were centrifuged clear and tested foi 
absorptive capacity at 259 my it was found (Fig. 1, 
curve 3) that the marked decrease in turbidity of the . 
suspensions corresponded to a sharp increase in optic s 
density of the supernatant solutions, indicating t 
release-of nucleic acid. material at low salt conce 
trations. The presence of 0-05.M Mg** in the sv 
pending solutions largelv prevented this release 
(Fig. 1, curve 4). 

When the quantitative requirements for divale 
cations for preventing cell lysis were examined it was 
found (Fig. 2) that as little as 0-001 M of such ions 
has a measurable capacity to prevent lysis while above - 
this concentration the turbidity of the suspension e 
was proportional to the concentration of ion added | 
up to about 0-05 M. As Fig. 2 shows, Ca** and Ni c. 
were more effective than Mg?* in preventing cell | 
lysis, while Mn?+ and Co% activities (not shown) lay 
between those of the latter. In general the order of - 
activity of the divalent cations in preventing cell — 
lysis appeared to be similar to that of their capacity 2 
to form chelate complexes. c 

Four other marine bacterial species have also bon 
examined: another Pseudomonas. a PFlavobacterium — 
and two strains of Photobacteria (kindly made avail- — 
able by Dr. W. D. MeElroy)- Considerable species: 
variation has been observed both in the capacity of 
cells to lyse at low sodium chloride concentration — 
and in the ability of divalent cations to prevent 
It is possible to conelude in the case of all specie: 
examined, however, that Mg'* and Ca**, the t 
divalent ions most prevalent in sea-water at t 
concentrations in the sea (0-05 M and 0-01 AZ res} 
tively). would in all cases reduce and in some 
eliminate the requirement for other solutes s 
Nat salts for preventing cell lysis. Complete d 
of these experiments will be published shortly. — 

Rosert A. Macio 
Tinor MATULA | 
Department of Bacteriology, 
Macdonald College, 
McGill University, Montreal. 
i x ri R. A., Onofrey, E., and Norris, 
3 295) Leod, AUS A., and Onofrey, E., J. Cell and Comp. Physiol., 80. 
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3 rica N,. and MacLeod, R. A., Canad, d. Microbiol., 2, 1 
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* MacLeod, A., Claridge, C. A., Hori, A., and Murray, J, E. 
Biol. oars 299, 820 (1958). 
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I am indebted to E. and C. Berkeley for directing -W te : = ix pe 
months after the accident. All traces of oil had beon of ee 
removed from the areas which support a population > 
of limpets, but on one shore where oil had been . 


my attention to Fauvel's paper. 
R. Parris Dawes 
Department of Zoology, | 

Bedford College, 

London, N.W.1. 
/ 5 Forster, G, R., J. Mar. Biol. Assoc, U.K., 82, 198 (1953). 
* MeIntosh, W. C., Challenger Rep. Zool., 12 (1886). 
* Fauvel, P., Mem. yn nuovi Lincet, Ser, 3, 2, 279 (1935). 


‘Treadwell, A. L., Scientific Survey of Porto Rico and the Virgin 
a Islands, 16, Pun 2 (New York Acad. Sci., 1939), 


Oil Pollution of Marine Organisms 

ALTHOUGH much publicity has been given to the 
harmful effects of oil on bird life, little evidence is 
available to show how marine organisms are influen- 
ced. by oil pollution. Recent accidents involving the 
release of crude oil in Milford Haven afforded an 
opportunity to commence an assessment of the effects 
of this substance on the commonest intertidal 
animals and plants of a rocky coast. 

It was found that even when the surface of the 
water is covered by a thick layer of oil, only a very 
thin film of oil is deposited on littoral animals and 
plants as the tide recedes, and much of this is washed 
off as the tide returns. Oil is, however, deposited at 
high-tide mark in the form of a band the width of 
which varies according to the degree of wave action 
on the shore at the time, and successive high tides 
may leave a series of bands of oil at slightly different 
levels. On very sheltered shores, each band may be 
only a few inches broad but on exposed shores the 
oil may be spread over several vertical feet of rock 
face. Clearly, therefore, the intertidal organisms most 
likely to be affected by oil pollution are those which 
occur between the lowest high water level of neap 
tides and the extreme high water level of springs, and 
include: the acorn barnacles, Elminius modestus, 
Balanus balanoides and Chthamalus stellatus, the limpet, 
Patella vulgata, and on sheltered shores the algae 
Fucus spiralis and Pelvetia canaliculata. 

Once deposition of crude oil has occurred, the 
lighter fractions gradually evaporate to leave a tarry 
residue. which seems to be resistant to leaching by 
rain and moderate wave action. Erosion by water- 
borne particles (corrasion) probably occurs, but this is 
likely to be a very slow process except on shores 
subjected to intense wave action. 

Examination of contaminated shores shortly after 
Oil had been deposited showed that those acorn 
barnacles and limpets the shells of which had been 
covered by oil appeared to be unharmed and no 
barnacles were found in which the opercular plates 
had. been glued together by the tarry residues. 
Examination a fortnight after deposition showed that 
the amount of oil remaining on surfaces in the imme- 
diate vieinity of limpets had been much reduced and 
that residual patches of oil situated a short distance 
from these. animals exhibited the characteristic 
imprints of limpet. radulas. It appeared likely that 
these molluses were continuing to browse over the 
nearby barnacles and areas of bare rock in order to 
obtain food, but that in doing so they were inadver- 
tently removing the layer of deposited oil. Since 
there was no decrease in the limpet population in the 
contaminated area, it seemed probable that the oil 
was non-toxic and that it was being passed through 
the. alimentagy : sanal and voided with the other 
foal material. 
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deposited to a level above that of the uppermost 
limpets the tarry residue remained. Examination of - 
barnacles which had been thickly smeared with oil 
showed that not only had all of it been removed but 
also that they had suffered no unusual mortality. 
Plants of Pelvetia and F. spiralis were also apparently 
unaffected and had continued to grow at a normal | 
rate. 

During the past two or three years, industrial 
emulsifiers have been increasingly used to clean up 
oil-polluted shores and they have been found to give 
effective results on sand and shingle beaches where the 
amenity value is of importance.  Emulsifiers have 
also been used to clean up contaminated. rocky 
shores, but it has been noticed that their use is 
followed by a severe mortality in intertidal organisms. 
Subsequent observations, as yet unpublished, have 
shown that the type of emulsifier most. commonly 
used destroys all the limpets on a shore and 80-95 
per cent of the acorn barnacles, and is extremely 
toxic to all other forms of intertidal life. It is suggested 
that in view of the fact that oil films are fairly 
quickly removed from rocky shores by ee 
processes, it is both wasteful and unnecessary to 
use emulsifiers on such shores. 

M. GEORGE * 

Dale Fort Field Centre, 

Haverford west, 
Pembrokeshire. 


* Present address: Nature Conservancy, Government Offices, 
Bishopgate, Norwich, 


MICROBIOLOGY 
Solute Requirements for preventing 
Lysis of Some Marine ería 


PREVIOUS work has revealed a specific requirement 
of a number of marine bacteria for sodium. for 
growth' and oxidative metabolism®*. For optimum 
rate and extent of growth, 0.2.0.3 M Nat was re- 
quired theugh limited growth could occur after a 
sufficiently long incubation period at as low as 
0-03 M Na+ (ref. 2). Since sucrose and K+ exerted 
only a slight sparing action on the Nat requirement of 
the organisms examined it was concluded that the 
maintenance of an appropriate osmotic pressure in the 
medium was by no means the sole, or even the 
primary, function of Na* in the growth of the cells. 
Nevertheless, cells of many of the species lysed 
quickly when washed in distilled water, and in the 
case of one of the species examined in more detail, 
lysis occurred also when cells were suspended. in 


solutions containing sodium chloride and potassium — 
chloride at concentrations of these salts that were 
optimum fer growth. Lysis, however, did not occur 
when 0-05 Mg** or Mn was included i in the. suspend- Dc 


ing medium*. un 
Since Mg**, and in some cases Ca? as. well, are 


the colis. Support. for this conolusio ) 5 





when it was observed | 
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mixed culture and that it was a factor in promoting 
both growth and nitrogen fixation. 

We have also found that treatment with sodium 
dodecyl sulphate? to extract extracellular deoxy- 
ribonucleie acid (DNA) resulted in the appearance of 
DNA in the slime substances. Further experiments to 
clarify the nature of these phenomena are being 
performed. 

AZUMA OKUDA 
MICHIHARU KOBAYASHI 
poo of Agricultural Chemistry, 
, University of Kyoto, Japan. 


chi, iu and Kobayashi, M., Soil and Plant 
i" (Tokyo), 6. .85 (196 0). 


.. *Qkuda, A., and Kobayashi, M. Um NO 


Catlin, bo W. and Cunningham, L. S., J. Gen. Microbiol., 19, 522 
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Seasonal Variation in Alginic Acid, 
Mannitol, Laminarin and Fucoidin in 
the Brown Alga, Ecklonia radiata 


c "Emm brown alga Ecklonia radiata (Ag.) J. Ag. 
which occurs abundantly in the sub-littoral zone of 


: -the southern coasts of Australia, has been found to 


'ceontain alginic acid, mannitol, laminarin and 


i x es fucoidin, in conformity with observations on other 
-= species of the Laminariales from South Africa and 


-co the northern hemisphere. The above constituents 
. were isolated from the seaweed and characterized by 
physical constants, chromatography and infra-red 
spectra’, An examination has now been made of 
the seasonal variation in the content of these carbo- 
hydrates, which is of interest in connexion with their 
"biochemical function and possible utilization, 
Samples were collected at Point Lonsdale, Victoria, 
each month during December, 1959-January, 1961. 
Each sample consisted of about twelve plants, which 
were dissected into laminz, midrib and stipe. The 
‘midrib’ was taken as that portion of the frond, 
| comprising the elongation of the stipe, from which tho 
‘lamine’ had been removed. The separate portions 
of the plant were milled through breaker plates in a 
Bauer defibrator and dried by azeotropic distillation 
with benzene. They were then ground in a Wiley 
mill to pass through a 100 mesh/in. sieve, and analysed 
according to the methods of Cameron, Ross and 
. Pereival?. In the case of the alginic acid determina- 
tion, however, much more extensive acid washing was 
required than suggested by these workers in order to 
remove calcium ions from the alginate. 
..  Themaximum and minimum contents of the various 
`. components are shown in Table 1, with their time of 
Marked variations were observed in the 
contents of laminarin, mannitol and alginic acid, the 
differences between the maximum and minimum 
contents decreasing in that order; however, the 
J variations are less than those observed by Black and 
Dewar? for British Laminaria species. The fucoidin 
content is low and less variable relative to the total 
dry matter. It will be observed also that the contenta 
of laminarin, and to a lesser extent mannitol, decrease 


. from lamina to stipe, whereas the alginic acid content 


increases. 

. Laminarin is regarded by some investigators as a 
reserve carbohydrate. It is certainly stored in the 
frond, its content increasing to & maximum in 
Summer and autumn, and decreasing rapidly to zero 
dn mid-winter. The rapid decrease may be associated 

artly with the shedding of the lamina as well as 
2 tion of reserve carbohydrate. The laminarin 
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Table 1. SEASONAL VARIATION: IN "Gokraémos. or 


Mum Minimum un 

Lamina rib Stipe Lamina  Midrib Sti 
Alginicacid 24-5 284 30-2 17-0 19-0 19:8 
(perceni)* April April April September September Septem j 
Mannitol 16:6 167 = 13-6 8-5 PE o 
(per cent) * February April June July Augue, 
Laminarin 9-8 TÓ | 11 10 0-0 
(per cent)* May May May August eer 
Fueoidin 1:3 1:4 11 04 0-8 
(per cent)* July June Apri — — 
Dry matter 22 24 41 17 i15 
(pereent)t January June June August August Septemb 


* Based on total dry material. 
+ Based on original wet weight. 


content may vary more widely in British spec 
because of a slightly greater range in sea tem 
peratures (45°-57° F. as against 64-65? F.) and th 
considerably lower minimum temperature. In the 
case of laminarin and of alginic acid the seasonal 
fluctuations are similar for all parts of the plant : 
However, for mannitol the maximum and minimum —__ 
contents are reached earlier in the laminæ than in the 
stipes, which seems to be more in accordance with the 
behaviour of a reserve carbohydrate than the varia- __ 
tions observed for laminarin. The alginic acid content 
of E. radiata appears to be at a minimum in spring, __ 
at which time a maximum is reached in the British IN 
species. Ux 
From the point of view of possible utilization, v 
E. radiata should be a useful source of alginic aeid and 
mannitol and may yield appreciable quantities of 
laminarin, provided that due attention is paid to the ee 
seasonal variation. v 
We wish to thank Mr. K. J. Harrington for helping e 
with the collection and preparation of samples, and __ 
Miss Glenys Chong for assistance in their examina- 
tion. 
C. M. STEWART 
H. G. Hieers 
SUE  ÁUSTIN 
Division of Forest Producta, 
Commonwealth Scientific 
and Industrial Research Organization, 
South Melbourne. 
* Stewart, C. M., and Higgins, H, G., Nature, 187, 511 (1960). ix 
* Cameron, M, C., Ross, A. G., and Percival, E. G. V., J. Soc, Chem, - E 
Indust., 67, 161 (1948). 


4 Black, W. A. P., and Dewar, E. T., J. Mar. Biol, Assoc. U.E., 88; E i 
873 (1949). ERU 


Occurrence of Phyllochaetopterus 
claparedii Mcintosh in the North-east 
Pacific (ER 
Tue waters near the Friday Harbor Laboratories: 

of the University of Washington have been extensively 
dredged in recent years. It was of some interest, 
therefore, that a solitary  Phyllochaetopterus | 
relatively large size was brought up from 22 fathoms 
over & muddy bottom just south of Orcas Island on 
August 26, 1960, with Forster's anchor dredge! 
The specimen proved to be identical with the deserip 
tion of Phyllochaetopterus claparedit by McIntosh? | 
found off Kobe, Japan. It has been recorded since 
only by Fauvel? from Cam Ranh and Tourane Annam . 
(Vietnam). Tresdwells* specimens from Porto Rico 
are only doubtfully attributed to this species. The- 
specimen from Friday Harbor had a pale yellow 
colour when alive apart from the grey-green gut, at 

was found in a transparent horny tube about 1 m. 
length which was only faintly ringed (not jointe 
distally and about 4 mm. across, comparable in si 
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Fig. 1 


direction, either clockwise or anti-clockwise. At 
other times various distributions of streaming in 
opposite directions in different parts of the main ‘vein’ 
are observed. We have observed no systematic 
correlation between streaming in the main ‘vein’ 
and streaming in the branches from it, nor between 
streaming at any point in the main ‘vein’ and any 
other point. 

The existence of unidirectional streaming in such a 
continuous closed circuit, in the absence of any 
discernible valve- or ratchet-like mechanism, vitiates 
any hypothesis based on a spatial gradient of physical 
or chemical factors. On the positive side, this evi- 
dence seems to us to offer rather striking support for 
the notion that the mechanism which generates 
motive force must be distributed throughout the 
system and probably arises in the streaming material 
itself, not merely in the containing walls. 

PETER A. STEWART 
BABETTE T. STEWART 
Department of Physiology, 
Emory University, 
Atlanta 22, Georgia. 
! Stewart, P. A., and Stewart, B. T., Exp. Cell Res., 17, 44 (1959). 


Production of Slime Substance in Mixed 
Cultures of Rhodopseudomonas 
capsulatus and Azotobacter vinelandii 


WE have reported! that a symbiotic relationship 
exists between Rhodopseudomonas capsulatus (photo- 
synthetic bacteria) and Azotobacter vinelandii. When 
they were mixed, the combination fixed three times 
more molecular nitrogen than did either pure culture, 
If the pH of the medium were controlled, the nitrogen 
fixation in the mixed culture was stimulated twelve- 
fold*. 

Microscopically, the cells were surrounded by slime 
substances produced in the mixed culture after one 
month, but not observed in the pure culture. It 
seemed that these slime substances were produced 
by the interaction between the bacteria. Apparently 
the substances promoted nitrogen fixation in the 
mixed culture and also the growth of the mixed 
culture. Therefore, we extracted the slime substances 
and investigated them by paper electrophoresis. 
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van Niel's basal medium (without nitrogen and 
sodium bicarbonate) was used in this experiment, and 
0-3 per cent sodium acetate, 0-2 per cent yeast extract 
and 0:2 per cent peptone were added to the medium. 
R. capsulatus and Azotobacter vinelandii, separately 
and in combination, were incubated in 3-l. flasks 
at 27° C. aerobically in the light (10,000 lux). After 
being cultured for 9 days the bacteria were collected, 
using à Sharples centrifuge, and washed twice with 
distilled water. The bacterial cells were stirred with 
4 per cent sodium hydroxide solution for 2 hr. and 
then, after centrifugation, the supernatant was taken. 
This treatment did not appear to injure the bacterial 
cells because they remained very active, motile, and 
capable of good growth. Therefore, it was considered 
that the 4 per cent sodium hydroxide treatment 
exerted no effect other than to remove the slime 
substances from the outside of the cells. The slime 
substances were dialysed against distilled water at 
2° C. for 7 days. The precipitate produced at that 
time was removed by centrifuging. 

Fig. 1 shows the paper electrophoresis of the slime 
substances. It was found that a peak, labelled ‘M’, 
was observed only in the mixed culture, and not found 
in either of the pure cultures of R. capsulatus and 

zotobacter vinelandii. The slime substance was 
positive for ninhydrin, biuret, anthrone reactions and 
negative for the Benedict reaction. We conclude that 
the slime substance could be a kind of mucoprotein 
or mucopolysaccharide, produced specifically in the 


© original e 


Mixed culture 





R. capsulatus 


Optical density (arbitrary units) 
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Eleetrophoretie patterns of materials extracted from 
cell walls of R. capsulatus and Azotobarter rinelandii and their 


Fig. 1. 


mixed cultures. Conditions: veronal buffer at pH 8-6; lonle 
strength, 005; Toyo No. 52 paper; 13 V./cm., 78 m.amp., 5 hr. 
Absorbancy measured with densitometer (Toyo-roshi Co.) 
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Fig. 1. Vertical section of barren receptacle 





Fig. 2. Vertical section of bearing receptacle 


biennial bearing. We have found consistent differ- 
ences between barren and bearing trees, the flowers 
of the latter having fewer anthers. Anthers in five 
buds were counted from each of 30 trees in a random 
sample which was found to consist of 16 barren and 
14 bearing trees. Barren and bearing trees had 
averages of 103-41 and 52-25 anthers per flower 
tively. 

iated with high and low anther numbers were 
characteristic shapes of the receptacle. Figs. 1 and 2 
show comparable sections through newly opened 
barren and bearing flowers. The former receptacle is 
seen to be relatively flat due to lack of development of 
tissue at the base of the style and the ovules are 
more nearly anatropous. 

Flowers of barren trees were found almost always 
to fall after pollen shedding. Very occasionally one 
or two berries set but were in our experience in- 
variably one-seeded. There was, however, an addi- 
tional reason for non-abscission of barren flowers. 
Infestation by a gall midge (Cecidomyidae) caused 
destruction of ovules, but at the same time induced 
an irregular growth of the receptacle. Hitherto the 
gall midge has only heen observed in the larval stage 
and a complete identification was not possible. 

Pimento is a semi-wild crop, and the amount of 
deliberate dl panes is negligible. Apart from harvest- 
ing the only attention rendered in some groves is the 
removal of a few barren trees. Under such conditions, 
if barrenness were a genetic feature such as dicecy, 
the two types might be expected to approach a one 


Table 1. FREQUENCY OF BARREN AND BEARING TREES IN SIX RANDOM 
SAMTLES 


Estate Barren Bearing Total xP Remarks 
Bengal 14 16 80 0-9-08 No barren trees 
: nores A 
"0-0 emoval o 
Montpelier 14 16 30 09-08 } ^ 
Grierfield 15 15 30 0-9-0-8 very infrequent 
» A smal! propor- 
Greencastle 1 17 13 30 0:7-0-5 
$ ud 19 30 03-02 | Hon of Daren 
3 ü 21 80 005-002 bee. 
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to one ratio with perhaps a slight excess of bearing 
trees. Table 1 shows a series of samples taken to 
examine this possibility. 

It was noticed that the barren stigma tended to 
disintegrate a few hours after flower opening, probably 
thereby hindering its pollination. Moreover, while 
it was possible to fertilize bearing plants with pollen 
from barren trees, inter-fertilization between bearing 
trees was not obtained. Since examples of the self- 
fertilization of bearing trees were found it was thought 
possible that the viability of bearing pollen declined 
more rapidly. Such a conclusion was supported by a 
series of pollen-culture experiments. 

The present work suggests that pimento although 
structurally hermaphrodite shows, between barren 
and bearing trees, quantitative differences in the 
direetions of maleness and femaleness respectively. 
Such a condition was considered by Darwin’ to 
precede the establishment of a complete separation of 
sexes. It seems probable, therefore, that pimento 
shows, within the framework of a structurally herma- 
phrodite flower, an incipient dicecism. 

We wish to thank Mr. T. H. Farr, of the Institute of 
Jamaica, for assistance with the entomological aspect 
of this work. 
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G. P. CHAPMAN 


Botany Department, 
University College of The West Indies, 
Kingston, Jamaica. 
S. K. Grascow 
Crop Agronomy Division, 
Ministry of Agriculture and Lands, 
Jamaica. 
1 art Zanik, The Civil and Natural History of Jamaica, 247 
* Merrill, E. D., Contrib. Gray Herb., 165, 30 (1947). 
* Grisebach, A. M. R., Flora of the West Indian Islande, 240 (1864). 
t Ward, J. F., Pimento, Min. Agric. and Lands (Jamaica) Pub. (1961). 
* Darwin, C.,UTÀAe Forms of Flowers, Chap, 8, 281 (1877). 


Circular Streaming Patterns in a 
Slime-Mould Plasmodium 


IN a previous publication!, we suggested that the 
classical ‘squeezing from behind’ mechanism for 
protoplasmic streaming is inadequate to explain the 
actual movements observed in slime-mould plas- 
modia. As a result of a recent change in culture 
conditions, remarkably simple and direct evidence to 
substantiate this suggestion has appeared. Fig. 1 is a 
photograph of a plasmodium of Physarum poly- 
cephalum after two days growth at 22° C. in the dark 
on & particular growth medium. This medium con- 
tains, per litre, 20 gm. agar; 5 gm. 'Bacto-tryptone'; 
5 gm. dextrose; 0-75 gm. “Bacto-yeast’ extract; 5 
mgm. hemin; 0-8 gm. potassium dihydrogen phos- 
phate; 0-2 gm. disodium hydrogen phosphate; 100 
mgm. calcium chloride; 100 mgm, magnesium sul- 
phate; 200 mgm. citric acid; 10 mgm. ferrous chloride; 
14 mgm. manganese chloride and 6 zine 
sulphate, adjusted to pH 6-2 and autoclaved for 30 
min. at 15 lb./sq. in. (This is modified from the 
formula kindly supplied to ue by Dr. H. P. Eusch, 
University of Wisconsin.) 

The noteworthy feature of this culture is the 
continuous circular ‘vein’ which traverses the 
plasmodium. This feature is observed repeatedly 
under these culture conditions. 

In such a ‘vein’, all the streaming protoplasm may 
at times be seen to move continuously in a single 
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Fig. 2. Nodulation of a molybdenum-deficient alder plant showing 
many very small nodules uniformly scattered over the entire 
root system 


much higher than in normal plants. Moreover, the 
same pattern of nodulation has been found in legumes 
inoculated with ineffective strains of Rhizobium. 
Thanks are due to Prof. E. G. Mulder, who sug- 
gested this work, and to Dr. W. B. Deijs and Mr. O. C. 
Spoelstra for the chemical molybdenum analyses. 


J. H. BECKING 
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Agricultural University, 
Wageningen, The Netherlands. 
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CEstrogen Content of Plants as a 
Function of Conditions of Culture 


In the course of a broad investigation on the 
hormone content of plants, one of us!, referring to the 
work of Alexander?, stressed the important influence 
that conditions of culture could exert on the amount 
present in plants of substances having a hormonal 
action. Preliminary results of our investigation point 
to a definite influence in this respect. 

Carrots cultivated over a period of several years on 
plots of soil that were left free from fertilizer and farm 
manure, or were treated either with a mixture of 
nitrogen, phosphorus and potassium, or with farm 
manure, were gathered and dried in the air at 
approximately 60° C., and tested for their cestrogen 
content, using immature female mice weighing 
12-15 gm. The technique used was that described 
by Simon’. It is based on that used by Evans et al.*, 
with the difference that both the carrot extract, and 
the diethylstilbeestrol used for the comparison, were 
given mixed in the diet. The diet was made up as 
follows: dextrine, 20; linseed meal, 13; barley, 10; 
wheat, 22; oats, 15; fish meal, 1:5; meat meal, 1:5; 
yeast, 0-5; mineral mixture, 2; gelatin, 2; dried milk, 
12-5. 
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The food was prepared in the form of a biscuit of 
0-5 em. width. 

The mice, divided into groups of six, were fed 
this diet during a 72-hr. period. They were then 
killed after S-hr. fasting. The ovaries, Fallopian 
tubes and uteri were dissected out up to the cervices, 
stripped of all extraneous tissues, and weighed. 

The findings are recorded in Table 1; they are 
given in equivalents of the doses of diethylstilbcestrol 
which served for comparative measurements in the 
control groups. 


Table 1, CONTENT, IN EQUIVALENT OF DIETHYLSTILB(ESTROL, OF 
CARROTS GROWING ON SOIL CONTAINING VARIOUS FERTILIZERS 
Content in equivalent of 
Type of fertilizer diethylstilbasstrol (y/100) 
Fresh product Dry product 
Control with no fertilizer 0-12-0-16 0-6-0-8 
With nitrogen, phoephorns and 
tassium mixture 0:24-0-260 1:2-1:3 
ith farm manure 0-40 2 


It is readily seen that, depending on the conditions 
of culture, the titre of «strogenous substances in 
carrots can differ by as much as two-fold. Using the 
same procedure with wheat seeds, our figures were 
approximately 0:32 y/100 of dry product of equivalent 
of diethylstilbcestrol for wheat growing on plots 
treated with nitrogen, phosphorus and potassium, and 
about 0-65 y/100 for wheat growing on plots treated 
with farm manure. 

R. FERRANDO 
M. M. GUILLEUX 
A. GUERRILLOT-VINET 


Laboratoire de Nutrition et d'Alimentation, 
Ecole Nationale Vétérinaire d'Alfort (Seine). 
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Incipient Dicecy in Pimento 


Pimenta dioica (Linn.) Merrill, known as allspice 
or pimento, is an important Jamaican crop and the 
island is the world's chief supplier. Unfortunately, 
improvement of the crop is hindered by a character- 
istic type of unfruitfulness among certain trees. The 
problem has long been recognized and was mentioned 
by P. Browne! in 1755. 

The genus Pimenta (Myrtaceae) is mono-specific 
and is of tropical distribution. Its flowers have four 
sepals and petals, many anthers and an inferior 
bicarpellary ovary enclosed in a receptacle. The single 
style is curved, the plane of the curve coinciding 
with the septum between the carpels. The specific 
name alluding to diœcy is of Linnean origin and was 
based on herbarium material’. Preserved specimens 
of barren plants differ from bearing ones in that the 
former have & relatively conspicuous development 
of anthers. 

Previous workers have proposed different explana- 
tions of barrenness. Grisebach? assumed the plant to 
be dicecious, the barren plants functioning as males. 
Browne!, and more recently J. F. Ward‘, on the basis 
of the hermaphrodite floral structure assumed 
barrenness was due to some physiological disorder. 

The Jamaican Department of Agriculture has had a 
number of pimento trees under observation for several 
years, and it is known that barrenness is a property 
of certain trees and not a transient feature such as 
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stronger effect on Paramecium caudatum than on 
Trichomonas vaginalis. 
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Molybdenum and Symbiotic Nitrogen 
Fixation by Alder (Alnus glutinosa 
Gaertn.) 


THE specific effect of molybdenum on the nitrogen 
fixation by Azotobacter spp.'*, Clostridium pasteur- 
ianum®*, some blue-green algae (Nostoc and 
Anabaena)** and the symbiotic nitrogen fixation by 

7-? is well established. So far, it is unknown 
whether molybdenum is also essential for the sym- 
biotie nitrogen fixation of a non-legume such as alder 
(Alnus glutinosa). 'The aim of the present investi- 
gation was to seek such an effect. 

The distribution of molybdenum in the different 
parts of an alder tree growing under natural condi- 
tions in à normal acid soil is shown in Table 1. From 
these observations it will be seen that molybdenum 
is accumulated in the root nodules. Except the seeds, 
all other parts show far lower molybdenum-levels. 
This result points to a molybdenum requirement for 
symbiotic nitrogen fixation in alder, since the root 
nodules are the seat of the nitrogen-fixation process. 

To obtain more evidence that molybdenum is 
essential for the symbiotic nitrogen fixation by 
alder, growth experiments were performed in 
Neubauer glass jars containing 500 gm. of molyb- 
denum-deficient low-moor peat soil containing iron- 
stone. One set of pots received no treatment except a 
basic dressing of phosphate and magnesium, whereas 
a second received in addition 150y molybdenum per 
pot. After a growth period of 6 months when the 
experiment was concluded, the alder plants on the 
molybdenum-deficient soil showed a pronounced 
reduction in development as compared with plants 
growing in the same soil, but with molybdenum 
added (Fig. 1). The molybdenum-deficient plants had 
pale-yellow leaves in contrast to the dark green 
colour of the leaves of plants supplied with molyb- 
denum. In addition, the lower leaves of the molyb- 
denum-deficient plants showed marginal scorch. 
Table 1. NITROGEN AND MOLYBDENUM CONTENTS OF DIFFERENT 


PARTS OF AN ALDER TREE GROWING IN THE FIELD* AT WAGENINGEN 
(MANSHOLTLAAN), THE NETHERLANDS 


Nitrogen {Molybdenum 
Part of plant ‘percentage In p.p.m, 
dry matter in dry matter f 
Leaves (young) 3-84 0:25 
Stems and branches 0-02 018 
(0:73-1:11) 
Roots 1:76 0-28 
Nodules 2-37 1:771 
Seeds 3-69 2:10 


* The soil was a sandy loam (pH = 5:3) containing approximately 
0-2 npn. available molybdenum (Aspergillus niger method) (ref. 10). 
termined chemically with a rhodanide, after reduction 


t 
of any hexavalent molybdenum by stannous chloride. 
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Fig. 1. Elfect of added molybdenum on alder plants growing 
in molybdenum-deficient soil. Left, no molybdenum added; 
right, 150y molybdenum as Na,M00,.2H40 per pot 


Obviously, the molybdenum-deficient ^ planta 
suffered from nitrogen deficiency since yellow leaves 
and marginal scorch were found to be typical 
symptoms of nitrogen deficiency in non-nodulated 
alder plants growing in nitrogen-free molybdenum- 
containing nutrient solutions. Analyses showed 
that the molybdenum-deficient plants were con- 
siderably lower in nitrogen than those supplied with 
molybdenum (Table 2). The total amount of nitrogen 
in the tops of the molybdenum-treated plants was 
370 per cent higher than that of control plants. 

The molybdenum content of the various tissues of 
the molybdenum-deficient plants was extremely low 
(Table 3). Only in the root nodules was an appreci- 
able amount of molybdenum found. The molyb- 
denum-treated plants contained about 10-20 times 
more molybdenum in their tissues than molybdenum- 
deficient plants. The root nodules of the plants 
supplied with molybdenum contained 17-30 p.p.m. 
molybdenum in the dry matter, a value considerably 
higher than that known for legumes under com- 
parable conditions’. 

The nodulation of the molybdenum-deficient 
plants was entirely different from that of plants 
grown in soil with an adequate molybdenum supply. 
In the latter plants mostly only one very big nodule 
(crown-nodule) was formed at the upper part of the 
root system, whereas in the molybdenum-deficient 
plants many small root nodules had developed which 
were uniformly scattered over the entire root system 
(Fig. 2). A similar effect has been observed by 
Mulder*, who found that in molybdenum-deficient 
clover and lucerne plants the number of nodules was 


Table 9. EFFECT OP MOLYBDENUM ON YIELD AND NITROGEN FIXA- 
TION BY ALDER PLANTS GROWN IN MOLYBDENUM-DEFICIENT SOIL 


Shoots Total 
Molyb- Mean Fresh D nitrogen Nitrogen 
derum * shoot weight matter in shoots (percentage 
added length (gm. pe (gm. per (mgm. per increase 
(y per pot) (cm.) pot pot pot) 
0 182 11-2420 238-004 464488 — 
150 33-7 344-01 7-584+0-25 2183180 370 
* Applied as Na,MoO,.2H,0. 
Table 3. MOLYBDENUM CONTENTS OF LEAVES, STEMS, ROOTS AND 


NODULES OF ALDER PLANTS GROWN IN MOLYBDENUM-DEFICIENT 
SOIL IN THE ABSENCE OR PRESENCE OF ADDED MOLYBDENUM 
Molybdenum content 


Plant tissue p.p.m. in dry matter 
I* Ht 
Leaves « 0-01 0:27 
Stems 0:14 1-89 
Roots 0:24 2-62 
Nodules 2-001 17:20 


The molybdenum-deficient soil (pH = 5:2) from Groningen con- 
tained approximately 0-006 p.p.m. available molybdenum (Aspergillus 
niger method) (ref. 10). 

* I, No added molybdenum. 

+11, 150y molybdenum (as Na,MoO,.2H,0) supplied per pot 
containing 500 gm. soil. 

t Approximate value since the sample was very small, 
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Table 1 i vaste Uxm Counts IN THE TISSURS AND THE Denbo 


No. Mau 


o 


Counts expressed as 


viable. unitas. Lesions in 
| Gable Hamste Small aay mesenteric 
[5 units) No” " Spleen liver in- in- mph 
months} l teatine testine node 
ki 107 14 — — 3-40 — — 
13, 15-18 — | — | — — — 
2 10 32 239 == BBL  — -— 
| 33 309 230 — ~= = 
35 2-88 —— —— — —— 
31,34,30 -—~ — “we — — 
01 . 108 7 422 3.92 — — — 
s 8 ee 3°38 moet — 
9 — 0 8M — = 
10 eoo o $40 —— — 
H 535 608 - 435 349 + 
3 10* 25 2-39 — 3-40 — a 
26 466 365 449 4-54 + 
27 3°18 — h 45 — + 
28 408 258 674 — 4 
29 — 230 521 P4 + 
30 4-54 — — 458 b 
i 10° 1 — 2.88 449 &-45 -— 
2 5-00 863-56 vert — ema 
3 S29 804 4-98 4-20 + 
4 2°39 — a'49 FYR ~ 
5 2:95 — 3-08 4-16 — 
6 489 568 279 $-40 ~ 
z 30 19 403 429 612 3-98 + 
20 432 3-70 4-88 === + 
22 — 528 5-39 8-49 $ 
23 518 443 4-54 2:79 + 
24 00 515 6:52 $:98 * 


* The minimum detectable infections were log,, 2-89 viable units 
in livers and spleens and 3:49 viable units in intestines, 


dosing lesions were present in the mesenteric lymph 

node of 1 hamster in each of the 2 groups given the 

higher doses. At 2 months, lesions were seen in 5 of 
.6 animals given 10° units and in all 5 hamsters given 

10* units. No microscopic lesions were detected in 
the liver of any hamster. 

Since there are already indications in sheep that 
vaccination may exert a beneficial effect by controlling 
the initial multiplication of M. johnei in the intestinal 
walls’, the hamster is likely to prove a suitable experi- 

; mental animal for the evaluation of vaccines against 
infection with M. johnei. 
N. J. L. GILMOUR 
J. G. BROTHERSTON 


Animal Diseases Research Association, 
Moredun Institute, 
. Gilmerton, Edinburgh, 9. 
1 Brothorston, rE eA en N. J. L., and Samuel, J, McA., J. Comp. 


* Brotherston, J. G., Gilmour, N. J. L., and Samuel, J, McA., J. Comp, 
Path., 71. 300 11961). 


"Behaviour of Protozoa under the 
. Influence of the Synergetic Action of 
ases Polyethylene’ Glycol and Dyes 
Deve :STIGATIONS on trichomoniasis and the search 
Du for a 2 remedy which would effectively destroy 
Trichomonas vaginalis are still being pursued. It 
E has been difficult to find a preparation which is toxic 
do Trichomonas vaginalis and at the same time harm- 
. less as regards the vaginal mucous membrane. 
-. Biological examination of the properties of poly- 















ch “Polyethylene glycol is available in both 
> liqui and solid form depending on its molecular 
weight. ‘The toxicity of this polymer decreases with 
 inerease in its molecular weight. Polyethylene glycol 
of 1,500-4,000 mol. wt. administered to experimental 
animals erally and intravenously for 2 years caused no 
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TION OP MICROSCOPIO HO LESIONS Iw THE MESENTERIO LYMPH NODES . the polymer to ‘rabbits: did not ‘bring about 


En thylene glycol showed that it fulfils these require- - 












deviations from the normal conditions in the vagina 
mucous membrane’. In 40 hospital patiente infected. 
with Trichomonas vaginalis treated with the p polymer T 
satisfactory results were achieved in about 80 pers: 
cent of the casest. The best results are obtained with — 
aqueous solutions in concentrations of 25-60 per cent. _ 
For large-scale administration these concentrations 

are uneconomical. We decided, therefore, to ascertain 
whether a combination of the polymer with diamond 
green and gentian violet would not be more effective. 

It is known that these dyes are to a certain extent 
toxic in their action on Trichomonas vaginalis*. 

The lethal mechanism after administering poly- 
ethylene glycol is almost the same for Paramecium . 
caudatum as for Trichomonas vaginalis. Since itis easy 
to culture and is very mobile, Paramecium caudatum 
was found to be more suitable for experimental 
purposes. 

All the experiments were carried out as follows: 
Cultures of Paramecium caudatum were placed in à 
medium of egg.yolk and were used for the experi- 
ments when the density of the animals reached 
approximately 1,000 per 1 ml. of eulture. Next. 
sterile aqueous solutions of polyethylene glycol of . 
mol. weight 4,000, in concentrations of 1, 5, 10, 15, 
20, 25 and 30 per eent, were prepared in 4 rows of 


test-tubes. To each row we added equal parts of: 
f : ; 4 HÀ cent aqueous solution diamond green 
(3 01, . » ^ v gentian violet 
(4) ü- 0l, ** *t »* t9 t5 yi 


By means of a platinum loop, 1 drop of Paramecium 
caudatum culture and 1 drop of the appropriate: 
polyethylene glycol solution with the dye, was — 
placed on a concave glass slide. On mixing the č - 
liquids, the time when the Paramecium stopped 
moving was noted. This was taken to be the moment ~ 
when the animals died, since afterwards they showed | 
no sign of life even when replaced in the culture 
medium. Each experiment was repeated 5 times from 
which averages were calculated. Comparisons of these 
averages are given in Table 1. Investigations with the 
same solutions were carried out on T'richomonas 
vaginalis at the same time*. The results of this- 
experiment are also given in Table 1. | 


Table 1. TIME REQUIRED FOR Trichomonas vaginalis AND Para- 

mecium caudatum MOVEMENT TO CEASE AFTER THE ACTION OF 

POLYETHYLENE GLYCOL Wirth GENTIAN VIOLET OR DIAMOND GREEN 
EXPRESSED IN HUNDREDTHS OF A MINUTE ' 


Concentration of polyethylene glycol. 






Concentration (per cent 
. 30 25 20 18 10 5 1. 
Tricho- gentian P $90 3°95 4:92 072 P > 
monas violet (0-01 732 974 
vagin- diamond {0-1 4-47 474 
alis gren (0-01 5-56 697 
Para- gentian (01 0-18 0:23 
mecium violet ‘OL 034 0-390 
caud- diamond {0-1 0-23 0:25 
atum green iNT O32 034 









moniasis. Tt isa prés compound e ind x 
to apply. The addition of the dyes clearly ! has a more ME 
positive effect in the lower concentration of poly- 
ethyleno glycol (1-20 per cent). This compound has a 
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of 17 and 19 months), the 2 rats ın the group treated 
with normal anti-sub-microsomal fraction sera died 
as the result of abdominal cancer It ıs hkely from 
the size and extension of the tumours that they had 
first appeared at a much earlier date At 12 months 
after cessation of treatment, the rats injected with 
the 3’-DAB fraction appeared normal and were killed 
No significant pathological lesions were found 

The first rat to die had a spherical tumour (3 cm 
in diameter) adherent to the hilum of the liver with 
minute white foci throughout the liver The pen- 
toneum was riddled with small metastatic tumour 
nodules The histology of the tumour was that of a 
typical bile duct carcmoma Its origin was presum- 
ably in a branch of the common bile duct in the liver 
hilum. The liver itself showed very severe centri- 
lobular necrosis with a cellular reaction and early 
periportal regeneration, but with many cells in this 
area still lysing. Some bile ducts in unaffected portal 
tracts appeared cancerous The second tumour was 
quite different It was very large (6em x 5 em ) and 
sited centrally ın the posterior and upper abdominal 
wal Its origin was obscure, but at autopsy the 
possibility of an upper para-aortic lymph node was 
considered The whole of the hver surface showed 
minute yellowish-white foc: The tumour was highly 
malignant, consisting of large polyhedral cells with no 
definite acmar formation Incorporated in 1t were 
areas of normal pancreatic glandular tissue The 
liver parenchyma in this case was only mildly dam- 
aged, but the tumour was invading the hver sub- 
capsular channels extensively Many cells contamed 
prominent blobs but did not stam for mucus The 
nature of the tumour 1s unknown, but the possibilities 
include an undifferentiated pancreatic carcinoma 
and a lymphoid or reticulum cell sarcoma. 

If we assume, as there 1s every reason from long 
experience with this rat strain, that these tumours 
were induced and not spontaneous, this result, in 
spite of the small numbers involved, 1s highly inter- 
esting for the followmg reasons. They are the first 
malignant tumours to be produced. by the injection of 
antiserum. A tissue-specific antiserum has in one 
instance resulted in a tumour of & component of the 
tissue concerned, which would seem extremely 
unlikely to be a chance event Not knowing the 
nature of the other tumour, there i8 no pomt in 
speculating at this stage on the mechanism of induc- 
tion, except that ıt was very probably related to the 
treatment Equally important 1s the fact that the 
antiserum to the carcmogen-treated liver fraction 
produced no tumours and no liver damage There 
appears to be a striking parallel here with the results 
obtained by Price® at Leeds She showed that treat- 
ment of kidney cells ın tissue culture with 3 4- 
benzopyrene for 10 days rendered them incapable of 
mduemg an antiserum nephrotoxic to mice wm vivo 
The inference was that the tissue-specific antigens 
had been modified antigenically by the carcinogen 
It would appear that the hepatocarcmogen has also 
modified by haptenic binding the liver tissue-specific 
antigens and so made the induced antibody mnocuous 
to normal liver 

The normal antiserum produced extensive liver 
damage m one case, and the process was still con- 
tnung at death long after cessation of treatment 
There 18 a possibility here that an auto-immune 
reaction followmg liver damage had been established 

This experiment, although now of course being 
repeated in a larger and more detailed way, would 
seem to have greater significance, since 1t was planned 
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on a purely theoretical basis m the hope of achieving 
the end which, at least in part, resulted The postulate 
was that repeated exposure to tissue-specific antiserum 
would induce adaptive loss of tissue-specific antigens 
with malignancy as an essential consequence If the 
results are repeatable on a larger scale, ıt would 
demonstrate beyond doubt that an immunological 
approach to carcinogenesis 1s valid, and that tho 
immunological theory of the nature of cancer (see 
Green‘ for references) may be basically sound 

I am much indebted to Dr G M Bonser for report- 
ing on the tumour sections 
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Susceptibility of Hamsters to the Oral 
Administration of Mycobacterium johnei 


THE development of a method “of counting viable 
units of bacill in the tissues of sheep! has enabled us 
to re-examine the potentialities of laboratory animals 
as experimental hosts for M johne» The oral route of 
challenge was chosen because ıb 1s the most likely 
route of infection in naturally oceurrmg Johne’s 
disease Progressive infection in the tissues after 
oral dosing was considered to be a better test of the 
true susceptibility of animals than the direct intro- 
duction of bacilli by parenteral methods 

Three groups of twelve hamsters of about 20 gm in 
weight were dosed orally on one occasion with 10°, 
102 and 107 viable units of M ohne) respectively. The 
strain of M johne» was the sixth sub-culture from a 
clinical case of Johne’s disease (bovine type) m a 
sheep Five or six hamsters from each group were 
killed at 1 month and at 2 months after dosing At 
these times the total viable unit counts were made of 
the spleen, the liver and the whole of the intestinal 
walls of each animal The mesenteric lymph nodes 
and a piece of liver from each hamster were examined 
histologically The results are shown in Table 1 

At 1 month after dosing, nfections of the intestines 
were found m 1 of 6 hamsters given 10? viable units, 
m 3 of 6 given 105 units and in 5 of 6 hamsters 
given 10? units 

At 2 months the numbers of animals with intestinal 
infections were 1 out of 6, 6 out of 6 and 5 out of 5 at 
the 107, 10? and 10? dose-levels respectively. Where 
detectable infections were present m the small 
intestines the mean group counts at the 2-month 
examination were at least one log,, umt greater than 
those at the l-month examination This shows that 
progressive infections had been established Infec- 
tions were not progressive in the large intestines 
M. 3ohnev was recovered from the livers or spleens 
of all the hamsters given 10? and 10? viable units 
and examined at 2 months The viable counts on 
these tissues were not significantly greater at the 
second examunation compared with those obtamed at 
the first Whether the infection passed through the 
mtestinal barrier at the time of dosmg or as a result 
of secondary spread from primary progressive foci 
m the intestine 1s not yet known At 1 month after 
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Mast Cell Lytic Antibodies 


It 18 known that mast cell damage by antigen 
invariably occurs in those circumstances in which an 
anaphylactic release of histamine ıs produced in 
actively sensitized rats', mice? and guinea pigs?*. The 
observation that in passively sensitized guinea pigs 
the mast cell reaction to antigen was rather uniform 
and. graded with the dose of antibody‘ suggested that 
the large variation observed in actively sensitized 
guinea pigs could be due to variation in the relatively 
small amount of antibodies produced by them 
Alternatively, some variation in the quality of the 
antibody was considered, for example. a difference 
between precipitating and non-precipitating anti- 
body However, early work®:* showed that precipitat- 
ig and non-precipitating antibodies were equally 
efficient for passive sensitizing of guinea pigs 

I was led to the same conclusion by work on 
the behaviour of guinea pig mast cells in passive 
anaphylaxis! However, some experiments with rats 
have suggested that in this species precipitating | 
antibodies are not responsible for the mast cell 
damage and histamine release occurring m anaphyl- 
axis, but that some other type of antibody might 
be responsible for these phenomena For example, 
while on one hand mast cell damage and histamine 
release are very much increased in anaphylaxis of 
pertussis-treated rats’? which produce very little, if 
any, precipitatmg antibodies, on the other both 
these phenomena may be much reduced in rats 
sensitized with Freund’s adjuvant having consider- 
able amounts of circulating precipitating antibodies 
Actually, rats sensitized with Freund’s adjuvant 
seem to be able to produce both types of antibodies 
since some of these animals present marked mast cell 
damage and histamine release when challenged with 
antigen, while others do not However, this seems to 
bear no relation to the amount of precipitating anti- 
bodies produced by the animal. Thus, there is a 
difference between the amount of precipitating 
antibodies produced by 1mmunuized rats and the mduc- 
tion of mast cell damage by antigen ın anaphylaxis 

Furthermore, I have not succeeded m duplicating 
mast cell damage and histamine release m anaphylaxis 
of rats passively sensitized with rabbit or even 
homologous precipitating antibodies This occurred 
also when pertussis-treated rats were passively 
sensitized and shocked® Therefore, ıt seems reason- 
able to conclude that some particular factor or type 
of antibody 1s required for the production of mast 
cell damage ın rat anaphylaxis and that the anaphyl- 
actic syndrome produced in rats after passive 
sensitization with rabbit or homologous precipitating 
antibodies duplicates only that part of anaphylaxis 
due to precipitating antibodies 

As a working hypothesis we think that rat anaphy- 
laxis 18 brought about by two different &ntigen-anti- 
body reactions (a) the reaction of antigen with pre- 
cipitating antibodies—that do not cause mast cell 
damage; (b) the reaction of antigen with ‘mast cell 
lytic antibodies’, which are responsible for the anaphy- 
Jactic release of histamine It seems that rats produce 
normally both types of antibodies and that, depending 
on the condition of immunization, one of these 
types of antibody would predominate over the other 
Thus, rats sensitized with Freund’s adjuvant would 
produce predominantly precipitatmg antibodies while 
rats injected with B. pertussis along with the sensi- 
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tizmg dose of antigen would produce predominantly 
‘mast cell lytic antibodies’ However, the ‘mast cell 
lytic antibodies’ would never attain a concentration 
in the serum adequate to produce passive sensitization 

This condition 1s necessary for explaining the repeated 
failure of serum taken from pertussis-treated rats to 
passively sensitize rat tissues either on vivo or sn vitro 

Furthermore, since the pharmacologically active 
substances released from the mast cells cannot account 
for the severity of anaphylaxis ın pertussis-treated 
rats, one has to consider that the ‘mast cell lytic 
antibodies’ are not necessarily specific to these cells 
but are also very active m causing damage to other 
cells Further experimental work ıs needed on this 


point 
I Mora 
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Apparent Induction of Malignant Tumours 
by Organ-Specific Antiserum 


IT was reported! that rats njected with 3’-methyl- 
4-dimethylaminoazobenzene (3’-DAB) showed firm 
binding of this hepatocarcinogen to the structural 
hpo-protem complex forming the cytoskeleton, that 
18, endoplasmic reticulum of the liver cell The binding 
here in terms of protein nitrogen was higher than 
elsewhere It was shown similarly that firm binding 
occurred in a sub-microsomal fraction shown by 
Vogt? to contain all, or nearly all, the tissue-specific 
antigens in the liver cell This fraction contained the 
bulk of the phosphatide in the microsomes and was 
therefoie thought to be derived from the endoplasmic 
reticulum § As with the structural lipo-protein, 
binding was higher here than 1n any other cell fraction 

Two rabbits were immunized with 01 ml of the 
sub-microsomal fraction prepared from the livers of 
rats injected intraperitoneally 48 hr previously with 
20 mgm of 3’-DAB ın arachis oil and two with a 
similar fraction fiom 1ats injected with arachis oil 
only After nine injections (intravenous), the first with 
1 ml of Freund’s adjuvant (intramuscular), tube- 
precipitin tests were erratic on regard to specificity 
but revealed precipitins to both fractions in all the 
undiluted sera § Absorption tests mdicated that 
normal liver homogenate absorbed the precipitm 
from the control but not from the antiserum to the 
fraction from rats treated with carcinogen 

At this stage, 2-month-old Wistar rats (2 m each 
group) were myected (intraperitoneally) with pooled 
rabbit antiserum, absorbed for 1 hr at 37? C with 
normal rat kidney, spleen and lung homogenates, at a 
dose of 1 ml spread over 15 mjections in 7 months 
Immunization of the rabbits providing the sera was 
continued for the first 9 weeks of this period At 8 and 
10 months after treatment ceased (that is, at the age 
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(Figs. 1, 2). It was considerably reduced or absent in 
the more mature cartilage cells. The dye was deposited 
in a finely granular distribution throughout the cyto- 
plasm; the nuclei were consistently negative. The 
controls, which lacked either substrate or diphospho- 
pyridine nucleotide, were uniformly negative, thus 
exeluding reduction of the ditetrazolium salt via 
oxidation of endogenous substrates or endogenous 
reductants. p-Chloromercuribenzoate (10-* M) com- 
pletely inhibited the reaction. 

The mechanisms involved in the histochemical 
demonstration of oxidative enzyme activity by use of 
tetrazolium salts as indicators has been considered 
elsewhere*. In the system under discussion electrons 
are transferred from uridine diphosphoglucose to 
the coenzyme via a dehydrogenase and from the 
reduced coenzyme to the tetrazolium salt by a 
diaphorase. We are thus demonstrating the activity 
of ə dehydrogenase-diaphorase system, both com- 
ponents of which must be acting to produce a 
positive result. The reduced tetrazolium salt 
forms a dark blue granular, insoluble, substantive 
diformazan at the site of enzyme activity. The 
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rinsing preceding incubation as outlined in the 
meiiod is important in that it removes endogenous 
substances capable of reducing the tetrazolium salt 
independently. We have been unsuccessful in 
developing a histochemical method to demonstrate 
this enzyme system in the liver. The extreme diffusi- 
bility of some component of the system does not 
permit the rinsing which excludes or sufficiently 
minimizes non-specifie reduction of the tetrazolium 
salt, a prominent effect in this organ at pH 8-4 (ref. 5). 
The enzyme in cartilage does not diffuse appreciably 
and thus is suitable for demonstration by this histo- 
chemical technique. 

Glueuronie acid is important in intermediary 
metabolism, partieularly in the conjugating mechan- 
ism of the liver (glucuronides), and as a component of 
mucopolysaecharides throughout the body’. There 
is evidence that the glucuronic acid ber on for these 
functions is synthesized from glucose via its uridine 
diphosphoglucose derivative**, Uridine diphospho- 
glucose is oxidized through a diphosphopyridine 
nucleotide-mediated dehydrogenase to uridine diphos- 
phoglueuronie acid. The activity of this system in 
mammalian liver is well established’. Its role in the 
synthesis of hyaluronic acid in group A Streptococcus 
has been examined’, and the presence of this system 
in murine mast cell tumour*, and epiphyseal cartilage 
homogenates’ from young rabbits, has been observed. 

The distribution of uridine diphosphoglucose 
dehydrogenase in cartilage conforms to what we 
would expect in that it is most active in developing 
cells at the periphery which are presumably in the 
process of synthesizing new matrix. These cells 
pene m therefore, require the greatest activity of an 

nzyme system which produces glucuronic acid for 
ultimate synthesis into the acid mucopolysaccharides 
of the matrix. The more mature central cells within 
well-developed ground substance may no longer 
require an active production of matrix components 
and show reduced or absent enzyme activity. 

This method therefore demonstrates uridine 
diphosphoglueose dehydrogenase activity in the 
cytoplasm of murine cartilage cells from varying 
body sites. The synthesis of glucuronic acid available 
for incorporation into mucopolysaccharides probably 
takes place through the action of this enzyme 
The technique for its demonstration is based on the 
reduction of a tetrazolium salt. 

This investigation was supported by a grant 
(C-3424) from the National Cancer Institute, U.S. 
Public Health Service. 
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effects of various lots of diazonium salts; (3) the 
low solubility of the azo compounds. The finding 
that free ‘Napthol AS’ exhibited fluorescence which 
was abolished by esterification and restored on 
hydrolysis provided the basis for a simple assay of 
chymotrypsin. ‘Napthol AS’ fluoresces maximally 
at 515 mu when excited at 310 my. The excitation 
maximum coincides with an absorption peak that 
is absent in the esters. Self-quenching restricts the 
range of concentration over which fluorescence 
intensity is linearly related to concentration of the 
fluor. Fortunately the range of concentration for 
which the relationship is linear (0-5-15 uM) is appro- 
priate for the assay of enzyme activity. 

Crystalline «-chymotrypsin was tested with each 
of the esters utilizing the fluorescent assay; the 
phenylproprionoxy ester was hydrolysed at an 
initial rate 10 times faster than the phenylbutyroxy 
and 30 times faster than either the benzoxy or phenyl- 
acetoxy naphthoie acid anilides. The pH optimum 
of 8:5 for the hydrolysis of the phenylproprionoxy 
ester agreed with the value obtained using N-acetyl 
tyrosine ethyl ester. 

Rat tissues were examined histochemically for the 
presence of enzymes which would hydrolyse any of 
the esters. The standard method was to fix tissues in 
cold neutral buffered formol, washed with gum-acacia 
sucrose sgolution5, and sectioned in the Pearse cryostat. 
Lipid was removed from the sections with methanol, 
and the sections incubated in the reaction mixture 
containing substrate at a concentration of 40 uM in 
40 per cent methanol in tris buffer at pH 8:0. Fast 
garnet GBC was used as the coupler. Sections were 
incubated 15 and 30 min. at room temperature, and 
then washed and mounted in polyvinylpyrrolidone*. 
Under these conditions, mast cells were the principal 
eell type to exhibit enzymatic activity in & variety 
of tissues examined, including liver, kidney, bone 
marrow, thymus and myocardium. The mast 
cell enzyme activity was parallel to that of chymo- 
trypsin; the phenylproprionoxy ester was hydrolysed 
rapidly, the phenylbutyroxy slowly and the phenyl- 
&cetoxy and benzoxy esters not demonstrably in the 
histochemical system. The mast cells from one dog 
mastoecytoma and one cat mastocytoma also contained 
an enzyme which hydrolysed the phenylproprionoxy 
derivative. 

In rat stomach and intestine, a population of cells 
distinct from the usual connective tissue mast cells 
evidenced esterase activity with the phenylproprion- 
oxy and phenylbutyroxy compounds. These cells 
were usually smaller than connective tissue mast cells, 
with sparser granules staining less intensely with 
toluidine blue. Many of these cells appeared in the 
lamina propria while others were insinuated between 
epithelial cells of the mucosa in small intestine and 
colon. 

Pancreatic zymogen granules which are known to 
contain chymotrypsinogen did not hydrolyse the 
phenylproprionoxy naphthoic acid anilide without 
prior activation of the enzyme precursor. Sections 
of pancreas were therefore treated with 0-05 per cent 
crystalline trypsin at pH 6 in the presence of calcium 
ion for 15-60 min. at room temperature. After 
trypsin activation, enzyme activity was evident in 
zymogen granules, in acinar lumina, in intralobular 
and interlobular ducts. The enzyme in the ducts 
was better demonstrated when methanol followed 
activation, whereas staining of enzyme in zymogen 
granules was greater if methanol preceded activation. 


(3). the inhibitory: | 
work. There is the specificity of chymotrypsin and 


Two es of | specificity are ro démauibrtod m d this 


the related enzyme of mast cells for the phenyl- 
proprionoxy ester of a series of homologous ‘Napthol 
AS derivatives, and there is the restriction of the 
enzyme hydrolysing the phenylproprionoxy naphthoio 
acid ardlide to connective tissue mast cells, intra- 
epithelial mast cells of the gastrointestinal tract, and 
panerestic zymogen granules and intraductal secre- 
tion. The digestive function of pancreatic chymo- 
trypsin is established; the presence of & chymo- 
trypsin-like enzyme in connective tissue mast cells 
and intra-epithelial mast cells of the gastro-intestinal 
tract is a contribution of enzyme histochemistry yet 
to be exploited in work on normal and pathological 
function. 
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Histochemical Localization of Uridine 
Diphosphoglucose Dehydrogenase in 
Cartilage 


THis communication presents a method for the 
histochemical demonstration of uridine diphospho- 
ghicose dehydrogenase in cartilage. This enzyme 
system is active in the pathway of synthesis of 
glucuronic acidt?, 

Fifteen young adult albino mice on standard 
laboratory diet were killed by decapitation, and 
cartilage from various parts of the body, including 
larynx, trachea, mbs, joints and epiphyses were 
immediately removed. Fresh tissue blocks were 
frozen on dry ice. These were cut in a cryostat 
(~—18° C.) with a rotary microtome at 16u. The 
sections were placed on coverslips and rinsed for 
5-10 min. in cold (4° C.) 0-1 M phosphate buffer at 
pH 8-4. They were then removed to an incubating 
mixture eomposed of 5 mgm. of the sodium salt of 
uridine diphosphoglucose, 2 mgm. diphosphopyridine 
nucleotide. and 2-5 mgm. of the paranitrophenyl 
substituted ditetrazolium salt ('Nitro-BT") in 5 ml. 
of 0-1 M phosphate buffer at pH 8-4. The incubation. 
medium was warmed to 37° C. prior to introduction 
of the tissues, which were incubated for 30 min.-1 hr. 
The medium was then drained off and replaced by 
10 ml. of 10 per cent neutral formalin at room tem- 
perature, in which the tissues were fixed for I hr. 
sections were then mounted on slides in glycerogel 
and examined under the microscope. | 

In each experiment sections were also ineubated in 
solutions which individually excluded substrate or 


coenzyme to control the specificity of the reaction. a 
p-Chloromereuribenzoate {10+ M) was used. in. some T 


experiments as an mhibitor!*. EN. 

Uridine diphosphoglucose dehy drogenaaé ‘activity E 
was clearly demonstrated in cartilage cells from the- 
larynx, trachea, ribs, joints and epiphyses. | ! 
instances activity was most prominent in the cartilage 
cells located at the inner aspect of the perichondrium, 
and extended for only several cell layers in thickness 
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potentiation was of long duration, often lasting for 
30min ormore In this respect there was a difference 
between the catecholammes and the other smooth 
muscle stimulants since the effects of adrenaline and 
noradrenaline rarely exceeded 15 min and were 
often shorter A few experiments were conducted 
with substance P, which was also found to potentiate 
the response to hypogastric stimulation when doses 
of 02-06 unit/ml were added to the bath 

In order to examine the influence of specific inhibi- 
tors on the potentiation desciibed, some experiments 
were performed with atropine Atropme in doses of 
01-1 ugm /ml abolished the effect of acetylcholine 
but not those of the catecholammes and histamine 

I wish to thank Prof U S von Euler for help and 
valuable advice 

This investigation was supported by a grant to 
Prof U S von Euler from the Thérése and Johan 
Andersson Memorial Fund 
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Non-steroid Inhibitors of Pituitary 
Gonadotrophic Function 


WE have obtamed striking changes in the repro- 
ductive system of animals of certain species tieated 
with some dithiocarbamoylhydrazines (U K patent 
878,177) | We were prompted to make our exper1- 
ments by an observation of our colleague, Dr J K 
Walley 

Among the most active of the compounds we 
examined 18 1-«-methylallylthiocarbamoyl]-2-methyl- 
thiocarbamoylhydrazine (compound 33,828) 


CH,—CH CH NH CS NH NH CS NH CH, 
CH, 


Admunistration of this substance to rats of either 
sex results in selective and reversible inhibition of 
pituitary gonadotrophie function We have obtained 
evidence of similar action ın dogs and monkeys, but 
not ın mice, guinea pigs, rabbits or horses 

This action 1s manifest in various ways Thus, when 
female rats with regulai cestrus cycles aie given 
daily oral doses of the compound at a level of 20 mgm 
or more per kgm, cyclic activity, as judged by 
vaginal smears, ceases within two or three days 
Smears of the dicestrus type persist for as long as 
dosing 1s continued when it 1s stopped the normal 
vaginal cycle is resumed within three or four days, 
even after several months dosing The ovaries lose 
welght progressively during administration of the 
compound and, in histological sections, show a 
decrease in the number of maturing follicles as com- 
pared with normally cycling control animals 

In male rats, daily dosing with the compound at 
similar levels results in progressive atrophy of the 
accessory sex glands and a slower loss in weight of the 
testes The latter change 1s associated with arrest of 
spermatogenesis at the stage of early spermatocytes 
The interstitial cells seem to be unaffected Table 1 
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Table 1 PERCENTAGE REDUCTION IN THE RELATIVE WEIGHT 
OF THE GONADS AND ACCESSORY ORGANS OF MALE RATS (INITIAL 
BODY-WEIGHT, c 110 GM) DECEM pany ORAL DOSES OF COMPOUND 
3 
Daily dose of Percentage reduction in relative weight 
compound After 10 daily doses After 24 daily doses 
(mgm /kgm , Seminal Ventral Testes Seminal Ventral Testes 


po) vesicles prostate vesicles prostate 
16 44 21 1 71 61 30 
40 66 29 11 88 80 51 
100 67 39 6 88 83 55 
250 69 49 18 88 85 74 


shows the percentage reduction in the relative weight 
of the semmal vesicles, ventral prostate and testes of 
rats after 10 and 24 daily doses of the compound at 
various levels, as compared with the relative weight of 
these organs in control animals of the same age and 
starting weight Mean figures are given for groups 
each of sıx rats having a body-weight of about 110 gm 
at the start of experiment The treated animals were 
killed on the day after that on which the last dose was 
given 

The adrenals and thyroid of rats treated with the 
compound show some increase ın relative weight but 
no histological abnormality In the experiment cited 
the increase was gieatest in the animals given 250 
mgm per kgm for 24 days, and then amounted to 
37 per cent for the adrenals and 17 per cent for the 
thyroid 

The effect of the compound on pregnancy in the 
rat depends on the level and duration of dosage 
and the stage at which i6 1s administered If ıt ıs 
given 1n sufficient dose (c 100 mgm per kgm orally) 
on any three consecutive days of pregnancy, no litters 
are obtained This ıs probably due, if treatment 1s 
given in the early stages of pregnancy, to inhibition of 
implantation, and 1f ın the later stages, to foetal death 
and resorption However, im» animals given doses 
insufficient to mterrupt pregnancy, the surviving 
offsprmg have appeared normal Moreover, the 
termination of pregnancy in rats by administration of 
the compound leaves their subsequent fertihty 
unummpaired 

Although the effects of the compound on the 
reproductive system of rats are apparent with daily 
doses as low as 16 mgm per kgm, daily doses of 
350 mgm per kgm are tolerated for up to six months 
without serious effects on well-bemg or on the 
morphology of other internal organs Dosage at levels 
of 16 mgm per kgm a day and upward does, how- 
ever, reduce the rate of gam in body-weight and 
causes, in some rats, patchy loss of hair The acute 
median lethal dose for rats ıs of the order of 1 gm 
per kgm (single oral dose), at which level perforation 
of the head of the duodenum 1s often the cause of 
death 

The compound does not affect the increase 1n weight 
of the uterus of spayed female rats given cestradiol, 
nor that of the seminal vesicles or prostate of castrate 
males given testosterone Atrophie changes produced 
by its administration in the gonads and accessory 
organs of sexually mature rats can be prevented by 
the simultaneous admunistration of human chorionic 
gonadotrophin (‘Pregnyl’). but the compound does 
not counteract, ın immature animals of either sex, the 
effects of human chorionic gonadotrophin, pregnant 
mare serum gonadotrophin (‘Gestyl’) or human meno- 
pausal gonadotrophm ‘These observations suggest 
that the action of the compound 1s central rather than 
peripheral and this 1s further supported by observa- 
tions on the pituitary of treated animals Although 
admunistration of the compound does not significantly 
affect the cytology of the pituitary in intact rats, it 
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largely prevents the appearance of castration cells in 
castrate males, when it ıs continued from the tıme of 
operation until the animals are killed one month later. 
We therefore conclude, provisionally, that the 
compound either directly interferes with the produc- 
tion of gonadotrophins by the pituitary, or else affects 
the presumed, hypothalamic control of that func- 
tion 
Atrophie changes have been detected in the testes 

and accessory sex organs of dogs given the compound, 
and in female rhesus monkeys inhibition of menstrua- 
tion results from its daily administration We have 
been unable to obtam any clear evidence of endocrine 
effects from the compound im mice, guinea pigs, 
rabbits or horses 
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Permeability of the Synovial Membrane 
to Glycoproteins 


ELECTROPHORETIC Investigations have indicated dif- 
ferences ın glycoprotein pattern between serum and 
synovial fluid!-§ The most marked difference ıs that 
the relative amount of «.-glycoproteins 1s consider- 
ably less in synovial fluid than in serum It was 
recently demonstrated‘ that the low «,-content of 
rheumatoid arthritic synovial fluid 18 mainly due to 
the low concentration of haptoglobm The synovial 
fluid-serum ratio for this glycoprotem was signifi- 


Table 1 
No of Vol of syn- 
Group cases ovial fluid Hapto- 
(ml )* globin 
I Cases without joint involvement 
(a) Without evidence of 1n- 
flammatory disease 5 0 2-0 3 0 03 
(b) With evidence of in- 
flammatory disease 
(pyelonephritis) 2 0 2-0 3 018 
II Osteoarthritis 6 0 5-10 0 24 
III Rheumatoid arthritis 
Untreated 5 10-50 0 38 
After hydrocortisone f 5 2-8 018 
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without evidence of joint disease as well as m cases 
of osteoarthritis and rheumatoid arthritis The effect 
of intra-articular administration of corticosteroids was 
also studied 

The results are summarized m Table 1 The 
synovial fluid-serum ratios for haptoglobin and 
prothrombin-proconvertim are seen to be extremely 
low ın the cases without joint involvement (group I a) 
but increase moderately with mereasing degree of 
synovial inflammation Followmg intra-articular 
administration of hydrocortisone ın rheumatoid 
arthritic cases the ratios for haptoglobin and pro- 
thrombin-proconvertin decrease markedly The ratio 
for orosomucoid, on the other hand, is seen to be 
closely simular to that for albumin in the various 
groups 

The cases of group I b (Table 1) deserve special 
mention In these cases the synovial fluid was of 
normal amount and appearance and there was no 
evidence of jomt disease However, in contrast to the 
cases collected in group I a, the patients of group I b 
presented abnormal serum protein patterns, markedly 
increased serum-level of haptoglobin and orosomu- 
coid, as well as elevated erythrocyte sedimentation- 
rate The changes m the synovial fluid-serum ratios 
for some of the glycoproteins observed in this group 
were of a degree found in mild synovitis and may 
possibly reflect a general change in connective tissue 
permeabihty to glycoprotems ın infectious conditions 

The results indicate that under normal conditions 
the synovial membrane 18 very shghtly permeable to 
certain glycoprotems This semipermeability 1s 
obviously not related to the molecular size of the 
glycoprotem Already shght synovial mflammation 
causes marked changes in glycoprotein permeability, 
which therefore should be a sensitive index of the 
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SYNOVIAL FLUID - SERUM RATIOS OF VARIOUS PROTEIN FRACTIONS IN CASES WITH AND WITHOUT JOINT DISEASE 


Synovial fluid — serum ratios 
Electrophoretic fractions 


Oroso- Prothrombin- 

mucoid proconvertin Albumin a (lg 8 y 
0 39 010 0 43 0 23 013 0 23 0 23 
0 72 0 27 0 65 0 53 0 35 0 30 0 48 
0 64 0 18 0 46 045- 021 0 32 0 33 
0 52 0 36 0 57 0 60 0 39 0 51 0 62 
0 50 016 0 58 0 49 0 28 0 42 0 03 


* As judged from the amount obfamed on puncture, 
t Puncture 4 days after intra-articular administration of 50 mgm hydrocortisone acetate 


cantly lower than for albumm or y-globulm. The 
concentration of the small-molecular glycoprotem 
orosomucoid was, on the other hand, that expected 
from the total protem content, mdicatmg a varied 
permeability of the blood-synovial fluid barrier to 
glycoproteins 

Therefore, ıt appeared of interest to extend the 
inves*igations to the glycoprotein permeability of the 
synovial membrane under normal conditions as well 
as in other cases with joint effusion Since 1t has 
recently been demonstrated’ that certain coagulation 
factors appear to be absent from normal bovine 
synovial fluid, determinations of the coagulation 
factors prothrombin and proconvertin, which are 
known to be glycoproteins, were also included in the 
present work 

Using previously described methods, synovial fluid- 
serum ratios for haptoglobm®, orosomucoid', pro- 
thrombm and proconvertin?, and certain electro- 
phoretic protem fractions? were determuned in cases 


degree of inflammation The mechanism of the 
selective permeability remains unclarified 
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Dietary Citrate and Hypomagnesemia 
in the Ruminant 


Te sudden onset of clinical hypomagnessmia in 
the lactating cow most commonly occus soon after 
the change from stall feeding to grazing fresh spring 
grass, and in the absence of any marked reduction in 
intake of magnesium This condition 1s probably 
brought about by reduced absorption of magnesium, 
but the reasons for this are not fully understood 
Marked reductions in output of urinary magnesium 
on changing the diet from hay or grass nuts to fresh 
grass have been described for sheep! in spite of 
increased intakes of magnesium, this probably mdi- 
cates reduced absorption Care? recently calculated 
that a 50 per cent reduction in absorption could lead 
to the development of hypomagnesemia within 7 
days in sheep 

Mineral balance of herbage’, low sodium intakes‘, 
and increased ruminal ammonia production? from the 
appreciable amounts of soluble nitrogenous constit- 
uents of spring herbage have all been suggested as 
precipitating factors, but none of these has been 
consistently implicated 1n clinical cases of the disease 
In the course of an investigation into the effects of 
adding organic acids and their salts to the diet of 
ruminants, we have obtained evidence that dietary 
citrate levels may be related to the occurrence of 
hypomagnesemia 

Fighteen 4-6 month old Ayishire heifer calves 
were housed in individual pens and fed 35 lb of a 
commercial concentrate, 05 lb crushed barley and 
hay ad hb to amaximum of 4 lb daily The calves 
were paired and allocated at random to treatments 
providing (a) 30 gm sodium chloride or (b) 50 gm 
granular sodium citrate in individual daily doses 
mixed with the barley Each supplement provided 
11 8 gm sodium per day 

Intakes of food and gains In live weight were similar 
for both treatments over an 8-week experimental 
period In the eighth week, blood samples for the 
determmation of serum calcium, magnesium and 
morganic phosphorus were taken on two occasions 
with the results shown in Table 1 Those calves 
which had received sodium citrate showed signifi- 
cantly lower levels of serum magnesium and appre- 
ciably lower levels of serum inorganic phosphorus 
than the calves which had 1ecerved sodium chloiide 


Table 1 EFFECTS OF SODIUM CITRATE UPON SERUM CALCIUM, 
PHOSPHORUS AND.MAGNESIUM (MGM /100 ML SERUM MEAN OF TWO 
OBSERVATIONS PER CALI) 


Treatment Magnesium Calcıum Phosphorus 
(a) Sodium chloride 211 9 47 918 
(b) Sodium citrate 1 86 p 73 8 43 
Significant difference (P = 0.05) 018 0 52 079 


The iesults suggest that the ingestion of small 
quantities of sodium citrate reduce levels in serum of 
magnesium and possibly inorganic phosphorus Since 
skeletal magnesium 1s more readily available m the 
young calf than in the adult cow® any factor which 
interferes with magnesium absorption would be 
expected to take longer to reduce calf serum mag- 
nesium significantly 

The daily intake of citric acid (as sodium citrate) 
amounted to 1 0 per cent of the dietary dry matter, 
levels of 04-07 per cent were reported for fresh 
perennial ryegrass by Hurst and Ramstad” The 
occurrence of hypomagnesemia might thus be 
associated with increased intakes of citrate from 
herbage Further experiments are in progress to 
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extend these observations to the lactating cow and to 
determine more piecisely the effect of citrate mtake 
on Magnesium metabolism m the ruminant 


A W A Bort 
D. C THOMAS 


Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, 
Bedford 
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Difference in Metabolism of Labelled 
Thyroxine between Thyrotropic and - 
Adrenotropic Mouse Pituitary Tumours 


LITTLE 1s known about the mechanisms within the 
pituitary which are involved in the control of thyro- 
tropin secretion exerted by circulatmg thyroid 
hormone In the work reported here mouse pituitary 
tumours were used to examine this problem since 
each of these several tumour types reflects quite 
closely the behaviour of its prototype cell in the 
normal pituitary The results suggest there may be a 
special thyrotropin-seereting cell with an unusual 
pattern of metabolism for thyroxine ‘Thus, mouse 
pituitary thyrotropic tumours were found to contain 
large amounts of labelled 3,5,3’-trnodothyronme 
(T,*) 4hr after mjection 1ntraperitoneally of labelled 
thyroxine (7,7), whereas mouse pituitary adreno- 
tropic tumours and other tissues contained none 

Three strains of thyrotropic tumours in LAF, 
mice, originally made available by Furth’, were used 
Several transplants of an adrenotropic tumour 
in LAF, mice also were furmshed by Dr Furth A 
spontaneous fibrosarcoma in LAF, mice, kidney, 
muscle and pituitary from thyioidectomuzed LAF, 
mice, and a carcmoma of the breast m Swiss mice 
from Dr S8 Graff were examined as control tissues. 

With mouse pituitary tumours, valid conclusions 
generally may be drawn from gioups of 4 mice each 
(Furth, J, personal communication) Nevertheless, 
all experiments were repeated for confirmation 
Groups of 5 mice each were used for the thyrotropie 
tumours, and groups of 3 mice each with the other 
tumours due to a limited number of mice available 

Since two of the three thy1otropic strains grow only 
in thyroidectomized mice, the thyroid was destroyed 
in all thyrotropic tumour hosts? The adrenotropic 
tumours were maintamed both ın intact and adrenal- 
ectomized mice given deoxycortisone subcutaneously 
once a week 

The biological methods? and the methods for 
extraction of sex um? used by this laboratory have been 
detailed elsewhere Chromatographic separation of 
the 10dinated compounds ın tissues was done by the 
methods of Roche et al4 10-20 pe T,* (Abbott) 
1epurified, when necessary, by paper chromatography 
and containing 04-1 ugm stable T, were injected 
intraperitoneally and autopsy performed 4 hr later. 
All tissue samples were rapidly weighed, counted for 
radioactivity to 5 per cent accuracy in a well-type 
geimntillation counter and then frozen end lyophilized 

After chromatography, further identification of the 
radioactive compounds was made by two-dimensional 
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Table 1 PRESENCE OF T,* IN PAPER CHROMATOGRAMS PREPARED 

FROM THYROTROPIC MOUSE PITUITARY TUNOURS 4 HR AFTER IN- 

JECTION SYSTEMICALLY OF 7',*, BUT NOT FROM OTHER TUMOURS OR 
CONTROL TISSUE 


Radio- Range of values 

activity for percentage 
Mouse in tissue/ distribution of 
strain Tissue serum iodinated compounds 


ratio on chromatograms 
3 i 3 
LAF,t £23 thvrotropic tumour 
(autonomous, non-responsive) 01-03 17-54 18-53 28-30 
L24 thvrotropie tumour 
(autonomous, seml- 
responsive) 0 1-0 2 
4183 thyrotropic tumour 
(dependent, non-responsive) 
Adrenotropie tumour 
Fibrosarcoma 02 


27-30 18-40 22-52 


4-85 23-65 31-42 
29-80 70-71 
27 73 


eo 


Swiss} Mammary adenocarcinoma 
55 01-02 43-44ł 56-57 0 
LAF, Kidney 03-05 25-49 35-55 0 
Muscle 0 05 21 79 0 


+See text for numbers of animals used 

t Corey, K D, and Gross, J, Cancer Res , 20, 476 (1960), havo 
reported formation of radiation todide from 7',* in experimental 
mammary tumours 


chromatography, radioautography, and then elution 
and chromatography of the various radioactive areas 

The results obtained are shown ın Table 1 Chroma- 
tograms of all three strams of thyrotropic tumours 
contamed 7, in equal, and high, concentrations, as 
well as 7', *, 10dide and traces of radioactive 3,5,3',5'- 
tetraxodothyroacetie acid. The adrenotropie tumours, 
however, contained no T, *, and no 7', * was present m 
control tissues or in serum <A small amount, presum- 
ably of 3,3’,5’-truodothyronime* (reverse 7',*), was 
demonstrated in chromatograms of serum and of 
some of the control tissues 

A specific alteration m hormonal environment 1s 
required to induce each of the secretory types of 
experimental mouse pituitary tumour The resultant 
tumours are histologically homogeneous and. specific 
With dependent tumour strains, the same specific end 
organ hormone is required to suppress growth and 
hormonal secretion as 18 normally required to suppress 
pituitary secretion of the corresponding tropic 
hormone 

These close sunilarities to normal pituitary function 
suggest that each of the secretory pituitary tumours 
may have originated from corresponding specific 
anterior pituitary cells and thus reflect their functional 
behaviour Ezrin has already postulated’ from 
histological evidence that cells secreting thyrotropin 
and adrenocorticotropin are distinct and can be 
distinguished from the cells secreting the othor 
hormones of the gland 

Since all three thyrotropic tumours of the present 
experiment contained a high proportion of 7’;* after 
intraperitoneal mjection of 7T',* whereas the adreno- 
tropic tumours contained none, the interesting 
possibility is raised that not only may there he a 
specific thyrotropin-secreting cell but also that 1t has a 
unique metabolic pathway for thyroxine ‘The forma- 
tion of large amounts of 7’,* could weil be related to 
the inhibitory action which thyroxine exerts on 
thyrotropin secretion Unfortunately, both depen- 
dent and autonomous thyrotropic tumour strains 
contained equally high proportions of 7’;* and so any 
relationship to suppression of growth and hence to 
tumour autonomy or dependency seems to be 
eliminated 

It is possible that T,* was metabolized to T,* 
elsewhere ın the body and was simply concentrated 
by the thyrotropic tumours Predilection of the 
thyrotropic tumour for 7, * as opposed to the adreno- 
tropic tumour would be interesting enough. How- 
ever, no 7',* was identified m the serum or the various 
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control tissues studied, and 7',* did not accumulate 
disproportionately in the thyrotropic tumours com- 
pared with control tumours and other tissues after 
T4* mjection* 

Another possibility, that all pituitary cells de- 
1i0dinate T',* to T',* but lose this system ın the form- 
ation of adrenotropic tumours, seems unlikely It 
18 the metabolic behaviour of the thyrotropie tumours 
which ıs unique. Similarly, the possibility that the 
enzyme system responsible for direct diodination to 
10dide 18 lost ın the thyrotropic tumours so that 7'5* 
is formed alternatively seems excluded by the fact 
that T',* 1s formed by the normal pituitary in about 
the same relative amounts® 

This work was aided by Contract SA-43ph-2402, 
Cancer Chemotherapy National Service Centre, 
National Cancer Institute, Public Health Service 
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A Micromethod for the Determination 
of Bradykininogen in Blood Plasma 


BRADYKININOGEN 18 the inactive precursor from 
which bradykinm, the hypotensive and smooth-muscle 
stimulating nonapeptide, can be released by the action 
of trypsin! The concentration of the precursor in 
blood can be evaluated by the amount of bradykinin 
liberated by the action of trypsm on known volumes 
of plasma The mam difficulty found in a procedure 
for the determmation of bradykinmnogen ıs the 
presence of trypsin mhibitors which inteifere with 
the release of bradykmuin, and the presence of enzymes 
which inactivate ıt ın fresh plasma This difficulty can 
be overcome if the plasma ıs previously heated in 
borhng water ın the presence of diluted acetie acid, in 
order to obtain a denatured substrate By this 
procedure trypsin inhibitors and bradykmuinolytic 
enzymes are inactivated?§ 

After an examination of the conditions for the 
liberation of maximal amounts of bradykinin, a 
method for the determmation of bradykimimogen 
can be described as follows 

Venous blood ıs collected in a siliconed syringe 
moistened with 20 units of an anticoagulant (“Lique- 
mine’, Roche) and immediately transferred to a 
15-ml siliconed glass or polyethylene centrifuge tube 
The blood 1s centrifuged and 02 ml of plasma is 
transferred with a stliconed pipette to an 18 x 150 
glass tube contammg 18 ml of 02 per cent acetic 
acid The mixture 1s heated in a boiling water-bath for 
30 min , cooled to room temperature in a tap-water 
bath, and 1s then adjusted with N sodium hydroxide 
(c 006 ml) to pH 7 30-7 80 (Merck Universal mdi- 
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cator paper) and buffered at pH 78 with 05 ml of 
0 2 M tris buffer The suspension formed ig incubated 
with 02 mgm of crystalline trypsin (Worthing 
Labs), for 30 min At the end of this period the 
enzyme in the clear digest 1s mactivated by adding 
5 ml of boiled alcohol After immersion of the tubes 
for 5 min into a water-bath adjusted at 70? C the 
liquid 1s quantitatively transferred to a 125-ml. round- 
bottom flask and evaporated with reduced pressure to 
dryness The dry material is suspended in 4 ml of 
saline and assayed for bradykmin in a guinea pig 
ileum preparation using the 2 x 2 bioassay described 
by Rocha e Silva! 

The bradykmin content does not change signifi- 
cantly if the blood 1s treated 2-4 hr after collecting 
or if the dry digest 1s assayed after keeping i6 in an 
evacuated desiccator 12—24 hr 

The standard used for comparison was & prepara- 
tion contamung 3 units of bradykmin/mgm , one unit 
of this preparation was equivalent to 05 ugm of 
synthetic bradykinin (prepared by the Sandoz Labs ) 
according to the procedure of Boissonnas et al 5, 
One unit of bradykinmogen 1s defined as the amount 
of the precursor able to liberate one unit of standard 
bradykinin or 0 5 ugm of synthetic bradykmm 

Table 1 shows the concentration of bradykmmogen 
found per ml of blood plasma of man and other 
mammals measured according to the method 
described above 
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Table 1  BRADYKININOGEN (UNITS/ML PLASMA) 
Average Range 

Man 212 14 8-28 5 
Ox 289 23 7-33 9 
Horse 18 9 17 6-19 7 
Sheep 127 12 0-13 8 

1g 81 5 5-11 6 
Dog 123 12 0-13 0 
Rabbit 201 17 5-22 7 
Guinea pig 177 15 8-200 
Rat 40 25-50 


Average of determinations made on the plasma of 10 men and 
5 women (normals), other species, average of 3 animals 


The method described 18 being used ın this labora- 
tory for the examunation of conditions expected to 
alter the bradykmmogen content of plasma in several 
types of experimental shock, surgical conditions and 
pregnancy 

CARLOS R Dryiz 
Ivan F. CARVALHO 
J RYAN 
M ROCHA E SILVA 
Departments of Pharmacology and Medieime, 
University of Sáo Paulo, 
Ribeiréo Preto, São Paulo, Brazil 
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Biological Spectrum of Some New 
Tuberculostatic |,3,4-Oxadiazolones with 
Special Reference to Cross-Resistance 
and Rates of Emergence of Resistance 


THE tubereulostatie activity of 5-(4-pyridyl)-1.3,4- 
oxadiazolone (S 57) has been repeatedly confirmed!-?, 
and complete cross-resistance with isonicotinie acid 
hydrazid (isoniazid) ın laboratory tests usmg Myco- 
bactervwum tuberculosis 18 reported by all workers 
in this field It was, therefore, a little surprising to 
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find that, whereas isoniazid 18 practically inactive 
against human leprosy, but active against rat murine 
leprosy, S 57 ıs highly active against both animal and 
human leprosy*-* 

Although isoniazid and S 57 show complete cross- 
resistance m laboratory tests, yet if H 37 Rv is cultured 
in the presence of a concentration of isoniazid just 
sufficient to reduce, but not completely mbhiubit, 
growth, and a concentration of S 57 one-tenth of 
that required for growth inhibition, the rate of 
emergence of resistance to isoniazid ıs substantially 
reduced, showing that some difference in the biological 
spectra of isoniazid and S 57 ıs probably present"? 
This observation might have some bearing on the un- 
expected activity of S 57 1n human leprosy, the more 
unexpected since it contains, m contrast to most 
leprostatics, no sulphur in the molecule 

The low toxicity and low local irritant properties 
of S 57 led to the extension of the above observations 
to the salicylate and p-amino-salicylate class of 
substance which shows reduced therapeutic useful- 
ness owing to local irritant properties? Conversion 
of the free carboxy group to the corresponding 
1,3,4-oxadiazo!ones yields compounds possessing sım- 
Ilar pharmacological spectra to the original salicylate 
and p-amino-salicylate, but showing, m fact as pre- 
dicted, reduced toxicity and local irmtant action 
Thus 5-(2'hydroxyphenyl)-1,3,4-oxadiazo'one 1s an 
active anti-inflammatory, anti-pyretic and analgesic 
agent of low irritant properties and toxicity 5-(2’- 
hydroxy-4'-aminophenyl)-1,3,4-oxadiazolone (WS 
127) shows a similar tuberculostatic spectrum and 
order of activity as p-ammo-salicylie acid, but 18 con- 
siderably more stable chemically Here again com- 
plete cross-resistance to various strains of Myco- 
bactervum tuberculosis has been observed ın laboratory 
tests using strains resistant to p-amino-salicylic acid 
Yet, on culturmg H 37 Rv in the presence of both 
p-amuno-salieyhe acid and WS 127 at slightly sub- 
liminal concentrations the rate of emergence of 
resistance to both substances 1s substantially reduced 
compared with findings obtamed using p-amino- 
salicylic acid or WS 127 individually on the same 
strain The same phenomenon has been noted using 
p-amino-salicylic acid and 5-(2’-hydroxy-4’amino- 
pheny]l)-1,3,4-oxad1azol-2-thione 

Thus, the laboratory cross-resistance tests com- 
monly used apparently miss some of the finer details 
of activity, at least in this class of substance, which 
may be necessary to predict therapeutic effectiveness 
and rates of emergence of 1esistance both in animals 
and man 

A E. WILDER SMITH 
Department of Pharmacology, 
Sehool of Medicine, 
Univeisity of Bergen, Norway 
Hans BRODHAGE 
Department of Pathology. 
Cantonal General Hospital, 
Lucerne, Switzerland 
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Isolation of an «Globulin from Human 
Plasma 


WHILE exammung a method for the isolation of 
haptoglobin by chromatography on DEAE cellulose? 
we noticed that several «,- and a,-globulins were 
adsorbed under the experimental conditions used 
One of these protems, an «,-glycoprotem, has now 
been obtained at about 90 per cent purity The 
protem adsorbed together with haptoglobin, cerulo- 
plasmin, cholinesterase and some «,-globulins at pH 
5 0 from human plasma diluted to a freezing point of 
— 015° ıs the last of these protems to be eluted at 
the same pH but with mcreasmg molarity of acetate 
buffer Indeed, haptoglobi 1s eluted at 0 1 M acetate 
buffer, ceruloplasmin together with some «,-globulin 
at 0 2 M and the unknown protem at 0 3-0 4 M 

When submitted to starch-gel electrophoresis’, this 
protein migrates to the c,B-posYion Protem 7, as 
it may be called, 1s an o,-glycoprotem contaimng 
about 10 per cent hexoses Protein 718 different from 
these three well-known «,-globulins haptoglobin, 
ceruloplasmm and «,-macroglobuln It differs from 
haptoglobin by its electrophoretic mobility on starch- 
gel, showing but a single band in the «,(-position 
(Fig. 1) and a somewhat faster migration on paper 
strip Protem x has no hemoglobm-bindmg capacity 
and no 1mmunolog:cal relationships with haptoglobm 
The new protem 1s precipitated by rivanol at pH 7, 
whereas haptoglobin 1s not The protem under con- 
sideration differs from ceruloplasmin in 1t8 position on 
starch-gel at pH 86 It 1s colourless and contains no 
copper and shows no oxidase activity There 1s no 
immunological relationship with ceruloplasmin as 
studied by the Ouchterlony technique and ımmuno- 
electrophoresis Finally, there 1s no mmunological 
relationship between «,-macroglobulin and protem z 
and again the position on starch-gel of the two 
protems 1s quite different 

The protem separated by chromatography on 
DEAE from whole plasma contams zinc in various 
amounts Work 1s in progress to establish whether 





Fig 1 Position on starch-gel of protein z (1n the centre), whole 
plasma (right), isolated haptoglobin (left) 
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zinc 1s a definite part of the native protem, or a 
fortuitous contaminant Protem ~ has been isolated 
under the same experimental conditions from frac- 
tion III as obtamed durmg routme fractionation of 
human plasma following a_ slightly modified 
Nitschmann technique? Whole plasma contains 
about 02 gm /1 of this protem and some total anti- 
human-serum gives a precipitation line with the 
purified protem A screening for specific enzymatic 
or clotting activity has not yet given a positive result 
We thank Dr Fine for 1mmunoelectrophoretic 
analysis 
M STEINBUCH 
J Lors* 
Centre National de Transfusion Sanguine, 
6 Rue Alexandre-Cabanel, 
Paris 
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Quantitative Sub-Groups of the B 
Antigen in Man and their Occurrence 
in Three Racial Groups 


NUMEROUS &uthors!-5 have described rare variants 
of the B blood group antigen which may differ 
qualitatively from other B antigens Formaggio® 
concluded from his examination of 250 samples of B 
agglutmogens that differences within the B group 
were quantitative rather than qualitative Durmg 
the performance of 50 per cent end-pomt hemag- 
glutination assays of the B-anti-B system’, 1t was 
noted that B cells from a Negioid individual were 
more strongly agglutinated than were those of 
Caucasoid origm The probability-log assay curves in 
Fig 1 show the difference observed with four doubling 
dilutions of anti-B serum in an equilibrium system 
with equal numbers of the two types of B cells of 
equal freshness The percentages of cells agglutmated 
were obtained by the free-cell counting technique 
described 1n an earlier paper? and are plotted against 
the logarithms of the antiserum concentrations Since 
the parallel assay curves mdicated that these agglutin- 
ogens differed quantitatively rather than qual- 
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Fig 1 Homagglutination assay curves of red cells of two sub- 
groups of the B antigen. 
The degree of gross agglutination 1:8 indicated in parentheses 
3+, Large visible clumps of cells with only a few free cells, 
2+, macroscopically many small clumps with more free cells, 
1+, macroscopically no visible agglutination, microscopically 
many small clumps of 4-8 cells, 1+, no visible agglutination 
macroscopically, mucroscopically small clumps of 2-4 cells 
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Ratio of 50 per cent end-points (HD58) 


Jig 2  Distnbution of HD,» ratios for red cells of 143 blood 
group B individuals 


tatively, the relative ‘strength’ of the B cells could be 
ascertained from the 50 per cent hemagglutination 
end-points or HD,,s interpolated from the assay 
curves A ratio of the HD,;’s showed that the 
Caucasoid cell possessed only 60 per cent of the 
agglutinating strength of the Negroid cell This 
difference was observed with numerous samples from 
these same individuals over a period of two years, and 
thus appears to be an intrinsic property of the 
agglutinogen from a given individual The stronger 
cell was tentatively assigned a value of unity and 
provisionally designated B1° while the weaker 
Caucasoid cell was termed B%* to avoid confusion 
with the terminology Bio, Baos Boo, ete , proposed by 
Hrszfeld?:!* for the Be (complete) antigen and 1ts 
transition forms $ 

In order to determine whether quantitative 
subtypes vary in ethnic groups, samples of group B 
blood from Caucasian, Negro and Mongolian indivi- 
duals were collected im equal volumes of modified 
Alsever’s solution at the Washington Red Cross Blood 
Donor Center The cells were compared with a 
standard 61° cell on the day of collection by the 
assay method Concentrations of standard and 
unknown test cells were carefully adjusted to 26,000 
+ 800 cells/mm ? by means of the Coulter counter. 
The frequency distribution of the HD,, ratio values 
for a population of 143 dividuals of blood group B 
18 shown in Fig 2 It 1s evident that a segregation 
into three distinct populations (‘percentage grades’) 
was possible The group of 12 samples which were 
more weakly reactive than the B*?* group has been 
designated B™4 since they exhibited approximately 
40 per cent the agglutinability of the standard cell 
The results of the testing of 100 Caucasoid, 25 Negrord 
and 18 Mongoloid B antigens are presented 1n Table 1 
It 18 noted that B! ?* occurs ın half the American 
Negro population but in only 9 per cent of Caucasians 
and imn none of the Mongolians The B? * predominates 
in Caucasians and Mongolians while B? 4 appears to 
be imn highest frequency among Mongolian peoples 
The fact that the results do not accord with the 
distribution expected of homozygotes (BB) and 
heterozygotes (BO) suggests that the observed 
differences are not related to the ABO genotype of 
the individual In support of this, 1t was found that 
samples from one individual whose most probable 
genotype 1s BB as evidenced by famuly studies of 


‘Table 1 DISTRIBUTION OF B ANTIGENS IN THREE RACIAL GROUPS 


Racial group pi Types ae B anum d 
Caueasoid 8 87 9 
Negroid 12 13 0 
Mongoloid 0 15 8 
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three generations, and three from known BO indi- 
viduals, fell withim the same percentage grade (B° 6). 
Subjects were not available for examination of the 
heredity of these antigens, however, 16 1s reasonable 
to assume that they are expressions of multiple 
allelomorphs at the B locus These sub-groups may, 
indeed, correspond to the pleiades Bm, Br, B; de- 
seribed by Hirszfeld and Amzel!® On the other hand, 
B"? may be an exclusive character of the Negroid 
race since 1b 1s possible that the nme Caucasoid B! ° 
antigens encountered are the result of race crossing 
Whether B° is an exclustve Negroid character or 
occurs 1n all races 1n different frequencies can only be 
resolved by testing pure racial populations. 
Mary B Grsss 
JOSEPH H AKEROYD 
JULIA J Zapr* 
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Washington 12, DC 
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A Correlation between Surface Charge 
and Coagulant Action of Phospholipids 


THE property of water-insoluble amphipathic 
molecules to alter the electrokmetic charge of lipids 
has been exploited by Bangham and Dawson! m 
elucidating the charge requirements of certain enzyme I 
substrate interactions Then results show clearly the 
interdependence of both sign—positive or negative— 
and magnitude of enzyme and substrate interaction 
m any particular ionic environment Whereas varia- 
tion of pH, uni- or di-valent 10n concentrations may 
affect the charge on both enzyme and substrate sumul- 
taneously, the addition of a water-insoluble amphi- 
pathic molecule to the lipid. ensured an alteration of 
the substrate exclusively 

In the light of this experience and of the apparent 
anomales ın the ability of various phospholipid 
emulsions to accelerate the clotting of plasma2-4, an 
attempt has been made to correlate the t potential of 
leerchin/amphipathie molecule mixtures with their 
effects on the clotting reaction promoted in plasma 
by Russel viper venom 

To 1 5 umole-ahquots of ovo-lecithin ın chloroform 
(isolated from mixed egg phospholipids by chromato- 
graphy on alumma and silicic acid columns) were 
added progressive volumes of synthetic di-cetyl- 
phosphoric acid (066 yumole/ml) in chloroform 
Each mixture was taken to dryness ın vacuo and 
emulsified ın 1 0 ml of a 0 045 M irs buffer in 0 1 M 
sodium chloride Electrophoretic mobilities of the 
emulsion particles were measured by direct observa- 
tion imn a horizontal microelectrophoresis cell of the 
type described by Bangham, Flemans, Heard and 
Seaman® The clotting system utilized fasting human 
plasma, obtamed by centrifugmg crtrated blood 
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Fig 1 Curves to show relationships between clotting time and 
electrophoretic mobility, positive or negative, of various lecithin! 
mixtures Mobilities were carried out in 0045 M (ris ın 01M 
sodium chloride at pH 72 Clotting times represent means of 
three measurements 
O—O, 016 umole lecithin plus varying amounts of dicetyl 
phosphoric acid, Q, 016 xmole lecithin plus 0 045 uM 
dicets1 phosphoric acid to which 18 added varying concentrations 
of Ca-pyridinum bromide, x— x, 016 umole lecithin plus 
varying concentrations of phosphatidyl ethanolamine 


— 


first at 3,000 1 pm for 10 mm and then at 20,000 
rpm for 15 mn To 01 ml of such plasma were 
added 0 1 ml of the mixed phospholipid emulsion, 
0l ml of 1 100,000 'Stypven' brand (Burroughs 
Wellcome and Co) Russel viper venom in water 
and finally 01 ml 0025 M calcmm chloride’ All 
reactants were maintained at 37° C and the clotting 
reactions were followed at this same temperature 

Fig 1 shows the relationship between the electro- 
phoretic mobilities of the various lecithm/dicetyl 
phosphoric acid mixtures added to plasma and the 
observed clotting times It can be seen that as the 
negative charge on the suspension increases, 1ts 
ability to accelerate the clotting induced in plasma by 
Russel viper venon also increases 

The suspension promoting the most rapid clotting 
has a mobility of 1 6 sec -! volt- em ~+ This agrees 
remarkably closely with the value for the particles 
present in the brain extract described by Bell and 
Alton® (Table 1)  Lecithim/phosphatidyl ethanol- 
amine mixtures are also negatively charged (due to 
the partial ionization of the amine group at pH 7 2) 
and the mobility/clotting time relationships coincide 
with those of lecithin/dicety] phosphoric acid mixtures 
(Table 1 and Fig 1) 

That the surface charge 1s, ın all probability, 
mtimately concerned in the reaction 1s emphasized 


COMPARISON OF VARIOUS PHOSPHOLIPID MIXTURES AND 
THEIR COAGULANT ACTION 
Mobility 
(usec -1 volt- em ~?) 


Table 1 


‘Stypven time’ (sec ) 
av of 3 readings 
24 
24 


Phospholipid mixture 


frasfsaline control 

0 163 umole lecithin 

0 115 mole lecithin + 
0 035 umole dicetyl phos- 
phorie acid 

0 034 umole lecithin + 
0 120 mole phosphatidyl 
ethanolamine 

Brain phospholipids, Bell 
and Alton (ref 6) 

Platelets 

0 163 umole lecithin + 
0 05 umole dicetylphos- 
phorc acid + 0 08 umole 

Cos-Pyridinium bromide 


0 
Iso-electric 


-16 70 


—1 04 
—1 69 79 
-12 87 


+18 34 0 
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by the observation that progressive neutralization of 
the negative charge of the suspension by the addition 
of C,,-pyridinium bromide to the lipid mixture results 
in @ proportionately decreased effectiveness as evı- 
denced by the prolongation of clottmg time (Fig 1) 
Addition of excess C,,pyridinuum bromide yields a 
positively charged lecithin/dicetyl phosphoric acid 
suspension causing an extended clotting time ‘This 
latter observation, too, holds important implications 
for the possible role of orientated surfaces ın the whole 
process of blood clotting : 

The effects on clotting time of other amphipathic 
molecules having alternative anions, for example, 
fatty acids, are at present under investigation How- 
ever, in view of the slightly different affinities of 
calc1um ions for phosphate as compared with carb- 
oxyl anions, 1b 18 quite probable that the optimum 
mobilities of suspensions activated by fatty acid, in 
tris-buffered saline, may be different from those 
reported m Table 1 

Final appraisal of the relationships between the 
surface charge of orientated phospholipids and ther 
possible catalytic role in enhancing blood clotting 
must await measurement of clotting time in the 
presence of a constant surface area of test lipid 


A D BawGHAM 
Institute of Animal Physiology, 
Agricultural Research Council, 
Babraham, Cambridge 
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HISTOCHEMISTRY 


Histochemical Examinations of 
Chymotrypsin-like Esterases 


In 1953 Gomor! discovered a tissue enzyme which 
hydrolysed chloracetoxy naphthoic acid anihde 
Mast cells were found to have a large amount of 
this enzyme activity Based on the demonstration 
that the time required to achieve a given colour 
intensity in an enzymatic histochemical system ‘is 
inversely proportional to enzyme activity’, ıb was 
estimated that mast cells had 30 times the activity 
of liver and five times the activity of neutrophiles 
Later, Benditt and Arase? were able to show that 
the enzyme in mast cells strikingly resembled bovine 
a-chymotrypsin The present work has carried the 
resemblance further and examined the distribution 
of the enzyme in the rat, utilizing a newly synthesized 
or of esters of naphthoic acid anilide (*Napthol 

The presence of a phenyl group in the acidic portion 
of an ester ıs an established character of specific 
chymotrypsin substrates‘. Esters of ‘Napthol AS 
were therefore synthesized begmning with the 
benzoxy ester and sequentially adding a methylene 
group between the carboxyl carbon and the phenyl 
ring, giving the phenylacetoxy, phenyl proprionoxy 
and phenylbutyroxy esters 

The use of diazo coupling with the free naphthol 
released by hydrolysis to measure enzyme activity 
in the test-tube was unsatisfactory because of 
(1) the relatively slow couphng which precluded 
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tion, based on the efflux of sodium, increases the 
sodium uptake to 33 pmoles/cm.*/stimulus. By direct 
recording, each 4-sec. stimulus was found to elicit, on 
the average, 4-5 repetitively produced spikes. Thus, 
the sodium uptake per spike is 7-8 pmoles/cm.’. 
Using the highest value for the spike in uterine smooth 
muscle of 73 mV.* it can be readily shown that 
movement of this amount of sodium is capable of 
discharging a membrane capacity of 9-11 uF ./cem.', a 
value which closely resembles that of other verte- 
brate excitable membranes. On the other hand, if 
the membrane capacity of the rabbit myometrial 
cell is assumed to be the same as that of frog sar- 
torius muscle fibre or that of sheep Purkinje fibre*, the 
observed and estimated amount of sodium moved 
could cause a change of membrane potential of about 
70 mV. Thus, even without correcting for diffusion 
delay, which is appreciable in this tissue, the results 
strongly suggost that the ionic hypothesis of excita- 
tion can be applied to the rabbit myometrium. 

The half-time of extracellular elution of sodium-22 
is 10-3 + 0-71 min. (mean + S.E. of 22 preparations). 
From this and the thickness of the preparations the 
diffusion constant of sodium was calculated to be 
0.202 x 10-* to 1-16 x 10-* em.*/sec. At the maxi- 
mum, this is one-fifth the value in frog sartorius 
muscle’. The slow extracellular diffusion together 
with a higher intracellular sodium concentration* 
could conceivably allow local accumulations of 
sodium even when the entire preparation is immersed 
in sodium-deficient media. Probably such an explana- 
tion ean account for the observation that action 
potentials in smooth muscles seem to be independent 
of the external sodium concentration. 

This work was supported in part by a grant 
(A-1713) from the National Institutes of Health, U.S. 
Department of Health, Education and Welfare. 
Support for one of us (D. Z.) was derived from funds 
allotted by the U.S. Public Health Service and the 
National Science Foundation. 
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Effect of Some Smooth Muscle Stimu- 
lants on the Motor Response of the 
Isolated Guinea Pig Vas Deferens to 

Hypogastric Nerve Stimulation 


RECENTLY potentiation of the response of tho cat 
nietitating membrane to sympathetic nerve stimula- 
tion has been shown to occur with serotonin! and 
substance P (ref. 2). Burn and Rand’ have found 
that circulating noradrenaline increases the responses 
of organs to sympathetic stimulation. 
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Fig. 1. 


Contractions of the isolated guinea pig vas deferens in 
response to hypogastric nerve stimulation (10 V., 2 msec., 5 pulses/ 


sec.) for 5 sec. at 2-min. intervals; bath volume 50 ml. A, At 
arrow, addition of 0-01 «gm, acetylcholine; B, at arrow, addition 
of 5 pgm., adrenaline 


Some results are presented here showing that other 
smooth-muscle stimulants can modify the motor 
response to nerve stimulation of sympathetically 
innervated smooth muscular organs. The vas deferens 
was chosen because this organ is stimulated by most 
of the smooth muscular stimulants occurring in the 
body. 

The vas deferens with the hypogastric nerve was 
prepared according to the method described by 
Hukovic'. The organ was placed in a 50-ml. bath 
containing Tyrode solution at 37° C. and aerated with 
oxygen. The contractions were recorded with a 
frontal writing lever on a smoked drum. The hypo- 
gastric nerve was placed on stimulating electrodes 
and immersed in liquid paraffin. The nerve was 
stimulated every 1 or 2 min. for 5-10 sec. with a 
stimulation of supramaximal strength (8-15 V.) and a 
duration of 2 msec., the frequency being in the range 
5-20 per sec. The responses remained for at least 
5-6 hr. 

Contractions of the isolated guinea pig vas deferens 
could be elicited by addition to the bath fluid of 
adrenaline, noradrenaline, acetylcholine, histamine 
and serotonin although the concentrations required 
were rather high. Concentrations of at least 5-10 
ugm./ml. of adrenaline and noradrenaline had to be 
used to obtain a moderate contraction. The effective 
dose of acetylcholine was lower (1-10 ugm./ml.) and 
those of histamine and serotonin were higher (10-80 
ugm./ml.). In general these substances could be 
ranked in the following order: acetylcholine > 
adrenaline > noradrenaline > histamine > serotonin. 

It was observed, however, that doses of smooth 
muscular stimulants, which were too small to induce 
contractions of the isolated vas deferens, caused a 
conspicuous potentiation of the motor response of the 
organ to nerve stimulation. Doses ten to a thousand 
times smaller than those required for eliciting a 
moderate contraction of the organ increased the 
response to nerve stimulation two or three times or 
even more without any gross changes in the basal 
tone of the ductus. The ability for potentiation 
followed the same order as that for stimulation. The 
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Fig. 1. Elution diagram for an 8-ml. volume of Lo 
fraction of rabbit anti-human lobulir labe with 
fluorescein isothiocyanate. The column of ‘Sephadex G-25’, 11 cm. 
x 0-6 em. diameter, at room temperature, was eluted with 
hos saline buffer pH 7:4. Millilitre eluates were collected, 
mal fluorescence and antibody activity corresponded to 
eluates of maximal protein and dye absorption. Absorption at 
280 mu, ——; absorption at 490 my (ye), - - — 


0 6 10 


Examination in agar-gel diffusion plates (Fig. 2) 
shows sharp limitation of antibody activity to the 
volume of eluate corresponding to the volume of 
original protein solution and to that giving maximal 
absorption at 280 my (that is, little or no dilution of 
antibody activity). This was confirmed by the 
finding that negligible alteration in antibody titre 
occurred in the eluates. Protein recoveries of up to 
95 per cent were obtained in volumes of eluate 
equivalent to the original volume of the conjugate. 

Apart from the use described here, cross-linked 
dextran gels can also be profitably used for the 
concentration of fluorescent antibody activity where 
this is weak, using the method suggested by Flodin, 
Gelotte and Porath* for concentrating solutes of high 
molecular weight. 

Purification of dye-protein conjugates by this 
method appears to be quicker, simpler and more 
efficient than other methods* at present in use. 





Fig. 2. Agar gel diffusion plate of anti-/?-Hipoprotein labelled with 


finorescein isothiocyanate against 8-lipoproteim, After eluting 

from the column of ‘Sephadex 6G-25', samples were taken from 

each of the ml. eluates and put up against f-lipoprotein. Holes 

1-9, representing the void volume of the column, show no pre- 

wong tn whereas holes 10-16, representing the volume of pro- 

tein solution originally put on eolumn, shew precipitation, 
Holes 17-24 show no precipitation 
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Our thanks are due to Pharmacia Ltd., Uppsala, 
for free samples of ‘Sephadex’, and to Dr. C. Ricketts, 
Medical Research Council Unit, Accident Hospital, 
Birmingham, for his advice. 
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PHYSIOLOGY 


Sodium Influx and Excitation in Uterine 
Smooth Muscle 


Tue applicability of the ionic hypothesis of excita- 
tion, more specifically the transient increase of 
sodium permeability during an action potential’, has 
not been extended to smooth muscles in general. This 
is due largely to serious technical difficulties in 
impaling the small cells of smooth muscles, as shown 
by the comparatively low and widely variable values 
of membrane potentials for smooth muscles. Direct 
tests of the effect of sodium deprivation on the action 
potential are therefore rather difficult to make. 
Additional confusion has been caused by claims that 
action potentials persist in media containing very 
little sodium? or no sodium at all. 

An alternative approach to test the applicability of 
the ionic hypothesis to smooth muscle is to determine 
the sodium influx associated with each impulse to see 
whether the charge carried by the sodium ions moving 
across the excitable membrane can account quantita- 
tively for the displacement of the membrane 
potential occurring during an action potential. This 
approach has been used in paired comparisons on 
isolated myometrial strips from cestrogen-dominated 
uteri of rabbits. The strips were incubated in a 
sodium-22 containing Krebs's bicarbonate solution. 
One of the pair was left unstimulated, and at the 
incubating temperature of 24^ C. spontaneous activity 
was infrequent. The other of the pair was stimulated 
in end-to-end fashion by 4-sec. long, 60-c./s. a.c. 
stimuli, once every minute for about 2 hr. When tho 
relative amounts of sodium-22 eluted from the muscles 
were plotted against time, the resulting curves could 
be fitted by exponential equations with two terms. 
From the intercept values and the rate constants of 
both terms, the total intracellular eodium-22 at the 
beginning of the elution was caleulated according to 
the method discussed by Huxley*. 

In paired comparisons of muscle strips allowed to 
recover for 3 hr. before being loaded with sodium-22 
the extra uptake of sodium due to applied stimulation 
was 16:3 pmoles/cm.*/4 sec. stimulus (mean of 6 pairs, 
with total stimuli of 120, S.E. + 3-06). Since the 
stimuli were applied once every minute, allowance 
must be made for the sodium that entered the cell 
but was then extruded between stimuli. This correc- 
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98 per cent of the salts and only 10-15 per cent of the 
activity are lost during dialysis But as only small 
quantities of lysozyme are involved in the preparation 
it was necessary to eliminate all the salts without any 
further loss of activity This 18 obtamed by filtration 
on ‘Sephadex G-50' column 50 x 12 cm. (buffer, 
pyridine 03 M, HAc 01 M; pH 5 5) (Fig. 2). 

Chromatographically pure lysozyme from human 
milk After re-chromatography on carboxymethyl- 
cellulose, the lysozyme from human milk 1s obtained 
with a constant specific activity Furthermore, no 
increase of the purity was observed after filtration on 
‘Sephadex G-50' The fact that the lysozyme obtamed 
m this way 1s chromatographically pure has been 
again verified by submitting the enzyme to a 10n- 
exchange (partition) chromatography on ‘Amberlite 
CG-50' The lytic enzyme can be chromatographed 
on a 20 x 09 cm. column buffered with a 02 M 
phosphate buffer of pH 7 0, without any change of the 
pH, the molarity or the temperature of the buffer 
during the chromatography (elution after 50 ml ) 

Some properties of the lysozyme The lysozyme from 
human milk, as all previously examined lysozymes!, 
is very stable at acid pH rt resists to 100? C for 
3 min at pH 45 without any significant loss of 
activity, 16 18, however, unstable at alkaline pH at 
pH. 7 5a loss of 30 per cent of the activity occurs after 
l min at 100°C Ifthe specific activity is by defini- 
tion 1 for hen’s egg white lysozyme, it is about 2 
for human milk lysozyme The molecular weight 1s 
approximately 15,000 (experiments made with cah- 
brated 'Cellophane' membranes) The first results 
concerning the quantitative ammo-acid composition 
indicate that the new lysozyme 1s not identical with 
hen’s egg white lysozyme 
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In any event the new lytic enzyme 1s a lysozyme 
as 1b possesses the principal properties of this group 
it 18 & basic protem, with a molecular weight near 
15,000, stable at acid pH. unstable at alkaline pH, 
active against suspensions of M lysoderkticus, and 
liberating by its action on an appropriate substrate 
compounds which can be detected by reagents for 
reducing sugars and for N-acetylhexosammes 

We are indebted to Mrs Bertrand (Ecole de 
Puériculture, Paris) for human milk 

This work was supported by grant I'G—Fr—106 
from the US Department of Agriculture 
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Purification and Concentration of Dye- 
Protein Conjugates by Gel Filtration 


Ir was shown by Porath and Flodin: that filtration 
through cross-lmked dextran gels served as a simple 
method for the separation of materials of varymg 
molecular size This procedure has now been found 
to be of particular value for the purifieation of 
antibody-fluorescent dye conjugates for use in the 
Coon's? technique, since unconjugated dye and dye 
impurities are removed. so that non-specific staining 
of the tissues has thereby been greatly reduced or 
abohshed, 

Conjugates of rhodamine® and fluorescem isothio- 
cyanate’ with (a) the y-globulin fraction separated by 
cold ethanol’ of rabbit antisera directed agaist human 
y-globulin and @-hpoprotein, (b) with whole goat anti- 
rabbit antiserum and with whole rabbit anti-hen 
antiserum, were treated as follows Columns of 
‘Sephadex G-25’ (Pharmacia, Ltd, Uppsala) were 
prepared by shaking 10 gm of ‘Medium Sephadex 
G—25' (100—250 mesh) with 200 ml of sodium chloride 
phosphate buffer at pH 7 4 for 1 hr allowing the gel 
to sediment and decanting the supernatant (including 
any fine particles) This procedure was repeated 
twice The swollen gel was then suspended in a 
fresh volume of 200 ml of buffer and slurried into a 
burette, the lower end of which was plugged with 
glass wool Columns varying in length from 10 to 
30 em x 06 em diameter were constructed, care 
bemg taken to obtain even packing of the gel The 
‘void volume’ of the column was determined with 
indian ink 

2-5 ml aliquots of the protem solutions labelled 
with dye were applied to the top of the column and 
allowed to filter through at room temperature 
When the conjugate had soaked into the gol, ıt was 
eluted with phosphate-saline buffer at pH 74 
Measured volumes of the eluate were collected, the 
optical density measured at 280 my for protein, at 
490 mp (absorption maximum for fluorescein) and 
560 my (absorption maximum for rhodamine) 
Aliquots from each eluate were also examined by the 
Ouchterlony‘ technique and 1ts modification by Gell? 
against the appropriate antigens for identification 
and titration of antibody The eluted conjugate 
was compared with the original (untreated) material 
by paper electrophoresis It was also tested by 
application to sections cut at — 25° C of mouse- and 
rat-liver taken from ammals injected intravenously 
with the appropriate antigens and killed immediately, 
and to human pathological material 

It can be seen from the elution diagram (Fig 1) 
that the peak due to protein corresponds to that due 
to dye in the volume of eluate immediately following 
the void volume of the column It was repeatedly 
observed that a second protein peak (marked by an 
arrow in Fig 1) occurred, accompanied by only a 
shght peak in dye absorption, suggesting partial 
fractionation of protein which, under the conditions 
employed for conjugation ın these experiments, was 
less completely labelled with fluorochrome Further 
elution of the column gave fractions giving the charac- 
teristic absorption of dye alone, unaccompanied by 
protein 

This sequence could also be observed visually since, 
during elution, a band of coloured conjugates could 
be seen to separate from coloured bands of free dye. 
In the case of rhodamine isothiocyanate, four or five 
bands differmg in colour were seen, suggesting the 
presence of several rmpurrties 1n the batch utilized 
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It 1s interesting that each of the major glycolipids 
occurring m plants (the sulpholipid and two B-p-galac- 
tosyl diglyeerides*:?) possesses a linkage which may be 
cleaved by 8-galactosidase. 

We are indebted to Prof. R G. Wolfe, of the 
University of Oregon, for the B-galactosidase prepara- 
tion, and to Prof F J Roeithel, of the same Univer- 
sity, for his interest m this work 

This work was supported by a grant from the U S 
National Science Foundation 
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Interaction between Lysozyme and a 
Phospholipid of Neoplastic Tissue 
(Oncolipin) 

LYSOZYME 18 a basic protem, tendmg to form 
complexes with fatty acids, aliphatic long-chain 
alcohols, alkyl sulphates'?, colic acids’, and cepha- 
lins* Interaction promoted by lysozyme towards 
Rous sarcoma phosphatides 1s of particular mterest® 

We have examined the possibility of lysozyme 
produemg insoluble complexes with a phospholipid 
(oncolipin) isolated in malignant tissues by Aoyama! 

Tests on interaction have been performed on 
phosphate 0 067 buffers, usmg Sorensen’s technique 

Oncolipm was isolated from  Yoshida's ascite 
sarcoma in rats This sarcomatous phospholipid 1s 
suspended in saline solution and the above suspension 
1s used for preparing the 0 01 per cent solution of the 
substance contamed in phosphate buffers, at pH 
ranging from 5 9 to 8 2 


Table 1 TURBIDITY RELATFD TO HYDROGEN-ION CONCENTRATION, 
IN SÓRENSEN'S PHOSPHATF BUFFERS 
Sample Hy drogen-ion concentration (pH) 

(per cent) 9 6 71 76 80 82 
Lysozyme 0 05 0004 0004 0004 0004 0004 0004 
oat aay vl 0022 0020 0024 0027 0099 0027 

neolipin 1 
+ Lysozyme 0 001 0036 0034 0032 0038 0041 0038 
Oncolipin 1 
+ Lysozyme 0 005 0051 0053 0061 0065 0068 0068 


The 0 01 per cent solution of oncolipin in phosphate 
buffers 1s slightly turbid By addition of lysozyme, 
the tuibidity becomes more evident, and propor- 
tionally to the added quantity of the enzyme 

It ıs concluded that lysozyme interacts with 
oncolipin, at saline hydrogen-ion concentrations, by 
promoting formation of insoluble complexes This 
behaviour of lysozyme 1s like that of another basic 
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protein, namely salmine, being also an insoluble 
product interacting with oncolipin, at pH 6 8-70 
(ref 6) 
R FERRARI 
Alexander Fleming Institute of SPA, 
Milan 
S MATRACIA 
Institute of General Pathology, 
University, Palermo 
*Smith G N, and Stocker, C, Arch Biochem , 21, 383 (1949) 
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Lysozyme from Human Milk 


CONTINUING our research on lysozymes from 
different origins’, we were interested in the purifica- 
tion of a human lysozyme Some preliminary 
experiments have indicated that human placenta, 
salva and spleen contain lysozymes, approximately 
4, 10 and 40 mgm /kgm respectively (quantities 
expressed in mgm of hen’s egg white lysozyme). 
In contiast with cow’s milk, we have found that 
human milk contains a lysozyme (40 mgm /1 expressed 
in mgm of hen's egg white lysozyme) 

We now report the isolation of this new lysozyme 
which we obtained ın a chromatographically pure state. 

The purification cludes three steps 

(1) Adsorption of the lysozyme on ‘Amberlite 
CG-50 buffered with a 02 M phosphate buffer of 
pH 65 50 ml of ‘Amberlite’ are added to 1 litre of 
milk and the mixture is stirred for 4 hr The 
resin 1s then washed with water and the lysozyme 1s 
eluted with a 08 M phosphate buffer of pH 6 5. 
After dialysis against water at 2° C and lyophilization, 
a ‘primary material’ is obtamed the lysozyme has 
undergone a 250-fold purification 

(2) Chromatography of the primary material on 
carboxymethylcellulose The conditions are indicated 
in Fig 1 200 mgm of the primary materal are 
chromatographed on a 40 x 18 cm column at 20° 
Lysozyme activity was determined by its bacteriolytic 
action on Maicrococcus lysoderkticus? After re- 
chromatography of the lysozyme-containing fractions 
in the same conditions, a symmetrical peak, active 
against M lysodeckticus, 18 obtamed where the 
specific activity 1s constant In this way, the primary 
material was again purified 7-8 times 

(3) Desalting of human lysozyme on ‘Sephadex 
G-50' The lysozyme-contaming fractions after 
chromatography on  earboxymethyleellulose are 
pooled, dialysed against water at 2°C and lyophilized 
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unpublished results) A serious criticism of all this 
work is that the identification of cystine, or ite 
oxidation product cysteic acid, depends on non- 
specific colour reactions, and. its presence 1s inferred 
rather than proved 

It 18 now shown that to isolate the 2 4-dinitrophenyl 
derivative of cysteic acid from silk hydrolysates in 
quantities sufficient for positive identification by 
analysis 1s possible The material isolated can be 
determined. quantitatively, for example, colormmetric- 
ally usmg a Spekker photoelectric absorptiometer, 
and the mmimum cystine content of silk can thus be 
found  Prehmmary work indicates that for Bombya 
Qoi? this value is about 0 13 per cent The analytical 
aspects of this work will be discussed elsewhere, but 
In agreement with other workers}? it seems very 
probable that this figure 1s near the true value The 
isolation of the cystine derivative was performed as 
follows 

Silk fibron (Bombyx mon) was degummed in 
solution of pH 1 5 at 95? C (ref 5), the usual alkaline 
method being avoided to prevent destruction of 
cystine The washed and dried fibroin (10 gm ) was 
refluxed for 8 hr with hydrochloric acid (150 ml) 
and the solution evaporated to dryness v vacuo over 
schd sodium hydroxide The residue was dissolved 
in water (200 ml) neutralized with sodium bicarb- 
onate (20 gm) and further sodium _ bicarbonate 
(40 gm ) was added together with 2 4-dinitrofluoro- 
benzene (25 ml) in ethanol (300 ml) The whole 
was shaken for 12 hr in an open flask and filtered 
The residue was washed with water (100 ml) and 
the washings, togethe: with more water (300 ml), 
were added to the alcoholic solution The solution 
of the dinitrophenyl derivatives was extracted with 
ether (ethereal solution rejected), acidified with 
concentrated hydrochloric acid and extracted twice 
more with ether The ethereal solution of the dinitro- 
phenyl derivatives was evaporated to dryness, 4 per 
cent performic acid (50 ml ) added, the solution allowed 
to stand overnight and again evaporated to dryness 
The residue was shaken for 1 hr with water (50 ml ), 
filtered and the solid extracted twice more with two 
further volumes (50 ml each) of water The com- 
bined aqueous extiacts were extiacted twice with 
ether (ethereal extracts 1ejected) and evaporated 
to 5 ml 

Electrophoresis of this solution was carried out 
using a Shandon continuous electrophoresis &ppaa atus 
(No 2520) with Whatman 3 MM paper using 33 
per cent acetic acid as solvent It was more satıs- 
factory to dispense with the nylon envelopes enclos- 
ing the electrodes Using 300 V which gave a current 
of 16 m amp the yellow solution of the dinitrophenyl 
derivatives separated into two sharp bands Band I 
moved vertically down the paper with a shght 
deviation towards the cathode, the solution from 
this band being rejected A second band (II) of equal 
intensity moved strongly towards the anode The 
solution from band II was collected and evaporated 
to diyness The orange-brown very deliquescent 
solid was dissolved in acetone, filtered and carbon 
tetrachloride added to the solution The whole 
was evaporated to dryness and kept over phosphorus 
pentoxide This material and the authentic dinitro- 
phenyl derivative of cysteic acid migrated identically 
when subjected to electrophoresis Yield, 35 4 mgm 

Found (Weiler and Strauss) C, 328, H, 30, 
N, 118, 5,990 C,H,O,N,S requnes C, 323, H, 27, 
N, 125, 8, 95 Synthetic HO,SCH.CH(COOH)- 
NHC,H,(NO,), (found) C 320, H,30, N, 11 9,5,93 
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We wish to thank the Wool Textile Research 
Council for financial assistance towards this mvestiga- 
tion. 
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Hydrolysis of «-Sulphoquinovosides by 
8-Galactosidase 


Every photosynthetic tissue so far examined has 
been found to contain a high concentration of a 
sulpholipid?! the structure of which has been elucidated 
as 6-sulpho-«-D-qumovopy1anosyl-(1—-1^)-2/,3'-d1acyl- 
D-glycerol?^? A high concentration of the deacylated 
form of the sulphohpid, G-quinSO,H, ocews in 
Chlorella and Scenedesmus* This unique glycoside 1s 
cleaved to yield glycerol and 6-sulpho-p-qumovose 
by a highly purified preparation of 8-galactosidase 
fiom Escherichia cola MEL 308 (ref 5) 

Enzymatic reactions were carried out at pH 70 
25° C with tiacer amounts of G-quinSO,H labelled 
with sulphui-35 with or without synthetic carrier? 
The hydrolysis followed typical first-order reaction 
kinetics when the radioactive substrate (approxi- 
mately 10-8 M) was used without carrier Hydrolysis 
of G-quinSO,H by 6-galactosidase was inhibited by 
the addition of a normal substrate, Q-p-galacto- 
pyranosyl glycerol (kindly supplied by Prof H E 
Carter), to the reaction medium, suggesting that the 
reactions of the enzyme with both types of substrate 
take place at the same site on the enzyme 

2-Hydroxyethyl or 3-hydroxypropyl sulphoquino- 
voside exhibited susceptibihty to hydrolysis by 
8-galactosidase The methyl, ethyl and n-propyl 
glycosides were, however, completely resistant The 
8-glycopyranoside and the furanoside isomers as well 
as «-D-glucopyranosy]-(1—>1’)-glycerol were not affec- 
ted by the enzyme Sequoyitol and (+)-pinitol 
(kindly supphed by Dr Laurens Anderson) did not 
affect the hydrolysis of the Q-galactogde and G- 
quinSO,H, even though they aie related to each othei 

These observations indicated that the hydrolyses 
of the 6-sulphoquinovosides are abnormal but highly 
specific -Galaetosidase has been considered strictly 
specific ın 1ts substrate requirement Only glycosides 
with the B-p-galactopyranoside structure have been 
considered susceptible to its hydrolytic action’ 
Since the enzyme attacks certam sulphoquinovosides, 
as well as Q-galactosides, the active site? should bind 
both types of substiate Although 16 ıs difficult to 
establish a mechanism at this stage, ıt 18 interesting 
that the distances between the oxygen atoms on 
carbons 1 and 4 are equal ın both substrates and that 
the 2’- or 3’-hydroxyl group of the glycerol and one 
of the oxygen atoms of the sulphonic acid of 
G-quinSO,H may occupy relative positions identical 
with those of the hydroxyl groups of carbons 2 and 3, 
respectively, of the B-p-galactopyranoside Since a 
hydroxyl group of the aglycone was essential for the 
susceptibility to B-galactosidase action, 1t must play 
8 part in determining the specificity of the enzyme 
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gelatin ) In an earlier commun:eation? dealing mainly 
with inhibition of gelation of gelatm by alkalne 
copper (II), 16 was reported that a cobalt (II) com- 
plex prepared at pH 115 also prevented gelation 
The correct reading 1s that a pH 115 nickel (II) 
complex, Amax 435 my, prevented gelation, and that 
on acidification gelation occurred The cobalt complex 
reported earlier was formed at higher alkalinity and 
was actually the cobalt (III) complex At that 
time the cobalt (II) complex was not observed 
because the very slow adjustment of pH. permitted 
oxidation to complex B without forming a noticeable 
amount of complex A 
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Formation of 2-Heptanone from Caprylic 
Acid by Spores of Various Filamentous 
Fungi 

IT was shown recently that washed, non-germunat- 
mg spores of Pemwillum roqueforit aie capable of 
producing 2-heptanone from caprylic acid! In exam- 
ining the mechanism of this reaction’, other fungal 
spores were examined for ther ability to produce a 
ketone from the fatty acid It 1s significant that 
spores from almost half the fungi: selected converted 
caprylic acid to heptanone, thus indicating the more 
general occurrence of a reaction thought to be limited 
to only a few moulds 

The fungi were grown on tomato juice-agar slants 
in Roux bottles, and after incubation at 25° C for 
3-10 days (depending on the growth-rate of a par- 
ticular fungus) the spores were collected by adding 
water to the bottle and scraping the surface of the 
mycelium with a flattened metal rod This mixture 
was then filtered through several layers of cheese- 
cloth to remove bits of agar and hyphal cells The 
spores were removed from suspension by centrifuga- 
tion and then ‘washed’ several times m distilled water 
by centrifugation The spore concentration was 
adjusted to 10°/ml by using a conventional hema- 
cytometer. Ketone-forming activity remained con- 
stant over a period of several months when the spores 
were stored m water at 4° C 

To avoid using large amounts of spores, which 
1equired more time in culturmg and collection, the 
reaction was conducted m Warburg vessels The 
reaction mixture consisted of 10 ml of spore sus- 
pension, 10 ml of 05 M phosphate buffer at 
pH600r70and02ml of 0 1 M sodium caprylate, 
0 2 ml of 20 per cent potassium hydroxide was placed 
in. the centre well to absorb carbon dioxide Thus, the 
oxygen consumption of the spores could be followed 
manometrically and the general direction and rate of 
the reaction could be observed Heptanone produc- 
tion was proportional to the consumption of oxygen, 
if no uptake of oxygen was observed, no heptanone 
was produced After 3-5 hr the Warburg vessels 
were removed from the bath and the contents of the 
vessels were steam-distilled directly into 10 ml ofa 
01 per cent solution of 2,4-dinitrophenylhydrazine 
The samples, collected m the hydrazine solution, 
were stored at 4°C over-night The following day the 
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hydrazone crystals were washed, recrystallized from 
hot 95 per cent ethanol and the melting points 
determined The hydrazones were also chromato- 
graphed at room temperature in a closed glass cylinder 
with absolute methanol/water (9 1 by volume) as 
the developing solvent The compounds were spotted 
on a sheet of Whatman No 1 filter paper and after 
6 hr development the Rr of the unknown was 
compared with that of the known hydrazone of 2- 
heptanone 

It 18 noteworthy that spores from the majority of 
the Aspergillus sp (9 out of 11) and Pemollvwum sp 
(9 out of 12) and some related moulds imeluding 
Paecilomyces varvoty and Scaputariopsis brevicqulis 
rapidly converted caprylate to 2-heptanone How- 
ever, none of the spores of Mucorales (Mucor hiemales, 
Mucor mucedo, Phycomyces blakesleamus, Rhizopus 
stolomfer, Thammdium elegans, and others) was 
capable of the reaction 

Spores of Pemcilhum roqueforta and Aspergillus 
och» aceus were found to produce identically the same 
amount of 2-heptanone Some of the fungal spores 
produced more ketone at pH 6 0 and others more at 
pH 70 Although the reaction with some of the 
spores may have occurred at a lower or higher pH, our 
only interest m these particular investigations was to 
determine the range of the 1eaction among the fungi 
selected The pathway for the conversion of fatty 
acids to ketones by spores of filamentous fungi 18 
bemg ın estigated and the results of these experiments 
will be published shortly 

We are indebted to Prof W F. Whittingham and 
Prof K.B Raper for furnishmg the cultures for these 
expermments This work was supported in part by 
grant £-1201 from the US National Institutes of 
Health 
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Isolation of a Cystine Derivative from 
Silk 

CONSIDERABLE doubt exists as to whether silk 
fibrom (Bombyx mort) contams a small amount of 
cystine or whether this amino-acid 1s entirely absent 
Apart from any biological significance, even a very 
small quantity of cystine, depending on its mode of 
incorporation, could have a considerable influence on 
the molecular weight of fibrom 

Schroeder and Kay!, usmg ion-exchange chromato- 
graphy, reported the presence of 0 17 per cent cystine 
m sulk, and later Zuber, Ziegler and Zahn? estimated 
the cystme by an electrophoretic method after 
oxidation of the fibrom as 012 per cent In recent 
ieviews on silk3:4, however, no reference 18 made to 
its cystine content and it has been asserted that 
sulphur-containing amino-acids are entirely absent 
and the claim that silk fibrom contains 0 12 per cent 
cystine cannot be reconciled with the analytical 
results so far available‘ In these laboratories ıt has 
been found possible apparently to detect cystine in 
silk hydrolysates by both paper and 10n-exchange 
chromatography and the Shinohara method (Earland, 
C, Stel, J G P, Lodge, R S, and Raven, D. J, 
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1:3 and 35° C all have the same half-hfe of 160 min. 
as determined by a previously reported method* 
whereas the half-hfe of methicillm under the same 
conditions 18 between 2 and 3 mmutes. 
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A solution of 5-methyl-3-phenylsoxazole-4-carb- 
onyl chloride in acetone was added to a stirred 
solution of 6-amimopenicillanic acid and sodium 
bicarbonate m aqueous acetone After 1 hr acetone 
was removed, the mixture was acidified, and 5-methy!- 
3-phenyl-4-1soxazolylpenicillm was extracted into 
methyl isobutyl ketone The clarified extracts were 
then treated with sodium 2-ethylhexoate in 180- 
propanol, whereupon the hydrated sodium salt of the 
penicillin crystallized in high yield, mp _ 188° 


(decomp ), [«]2? + 201? (c = 1 m water) (Found 
C, 520, H, 49, N, 90, S, 71, Na, 52 
C,,H,,N40,8Na8, H,O requires: ©, 517, H, 45; 


N,95,8,73, N&, 52 per cent) À similar reaction 
with 3-methyl-5-phenyl-isoxazole-4-carbonyl chloride 
gave the anhydrous sodium salt of 3-methyl-5- 
phenyl-4-1soxazolylpenicillin, mp 239° (decomp ), 
[a] + 226? (c = 1 m water) (Found C, 537; 
H, 47, N, 98, S, 76, Na, 50 C,,H,,N,0,SNa 
requires C, 539, H, 43, N, 09, 8, 76, Na, 54 
per cent ) 

Details of the preparation of many analogous 
3,5-disubstituted 4-1soxazolylpenicillins will be 
reported elsewhere Several of the produc*s are at 
present undergoing clinical evaluation 
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Cobalt Complexes of Proteins and 
Polypeptides 


WE wish to present evidence for the formation of 
two types of cobalt complexes of protems and. poly- 
peptides in which cobalt ıs probably bound to the 
peptide groups A variety of protems (for example, 
gelatin, pepsin, edestin, lysozyme, chymotrypsinogen), 
as well as tetraglycme and poly-pr-alanme, give the 
complexes, but most of the work has been carried 
out with commercial gelatin. 
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Complex A 1s obtained at high alkalinity as a cleai 
violet solution, Amax 560 my. On acidification of 
the violet complex immediately after formation, the 
pink colour of cobalt (II) ion 18 restored A typical 
preparation ıs made as follows. To a mixture of 
10 ml of 10 per cent aqueous gelatin, 1 ml. of 0 35 M 
cobalt (II) sulphate and 4 ml. water, there is added 
quiekly 5 ml of 4M potassium hydroxide (final 
hydroxide concentration 1M) The optical density 
is about 03 (01-em cell) at 560 mu Complexes 
have also been prepared starting with 2 per cent 
gelatin solutions, the final alkah concentration also 
bemg 1 M The more dilute gelatin was used when 
spectra of complexes of higher cobalt to peptide 
ratios were measured The highest molar ratio of 
cobalt to peptide groups that was found to give the 
clear violet solution was about 1 10 At slightly 
higher r&z108 the solutions showed a Tyndall effect 
probably caused by colloidal cobaltous hydroxide, 
but were transparent by transmitted hght At still 
higher cobalt to peptide ratios, the rose-coloured form 
of cobalt (II) hydroxide was precipitated 

The lowest hydroxide concentration at which a 
fluid complex of gelatin can be formed 1s about 0-3 M 
Below 03 M alkali a jelly of gelatin combined with 
the blue form of cobalt (II) hydroxide 1s produced 

The red-brown complex B ıs formed on ageing of 
complex A in air, the transformation beginning m a 
few minutes ın the case of gelatin, in a few seconds 
with some other protems In an open test-tube the 
change to red-brown 1s observed to proceed slowly 
from the top downwards A simular change is pro- 
duced immediately by addition of hydrogen peroxide 
or hypobromite ion When a gelatin—cobalt solution, 
was mixed with alkali m vacuum, the violet colour per- 
sisted for 22 hr (although some brown precipitate 
formed toward the end), at which time air was ad- 
mitted, resulting in conversion to complex B m a 
few minutes The absorption maximum of complex 
Bis 460-470 my — Aeidifieation of complex B does 
not restore the cobalt (II) colour, but gives a light 
brown solution of Amar 480 my 

Apparently A 18 a cobalt (II) complex, while B 1s 
a cobalt (III) complex. Ligation of cobalt to the pep- 
tade groups, with 10nization of the poptide hydrogen, 
is suggested by the high alkalinity required and by 
the lack of reactivity of poly-r-prolme, poly-r- 
hydroxyproline or poly-sarcosine The complexes of 
gelatin with high cobalt contents do not gel at 0°, 
while a control lacking cobalt, but at the same 
alkali concentration, does gel The solutions gel after 
acidification By analogy with the biuret-type copper 
and nickel complexes, which are known to be peptide 
complexes! and also do not gel, we may regard the 
cobalt complexes as peptide complexes Tetraglycine 
binds one cobalt to two tetraglycines, assuming the 
cobalt to be octahedral ıt 18 possible that the ligating 
groups are the sıx peptide groups and not the termmal 
groups Complex B 1s probably related to the wine- 
red complexes of cobalt (III) with glycylglycme and 
glycylglycylglyerne which Manyak, Murphy and 
Martell proposed as having cobalt-peptide (as well 
as cobalt-amino and cobalt—carboxyl) bonds? ‘The 
spectra of complexes A and B prepared from gela- 
tims im which all the ammo-groups had been 
acetylated or 70 per cent of the guanidino groups 
removed by alkaline hypobromite were the same as 
those of the complexes of the parent gelatm (To 
prevent oxidation of complex A a few pgm of bisulph- 
ite were required to destroy traces of positive bromine 
not removed by dialysis of the hypobromite-treated 
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Consistently low calcium values were obtamed by 
the method of direct dilution with water as mught 
be expected due to the presence of mterfermg phos- 
phorus and protein The other three methods of 
preparing solutions for measurement by the atomic 
absorption technique gave results which were in close 
agreement and which were ın good correlation with 
calcium values obtained by oxalate-permanganate 
titi ation 

Experiments on the 1ecovery of calcrum added to 
saliva in known amounts indicated that, with the 
exception of direct dilution with water, atomic 
absorption analysis gave acceptable results Saliva 
samples diluted with ethylenediamine tetraacetate 
acid gave an average recovery of 98 6 per cent and 
deprotemuzed saliva contaming strontium suppressor 
gave an average recovery of 990 per cent 

From the results in Table 1 16 may be deduced 
that the secretion of the submaxillary salivary glands 
(68 mgm per cent ealerum) contains about 50 per 
cent more calcium than that of the parotid gland 
(41 mgm per cent calcium) under conditions of exo- 
genous stimulation The higher frequency of calculus 
surrounding lower anterior teeth and their relative 
immunity to dental caries may be attributable to 
their proxunity to the orifices of the ducts of the 
submaxillary glands and the higher caleium content 
of this secretion 

Using Sehneyer's data" for the proportion of 
individual gland pair secretions of total stimulated 
saliva (submaxillary 63 per cent, parotid 34 per cent) 
and neglecting the contribution of sublingual and 
other minor glands, the calcium content of whole 
saliva was calculated as 5 9 mgm per cent 
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Values for ealerum content of whole saliva shown 
in Tables 1 and 2 are m good agreement with this 
theoretical amount 

The ‘debris’ and particulate matter which 18 mevit- 
ably present m whole saliva interferes with some 
of the volumetric and colorimetric methods for 
determining salivary calorum content Many investi- 
gators have therefore carried out preliminary centn- 
fugation of the whole saliva Provided that there 1s 
no clogging of the capillary tube of the atomizer, the 
atomic absorption speotrophotometrie method can 
be apphed directly to whole saliva diluted in ethylene- 
diamine tetraacetic acid without prior centrifuga- 
tion ‘Table 2 shows the results of duplicate calerum 
analyses on five samples of whole saliva both before 
treatment and on the supernatant and precipitate 
followmg centrifugation My results indicate an 
approximately 22 per cent lower calcium value for 
centrifuged saliva. 


Table 2 CALCIUM CONTENT OF WHOLE SALIVA* (Max /100 xm) 
ESTIMATED BY DIRECT DILUTION WITH ETHYLENEDIAMINE TETRA- 
ACETIO ACID 


Centrifuged f 
Saliva Untreated saliva Supernatant Preeipitate 
EN. 6 52 5 08 158 
6 52 5 08 1 68 
EN 6 00 4 73 2 06 
5 75 4 78 — 
EN 6 35 4 25 2 78 
6 52 4 08 2 78 
HS 6 00 5 28 1 25 
615 5 08 1 38 
BG, 5 42 4 40 1 25 
5 42 4 40 115 


* Stimulated by paraffin 
T Centrifuged at 4,000-4,500 rpm for 10 min 
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With stimulation by citric acid, very little variation 
was found ın the calcium content of parotid and sub- 
maxillary saliva collected as consecutive aliquots 
during 15-min intervals for 15 mm Over the 
period studied the glands showed no evidence of 
depletion of the calermum content of the secretion 
There appeared to be no appreciable difference in the 
calcium content of 11ght and left parotid gland saliva 
collected simultaneously or in the flow-rate 

I am indebted to Dr J B Wilhs for his suggestions 
and Dr K W Knox for his interest and encourage- 
ment ın these experiments I also wish to thank 
Mr B Gow for his invaluable assistance m assembling 
the atomic absorption equipment This work was 
supported by the National Health and Medical 
Research Council of Austraha 
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New Penicillins Stable towards Both 
Acid and Penicillinase 


FOLLOWING on the isolation ın these Laboratories 
of 6-ammopenicillanic aeid!, we have used it to 
synthesize many novel penicillms, with particular 
emphasis on structures which resist mactivation by 
staphylococcal penicillmase One class of penicillins 
possessing this valuable property has been obtained 
by acylating 6-amimopenicillanic acid with aromatic 
or heteroaromatic carboxylic acid chlorides substi- 
tuted in both ortho positions When the ring structure 
of the side-cham acid 1s six-membered, almost any 
pair of ortho substituents confer marked stability 
towards penicillmase, but when ıb 18 five-membered 
one or both of the substituents must be relatively 
bulky, for example, phenyl or substituted phenyl 
Such findings illustrate the primary importance of 
steric effects ın determming stability towards peni- 
cillinase In this respect the chemical constitution 
of the side-cham 1s of much less significance, although 
1t has a profound influence on antibacterial activity 
and on stability towards acids 

The first such penicillm to be synthesized, 2,6- 
dimethoxyphenylpenicillin (I, methicillin), has proved 
very effective ın staphylococcal infections although, 
since 1t 18 unstable to acid and ıs poorly absorbed 
when given by mouth, ıt has to be admmustered by 
injection We have now prepared a series of 3,5- 
disubstituted 4-1soxazolylpenicillins® (II) many of 
which, especially those ın which one of the ortho 
substituents is a phenyl or substituted phenyl group 
and the other 1s a methyl or other lower alkyl group, 
exhibit high antibacterial activity both ın vitro and 
n vwo (We thank Dr G N Rolnson, Mr D. M 
Brown, and their colleagues for carrymg out these 
tests ) Furthermore, they are relatively stable at low 
pH and suitable for oral administration Thus, 
5-methyl 3-phenyl-4-isoxazolylpenicillm (II, — Ph, 
Rh’ = Me), 3-methyl-5-phenyl-4-1soxazolylpemeilin 
(II, R = Me, R’ = Ph), and phenoxymethylpenieillin 
(penicillin V) in 50 per cent aqueous ethanol at pH 
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Rotational Analysis of the A'I—C2* System 
of MgCl 


ALTHOUGH the internuclear distances in the 
diatomic halides of the typical elements of Groups I 
and III are known, often very precisely, few values 
are available for the diatomic alkaline earth halides 
Following the rotational analysis! of the C3II—X?2;* 
system of CaCl, we have now completed an analysis 
of the 0-0 and part of the 0-1 bands of the A*I]—X?x+ 
system of MgCl, from absorption spectrograms taken 
1n & third order of a 6 5-m grating instrument 

The analysis of the longer-wave-length sub-bands 
of the 0-0 and 0-1 bands was straightforward, but 
lines of the shorter wave-length sub-bands are badly 
blended and overlapped, and the 1-0 bands are too 
poorly resolved for analysis However, a satisfactory 
check was provided by the analysis of the longer 
wave-length component of the 0-0 band of *7MgCl 
The bands observed present no unusual features As 
in CaCl, the spin-splitting ın the ground-state was 
too small to be detected, so that the satellite branches 
were everywhere blended with the main branches 
A-type doubling in the ?II state 1s also very small, 
and the lines in the shorter wave-length sub-bands, 
presumed to involve *I]3, are too overlapped to show 
whether this state 1s, m fact, inverted, as expected 
from the hkely electron configuration. 


Table 1 SUMMARY OF CONSTANTS (MgCl) 
State T AG, B, JO a 10D re, À 
A*H,,. 26,535 80 0 25116 (1 8) 295 2 171; 
A*I,,. 26,481 95 0 24914 (1 8) DO. 2176, 
Y*zE-* 0 462 12 0 24423 1 5; 2 Ds 9 198, 


A summary of the constants obtained 1n the present 
work 1s given in Table 1 The value for the inter- 
nuclear distance in the ground-state 1s re = 2199 À , 
not significantly different from the value 2 18 + 0 02 
A obtaimed for the gaseous dihalide, MgCl,, by elec- 
tron diffract.on? 

E MORGAN 
R F Barrow 


Physical Chemistry Laboratory, 
University of Oxford 
1 Morgan, E , and Barrow, R F, Nature, 185, 754 (1960) 
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BIOCHEMISTRY 


Application of Atomic Absorption 
Spectroscopy to the Determination 
of Calcium in Saliva 


THE mportanee of salivary ealeium concentration 
of the environment ın the solubility of tooth and 
enamel is readily apparent As with other biological 
fiuids, numerous methods, 1angmg from classical 
oxalate-permanganate titration and emission flame 
photometry to the more iecent complexometric and 
colorimetrie techniques, have been used to estimate 
the ealerum content of saliva Unfortunately most 
of these methods have certain disadvantages The 
oxalate-permanganate method requires relatively 
lage amounts of saliva, time-consuming centrifuga- 
tion, washing and titration within a narrow tempera- 
ture-range Its accuracy has been questioned because 
of incomplete precipitation of the oxalate or loss of 
some calcium oxalate during the weshing process! 
Another devious procedure involves a complexo- 
metric analysis of ealerum and magnesium in saliva 
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Table 1 CALCIUM CONTENT (MGM /100 ML) OF SALIVA ESTIMATED 
BY DIFFERENT METHODS 
(b) Saliva (e) Saliva (d) Saliva Oxalate 
diluted deprotein- deprotein- perman- 
with izedstron- 1zed ganate 
(6) Saliva ethylene- tium sup- lanthanum method 
Saliva Type diluted diamine pressor suppressor (Clark- 
with tetra- Collip) 
water acetic acid 
HS Whole — 550 5 48 5 68 — 
AT salia* — 7 25 1 40 7 90 7 42 
J E 715 7 54 7 50 7 52 
EN tT 3 70 5 08 5 15 — — 
EN Par- 2 26 3 35 3 29 — 3 42 
AT otid f 3 39 5 55 5 55 — -— 
HS 29 37 32 — 36 
HS 2 46 3 76 9 75 — 371 
BG 2 48 4 23 413 — 3 99 
EN Sub- 4 63 7 39 7 97 — — 
HS mall- 3 99 6 40 6 40 — 6 95 
HS laryt 5 02 6 55 6 85 — — 


* Whole saliva was stimulated by paraffin 
Saliva stimulated by application of citric acid to tongue 
t Sample centrifuged to remove particulate matter 


followed by a separate colo1:metiic determination of 
magnesium, calcium being obtained as the difference? 
Several complexon-titration techniques using erio- 
chrome black T, murexide or plasmo corinth indica- 
tors were tested on saliva They were found unsatis- 
factory because the colour shift at the end-pomt was 
elther too gradual and indistinct or, in the case of 
murexide, the colour faded too rapidly. 

Willis’s method? for the determination of calcium 
in blood serum by atomic absorption spectroscopy 
has been adapted for salivary calc1um analysis and 
found to be accurate and rapid, requnaing as little as 
01ml ofsaliva The apparatus used m these experi- 
ments has been previously deseribed^ A Hilger D 290 
monochromator was found satisfactory m this system 

Ce1tam normal constituents of saliva can interfere 
in the determination of calcium by the atomic 
absorpt on method Sodium enhances calcium 
absorption, phosphorus depresses the calcium absorp- 
tion and the interference of protein appeais to be 
variable, depending on the type of flame used? 
Salva can be deproteinized by the standard pro- 
cedure of adding trichloracetic acid and centrifuga- 
tion Large concentrations of [Sr++] or [L&***] can 
compete with calcium for combination with phos- 
phorus and suppress this interference Ethylene- 
diamine tetiaacetic acid, by complexing calcium, can 
also overcome phosphorus interference and presum- 
ably compete with proteins for calerum 

The results of calcium estimations on saliva aie 
shown in Table 1 The saliva was diluted 1 10 by 
one of the following methods (a) direct dilution with 
water, (b) dilution with water and solution of the 
disodium salt of ethylenediamine tetraacetic acid, 
final concentration 10,000 ppm _ ethylenediamine 
tetraacetic acid, (c) dilution with water, strontium 
chloride solution and trichloracetic acid final con- 
centration 2,500 ppm strontium and 4 per cent 
trichloracetic ac:d The sample was centrifuged and 
measurements made on the supernatant, (d) similar 
to method (c) but lanthanum chloride was used as a 
phosphate ‘suppressor’, final concentration 10,000 
ppm lanthanum 

The saliva thus piepaied was measured ielative 
to standard calcium solutions contamung respectively 
(a) 60 ppm sodium (approximate level in 1 10 
diluted saliva), (b) 10,000 ppm ethylenediamine 
tetraacetic acid, (c) 5,500 p p m strontium 60ppm 
sodium and 4 per cent trichloracetic acid, (d) 10,000 
ppm lanthanum, 60 ppm sodium and 4 per cent 
trichloracetic acid 
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Calcutta, for the electrical resistivity measurements 
This communication 1s published by the permission 
of the Director, Central Building Research Institute, 
Roorkee. 
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Sedimentation of @-Lactoglobulin (A,B) 
under Dissociating Conditions in Acid 
Solution 


EVIDENCE that 6-lactoglobulin molecules dissociate 
into halves in the pH. region 1 6-4 has been presented 
by Timasheff, Townend and Wemberger!-?, and they 
have shown? that there ıs reasonable agreement 
between the results obtained by the complementary 
methods of ultracentrifugation and light-scattering 
The overall picture which emerges is of a dumb-bell- 
shaped* lactoglobulin molecule, of axial ratio 2, 
dissociating reversibly at 25° below pH. 4 into two 
spherical sub-units of equal size According to hght- 
scattering data, and on the assumption of a molecule 
of weight 36,000, the dissociation constant at pH 1 6 
is 25 x 10-* mol/l. and at pH 35 ıs 43 x 10-5 
mol /] ? 

We have now attempted to carry a comparison 
of the two methods a stage further, and to calculate 
the implications for sedimentation of accepting these 
values from light-scattering of the dissociation 
constants 

The main effect of dissociation on sedimentation ıs 
seen in a departure of the sedunentation velocity— 
concentration curve from the normal form Weak 
dissociation leads to a high maximum, whereas strong 
dissociation leads to a lower maximum, or if suffi- 
ciently strong, to no maximum and only a change of 
slope’ In Fig I theoretical curves are shown for 
sedimentation at pH 16and35 The sedimentation 
velocity—concentration curves marked a and b have 
been constructed on the basis of the hght-scattermg 
dissociation constants, together with the following 
minimal assumptions (1) The limiting sedimentation 
coefficient of the sub-unit (monomer) ıs 1 89 sved- 
bergs. (2) The whole molecule (dimer) moves rela- 
tively faster than the sub-unit by the factor 22/8 
because of its weight, and 1/1 044 because of 1ts shape, 
that 18, 6. = 15253, (3) The sedimentation coefficient 
for each species considered alone obeys the relation 
8$ = 8, (1/1 + gc), where g 1s a constant (4) At pH 
1 6, the maximum value of the sedimentation coeffi- 
cient, measured using the boundary median, 1s 2 34 
svedbergs This fixes the value of g as 01 (gm /100 
ml )- 

Whether the curves are based on a weight average’, 
or the position of the median of the boundary’, 15 
not very material for this simple monomer—dimer 
system, as was shown earlier? 

Tho experimental points in Fig 1 are taken from 
the work of Townend, Weinberger and 'Timasheff?, 
and include one check point not hitherto published 
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Sedimentation of lactoglobulin (4,B) under dissociating 

conditions @, Kp—25x 10-4 mol/l, b Kp —43 x 10-8 

mol /1 , ¢, Kp = 43 x 107" mol /1 ——, Weight average (theory), 

---—, median of boundary (theory), O, experiment (Townend, 
Weinberger and Timasheff, ref 3) 


(Tumasheff and Townend, personal communication) 
It 18 seen that they he famrly near the theoretical 
curves @ and b when considered as a whole, but that 
there ıs an obvious discrepancy at low concentrations 
at pH 35 It ıs difficult to see how a dissociation 
constant as great as 43 x 10-9 mol/l can be recon- 
ciled with the sedimentation results at the two lower 
concentrations there The effect on the position of the 
theoretical curve of reducmg the value of the disso- 
ciation constant ten-fold ıs shown in Fig 1 (curve c) 
It will be mterestmg to see whether future work on 
purified A and B lactoglobulm elimmates this conflict 
between the interpretation of lght-scattermg and 
ultracentrifuge data. 

The value of g 18 ın itself of some interest, since ıt 18 
about twice that to be expected for a non-reacting 
protein near its isoelectric pomt This may be a 
reflexion of the fact that the lactoglobulm molecules 
are sedimenting in a highly charged condition, and 
that electrostatic repulsion is reducing the number of 
near neighbours, and hence their contribution to the 
net velocity of sedimentation® 

This work was supported in part by a grant from 
the Agricultural Research Service, US Department 
of Agriculture 
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exact structure of the platmum-chloro-alumina com- 
plex ıs unknown, but attempts to fit six co-ordinate 
platinum into assumed models of the alumina surface 


should be fruitful. 
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Puzzolanic Activity and Semiconductivity 
of Fired Kaolin and Kaolinitic Clay 


Tr is known that the reaction of a puzzolan with 
hme m the presence of water ıs a chemisorption 
process! and that the puzzolanic activity of a 
material ıs enhanced when its crystal structure breaks 
down, that 1s, when the material 1s in a highly dis- 
ordered state The enhancement of puzzolanic activity 
18 attributed to the inereased reactivity of the 
materials in the disordered state? or rts lattice bemg 
in strained condition Similarly, the observed high 
puzzolanic activity of voleanic ash, a natural puzzolan 
in the glassy phase, 1s considered to be the result of 
the highly straimed condition of its lattice? 

On the other hand, & chemisorption process depends 
on the electrical characteristics of the reactantsí and 
the breakdown of structure of a crystal, say, through 
the action of heat, may produce crystals which may 
be semiconductors Clay mmerals, for example, on 
firmg are changed into an intimate mixture of 
oxides, some of which are semiconductors It 18 also 
possible that the defects produced in the crystal when 
heated under appropriate conditions may induce 
semiconducting properties’ It 1s therefore suggested 
that the effect of disorders or defects present in 8 
natural puzzolan or introduced into a material to 
improve its puzzolamic activity by heating (as in 
burnt clays) 1s to render the material a semicon- 
ductor, then the reactivity with lime of a puzzolan 
may be a semiconductor surface reaction 

Results of work on the puzzolanic activity of 
kaolin (unfired, fired and fired with zine oxide) and 
of a fired kaolinrtic clay (fired with or without ad- 
mixture of zinc oxide) have been published recently*’. 
Electrical resistivities of some of these materials, 
kaolin (unfired, fired at 800°C and fired with 0 01 
per cent zinc oxide) and a kaolinite clay (fired alone 
and with 0 01 per cent zinc oxide added to ıt), have 
been measured to see if these materials were semi- 
conductors Results are given in Fig 1, which shows 
that (a) these materials are semiconductors (kaolin 
undergoes crystallographic changes during firing, 
hence for kaolin the values represent the resistivities 
of the products formed durmg heating) and (b) 
resistivities of these materials increase shghtly when 
heated with zine oxide 

If the puzzolani activity of a material depends on 
its semiconducting properties, then its puzzolanic 
activity should alter with its electrical resistivity 
When kaolin and kaolinitic clay are fired with zme 
oxide there ıs an increase in electrical resistivity 
(Fig 1) ‘There is also an increase in puzzolanic 
activity (in terms of compressive strength and 
adsorption of lime) of these materials when fired with 
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K, Kaolin, KF, kaolin fired at 800°C , KZF, kaolin + 0 01 per 
cent zinc oxide fired at 800? C , S, clay fired at 800°C , SZ, clay 
fired with 0 01 per cent zinc oxide at 800? C 


zinc oxide??? Similaily, there 18 an mcrease m resist- 
ivity of kaolin on firmg (Fig 1) and there ıs also a 
corresponding increase m both compressive strength 
and adsorption of lime-of kaolm upon firing? 

If adsorption of lime by a puzzolan in the presence 
of water 1s a chemisorption process on the surface 
of a semiconductor, there should be a change in the 
resistivity of the puzzolan after ıt has adsorbed 
lme in presence of water Accordingly, resistance 
measurements of kaolin and kaolin fired at 800°C 
were carried out at room temperature These materials 
were then allowed to adsorb lume in the presence of 
water and their resistances (after having been 
thoroughly washed and dried) were again measured 
under similar conditions It was found that there 
was a difference in the resistivities of these materials 
before and after they had adsorbed lime? These 
resistance measurements were, however, not very 
reliable 

A natural puzzolan with a glassy structure can be 
a semiconductor It 1s the short-range order (bonding 
predominantly covalent) which determines semi- 
conductivity rather than the long-range order (struc- 
ture) The general conditions to be fulfilled by a 
material m order that ıt may be a semiconductor 
have been given by Mooser and Pearson? It will 
be seen that ib 18 quite possible that many natural 
puzzolans sstisfy these conditions 

If reactivity with lime of a puzzolan is a semui- 
conductor surface reaction, the formation of a com- 
pound on the surface of a puzzolan will involve elec- 
tron transfer and will be guided by the chemical 
potentials m the adsorbate and in the puzzolan* (that 
1s, Fermi-Jevel) Obviously only those semiconducting 
materials which have suitable Fermi-levels can be- 
have as puzzolans 

It 1s therefore suggested that (1) for a material to 
have puzzolanic properties ıt must be & semicon- 
ductor; glassy-phase puzzolans are probably glassy- 
phase semiconductors, and (11) reactivity with lme 
of a puzzolan then may be considered to be a semi- 
conductor surface reaction 

I thank Shri A K. Dutta, research officer of the 
Indian Association for the Cultivation of Science, 
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much highei piessuies and lower temperatures used 
in this work Indeed, 1ecent work by Rudolph and 
Melton! and by Field! has shown that higher 
molecular weight 1ons become more important in 
the mass spectra of acetylene and of ethylene, 
respectively, when high pressures (up to 350p in 
ethylene) aie used 
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CHEMISTRY 


Valence State of Platinum—Alumina 
Catalysts 


PLATINUM-ON-ALUMINA reformmg catalysts are 
widely used in the petroleum industry Recent work 
in this laboratory has shown that catalysts contam- 
ing soluble platinum more readily convert paraffins 
to aromatics! Soluble platinum ıs that which will 
dissolve in eher dilute hydrofluoric acid or acetyl- 
acetone. It ıs believed to exist as a compound 
involving the alumina support and the chloride 
present in the catalyst, and 1s in the plus-four valence 
state after solution in dilute hydrofluoric acid 

To establish the valence state of soluble platinum 
m the catalyst, ultra-violet spectrophotometric 
measurements have been made on catalysts specially 
prepared on alumma aerogels? In addition, the 
reflectance of finely ground samples of previously 
pelleted platinum-on-alumina catalysts has been 
measured 

Before spectral analyses of the transparent aerogels 
could be made, the platinum-chloro-alumma complex 
was converted to the platmum-iodo-alumina com- 
plex The exchange 1s necessary because the platinum— 
chloro-alumina complex absorbs ın & repion of the 
Ultra-violet spectrum (260 my) where scattering by 
the alumina aerogel 18 too high to allow observation 
of the peak Absorption of the platinum-10do-alumina 
complex in the near ultra-violet (360 mu), however, 
18 free of hght-scattermg The platinum-—iodo-alumina 
complex was made from an all-soluble platimum— 
chloro-alumina aerogel catalyst by carefully treating 
an evacuated aerogel with a solution of potassium 
1odide in absolute methanol and normal pentane 
The exchange of chloride for iodide ıs straight- 
forward, with no oxidation of platinum in the pot- 
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Fig 1 Ultra-violet spectra a, Aqueous PtI, ~, b, catalyst treated 
with potassium 10dide 


assium 1odide solution? The absorption spectra for 
aqueous lodoplatinic acid and the platinum-odo- 
alumina aerogel are shown 1n Fig 1. Measurements 
were made with a Cary model 11-.MS' spectrophoto- 
meter A slight shift of the platinum-1odo-alumma 
peak to a longer wave-length for the aerogel, as com- 
pared with aqueous H,PtI,, might be due to additional 
complexing with the alumina’ Because divalent plat- 
mous 1odide does not absorb in this region’, these 
spectia indicate platinum, as complex on the catalyst, 
is present in the plus-four valence state Iodide 
exchange of a platinum-chloro-alumina aerogel that 
was insoluble in hydrofluoric acid showed no ultra- 
violet absorption, as indicated by the dashed line 

Reflectance speciia of platinum catalysts are 
shown in Fig 2 The results were obtained with a 
Beckman model DU reflectance attachment on 
samples ground finer than 100 mesh Magnesium 
carbonate was the reference standard An absorption 
spectrum of aqueous chloroplatinic acid ıs meluded 
for reference The soluble platinum catalyst shows 
a small peak slightly shifted from the peak for 
aqueous. PtCl, . A sample of alumma alone and the 
platinum catalyst soluble in hydrofluoric acid show 
no peaks 

Platinum in the soluble form 1s thus in the octa- 
hedral plus-four valence state m the catalyst The 
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ip of tap water as ‘material, w was once quem) 
len the sublimation occurred from inside the 
gin of the droplet, that the sublimed area ex- 
“panded in all directions taking constantly a hexagonal 


o8 ape (Fig. 5 
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~ RADIATION CHEMISTRY 


= Production of High Molecular Weight 
Products from the Irradiation of Methane 
with 4-MeV. Electrons 


ae effects of ionizing radiations on gaseous 
‘methane have been examined previously and the 
yields of hydrogen and of higher hydrocarbons up to 
pentane determined to within what appear to be small 
-limits of error*?. Hydrogen is the major product, 
while the amounts of gaseous hydrocarbons are much 
less and decrease rapidly with increase in molecular 
weight. However, there is a 10-30 per cent excess of 
elemental hydrogen in the products'*. In fact, a 
large excess of hydrogen seems to be a common 
feature of the radiation chemistry of gaseous hydro- 
carbons, though not of liquids*-*. It has been known 
for some time that massive radiation doses lead to 
the production of liquid products from low-molecular- 
* weight saturated hydrocarbons7-*, while more recently 

a more detailed study of liquid product formation 

from methane and other gaseous hydrocarbons has 
. been reported!*^!. The nature of the liquid products 

. and their significance in the overall radiolytie process 

. have not been examined. 

We have irradiated purified (99-98 per cent) 
gaseous methane in ‘Pyrex’ vessels with electrons 
from a linear accelerator. The dose-rate was about 

. 108 eV. ém. min.-! in methane at 1 atm., 15° C. The 

|. dosimetry was based on the yield of ethane, G = 2-00, 

. ,from methane after short irradiations (« 1 per cent 

decomposition). Gaseous produets were analysed by 

gas chromatography, liquid products by gas chrorna- 

.. tography and mass spectrometry. The liquid was 

.. collected by centrifugation. Irradiations giving up 

to 30 per cent methane decomposition were carried 
out. 

. The production of gaseous products was very 
similar to that found by Lampe! except that we were 
unable to detect unsaturated products irrespective of 
the dose given. No hydrocarbons above pentanes 
could be detected in the gas. 

Of the liquid product collected. only a small 

- fraction (about 10 per cent) was detectable by gas 
chromatography at 180? C., and consisted of CC, 
)earbons, the proportion of C, and C, being less 
that of e and o A further analysis on a much 
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less sensitive pde 
graphy apparatus showed $ tk 
of the liquid consisted of Ci, to Css hydrocarbons. 
mass spectrometric analysis gave the same overall 
pieture and also showed not only the presence of 
hydrocarbons with up to 27 carbon atoms per 
moleeule, but also the absence of significant amounts 
of unsaturated material. Furthermore, even higher 
hydrocarbons were undoubtedly produced . whic 
were not collected by centrifuging the reaction vegs 
Irradiation of a methane-argon mixture contain 
0-65 electron fraction argon gave essentially the sa 
yield of liquid products as with pure methane. In 
case the yield was based on the total energy abso 
in the mixture, using electron fractions to conv 
from pure methane to the methane-argon mixti 
Examination of the gas chromatograms show 
however, that the C,-C,, fraction of the produe 
from the methane-argon mixture was only about half. 
that of the corresponding fraction obtained from pure —— 
methane. This shift to higher molecular weight _ D 
products in argon-methane mixtures may have been 
due to a gross energy transfer from the argon to 
methane, resulting in a larger energy deposition per 
gram of methane in the mixture than in the pure 
methane. However, irradiation of pure methane to 
twice the dose given to 50—50 argon- methane mixtures 
still showed a much larger fraction of low molecular 
weight liquid products from the pure methane. ! 
The conclusion is drawn that a process occurs both: 
in pure methane and in methane-argon mixtures ^ 
which results in the formation of high molecular 
weight products, and that this process is enhanced _ 
in the presence of argon (but not of xenon, as shown  - 
by other experiments). ue 
Other work on the same systems iu this Laboratory E 
has shown some similarity in the behaviour of meth- ^ _ 
ane and methane-argon mixtures when irradiated. . 
to low doses. For example, the yields of ethane and oo- 
propane are practically unchanged at argon electron: 
fractions 0-0-9. However, the hydrogen yield, based __ 
as usual on the total energy given to the mixtures, is 
actually greater in the mixtures than in pure methane. . _ 
It is noteworthy that the additional hydrogen is not __ 
scavengable. Also, the n-butane/isobutane ratio iso 
significantly increased. In xenon and helium, however, 
the behaviour is quite different, for example, the |. 
n-butane/isobutane ratio in methane-xenon mixtures 
is only about one-third of that observed in mixtures Ages 
with argon. Kn 
The results outlined briefly here indicate that a a 
process occurs in irradiated methane which is 
enhanced in mixtures with argon, this process giving 
rise to both inereased yields of high molecular weight 
produets and of molecular hydrogen. Since on 
about half the hydrogen from pure methane : 
scavengable and the non-scavengable fraction is 
inorensddu in argon mixtures, it appears likely that a 
non-radical process is responsible. 
Tt ia ee that the high molecular weight 









duod UE ion- molecule A e 18 m the type: 


CH;* + CH, ae C,H,* d H, 
C,H, + CH, e Ó C,H,;* + H,, ete. 


Melton! has recently shown mass spectromotricall 
that there is a large increase in the CH,*/CH,* ratio 
on addition of argon to methane. The fact that 
C,H,*, or any other higher ion, has not been detected 
in mass spectrometric studies of methane is not got 
evidence that this ion is absent or unimportant at t! 
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recording of that derivative for the 129-keV. line of 
iridium 191; the source was about 60 uc., the absorber 
was & strip of iridium foil 5 mm. wide and 0-05 mm. 
thick, and the recording took about 1 hr. Tho entire 
assembly can fit into the working gap of an olectro- 


magnet. 
It is hoped to publish a more detailed description 
of the method, with applications, elsewhere. 


J. E. S. BRADLEY 


J. MARES 
Physics Department, 
Middlesex Hospital Medical School, 
London, W.1. 


* Mósabauer, R. L., Z. Naturforsch., 14, 211 (1959). 

* Aksenov, S, I., Alfimenkov, V. P., Lushchikov, V. I., Ostanovich, 
Yu. M., Shapiro, F. L., and Yang, U-Huang, Zh. Ekpser. Teoret. 
Fiz., 40, No. 1, 88 (1961). 


Investigation with the Electron Microscope 
of the Sublimation of Ice Crystals at Low 
Temperatures 


INVESTIGATIONS of ice crystals by means of the 
electron microscope have been made by several 
investigators'-*, but most of them were based on 
replication techniques. Recently, Fernández-Morán* 
reported the results obtained by low-temperature 
mieroscopy; he succeeded in stabilizing ice crystals 
deposited on a cold substrate by maintaining them 
at low temperatures during observation in the electron 
microscope with a microbeam of very low intensity. 
It was noted by him that the ice crystals wero pre- 
dominantly cubie and hexagonal in shape at — 120° C. 
and at —100° to 90? C., respectively, and actually 
showed corresponding sharp-ring diffraction patterns. 

I have been investigating the freeze-drying process 
of micro-organisms by the use of an electron micro- 
scope in which a specimen-cooling device and a 
16-mm. cinematograph were incorporated*, When 
the freeze-drying process of yeast cells was being 
investigated, I happened to observe the process of 
sublimation of ice crystals which were deposited on 
the film mounted on a specimen grid. 

The electron microscope used for this experiment 
was a model 6A-type made by the Japan Electron 
Co. Yeast cell suspension as an experimental material 
was sprayed on a carbon-collodion film which had 
been designed to keep the specimen from contamina- 
tion during irradiation with the electron beam. The 
droplets sprayed on the film were rapidly frozen to 
—196* C. by immersing them into liquid nitrogen. 
The specimen cartridge was quickly transferred into 
the imen chamber of the electron microscope 
and settled in the specimen holder which was pre- 
cooled to — 140^— — 160° C. by contact with a 
cooling device refrigerated by liquid nitrogen. Elec- 
tron beam intensity was controlled to be as low as 
possible so that the beam might not make artefacts. 
The electron current density used in this experiment 
was 5:6 x 10-* amp./em.* which was sufficient for 
taking a cinematograph at a moving speed of 1-5 
frames/sec. 

Throughout the specimen field, large circular 
particles with diameters of 20-50u were scattered. 
These proved to be droplets of yeast cel! suspensions 
when observed in a subsequent drying process. In 
the interspaces numerous &mall particles could be 
seen. These particles were of cubic, hexagonal, round 
or other atypical shape with sizes varying from 
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| to 5u; it was quite probable that they were the 
ice made up of water vapour condensed on 
the collodion film during transfer from liquid nitrogen 
to the specimen chamber. Electron diffraction 
patterns were also obtained corresponding to several 
erystal types. 

After the refrigerant reservoir was raised from 
the specimen holder, the temperature of the specimen 
increased gradually. When it reached —90° or 
— 80° C., not exactly measured, the ice crystals began 
to sublime. As sublimation proceeded, crystals de- 
creased in size and sometimes suddenly disappeared 
from the field, being probably removed from the 
collodion film to the vacuum pump. In some cases, ice 
crystals maintained their contour even after sublima- 
tion. This fact was considered to be a kind of replica- 
tion caused by the electron beam in the microscope 
during sublimation (Fig. l,a, b, c). In rare cases it 
happened that the crystals of cubic and hexagonal 
types sublimed in such a manner that several ‘worm - 
eaten’ spots appeared at the corners of their margins 
(Figs. 2a, b, c and 3a, b, c). In one case where 
it was supposed that a temperature gradient 
may have arisen within the specimen, the water 
vapour which sublimed from ice crystals at the 
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M “Biotite separated from the biotite gneiss of the 
; Eddystone Rock (obtained through the courtesy of 


i007 Dr. P. A, Sabine, Geological Survey) gave a Caledonian 
^. age (375 million years) by the total volume method. 
coc Ths roek has in the past been generally correlated 
with the metamorphies of the Lizard’. 


From the 
: experienee in the Lizard it eannot be assumed that 
‘this Caledonian age is the age of crystallization of 


m Dt the gneiss, but it ean be said that the Eddystone 
(|.  QGneiss forms part of the metamorphic terrain 
ros affocted by the Caledonian orogenic events. 


J. A. MILLER 


fS Department of Geodesy and Geophysics, 


Cambridge. 
| D. H. Green 
Department of Mineralogy and Petrology, 
Cambridge. 
C Miler, J. A., and Green, D, H., Nature, 191, 159 (1961). 
* Dodson, M. H., Proc, Geol, Soe., Lond,, No. 1591, 133 (1961). 
* Dodson, M. H., Miller, J. A., and York, D., Nature, 190, 800 (19615. 


| Reid, €., “The Geology of the Country around Mevagissey” 
Mem. Geol, Survey (1907). 
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PHYSICS 


i Us Method of Measuring the Mossbauer Effect 


Tue Móssbauer effect! is of great value because of 
US the extremely high energy resolution it provides, but 
itis often very difficult to measure, because it may 


be very small (for example, about 0-07 x 107 


Common values 
are about 1 per cent of the total absorption, and 


k per cent for zine-67 in zine metal?). 


even these may be attained only at very low tem- 








. peratures. A differential absorption. of this order is 
very difficult to measure with precision, particularly 
at. low temperatures, because the stability of the 
s equipment must be exceptionally high. For these 
. reasons, most of the detailed appli- 





NATURE. 


fable L “Resurs OF POTASSIUM-ARGON DATING 


ercéntage standard deviation in volume of radiogenic argon due to uncertainty in isotope ratios of argon sample. 
"or in age in millions of years that would be eaused by a 1 per cent error in either proportion of potassium oxide or volume of 


. 10 per cent or so if a system similar to Móssbauer's 







proportion of the total time. Finally, the veldéity ^ot 
the source relative to the absorber varies (owing t 
the curvature of the path) and is known only. to 


original one is used. 


Fig. 1 shows schematically a system designed to ue 
The phosphor Poseo) 
(of a scintillation counter) is placed inside an opene > 


overcome these disadvantages. 


ended drum D, whieh bears the absorber (one, not 
two). The source S is mounted on a vibrating strip V... 
The axis of rotation of D lies below the line joining. 

S to P, so the absorber has a known effective velocity 
relative to S. The drum (diameter 3 in.) is driven via. 


a continuously variable gear; the velocity is swept: — — 
evenly continuously through zero. The thick eopper 
is clamped at C and performs bending o 
vibrations, thus causing the source to vibrato along Se 
the line S-P (a motor-driven cam provides the 
The — 
lower edge of the drum also dips into liquid nitrogen. 


strip F 


motion). 'The strip dips into liquid nitrogen. 


The alternating signal from the ratemeter is fed to a 
phase-sensitive detector, the output of which is the 


first derivative of the Méssbauer line. Fig. 2 shows a” f 
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Àe 0:584 x 1071 yr, 
Ago 4-72 x 1077? yr. 


suggesting | an affinity between Africa and the 
Seychelles. This would be consistent with the view 
that the islands represent a continental fragment left 
during the widening of the Indian Ocean. 

Samples of hornblende from Mahé and other 
islands of the Archipelago have been received from 
Dr. B. H. Baker of the Ministry of Commerce, In- 
dustry and Communications, Mines and Geological 

Department, Nanobi. Work has begun on these, and 
upon basaltic material from typical oceanic islands 
in the Atlantic. 

We are especially grateful to the Governor of the 
Seychelles for providing the samples on which the 
measuremonts were made. Also we wish to thank 
Dr. D. H. Matthews of the Department of Geodesy 
and Geophysics, Cambridge, for his help and interest 
in this work, and Dr. S. O. Agrell of the Department of 
Mineralogy and Petrology, Cambridge, for preparing 
thin sections of the rocks. We are indebted to the 
Department of Scientific and Industrial Research for 
financing the project, which is part of a programme of 
investigation into the geochronology of oceanic rocks. 

J. A. MILLER 
J. D. Munim 
Department of Geodesy and Geophysics, 
Cambridge. 
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Mineralogie Geologie und Palmontologie, 2, 163 (1898). 
t Poisson, M. ©, C.R, Acad, Sei, Paris, (1948). 
* Gardiner, J. S., Nature, 73, 294 (1906). 
$ Holmes, A., and Cahen, L., Colonial Geology and Mineral Resources, 
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Ag Determinations of Rocks in the 
Lizard (Cornwall) Area 


X PREVIOUS attempt to date the major geological 
events in the Lizard area! using the potassium-argon 
total volume. method on biotites and museovites 
. gave a Caledonian ago of 391 million years for the 

-youngest intrusives, the Kennack Gnoiss, but gave 
an anomalously, younger age of 356 million years for 
the regionally -metamorphosed Old Lizard Head 
‘Series. A series of independent measurements by 
n? using the isotope dilution method gave a 
' pattern. with the younger age (350 million 
from muscovite from the Old Lizard Head 
Series and the older age (368 million years) from the 
Sane ek Var and also from biotite from the 

ewednack Hornblende Schist, co-metamorphic 
Tho differences be- 
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. Caledonian effects and reflect partial. 


poten Old Lizard Hoad Sores” ; lat 
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` Table L. RESULTS or AGE DETERMIN ATIONS ON GRANITE FROM Mané ISLAN Ds: SuYCHELLES AROHIPBLAGO X pe E 
" : > ” Atmos] herie -An ak "RE 
Material Referenco Method Volume of argon (nm) KO — cont ination — Apare esti TE ENT 
| Weight of sample (gm.) (per Sent) | (per cent) error (m. 3 yr. A 
Grey granite, total rock Kj21 Total volume 0:0967 4:48 5-0 . $36.-23*. 
| B/s9 0-0854 ‘9 1-7 .. $95.22*. 
LS 0-0885 à 3.0 ^ BOLEZ. 
L6 0-0041 ^ 3-5 531-:93* 
av. = 419 .9* 
Pink granite, total rock . Lid Total volume 0-0808 4:63 34d - 497 122°. 
Kl4 0-098 á 2-9 |  5074-92*. 
L[23 0-0978 » 3-8 | 580 Im 
AW. PETE 7000 
Biotite from pink granite Lg Isotope dilution 0:1399 5-26 2-3 654417 | = 


* Errors given are those arising from experimental procedure. 
 'Irue errors which would take into account argon loss are mueh greater—see text. 


Potassium—argon measurements have now been 
made on five hornblendes collected from the Kennack 
Gneiss (96392), the regionally metamorphosed Lande- 
wednack Hornblende Schist (96389, 96390) and the 
dynamothermal aureole of the peridotite (96394, 
96395). The argon measurements were made by 
the method of isotope dilution. Potassium oxide was 
determined by six or eight measurements on different. ^. 
samples using the flame photometer. The standard . 
deviations of these measurements are given in Table 1. 
Because of the low potassium content of the horme c 
blondes the main source of error in the age values 
lies in the potassium oxide doterminations. 

The hornblende 96392 is from the same specimen 
of Kennack Gneiss that gave a 397-million year age 
from biotite. The two specimens of Landewednack 
Hornblende Schist are interbedded and co-meta- 
morphic with the Old Lizard Head Series which gave 
an average age of 356 million years for muscovite, 

One hornblende (96396) gives an age agreoing with 
that of the Kennack Gneiss but the other (96389) 
gives an appreciably older age. 

The two hornblendes from the metamorphic 
aureole of the peridotite have very different ages. 

No. 96395 is from the green-brown hornblende 
amphibolite assemblage at about 800 yards from the 
nearest peridotite outcrop. This gives an age (357 
million years) compatible with the Caledonian ages 
previously described. No. 96394 is a brown horn- 
blende from a band of hornblende-hypersthene- . 
augite granulite immediately in contact with the | =- 
peridotite. The brown hornblende gives a much 
greater age of 492 million years, more in harmony |. 
with the geological evidence that the regional meta- =- 
morphism and peridotite intrusion are much earlier 
than the intrusion of the basaltic dykes and Kennacl 
Gneiss. * 

The interpretation placed on these resulta i is that 3 
the Caledonian age of 360-390 million years is a true 
one for the intrusion of Kennack Gneiss. ey 
also a poriod of partial or complete loss 
for pre-existing metamorphic assemblages. - 
men of rather massive Landewedn i ack - 




















dierbanied with tho ‘peridotite at P 
margin may have been partly insula! je 


Pre-Cambri ian or. Cambrian miners s. 


The present results aro significe : her . 
evidence that hornblendes of low. potai sium content — 
can give meaningful ages in determinations by the 
potassium- argon ace 
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Fig. 3. Ionograms obtained at Sodankylä on October 31, 
1961, showing a disturbance caused by the round-the-world 
ionospheric waves 


ü ‘On October 31, at 8.29.27 c.M.T., another atomic 


„explosion occurred in Novaya Zemlya at a distance of 


1,190 km. The deflexion of the microbarograph due 
to this explosion was about a third of the deflexions 











due to the round-the-world waves of the big explosion. 
Further, the ionospherie disturbance due to the latter 
ones was more than one hour too late to be originated 
from the smaller explosion. It can, therefore, be 
said that the smaller explosion had no detectable 
effect on the ionosphere. 

G. ROSE 


Max-Planck-Institut für Aeronomie, 
Lindau/Harz, Germany. 
J. OKSMAN 
E. KATAJA 
Geophysieal Observatory, 
Sodankylä, 
Finland. 
i Mitra, S; K., The Upper Atmosphere, second ed., 51 (Asiatic Soc., 
Calcutta, 1052). 
2 Newell, jun, H. E., in Physies of the Upper Atmosphere, edit. by 


Ratcliffe, J, A., 83 (Academic 
1960). . 


. Potassium-Argon Age Determinations on 


Granite from the Island of Mahé in 
the Seychelles Archipelago 


O (Tug Seychelles Archipelago is situated in the 
Indian Ocean some 1,100 miles to the east; of Mombasa. 
It is made up of nineteen islands and a number of 
islets of which all but two are granitic in com- 
position. The only two coral islands in the group are 
Bird and Denis, which lie at & distance of about sixty 
miles north of Victoria, Mahé. Mahé itself is the 
largest of the islands, being seventeen miles long and 
up to seven miles wide. Rugged peaks of granito 
rise to a height of almost 3,000 ft. above sea-level 
and show marked erosion features. Praslin, Silhouette 
and Digue are the other main granitic islands of the 
group. 

— Throughout the islands, the most common rock 
type is pink or grey amphibolite granite. Syenite 
ceurs on Longue Island and in the southern part 
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of Silhouette. In various localities the plutonies 
intruded by dykes of varied composition. E 
Sedimentary rocks are absent, though the occur 
rence of andalusite-hornfels on the islands 
Silhouette, Cerf and Stagi? may indicate that clay 
slates once existed. | 
The granitic islands lie in the centre of an ex 
tensive submarine platform that is surrounded b 
depths of more than 1,000 fathoms and completely 
separated both from the Carlsberg Ridge and from 
Madagascar. By any criteria other than petrographie. 
the islands are of oceanic type. a 
The age of the group is not known, but the degre 
of erosion suggests prolonged action by the agent 
of weathering. Coral fragments are to be foun 
cemented on to the granite at heights varyin 
between 10 and 30 ft. above low-tide level. In addi 
tion to this evidence of recent elevation, Gardiner 
considers that a more ancient uplift of some 200 fi 
occurred. EE. 
Age determinations have been carried out on 
samples of pink and grey granite from the island 
of Mahé. Owing to the small amount of biotite 
present in the particular samples used in this work 
and its partially decayed state, preliminary measure- 
ments were made on samples of the whole rock.  . 
Most of the potassium in the material is situated in. 
the feldspars, consequently owing to loss of argon by 
diffusion, a total rock determination would yield an 
age less than the true value. However, these measure- 
ments yielded an average minimum age for the 
rock of 515 million years. The close agreement 
of the total rock ages of the pink and grey granites __ 
(Table 1) does suggest that they were formed _ 
simultaneously. S 
A few grams of altered biotite were separated from — . 
the pink granite in an attempt to determine its 
absolute age. This result is shown in Table 1 and 
substantiates the preliminary results. im 
The total-volume method was used in age determ- 
inations on the whole rock and the technique ofe 
isotope dilution used in the measurement of thè: 
biotite sample. OS 
Owing to the coarse and variable nature of the 
granite it is possible that the samples used in the. 
potassium oxide analyses of the total rock might not 
have been identical to those used in the argon 
measurements. In view of this, the combined erro! 
arising from uncertainties in content of potassium 
oxide and volume of argon measurement are estimated 
at + 5 per cent. Experimental errors are, however, 
insignificant compared with those caused by loss o 
argon from the feldspars. Experience has shown that 
30 per cent of the argon can easily have been lost b 
diffusion. Though the biotite is partially altered, losses 
should not be of this magnitude. In Table l ti 
apparent ages togother with their ostimated exper 
mental errors are given. Errors arising from loss o: 
argon eannot be aecurately evaluated and have not. 
been included. | 
From these measurements it is eonoluded thai. 
Mahé Island and most probably all the granitic. 
islands of the Seychelles Archipelago came into > 
existence during the very late Pre-Cambrian. Most > 
oceanic islands are considered to be younger than > 
Mid-Cretaceous, consequently the Seychelles are out 
of place chronologically and petrologically. | 
It is interesting to note that a large number o! 
minerals from the continent of Africa have ag 
around 630 million years*. If the age yielded | 
the biotite sample is a true one, it could be eviden 
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LETTERS TO THE- EDITORS 


GEOPHYSICS 
Round-the-World Sound Waves produced 
by the Nuclear Explosion on October 


30, 1961, and their Effect on the 
lonosphere at Sodankyla 


Tur heavy nuclear explosion on October 30, 1961. 
at 8.33.33 G.M.T. at a distance of 1,160 km. in Novaya 
Zemlya (presumably at tropospherie heights) was 
recorded at Sodankylä by means of a seismograph, a 
mierobarograph, a magnetograph, and a vertical 
ineidence ionosonde. The deflexion of the micro- 
barograph took place at 9.42 G.w.T. with an amplitude 
of about + 1 mb. The ionosonde showed a sudden. 
heavy disturbance in the E and F regions at 9 G.M.T., 
that is, 42 min. before the deflexion of the micro- 
barograph (Fig. 1). 

On October 31, the microbarograph again showed 
two very distinct and strong deflexions, namely, at 
18.32 and 21.28 G.m.t. These deflexions are inter- 
preted as being caused by round-the-world waves 
due to the same nuclear explosion, one being propa- 
gated in the backward, the other in the forward, direc- 
tion (Fig. 2). The mean velocity deduced from these 
round-the-world waves is 311 m./sec. and is in good 
agreement with calculations based on mean atmo- 
spheric conditions below the stratopause. The wave- 
lengths in the recorded wave-trains lio between 198 
and 58 km., and the waves are supposed to have been 
guided in the spherical shell between the ground and 
the stratopause. 

Because there were no pronounced magnetic effects 
during the ionospheric disturbance, it seemed to be 
clear that the latter was not caused by excessive 
ionization but by a shock-wave passing over 
Sodankylü at ionospheric heights. This shock-wave 
would lose its excessive velocity and be propagated 
later as a sound wave in the temperature minimum 
between the stratopause and the lower thermosphere. 
If the waves are long, of the same order of magnitude 
as those measured on the ground, and if the formula 
which is giving the absorption loss! and which is 
normally applied to shorter wave-lengths will hold 
approximately for these wave- 
lengths, they can be propagated 
around the world without exces- 
sive attenuation. On the other 
hand, the intensity of the returning 
waves in the vicinity of the explo- 
sion site is greatly increased by 
focusing. Therefore, it seems 
reasonable to assume that these 
waves are strong enough to cause a 
detectable ionospheric effect when 
passing over Sodankylä. 

The velocity of sound waves at 
ionospheric heights was estimated 
using rocket data’. The mean value 
obtained for the velocity was 420 
m./sec., which is equivalent to 
round-the-world travelling time of 
27 hr. On the other hand, according 
to the estimation mentioned above, 
the attenuation of such a sound 
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Fig. 1. Ionograms obtained at Sodankylá on October 30, 1961, 
showing an ionospheric disturbance caused by the nuclear 
explosion in Novaya Zemlya 


wave travelling 40,000 km. and having a wave-length 
of 200 km. does not exceed 20 db. below heights of 
150 km. 

The expected effects on the ionosphere are, indeed, 
to be seen on the ionograms (Fig. 3) at 9.50-11.40 
G.M.T, on October 31. Although the ionograms are 
not completely continuous with time, we suppose that 
both the forward and backward propagated waves 
exist. This is because of the special shape of some of 
the oblique reflexions due to the slow sweeping speed 
of 4 min. over the frequency-range shown. We 
think that the end of the north-eastward travelling 
wave-train is to be seen on the ionogram at 10.50 
G.M.T., whereas the end of the south-westward 
travelling one is to be seen on the ionogram at 11.40 
G.M.T. 
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Recordings of the microbarograph at Sodankylä on October 31,1901, A and B 
are the deflexions of the backward and forward waves, respectively, 
obtained under normal conditions. ds 
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Table 3 THE FIVE TYPES OF STEP-REACTION INVOLVED IN THE 
BIOSYNTHESIS OF CAROTENOIDS IN PURPLE BACTERIA 


Structure of molecule at 
site of attack 


] Dehydrogen- —- III, I—II, IHI—IV, 
ation j dh d 2 dd ivv 
2. Dehydrogen- , OH H IX—XI, X-— XII, 
ation Kah — le XV—XVI 
LA Y—IX, XI(2)X(), 
3 Hydration rink — IV—XV 


OH OCH s 
A 3 IX—XI(a), XII—VIU 
4 Methylation SCA XN & 


Chemical 


nature Occurrence 


XVI—XIII 
5 Introduction . OR OR "XIII—XIV, 
of a keto ds == KoA XVI—XVIH 
group O 


* R= HorcCH, 


- 


dehydrogenations across a C—C bond, hke those 
required by structures X. and XI, are exceedingly 
common enzymatic reactions 

The scheme outlined m Fig 1 supposes a total of 
15 step-reactions subsequent to phytoene These 
15 1eactions can be grouped into five different types, 
depicted diagrammatically in Table 3 Each type of 
reaction 1s defined by two parameters (a) the 
chemical nature of the change that occurs, and (b) the 
structure of the molecule immediately adjacent to the 
site of attack In piineiple, a total of five enzymes 
might therefore be sufficient to catalyse all the 1e- 
actions shown in Fig 1 The biological evidence, 
suggests, however, that the actual number 1s some- 
what greater In the genus Rhodospirillum, Rhodo- 
spuilum mohschianum produces only lycopene and 
rhodopm, Rhodospirillum photometiacum produces 
lycopene, rhodopm, rhodovibrin and anhydro-rhodo- 
vibrm, and Rhodospirillum rubrum, all the caroten- 
oids of the A group These differences can be 
accounted for enzymatically only by the supposition 
that specific enzymes catalyse the two simular suc- 
cessive dehydiogenations of type 2 involved in this 
sequence Both these enzymes are lacking in Rhedo- 
spirillum molischanum, one ıs present m Ehodo- 
spuilum photometiicum and both are present in 
Rhodospirillum rubrum 

The divergence of biosynthetic pathways subse- 
quent to the formation of neurosporene, which 
leads 1n most purple bacteria to the exclusive forma- 
tion of either group A or group B pigments, implies 
that the dehydrogenation of neurosporene to lycopene 
is enzymatically distinct from the preceding dehydro- 
genations which result in the formation of neuro- 
sporene from phytoene, even though ıt also belongs 
to type 1 On the other hand, the accumulation 
patterns observed in mutants rather strongly suggest 
that the three dehydrogenations which result ın the 
conversion of phytoene to neurosporene may all be 
catalysed by a single enzyme Both in purple 
bacteria and in other organisms synthesizing caroten- 
oids, mutants which accumulate phytoene alone 
have been frequently isolated Such mutants must 
have lost the enzyme required to convert phytoene 
to phytofluene But mutants which can be mter- 
preted as having lost the enzyme that converts 
phytofluene to ¢-carotene, or C-earotene to neuro- 
sporene, have never been found When a mutational 
block leads to the accumulation of phytofluene and 
C-carotene, these substances are invariably accom- 
panied by much larger amounts of more oxidized 
carotenoids (for example, neurosporene and chloro- 
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xanthin in the green mutant of Rhodopseudomonas 
spheioides) These otherwise puzzling facts become 
readily mtelligible on the hypothesis that all the 
dehydrogenations between phytoene and neuro- 
sporene are catalysed by the same enzyme, loss of 
this enzyme necessarily resulting in the accumulation 
of phytoene alone 

A full account of the chemical investigations by 
one of us (S L J ) on the structures of the group A 
carotenoids and a further discussion of the present 
topie will be published elsewhere 

We wish to acknowledge the kindness of Prof 
B C L Weedon in communicating to us the chemical 
structures of certain of the caiotenoids discussed, 
prior to then publieation 

Note added 4n proof The biosynthetic scheme 
shown m Fig 1 predicts the existence of an inter- 
mediate between rhodopm (IX) and anhydio-rhodo- 
vibrin (XI), since this conversion requires both a 
dehydrogenation of type 2 and a methylation The 
expected intermediate, 3,4-dehydro-rhodopin. has 
iecently been discovered by one of us (8 L J) m 
Rhodopseudomonas palusiiis The structure of this 
new group A carotenoid has been unequivocally 
established by the determmation of 1ts nuclear mag- 
netic resonance spectrum (Jackman, L M, and 
Jensen, S L, Acta Chem Scand, m the press) 
The position of the chromophore in 3,4-dehydro- 
rhodopin provides further support for the assignment 
of structures X and XI to rhodovibrin and anhydro- 
rhodovibrm, respectively 


VoL 192 


1Goodwin, T W, Aich Makiobwol , 24, 313 (1956) 


2 Goodwin, T W , Soc Riol Chemists, India, Silver Jubilee Souveni 
1955, 271 


? Goodwin, T W , and Land, D G , Arch Mikrobiol ,24, 305 (1956) 

4ZLiaaen Jensen, S, Cohen-Bazire, G, Nakayama, T O M, and 
Staner, R Y, Biochim Biophys Acta 29, 477 (1958) 

5 Cohen-Bazire, G , Sistrom, W R , and Staner, R Y,J Cell. Comp 
Physiol , 49, 25 (1957) 

Svan Niel, © B , Ant. van Leeuwenhoek, 12, 156 (1947) 

7 Cohen-Bazire G (unpublished observations) 

®Goodwin, T W, Land, D G, and Sissins, M E., Biochem J, 04 
486 (19506). 

° Nakayama, T O M, Arch Biochem Biophys , 75, 352 (1958) 

10 Nakayama, T O M, Atch Biochem Biophys , 79, 356 (1958) 

n Griffiths UM , and Stamer, R Y,J Gen Maciobwl ,14, 698 (1956) 

1Rabourn, W J, and Quakenbush, F W , Arch Biochem Biophys , 
61, 111 (1956) 

19 Rabourn, W J, and Quackenbush, F W , paper presented before 
the Division. of Biological Chemistry, 182nd Meeting Amer 
Chem Soc, 1957 


1 Quackenbush, Y W , and Rabourn, W J, paper presented before 

e DIS of Biological Chemistry, 132nd Meeting Amer Chem 
oc, 

15 Zechmeister, L , Piog Chem Org Nat Prod ,15, 39 (1958) 

16 Davis, J B, Jackman, L M , Siddons, P T , and Weedon, B C L, 
Proc Chem Soc , 261 (July 1961) 

17 Eugster, © H, Linner, E , Trivedi, A H, and Karrer, P, Helv 
Chim Acta, 39, 690 (1956) 


18 Rabourn, W J, paper presented before the Division of Biological 
Chemistry, 132nd Meeting Amer Chem Soc, 1957 


1? Winterstein, A, Angew Chem, 72, 902 (1960) 


20 Zechmeister, L , Carotinorde Ern bvochemascher Bericht uber pflanz- 
hehe und taerische Polyenfarbstoffe (J Springer, Berlin, 1931) 


21 Porter, J W,and Lincoln R W, Arch Biochem , 27, 390 (1950) 


22 Goodwin, T W, The Comparatwe Biochemistry of the Carotenoids 
(Chapman and Hall, London, 1952) 


23 Maelinney, G, Ann Rev Biochem , 21, 473 (1952) 

21 Zechmeister, L , und Cholnoky, L V , Chem Ber , 69, 422 (1938) 

28 Karrer, P , and Koenig, H, Helv Chim. Acta, 28, 460 (1940) 

26 Tiaaen Jensen, S , Acta Chem Scand , 18, 381 (1959) 

27 Barber, M 8 , Jackman, L M,and Weedon, B C L, Proc Chem 
Soe , 96 (1959) 

28 Taaaen Jensen, S , Acta Chem Scand , 14, 953 (1960) 

3? Taaaen Jensen, S , Acta Chem Scand , 18, 842 (1959) 

39 Tyaaen Jensen S, Acta Chem Scand ,18, 2142 (1959) 

31 Taaaen Jensen, S , Acta Chem Scand , 18, 2143 (1959) 

31 Inaaen Jensen, S , Acta Chem Scand ,15, x1 (1961) 

33 Goodwin, T W , Qual Plant Mat Veg , 3-4, 202 (1958) 

34 Barber, M S, Jackman, L M, Weedon, B C L, and Yokoyama, 
H,cf ref 16 


no 4808 December 23, 1961 


HO () XV - 
O 
(XVIII) R-H, R'- = 
RO R' , OH 
0 (XVIII) R-CH;, R'= X 


When the wild-type of Rhodopseudomonas spherordes 
is cultivated under semi-aerobie conditions, its 
carotenoid composition changes markedly from thaw 
characteristic of anaerobic (photosynthetic) cultures’ 
Pigments Y and OH-Y virtually disappear, the 
major carotenoids are spheroidenone and OH-R, 
accompanied by smaller amounts of a very highly 
unsaturated carotenoid which has been termed 
P512 (ref 1) The adsorptive properties reported for 
this carotenoid}? suggest that 16 contains at least one 
hydroxyl group The positions of the absorption 
maxima in visible light fit with the assumption of 
12 carbon-carbon double bonds and a keto group in 
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conjugation The biosynthesis of P512 can be inter- 
preted as resulting from the dehydrogenation of 
OH-R or spheroidenone by & reaction of the type 
characteristic of the phytoene-lycopene sequence, 
suggesting structure XVIII or XVIIIa for this 
carotenoid. 

We plan to investigate further the chemical struc- 
tures of OH- Y, OH-R and P512 


Conclusions 


The complete scheme which we propose for the 
biosynthesis of the carotenoids of the purple bacteria 
18 Shown in Fig 1 It should be noted that in this 
scheme structures X and XI have been employed 
for rhodovibrm and anhydro-rhodovibrm, respec- 
tively, even though the chemical data now available 
do not exclude structures Xa and XIa The prefer- 
ence for X and XI rests on the fact that these struc- 
tures make 16 possible to formulate the conversion of 
lycopene to anhydro-rhodovibrm, and of anhydro- 
rhodovibrm to sprruloxanthm, as reactions strictly 
analogous to the conversion of neurosporene to pig- 
ment Y Furthermore, «,o-dehydrogenations of the 
type which must occur in the biosynthesis of spiril- 
loxanthin assuming structures Xa and XIa are not 
known to occur as enzymatic reactions, whereas 


HO eve A Chloroxanthin (XV) ! 
2| 
l Ped Cann. Sane 
4| OH—Y (XVI) 


OH—R (XVII) 


S co 


Y (XIII) Spheroidenone (XIV) 


Structural scheme for the pathway of carotenoid biosynthes,s in purple bacteria 
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(VIII)*-?5, and to the demonstration that the mono- 
hydroxylycopene formed 1n. Rhodospirillum rubi um is 
identical with rhodopm, not with lycoxanthm (VI) 
Structure IX has been assigned to rhodopin?*:5? 
Furthermore, the structures of the pigments known 
as OH-P481, P481 and OH-spimlloxanthin have 
been largely determmed OH-P481 ıs identical with 
rhodovibrin, and has either structure X. or structure 
Xa (ref 31) P481 (anhydro-rhodovibrin) has either 
structure XI or structure XIa (ief 32) In the case 
of these two pigments, the uncertainty concerns the 
exact position of the chromophore m the molecule 
OH-spirilloxanthin ıs a monodemethylated spiril- 
loxanthin (XII) (ref 28) 

In the light of these chemical facts, a sumple and 
consistent interpretation of the biosynthetic trans- 
formations between lycopene and spirilloxanthin can 
now be offered?? These transformations involve 
three different types of chemical reactions, each of 
which takes place twice in the overall sequence 

(a) The hydroxylation step addition of water to 
an isopropylidene double bond, with formation of & 
tertiary alcohol 

(b) The dehydrogenation step introduction of an 
additional double bond m conjugation with the already 
existing chromophore, either at the same side as the 
hydroxyl group (assuming formule X and XI for 
rhodovibrm and anhydro-rhodovibrin) or by 4,o- 
dehydrogenation (assummg formule Xa and XIa 
for the two compounds ın question) For reasons of 
biochemical analogy which will be shortly discussed, 
we prefer the first formulation and thus favour 
formule X and XI 

(c) The methylation step methylation of a tertiary 
hydroxyl group 

The initial reaction which leads to the formation of 
the group A pigments ıs a dehydrogenation the 
conversion of neurosporene to lycopene This 
reaction 18 not a dehydrogenation of type b, but is 
analogous rather to the successive dehydrogenations 
which result ın the conversion of phytoene to neuro- 
sporene 
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Biosynthesis of the Group B 


Lycopene (V) Carotenoids 


Goodwin, Land and Sissins?, who 
first investigated the chemical struc- 
ture of pigment Y and spheroid- 
enone (pigment R), showed that 
they were monomethoxy com- 
pounds, and that spheroidenone had 
a conjugated keto group The 
actual structures which they pro- 
posed^3? were, however, incorrect 
Definitive structures for pigment Y 
(XIII) and spheroidenone (XIV) 
have recently been established by 
Barber, Jackman, Weedon and 

H Yokoyama** Pigment Y can be 
Rhodovibin Visualized as consisting of half a 
spinlloxanthm molecule (VHI) 
coupled with the more saturated 
half of the neurosporene molecule 
(IV) This, m turn, suggests that a. 
sequence of reactions simular to 
those operative in spimloxanthin 
synthesis must occur in the synthe- 
sis of pigment Y from neurosporene 
Structurally speaking, this would 
require the formation of compounds 
XV and XVI as intermediates. 

Structure XV has recently been suggested for 
chloroxanthin by Barber, Jackman, Weedon and 
Yokoyama  Chloroxanthm, first characterized by 
Nakayama’, 1s a monohydroxy derivative of neuro- 
sporene that accumulates together with neurosporene 
in the green mutant of Rhodopseudomonas spherordes, 
which is totally blocked ın the synthesis of pigment 
Y and spheroidenone 

In the wild-type of Rhodopseudomonas spheiordes 
grown anaerobically m the light, pigment Y and 
spheroidenone are always accompanied by smaller 
amounts of related monohydroxy compounds The 
properties so far reported for OH-Y (refs 7 and 9) 
are in accord with those which can be predicted for 
structure XVI We therefore suggest that OH-Y 
is non-methylated and 1s the immediate biosynthetic 
precursor of Y A similar chemical relationship can 
be postulated between sperordenone and OH-f, 
in which case the latter should possess structuie 
XVII. The hmited chemical data avaigeble^? are 
in accord with such a supposition 


Rhodogin (IX) 


Monodemethylated 
spirilloxanthin (XII) 


Spirilloxanthir (VIII) 


HCO Y (XIII) 
Ere Spheroidenone (XIV) 
HO (XV) 

| 
HO (XVI) 


December 23, 1961 


is phytoene’, the specific site of the enzymatic defect 
18 thus reasonably interpreted as lying at the step 
between phytoene and phytofluene 

The biosynthetic origi of the group B pigments 
has been investigated 1n Rhodopseudomonas spherordes, 
from which a series of mutants with specific blocks 
m carotenoid synthesis has been isolated The 
patterns of accumulation m these mutants (Table 2) 
are most readily interpreted in terms of the following 
sequence 
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phytoene — phytofluene — C-carotene —> 


neurosporene 
chloroxanthin 


} — Y — spheroidenone 


The biochemical data accordingly suggest that the 
pigments of groups A and B are synthesized from a 
common series of more saturated carotenoids origin- 
ating with phytoene, the specific pathways diverging 
from one another subsequent to the formation of 
neurosporene In support of the hypothesis of a 
common origin for the pigments of both groups, ıt 
should be added that traces of neurosporene, 
C-carotene and phytofluene can be found m exponenti- 
ally growing cells of the wild types of both Rhodo- 
spirillum rubrum and, Rhodopseudomonas spher ordes? 

The biological experiments which led to these 
interpretations of carotenoid synthesis m purple 
bacteria were carried out several years ago At that 
time, there were many uncertainties and some 
misconceptions concerning the chemical structures 
of the compounds involved Consequently, 16 was not 
then possible to formulate in chemical terms the 
postulated reaction sequences, or to establish the 
chemical nature of the mdividual step-reactions. 
These uncertamties and misconceptions concerning 
carotenoid structure have been largely eliminated by 
recent chemical work, which reveals that the earlier 
biological data in fact conform with a rather simple 
and chemically intelligible biosynthetic scheme We 
shall consider in turn the nature of the common 
primary step-reactions and of the specific step-reac- 
tions which lead to the group A and group B pigments 


The Common Primary Step-Reactions 


The structure of phytoene (I) was well established 
by the work of Rabourn and Quackenbush!2 The 
same workers afterwards assigned structures to 
phytofluene (II) and ¢-carotene (IiT):,1, although 
the chemical evidence for these structures has not yet 
been published Zechmerster!5 also recently suggested 
structure II for phytofluene Structures I, II and 
LII for these carotenoids have been confirmed in an 
elegant fashion by Davis, Jackman, Siddons and 
Weedon!*  Neurosporene was long considered to bo 
identical with 5,6,5’,6’-tetrahydrolvcopene, synthe- 
sized by Eugster, Linner, Trivedi and Karrer". and 
thus to be a structural 1somer of "-carotene (TIT) 
The improbability of an isomeric relationship between 
C-carotene and neurosporene in the hght of the 
chemical evidence available had been pointed out by 
several authors!*:/5 but definite proof that neuro- 
sporene is a dihydrolycopene with structure IV has 
only recently been furnished by Davis, J. ackman, 
Siddons and Weedon!* 

Phytoene 1s characterized by the possession of a 
centrally located chromophore with 3 conjugated 
double bonds, and of 6 isolated double bonds, the 
molecule thus possesses complete bilateral symmetry 
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The successive formation of phytofluene, t-carotene 
and neurosporene from phytoene evidently involves 
& series of stepwise:dehydrogenations at each step, 
& new double bond 1s introduced alternatively to the 
left and to the right side of the phytoene chiomo- 
phore Each double bond so introduced brings mto 
conjugation one of the previously isolated double 
bonds, and the length of the chromophore 1s accord- 
ingly increased by two conjugated double bonds at 
each step The biosynthesis of neurospoiene from 
phytoene therefore proceeds by three successivo 
dehydrogenations, identical ın mechanism and differ- 
ing from one another only in the specific points on 
the polyene chain at which they take place 

A reaction sequence of this type was in essence 
fist proposed by Zechmeister?, on the basis of 
chemical considerations, to account for tho biological 
origin of the coloured carotenoids This hypothesis 
was further elaborated by Porter and Lmooln?!, who 
used 16 to explain the genetic and biochemical data 
concerning carotenoid synthesis in tomato fruits 
The so-called *Porter-Lincoln sequence’, which 1s m 
fact the only coherent general hypothesis ever 
advanced to explain the biological formation of 
coloured carotenoids, was long treated with scepticism 
by most workers m the field (see, fo1 example, refs 22 
and 23) Such scepticism can no longer be justified 
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Biosynthesis of the Group A Carotenoids 


At the time when the biosynthetic pathway from 
lycopene to spirilloxanthin was determined in 
Rhodospirillum rubrum, the structures of three 
members of the sequence were assumed to be estab- 
lished lycopene (V), Ilycoxanthin (VI) and 
spirilloxanthim. (VII)25 
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However, recent chemical Investigations have led 
to a revision of the structure of spirilloxanthin 
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induced. by electrical stimulation of reticular forma- 
tion, involve (at least as a component of a more 
complex mechanism) the breakdown of high-energy 
phosphorus compounds Triggered by the impulses 
generated by reticular neurones ıt sets ın motion the 
processes leading to lactic acid formation Our 
results confirmed the finding of previous workers! 
that the bram lactic acid does not rapidly dis- 
appear from the tissue when once it has been 
formed 

From these considerations i6 follows that, unless 
it 18 beheved that changes produced by electrical 
stimulation of brain stem reticular formation in our 
experrments aie not of a physiological nature, 16 
must be inferred that physiological processes resulting 
from an increased functional activity of reticular 
neurones (such as arousal or increased attention) are 
associated with increased glycolytic activity and the 
liberation of the lactic acid in the biain 
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BIOSYNTHESIS OF CAROTENOIDS IN PURPLE BACTERIA: 
A RE-EVALUATION BASED ON CONSIDERATIONS 
OF CHEMICAL STRUCTURE 


By SYNNOVE LIAAEN JENSEN, Da GERMAINE COHEN-BAZIRE and Pror R Y STANIER 


Institute of Organic Ghemistry, 
and Department of Bacteriology, 


"s photosynthetic apparatus of purple bacteria 
contains a distinctive array of carotenoid pig-' 
ments they are aliphatic, and mostly bear methoxyl 
groups Five main pigments, together with their 
monohydroxy derivatives, have been found in the 
species so far examined lycopene, P481 (anhydro- 
rhodovibrin), spirilloxanthin, pigment Y and spheroid- 
enone (formerly known as pigment R) On the basis 
of their biological distribution, these ten pigments 
can be subdivided into two main groups (Table 1) 

Some species of purple bacteria contain exclusively 
pigments of the lycopene, P481 and spu illoxanthun 
types (group A pigments), others, exclusively those 
of the Y and spheroidenone types (group B pigments) 

These regularities m distribution in themselves 
strongly suggest that the pigments of groups A and B 
represent the products of two divergent biosynthetic 
pathways Stoichiometric interconversions of pig- 
ments belonging to each group have been demon- 
strated to take place m certain circumstances within 
the bacterial cell, and this and the nature of the 


NATURAL DISTRIBUTION OF THE MAJOR CAROTENOIDS IN 
PURPLE BACTERIA 


Group A 


Spirillo- 
P481 xanthin 


Table 1 


Group B 
Sphero- 
idenone 


Lvco- 
pene 


Rhodospirillum 
molischianum 
Rhodospirillum 
photomtnrum 
Rhodosmnillum rubrum 
Rhodopseudomonas 
palustris 
Chromatiuum 
Rhodopseudomonas 
spheroides 
Rhodopsevdomonas 
capsulatus 
Rhodopseudomonas 
gelalinosa 


refs 1,2 


| 
l 


++ ++ + 


ref 3 


refs 1,2 


+ 
x 
+ + 


Technical University of Norway, Trondheim, 
University of California, Berkeley, California 


observed sonversions establish unequivocally two 
sets of biosynthetic mterrelationships*~* 


lycopene — P481 —> spinlloxanthin, and 
Y — spheroidenone 


In Rhodospirillum rubrum, synthesis of all group A 
pigments can be suppressed by bacterial growth in 
the preser.ce of an appropriate concentration of 
diphenylamine In these circumstances, there 18 a 
massive intracellular accumulation of carotenoids 
more saturated than lycopene (phytoene, phytofiuene, 
t-carotene, neurosporene) After removal of the 
diphenylamune, these reduced carotenoids can be 
converted within the cell to the typical group A 
pigments The analysis of the diphenylamine effect 
in Rhodospirillum rubrum has permitted the formula- 
tion of the following biosynthetic sequence for the 
group A p.gments* 


*-caro- 
tene 


P481 — OH-P481 — 


neuro- 
sporene 


lycopene 
BOR ME Ed 
spiruloxanthm 
OH-spirilloxanthin 


phyto- 
fluene 


So far, ony one mutant of Rhodospirillum rubrum 
with a specific block m carotenoid synthesis has been 
found ‘The only caroteno:d produced by this mutant 


Table 2 CAROTENOID PIGMENTS IN THE WILD-TYPE AND IN 3 MUTANT 
CLASSES OF Rhodopseudomonas spherowles GROWN UNDER ANAEROBIC 
CONDITIONS IN THE LIGHT 


Neuro- Spheroid- 
Phyto- Phvto- ¢-Caro- sporene, Y, enone, 
ene fluene tene chloro- OH-Y OH-R 
xanthın 
Wild tvpe — tr tr tr + T (refs 8,9, 11) 
Brown mutant — ir ir + + tr (ref 9) 
Green mutant — tr tr + — — (ref 10) 
Blue-green 
mutant T — == -— — — (ref 11) 
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Starting from these investigations and the well- 
established role of the reticular formation in the 
regulation of the states of wakefulness and sleep, the 
present mvestigation was carried out to find out if 
smuler biochemical changes take place in the 
biain following electrical stumulation of the bram- 
stem reticular formation and if they could be 
conelated with concomitant changes in electrical 
activity 

Young rats of 50-90 gm anesthetized with 
‘Nembutal’ (50 mgm /kgm body-weight) were used 
in the experments Recordimg electrodes were 
placed on the frontal and parietal cortex A fine 
stimulating electrode (0 01 ın diameter) was inserted 
stereotaxically in the brain-stem reticular formation 
according to co-ordinates based on measurements 
previously made on several animals of simular age 
and size The operative procedure was completed 
in 10 min after initiation of anzesthesta m all exporr- 
ments  Stimulating and recording was programmed 
in such & way as to permit immersion of the animals 
into hqmd air exactly at the end of the twentieth 
minute after ‘Nembutal’ mjection Thus, the period 
of anesthesia was maintamed constant m all the 
experiments Electrical strmul: (03 m amp, 300 
cycles/sec and 0 25 msec pulse duration), delivered 
by a Grass stimulator model 4S, were given for two 
periods of 10 sec , with an interval of 5 sec between 
the two stimulations The electrocorticogram was 
recorded throughout the experiment usmg a Reega 
Alvar apparatus ‘This provided an index of the 
blood and oxygen supply to the brain during the 
experiment Details of the stimulation and recording 
technique are published m ref 3 

Rats were divided into eight gioups (each consist- 
ing of at least seven animals) Rats from the first 
(control) group recerved only an injection of ‘Nem- 
butal’, those from the second (control) group were 
placed in the stereotaxic instrument, Incision was 
made and holes drilled m the skull, the third (control) 
group consisted of rats, with cortical and reticular 
electrodes inserted, which were not subjected to 
stimulation Animals belongmg to the fifth, sixth, 
seventh and eighth group were stimulated as described 
and dropped in the liquid air 30 see, 1 mm, 3 and 
5 mm respectively, after cessation of electrical 
stimulation In order to secure rapid fixation of 
biochemical changes and prevent post-mortem glyco- 
lysis, animals were killed by immersion in the hquid 
air Reasons for freezing the whole animal have been 
described (ref 4). To facilitate dissection, the frozen 
animals were immediately transferred into a deep- 
freezer at — 20? C Rapidly dissected with cooled 
instruments, brains (sectioned just 1n front of the cere- 
bellum) were dropped in the liquid air and powdered 
m & previously cooled crusher Lactic acid was 
estimated according to the method of Friedemann 


No 480858 


e al. with modifications introduced by other 
authors’ 
The results are illustrated im Fig 1 In the first 


(control) group of anmals, killed after bemg in 
anzsthesia for 20 min , the lactic acid content ranged 
from 6 5 to 105 mgm per cent with a mean of 8 9 
(broken lıne ın Fig. 1) These figures are in agreement 
with values obtamed by other authors under similar 
conditions! Estimations of the lactic acid content 
of the brain of rats comprismg the second and third 
(control) group of animals gave somewhat higher 
values than those of the first group (120 and 125 
mgm. per cent respectively—full hne m Fig 1) 
This showed that fixing the animal into the stereo- 
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taxic apparatus and the operative procedure used, 
already raised to some extent the lactic acid content 
of the bram It 1s conceivable, therefore, that this 
level should be taken as a basis for comparing values 
obtained after electrical stimulation As seen imn 
Fig 1, electrical stunulation of bram stem reticular 
formation was consistently found to be followed by a 
rapid and significant increase of the lactic acid con- 
tent of the bram (P > 0001 with Fisher's ? test) 
No such high values were obtained followmg focal 
stimulation of cerebral cortex under identical condu- 
tions or even after strong hippocampal after-discharge 
produced by insertion of electrode into this structure 
Experiments in which the period between the cessa- 
tion of electrical stimulation and immersion of animal 
into the liquid air was varied from 30 sec to 5 min 
(Fig 1) showed that this increase was of short dura- 
tion, followed by a return of the lactic acid withm 
the limits of control variations 5 mm after discon- 
tinuing the stimulation 

It should be pomted out that raismg the lactic acid 
outlasted the transient desynchronization of the 
electrocorticogram Whon increase of lactic acid 
was at a peak (that 1s, between 30 sec and 1 mm 
after discontinuing the stimulation) the pre-stim- 
ulation type of electrical activity was usually 
recorded 

Formation of the lactic acid m the brain under 
normal physiological conditions has been demon- 
strated by Gibbs et af — Experiments of Richter 
and Dawson showing that the lactic acid content 
of the bram is lowered m normal sleep and m- 
creased im emotional excitement provided further 
evidence that the rate of lactic acid formation 
varies with the functional activity of the brain‘ 
In another series of experiments these authors 
reported that electrical stimulation of the brain 
produces a rapid fall in the phosphocreatine content 
and transient rise in the hexose phosphate fraction 
followed by their return to normal level 15-45 sec 
after electrical stimulation, indicating the dynamic 
balance between the breakdown and re-synthesis of 
high-energy phosphate bonds’ 

Results reported m the present article also suggest 
that biochemical events, underlymg the ‘dynamo- 
genesis’ or increased functional activity of the bram 
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Table 3* 
Adsorption Neutralization Generation 
Influence on hermo- by toluidine during 
Nature Action of barum staole labile blue and prota- fibrino- or 
ether sulphate mune sulphate proteo-lysis 
I Fibrin Immediate — — 4°, 1(month) 56°, 10 (mm) — - 
Heparin Immediate — 4°, 1(month) + = 
100°, 10 (min ) 
II Lipoprotem Immediate + 4°, 1(month) 60°, 10 (min) + — 
56?, 10 (mun ) 
III Lipoprotein Progressive + — 4°, 1(month) 60°, 10 (mm) — ~ 
56°, 10 (min ) 
IV Immediate — — 60°, 10 (min ) 70?, 10 (min ) — — 
V Euglobuln Immediate - — 56°, 10 (min ) 100°, 10 (min ) — -— 
VI Xibrmopeptide Immediate — — 60°, 30 (min ) Partially + 
Brain antithrombin (pid?) Immediate + 4°, 1 (month) 
60°, 20 (min ) -— -— 
Normal cereb 1 fluid P 1082" 80 amin) 75°, 5(mm) 
ormal cerebrospinal fiu rogressive + — j^ min : min 
antithrombin (lipoprotein?) 100°, 1 (min ) Partially (?) — 
Pathological fluid Progressive + 75°, 5 (min) (?) ? 
antithrombin 


* Refs 11-15 


but do not destroy the antithrombin activity of 
normal cerebrospmal fiud This activity 1s not 
adsorbed by barium sulphate or destroyed by heating 
(45°, 1 hr), but disappears after addition of ether or 
heating at 75? for 10 min and at 100° for 1 mm 

The considerable antithrombin activity of the 
pathological cerebrospinal fluid 18 due either to the 
imecrease of physiological antithrombm or to the 
appearance of an abnormal antithrombm(s ?) The 
last possibility 1s even more probable because the 
pathological antithrombin 1s adsorbed on barium 
sulphate which does not adsorb the physiological 
antithrombin of cerebrospinal fluid The pathological 
antithrombm activity seems to be higher m the 
acute phase of inflammatory (menmgitis) than ın 
chronic neurological diseases (especially degenerative 
diseases, for example, progressive palsy) and to 
decrease with mprovement of clinical and laboratory 
signs The relationship between the antithrombin of 
pathological cerebrospmal fhud and antithrombin I 
and VI, trypsm (present in mflammatory cerebro- 
spinal flud)!^ or other proteo-fibrino(geno)lytic 
agents can be established only after further investiga- 
tions Contrary to the behaviour of blood anti- 
thrombins, the pathological antithrombm of cerebro- 
spinal fluid 18 adsorbed on barrum sulphate and has a 
progressive action (Table 3) 

The question as to where the antithrombin of 
normal] and pathological cerebrospinal fluid 1s formed 


and how ıt enters the fluid cannot be answered Also 
the significance of, and part played by, the normal and 
pathological antithrombin of cerebrospinal fluid 
remain unknown ‘The investigations on the hemo- 
static (especially antithrombin) activity of normal 
and pathological fluid can possibly help the diagnosis, 
differentiation and prognosis of certain neurological 
diseases. 

The mvestigations were supported by the Rocke- 
feller Foundation and by the Polish Institute of 
Sciences in the United States 
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EFFECTS OF ELECTRICAL STIMULATION OF RETICULAR 
FORMATION ON THE LACTIC ACID CONTENT 
OF THE RAT BRAIN 


By Li MIHAILOVIĆ, Li. KRZALIC and D. CVETKOVIC 


Institute of Pathological Physiology, Medical School, University of Belgrade 


T ıs customary, especially in the literature on 

electrophysiology, to speak about the ‘activating’, 
‘energizing’, or ‘dynamogenic’ action of the brain-stem 
reticular formation on the electrical activity of the 
cerebral cortex Since the pioneer work of Moruzzi 
and Magoun!, a great deal of mformation has been 
accumulated. concerning the electrical manifestations 
of this activating process and rts neuronal mechanism 
However, little 1s known about the metabolical 


correlates of this activation, that 1s, about the bio- 
chemical events triggered by rmpulses from reticular 
neurones It ıs generally assumed that any form of 
stumulation or departure from the resting state might 
start glycolytic processes, with the liberation of 
morganie phosphorus and lactic acid It has been 
reported that the metabolical activity of the brain is 
increased in trauma, shock, convulsions and emotional 
excitement and reduced ın anesthesia and sleep? 
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blood? Gohr and Scholl: found in cerebrospinal fluid 
an mhibitor of thrombin generation which has no 
effect on the already generated thrombin They 
denied any identity between this inhibitor and 
heparin, while Kafka?-* denied the existence of an 
antithrombin in cerebrospinal fluid at all 

In spite of the last negative statements we decided 
to re-investigate the problem of the antithrombin 
activity of normal and pathological cerebrospmal 
fluid 

(1) The cerebrospinal fluid was collected by 
lumbar puncture and centrifuged for 10 min at 
3,000 rpm in order to sediment and elimimate 
the morphological elements The determinations 
were performed after stoimg cerebiospmal fluid 
for 6hr at 4° C (2) The primary solution of throm- 
bin (‘Thrombofort’—Richter plus distilled water) 
was diluted with veronal-acetate buffer m equal 
volumes in order to obtam a secondary solution 
Only a part of tbe primary solution was used to 
prepare the secondary one. which allowed us 
to standardize the activity of the first thrombm 
solution 02 ml of the secondary solution must 
clot 02 ml of oxalated deprothrombinized plasma 
within 30 + 2 see (3) Deprothrombinized plasma 
was piepared from a pooled oxalated plasma from at 
least five blood-donors by shaking for 10 min with 
barium sulphate (1 10) and subsequent centrifuga- 
tion This plasma, free from factors II, VII, LX and 
X, and contaming factors V, VIII and XI (plasma 
thromboplastin antecedent), did not clot for at least 
15 min after the addition of equal volumes 
of thromboplastin and 24/40 solution of calcium 
chloride 

To determine thrombin inactivation 04 ml of 
the piimary thrombin solution was mixed with 
04 ml of cerebrospmal fluid Immediately, 0 2 ml 
of this mixture was added to 02 m! of oxalated 
deprothrombinized plasma The coagulation time 
of the mixtuie was determined The determination 
was carried out again after a 10- and 20-mm imeuba- 
tion of thrombin solution with cerebrospmal fluid 
In a control reaction 0 2 ml of veronal-acetate buffer 
(pH 735) was used instead of cerebrospmal fluid 
All determinations were performed at room tempera- 
tue 

The first group of experiments concerned twenty 
specimens of fluid showing no pathological changes 
m the routme laboratory tests (protem, globulin 
sugar and chloride levels, pleocytosis, Nonne- 
Apelt, Werchbrodt and Pandy reactions) Table 
1 shows that after 10- and 20-min incubation 
the thrombin activity of the experimental mixture 
decreases slowly and progressively in the presence 
of normal cerebrospinal flud A certam tendency to 
a greater prolongation of the coagulation time 1n the 
presence of a higher concentration of proteins 
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Table 1 
No of Time for incubation (min ) 
cases 0 10 20 
NOD cerebrospinal 20 2975 (30)* 3355 (30) 3737 (31) 
ui 
Norma] serum 10 274 (30) 955 (30) 2056 (31) 
'Toluldine blue 10 276 (296) 304 (344) 336 (394) 
Protamine sulphate 10 971 (297) 306 (344) 339 (885) 


10 2945 (201) 328b (333) 361 IS 2) 
ót 296 (295) 376 (702) 42 4 (120 6) 

Ether 5 292 (208) 286 (343) 808 (385) 

76°, 5 min 5 294 (292) 312 (334) 32 (88) 


The mean values of the residual unimactivated thrombin time are 
given in Beconds 

* Megn values of control determinations (m brackets) 

rotor cerebrospinal fluid in ordinary type, pathological fluid 
in Italics 


Barium sulphate 
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appeared, but was neither stable and repeatable nor 
statistically significant Tho comparative mvestiga- 
tions showed that the antithrombin of normal cere- 
brospinal fluid 1s considerably weaker than the anti- 
thrombin of blood and of pathological cerebrospinal 
fwd Tolwidine blue (005 ml of a 25 mgm /ml 
concentration) and protamme sulphate (0 05 ml of a 
l mgm /ml concentration) reduced, but did not 
abolish, the antithrombin activity of ‘cerebrospinal 
fluid as compared with control reactions with distilled 
water (005ml) The antithrombin activity of normal 
cerebrospinal fluid did not change after adsorption on 
barum sulphate, but disappeared after addition of 
ether Heating for l hr at 45° C did not influence 
essentially the antithrombm activity of normal 
cerebrospinal fluid After 10 mm at 75° and 1 min 
at 100° the antithrombin activity of normal cere- 
brospinal flud disappeared 


Table 2 
Pro- Glo- Nonne- 
tems bulins Pleo- Apelt, 
Diagnosis Incubationtime mgm mgm cyto- Weichbrodt 
(min ) per per sis and Pandy 
0 10 20 cent cent tests 

1 Tuberculous 30 170 308 210 006 312 t 
meningitis 

2 23 33 27 43 00 45 004 37 + 

3 »5 js 28 36 48 30 003 42 + 

4 T ” 295 66 143 30 003 31 + 

5 i "i 30 68 126 30 002 24 + 

6 Pneumococcal 29 34 41 86 — 40 4 
meningitis 

7 » i 31* 165 623 480 — 1,690 + 

20 52 99 300 — 479 + 

29 44 78  — — 240 + 

305 43 56 160 — 115 + 

8 Meningitis 26 325 40 60 — 8/3 + 

9 Encephalitis and 32 38 45 105 01 98 + 
meningitis 

10 » 19 2 33 38 65 — 18/8 + 

11 Hydrocephalus 26 42 64 240 — 25 4 

2551 29 41 320 — ‘Many’ + 

12 Progressive 30 37 45 376 02 243 + 

palsy 


The values of the residual unimactzvated thrombin time are grven 
in seconds 

* Determinations of October 14, 17, 19, and 24, 1960 

i Ventricular cerebrospinal fluid 


The second group of experiments concerned twelve 
specimens of fluid with abnormal results ın the labora- 
tory tests (Table 2) The mactivation of thrombin in 
pathological fluid is greater than in normal fluid and 
sometimes even greater than m sexum The results 
show no correlation between the protem-level or 
pleocytosis and antithrombin activity of the patho- 
logical cerebrospinal flud In one case of pneumo- 
coccal meningitis the antithrombin activity de- 
creased m parallel to the improvement of clinical signs 
and laboratory tests Ina patient with hydrocephaly 
the cerebrospmal fluid obtained by ventricular punc- 
ture showed a lower antithrombm activity than the 
fhuid obtained by lumbar punctwe The pathological 
antithrombin activity disappears after adsorption 
on barium sulphate and after 10 min heating at 75° 
(Table 1) 

Our results provide evidence for the existence 
of an antithombin activity in normal and patho- 
logical ceiebrospmal flud We have been able 
to determine some of their physico-chemical and 
biological properties which allowed us to differentiate 
between the normal and pathological antithrombins of 
cerebrospmal fluid and the blood antithrombins 
(Table 3) 

The antithrombin of normal cerebrospmal fluid 
has a progressive action considerably weaker than 
that of the blood antithrombm or of pathological 
fluid Toludme blue and protamme sulphate reduce 
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Table 1 VIRUS AND INFECTIVE RIBONUCLEIC AcID CONTENT OF 
ULTRACENTRIFUGE FRACTIONS OF FOOT-AND-MOUTH DISEASE VIRUS 
BEFORE AND AFTER ACIDIFICATION 


Ribonucleic 
acid titre 
in mice in mice mng 
(log IDso/ml )* (log ZDso/ml ) t activityt 
Initial virus diluted 1 to 


10 ın 0 1 per cent 
sodium dodecyl sul- 


Virus titre Complement- 


phate 72 32 94 2 
Top 5 ml 5 0 16 178 
Bottom 5 ml 76 34 724 
Acidified virus (pH 5 6) 26 34 1177 
Top 5 ml — 3 5 56 7 
Bottom 5 ml — 3 2 61 0 


* Intraperitoneal inoculation of 0 03 ml 

+ Intracerebral inoculation of 0 03 ml 
: I Me of 1/30 complement fixed by total 1/10 initial virus or 
raction 


Table 2, INFECTIVITY OF ACIDIFIED FOOT-AND-MOUTH DISEASE 
VIRUS BY VARIOUS ROUTES OF INOCULATION 
Ribonucleic 
Titre ın mice acid titre 
(log I D;,hnl ) 1n mice 
(log IDs /ml) 
Inira- Intra- Intra- 
peritoneal cerebral cerebral 
Initial virus diluted 1 to 10 in 
0 1 per cent sodium dodecyl 
sulphate 73 78 3 2 
Same + 100 «gm ribonuclease 
per ml 73 16 — 
Acidified virus (pH. 5 0) 20 37 34 
Same + 100 ugm ribonuclease 
per ml 18 17 — 


by centrifuging the control and acidified virus sus- 
pensions at 30,000 r p m for 1 hr in the L40 head of 
the Spinco ultracentrifuge The uppel and lower 
5-ml fractions from each tube were then separat ed 
and titrated for virus content and also extracted 
with phenol and the infective ribonuclere acid estim- 
ated The results in Table 1 show that more than 
90 per cent of the mfective ribonucleie acid which 
could be extracted from the control vi us was present, 
as virus, m the lower 5-m] fraction In contrast, 
equal amounts of infective ribonucleic acid could be 
extracted from the upper and lower 5-ml fractions 
of the acidified virus, indicating that the entity from 
which the infective ribonucleic acid was extracted. 
had a smaller sedimentation constant than the initial 
virus Complement-fixation tests on the fractions 
showed that this activity also was distributed equally 
between the two fractions of the acidified virus, 
confirming the previous finding of Randrup’ that the 
virus had disrupted to yield smaller complement- 
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fixing particles Unacidified virus preparations con- 
tamed only 20 per cent of the mıbal complement- 
fixing activity in the top 5 ml when centrifuged under 
the same conditions 

Although these results showed that acidified vnus 
suspensions contained a fragment which was smaller 
than the initial virus but which still yielded infective 
1ibonucleic acid on extraction with phenol, they 
could not be taken as conclusive evidence that the 
infective iibonucleic acid itself had been released 
from the virus particle Some evidence has been 
obtained, however, which makes this seem likely 
By lowering the pH of the virus suspension in 01 
per cent sodium dodecyl sulphate to 5 0, a product 
was obtamed which was of low infectivity when 
tested intraperrtoneally ın mice (Table 2) This 
suspension was. however, about fifty times more 
infective when imoculated intiacerebrally, but all 
this extra infectivity could be destroyed by adding 
100 ugm ribonuclease per ml Moreover, the infec- 
tivity of the acidified virus tested intracexebrally 
was as high as that of the ribonucleic acid which 
could be obtamed from ıt by phenol extraction It 
appears likely, therefore, that the infective material 
which was left after acidification was mainly the 
viral ribonucleic acid itself 

Some of these experiments have been repeated with 
a foot-and-mouth disease virus of type C (strain 997) 
giown in tissue culture In these experiments also 
it was possible to extract mfective ribonucleic acid 
from acidified virus of low virus infectivity These 
results thus confirm the earlier work of Mussgay*® 
and also show that the dissociation of foot-and-mouth 
disease virus into its nucleic acid and protein com- 
ponents 1s not confined to one type of the virus 
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ANTITHROMBIN ACTIVITY OF NORMAL AND PATHOLOGICAL 
CEREBROSPINAL FLUID 


By Da H A GAERTNER*, J LISIEWICZ and Dr, J. CAEN 


Blood Coagulation Laboratory, Third Medical Climc, Krakow, and Institute for Research in Blood Diseases 
and Leukemia, Claude-Bernard Association, Saint-Louis. Hospital, Paris 


"s coagulant activity of cerebiospinal fluid has 
been ascribed either to the presence of à thrombo- 
plastini-* or of a factor-VIII-hke? activity Some 
authors*-^5 admitted that cerebiospmal fluid may 
contain small amounts of prothrombin Normal 
cerebrospinal fluid contains neither fibrinogen nor 
fibrm, they appear in pathological cerebrospinal 


+ Fellow of the Rockefeller Foundation 


fluid when its protem-level increases beyond 100 
mgm per cent’ 

Other mvestigators demonstrated the anticoagulant 
properties of cerebrospinal fluid In idiopathic 
hemorrhage the red clot does not form from the 
extravasated blood in the presence of cerebrospinal 
flmd* The fibrmogen of tuberculous cerebrospinal 
fluid clots more slowly than the fibrinogen of the 
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Table 3 ESTIMATED QUANTITIES OF MIXED SALIVA AND OF CONTAINED NITROGEN ENTERING THE OVINE RUMEN 





| 
| Mixed salive output 
| State of animal | —————_—— 









Flow-rate Volume No of 
[hr 1 /day observations 

Anesthetized 

Mean 151 5 3 64 

Range (84 0-207) (2 02—4 97) 
Conscious—noí eating 

! 258 6 6 21 

Range (81 2—1,020 0) | (0 75-24 48) 
Mean—all data 227 7 1 5 35 





Estimates of the volume of mixed saliva put out 
per day by anesthetized and conscious sheep, and 
of the daily salivary nitrogen input to the reticulo- 
rumen of these animals are shown m Table 3 The 
estimate for total daily saliva output by conscious 
sheep agrees substantially with Somers’s’ estimate 
of 51 (range 3-61) Whereas Somers’ has indicated 
a mean daly saliva nitrogen input to the reticulo- 
rumen of 07-09 gm for conscious sheep, I have 
found a lower value (mean 047 gm /day, range, 
0 06-184 gm day), but I have obtained close agree- 
ment with Somers’s estimate’ for conscious sheep 
with his value of 075 gm /day for anesthetized 
animals č 

The negative relationship between rate of saliva 
flow and saliva nitrogen previously discussed 1s 
apparent ın these mean values for anesthetized and 
conscious sheep a, This relationship suggests that 
despite considerable increase 1n the secretion of mixed 


i —————— 









Saliva nitrogen entering rumen 


of No of 
observations sheep 


~ 


54 3 





Amount 
mgm /hr gm /day 






314 0 75 
(19 1-47 2) (0 46-1 13) 






0 47 
(0 08-1 84) 
0 09 


19 5 
(2 4-78 7) 





saliva, such as durmg feeding, the total amount of 
saliva nitrogen entering the rumen with the mgested 
feed ıs not greatly mereased 

Thanks are due to Dr D F Stewart, associate 
chief of the Division of Ammal Health, Common- 
wealth Scientific and Industrial Research Organiza- 
fon, McMaster Laboratory, Sydney, for making 
available animal house facilities Particular thanks 
are due to Mr H Lahoud, laboratory attendant, 
and Mr S A S Douglas of the School of Wool 
Technology for chemical analyses of some of these 
samples 
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DISSOCIATION OF FOOT-AND-MOUTH DISEASE VIRUS INTO ITS 
NUCLEIC ACID AND PROTEIN COMPONENTS 


By F. BROWN and B. CARTWRIGHT 


Research Institute [( Animal Virus Diseases), Pirbright, Surrey 


T 18 well established that preparations of many 

different animal viruses contain smaller particles 1n 
association with the infective virus particle Included 
m this group are the viruses of influenza’, rabies*, 
poliomyelitis’, Rift Valley fever'. African horse sick- 
ness> and foot-and-mouth disease? In tho latter 
ease 15 has also been shown that the larger 25-my. 
infective particle can be dissociated into the 7-my. 
particle by lowermg the pH to’about 6 (ref 7) or by 
heatmg at 56° C (refs 8 and 9) Recent work by 
Mussgay showed that lowering the pH resulted m the 
release of the infective ribonucleic acid core of the 
virus, and Bachrach" has smee demonstrated that a 
similar release of the infective ribonucleic acid occurs 
when the virus ıs heated at 56? C The latter author, 
however, was unable to confirm Mussgay’s findings 
with acidified virus?? The present experiments were 
carried out in an attempt to resolve the differences 
between the results of these workers, as their findings 
have an important bearing on the structure of the 
mfective particle 

The imfectrve ribonucleic acid which can be 
extracted with phenol from foot-and-mouth disease 
virus 18 extremely sensitive to environmental ribo- 
nuelease!?3 In experrments designed to show the 


presence of the mfective ribonucleic acid, therefore, 
15 18 necessary for the enzyme to be removed from the 
viral suspensions or for its action to be completely 
inhibited In most of the experiments described 
here, vesicular fluid obtained from guinea pigs infected 
with strain 1 (immunological type O) was used as the 
source of virus ‘This was partly freed from ribo- 
nuclease by three successive precipitations with half- 
saturated ammonium sulphate The precipitated 
virus was then re-suspended at 1/10 of its initial 
concentration m 0 1 per cent sodium dodecyl sulphate, 
which was a concentration sufficient to protect mfec- 
tave viral ribonucleic acid from the action of the 
ribonuclease remammg in the virus suspension 
Lowering the pH of this suspension to 5 6 led to a 
considerable reduction in virus titre (measured by 
intraperitoneal moculation of 7-day-old mice) As 
much infective ribonucleic acid could be extracted 
with phenol from this acidified virus, however, as 
from the initial virus (Table 1) Infective ribonucleic 
acid was estimated by mitiacerebral snoculation 
of mice, as 16 18 non-mfective when administered 
intraperitoneally 

Evidence that acidification had caused breakdown 
of the virus into smaller particles was obtained 
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Table 1 RATB OF EXTRUSION OF MIXED SALIVA FROM (ESOPHAGEALLY FISTULATED SHEEP CONSUMING ROUGHAGE DIETS 








udi Funus x i 
eight o recovery o olume 
Sheep and Remarks Duration of | feed consumed acted saliva PE xL ! 
sampling date samphn (gm dry feed (dry collected of saliva | 
(min matter) matter basis) (ml ) (ml /min ) 
Diet 1 | 
1 Animal hungry and in good condition ' 
Oct 14,1955 Ate consistently 40 07 9 75 448 111 
1 Animal hungry and in good condition | t 
Oct 17,1955 Ate consistently 20 420 58 76 38 
1 Animal distressed due to fistula 
Oct 19, 1955 ree Hungry, losing weight 
e consistently 38 58 3 
1 Animal distressed due to fistula = xis 2 
Oct 28, 1955 leakage Hungry, losing weight 
Ate consistently 29 43 9 97 186 | 64 
2 Animal hungry, ate consistently 25 178 3 71 163 65 
April 29, 1959 | 
_3 Animal hungry, ate consistently { 20 | 165 5 63 240 120 
April 29, 1959 i 
Diet 2 
4 Animal hungry, ate consistently 50 38 6 58 515 103 
May 2, 1959 | ' 
5 Animal hungry, ate consistently 35 55 8 95 | 398 11 4 
May 1, 1959 
2 Animal hungry, ate consistently 70 141 4 39 526 75 


May 13, 1959 





Note Onno occasion reported here were fistule blocked either by ‘packing’ of feed, or by the polythene collection bags pressing against them 


docile than others Before sampling, the mouth and 
the oesophagus were washed out with distilled water 
At sampling, most, 1f not all, of the saliva passed via 
fistula from the conscious sheep and was collected 
The fluid ın these cases was almost invariably 
ejected as a cohesive volume rather than as a steady 
trickle On the other hand, the experimental condi- 
tions of collection of saliva as 1t dripped from the 
gagged mouth of anesthetized ammals were almost 
constant. ltis reasonable to conclude that collection 
of saliva from these sheep was complete The mean 
concentration of sodium and potassium in the mixed 
saliva of one conscious, fistulated sheep (seven half- 
hourly sub-samples) were 1385 mequiv/l and 
35 7 mequiv/l respectively The electrolyte com- 
position of saliva from anesthetized sheep was not 
examined 

For all values reported, other than ash and pH, 
there 18 a wider variation for conscious than for 
anesthetized animals Table 2 shows the mean 
values and their range These findings agree sub- 
stantially with other estimates appearing in the 
literature 

The large differences 1n rate of flow, total nitrogen 
and solids content between snszsthetized and con- 
scious sheep are presumably due to the greater 
barrage of saliva eliciting stimuli 1eceived by the 
conscious sheep Since the ash contents were simular, 
it 18 suggested that most of the difference in total 
solids content obtained for these two treatments 1s 
due to a difference in organic matter content— 
presumably mucoproteins ` This 1s supported by the 


markedly higher (mean difference 132 mgm per 
cent) nitrogen content of saliva from anesthetized 
than from conscious animals 

A significant negative relationship obtained between 
flow-rate of mixed saliva and total nitrogen content 
for each of two anesthetized sheep (r = — 0 72, 
P «0001, 20 degrees of freedom, r = — 0 67, 
P «0001, 20 degrees of freedom) There were 
insufficient observations per animal to permit any 
conclusions about the existence of a similar relation- 
ship for saliva from conscious animals 

These results relate to the diversion of mixed saliva 
from anesthetazed sheep for time periods of up to 
6 hr after consumption of a diet containing ll per 
cent crude protein They support Phillipson and 
Mangan's* suggestion that the nitrogen content of 
saliva could be diluted by increasing rates of fluid 
secretion 

On the other hand, Somers® found a positive rela- 
tionship between rate of secretion and nitrogen con- 
tent of mixed saliva (r = 0 9212, P < 0001) His 
values are independent of time, mine depend on time 
Therefore the two analyses are not comparable In 
a later paper Somers®, when examining a tıme- 
dependent relationship between total saliva nitrogen 
and parotid saliva volume secreted over a 24-hr 
period for conscious sheep following feeding, showed 
an apparent positive relationship between these 
values Diets of different nitrogen contents were 
used by Somers and by me This, together with 
the different salva fluids examimed, could explam 
the two sets of findings 


Table 2 SHOWING COMPARISON BETWEEN CERTAN MALE S FOR ANESTHETIZED AND CONSCIOUS SHEEP 
ean values 





No of sheep 


Condition of animal used 


Anesthetized, non-fistulated 3 
Mean 


Range 
No of values 


Conscious, fistulated 
Mean 
Range 3 
No of values 
CE ce a 


Mean—all values 3 71 


Flow-rate 
(ml /mun ) 


2 52 
(0 30-8 30) 
(7 


4 31 
(0 52-17 0) 
(14) 


Nitrogen Solids Ash | 
(mgm /100 ml ) (mgm /100 ml ) | (mgm /100 ml ) | 


1,253 0 6626 | 8 52 
(660-1,518) (240-1,164) | (8 24-8 65) 


1 

pH 

90 73 | 
(18 01-28 12) i 
(54) | 





(33) (43) 
752 909 8 609 8 | 8 24 
(175-14 64) |(146 0-1,265 0)| (640-8400) , (8 06-8 47) 
(15) (11) (11) i (3) 
649 6 i 8 50 


1,208 0 | 


= — —— -— — -= —— 
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follows then that there would be two synapse-lke 
sites in this linking mechanism one ıs m the vicinity 
of the plasma membrane or between the plasma 
membrane and the endoplasmic reticulum, and the 
other between the reticulum and the contractile 
system The ‘glycerol effect! would be chemically 
(for this effect 1s highly specific to glycerol) or osmotic- 
ally related to the former 

Details of this work are to be published elsewhere, 
with further experimental evidence 

We have found, in addition a conspicuous effect 
If, ın these experiments, the normal Ringer’s fluid 1s 
restored, the development of tension in the fibre by 
electrical stimulation ıs reduced and then abolished 
within a few minutes, m spite of the production of 
the vigorous action potential We have no explana- 
tion at present of this effect 
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MIXED SALIVA FROM SHEEP 


By W R McMANUS 
School of Wool Technology, University of New South Wales, Sydney 


T is well known that the parotid glands of adult 

ruminants produce saliva continuously and their 
output volumetrically dominates the relatively smaller 
contribution made by the other salivary glands Most 
reports agree that the submaxillary and sublingual 
glands chiefly function during the consumption of 
feed The buccal glands have received little investi- 
gation The saliva arising from the four types of 
glands 18 chemically different There are few reports 
m the hterature on the properties and flow-rates of 
mixed ovine saliva, especially on the quantity of 
endogenous nitrogen re-cycled to the rumen 

In many nutritional mvestigations on sheep there 
1s need for information on the volume of saliva pass- 
mg to the reticulo-rrumen — Denton!, using parotid 
fistulated sheep, has noted values for the flow of 
parotid saliva of animals consuming roughage and 
succulent rations. The observations of Bath et al 2, 
conducted with one cesophageal fistulated sheep, have 
indicated the volume of mixed saliva put out while 
this animal consumed lucerne chaff—but the interval 
of time was not recorded 

The two experiments reported here were made 
during the course of a series of basic investigations on 
sheep fitted with chronic cesophageal fisbule? The 
fistule differed ın area (2 0-8 0 cm ?) and were all 
well healed. 

Experiment 1 ıs concerned with mmimal estimates 
of the volume of mixed saliva passing to the reticulo- 
rumen of sheep while consuming two types of roughage 
rations Experiment 2 compares the composition 
and flow-rates of mixed saliva of anssthetized sheep 
and conscious sheep while not consuming feed 

Table 1 shows the flow-rates of mixed saliva 
achieved on nine occasions in experiment 1 by five 
cesophageal fistulated sheep when consuming either 
a 55 per cent wheat grain, 25 per cont wheaten chaff 
and 20 per cent lucerne chaff ration (diet 1), or good 
quality lucerne chaff (diet 2) of known moisture con- 
tents Information on duration of sampling, amount 
of ration consumed and the percentage recovery, via 
fistula, of extruded feed are also given 

Fistula extrusa was collected in polythene bags 
fitted around the animals’ neck Saliva flow-rates 


were estimated in the followmg manne: The ‘free’ 
saliva fluid was carefully separated from the particu- 
late matter of the extrusa by compression and the 
fluid volume measured The ‘wet’ particulate matter 
was weighed, oven-dried at 100? C. overnight and the 
moisture loss noted After correction for the initial 
feed moisture content, the fluid volume difference 
between the ‘wet’ and ‘dry’ feed extrusa was added 
to the ‘free’ (saliva) fluid volume 

It 1s considered that this summated value repre- 
sents the volume of saliva extruded from the fistulee 
over the sampling period 

All attempts to occlude the cesophagus below the 
fistula, so as to ensure complete recovery of swal- 
lowed matter via fistule, resulted in distress to the 
animal In experiment l an unknown amount of 
saliva by-passed the fistula and with the food entered 
the reticulo-rumen Therefore these results do not 
represent estimates of the maximum volumes of 
saliva secreted by these sheep while consuming feed 
However, they do reflect rates of mixed saliva secre- 
tion that can be achieved, and exceeded, by sheep 
while eating these roughage rations (mean 8 5 ml / 
min , range, 3 8-12 0ml /min) In contrast, the mean 
saliva flow-rate for conscious cesophageal fistulated 
sheep (not eating, experiment 2) was only half as 
great (4 3 ml/min , range, 0 52-17 0 ml /min ) 

For experiment 2, six cesophageal fistulated and 
threo non-fistulated animals were used Twenty-one 
observations were made on the diversion and collec- 
tion of mixed saliva from either conscious fistulated 
sheep (without concomitant consumption of feed), 
or orally from anesthetized non-fistulated sheep 
(‘Kemithal’, lateral recumbency) For conscious 
sheep the collection periods ranged from 6 to 335 min 
(mean 717 min), and for the anesthetized sheep 
from 268 to 370 mın (mean 300 2 min ) 

The experimental conditions for the fistulated 
sheep varied widely between occasions Some 
animals were fasted for 12 hr before samplng, others 
were fed immediately before sampling In some 
cases food was within the animals’ sight—but in no 
case was the animal consuming 1ts ration when saliva 
samples were collected Some animals were more 
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(1) The time of re-appearance of the twitch and the 
gradation of the twitches are intimately related to 
the duration for which the muscle is immersed in 
Ringer’s fluid containing glycerol, and are not affected 
by the intervals (1-9 min.) at which a stimulation to 
evoke twitch is given. (2) This phenomenon is recog- 
nizable over the wide range of glycerol concentrations 
(120-840 mM), though it becomes obseure at 
both extremes of concentration—at the higher con- 
centrations, due to the reduced contraction of the 
re-appeared twitch; at the lower one, due to the 


100 mgm. 





100 ¢./8. 


500 c./8. 


Fig. 1. Mechanical and electrical responses of single muscle fibres 
of the frog semitendinosus at different times after replacing the 
Ringer's fluid by the one containing 420 mM glycerol 
The series of records A shows twitch tensions obtained from a 
single muscle fibre: Al,in normal Ringer's fluid; 42, 43, A4and 
Ab, after soaking in glycerol Ringer's fluid for 1 min., 24 min.. 
44 min. and 60 min., respectively. The series of records Z 
shows action potentials obtained from single muscle fibres of a 
bundle: B1, in normal Ringer's fluid (dislodging the micro- 
electrode caused by the movement of the fibre resulted in the 
displacement of the tracing to 0 mV. at the right-hand side); 
B2, B3, B4 and B5, after soaking in glycerol Ringer's fluid for 
3 min., 26 min., 45 min, and 60 min., respectively 
The fibres were stimulated by means of a pair of external elec- 
trodes with a square pulse generated from an electronic stimulator 
at room temperature (17° C.) The tension recorder was a 
mechano-electronic transducer RCA 5734, and glass capillary 
micro-electrodes filled with 3 M potassium chloride (10-30 
megohms) were employed to record action potentials. The 
Ringer's fluid contained 122 mM sodium chloride, 2 mM potas- 
sium biphosphate, 1-3 mM calcium chloride and was buffered to 
pH 7-0 with sodium bicarbonate 
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Osmotic effect of hypertonic Ringer's fluid containing 
420 mM glycerol on whole muscle of frog sartorius 
At |, the bathing fluid was exchanged with the glycerol Ringer's 
fluid, and at *, the normal Ringer’s fluid was restored. The 
muscle was weighed on a torsion balance after it was blotted 
carefully with pieces of filter paper 


Fig. 2. 


small diminution of the mechanical response. (3) 
Under various hypertonie conditions, produced by 
adding sodium chloride (150-250 mM) or several 
non-electrolytes (mannitol, 50-400 mM; monoacetin 
CH,OH-CHOH-CH,OCOCH,, 50-300 mM; glucose, 
200-400 mM; sucrose, 200-300 mM, and urea, 
300 mM) to normal Ringer’s fluid, only diminution or 
abolition of twitch occurs; hence the re-appearance of 
twitch after diminution is highly specific to glycerol, 
and the term the ‘glycerol effect’ is quite justified. 
(4) The ‘glycerol effect’ appears also in the case of 
sartorius muscle (13 mM potassium chloride) depolar- 
ized with potassium, when stimulated in either a 
longitudinal or a transverse a.c. (50 e./s.) electric field 
(8-10 V./em., 40-94 msec.). Another series of experi- 
ments showed that the ‘glycerol effect’ occurs in 
whole muscle of the frog rectus abdominis, whereas it 
does not in the frog heart ventricle. We have found 
that the ‘glycerol effect’ is recognizable in Ringer's 
fluid without calcium or potassium or both. 

From these results it is clear that the re-appearance 
of the mechanical activity takes place as the result 
of the effect of glycerol on a significant process (or 
processes) which links the membrane excitation with 
the contraction and is paralysed under the hypertonic 
condition. Since glycerol is not considered to diffuse 
into a muscle fibre, at least within the 10-20 min. in 
which the 'glycerol effect! begins to appear (no further 
detectable change in muscle weight occurs at this 
time (Fig. 2); Bozler, E., personal communication), it 
is believed that this process exists at the plasma 
membrane or at its vicinity. It follows also that the 
contraction both in the transverse a.c. field and in 
the longitudinal field would not be due to any internal 
currents flowing within a muscle fibre, but to activa- 
tion of a process at the membrane or in its vicinity’. 

How this ‘glycerol effeet’ occurs is at present 
difficult to understand. The following explanation is 
very speculative: we have already pointed out the 
possibility of the existence of a synapse-like process 
in the sequence of processes linking excitation with 
contraction’, On the other hand, it is probable, 
according to Huxley!*, that the Z-line or the endo- 
plasmic reticulum is the structure responsible for 
the electrical spread of excitation in question. [It 











- under aerobic? and anaerobic! conditions. These 
tumour cells quickly take up pyridoxal to an extent 
calculated to be 1-3-1:4 times that of the extra- 
cellular level of the vitamin!'. This is understandable, 
since Ehrlich ascites tumour cells have been reported 
to have a greater capacity to take up amino-acids 
from the blood and concentrate them, than have 
normal cells'?. These findings are also compatible 
with the known primary functions of vitamin B, as a 
coenzyme in amino-acid decarboxylation, transamina- 
tion and catalytic breakdown of tryptophan. Our 
Observations of the reversing effect by pyridoxine 
and pyridoxamine on 5-FU and 5-FUDR growth 
inhibition of C. albicans directs attention to the possi- 
bility of a new function of vitamin B, in nucleic acid 
metabolism, as well as a possible new mode of action 
of the 5-fluoropyrimidines. The antagonism between 
vitamin B, and 5-fluoropyrimidines also raises the 
question as to whether 5-fluoropyrimidine-resistant 
cancer cells possess a ‘built-in’ resistance mechanism 
by virtue of possessing greater levels of B, or by their 
synthesizing greater quantities of the vitamin than 
do susceptible cancer cells. The effect of vitamm 
B, on 5-fluoro-pyrimidine-intoxicated animals, with 


cells. intensi ies their. lated Eh of. yeah Mur ine »xici: 











of e under. ‘consideration. : ” Investig ions 
along some of these lines are under way. raum 
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‘GLYCEROL EFFECT’ AND THE MECHANISM LINKING EXCITATION. 
OF THE PLASMA MEMBRANE WITH CONTRACTION 


By Pror. MASAHIRO FUJINO, TOSHIO YAMAGUCHI and KEISHI SUZUKI 
Department of Physiology, Sapporo Medical College, Sapporo, Japan 


OR various reasons, it seemed of interest to 

consider the use of glycerol and/or other non- 
electrolyte in investigating the mechanism of a 
‘membrane’. Thus: (1) in the biochemical and 
biophysical fields!*, glycerol has been used for 
disintegrating the cell membrane, suggesting the 
possibility that it might have an effect on other 
membrane systems of the muscle cell, for example, 
sarcoplasmic reticulum’; (2) glycerol is a constituent 
member of the lipid part of lipoprotein, which seems 
to form the framework of the membrane system of the 
cell’. We have therefore investigated the relationship 
between glycerol and the activity of muscle, in an 
attempt to elucidate the mechanism of the excitation- 
contraction link of the muscle cell, using the ‘glycerol 
effect’ for this purpose. 

If a single muscle fibre from the frog’s skeletal 
muscle (m. tibiofibularis and m. semitendinosus 
of Rana nigromaculata or Rana japonica) is immersed 
in a Ringer’s fluid which is hypertonic due to the 
addition of a high concentration of glycerol, say, about 
420 m.M, the mechanical response in twitch declines 
and then disappears within about 1 min. (Fig. 142). 
Nevertheless, such fibres are electrically excitable, 
and the action and resting potentials are almost 
"unchanged (Fig. 152), though the rate of rise and fall 
of the action potential is likely to be slightly reduced. 
Since the diminution of the mechanical response due 
-to the hypertonie condition and the differential action 


 .on the mechanical response and action potential 


- ofa muscle fibre have been already reported'^*, this 
n effect a as » such i is not new. The disappearance of the 





ance of the ability to develop twitch tensio 


of the mechanical response followed: by 


mechanical response is considered to be due not to 
the chemical effect of glycerol but to the hypertonicity. 
of the Ringer's fluid used; this view is supported by 
the fact that the disappearance of the response is 
accompanied by a considerable loss of weight of 
musele (Fig. 2). 
About 6-10 min. after immersion in Ringers 
fluid containing glycerol, however, a new observation, 
which we have called the ‘glycerol effect, appears. | 
As shown in Fig. 14, in spite of being left in the | 
hypertonic condition, mechanical response in the 
form of twitch re-appears, the twitch tension rises 
gradually and reaches 50-70 per cent (maximum 
value) of the normal within 40-60 min. after re- . 
appearance. It is very interesting that the restoration ^ 
takes place without any further changes. in either. 
action or resting potential (Fig. 1B) and. even in th 
weight of muscle (Fig. 2). e 
These results indicate directly that the dei J08 












hypertonic conditions occurs not by altera 
contractile system due to dehydration, but by paral 
sis of function of a strategic system linking th 
excitation of the plasma membrane wig the 

tion. E 
A similar phenomenon, namely, the i 











ance is also recognizable | in the case of complete peas 
tetanus, which is evoked at appropriato: intervals to 


test the contractibility. 


Experiments with the isotonic loves on whole 


muscle of the frog sartorius give the following results: 
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order of addition of metabolite and antimetabolite 
was not crucial, both vitamin B, and 5-fluo.opyrimid- 
ines were introduced together with the inoculum 
As seen m Tables 1 and 2, inhibition mdices for both 
5-FU and 5-FUDR for C albwans were small, 
indicating very high antimetabolite activity of the 
5-fluoropyrimidines in the C albicans test system 
Howevcr, the inhibition indices were not constant 
for either pyridoxme or pyridoxamune versus 5-FU 
or 5-FUDR and the antagonism was non-competitive 
This would indicate that vitamin B, competes with 
the 5-fluoropyrimidines at more than one site on the 
cell 
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Fig 4 The reversing action of pyridoxamine (1,000 ugm jml ) on 
growth mhibitory effect of 5-FU on previously unexposed cells of 
C albicans at four levels of 5-FU at 28° C in basal synthetic 
culture medium 1n incubator shaker at 250 cyles/min Metabolite 
and antimetabohte mtroduced together Biotin control tubes, 
with and without pvridoxamine, do not contain 5-FU Note com- 
plete inhibifion without escape, by 250, 500, 1,000 and 2,000 
mymoles 5-FU/ml, ın absence of pyridoxamme Each pomt 
represents an average of triplicate values, arithmetic plot 
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Fig 5 The reversing action of pyridoxamine (1,000 gm /ml ) 
on growth inhibition of 6-FU on cells of C aibwans previously m 
continuous contact for seven davs with an 80 per cent mhibitory 
dose of 5-FU (0 30 umole/ml ) Test run at four levels of 5-FU at 
28? C in basal synthetic culture medium in incubator shaker at 


250 cycles/min Metabolite and antimetabolite introduced 

together  Biotin control tubes, with and without pyridoxamine, 

do not contam 5-FU Note complete inhibition with escape m 

tubes contamung 250, 500, 1,000 and 2,000 myzmoles 5-F U/ml , in 

absence of pyridoxamine Each point represents an average of 
triplicate values, arithmetic plot 
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Table 1 AMOUNTS OF 5-FU REQUIRED TO PRODUCE-HALE-MAXIMAL 
INEIBITION OF GROWTH OF Candida albicans YN THE PRFSENOE OF 
VARYING AMOUNTS OF PYRIDOXAMINE AND PYRIDOXINE 


(Four days incubation at 28° C in New Brunswick Gyrotory Shaker, 
250 cycles/min ) 
Metabohte 
(umoles/ml ) 


Pyridoxamine 
0 


5-FU Inhibition indes * 
#moles/ml (ID, 
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* Inhibition index = (ID. of 5- FU in presence of metabolite) minus 
eee in absence of metabolite) divided by (concentration of metab- 
olite 


Table 2 AMOUNTS OF 5-FUDR RFQUIRED TO PRODUCE HALF- 
MAXIMAL INHIBITION OF GROWTH OF Candida albicans IN THE PRESENCE 
OF VARYING AMOUNTS OF PYRIDOXAMINE AND PYRIDOXINE 


(Four days incubation at 28° C in New Brunswick Gyrotory Shaker, 
250 cvcles/min ) 


Metabolite 5-FUDR Inhibition mdex * 
(umoles/ml ) (umoles/ml ) (IDs) 
Pyridoxamine 
0 0 021 — 
0 05 0 023 0 04 
05 0 019 0 004 
x 50 3 00 0 6 
Pyridoxine 
0 0 021 — 
0 05 0 021 — 
05 0 021 — 
50 0 029 0 0016 


* Inhibition index = (IDs, of 5-FUDR 1n piesence of metabolite) 
minus (ID; in absence of metabolite) divided by (concentration of 
metabolite) 


The 5-fluoropyrimidines inhibit mammalian 
tumours by interfering with synthesis of ribonucleic 
(RNA) and deoxyribonucleic (DNA) acids*-§ They 
mbhibit incorporation of formate, uracil-4-carboxylic 
acid and pyrimidines into DNA thymme of liver, 
spleen and the Ebrlich tumour «s» vwo They also 
block the meorporation of uracil and uracil-4-carb- 
oxylic acid into RNA uracil The most unportant 
site of action 1s in the inhibition of methylation of 
uridyle acid to form thymudyhe acid? Analogous 
effects of thymine and uracil metabolism have been 
shown to occur m microbiological systems, such as 
Escherichia cols’, Staphylococcus aureus*, and others 
It 1s reasonable, therefore, to postulate that at least 
one of the inhibitory effects of 5-FU and 5-FUDR 
on C albwans 1s due to interference with nucleo- 
protein synthesis in this organism Further work, 
however, will be required to confirm this hypothesis 

In view of the fact that the growth-restricting 
action of 5-FU and 5-FUDR on C albicans was 
reversed by vitamin B, and that growth of the 
organism continued to be restricted by mcreasing 
concentrations of 65-fluoropyrimidines despite the 
presence of optimal concentrations of vitamin B,, 
we can assume that the 5-fluoropyrimidines interfere 
In some manner with uptake or utilization of vitamin 
B, by the yeast cell, unless the vitamm was itself 
mvolved in nucleoprotem synthesis We are not 
aware of any reports that vitamin B, 1s thus mvolved 
We did observe that when exhausted cells of C 
albicans, both exposed and unexposed to the prior 
mhibitory effects of 5-FU, were given pyridoxamine, 
the unduly prolonged lag phase of the organism 
promptly disappeared (Figs 4 and 5), mdieatmg a 
salutary effect on cellular reproduction 
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10 myumoles 5-FUDR/ml or higher with at least 
5,000 myumoles pyridoxamine/ml 

Partial purification of the pigment produced by 
C albicans from 5-FU and pyridoxamine was accom- 
plished by de-ionization of filtered supernatant fluid 
with ZRC-50 cationic exchanger, adsorption at 
pH 3 with ‘Darco G60’ activated charcoal, followed 
by several washings with distilled water, after which 
the pigment was eluted from the charcoal with 
alkaline 50 per cent ethanol, to yield a clear yellow 
solution The pigmented product behaved as an 
indicator in this solution 


pH Colour 
<1 No colour 
2 Light reddish violet 
2 8-3 5 Red 
5 5-065 Yellowish pink 
6 5-11 Yellowish brown 
> 12 Yellow 


The yellow solution was adjusted with hydro- 
chloric acid to a red colour at pH 3 In ascending 
paper chromatograms in 7-butanol/methanol/ben- 
zene/water = 2 1 1 1 (upper layer) for 15 hr at 
22° C, the red-coloured product, not fluorescent m 
ultra-violet hght, migrated to Rr 0 43, mterspersed, 
but clearly separable, from five other fluorescent 
unpigmented spots When tested against C albicans, 
the pigmented, metabolic product was neither 
growth-inhibitory nor growth-stimulatory in seeded 
basal synthetic culture medium agar Further 
purification and characterization of this pigment 1s 
proceeding 

Order of «wntroduction of metabolite versus antr- 
metabolite ın test system Further experiments were 
conducted to determine whether the order of addition 
of the metabolite and antimetabolite was crucial for 
the reversal action of the metabohte Pyridoxme 
and pyridoxamine were introduced simultaneously, 
first with 5-FU and then with 5-FUDR, mto basal 
synthetic culture medium, followed immediately by 
addition of the standard moculum of vitamin- 
depleted yeast cells Under these new conditions, 
pyridoxamine (Fig 3) and pyridoxine were again 
capable of reversing the toxicity of 5-FU for C 
albicans Substitution of 5-FUDR produced simuar 
results except that pyridoxamine was more effective 
in reversing 5-FUDR inhibition than was pyridoxine 
The order of addition of vitamin B, and the 5-fluoro- 
pyrunidines ıs therefore not crucial Vitamin B, 
reversed the toxicity of 5-FU for cells in prior contact 
with 5-FU for 4 days (Fig 2), as well as for cells 
previously unexposed to 5-FU (Fig 3) 

Reversal of 5-FU 4nhwbwaon by vitamin B, using 
5-FU exposed and unexposed cells Inocula in the 
preceding experiments had consisted of vitamuin- 
depleted yeast cells previously unexposed to 5- 
fluoropyrimidines or to vitamm B, We now wished 
to determine whether yeast cells continually exposed 
to 60 ugm 5-FU/ml for a 7-day period at 28? C 
would respond to the reversmg action of vitamin 
B, in the same manner as unexposed cells Accord- 
ingly, yeast cells that had been incubated 7 days in 
the shaker ın the presence and absence of 5-FU were 
collected. washed three times with sterile, double- 
distilled water, re-suspended, and adjusted to 50 per 
cent light transmission These 7-day-old cells were 
re-inoculated into fiesh tubes of basal synthetic 
culture medium containing 5-FU, with and without 
1,000 ugm pyridoxamine/ml Asseenin Figs 4 and 5, 
a 7-day prior period of incubation, whethe: m the 
presence of 60 gm 5-FU/ml or not, was capable of 
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Fig 3 Growth response of C albicans and the reversing effect 

of five levels of pyridoxamine on growth inhibition by 5-FU at 

28? C in incubator shaker in basal synthetic culture medium at 

250 cycles/min All tubes contain 1,000 mumoles 5-FU/ml except 

biotin control Metabolite and antimetabolite introduced together 

Each point represents an uic triplicate values, arithmetic 
plo 


exhausting the reproductive ability of C albicans 
and prolonging the lag phase of growth to 3 days 
(biotin control curves) However, when pyfidox- 
amine was added with biotin, the prolonged lag phase 
was eliminated iegardless of whether the cells had 
been exposed to 5-FU or not (biotin + pyridoxamine 
curve) This action of pyridoxamine points to 16 as 
having an important 10le m the cellular reproduction 
of C albicans 

5-FU exposed yeast cells were completely inhibited 
by second contact with 5-FU over the range 250- 
2,000 mpymoles/ml within the 5-day incubation period 
(Fig 5) However, appreciable escape from inhibi- 
tion by 5-FU began to occur by the sixth and seventh 
day, signallng what we mterpret as the emergence 
of 5-FU adapted or resistant cells In the case of 
unexposed cells, there was also complete mhibition 
by 5-FU over the same range of concentration, but 
no escape occurred over a 7-day mcubation period 
(Fig 4) Thus, prior conditioning to 5-FU appears to 
favour. the emergence of 5-FU adapted or resistant 
cells The future usefulness of 5-FU resistant 
C albicans cells as an indicator system for screening 
useful compounds for 5-FU-resistant cancer lines, 
remains to be determined In comparing the speed 
of reversal by pyridoxamine of growth mhibition of 
5-FU exposed yeast cells and unexposed cells, one 
notes more rapid reversal of growth inhibition of 
exposed cells than that of unexposed cells (Figs 4 
and 5) This may be attributed to (1) the adapta- 
tion or increased resistance to 5-FU of the yeast cell 
exposed twice to 5-FU, (2) to the accumulation of 
unused growth-stimulatory intermediate metabolites 
blocked by the prior contact with 5-FU 

Type of antagonism between vitamin B, and 5-fluoro- 
pyrumdmes In order to determine whether the 
antagonism between vitamin B, and the 5-fluoro- 
pyrimidines was competitive or non-competitive, @ 
determination was made of the amounts of 5-FU 
and 5-FUDR which were required to cause half- 
maximal inhibition of growth in the presence of 
ascending ten-fold concentrations of pyridoxme 
and pyridoxamin® (Tables 1 and 2) Since the 
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water, after which the medium was adjusted to 
neutrality with 1 N sodium hydroxide The basal 
medium was distributed in 9-ml volumes to optically 
matched, chemically clean ‘Lumetron’ glass tubes 
which were covered with alumm1ium caps and sterilized 
by autoclaving at 118° C (12 Ib ) for 12 mın Glass 
filter-sterilized solutions of varying concentrations of 
5-FU, 5-FUDR and vitamin B,, each contained in a 
volume of 1 ml, were then added aseptically After 
bemg seeded, tubes were mcubated at 28? C in a 
New Brunswick Gyrotory Shaker under constant 
rotation at 250 cycles per mn Dany turbidity 
measurements were made photometrically with a 
401A 'Lumetron' colorimeter at 650 mp The stand- 
ard inoculum consisted of vitamin-depleted yeast 
cells prepared by subculturing the organism twice 
on vitamin-free basal synthetic culture medium agar 
slopes, with an intervening 7-day incubation period 
at 37° C By the tune of the second sub-culture, 
growth of the organism had become sparse Vitamun- 
free washed agar incorporated in the formula was 
prepared by a previously described method? 
Vitamin-depleted yeast cell suspensions were 
collected and washed three times in sterile, double- 
distilled water, adjusted to 50 per cent light transmus- 
sion at 650 my and then moculated at a standard 
dose of 015 ml suspension per tube 

Inhibitory effect of 5-FU and 5-FUDR Ascending 
concentrations of 5-fluoropyrimidines caused a pro- 
gressive restriction of growth of C albwans to the 
point of complete inhibition in the case of 5-FU 
(Fig 1) and 60-70 per cent mhibition by 5-FUDR 
This inhibitory effect was observable within the first 
day of incubation and persisted for the entire 5-day 
observation period Some escape from the inhibitory 
effect of 60-90 ugm 5-FU/ml appeared by the fourth 
day of incubation (Fig 1) However, no escape from 
inhibition occurred from the effects of 5-FUDR 
over the same observation period 50 per cent 
minimal inhibiting dose (1D,;,.) of 5-FU vared. from 
31 to 37 ugm /ml (0 24-028 umole/ml) from the 
second to fifth day of incubation, and averaged 
34 3 ugm /ml (0 26 umole/ml ) The mhibitory action 
of 5-FUDR on C albicans was approximately ten 
times that of 5-FU, although, unlike the latter com- 
pound, it never produced complete restriction of 
growth at any concentration The JD,, of 5-FUDR 
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Fig 1 Growth response of C albicens in basal synthetic culture 

medium to increasing concentrations of 5-FU at 28? C 1n incubator 

shaker at 250 cvcles/mim Each point represents an average of 
triplicate values, arithmetic plot 
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Fig 2 Reversing effect of pyridoxamine (1,000 ugm jm) ) on 

growth-inhibition of cells of C albicans previously exposed for 

four days to high concentrations of 5-FU in basal synthetic 

culture medium at 28° C in incubator shaker at 250 cycles/min 

Each point represents an gerne o5 triplicate values, arithmetic 
plo 


varied from 39 to 1 86 ugm /ml (0 03-0 014 umole/ 
ml ) from the second to fifth day of mcubation, and 
averaged 2 9 ugm /ml (0022 umole/ml ) 

Reversing effect of pyridoxine and pyridoxamine 
Stimulated by the newly observed fact that five repre- 
sentative strains of C albicans had all shown a partial 
deficiency for pyridoxamine at an optimal concentra- 
tion of 1,000 ugm /ml (ref 3), which ıs beyond the 
usual concentration foi vitamins, we considered the 
possibility that vitamin B, could be involved ın cell 
metabolism of C albicans other than as a coenzyme 
m amino-acid metabolism We therefore appled 
these vitamins to viable but growth-inhibited yeast 
suspensions containing ascending concentrations of 
both 5-FU and 5-FUDR We then observed that the 
growith-inhibitang effects of the two 5-fluoropyrimid- 
ines were reversed by pyridoxine as well as pyridox- 
amine ‘To our knowledge, this phenomenon has not 
been reported previously As shown m Fig 2, the 
addition of 1,000 ugm pyridoxamine/ml (4 1 pmoles/ 
ml) to incubating yeast cells on the fourth day of 
their continuous exposure to varying concentrations 
of 5-FU brought about a prompt reversal of growth 
inhibition The more pronounced reversals occurred 
at the higher concentrations of 5-FU (50-250 ugm / 
ml) than lower concentrations Reversal of 5-FU 
mhıbıtıon by pyridoxamine was complete in that 
final turbidities ın pyridoxamine-reversed tubes were 
approximately equal to, or exceeded, those of biotm 
control tubes not contaming 5-FU (Fig 2) 

Extracellulas pigment formation A water-soluble, 
extracellular, pigmented metabolic product of C 
albicans, which 1s ordinarily not a pigmented yeast, 
appeared regularly m all seeded tubes of basal 
synthetic culture medium contammng 025 umole 
5-FU/ml or higher, whenever the concentration of 
pyridoxamune exceeded 5 umoles/ml The coloured 
product diffused into the supernatant fluid after 
24 hr of incubation and progressively ıncreased in 
concentration with time Pigment was not produced 
when pyridoxine was substituted for pyridoxamine 
nor when 5-FU and pyridoxamine were shaken 
together in distilled water Substitution of 5-FUDR 
for 5-FU yielded a similar pigment with pyridox- 
amine, but not with pyridoxine This also occurred 
after the first day of incubation 1n tubes containing 
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The lack of effect of malonate on «-ketoglutarate- 
stimulated isocitrate oxidation ıs in favour of 
the second possibility, smce acetoacetate formed by 
reaction (15) could readily be converted to aceto- 
acetyl-coenzyme A by reaction (13) 

Thus, 16 18 possible to explain the stimulations by 
all the substrates listed in Table I ın terms of their 
abihty to promote the formation of acetoacetyl- 
coenzyme A (or other keto-acyl-coenzyme A inter- 
mediates of fatty acid synthesis and breakdown) 
An initial lag was found both ın the incorporation of 
acetate into fatty acid promoted by citrate! and in 
the acetate-promoted oxidation of isocitrate (for 
example, 0 42 umole ın the first 15 min , 1 25 umoles 
in the second and 0 76 umole in the third) This 18 
to be expected if a catalyst for the oxidation of 
citrate such as acetoacetyl-coenzyme A has to be 
formed after the mixing of the components of the 
reaction mixture 

Chappell and Greville?? have recently reported that 
the oxidation of isocitrate by rat-liver mitochondria 
is inhibited by the addition of lewis:te or by the 
removal of phosphate 1n the presence of dinitrophenol 
(see also ref 24), procedures known to mhibit the 
oxidation of «-ketoglutarate They conclude that 
oxaloacetate formed by the further oxidation of the 
o-ketoglutarate is necessary for the oxidation of the 
mitochondrial TPNH This suggestion was supported 
by their finding that, in the presences of lewisite, 
catalytic amounts of malate promoted the oxidation 
of isocitrate 

It 18 possible that the system in rat-liver mito- 
chondria ıs different from that in rabbit-heart 
sarcosomes The reaction conditions used in this 
study were also different from those used by Chappell 
and Greville In any event, ıt seems unlikely that 
oxaloacetate 1s functioning directly to oxidize 
mitochondnal TPNH in my experiments for the 
following reasons (1) acetate decreases the concentra- 
tion of oxaloacetate, as made evident by the stimula- 
tion by acetate of the oxidation of succinate, which 18 
inhibited by oxaloacetate, and by the mhibition by 
acetate of the oxidation of glutamate which requires 
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oxaloacetate*5, (n) dimitrophenol which inhibits the 
oxidation of isocitrate causes mcreased concentrations 
of oxaloacetate*®, (n1) glutamate which removes 
oxaloacetate by transamination also promotes the 
oxidation of isocitrate, (1v) malonate does not mhibit 
the «-ketoglutarate-promoted oxidation of isocitrate 

I wish to thank Prof E C Slater for his suggestions 
and criticism and Miss H M Moerdijk for technical 
assistance 

This work was supported 1n part by research grant 
RG-6569 of the United States Public Health Service 
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REVERSAL OF TOXICITY OF 5-FLUOROURACIL AND 
5-FLUORODEOXYURIDINE FOR .CANDIDA ALBICANS BY PYRIDOXINE. 
AND PYRIDOXAMINE 


By Da M L. LITTMAN and Dr T MIWATANI 


Department of Microbiology, Mount Sinai Hospital, New York, and Osaka University Medical School, Osaka, Japan 


URING work on the metabohsm of the patho- 

genic yeast, Candida albicans, we observed that 
the growth of this organism in & synthetic glucose 
nuneral salt medium was markedly inhibited by the 
anti-cancer fluorinated uracil derivatives, 5-fluoro- 
uracil (5-FU, mol wt 130) and 5-fluorodeoxyuridine 
(5-FUDR, mol wt 2462) (These compounds were 
kmdly suppled by Hoffmann-La Roche, Inc, 
Nutley, New Jersey) In following the inhibitory 
action of these compounds, we noted also that such 
effects could be promptly reversed by the addition of 
pyridoxine and pyridoxamme In view of the high 
toxicity of the 5-fluoropyrimidines and the absence 
of clinically effective reversing compounds other than 


thymidine for 5-FUDR (ref 1), apphcation of this 
observation sn» vwo m human and animal cancer 
therapy seems to be indicated 

The basal synthetic culture medium, in which 
growth, growth-mhibition and imbhuibition-reversal 
occurred, contained the following ingredients 
glucose, 10 gm , ammonium sulphate, 2 gm , potas- 
sium dihydrogen phosphate, 2 gm, crystallme 
magnesium chloride, 02 gm, crystallme calcium 
chloride, 0-02 gm, crystalline -ferrous chloride, 
004 gm, crystalline manganous chloride, 0 0015 
gm, crystallme sodium molybdate, 0:0015 gm, 
and biotm, 1,000 mugm, all dissolved in 900 ml 
potassium permanganate-oxidized double distilled 
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Table 1. OXIDATION OF ISOCITRATE BY RABBIT-HEART SARCOSOMES 


— A(isocitrate + citrate + 


aconitate) 
Substrate or co-factor Inhibitor (umoles) 
added adde Exps 3 
Exp 1 Exp 2 and 4 

None none 0 75 0 55 0 40 
None dinitrophenol 017 0 20 
Acetate non 2 32 157 1 56 
Acetate dinitrophenol 068 012 
Acetate antimycin 018 012 
Acetate malonate 0 34 
DL-B-Hydroxybutyrate none 2 83 2 06 ] 89 
DL-B-Hydroxybutyrate  dinitrophenol 0 69 
DL-B-Hydroxybutvrate antimycin 0 11 
DL-B-Hydroxvbutyrate malonate 0 66 
DPNt (3 mM none 199 
DPN* (3 mM) dinitrophenol 1 40 
DPNase-treated DPN* 

(3 mM) dinitrophenol 0 29 
DPN* (1 mA) dinitrophenol 0 80 
a-Ketoglutarate none 2 00 1 87 
a-Ketoglutarate dinitrophenol 0 82 
a-Ketoglutarate malonate 1 66 
Succinate none 1 69 
Succinate dinitrophenol 0 39 
Malate none 136 
Malate dinitrophenol 0 56 
Glutamate none 180 


Sucrose, 50 mM, potassium chloride, 9 5 mM, ethylenediamine- 
tetraacetate, 1 mM, potassium phosphate buffer (pH 7 5), 50 mM, 
magnesium chloride, 5 mM, triphosphopyridine nucleotide (TPN*), 
02 mM, adenosine triphosphate (ATP), 10mM, Ls(+)-1socitrate, 
5 mM, coenzyme A, 018 mM, glutathione, 18 mM, rabbit-heart 
sarcosomes (isolated in sucrose-ATP, ref 26), 172 mgm protein in 
exp 1, 182 mgm mexp 2,172 mgm in exp 3 and 120 mgm in 
exp 4 Otheradditions, where shown acetate, 3 mM, DL-£-hydroxy- 
butyrate, 1 mM in exp 1, 3 mM in exp 2, 12 mM in exps 3 and 4, 
a-ketoglutarate, 30 mM, succinate, 40 mM, L-malate, 30 mM 
L-glutamate, 30 mA , 2,4-ümitrophenol, 0 1 mM , antimycm,1 ugm jml, 
malonate, 10-12 mM 2 per cent ethanol was also present in all flasks 
of exps 1 and 2 The reaction was carried out in a shaking mano- 
meter flask with 10 per cent potassium hydroxide and a filter paper 
in the centre well The reaction was stopped after 40 min. (exp 1), 
45 mmn (exp 2), 60 min (exps 3 and 4), at 25? by adding trichloro- 
acetic acid (final conc 5 per cent)  Isocitrate + eitrate + aconitate 
were determined on the neutralized supernatant by measuring the 
reduction of TPN* in the presence of isocitrate dehydrogenase and 
aconitase The values given for exps 3 and 4 are the means of 
two experiments 


promote the rate-limiting reaction (4) It remains to 
be explained how acetate and the other compounds 
listed in Table 1 also promote the oxidation of intra- 
mitochondrial reduced triphosphopyridine nucleotide 
(TPNH) It 1s natural to lnk this process with the 
mechanism of fatty acid synthesis, which 1s known to 
involve the oxidation of TPNH (refs 9-11) For 
example, 15 seems possible that acetoacetyl-coenzyme 
A could bring about the transhydrogenase reaction 
(4) by reactions (6) and (7) 


TPNH + acetoacetyl-coenzyme A + H*t— 
TPN* + B-hydroxybutyryl-coenzyme A (6) 


g-Hydroxybutyryl-coenzyme A + DPN* — 
acetoacetyl-coenzyme A + DPNH + H+ (7) 


the sum of which 18 reaction (4) Experiments to be 
reported elsewhere have shown the presence of an 
enzyme catalysing the oxidation of TPNH by aceto- 
acetyl-coenzyme A in digitonm extracts of rabbit- 
heart sarcosomes Whether the product of reaction 
(6) has the L-configuration, which 1s the substrate for 
reaction (7) (ref 12), ıs of minor importance, since 
mechanisms for converting the L-form to the p-form 
are known??:, 

Acetate can yield acetoacetyl-coonzyme A by 
reactions (8) + (9) (refs 15 and 16) or (8) + (10) 


Acetate + coenzyme A + ATP — 
acetyl-coenzyme A + AMP + pyrophosphate (8) 


Acetyl-coenzyme A + malonyl-coenzyme A — 
acetoacetyl-coenzyme A + coenzyme A + CQ, (9) 


2 acetyl-coenzyme A= 
acetoacetyl-coenzyme A + coenzyme A. (10) 
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The malonyl-coenzyme A could be derived by reaction 
(2) from the oxalosueemate formed by oxidation of 
isocitrate 

B-Hydroxybutyrate can be converted to aceto- 
acetyl-coenzyme A by reactions (11) (ref 12) and 
(12) 


Vor 192 


B-Hydroxybutyrate + coenzyme A + ATP = 
B-hydroxybutyryl-coenzyme A + AMP + 
pyrophosphate (11) 


B-Hydroxybutyryl-coenzyme A + $0, —> 
acetoacetyl-coenzyme A + H,O (12) 


Table 1 shows that the oxidation of isocitrate with 
added acetate or D-hydroxybutyrate is mhibited by 
dinitrophenol as would be expected according to 
these equations The slow oxidation in the absence 
of acetate, which might be due to endogenous fatty 
acid, 18 also inhibited by dinitrophenol 

The stimulation of disappearance of 1socitrate by 
succinate or malate in the absence of added acetate 
could be explained similarly, since these compounds 
give rise to acetyl-coenzyme A by oxidation of the 
pyruvate formed by decarboxylation of the oxalo- 
acetate, and to malonyl-coenzyme A by reaction (1) 
Thus acetoacetyl-coenzyme A can be formed by 
reaction (9) The contribution of reaction (10) to 
the formation of acetoacetyl-coenzyme A in the 
absence of added acetate 1s likely to be small, because 
the equilibrium of this reaction ıs far to the left! 

The stimulation of 150c16rate oxidation by a«-keto- 
glutarate cannot be explamed on the same basis 
since 1t 1s not inhibited by malonate It seems most 
hkely that succinyl-coenzyme A formed by the 
oxidation of «-ketoglutarate is mvolved, but how is 
not certain It ıs possible that acetoacetyl-coenzyme 
A 18 formed from traces of acetoacetate ın the pre- 
paration by reaction (13) (refs 17 and 18) 


Sucemyl-coenzyme A + acetoacetate = 
succinate + acetoacetyl-coenzyme A (13) 


although no acetoacetate could be detected in the 
sarcosomal preparations by Walker’s method? 
The partial sensitivity to dinitrophenol of the stimula- 
tion of citrate oxidation by «a-ketoglutarate might 
be due to the appreciable activity of the succinyl- 
coenzyme A deacylase m the presence of dinitro- 
phenol and absence of fluoride?! Glutamate would 
be expected to act in the same way as a-ketoglutarate, 
since the oxidation of «-ketoglutarate to succinate 1s 
a compulsory step m the oxidation of this substrate 
by heart sarcosomes?! 

Two explanations for the effect of malonate might 
be considered (1) by inhibiting succmic dehydrogenase 
ib prevents the formation of oxaloacetate by the 
oxidation of isocitrate, with consequent decrease in 
the amount of acetoacetyl-coenzyme A formed from 
malonyl-coenzyme A. by reaction (9), (11) malonate 
causes the loss of acetyl-coenzyme A with formation 
of free acetoacetate by reaction (15), which 1s the 
sum of reactions (14) (ref 22) and (9) 


Malonate + acetoacetyl-coenzyme A = 
malonyl-coenzyme A + acetoacetate (14) 


Malonyl-coenzyme A + acetyl-coenzyme A — 
acetoacetyl-coenzyme A + coenzyme A + CO, (9) 


Malonate + acetyl-coenzyme A — 
acetoacetate + coenzyme A + CO, (15) 
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1t would be necessary to determine the exact reasons 

for the different spectra of the crs and trans isomers 

of 4-methylproline, which in turn requires a detailed 

analysis of these very complex spectra Further 

research in this direction 1s in progiess 
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RELATIONSHIP BETWEEN OXIDATION OF ISOCITRATE AND 
METABOLISM OF FATTY ACIDS IN RABBIT-HEART 
SARCOSOMES 


By Da W C HULSMANN 


Laboratory of Physiological Chemistry, University of Amsterdam 


[5 the presence of adenosine triphosphate (ATP) 
and [“C]lacetate, the oxidation of intermediates 
of the Krebs cycle by rabbit-heart sarcosomes 
(mitochondria) ıs linked with the ineorporation of 
acetate into the mutochondrial long-chain fatty 
acids! It has now been found that two closely 1elated 
but separate mechanisms are involved, one associated 
with the oxidation of «-ketoglutarate, succinate oi 
malate and the other with the oxidation of 1socitrate 
The two mechanisms are additive The first ıs 
completely sensitive to antimyem and the second ıs 
insensitive Since the first step of fatty acid synthesis 
is the condensation of malonyl-coenzyme A with 
acetyl-coenzyme A (ref 2), ıt ıs thought hkely that 
the Krebs-cycle intermediates provide B-keto caib- 
oxylic acids (oxalo-acetate for the first mechanism, 
oxalosuccinate for the second) for reaction with 
acetyl-coenzyme A to form malonyl-coenzyme A 
(cf ref 3) 


Oxaloacetate + acetyl-coenzyme A = 
pyruvate + malonyl-coenzyme A (1) 
Oxalosuccinate + acetyl-coenzyme A= 
«-ketoglutarate + malonyl-coenzyme A (2) 


It 1s known that isolated heart sarcosomes oxidize 
added citrate or isocitrate very slowly^5 During 
the investigation of the incorporation of acetate mto 
long-chain fatty acids linked with the oxidation of 
isocitrate, 16 was found that the addition of acetate 
stimulated about six-fold the rate of uptake of 
oxygen with isocitrate as substrate, and that dinitio- 
phenol abolished this stimulation Measurements 
of the disappearance of the Krebs-cycle tricarboxylic 
acids [ — A(isocitrate + citrate + aconitate)] con- 
firmed that these effects on uptake of oxygen reflected 
the oxidation of isocitrate 

Table 1 shows that a number of other compounds 
are also able to stimulate the oxidation of isocitrate, 
namely, 8-hydroxybutyrate, «-ketoglutarate, sucem- 
ate, malate, glutamate or diphosphopyridine nucleo- 
tide (DPN) ın very high concentrations The effects 
of «-ketoglutarate and Q-hydroxybutyrate, of «-keto- 
glutarate and acetate, and of diphosphopyridine 
nucleotide and acetate were not additive — Dinitro- 
phenol mhibited the effects of all these compounds 
except that of diphosphopyridime nucleotide (Table 1 
shows that the stimulation by diphosphopyridine 


- 


nucleotide was the same 1n the piesence and absence 
of dimtrophenol) Malonate mhibited the stimulation 
by acetate or B-hydroxybutyrate, but had httle effect 
with «-ketoglutarate (the effect of malonate on the 
stimulation brought about by the other compounds 
was not tested) 

The measurements shown in Table 1 were carried 
out under the same conditions as used m work 
on the incorporation of acetate mto long-chain fatty 
acids!, that ıs, in the presence of triphosphopyridine 
nucleotide (TPN), coenzyme A and adenosine tri- 
phosphate, and in the absence of hexokmase and 
glucose In a 1eaetion mixture commonly used for 
investigations of oxidative phosphorylation (that 18, 
no added pyridine nucleotide or coenzyme A, adenos- 
ine diphosphate in place of the triphosphate and 
added hexokmase and glucose), neither acetate nor 
B-hydroxybutyrate had any appreciable effect on the 
disappearance of isocitrate o«-Ketoglutarate stimul- 
ated the disappearance substantially, and this 
stimulation was not affected by malonate Itb 
appears, then, that adenosine triphosphate 1s neces- 
sary for the stimulation of the oxidation of isocitrate 
by acetate or B-hydroxybutyrate, but not by «-keto- 
glutarate 

It 1s known*? that heart sarcosomes, previously 
depleted of pyridme nucleotide by incubation m 
phosphate, oxidize 1socitrate ın the presence of added 
pyridine nucleotide by the sequence 


Isocitrate + TPN* — a-ketoglutarate + 


CO, + Ht + TPNH (3) 
TPNH. -- DPN+ = TPN* + DPNH (4) 
DPNH + 10, + H+ — DPN* + H,O (5) 


J&hngenberg and Slenezka? have shown, however, 
that in rapidly respirmg intact mitochondria the 
diphosphopyridine nucleotide is largely oxidized 
while the triphosphopyridine nucleotide ıs largely 
reduced, suggesting that the accessibility of intra- 
mitochondrial TPNH to DPN* to one another or to 
the pyridine nucleotide transhydrogenase is limited 
This 1s probably the reason for the poor oxidation of 
isocitrate by isolated mitochondria 

The stimulation of the oxidation of isocitrate by 
diphosphopyridine nucleotide can be simply explained 
by assummg that high concentrations of this com- 
pound are able to break the accessibility barrier and 
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the spectra (Figs 26 and c) of tho cts and trans-4- 
methylprolines, provides an indication of 1ts possible 
stereochemistry (After this part of the work was 
complete, we were informed by Prof F C Steward 
and K Biemann that they had reached a sumlar 
conclusion by mass spectrometry!! Their results were 
considered to favour a trans configuration ) Thus 
the 4-hydroxy-4-methyl structure (VI) 1s immediately 
eliminated, since no methyl peak is found, and the 
spectrum agrees very well with the 4-hydroxymethyl 
alternative (V) In particular, the doublet of 
intensity two protons at 657 1s characteristic of 
a —CH—CH,—O— fragment, and the peaks at 
5 99, 7 6 (approximately) and 8 37, and 6 66 and 6 98 
fall in the expected ranges forthe Ha, Hya and Ha 
and H,« and H,» protons of the prolme rig ‘Thus 
all the main groups in the spectrum are consistent 
with the proposed formula, and define both the nature 
of the substituent and its position of attachment to 
the prolme ring 

The spectrum of (V) (Fig 2a) shows very marked 
similarities with that (Fig 2b) of the czs-4-methyl- 
proline (III) ın both the structure of the H, peak and 
the relative chemical shifts of the H, protons, which 
are quite different (Figs 26 and c),for the two epimeric 
4-methylprolines (III) and (IV) This may be con- 
sidered some support for the assignment of a cs 
configuration to natural 4-hydroxymethylprohne (V) 
(This result 18 unexpected smce 1t 18 the trans isomer 
of 4-methylproline which occurs alongside 4-hydroxy- 
methylproline in apple and pear juices !) However, 
1$ should be emphasized that to confirm this statement 


VoL 192 


H,O 


- 








Jig 2 Proton resonance spectra (60 Mc /s) with integrals of 
(a) 4-hydroxymethviproline, (5) c1s-4-methylproline and (c) trans- 
4-methylproline in deuterium oxide solution 
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R’ 
R I R=H, R’=0H 
II R=OH, R’=H 
II R=H, R’=Me 
NGE NC IV R=Me, R’=H 
N' i ‘Co; V R,R’=H,CH,0H 
Hur VI R,R'—OH,Me 


(The synthesis of trans-A-methyl-r-prolne, which 
1s identical with the natural amimo-acid from apple 
and pear juices, has already been described! A 
modification of this synthesis has now yielded czs-4- 
methyl-p-proline, enantiomeric with the amuno- 
acid previously isolated from an antibiotic? Full 
details of this synthetic work will be submitted for 
publication in the Journal of the Chemical Socrety ) 

All the ammo-acids were examined as zwitterions 
in deuterrum oxide solution on a Varian spectrometer 
operating at 60 Mc/s, using dioxan as an internal 
reference (t = 643) The results are summarized in 
Table 1 with the nomenclature that a and 6 refer to 
protons on the opposite and the same side respectively 
of the ring as the CO,- group 

The compounds all give complex spectra, some of 
which have not been fully analysed The coupling 
constants obtamed from these latter spectra are 
simply first-order values, that 1s, they are the actual 
spacings between particular peaks in the spectrum 
Such an analysis only gives approximate values of 
these coupling constants, which may be ın error by 
as much as 1 cps in some cases However, the 
spectra of the two hydroxy-r-prohnes were completely 
analysed, to give all the coupling constants between 
adjacent protons around the rmg The values of 
these couphng constants vary from 1 to 10 eps 
(Table 1) Both these compounds show, ın addition, 
a long-range couplmg over four bonds, between 
one 3-proton and one 5-proton The variation of 
adjacent coupling constants has been explamed’ by 
means of equation (1) 


J = K,cos?o + K, (1) 


1elating the coupling constant J to the dihedral angle 
o between the relevant C—H bonds, which in turn 
depends on the precise conformation of the molecule 
in solution (The factor K, which was predicted to 
be very small, will be ignored henceforth ) 

In each of the two compounds we have three pairs 
of coupling constants JS, J,.,s and J,,’s Each 
pair, using (1), will give the K, and 9 for this particular 
fragment Only two ọ’s are necessary to determine 
the conformation of the molecule The value of the 
third pair of couplings thus serves as a test of the 
appheability of the Karplus equation (1) to the 
molecule considered 

In the case of the trans hydroxyproline the con- 
formation shown m Fig 1 satisfactorily explains ell the 
observed constants for an angle of buckle of 50-60° 
This 1s an envelope conformation, analogous to the Cs 
form of cyclopentane® The Karplus equation (1) was 
derived assuming sp? hybridization of the carbon 
atoms concerned For the above angle of buckle, 
the C—C—C angles decreased to around 100° Thus 
both equation (1) and the angle of buckle may well 
be only approximate in this case However, these 
iesults certainly suggest that the molecule exists m 
solution in a single conformation which is con- 
siderably more buckled than has been realized 
previously 
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Fig 1 


In the conformation suggested here the OH group 
attains a pseudo axial configuration while the larger 
CO,- group attaims a pseudo equatorial position 
(The molecular plane should be considered more 
correctly as defined by centres 12 and 5 than by 
centres 123 and 5 (ref 8)) Presumably the 
influence of the larger substituent group is the domin- 
ant factor. 

It is of interest to note that the conformation of the 
molecule in solution differs from that in the solid, 
in which a similar type of conformation is found but 
the angle of buckle 1s now only 20° (ref 9) 

In the case of the czs (allo) hydroxyproline, we now 
find that there 1s no single conformation which will 
predict, by applymg equation (1), the observed 
couphng constants One possible explanation of this 
1s that the molecule exists 1n more than one conforma- 
tion in solution These conformers would be mter- 
changing rapidly and the observed J’s would then be 
averages of the J’s of the particular conformers 
Two factors tend to oppose this Such an averaging 
process would normally tend to equalize all the 
coupling constants Secondly, the long-range eouphng 
would be either averaged out or found on both C, 
and C; protons None of these predictions 1s ob- 
served 

One other possibility 1s that the Karplus equation 
(1) does not hold for this molecule, for example, a 
strong hydrogen bond between the OH and carboxyl 
groups may distort the C—C—C angles even more than 
m the trans hydroxyproline, m which case the Kerplus 
equation may no longer apply The formation of an 
ternal lactone in derivatives of allohydroxyprolme!? 
does suggest that the ring can be considerably 
deformed 

Whatever the true reason for this discrepancy, 
two factors emerge from this mvestigation Furst, 
the observed J’s m the allohydroxyproline molecule 
strongly suggest that the molecule exists m solution 
m a considerably buckled conformation, or conforma- 
tions Secondly, the Karplus equation can give m 
certain cases information on the precise conformation 
of molecules 1n solution, which 1s extremely difficult 
to obtain by any other technique, but the results 
obtamed by the application of this equation.to other 
molecules, particularly those which may be expected 
to occur in a highly stramed form, must be considered 
with some caution. 

Although the remaiming spectia considered here 
are too complex for complete analysis, they still 
provide some further information In particular, the 
spectrum (Fig 2a) of the naturally occurrmg proline 
derivative (V) or (VI) allows an unambiguous decision 
m favour of the former, and considered im relation to 
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is the measured length of the m particles in 

_N is the total number of particles which 
sured, the sum being taken over all rows H. 

té dard error of the mean, 8. E.z, is estimated by: 
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here r is the number of different row-lengths 


sured. "The standard deviation sz of the values 
a pparent particle diameter i is given by: 
sz MS. Esp (4) 
or each latex, the error of measurement was 
estimated independently from repeated measurements 
^ on a pair of adjacent particles, and found to be about 
-., 80 mu, although increasing slightly for the largest and 
smallest particles. Thése errors are about an order 
of magnitude greater than those obtained for the 
- > “pean diameters, demonstrating the efficiency of the 
m array method. 
‘The array method leads to significantly lower values 
(m or Line 0-8y and the Ilp pes when compared 
















HE importance of proton magnetic resonance 
spectroscopy as an aid to the determination of 
molecular structures of organic compounds is 
well established. One purpose of this article 
how that, in addition, this technique may well 
of equal value in the determination of 
3 of moleeules in solution. 
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8 per cent s standard error in the absolute calibration of the microscope stage has been included. 
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with the electron microscope vélübat.- This n 
be due to an increase in cross-sectional area bei 
of flattening of the particles in the eleetron be 
sueh inereases are observed for larger partic 
(Vanderhoff, J. W., personal communication). It is 
likely that refinement of this method through th 
use of photographic enlargements will yield e 
smaller mean diameters for these particles, sin 
fault-lines now indiscernible may be recognized. I 
should be noted also that the measurement of par- 
ticles in arrays leads to -stratified sampling, dis- 
regarding the rare, very large or very small particles; 
thus, minor components of the distribution are 
rejected. But, in consequence, the reproducibility of 
this method is greater than would be expected under 
random sampling. The array method is, in principle, | 
extendable to investigations of the variation of 
spherical viruses and macromolecules in erystaline 
arrays. mo 

This work was performed under the auspices of- 
the U.S. Atomic Energy Commission. 








' Bradford, E, B., and Vanderhoff, J. W., J. Appl. Phys, 26, 804 ——— 


(1955). 
* Bateman, J. B., Weneck, E. J., and Eschler, D. C,, J, Calloid Ser; 


14, 308 (1959). 


The compounds examined in this: investigation were 
all C, substituted derivatives of proline, namely, 
cis (allo) (1) and trans-hydroxyproline (T), cis GI 
and trans-4-methylproline (IV), and a anaal 
oceurring proline derivative for which the alternative 
structures 4-hydroxymethyl (V) or 4-hydroxy-4 
methylproline (VI) have been suggested?*-*. f 
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Fig, 1. A, arreys of 1-15 polystyrene particles in oil. B, a stan- 
dard two-component washer array 


row is that errors arising from diffraction can be 
made negligible by choosing the line of symmetry 
between the diffraction images of the particles, or 
alternatively, measuring between the centres of two 
particles. The contribution of error of measurement 
is further reduced, of course, by spanning a number 
of particles in the row in a single measurement; 
variations in particle diameter tend *o cancel one 
another, usually giving an improved estimate of the 
mean diameter. However, the cancellation is imper- 
fect since a small particle may be only loosely 
encircled by its neighbours. Thus, a measurement 
which spans one of these small particles will give a 
result which over-estimates the true mean. 

Simple models indicate that the over-estimate Ax 
of the mean diameter should be proportional to the 
standard deviation ^ of the measured distribution of 
apparent particle diameters: 


Až = ko, k = constant (1) 


Thus, a knowledge of the value of k will allow an 
estimate, D, of the true mean diameter from the 
apparent mean diameter 2; that is, D = @— Ar. 
It should be possible to calculate k for the triangular 
arrays shown in Fig. 1, but to my kmowledge this 
problem is unsolved. 

The coefficient k was determined empirically from 
measurements with a vernier caliper of two-dimen- 
sional triangular arrays of machinists’ washers of 
known diameters arranged in the rhombic pattern 
shown in Fig. 1B. Two-component arrays, as in 
Fig. 1B, were formed of eighty 4-in. diameter washers 
with twenty slightly smaller washers added at random 
locations. The twenty rows of ten washers parallel 
to the edges of the rhombus were measured to obtain 
the apparent mean diameter Z, which was then com- 
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pared with the known true mean to give Ax. Fig. 2 
displays the values obtained in this manner for Az/z 
and the corresponding values for c/2 for several 
two-component arrays. for one array constructed of 
three sizes of washers (three-component) and for six 
arrays formed from washers especially constructed to 
have a normal distribution of diameters (coefficient 
of variation = 2:36 per cent). These (array sample) 
values have been fitted with a straight line by least 
mean squares; the data are consistent with equation 
(1) giving k = 0-461 (S.E., 0-029). This value for k 
is directly applicable to the triangular arrays of 
spherical polystyrene particles even though these 
particles probably are tangent to a glass surface, 
removing their centres from a common plane. In 
this case the mean diameter is under-estimated 
approximately by the fraction }(~/#)*, which would 
have a value of about 0-01 per cent for the smallest 
three latexes in Table 1 according to the values of 
Bradford and Vanderhoff'. 

The formation of arrays from polystyrene latexes 
has been somewhat unpredictable. With the aid of 
a wire loop, a minute volume (^ 1 ul.) of a latex 
(kindly supplied by Dr. John Vanderhoff, Dow 
Chemical Co.) was added to a drop of microscope 
immersion oil (Cargille's; index of refraetion, 1:515) 
on a microscope slide and mixed gently, and a cover- 
slip was added with moderate pressure. Close-packed 
triangular arrays of spheres in single layers were 
found in some of these preparations. Measurements 
of these arrays were made with a phase microscope 
(x 970) having an ocular reticle calibrated to 0-3 per 
cent. The results of these measurements, summarized 
in Table 1, appeared independent of the number of 
particles in the array, with the possible exception of 
the 0-5u particles for which arrays of more than 
twenty particles were not obtainable. 

For each latex the apparent mean diameter was 
determined from: 


(2) 


Axz/x (per cent) 





ajz (per cent) 


Fig. 2. Experimental evidence for the linearity of the over- 
estimate 42 as a function of the standard deviation ¢ in the 
measured mean diameter Z of washers in arrays, The standard 
error in the values of 4z/z is shown as the vertical line segment 
above or below each point and was computed from the usual 
standard error of the mean for the n = 20 measurements on each 
array. The corresponding horizontal line segments at either side 
of each point represent the estimated standard deviation of c, The 
slope of the least mean square line is k = 0:461 (S.E., 0-029), 
O, Two-component distribution; [], three-component distribu- 
a" m3 


tion; x, normal distribution. S.E. 4, ~ Va! 9059 Van 
n 
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0 
Fig 2  Curvesshowing the variation of mo (= d log pold log F) 
with temperature in the mght-time atmosphere for six repre- 
sentatıve heights 


800° . 1,000* 


Curves of m, for six representative heights are shown 
m Fig 2 The increase of m, with height 18 evident 
m the range 200—600 km , at greater heights the pic- 
ture 18 distorted by the mcreasing predominance of 
hehum 
The curves of Fig 2 are valid only for the anti- 
bulge point For any other pomt, where the tempera- 
ture is T = aT, and the density at a given height 1s o 
dloge T — 555« 
^ = Flog F "^ T 555 ^" (4) 
Since a > 1, m 1s always smaller than m, for a 
given temperature Considermg that the general 
tendency of m, 1s to decrease with increasing tempera- 
ture, we can easily see that the parameter m 18 con- 
siderably smaller ın the diurnal bulge, compared with 
its value in the night-time atmosphere 


Table 1 OBSERVED AND COMPUTED VALUES OF m 
Height Satellite Time Observed m Calculated m 
Da 075 +402 06 
350 km 1958 a Night 1 08 E 0 2 1 
Z Da + 
650 km 1958 £2 Night 30 £04 $0 
1,800 km 1960 :1 Day 20 +04 22 
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Priester’s observed values of m ave predicted almost 
exactly by Nicolet’s model and equation (1), as can 
be seen from Table 1. 

Lastly, Nicolet’s model can correctly predict the 
observed increases of atmospheric density which 
accompany magnetic storms As was pointed out by 
meê, these atmospheric perturbations are nearly 
independent of geomagnetic latitude and occur 
simultaneously all over the globe Accurate accelera- 
tions, as yet unpublished, computed by me 1n col- 
laboration with Mr J Slowey, show that magnetic 
storms of comparable intensity give rise to larger drag 
perturbations when the background drag of the 
satellite 1s lower, either because of lower solar flux 
or because of greater angular distance of the perigee 
from the diurnal bulge This 15 what would ocem imn 
Nieolet's model atmosphere if as a consequence of the 
corpuscular storm the temperature of the upper 
atmosphere were raised by the same amount all over 
the globe. A fair quantitative representation of all 
the observed atmospheric perturbations can be given 
by assuming that the temperature of the upper 
atmosphere ıs augmented by an amount AT propo- 
tional to the geomagnetic planetary index a5, 
according to the relation 
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AT = 15° ap (5) 

This equation represents quite well also a number 
of smaller atmospheric perturbations ın March and 
April 1961, revealed by the ultra-sensitive satellite 
1961 8] (the 12-ft balloon satellite) 

Equations (1), (2) and (5) provide the means for 
computing temperatures of the upper atmosphere, 
for which Nicolet’s model gives all other parameters 
All three equations are only rough outlines of the 
true relations between the respective variables and 
should be susceptible of considerable refinements in 
the future, also, other effects on the atmospheric 
temperature should be revealed in the more detailed 
analysis which ıs now being made It should be 
apparent, however, that Nicolet’s model will provide 
an adequate basis for such an analysis, as had been 
expected by its author 


1 Nicolet, M , Smithson Astrophys Obs, Spec Rep 75 (1961) 

2 mra , and Martin, H A, Mut Uni Sternwarte Bonn, No 29 
3Jacchia, L G, J Geophys Res , 65, 2775 (1960) 

1 Priester, W , J Geophys Res (1n the press) 

5 Jacchia, L G , Nature, 183, 1662 (1959) 

e Jacchia, L G, Smithson Astrophys Obs, Spec Rep 62 (1961) 


OPTICAL CALIBRATION OF SOME MONODISPERSE POLYSTYRENE 
LATEXES IN ARRAYS 


By Da HERBERT E KUBITSCHEK 


Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois 


HE monodisperse polystyrene latexes, which 
dq been used widely by electron microscopists 
as secondary standards, have been calibrated in a 
variety of ways, chiefly by electron microscopy of 
single particles! and light scattermg from suspensions’. 
These methods are tedious, and their results have 
afforded little or no applicability to optical micro- 
scopy It seemed possible that arrangements of 


spherical monodisperse particles m arrays might 
permit rapid and precise determmation of their mean 
diameters, since a number of particles could be 
included in a single measurement 

The existence of an array of particles, asin Fig 14, 
is evidence for their uniformity, their contiguity, and 
the lmearity of their rows For microscopic particles, 
the greatest advantage of measurmg particles in a 
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A WORKING MODEL FOR THE UPPER ATMOSPHERE 


- 


By LUIGI G JACCHIA 


Smithsonian Institution Astrophysical Observatory, Cambridge, Mass 


ICOLET! has recently published a tabulation of 
atmospheric densities at altitudes of 150- 
2 000 km , computed from a model based on diffusion 
equilibrium with known boundary conditions at 
120 km and with helium diffusion starting at 105 
km The tabulation is given for 12 asymptotic 
temperature values, ranging from 773° K to 2,133° K 
Assuming the validity of such a model, 15 18 possible 
to compute upper-atmospheric temperatures directly 
from densities derived from satellite accelerations, 
and— since the variation of the density 1s related to 
the variation of the decimetric solar flux?3—it 
appears possible to establish a correspondence between 
the solar flux and the asymptotic temperature of the 
upper atmosphere 
For a specific value of the solar flux the temperature 
in the upper atmosphere ranges from & maximum at 
the centre of the diurnal bulge? to a minimum in the 
dark hemisphere Unless we know accurately how 
the temperature varies with the location of a pomt 
in the atmosphere with respect to the bulge, we 
cannot reduce the temperatures derived from satellite 
accelerations to a standard location Since, however, 
the variation of temperature appears to be quite 
small within a radius of at least 50° around the anti- 
bulge point?, that 18, the point 180? from the centre 
of the bulge, we can take satellite accelerations 
obtained within that region and establish for them a 
correspondence between solar flux and temperature. 
Results from four satellites are plotted m Fig 1. 
The good inner agreement of the individual pomts, 
irrespective of satellite height, shows that Nicolet’s 
model appears quite satisfactory The relation 
between the minimum night-time temperature T, 
and the solar flux F at 107 cm appears to he linear 
within the observed accuracy, the straight line in the 
diagram corresponds to the equation 


T, = 555° + 3° F (1) 


where T, 18 expressed m °K and F m units of 10-22 
W [m 2/cycle/sec 

The accelerations of the four satellites from which 
this relation was derived extend over the interval 
February 1958-March 1961 durmg which the 
10 7-cm flux varied from a maximum close to 350 F 
units to a minimum of about 90, covering about 90 
per cent of the expected range during the present 
ll-year solar cycle (the 1954 mmimum was about 
70, and 1t can be confidently expected that a simular 
reading will prevail in 1964-65) ^ Atmospheric 
densities in the bulge can be represented with 
Nicolet’s model, assummg that the temperature 
T m at the centre of the bulge 18 in a constant ratio 


Ty = 1857, (2) 


to the mght-time temperature T, 

The decay of the temperature from the centre of the 
bulge outward will requirea morerefined analysis which 
is not yet completed. In my 1960 model, I (ref. 3) 


assumed that the density at a given height varied 


as cos? —, where Ù’ 1s the angular distance from the 
9 g 


centre of the bulge On the basis of Nicolet’s model 
1b appears that for height under 700 km the bulge 
must become sharper with increasing height, and this 
18 corroborated by the comparison of recently obtained 
accelerations of satellites 1958 « (perigee height 
350 km ) and 1958 B2 (perigee height 600 km) In 
addition, the shape of the bulge must vary with the 
solar flux, only an analysis of temperatures through 
the bulge seems likely to yield satisfactory results 

In my 1960 atmospheric model? ıt was assumed 
that the atmospheric density p for any given height 
and any given Q^ 15 proportional to F™, for simplicity 
1b was assumed that m = constant = 1 Recently, 
Priester’ found that m increases with height and 18 
larger in the night-time atmosphere than in the sunlit 
hemisphere It 1s interesting to note that this result 
can be deduced directly from Nicolet’s model, 1f we 
assume that the relation between F and T, 1s given 
by equation (1) Calling p, the night-time density at 
a given height in the atmosphere, we shall have: 





d log T (3) 


1,800° 
1,600° 
1,400° 


1,200° 


To 


1,000° 


800° 


600° 





400° 


0 100 200 300 400 
10 7-em solar flux (x 10-23) 
Fig 1 Relation between the 10 7-cm solar flux and the night- 
time temperature of the upper atmosphere, derived from four 


satellites using Nicolet's atmospheric model 
@, 1958 82, x,1959 a1, [1,1959 7, O,1958 a 
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Cxsıum-137 uue /kgm fresh meat 


10° 
Sampling Sampling Sampling 
period period period 
1959 1980 1961 
Fig 3 


by a yearly precipitation of about 300mm The total 
strontium-90 fall-out in Norway may be estimated 
from Fig 2 B to be approximately 5,500 c. at the 
end of June 1959, of which about 30 per cent may be 
dry fall-out. Adding 49 me /km.? found as the 
increment for Bode from June 1959 to September 
1960 (Fig 1 D, the mean annual precipitation at 
Bode bemg near the average for Norway), the total 
strontium-90 fall-out at the end of September 1960 
may be estimated to be about 7,000 c. The ratio 
of csesium-137 1n soil to strontium-90 ın soil, both as 
éstimated, 1s about 1:7 

Cosrum-137 m meat was measured during 1959, 
1960 and 1961 ‘The results are 


1959 1960 1961 
Cow, 2 81 38 
pig, nore sa sae se 15 -— 
e pe cæsium- 
ANETARE UE 137/kgm fresh meat 
Maximum ,, 600 2,800 1,500 35 » 
Minimum ,, 300 200 -0 E ” 
Sheep 2 12 9 
samples sampio samples 
lue 8,000 ,50 j Hue cæsium- 
ig a 137/kgm fresh meat 
Maximum ,, 11,000 9,000 3,000 $3 = 
Minimum ,, 5,000 50 100 "TI ” 
2 6 48 
Remdeer, samples sompe 2200 acean 
l 3 , , H æsıum- 
A vorago vem 137/kgm fresh meat 
Maximum ,, 9,300 56,000 37,000 ie 2s 
Mimmum ,, 6,200 16,000 7,000 $$ 35 


The results are plotted m Fig 3 The level found 
i the fall of 1959 18 uncertain due to the very 
limited number of samples measured. Durmg 1960-61 
there appears to be a decrease of about 50 per cent 
in exsium-137 concentration in all three groups of 
animals It appears that, on the average, the uptake 
of exsium-137 by sheep 3s about five times higher 
than by cow, pig and horse The uptake by reindeer 
is about ten times higher than by sheep. As this 
difference 1s apparently not due to a difference m 
fall-out amounts, 15 seems reasonable to relate it to 
different grazing habits and different grazing field 
qualities Within each group of animals there 1s & 
difference from district to district that may be related 
partly to differences ın amounts of fall-out and partly 
to differences m conditions of grazmg. There does 
not appear, however, to be any large difference ın con- 
centration of cesium-137 in reindeer fiom southern 
Norway and northern Norway The samples collected 
in 1961 were also analysed for potassium The 
average values are 

Reindeer gm potassium/hgm fresh meat 


44 
Sheep 32 » 99 ’ 
Cow, p) horse 30 mo ” » 
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It appears that the potassium content in reindeer 
is about 40 per cent higher than in sheep, cows 
pigs and horses 

Strontrum-90 ın animal bones from Norway has 
been measured by HASL, United States Atomic 
Energy Commission, New York Operations Office 
The results are 


1954 1956 1958 
summer autumn autumn 
Cow samples 
Average value 05 Huc strontium: 
90/gm calcium 
Maximum ,, 08 - 
Minmmum ,, 02 " 
5 14 
Sheep samples samples 
Average value 4 17 uue strontium- 
90/gm calcium 
Maximum ,, 7 34 M 
Minimum ,, 2 6 " 
4 10 
Reindeer samples samples 
Average value 100 150 puc strontium- 
90/gm calcium 
Maximum ,, 120 250 3s 
Minimum ,, 40 110 $5 


The four samples of reindeer bones collected in 
1956 were analysed at the Atomic Energy Research 
Estabhshment, Harwell The reindeer bones col- 
lected in 1958 were also analysed for stiontrum-89 
The iesults are 


Northern Southern 
Norway Sor 
samples samples 
Average value 610 40 upe strontium- 
80/gm calcmm 
Maximum ,, 650 94 T 
Minimum ,, 540 17 55 


The reindeer from southern and northern Norway 
were of comparable age and the samples collected at 
the same time The difference in concentration of 
strontium-89 may then indicate a difference in time 
of arrival of strontium-89, or different grazing eondi- 
tions giving a difference in delay of uptake of stron- 
tium-89 

In good agreement with the results for czesium-137, 
it appears that the uptake of radioactive strontium 
by sheep 1s higher than that by cows, and the uptake 
by remdeer is higher than that by sheep The 
relatively high uptake by reindeer may be related to 
the special grazing habits of this animal Reindeer 
feed to a great extent on the slow-growing lichen 
The uptake of fall-out materials by lichen appears 
to be higher than by other vegetation 

Three samples of lichen from northern Norway 
were measured during autumn, 1959 The results are 


Huc cesiume- mc cæsium- 
Sample 137/kgm lichen 137/km ? 
I 42,000 74 
II 37,000 56 
III 31,000 66 
Average 36,000 65 


From the yearly precipitation at the sampling 
place, the total amount of czs1um-137 deposited may 
be estimated from Fig 2 to be about 60 me /km ? at 
the end of 1959 It appears therefore that the effici- 
ency of fall-out retention for lichen 1s very high 
Summarizing, 16 seems that for internal radiation 
from fall-out matenals the variations in uptake of 
radioisotopes by animals may be more important 
than the uneven geographical distribution of fall-out 
1 Crooks, R N, etal, Atomic Energy Research Establishment Report 
R 3349 (1960) 

*Small,S H , Tellus,12, No 3 (1960) 

3 Alexander, L T , e£ al, United States Atomic Energy Commission 
Report TID-6567 (1961) 

* Medical Research Council, The Hazards to Man of Nuclear and Allied 
Radiations (H M S O , London, 1960) 


No 4808 


December 23, 1961 


fall-out measured 1s approximately ten trmes the 
mnimum The cesium-137 fall-out ın 1960 was 
considerably lower than in the three foregoing years 
The cumulative cæsıum-137 fall-out at Bergen 
(60° 23’ N , 5° 21’ E ) from September 1956 to June 
1961 1s shown ın two-monthly periods by curve A im 
Fig 1 The total deposition durmg this period 18 
about 70 me /km* The relatively heavy cæsium- 
137 fall-out during the period September-October 
1957 may be due chiefly to the Windscale accident 
Strontium-90 in precipitation at Bode (67° 17’ N 

14° 24’ E ), and Tromsø (69° 40’ N, 18° 57’ E ) has 
been measured by the Atomie Energy Research 
Establishment, Harwell, as part of a world-wide 
precipitation sampling programme? ‘The concentra- 
tion in the total yearly precipitation for the past 
3 years has been 


1958 1959 1960 


Bode 62 17 38 
Tromsø 54 14 25 


The yearly fall-out was 


1958 1959 1960 


Boda 71 18 26 me strontium-90/km ? 
Tromse 42 17 22 » 


Hee  Strontium-90/1. precipitation 


, bP 


The cumulative strontium-90 fall-out at Bodo from 
April 1957 to December 1960 is shown in three- 
monthly periods by curve Cin Fig 1 





1956 1957 


1958 1959 1960 1961 


Fig 1 <A, Bergen cestum-137 in precipitation, B, Bergen 
strontium-90 in soil, C, Bode strontium-90 in precipitation, 
D, Bode strontium-90 in soul 


Caegrum-137 m soil was measured at several places 
in Norway m September 1960 Fig 2 A shows the 
1esults plotted versus precipitation during the period 
from January 1, 1953, to the date of sampling It 
appears that fall-out/mm precipitation decreases 
with increasing precipitation As indicated in Fig. 2, 
this may be due to an amount of dry fall-out equal 
to the fall-out deposited by a yearly precipitation of 
approximately 400 mm It follows from this that in 
Norway the dry fall-out may be about 30 per cent of 
the total fall-out, the mean annual precipitation m 
Norway bemg about 900 mm This 1s m reasonably 
fair agreement with what has been found for Kjeller? 
Lhe total ezsrum-137 fall-out ın Norway, which has 
an area of 324,000 km °, may be estimated from 
Fig 2.4 to be about 12,000 e at the end of September 
1960. 
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0 5,000 10,000 15,000 20,000 25,000 
Precipitation (mm ) from January 1, 1953, to date of sampling 


Fig 2 A, cesium-137 1n soil, September 1960, B, strontium-90 
1n soil, June 1959 


Strontium-90 ın soil has been measured at several 
places in Norway by L T Alexander, as part of a 
world-wide soil-samphng progamme? The results 
for Bergen are shown by curve B in Fig 1, and the 
results for Bode by curve D It appears from Fig 1 
that the strontrum-90 fall-out at Bodo as deduced 
from soil measurements 1s lower than that measured 
m precipitation The ratio 18 


4 


Oot 1958 Tuy 1959 Oct 1958 
o o o 
June 1959 Sept 1960 Sept 1960 
Strontium-90 ın sol x 
Strontium-90 ın precipitation 0 65 0 88 071 


The difference might ındıcate leaching out of the 
soul or re-suspension of deposited fall-out, but more 
probably 16 1s an indication of the difficulty involved 
m obtamung & representative value of the amount 
of precipitation fallmg on the ground, especially 
where snow-drifting occurs durmg wmter The 
differences 1n the sampling and measurmg methods 
may also be important factors The results for 
Bergen, shown m Fig 1, give the following ratio of 
ceesium-137 1n precipitation to strontrum-90 ın soil 


March 1957 ^ 1958 July 1959 
o 0 0 
Sept 19058 Junel959 Sept 1960 
Ceesium-137 ın precipitation 
Strontium-90 in soil 83 20 16 


The high ratio during the period March 1957- 
September 1958 seems to agree with the suggestion 
that the cesium-137 fall-out during the period Septem- 
ber-October 1957 was due chiefly to the Windscale 
accident, the strontrum-90 release of which has been 
given as less than l per cent of the ecxsium-137 
release‘. If the cxsium-137 fall-out during this 
period 18 excluded, the ratio will be 2 2 mstead of 3 3 
In view of the different methods of sampling and 
measurements, the ratio of cxsium-137 to strontium- 
90 of about 2 seems to indicate that the soil data are 
in reasonably good agreement with the precipitation 
data The measurements by the Atomic Energy 
Research Establishment, Harwell, give an average 
ratio of cesium-137 to strontium-90 1n fall-out nearer 
1-7 (ref. 1) 

Fig 2 B shows strontium-90 in soil-samples ool. 
lected during June 1959 plotted versus precipitation 
during the period January 1, 1953, to the date of 
sampling In good agreement with the essium-137 
results m Fig. 2 A, the strontium-90 results indicate an 
amount of dry fall-out equal to the fall-out deposited 
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for evaluation ın the region of the spectrum (2640- 
4300 A.) examined silver, alumimium, calcium, 
cobalt, chromium, copper, iron, potassium, mag- 
nesium, manganese, sodium, nickel, lead, silicon, 
tin, titanium, vanadium, zinc and zireonirum 

Of these elements the only ones which the spectro- 
scopic evidence proved to be significantly more 
concentrated in the glaze than in the fabric were 
silver, lead and tin. The evidence also suggested that 
the concentrations, of copper and vanadium were 
higher in the glaze, but for these elements the 
evidence was not unequivocal The use of lead in 
pottery glazes 1s, of course. well known, and the 
presence of tin m medieval glazes has previously been 
recognized by Jope*? As no reason for the deliberate 
addition of silver ıs apparent, 16 appears probable 
that this element occurs as an impurity ın one of the 
other additives While lead 1s the obvious choice for 
the silver carrier, the relative concentrations of lead 
and silver fluctuate too widely m closely related 
glazes for this suggestion to be readily accepted The 
variation of silver content more closely follows that 
of the variation of tin, and this may indicate that 
some alloy or mineral containing both these elements 
has been added to the glazing material m addition to 
the galena normally accepted as the source of the 
load Both solder and pewter have been suggested 
by Jope” as possible sources of tin in glazes from 
medieval pottery 

The presence, and amount, of tin in the glaze has 
been used as a check on some of the accepted attribu- 
tions of origm of the pottery sherds All the samples 
examined of glaze from Laverstock kilns have a high 
tin content However, the glazes of sherds found at 
Winchester and Bergen have low tin contents It 
appears therefore, that, although the Winchester and 
Bergen samples are visually similar to those from 
Laverstock, they are unlikely to have or! ginated from 
the Laverstock kilns Of those we have examined the 
only English glaze with a comparable low tin content 
is that from the Tyler Hill kiln’ near Canterbury 

One group of English glazes and one group of 
Continental glazes contamed no detectable tm This 
pottery, with the exception of a sample from Oslo, 1$ 
of an earher date (eleventh-twelfth century A D ) than 
the remainder (late thirteenth-fourteenth century) 
The Enghsh group comprised three samples of 
‘Stamford ware’, two from excavations at Thetford 
and one from Peveril Castle, Derbyshire The Con- 
timental group comprised four samples of ‘Andenne 
waio’, one from an Andenne kiln, one from Antwerp, 


CASIUM-137 AND STRONTIUM-90 IN PRECIPITATION, 
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one from London and one from Canterbury, and the 
sample from Oslo designated on archzological grounds 
as ‘Nottingham ware’ (Dunning, G C, private com- 
munication Mr Dunning suggests on typological 
grounds that this sample came from a kiln in that 
part of eastern England in the area Nottingham- 
Scarborough—King’s Lynn) This spectroscopic 
similarity between the glazes of Stamford and 
Andenne wares is a striking confirmation of the 
theory put forward by Dunning? that the two wares 
developed from a common origin It ıs clear, how- 
ever, from observed differences in the composition of 
the fabric materials that these samples could not 
have originated from the same kiln 

Although all the Laverstock glazes had high tin 
contents, the relative amounts of tin and lead in the 
glaze varied significantly On calculating the ratio 
of the observed intensities of lead and tin lines in 
the glaze, this was found to vary from 11 to 47 
Placing the ratios mm numerical order arranges the 
kilns from which the glazes originated in an order 
very close to the chronological order assigned to these 
lalns on the basis of archeological evidence, the 
lowest tin content arising from the earliest kin It 
is difficult to envisage any reasons why the tin 
content of the glazes should have been gradually 
increased, and ıt may wel be that analyses on 
further samples will prove that this apparent sys- 
tematic variation of the lead/tin ratio 1s fortuitous 

Two further points of mterest have been noted 
from the examimation of the Laverstock glazes In 
all the kiiIn samples the calcium content of the glaze 
is higher than that of the fabric, suggesting that a 
calcium compound has been deliberately added, 
possibly to improve the adhesive properties of the 
glaze Some of the samples examined had an addı- 
tional siripe decoration ın a darker colour than the 
body glaze Comparative analyses of the two different 
coloured glazes from the same pot have revealed that 
this colour 1s solely due to the presence of enhanced 
concentrations of iron 


1 Musty, J W G, Mus J, 60, 251 (1961) 

? Herteig, A E, Med Arch, 3, 177 (1959) 

3 Excavated by J W G Musty For interim reports see Med Arch , 
2, 913 (1958), Med Arch, 3, 326 (1959) 

! Borremans, È , and Lassance, W , Archewologica Belgica, 32 (1956) 

5 Stone, J F S, and Thomas, L C, Proc Prehist Soc ,22, 37 (1956) 

®Jope, E M, Trans Bristol and Glos Arch Soc , 71, 93 (1952) 

7 Jopas eD) M , and Threlfall, R I, Antiguaries J, 39, 254, Table 4 

? Spillett, P J, Stebbing, W P D, and Dunning, G C, Archæolopa 
Cantıana, 55, 57 (1943) 

° Dunning, G C, Med Arch, 3, 41 (1959) 
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SOIL AND 


ANIMALS IN NORWAY 
By T. HVINDEN and A. LILLEGRAVEN 


Division of Physics, Norwegian Defence Research Establishment, Kjeller 


ROM fall-out measurements in Norway ıb seems 

that m this country the variations from one 
group of animals to another in uptake of radioisotopes 
may be greater than the variations m amounts of 
fall-out from one district to another. The geographi- 
cal variations in fall-out are indicated, by the amounts 
of cxsium-137 measured m precipitation at twelve 
places m Norway The concentration m the total 
yearly precipitation for the past 4 years has been. 


1957 1958 1959 1960 

Average value 57 89 15 32 ppe cesium-137/1 
precipitation 
Maximum ,, 7 2 11 18 44 Re "I 
Minimum ,, 27 69 98 25 T- ji 
'The yearly fall-out was 

1957 1958 1959 1960 
Average value 61 76 li 23 me. cxstum-137/km.’ 
Maximum ,, 17 15 25 48 mm »! 
Minimum ,, 22 19 35 04 3s ii 
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PRODUCTIVITY IN LETTERPRESS PRINTING 


"os mounting cost of printing would alone give 
wider interest to the report on Productwity wn 
Letterpress Printing, recently published by the 
Department of Scientific and Industrial Research * 

The report describes the results of an investigation 
made during 1956-57 by the Prmtmg, Packaging and 
Alhed Trades Research Association under a contract 
financed from Conditional Aid Funds and in which 
eighteen firms collaborated The organization, 
methods and production of seventeen firms were 
examined in detail, and a detailed breakdown of 
machine tıme indicated that, on average, machines are 
only running for about 40 per cent of ther manned 
time Speed is accordingly not of prime nnportance 
it 18 usually easier to increase production by reduemg 
delays, make-ready times and other stoppages, and 
the average speed of new machines with a high 
potential running speed 1s httle better than that of 
pre-war machines What 1s needed in printing 
machines at present ıs the provision of devices to 
facihtate make-ready, control and adjustment 

The factors responsible for the low running time 
are discussed m the report, and while in some firms 
particular operations are inefficient, the greatest 
improvement can only result from a thorough exam- 
mation of the prmting process as a whole Waiting 


* Department of Scientific and Industrial Research Productunty 
ın Lette: press Printing Pp vin+65 (London HMSO ,1961 ) 5s net 


tune averaged 15 per cent and make-ready time 
45 per cent of available time, and although the latter 
18 a necessary and chargeable operation m printing, 
it can be substantially reduced by improvements in 
methods and oiganization These usually could be 
made with httle capital outlay but require an mdus- 
trial engimeering approach using work-flow principles, 
greater specialization of work by employees, quanti- 
tative measurement and mechanical aids for hand- 
hng, and the hke At present, for example, so little 
method study ıs used that employees can eam 
bonuses on inefficient and even unnecessary opera- 
tions, and conditions, as regards lay-out, m most 
machme rooms aie described as chaotic 

The report ıs also critical of organization, produc- 
tion planning and storage in the mdustry, where also 
major changes in procedure are recommended Ii ıs 
recognized that not all factois mfluenemg efficiency 
are within the immediate control of printers, but 
there 1s scope for more standardization and greater 
co-operation between prmters and other sectors of 
the industry Better production planning and greater 
precision ab each stage of the process could effect a 
real increase in production at lower costs, and a 
separate chapter m the report outlmes the problems 
requirmg further investigation These chiefly call for 
operations research and kmdred methods, very few 
purely technological problems came to hght 


A SPECTROSCOPIC SURVEY OF ENGLISH AND CONTINENTAL 
MEDIEVAL GLAZED POTTERY 


By L C THOMAS and J. W. G MUSTY 


Chemical Defence Experimental Establishment, Porton Down, Nr. Salisbury, England 


Cy of us (J W G. M ) recently claimed! that a 
medieval glazed jug from Bergen, found durmg 
the excavation of the Hanseatic Wharf there’, had 
been made in the late thirteenth century kilns at 
Laverstock, near Salsbury, Wiltshire, England? 
This and other attributions, based on a visual com- 
parison of pottery sherds, have been checked by the 
spectioscopic examination of sherds from these sites 
and from a number of other English and Continental 
sites While a range of sites has been covered, the 
number of samples from any site, other than Laver- 
stock, has been limited The variation ın glaze com- 
position found between samples from different kilns 
at Laverstock clearly mdicates that more samples 
from each site must be examined for the full value 
of this technique to be realized However, this 
preliminary survey has provided sufficient evidence 
to enable some conclusions to be drawn. 

The pottery samples examined, other than those 
fiom Laverstock, were supplied by Mr Gerald Dun- 
mng and included sherds from English kiln sites at 
Brill (Bucks ), Cheam (Surrey), Ham Green (Glos ) 
and Tyler Hill (Kent) Pottery found at Winchester 
and at Clarendon Palace, near Salisbury, was also 
examined as the kiln sites for these samples are 
unknown and Laverstock was thought to be one of 


the possible sources of supply Examples of pottery 
attributed to foreign kilns, but found in Britan, 
meluded French polychrome ware from Glastonbury 
and Dover, French pottery found at Brigtol, and the 
Belgian Andenne ware found at London and Canter- 
bury Samples of Andenne ware from Antwerp and 
from an Andenne kiln‘ were also examined Samples 
found at Oslo and Bergen but attributed to British 
kilns were also included in this preluminary survey. 
Small areas of the glaze were removed from the 
sherds by careful scraping with a tungsten carbide 
tipped masonry drill Samples of the fabric were 
obtained from the unglazed side of the sherds as & 
control on the inevitable contammation of the glaze 
by the fabric The samples thus obtained were 
ground in an agate mortar, packed into special 
‘cathode layer’ graphite electrodes, and their spectra 
obtained and the line intensities evaluated using 
techniques previously described The results 
obtained will be reported in detail elsewhere No 
attempt has been made to place these qualitative 
results on other than a semi-quantitative basis 
Variations in the 1elative concentrations of elements 
have been assessed by variations in the relative 
intensities of hnes of these elements in the same 
spectrum The following elements had lines suitable 










































c Acid Content, Heat-Activation 
ne Concept of Dormancy in the 
. Bacterial Endospore 
wo distinct meanings have been applied to the 
use of the term ‘dormancy’ as applied to the bacterial 
endospore. First, the expression ‘the dormant 
bacterial endospore’ usually describes the apparent 
hetabolie inactivity of the spore stage as compared 
h the vegetative cell. Secondly, the same term has 
o deseribe the fact that spore suspensions 
or not at all to germination agents 
that permit rapid germination of 
vated? spores. It is in the latter 
7n dormancy is applied in this com- 


xpress quantitatively the dormant 
‘eparation. Recent work suggests 
| the duration of heat-activation required for 
-optimal germination can be used to measure the 
process. However, the duration of heat-activation 
necessary to induce optimal germination is not 
constant itself and can differ widely for different 
preparations of the same spore strain. 'The duration of 
heat-treatment necessary to induce optimal germina- 
tion deereases with the age of the spore preparation’. 
‘L-Alanine-induced germination in Bacillus cereus? and 
glucose-induced germination in Bacillus megaterium? 
Also indicate another relationship. With increasing 
concentrations of the germinating agents, less heat 
treatment is required for optimum germination. 

In our work the requirement for heat-activation 
was further related to the chemical composition of the 
spore and the nature of the germinating agent 
employed. 

Dipicolinie acid content and the germination-rate. 
The content of dipicolinie acid (DPA) in a Spore can 
be varied by the conditions of growth and sporula- 
tion*-". Also, it was observed that if higher concen- 
‘trations of yeast extract were added to the '@ 
medium*, the level of spore DPA could be increased 
from 7 to about 15 per cent of the dry weight. In the 








Ws .. Hours heat shock for maximum rate of germination 
gi. Dependence of the duration of heat shoek on intrasporal 
centration, Spores containing various concentrations 
heat-shocked for various periods at 65° C., centri- 
pended in M/50 tris buffer pH & to an 
ition at 30° C. was initiated by the 
nine, The rate of germination was 
rically, as described by Woese ef al. 
@ the approximate time of heat-shock 
imaximum germination-rates 
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Fig. 2, Effect of heat-shock on the rate of germination in tealatiine, | 


L-cysteine and CaDPA. See Fig. 1 for details of he el and. 

L-alanine-induced germination. L-Cysteine (15 mgm! 2 
germination was followed at 30° ©., whereas germina 
by 48 x 10-* M caleium chloride, 4 x 107*M- 







nination induced > 
DPA was carried 
out at 20* C, in the presence of 0-2 per cent gelatine. 


present work DPA contents of 22-15 per cent were 


employed. Qu LIT 

When the amount of heat-activation necessary to 
give optimal r-alanine-induced germination “was. 
determined it was found that the extent of heat. 
treatment necessary (65? C. in water) was related to 
the DPA content. The heat-shock requirements. 
increased with increasing contents of DPA. ‘These 
results are shown in Fig. 1. The germination-rates 
obtained with the various spore preparations after 
optimal heat treatment were constant when the same 
concentrations of L-alanine were used. 

Relationship between the heat-shock requirement and 
the germinating agent. The effectiveness of L-cysteine 
as 9 germinating agent under various conditions of 
heat-shock and with spores with various ~DPA 
contents was identical to that observed with t- 
alanine. On the other hand, the effect of caleium DPA 
was quite different. As observed by Rieman and 
Ordal, equimolar Catt and DPA are effective 
germinating agents for bacterial spores. The rate of 
germination in the presence of CaDPA was not 
influenced by heat-shock treatment or by the endo- 
genous level of DPA. These results, as well as the 
behaviour of r-alanine and r.-cysteine towards heat- 
shock treatment, are shown in Fig. 2. 

DPA release during heat-activation. Harrell and 
Mantini?? observed a release of DPA during the heat- 
activation of spores of B. cereus strain T. The 
hypothesis is therefore posed that germination ensues 


only after the endogenous DPA content isfirstreduced .. 


to a critical threshold. The observations that CaDPA - 


complexes with amino-acids and peptides! and the . A 


numerous suggestions that dormancy is maintained ^. 
by endogenous levels of inhibitors’? are easily . 


explained on the basis of a critical DPA threshold 
hypothesis. To test this directly with regard to DPA 
itself, the amount of DPA released after sufficient 
heat-shock to permit optimal germination was 
measured in spore stocks with widely varying levels 
of DPA. The results are shown in Table 1. In all 
spore stocks examined there was no relationship 
between the amount of DPA released and germina- 
tion. Optimal germination occurred with about a 
10 per cent loss of DPA. It is possible, however, that 
several reservoirs of DPA exist, only a minor fraction 
of which controls dormancy. Before such a possibility 
can be investigated, more information on the state of 
spore DPA will be necessary. 

The ability to measure quantitatively the degree 
of dormancy of a bacterial endospore enables one to 
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Table 1, RELEASE OF DPA FROM SPORE SUSPENSIONS DURING 
HEATING 
DPA content of spore Percentage DPA 
suspension Heat activation released during 
(percentage dry weight) (hr.) heat activation 
14:0 11 10 
10-2 9 9 
TA 8 14 
49 4 9 
Spores were grown in modified G medium, and heat-shocked as 
d in Fig. 1. The spores were then centrifuged and the DPA 


study some of the principal factors regulating 
dormancy. First, what is the chemical nature of the 
mechanism regulating dormancy? Although this 
cannot be answered, the present experiments provide 
a suggestion that DPA may be a part of the system 
responsible for the dormant state. If the intrasporal 
concentration of DPA determines dormancy, the 
breaking of dormancy cannot be related merely to the 
removal of DPA. One possibility is that the breaking 
of dormancy involves an activation stage (heat- 
activation) and that the achievement of this stage 
requires the displacement of DPA {or a compound 
correlated with DPA) from some endogenous site(s). 

Secondly, is the dormant state unique? As seen 
above, the degree of dormancy is dependent on the 
germinating substance used. For example, high 
DPA spores are dormant towards r-alanine, and 
L-cysteine, but not towards CaDPA. The concept of 
dormancy is, therefore, not a genersl one, character- 
izing the state of a given spore suspension, but is 
relative to the germineting agent. 

This work was supported in part by a research 
grant from the Wisconsin Alumni Research Founda- 
tion and by a grant from the National Science 
Foundation (B—7150). 
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Thermophilic Micro-organism of 
Uncertain Taxonomic Status from the 
Hot Springs of Tiberias (Israel) 


Iw the course of a survey of the fauna and flora of 
the hot springs of Tiberias’, which attain a tempera- 
ture of 60° C., a bacterium was isolated which 
shows & special mode of reproduction and apparently 
has not yet been described. 

The mature cells are spherical, ovoid or pear- 


shaped, measuring 0:5-2u. They are non-pigmented, 
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Fig. 1. 


crographs of bacteria. a, 8 
forms; 


, palr and rosette 
b, a chain form; c, budding 


ria. (x 1,600) 





a single polar flagellum. Electro 
ph. (x 111000) e : 


Fig. 2. A motile form 
n 
non-spore forming and Gram-variable. They occur 
singly or as free-floating groups of two, three, four or 
even more individuals, in the form of rosettes and 
short chains (Fig. 1 a, b). Daughter cells are formed as 
buds (Fig. 1 c) and appear sometimes to be situated 
between two larger cells. A low percentage of the 
solitary forms are motile, these cells possessing a 
single polar flagellum (Fig. 2). 

Motility was observed occasionally in groups of two 
cells, and only in one case in a group of three. 

The micro-organisms can be grown in autoclaved 
water from the hot springs, supplemented with 
0-005 per cent yeast extract (Difco). No growth 
oceurred when the concentration of the yeast extract 
was raised to more than 0-02 per cent. At 50* C. in 
the dark, the cultures achieved maximum cell 
density after one day, while at 37^ C. they grow 
slowly and the peak is achieved only after soveral 
days. No multiplication occurs at 30? C. The organism 
is euryhaline and growth occurs over a range of 
1-6 per cent (w/v) of total salt concentration; the 
concentration of minerals normally found in Tiberias 
hot springs is about 3 per cent*. Growth also 
occurred when spring water was replaced by sea water 
and supplemented with yeast extract as described 
here. The range of tolerence to sea water salinity is 
0-5-8 per cent (w/v) total salinity. No growth was 
obtained on a solid agar medium. The highest con- 
centration of agar (‘Purified Bacto Agar, Difco’) in 
which multiplication could be obtained was 0-2 per 
cent. The organism is aerobic as growth appears in a 
thin top layer of the semi-solid medium. The pH 
tolerance is wide, ranging from 6-2 to 9-5. 

The taxonomic position of this micro-organism is 
as yet uncertain. It undoubtedly belongs to the 
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[- — Chromosome Preparation from Fresh 
|. and Cultured Tissues using a Modification 
of the Drying Technique 


CTecuHwiQUES for making satisfactory chromosome 
S propi rations. have evolved rapidly during the past 
decade since Makino and Nishimura! and Sachs? 
adopted pre-treatment with hypotonic solutions and 
the squash method of preparation. Administration 
of colchicine increased the number of countable 
‘mitoses and facilitated analysis by arresting cell 
division in metaphase, producing shortening of 
chromosomes and divergence of sister chromatids. 
The Feulgen squash method’ has been used widely 
for chromosome preparations. Although adequate in 
pany instances it has several disadvantages. (1) Firm 
-and even pressure is not easy to achieve, and areas of 
insufficient or excessive squashing are difficult to 
avoid. (2) Nuclei with incomplete or broken chromo- 
somes are found in an appreciable number of cases. 
| Tough et al. reported 22 per cent of incomplete 
groups in their countable material. This complicates 
analysis. (3) Valuable material may be lost during 
squashing around the edges of the coverslip—an 
important factor, if small quantities only are available 
for analysis. 

-The drying technique for chromosome preparation 
was. introduced by Rothfels and Siminovitch'. 
. Spreading of chromosomes is achieved by alteration of 
‘surface. tension forces involved during drying on the 
-wet slide. The method has been reported on favour- 
-ably by Moorhead et al.* and Tough et al.*, the latter 
l reporting that out of all countable groups 96 per cent 
| imbroken in their preparations. The technique 
rever, only suitable for relatively fragile 
such as that from cultured human leucocytes. 
yone marrow and animal material, that is, 
en, ae glands, ete., aquashing 



































oving satisfactory chromosome 
ne: drying technique has been 
an be applied to both human and 
< Besides human cultured leucocytes, 
preparations have been obtained from 
spleen of mice, rats and rabbits. The 
reliable, relatively simple, incurs minimal 
rial and produces a high count of unbroken 
read chromosome groups. 

ment with ‘Coleemid’ either in vitro 
i, or in vivo, a cell suspension is 
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prepared (solid tissues are homogenized) and incu- 
bated with 0-95 per cent sodium citrate solution at 
37? C. for 30 min. The following scheme is then 
followed. The suspension is centrifuged at 200g for 
5 min. in Kahn tubes and the supernatant fluid is 
removed. Fixative (3 parts absolute alcohol to one 
part glacial acetic acid) is added and changed after 
5 min. without disturbing the layer of cells lying at the 
bottom of the tube. The preparation is kept in iced 
water or a refrigerator at 4? C. for 1 hr. The fixative 
is removed and chilled 45 per cent acetic acid is 
added. The tubes are kept in a refrigerator for 
18-24 hr. The 45 per cent acetic acid is removed 
and chilled 60 per cent acetie acid is added and 
the preparation kept cool for 1 hr. Only then are 
the cells resuspended in the 60 per cent acetic acid, 
so as to make a concentration of approximately 
15 x 10* cells per ml. A microscope slide is placed 
on a flat piece of solid carbon dioxide and kept in 
place until a white film of frozen condensation forms 
on its upper surface. The slide is lifted and held 
obliquely until thawing has just begun at the edges. . 
Small drops of the suspension are then placed on the. 
frozen surface. The drops must not freeze on the slide 
but should spread rapidly, the cells adhering to the 
surface of the slide. The slide is then immediately 
heated over a spirit lamp, very gently if the material 
was obtained from cultured human leucocytes or 
more strongly in the case of other cells. The degree of 
heating may involve some trial and error, but in the 
case of mouse spleen cells, for example, it should be 
more rapid, so that drying is aecomplished within 
several seconds, the temperature of the slide being 
above that tolerated bv the back of the hand. Staining 
is performed with aceto-orcein. 

The method produced satisfactory spreading of 
chromosomes in both fresh and cultured material. 
It was equally successful in preparations from marrow 
and solid tissues. The number of countable groups of 
chromosomes was considerably higher than in corre. - 
sponding preparations by the squash technique. ÀA 
large number of countable and clearly spread mitoses 
was obtainable on one slide. In the case of chimsrie > 
spleens from 3—10-day-old A strain mice (obtained by ^ 
injecting spleen cells from adult CBA mice into d = 
neonates), using a concentration of 15 x 10* cells ^ 
per ml. it was possible to prepare 5-10 slides from. 
each spleen and 100 or more clearly countable mitoses 
were usually present on each slide. This represented .: 
20-30 per cent of nuclei in which chromosomes were. 
visible. Ninety-four per cent of countable cells had. : 
the modal number of chromosomes. | 

In the technique described by Moorhead et al.*, the 

final suspending medium before spreading was the 
fixative. It was found that the fragility of the nucle 
could badmerensed by using 45 per cen 
and 4 ny 60 per cent acetic 
- irable to leave the cells 
wolonged period of time (usually 
ih the 60 per eent acetic acid 
p avoided, otherwise excessive 
bf the chromosomes occurred. 
H. The thin film of frozen 
: Dy cooling the slide with dry 
ice afforded good spending: and immediately after- 
wards, adherence of the cells to the glass surface. 
Subsequent heating was important to complete the 
spreading of more resistant nuclei during drying. 

We are grateful to Prof. M. F. A. Woodruff for 
his encouragement and advice, and to Dr. Donald 
Michie for his ne criticism. One of us (M. F.) 



































carried, out the work during the tenure of a clinical 
research fellowship from the Medical Research 
Council. | 
| M. Fox 
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Culture of Human White Cells using 
Differential Leucocyte Separation 

SEVERAL variations of white blood cell culture 
methods for the purpose of human chromosome study 
are now in use. All these are derived from the method 
of Hungerford et al.*. We have used the original and 
some of the modified procedures, particularly that of 
O. J. Miller (personal communication). In our 
experience with these techniques, about 75 per cent of 
cultures produce adequate numbers of mitotic figures 
for examination, while the remaining 25 per cent 
grow poorly, if at all. It was our impression that most 
failures occurred in specimens containing large 
numbers of polymorphonuclear leucocytes. On 
incubation, such cultures became excessively acid, 
and large clumps of degenerating polymorphs 
appeared. 

While visiting the laboratory of K.-E. Fichtelius 
at the Histological Institute in Uppsala in 1957. one 
of us (K. H.) observed a method for removing poly- 
morphonuclear leucocytes from white cell suspensions. 
The method was used for a metabolic examination of 
lymphocytes (Fichtelius, K.-E., and Hallander, H., 
personal communication). The procedure utilizes the 
phagocytic properties of polymorphonuclesr cells by 
permitting them to ingest iron particles. The iron 
and the cells containing it are then removed by a 
magnet. Similar methods for different purposes have 
been used by several other investigators?-*. 

We have ineorporated this procedure into our 
culture method, and have since performed more than 
150 consecutive cultures with absence of growth in 
only one ease. Our present technique produces good 
mitotie-rates (Fig. 1) and well-spread metaphase 
plates suitable for analysis (Fig. 2). The procedure is 
as follows. 

Draw 10-20 c.c. of venous blood into a heparinized 
syringe and transfer to a sterile tube. Place the tube 
in an incubator at 37° at a 45? angle for 0 min., 
until the red cells sediment. Transfer J to a 
sterile container having a flat s | 
with two volumes of culture r 
with antibiotics). Add appr, 
very fine sterile iron powdery 
at 37? C. for 30-60 min. 4 
container down. The shaly 
.100 strokes per minute. Diiira Vorai 
strong magnet for 5 min.. transfer the superni 
to a sterile tube, and place this tube on the magnet 
for an additional 5 min. Transfer the supernatant to 
culture vessels. After performing a cell count. dilute 
the cell suspension with culture medium to achieve a 
. final concentration of 0-5-1-0 x 10° cells per ml. 
(These are now 95-99 per cent mononuclear cells.) 
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Fig. 1. Low-power view of growing mononuclear cells, showing 
mitotic figures swollen with hypotonic salt solution. Note nuclei 
of mononuclear cells in various stages of growth 





High-power view of well-spread metaphase plate, showing 
chromosomes adequate for karyotype analysis 


Fig. 2. 
Add. 06-2 ml. phytohemagglutinin (Difco, type M) 
per 10 ml. of culture fluid and incubate at 37^ C. for at 
least 72 hr. Add 0-1 ml. of 10-* molar colchicine per 
10 ml. of culture fluid. Incubate for an additional 
2 hr. Examine a sterile sample of the culture under 
the phase microscope at this time. Particular atten- 
tion is paid to clusters of mononuclear cells, whieh are 
examined for the presence of mitotic figures. If none 


is seen, incubate for an additional hour and repeat 


examination. When mitotic activity is observed, 
shake cultures well and centrifuge at 400 r.p.m. for 
5 min. Suspend the cells in 1 per cent sodium 
citrate for 4 min. Add 1 drop of fixative (3: 1 
absolute ethyl aleohol-glacial acetic acid) and 
cent.ifuge at 200 r.p.m. for 2 min. Discard the 
supernatant. To the residue add the fixative very 
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slowly with constant agitation to a volume of I ml. 
After 5 min, centrifuge at 400 rpm for 5 mm, 
resuspend m fresh fixative (This may be repeated 
several times to improve chromosome spreading ) 
Place small droplets on a coverslip and air-dry by 
blowing. When dry, mvert coverslip mto a drop of 
2 per cent acetic orcein on a slide and blot off excess 
stam for temporary preparation. For permanent 
preparations, ymmerse air-dried coverslips in stam 
for 1 min, dehydrate (tertiary butyl alcohol, 10 
sec, twice; 1.1 tertiary butyl aleohol-xylene, 
1 mm; xylene, 1 min, twice) and mount m 
‘Permount’ or balsam Such preparations are best 
examined by phase contrast For bright-field examin- 
ation, longer staining 18 required. 

The technique outlmed above depends for its 
success on the presence of a small amount of the 
substance phytohemagglutmm, which appears to 
act as a mitotic stimulant’, Exammation of growing 
cultures reveals that the mononuclear cells form large 
clusters, apparently as a result of the action of the 
phytohemagglutinn, and ıb ıs only within these 
clusters that mitoses are found That human mono- 
nuclear cells can be cultured ¿n vetro without addition 
of phytohemagglutinn is shown by the work of 
Tumofejewsky ın 1928 9, where leucocytes from the 
buffy coat of eentnfuged blood were grown in a 
plasma clot usmg autologous plasma This suggests 
that part of the effectiveness of phytohaemageglutmm 
in causing leucocyte growth may be due to its ability 
to cause white cell clumping, providmg an environ- 
ment similar to that in a plasma clot. 

This work was aided by grants from the American 
Heart Association, the U.S. Public Health Service 
(H-2202) and the New York City Health Research 
Council (U-1030). 
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Two Types of Ribonucleoprotein in the 
Nucleolus of Intestinal Carcinoma of 
the Newt following Injection of 
Herring-Sperm Deoxyribonucleic Acid 


RECENTLY I demonstrated two types of ribonucleo- 
protein in the nucleolus of tumour cells im the 
squamous-cell carcmoma of the hzard Lacerta agis! 
To establish whether a more general significance 
should be attached to this result I performed a corre- 
sponding investigation with the experimental carcı- 
noma of the intestine of the newt Triturus alpestris 
following injection of herrmg-sperm deoxyribonucleic 
acid (eight days injection with 01 ml of 5 per cent 
solution)?. After killing the animals on the 40th day 
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of the experment the nucleolar differentiation of the 
tumour cells was studied by the toluidme blue- 
molybdate method? As m Lace tat, the rtbonucleo- 
protem of the nuclear sap or parachromatin was 
coloured deep purple, the nucleolus partly assuming a 
green colour. Also m Trturus the existence of two 
types of ribonucleoprotem, if not actually demon- 
strated, had thus become highly probable. In the 
nucleol: a variable quantity of metachromatic ribo- 
nucleoprotein, as well as a number of very small 
vacuoles, appeared to be present, remaining unstamed 
by the method described here In the interphase cells 
the metachromatic ribonucleoprotem was most 
distinct, bemg m the form of small granules, hollow 
spheres or clusters of hollow spheres Examination 
with a phase-contrast microscope showed that the 
nucleoli of the living tumour cells contained numerous 
very small vacuoles 

Comparmg the nucleolus m the tolwdme blue- 
molybdate stained sections with that m the hvme 
tumour cell ıt could be ascertamed that the meta- 
chromatic ribonucleoprotein was situated around, or 
m, some very small vacuoles After pre-treatment 
with ribonuclease or hot trichloroacetic acid’ this 
nucleolar ribonucleoprotein was not coloured. In all 
phases of stainmg by the toluidine blue-molybdate 
method staining could be obtained m the same way 
as the nuclear parachromatin Following Love and 
Bharadwaj*4 it can, therefore, in this intestinal 
tumour of Trzturus also be called the nucleolar 
parachromatm Just as in the squamous-cell car- 
cinoma of the lizard and the Ehrhceh ascites tumour‘, 
the tumour cells in Treturus often persisted through- 
out the mitosis, without being incorporated in the 
daughter nucleus. During mutosts the nucleolar 
parachromatin exhibited a different localization im 
early prophase 16 was frequently situated at the rim of 
the nucleolus, to disappear from view durmg the 
later prophase, and become clearly visible again in 
the metaphase, anaphase and telophase as a vacuo- 
lated nucleolus green-coloured m the toluidine blue- 
molybdate sections 

Love? suggested that the nucleolar parachromatin 
18 probably extruded from the nucleolus durmg the 
prophase to contribute to the accumulation of the 
granular parachromatm, which takes place m this 
period The results obtained for tho Treturus tumour 
may certainly be an argument for this reasoning The 
earliest symptom of reformation of the nucleolus in 
the daughter nucleus was a metachromatic inclusion, 
afterwards acquiring an outer coating of ribonucleo- 
protem stamung green in the toluidine blue-molybdate 
sections, which could be vacuolated as well as 
amorphous This nucleolar differentiation of the 
tumour cells in T'rzturus 13 undoubtedly related to the 
special structures known for a long time already in 
the nucleolus 

The relationship of the two types of rbonucleo- 
protem in the nucleolus to the nucleolini*-§ and the 
nucleonemata® could also be solved with the data 
obtained from the mtestinal tumour of Triturus 
Also ın the tumour cells of Triturus, hollow and solid 
structures, resembling the true nucleolim, could be 
demonstrated after stammg with mon hematoxylin. 
The physiochemical differences in ribonucleoprotem 
determining the differential staining by the toluidine 
blue-molybdate method may, therefore, also bo 
responsible for some differences m the affinity for the 
hematoxylim As these results are in good agreement 
with those obtained in the Ehrlich ascites tumour 
eells^ and the squamous-cell caremoma of Lacerta, 16 
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would seem that they are certamly of general rmpor- 
tance. 
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PSYCHIATRY 


Erythrocyte Cholinesterase-levels in 
Mental Patienzs 


RUBIN has published data!" on erythrocyte acetyl- 
cholinesterase which showed a bimodal distribution 
of this enzyme in schizophrenic patients This paper 
was criticized” and the criticism answered” — Our 
work was an attempt to repeat Rubin’s findings in 
larger groups of patients and normals 

The assay procedure we used 18 based on the follow- 
ing reactions. 


acetylthiocholine + erythrocyte acetylcholinesterase 
— acetate + thiocholine 


thiocholine + dithiobisnitrobenzoate —- yellow colour 


The rate of formation of the yellow anion of 2-nitro-5- 
thiobenzoic acid ıs proportional to the enzyme 
activity This method 18 rapid and uses small amounts 
of blood (10 ul ) and ıs useful for surveys of this type 
The plasma esterase was mhibited by addition of 
quinidine sulphate to the reaction mixture? The 
assays reported in this communication are therefore 
of the erythrocyte esterase Details of this method 
have been published? 

Blood samples for the patient group were collected 
by the chnical laboratory staff from each patient on 
admission to this Institute At that time the patient's 
record, number and the date of the blood withdrawal 
were noted A. portion of the blood sample was 
assayed in our laboratories for erythrocyte acetyl- 
cholinesterase At the time the assay was performed, 
the elmieal diagnosis was unknown to us After we 
had determined the erythrocyte acetylcholinesterase- 
levels of 64 patients, the diagnosis and status of these 
patients were studied A psychiatrist (E. C ) examined 
all the hospital records on members of this group The 
patients were then placed in the categories listed in 
Table 1 on the basis of the diagnosis recorded m the 
hospital record, supplemented by first-hand examina- 
tion of the patients’ chart The results we obtamed 
are shown 1n Table 1 


Table1 ERYTHROCYTE ACETYLCHOLINESTERASE-LEVELS 


Type Z g n 
Normal 4 108 018 75 
Normal B 101 016 8 
Schizophrenie, no drugs 098 012 18 
Schi7ophrenic, on phenothiazine 102 022 
Organic psychoses and epilepsies 0 98 0 42 11 
Psychoneuroses 100 023 13 
Depressions 112 015 10 


€, Observed mean-rate (moles substrate hydrolysed per min. per 
red blood cell x 1015) 

v, Standard deviation of the group 

2, No, 1 each group 
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The group labelled Normal A 18 a sample of mdi- 
viduals who volunteered finger-tip blood durmg a 
display of medical research facilities held on this 
campus The equipment for assaying the erythrocyte 
acetylcholinesterase was on display and the assays 
were performed in public Persons whose blood was 
taken by our clinical laboratory and who were not 
patients (for example, physicians, nurses, staff, 
students, etc) are included in the classification 
Normal B 

The results mdieate that we cannot distinguish 
hospitalized mental patients from non-hospitalized, 
presumably normal persons, on the basis of mean 
erythrocyte acetylcholinesterase rates The group 
called ‘psychoses and epilepsies’ did show considerably 
greater variability than the other groups For this 
reason, we decided to follow the erythrocyte acetyl- 
cholinesterase rates for several days 1n these patients, 
to see 1f this difference was significant 

In summary, an epileptic patient was hospitalized 
for more than a month Durmg that period 28 
erythrocyte acetylcholinesterase determmations were 
performed on his blood cells Some of these were 
shortly prior to, others shortly after, seizures; some 
were quite distant 1n time before or after seizures. In 
addition, on two occasions we were able to make 
determinations at regular intervals after a seizure In 
no case was there any obvious correlation of the dura- 
tion or time of occurrence of the seizure with the 
observed erythrocyte acetylcholinesterase-level. Nor 
were his rates different from the normal (1 09 + 0-12, 
Table 1) for the whole series In & smaller series from 
two other such patients similar negative findings were 
observed We beheve, therefore, that the original 
observed large variability in this group of patients 
was an artefact of the small sample. 

In re-examining Rubin’s resulta 1t 18 clear that the 
major difference between his results and ours 18 the 
magnitude of the standard deviations observed. Our 
normals show about 15 per cent variation from the 
mean value In a series of 101 human adult subjects, 
Sabme* showed a standard deviation of 10 per cent 
about her mean value Sawitsky® reports a standard 
deviation of a group of 15 normal subjects which 1s 
96 per cent of their mean activity Rubin, on the 
other hand, observed a 3 per cent variation Had his 
variation been as large as 10 per cent, his results 
would have been simular to ours 

The number of verifiable physiological dufferences 
between mentally 111 patients and normals ıs small 
and any new observations in this field would be of 
value m assessing the etiology and progress of the 
disease ‘The difficulties of confirming the results of 
one investigation by another investigator ın the field of 
mental health has been discussed by Kety* We have 
been unable to confirm Rubin’s results 

We wish to acknowledge the help and co-operation 
of Dr Robert B Anderson, Department of Neurology, 
University of California Medical Center 

GEORGE L ErrMAN 
ENOCH CALLAWAY 
Langley-Porter Neuropsychiatric Institute, 
San Franeisco 22, California 
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No 46008 December 23, 1961 
- FORTHCOMING EVENTS 


Thursday, December 28 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
3pm —Sir Lawrence Bragg, FRS “Electricity” The One Hundred 
and Thirty-second Course of six lectures adapted to a Juvenile 
Auditory. Further lectures on December 30, January 2, 4, 6 and D) 


Thursday, December 28—Friday, December 29 


WORLD UNIVERSITY SERVICE (at B M A House, Tavistock Square, 
London, W C 1), at 1030 am on Thursday and 10am on Friday— 
Conference on “‘The Student and Mental Health" 


Friday, December 29 


ROYAL SoOILTY or ARTS (at John Adam Street, Adelphi, London, 
WC2), at 230 pm—Dr A D Booth ‘Machines that Think’ 
(Mann Lecture) 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or 
before the dates mentioned 

PHYSICIST (preferably with experience in isotope techniques, 
including autoradiography and physical methods for microanalysis) 
IN THE DEPARTMENT OF PREVENTIVE DENTISTRY, to engage 1n research 
into the mechanism of the action of fluorides in preventing dental 
caries, in co-operation with a research team including chemists and 
dental pathologists and histologists—Prof J J, Hardwick, Turner 
Dental School, The University, Manchester 13 (December 28). 

LIBRABIAN—The Secretarv, Umversity of East Angha, City Hall, 
Norwich, Norfolk (December $0) 

JUNIOR LEOTURER (interested 1n stratigraphy and sedimentation) 
IN GEOCLOGY—The Registrar, Trinity College, Dublm, Republic of 
Ireland (January 1) 

LECTURER or ASSISTANT LECTURER (medically or non-medically 
quahfled) IN THE DRPARTMENT OF HistoLogy—The Registrar, The 
University, Liverpool, quoting Ref No CV/5/2/N (Januarv 1) 

LECTURER IN APPLIED MATHEMATICS, to take charge of the Electronic 
Computation Laboratory-—The Registrar, University College, Singleton 
Park, Swansea (January 5) 

LECTURER (medically quahfied, and with special experience in 
histopathology) IN PaTHOLOGY-—The Registrar, Tmmity College, 
Dubhn, Republic of Ireland (January 15) 

LECTURER IN GEOLOGY (Mineralogy and Petrology) at the Untver- 
sity of New England, Australla—The Secretary, Association of 
Untversities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, 8 W1 (Australia and London, 
January 15) 

LECTURER IN MICROBIOLOGY IN THE DEPARTMENT OF AGRICULTURE, 
University of Sydney—The Secretary Association of Universities of 
the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (Australia and London, January 10) 

SENIOR LECTURERS (2) IN ANATOMY at the Univeraity of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S W1 (Austraha and London, January 19) 

ASSISTANT LECTURER IN BoTANY—The Registrar, The University, 
Manchester 13 (January 20) 

SENIOR LECTURER/LECTURER IN BACTERIOLOGY at the University 
College, Ibadan, Nigeria—The Secretary, Senate Committee on 
Colleges Overseas in Special Relation, University of London, Senate 
House, London, W C 1 (January 22) 

SENIOR LECTURERS or LECTURERS (with at least an honours degree 
or equivalent qualifications, with experience and research interests 
In pure mathematics) IN MATHEMATICS at the University of New 
South Wales—The Agent-General for New South Wales, 56-57 Strand, 
London, W C2, and The Appomtments Section, The University of 
New South Wales, Box 1, Post Office, Kensington, N S W , Australia 
{January 20) 

LECTURER IN ENGINEERING, for duties which will include teaching 
and research in applied mechamies and one or more of the usual civil 
engineering subjects—The Secretary, The University, Aberdeen 
(Januarv 81) 

LECTURER IN Paysics—The Registrar, The University, Aull 
(January 31) 

READER IN PHYSICS at the University of Western Australia— 
The Secretary, Association of Universities of the British Common- 
wealth (Branch Office,) Marlborough House, Pal Mall, London, 
SW 1 (Austraha and London, January 31) 

RESEARCH FELLOWS (2) IN HYDROBIOLOGY, to work on funda- 
mental problems in Lake Kariba at the Nuffield Karrba Research 
Station (University College of Rhodesia and Nyasaland)— The Secre- 
tary, Inter-University Council for Higher Education Overseas, 29 
Woburn Square, London, W C 1 (January 31) 

LECTURER (with special qualifications or experience in inorganic 
chemistry or in some branch bearing on inorganic chemistry) IN 
CHEMISTRY at the University of Canterbury—The Registrar, Univer- 
sity of Canterbury, PO Box 1471, Christchurch, New Zealand 
(February 28) 

ROBERT BLAIR FELLOWSHIP IN APPLIED SCIENCE AND TECHNOLOGY 
tenable for ene year of advanced study or research abroad—The 
EEN Officer (WA 14/N/3316/12), County Hall, London, SE 1 

arch 

ASSISTANT BIOCHEMIST, Basic grade (preferably holding the A RIC, 
the Grad Mem RIC or BSc (Hons) in chemistry), in. the Group 
Laboratory at Crumpsall Hospital—The Hospital Admunistrator, 
Crumpsall Hospital, Manchester 8 
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ASSISTANT EXPERIMENTAL OFFICER (with a pass degree, HNC, 
or equivalent, or, :f under 22, GCE "A" level, O N C or equivalent) 
IN THE CHEMISTRY DEPARTMENT, to help with research on the forms 
of combinations of magnesium, calcium and phosphate in cattle diete 
and ingesta, and on the development of the analytical methods used 
—The Secretary, National Institute for Research ın Dairying (Univer- 
sity of Reading), Shinfleld, Reading, quoting Ref 61/15 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree, HNC 
or equivalent, or, if under 22, GCE “A” level, I N C or equivalent) 
IN THE PHYSICS DEPARTMENT, for work on the flow and coagulation 
of blood—The Secretary, National Institute for Research in Dairying 
(University of Reading, Shinfleld, Reading, quoting Ref 61/19 

BRITISH PETROLEUM RESEARCH STUDENT (with experience in 
microblological techniques) IN THE DEPARTMENT OF CHEMICAL 
ENGINEERING, for research on the conversion of petroleum hydro- 
carbons into fatty acids—The Secretary, University College London, 
Gower Street, London, WC1 

GRADUATE ASSISTANTS IN BIOCHEMISTRY—Dean, Faculty of 
Graduate Studies, University of Alberta, Edmonton, Alberta, Canada 

HEAD OF THE SCIENCE DEPARTMENT, Hrap OF THE MATHE- 
MATIOS DEPARTMENT, and ASSISTANT MASTERS TO TEACH SCIENCE, 
MATHEMATICS AND BIOLOGY— The Secretary, Atlantic College (U.K ), 
Ltd , Denmark House, 71/72 Piccadilly, London, W 1 

PHYSICIST, for teaching and fundamental researeh— Head of the 
Department of Physics, Victoria College, Victoria, BC, Canada 

PHYSICS LABORATORY TECHNICIAN (man or woman, with experience 
of work in a teaching laboratorv}—The Secretary, Royal Holloway 
College, Englefield Green, Surrey 

PRINCIPAL LECTURER IN CLOTH MANUFACTURE AND APPLIED 
TESTING, a SENIOR LECTURER IN TEXTILE PHYSICS, with particular 
emphasis on the structure of natural and man-made fibres, a SENIOR 
LECTURER IN GENERAL TEXTILES AND TESTING METHODS, a SENIOR 
LECTURER IN DESIGN AND COLOUR, a LEOTURIR (physicist or mathe- 
matician) for statistical work 1n textile engmeering, and a LECTURER 
IN PHYSICAL CHEMISTRY, for the application of chemistry m textile 
procesne Ene Registrar, Bradford Institute of Technology, Brad- 
or 

PRINOIPAL VETERINARY RESEARCH OFFIOER (member of the Royal 
College of Veterinary Surgeons, or with an equivalent qualification) 
with the T'edera] Government of Nigeria—The Recruitment Attaché, 
Nigeria High Commission, 9 Northumberland Avenue, London, W C 2, 
quoting Ref Z 5/3 

SENIOR LECTURER IN AUTOMATIO CONTROL IN THE DEPARTMENT 
OF PRODUCTION TECHNOLOGY AND CONTROL XNGINEERING—The 
Secretary, Northampton College of Advanced Technology, St John 
Street, London, E C1 

SPECIALIST OFFICER (Plant Nematologist) (with a first- or second- 
class honours degree in natural science (botany or zoology) plus two 
years postgraduate experience) with the Federal Government of 
Nigeria—The Recrustment Attaché, Nigeria High Commission, 
9 Northumberland Avenue, London, WC2 quoting Ref B 16/2 


REPORTS and other PUBLICATIONS 


(not ?ncluded sn the monthly Books Supplement) 


Great Britain and Ireland 


Science or Sanity We Cannot Retain Both By Thomas Brennan 
Iba 5  (Roydon, Harlow Thomas Brennan, 7 Temple rri 
Society for Analytical Chemistry Monograph No 1 Methods for 
the Analysis of Non-soapy Detergents (NSD) Products By G F 
Longman and J Hilton Pp +30 (London Society for Analytical 
Chemistry, 1961 ) 15s. [410 

National Central Library 45th Annual Report of the Executive 
Committee, 1 March 1960 to 31 March 19601. Pp 24 (London 
National Central Library, 1961 ) [410 

Ministry of Agriculture, Fisheries and Food — National Agricultural 
Advisory Service Experrmental Husbandry Farms and Experimental 
Horticulture Stations—Progress Report 1961 Pp v+65+4 plates 
(London H.M Stationery Office, 1961) 4s net [410 

Universities Counc for Adult Education The Universities and 
Adult Education a Report prepared by a Working Party of the 
Universities Council for Adult Education Pp 32 (Bristol Mr W E 
FET Hon Secretary, Universities Counci for Adult Education, 1961 ) 


[410 
University Grants Committee Returns from Universitles and 
University Colleges in receipt of Treasury Grant, Academic Year 
1959-60 Pp 76 (Cmnd 1489) (London HWM Stationery Office, 
1901) 4s OG net 410 
West of Scotland Agricultural College Research Bulletin No 29 
Comparison of Production from Three Varieties of Tall Fescue and 
Three Varieties of Meadow Fescue By I V Hunt Pp 43 (Auchin- 
cruive, by Avr West of Scotland Agricultural College, 1061 ) 1s 
Titles of Dissertations approved for the Ph D, M Sc, and M Litt 
Degrees in the University of Cambridge during the Academical Year 
1560-1961 D v+23 (Cambridge Board of Research Studles, 
The University, 1961 ) [410 
Inperial College of Science and Technology (University of London) 
Calendar 1961-62 Pp xi+396 Prospectus, 1962-63 Pp vili--63 4-4 
thes (London Imperial College of Science and pou ^ 
196 
Society for the Promotion of Nature Reserves Handbook 1961 
Forty-fourth Annual Report, year ending 31st March, 1961. Pp 44+2 
plates (London Society for the Promotion of Nature Reserves, 
British Museum (Natural Historv), 1961 ) 10s [410 
Proceedings of the Royal Irish Academy. Vol 61, Section A, No 
8 Statistical Efficiency of Different Methods of Estimation of Co- 
efficients in a Very Simple System of Equations By R C Geary 
Pp 67-76 1s 6d Vol 61, Section B, No 14 The Lee Basın, Part 2 
The Dramage Pattern By S Farnngton Pp 233-254+plate 13 
28, 6d Vol 61, Section B, No 15 The Dalradian Successions and their 
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Relationship in the Churchill District of County Donegal By T. C R. 
Pulvertaft Pp 255—274--plate 14, 28 0d Vol 61, Section B, No 
16 The Effect of X-radiation on the Spermatogenesis of Petrobwus 
müritunus By R S Mathur Pp 275-282 1s (Dublin Hodges, 
Figgis and Co, Ltd, 1961 ) 410 

Colonial Office Fishery Publications, No 16 A Quantitative and 
Qualitative Study of some Indo-West-Pacific Plankton By J H 
Wickstead Pp 1v+200+5 plates (London HM Stationery SMe 


1961 ) 55s net [ 
Save the World's Wuldlife ERU 


The World Wildhfe Fund 
(London World Wildhfe Fund, 1901 ) 
Manchester Literary and Philosophical Society Memoirs and Pro- 


ceedings, Vol 103,196u-61 Pp 80-Fhu (Manchester Manchester 
Literary and Philosophical Society, 1961 ) 31s 0d [910 
Department of Scientific and Industrial Research National 


Physical Laboratory Notes on Applied Science No 24 Photometric 
Standards and the Unit of Light By J S Preston Pp i1v+32+4 
plates (London H M Stationery Office, 1901 ) 38 net [910 
Ministry of Agriculture, Fisheries and Food Fishery Investigations 
Series II, Vol XXIIT, No 3 On Fecundity and Larval Abundance 
of Downs Herrings By J P Bridger Pp i1+30 108 net Senes 
II, Vol XXIII, No 6 The Principles of Water Sterilisation by 
Ultra-violet Light, and the Application 1n the Purification of Oysters 
By P C Wood Pp iv+48+4 plates (London HM Stationery 
Office, 1961 ) [910 
British Broadcasting Corporation BBC Engineering Monograph 
No 38 Operational Research on Microphone and Studio Techniques 
in Stereophonv By D E L Shorter Pp 24 (London British 
Broadcasting Corporation, 1961 ) 5s [910 
Planning, Vol 27, No 455, (October, 1961) International Money 
and Capital Movements in Europe Pp 241-280 (London Political 
and Economic Planning, 1961) 4s $10 
Astronomical Contributions from the University of Manchester 
Senes III, No 79 Studies 1n Lunar Topography, VIII <A Catalogue 
of Measured Heights in the Regiomontanus and Hell Plain Regions 
of the Moon By Geoffrey Turner Pp 34 (2 plates) (Manchester 
The University, 1961 ) [910 
University of Sheffield Courses in Applied Mechanics, 1961-62 
Pp 8 (Sheffield The Untversity, 1961 ) [910 
Ciba (A RL), Limited Technical Notes No 225 Bonding and 
Sandwich Construction By E J Catchpole Pp 10 (Duxford 
Ciba (A R L ), Ltd , 1961 ) 910 
College of Advanced Technology, Birmingham Annual Report of 
the Principal, Session 1959-60 Pp 35 
Advanced Technology, 1961 ) [910 
International Journal of Machine Tool Design and Research, Vol 
1, Nos 1/2, (September 1961) Pp 172 Annual subscription rates 
(A) For hbraries, government establishments, research laboratories, 
ete 10 guineas (30 dollars), (B) For individuals who place their 
order directly with the publisher and certify that the journal {s for their 
personal use 3 guineas (10 dollars) (London and New York Pergamon 
Press, 1961 ) [910 


Scottish Society of the History of Medicine Report of Proceedings, 
Session 1960-61 Pp 36--2 plates (Edinburgh Scottish Society 
of the History of Medicine, 1961 ) [910 

Short Guide to the Border Forest Park Pp 8. (London HM 
Stationery Office, 1061 ) 6d net [910 

Forestry Commission Report on Forest Research for the year 
ended March 1960, Pp vhi--203 (London HM Stationery Office, 
1901) 12s net. [910 

General Register Office The Registrar General's quarterly return 
for England and Wales—PBirths, Deaths and Marriages, Infectious 
Diseases, Weather, Population Estimates, quarter ended 30th 
June, 1961, (2nd quarter 1961) Pp 23 (London HM Stationery 
Office, 1901 ) 28 6d net (910 

Third Report from the Committee of Public Accounts, Session 
an Pp 40 (London HM Stationery Office, HOD MIO 
net. 

Kodak Limited Kodak Wratten Filters and other filters manu- 
factured by Kodak Limited, London Second edition Pp 90. (London 
Kodak Limited, 1961 ) [1110 

Memoirs of the British Astronomical Association Radio-Electronics 

Section Vol 39, No 2, (August 1961) Artificial Earth Satellites 


Compiled and edited by J Heywood Pp vili+160 (Hounslow West, 
Mddx. British Astronomical Association, 1961 ) 208. , 3 dollars [1110 


Other Countries 


Institutt for Atomenergi Kjeller, near Lillestrom, Norway—Des- 
eriptive Brochure Pp 20  (Kjeller, near Lillestrom — Institutt for 
Atomenergi, 1961 ) [410 

National Science Foundation, Washington, D C Surveys of Science 
Resources Series, NSF 61-32 Funds for Research and Development 
im Industry, 1958 Pp xvi--119, (Washington, DC Government 
Printing Office, 1961 ) 65 cents s [410 

Die Geschlechtshormone Bildenden Elerstockgeschwulste Klinische 


und Pathologische Beobachtungen, Von Antal Jakobovits (Studia 
Medwina Szegedwnenswt, Tomus 1, Fasciculus 1) Pp 82 (Szeged 
The University, 1961 ) 410 


f 

Commonwealth of Austraha Thirteenth Annual Report of the 
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POLITICS AND EDUCATION IN GHANA 


ECENTLY, three Cabinet Mmusters of Ghana— 
Mr. Adamafio, Mimster of Information and 

Broadcasting, Mr Duwuona-Hammond, Minister of 
Education, end Mr Boateng, Minister of the Interior 
—have issued warnings to the students of Ghana's 
two Universities concerning their “arrogance and 
anti-State activities" which, so the Ministers declare, 
have been mnherited “from a colonial past". We 
beleve that anyone, student or otherwise, who 
indulges im serious anti-State activities should 
be warned and, if necessary, punished; but there 
is all the difference between anti-State activity 
and open opposition to the political pohey of 
those m power—at any rate ma democracy More- 
over, to accuse the students, or anyone else, of 
airogance strikes one as bemg somewhat naive— 
even childish 

Recently, Osagyefo Dr Kwame Nkrumah, Presi- 
dent of the State of Ghana, was mstalled as Chancellor 
of the University of Ghana, near Accra, and on 
November 29 he was also installed as Chancellor of 
the Kwame Nkrumah University of Science and 
Technology at Kumasi We understand there was an 
obvious lack of enthusiasm among the students 
during both these ceremonies, which angered the 
President Though one cannot conceive of such 
resentment being demonstrated in such countries as 
the United States or Great Brita, the President’s 
annoyance can be readily understood, though to 
appoint one and the same man as Chancellor of the 
only two Univeisities m a country 18 unique and 
risky, and in this case the objective seems very 
clear, 1t bodes ill for any semblance of autonomy in 
either University 

Wearing of academic gowns has been banned, and 
apparently stern measures, including the dismissal 
of some lecturers known to be “instillmg in ther 
students an attitude of disrespect for the President", 
are to be taken The first policy strikes one as being 
absurd, and seems to be aimed against any attempt to 
follow the custom of many universities m the more 
highly developed countries The second decision is 
more serious Students are notoriously interested in 
politics, and are surely old enough to think for them- 
selves, which 1s the very basis of a university educa- 
tion. It 1s a student’s responsibility to thmk, but 
if as a result of such thinking he threatens to be a 
bad citizen, then he should be dealt with accordingly 
by his immediate superiors, that 1s, the university 
authorities and not those outside the university who 
enjoy political power 

All three Ministers have threatened that any 
students who “misbehave would be thrown out”. 
This warning, too, should come from the university 
authorities and not from the State This appears to be 
an intolerable position for any university, for 1t seems 
that those responsible for the running and develop- 
ment of the university are to be deprived of an impor- 
tant part of them academic responsibility. It should 


be they, and only they, who should take to task them 
students for breaches of university discipline (melud- 
ing, 1f necessary, expulsion) and not any outsider, not 
even a Minister of State 

The Minister of Information and Broadca sting m 
Ghana has announced that from now on the Council 
of the University of Science and Technology will be 
directed by the Government in the runnmg of that 
institution so that the Government “might turn out 
men and women who have unflinching loyalty to the 
office and person of President Nkrumah”. If this 1s 
to be taken hterally, 16 savours too much of undesir- 
able dictatorship This alarmmg statement imphes 
at least three conditions (1) appomtments to the 
staff must mect with the approval of the Government 
in power, (2) entry of students to that University 
will be conditional on (among other things) political 
grounds, (3) the University staff and their authority 
and the students will be subject to the whims and 
fancies of the Government 

There can be no autonomy m such an institution, 
no freedom of thought, expression and action, no 
development of democratic ideals In fact, if the 
threats and warnings made by certam Ministers of 
State in Ghana are carried out, the University of 
Ghana, and certainly the University of Science and 
Technology, will not be universities at all 

On December 4, Mr Duwuona-Hammond, the 
Minister of Education, addressed three hundred 
Ghana, school teachers and told them that they must 
show loyalty to “the ideals of the State and of its 
chief architect, President Nkrumah” He proceeded 
to say “Nobody resents fair comment, but sys- 
tematic, spiteful and wresponsible criticism calculated 
to undermine the Government cannot be accepted as 
sincere teaching" The second statement would be 
acceptable to all educationists, but ıt will be 
understandable, in view of the first statement, if 
they suspect why ıt was made 

Ghana 18 an emergent country It has fairly and 
justifiably won itsindependence But ıt has yet much 
to learn, and dung the past few decades the Univer- 
sity of Ghana has been learnmg and developing with 
the help of academic men and women from the world’s 
older universities—especially those of Great Britain 
In Britain, the unrversities are proud of their 
autonomy and guard it with justifiable jealousy, 
though, 1n spite of the fact that they are increasmgly 
dependent on State funds, they suffer no threat of 
State imterference m the way they are conducted 
and the manner m which they train ther students. 
Moreover, much to their credit, successive Govern- 
ments have shown no tendency to influence the 
universities so far as policy 1s concerned In fact, 
university students are encouraged to thmk for 
themselves, and, within reason, are entitled to their 
own political views and to express their opinions of 
Government and others m pohtical power. Ghana 
would be wise to take note of this 
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ELECTRON MICROSCOPY 


Proceedings of the European Regional Conference 
on Electron Microscopy 

Delft, 1960 Edited by A L Houwink and B J 

Spit Vol I Pp 1-xvi+ 1-608 Vol 2 Pp xvu- 

xxvi + 609-1075 (Delft: Nederlandse Verenigmg 

voor Electronenmucroscopie, 1961) 135 florms the 

two volumes 


T. 1$ very appropriate that the 1960 Regional 
Conference on Electron Microscopy should have 
been held at Delft, as was the first Conference in 1949 
Delft ıs ın a very real sense the birthplace of miero- 
scopy, and ıb 1s a fitting tribute to Antony von 
Leeuwenhoek, possibly the most acute of all muero- 
scopists, and a happy gesture that the covers of these 
two volumes should be mmpressed with an image of 
one of his microscopes The twelve years which have 
elapsed since the first Conference have witnessed 
spectacular advances ın this newer form of micro- 
scopy, both m technique and m the number of workers 
using the instrument It could scarcely have been 
umagined, for example, that stemming from the first 
wtia-thm section demonstrated at Delft by 
Bretéschneider m 1949, the use of sectioning for 
electron microscopy would by 1960 have become so 
routine & matter as to be m regular use in & multitude 
of electron microscope laboratories Indeed, what 
tmpresses the reader of these volumes the most 18 both 
the range of materials which can be examined by this 
means and the extremely rapid, even explosive, burst 
of interest developed during these few years 

The books comprise reports of 246 articles presented 
at the Conference, copiously illustrated by electron 
micrographs They are not therefore intended to be 
read, ın the sense that text-books are read, but rather 
to be used as works of reference The first volume, 
contamung 138 articles, deals m the main with 
instrumentation, including an article on specimen 
techniques, with crystal physics and with metallurgi- 
cal and other industrial applications The second, of 
108 articles, 1s devoted exclusively to biology The 
leading article in Volume 1 deals with electron optics, 
leading naturally to a discussion of developments both 
m electron micioscopes and ın methods of use The 
articles on solid-state physics (mceludmg crystal 
growth and lattice defects) aro perhaps especially 
notable In Volume 2 the cytology of muscle, skin, 
bone, sense organs, spermatozoids, and viruses all 
receive due attention It 18 somewhat disappointing 
to see that while animal cytology 18 16presented by a 
hundred articles, plant cytology accounts for only 
elght 

These two books together cover much of the field 
as explored in 1960 Even a cursory glance through 
the list of contents, however, reveals the absence of 
some names already famous in the field of electron 
mucroscopy and some lmes of research, both well 
established and developing, which are not represented 
This 1s clearly a fault nerther of the organizers of the 
Conference nor of the editors, and explanation is 
surely to be sought on other and more fundamental 
lines One contributory factor 1s that conferences on 
electron microscopy by their very nature meet only 
part of the needs of electron muicroscopists Few 
workers are specifically interested m the instrument 
itself or even in their own electron micrographs alone 
Rather are they interested in the results of electron 
mieroscopy as illummatmg their own chosen fields 
and as contributing to the solution of problems often 
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already stated before the advent of this new tech- 
nigue and of miterest also to non-mucroscopists 
They therefore both receive and confer more benofit 
by discussions ın conferences arranged by their own 
professional bodies, before audiences acquainted with 
and sympathetic to their problems, than by reports 
to those with whom the only interest m common is 
the instrument itself While 16 1s clearly satisfactory 
to electron mucroscopists that they should form 
societies, and hold symposia which attract large 
numbers of artieles, and while 1$ 1s clearly desirable 
that electron microscopists should meet from time 
to time, ıb 18 not self-evident that tho best interests 
of the separate sciences are achieved ın ths 
way 

The books are beautifully produced on excellent 
paper and the illustrations could in most cases 
scarcely have been better Bibhographies are attached 
to each article, and each volume carries a complete 
author index Both the publishers and the editors 
are to be complimented on this work It 1s notable, 
moreover, that ın these days of pubheation delays, 
the books have appeared in less than one year from 
the date of the Conference, it 1s not easy to see how 
this herculean task has been performed and the 
editors are to be highly commended on 1t 

Anyone who wishes to acquaint himself with the 
situation in electron microscopy up to 1960 could do 
no better than to read these two volumes. 

R D Preston 


FLORA OF THE ZAMBEZI BASIN 


Flora Zambesiaca 

Mozambique, Federation of Rhodesia and N yasaland, 
Bechuanaland Protectorate, Vol 1, Part 2 Edited by 
A W ExellandH Wild Pp v1+337-581 (London 

Crown Agents for Oversea Governments and Admunis- 
trations, 1961 Published on behalf of the Govern- 
ments of Portugal, The Federation of Rhodesia and 
Nyasaland, and the United Kingdom ) 25s 


HE second part of the first volume of Flora 

Zambesiaca has made its welcome appearance 
The part completes Volume 1, for which an mdex and 
title-page are provided It covers the flowering plants 
from family 21, Caryophyllaceae to family 30, 
Sterculaceae arranged in the Bentham and Hooker 
sequence The jot editors are Mr A W Exell of 
the British Museum (Natural History) and Dr H 
Wild of the Fedoral Herbarium, Salsbury, Southern 
Rhodesia This part, as 1n the case of the first part, 
18 an excellent example of botanical co-operation, for 
16 contains contributions by botanists working at the 
British Museum (Natural History), the Federal 
Herbarium, Salisbury, Southern Rhodesia, the Botan- 
ical Laboratory of the Fiee University, Brussels, the 
National Herbarium, Pretoria, and the Royal Botanic 
Gaidens, Kew, while the Portuguese Government 18 
represented both on the Managing Committee and 
the editorial board of this Flora ‘The Flora covers 
the Federation of Rhodesia and Nyasaland, Mozam- 
bique and Bechuanaland Protectorate The part 
under review contains accounts of 10 families, consist- 
ing of 55 genera and 265 species The largest family 1s 
the Malvaceae with 16 genera and 111 species m tho 
area, while the smallest 1s the Theaceae with one 
monotypic genus Fcalhoa, alone The plants included 
range from small annual herbs with meonspicuous 
flowers such as Berga (in tho Elatinaceae) to large 
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forest trees, 30 m high, such as Sterculia submolacea 
(m the Sterculaceae), and the massive baobab, 
known scientifically as Adansonia digitata (m the 
Bombacaceae), so familiar to travellers in the drier 
parts of eastern and southern Africa 

The diagnostic keys, provided to distmguish the 
genera, species and in some cases the varieties, show 
signs of having been carefully prepared, and should 
be of great assistance to the user The 46 plates, 
drawn by eight different artists, are of a high standard 
and add greatly to the helpfulness of the book, while 
the coloured frontispiece, depicting Hibiscus rhodan- 
thus, 18 & pleasing addition 

The treatments adopted are in some cases interest- 
ing The Hypericaceae merged with the tropical 
famuy Guttiferae will surprise botanists familar with 
the temperate genus Hypericum alone The placing 
of F^calhoa in the Theaceae is now rather widely 
supported, as one has long felt unhappy about its 
being in the Ericaceae The acceptance of the 
Tilecebiaceae as a family distinct from Caryophyl- 
laceae shows how much the personal opmions of 
botanists enter into taxonomic decisions Only 
recently, in another African regional Flora, these two 
famihes were treated as one 

At the generic level, Hibiscus esculentus, the young 
fruits of which are the well-known tropical vegetable 
okra, 18 placed ın the genus Abelmoschus, while the 
tree widely spread throughout the area and hitherto 
known as Thespesia gairckeana finds itself in the 
unfamihar genus Azanza 

When one comes to species, one finds that a more 
conservative view has been taken, and a number of 
familar names appear in synonymy ‘This tendency 
to accept a broader view of a species 18 very welcome 
and can at least partly be attributed to the taxonom- 
ists knowing the plants in the field and learning at 
first hand how greatly climatic, seasonal and edaphic 
conditions can modify them It will undoubtedly 
make the Flora easier for the public to use 

The production ıs excellent, and the authors 
and editors are to be congratulated on the high 
standard of this much-needed work 

E Mitne-REDHEAD 
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A BOTANICAL PANOPTICON 


A New Illustrated British Flora 

By Dr Roger W. Butcher Part 1 Lycopodiaceae 
to Salcaceae Pp vii+1016 (London Leonard 
Hill (Books), Ltd , 1961) 84s net 


HERE was a time when every aspiring student of 

British plants first groped his way through 
“Bentham and Hooker" and then, with growing 
confidence, broached the more esoteric contents of 
‘Butcher and Strudwick’” The fact that ıt was 
generally considered unnecessary to mention the 
precise titles of either work was proof not only of the 
general popularity of the Handbook of the British 
Flora and Further Illustrations of British Plants, but 
also of the almost legendary fame of their respective 
authors Dr Butcher showed keen psychological 
insight ın naming his book Further Illustrations, for, 
to be quite honest, most begmners and amateurs 
valued pictures more highly than text, and many 
professional botamsts, now ageing and erudite, 
would, under pressure, confess that ıt was the genius 
of Walter Fitch and the urbane lucidity of Florence 
Strudwick, rather than the arid exactitudes of botani- 
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cal prose that guided their first steps along the rocky 
road of taxonomy 

Is the same true nowadays ? Do young naturalists 
still turn to Fitch and Strudwick for assistance? Or 
has modern youth mherited such bumps of scientific 
understanding that ıt can ımbıbe Clapham, Tutin 
and Warburg as mother’s milk and advance to 
erudition via chromosomes and histograms’ I do not 
think so—nor evidently does Dr Butcher—for his 
New Illustrated British Flora differs in no material 
respect from his earher book on British plants It ıs 
Luther Illustrations expanded to include the entire 
range of native British phanerogams and vascular 
cryptogams, as well as many of the more widely 
established colonists, denizens and aliens Almost 
the only concession to the ‘new look’ in British botany 
is the departure fiom the Bentham and Hooker 
sequence of families in favour of the Clapham, Tutin 
and Warburg scheme, and even here Dr Butcher 
accepts the latest of phylogenetic vagaries with such 
il-eoneealed reluctance that one wonders what 
irresistible forces compelled him to take this 
course 

The sad fact that Florence Strudwick did not live 
to piepare the illustrations for this new work has 
resulted ın a loss of uniformity ın the style and quality, 
of the illustrations, though 1t should be added that at 
least two of the ten artists employed have attamed 
Miss Strudwick’s immaculate clarity and firmness of 
line, and that, on the whole, the 885 drawings 1n this 
first volume are perfectly satisfactory The same, 
alas, cannot be said for the reproduction, perhaps m 
the case of those drawings transferred from Further 
Illustrations because the blocks have deteriorated 
with age, but less easily explained ın other cases Too 
many of the illustrations, at least 1n the review copy, 
are unduly black and murky, while a few are pallid to 
the pomt of anwmia Something has surely gone 
wrong with Equisetum hyemale (Fig 10) which, to 
judge from the scale, appears to be more slender than 
E trachyodon (Fig 11)—or should the illustrations be 
interchanged.’ The flowers of Barbarea vulgaris (Fig 
209) also appear considerably larger than those 
of B verna (Fig 212), which 38 neither in 
accordance with the facts nor with the accompanying 
legends 

Such minor slips and blemishes are, however, 
virtually mevitable m. a detailed work of this magni- 
tude It1is more general matters, such as the author's 
choice of subjects for 1nclusion ın the volume, that are 
likely to intrigue the eritics Of course one recognizes 
the futility of wasting space on every fleeting casual 
and rubbish-tip waif that postures as a British plant, 
but ıt 18 difficult to follow the logic which admits 
Hypericum canadense and excludes Ce: astvum brachy- 
petalum, which allows Viola kitarbelcana and disallows 
Ranunculus muricatus, and when one comes to 
scrutinize the so-called ‘critical groups’, even the 
most sanguine must begin to despair Are there 
really ten species of Thalectrum m Britam—or for that 
matter six (or seven) Cochlearzas? It would be unfair 
to expect Dr Butcher to solve, at one blow, all the 
problems which have overtaxed the mental equipment 
of generations of taxonomists, but one cannot help 
feeling that 1f these, and a hundred simlar problems in 
Juniperus, Caltha, Enophila, Arabis. Viola, Polygala, 
Sagiuna, Salwornwa, etc, were to be given serious 
attention, not by one botanist, but by & group of 
botanists, prepared to follow up every possible clue, 
then elucidation would follow Perhaps not, for 1t may 
be that our whole system of taxonomy and nomen- 
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clature 1s too crude and static to encompass the 
restless mutatings of hving things, but at least the 
effort would be praiseworthy. Besides, ıb 1s demoi1al- 
izing for any scientist to have to keep on repeating 
what he does not wholly believe 

It 1s sad to find that Dr Butcher has Joined forces 
with those who require & popular name for every 
unpopular plant one senses political undertones in 
‘Red German Catchfly’ (Lychnis viscarza), redressed 
perhaps by the fact that Rumex orientals has escaped 
to become the ‘Western Dock’ and—341t was bound to 
happen sooner or later—one blushes at the frankly 
clinical implications of Dickie’s Bladder Fern How 
fortunate that Cystopteris dickieana 1s such a very 
rare plant ! 

Finally, ıt must be pomted out that the Achlamy- 
deae, Group VI (p 37) m the mammoth identification 
key, do not have “both calyx and corolla present” 

R. D MEIKLE 


THE MITES AND TONGUE-WORMS 
OF AFRICAN VERTEBRATES 


The Arthropod Parasites of Vertebrates in Africa 
South of the Sahara, (Ethiopian Region) 

Vol 1 (Chelicerata) Edited by F. Zumpt  (Pub- 

heations of the South African Institute for Medical 

Research, No 1, Vol 9. Pp vi4-457  (Johannes- 

burg South African Institute for Medical Research, 

1961) R 600 


HE “onlie begetter’’ of this handsome volume was 

undoubtedly the Check List of the late G A H 
Bedford, published durmg 1927-36, a fact which 
is acknowledged in the first sentence of its mtro- 
duction, 1t would perhaps have added a further touch 
of graciousness if ıt had been made clear that the 
very form of the present compilation 1s that maugur- 
ated by Bedford—keys, figures, method of specific 
citation, sections, notes and even the general typo- 
graphy | Bedford's achievement was a great one, 
and to admit ıt to be so does not in the least 
diminish one’s admiration for the extreme care and 
competence of all the authors of this, Bedford’s 
successor 

Three decades of research in this field have m- 
creased the numerical total of Bedford’s Check Last 
many times and the present volume adds numerous 
new and excellent figures and completely new keys 
The extreme care which has been taken by all the 
authors can be seen in the treatment of ‘difficult’ 
genera, for example, Haemolaelaps A conservative 
systematics 18 evident everywhere, and 1f some acaro- 
logists feel that occasionally this conservative con- 
straint may obscure some important relationships (as 
in some feather-mite genera), none, at least on the 
eastern side of the Atlantic, but will welcome the 
consequently rational treatment such as 1s accorded 
the Trombiculidae, in which family the fluidity of 
present-day generic concepts ıs frankly recognized 
and reflected. 

The general introductory discussion of arthropod 
parasitism is succinct and reliable, and, within the 
obviously set limits which have been imposed, gives 
a useful survey of the subject for the purposes of the 
general student, but ıb leaves unanswered, of course, 
several problems such as why, for example, there are 
different patterns ın the reduction of the biological 
cycle of the Acari. In this connexion ıt might be 
mentioned that the extremely complicated matter of 
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the evolution of parasitism in the Trombidiformes 1s 
clearly if rapidly sketched, but one imagines that 
there will be several workers who wil share my 
resistance to the suggestion that the Ereynetidae 
have evolved from “Trombicula-like”’ ancestors. 

It seems ungrateful, given here so much, to ask 
more, but one could have wished for a system of 
cross-1eferences between the bibliographical citations 
and, the records This would have made for easy 
validation of the latter, and although the specialist 
can perhaps often make an intelligent guess, the 
non-specialist has the labour of working systematic- 
ally through all the entries Optat ephippia bos 
piger, opiat arme caballus F A TURK 


FIFTY YEARS OF STEDMAN 


Stedman’s Medical Dictionary 

Twentieth edition, completely revised Pp xlvn4- 
1680--31 plates (London  Baullere, Tindall and 
Cox, Ltd , 1961) 110s 


NY published work which has run into its 

twentieth edition has proved its worth In 1911, 
Thomas Lathrop Stedman compiled the first edition 
of his medical dictionary which, compared with the 
latest, was relatively so simple that he needed no 
collaborators. 

When the present work was projected, a team of 
experts in the various phases of medical lexicography 
was brought together to act not as advisory con- 
sultants but as working partners These twenty-three 
consulting editors include such names as Prof A I 
Lansing, C D Leake, and N B Taylor, and are 
supported by outstanding colleagues in the fields of 
dentistry and pharmacology Together they have 
scrutimzed each entry in the nineteenth edition, 
re-defined many thousands of them and inserted a 
vast number of new ones Each entry carries with 
it, 1f necessary, a reference to the appropriate anatomi- 
eal or pharmacological nomenclature, while tables 
are used for many sorts of entries, for example, 
methods, operations, diseases, anatomical structures 
and pharmacological terms 

One difference between this and other modical 
dictionaries 18 that 16 carries many dental terms, the 
volume will be equally useful to dental practitioners 
and studonts as to members of the medical profession 
Many entries also relate to vetermary science 
Obsolete words and expressions, duplications and 
repetitions have been eliminated while terms relating 
to botany, homceopathy, eclectic medicme, lıfe 
Insurance and electricity aio also omitted unless they 
have medical applications 

Such wholesale alteration has meant a resetting of 
the entire work The publishers have consequently 
used a new type face and arrangement which make the 
entries much easier to find and read The pages are 
larger and there are many more of them Pronuncia- 
tions are given only where the editors consider Eng- 
lish-speakmg readers might have difficulties With 
the vastly improved illustrations, the high-quahty 
paper and the sturdy bmdmg, Stedman’s Medical 
Dictionary m. 1ts twentieth edition is so new that it 
resembles the first one only m bearing the namo of 
Stedman Although prepared in the United States, 
the producers had all English-speakmg readers in 
mind during the production and the dictionary can 
be recommended to all who read English as remark- 
able value for money K M HAWKINS 
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Handbuch der Papierchromatographie 
Herausgegeben von I M Hais und K Macek Band 
2 Bibhographie und Anwendungen Pp xxiv 4-726 
(Jena Gustav Fischer Verlag, 1960) 44 DM 


N their mtroduction, the editors state that as it 
was difficult to imcorporate a comprehensive 
bibhography on paper chromatography in their first 
volume on principles and techniques, they decided 
to do this separately m a second volume This book 
contams more than 10,000 references (about four 
times as many as m Volume 1) and the arrangement 
follows roughly the same pattern as that of the subject- 
matter of the first volume. The references cover the 
period up to 1956, each 18 numbered and each title 1s 
given in full if the original language is Enghsh, 
French or German, otherwise the English or German 
translations as they occur in the recognized abstracts 
in these languages are given The literature 1s covered 
very thoroughly, and there 1s probably no publication 
of any rmportance or interest about fundamentals or 
applications which has been missed The systematic 
sectional arrangement, cross-references and compre- 
hensive indexes of subjects and authors make for easy 
location of references to any desired topic in which 

paper chromatography has played a part ^ 

R CONSDEN 


Précis de Climatologie 
Par Prof Ch P Péguy Pp 1v+348+3 planches 
(Paris Masson et Cie, 1961) Broché 42 NF, 
Cartonne toile 52 NF 


HE studies on various aspects of physical 
geography and related sciences published since 
1958 by Masson et Cie have gained wide acceptance 
as soundly based, timely and authoritative and the 
Précis de Clomatologie maintains well the standards 
set by earher volumes of the series Prof Péguy 
approaches his topic on a global scale, and :s also 
actively concerned to demonstrate the practical 
applications of climate and weather to human and 
vegetal hfe His method 1s first to discuss the elemen- 
tary physical prmeiples involved in climate: atmos- 
pheric radiation and circulation, temperature, hum- 
idity, and air mass characteristics, then to show the 
interrelations of these elements both on a local scale 
and for Earth as a whole; and next, to consider the 
effects of these elements on sors, and plant and 
animal life (especially human) Lastly, present-day 
theories are reviewed with, on occasion, evaluation 
by the author of differing approaches to a particular 
problem—for example, by Sorre and Koppen in the 
matter of thermal zones 
This treatment has the important advantage of 
subordinating theory and basic princrples to inter- 
relationships and effects within the natural environ- 
ment, and thus Prof Péguy’s study 1s useful not only 
for geographers but also for the agronomust, botanist, 
planner and engineer concerned with problems of 
land development Recent advances and trends 
within the subject can be treated at some length as a 
logical culmmation frontal and air-mass analysis, 
evapo-transpiration, rainfall dispersion, intensity, 
and efficacy, and the concept of water-budgets 
There are also sections on climate classification and 
fractuation 
With such an appioach there can, however, be con- 
siderable risk of over-simplification and superficiality, 
especially when alhed to a concise, near-didactic 
style of presentation ‘This the author in general 
avoids, due to extensive use of numerical examples, 
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graphs, and a rigid statistical treatment of material 
Too often in climatological treatises there is an 
insufficient factual basis—this 1s by no means the case 
here although m one or two rare instances (for 
example, treatment of geostrophic forces and discus- 
sion of frontal surfaces) greater detail and clarity 
might have been attained One might also have 
expected more than four pages on micro- and local- 
climates, especially in view of the exhaustive discus- 
sion of such matters as angle of incidence of the solar 
beam 

These, however, are very small matters when viewed 
alongside the many and solid merits of Prof Péguy’s 
work Here m one volume we have a spread of 
modern climatological topics so far not biought 
together (at least in English), with a wide range of 
examples from the work of research workers both in 
Europe and America, completed m many instances 
by a review of future research possibilities The work 
18 a distinct advance in the subject, and 1s a demons- 
tration of geographical techniques apphed soundly 
to scientific material W B FISHER 


Wunderwelt Kakteen 
Von Curt Backeberg Pp 242 (176 Abbildungen) 
(Jena Gustav Fischer Verlag, 1961) 1950 DM 


HIS 18 one of the most entertamung books that 
the reviewer has read for a very long time Dr. 

Backeberg 1s possibly the world's foremost authority 
on the classification of the Cactaceae and has pub- 
lished six large volumes on the taxonomy of the 
numerous species, magnificently illustrated and con- 
taming a wealth of critical judgment But Di 
Backeberg 1s not concerned with taxonomy in the 
book that les before us Here we are introduced to 
the Cactaceae, not in the arid fashion of a botanical 
treatise, but most entertamingly to what he calls the 
“nuracle world" of these extraordinary plants The 
first miracle 18 how they manage to. exist in some 
of the most arid and inhospibable parts of the 
Earth The second miracle 18 the amazing variety of 
shape, size and characteristics developed <A glance 
at the family members shows that m size the species 
vary from huge specimens of several tons weight 
to mmute marble-size prickly spheres, m shape they 
may be cylindrical, spherical, erect, simple or 
branched, the surface may be smooth, wavy or 
furrowed, with or without a fearsome armament of 
spines, the flowers, whether large or small, mght- or 
day-flowering, are, by any standards, beautiful, the 
flesh of some species yields food and drink, and the 
notorious drug mescalin can be obtamed from 
another 

Many additional uses are mentioned, one macabre, 
some utilitarian, some humorous The Aztecs 
slaughtered their human sacrifices on a bed made from 
the cut stems of one of the larger specimens The 
frame-work of a hut can be made from the stems of 
other species ‘Cactus fiends” in California decorate 
their clothing with cacti while ‘‘Miss Cactus” wears a 
spiny crown These prickly plants are a boon to the 
caricaturist, for the man. who sat down on s cactus 
ean scaicely fail to raise a smile Romanticists 
have even written poetry about them, and such 
is their attraction that “out and out" fiends will 
even descend to barefaced theft to acquire & rare 
specimen 

The book ıs beautifully illustrated, beautifully 
printed, a credit to Dr Backeberg and, let us add, 
worthy of the Cactaceae N L Bor 
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^ — SMITHSON TENNANT, 1761-1815 


By Dr. A. E. WALES 
Principal, Burnley Municipal College 


MITHSON TENNANT was born at Selby, 

Yorkshire, on November 30, 1761, and christened 
m the Abbey Church there on December 3 His 
father, the Rev Calvert Tennant, was the younger 
son of Edward Tennant of Mount Parke Farm, 
Wensley, and a Fellow of St John’s College, Cam- 
bridge Huis mother was Mary, the only surviving 
daughter of William Daunt, apothecary of Selby 
The Rev Calvert Tennant’s sister, Alice, married 
George Dinsdale of Nappa Hall, Wensleydale, and 
her daughter Alce married Christopher Pryme 
of Hull The son of this marriage was George Pryme 
(1781-1868), who held the professorship of political 
economy at Cambridge, while Tennant was the 
professor of chemistry there (1813-15) 

Tennant lost his father when he was ten years old, 
and his mother, by & fall from her horse while they 
were out riding m 1781, when he was twenty Durmg 
the intervening period, he attended the grammar 
schools of Scorton, Tadcaster and Beverley, in all 
of which he was fortunate to come under the influence 
of progressive and enlightened headmasters It was 
during this period that the foundations of his later 
life as a natural philosopher were laid, for m addition 
to a good grounding m the classics, mathematics and 
French, the early mterest m science which resulted 
from studyimg his grandfather Daunt’s books was 
further encouraged by attendance ın Tadcaster at the 
lecture of a Mr Walker, an itinerant lecturer on popu- 
lar science, and by the full use which he made of the 
excellent library at Beverley Grammar School, in 
which he found and eagerly studied a copy of Newton’s 
Treatise on Optics. 

His mother encouraged his growing love for science, 
and m 1781 plans were made for him to live as a 
pupil with Joseph Priestley These, however, fell 
through and instead, just after his mother’s fatal 
accident, Tennant entered the University of Edin- 
burgh ostensibly as a medical student, but m reality 
so that he could study chemistry under Black His 
notebooks of Black’s lectures on chemustry, those of 
Munro Secundus on anatomy and surgery, and of 
Walker on natural history are still m existence At 
Edinburgh, Tennant came mto mtımate relationship 
not only with Black but also with Hutton the 
geologist, Playfair the mathematician and Webb 
Seymour and his friends, the Horners, and 1$ may be 
that Tennant performed experiments under the 
direction of Black and Hutton designed to support 
the latter’s theory of rock formation Tennant’s 
stay m Edinburgh and especially his close association 
with Black profoundly influenced his attitude to 
science, confirmmg him in his choice of chemistry 
as the sphere of his life’s work and leading him to 
accompany Black about 1790 as among the very first 
British scientists to accept m full the mmplieations 
of the antiphlogistic theory. 

Tennant left Edmburgh in 1781 and entered the 
University of Cambridge, again as a medical student, 
first as a pensioner at Christ’s College and then, m 
1782, as a Fellow Commoner of Emmanuel College 
In an age when Fellow Commoners were noted more 
for their profligacy than for studious habits, Tennant’s 
dedication to the pursuit of scientific Inquiry 18 out- 


standing, especially as he was now mn complete control 
of his own fortunes Tennant’s close friends at 
Cambridge meluded Sir Busick Harwood, who 
occupied the chair of anatomy during 1785-1814 and 
was Downing professor of medicme durmg 1800-14, 
Isaac Milner, who became the first Jacksonian pro- 
fessor 1n 1793 and to whom Tennant lent his notes of 
Black’s lectures on chemistry, Dr Edward Waring, the 
Lucasian. professor of mathematics, Whitehall White- 
hall Davies, a close family friend of his boyhood, 
Thomas Smith, later of Easton Grey~and friend of 
Ricardo and Malthus and John Whishaw. later the 
“Pope of Holland House", confidant of the most 
influential of Whig politicians and Tennant’s lfe- 
long correspondent Both Mulner and Waring 
sponsored his election to the fellowship of the Royal 
Society in 1785 when he was twenty-four, and all 
of thom remained his close friends throughout his 
lfe In 1788, he “kept his Acts" for the degree of 
M B , and a historian of the period who knew him in 
College remarks that this Act and that for his M D. 
in 1796 were ‘‘of the highest order though marked by 
great eccentricity” 

In addition to his preoccupation with items of 
chemical research, Tennant, while at Cambridge, 
began his foreign travels In 1784 he visited Den- 
mark and Sw eden with the object of becoming person- 
ally acquainted with Scheele, Gahn and Berzelius. 
The visit stimulated his mterest in geology and 
mineralogy, especially as he learnt fiom Gahn the 
use of the blowpipe in mineral analysis and soon 
became an acknowledged expert In 1786 he paid a 
visit to France, Holland and the Lowlands, where he 
met Berthollet, Delametherie and very probably 
Lavoisier. This tour enlarged and deepened his 
interest m political economy, a subject which fasen- 
ated hrm for the rest of his life A further European 
tour in 1793 took him to Switzerland, where be met 
Gibbon, then living out his last years at Lausanne. 
Returning via Italy, Germany and France, he 
remarked that most of the German chemists he had 
met appeared still to be preoccupied with the search 
for the ‘philosopher’s stone’ About this time, 
Tennant was asked to stand as a candidate for the- 
Jacksoman professorship at Cambridge, but withdrew 
his name later F J. H Wollaston was eventually 
elected. 

Shortly after taking his degree in 1788, Tennant 
left Cambridge to reside m London at 4, Garden 
Court, Temple, and began to engage im chemical 
research, to attend meetings of learned societies and 
to build up a wider and wider cucle of friends and 
acquaintances among the scientists, political econom- 
ists and pohtical reformers of the day He never 
practised medicine, although he seems to have been 
very much attracted to the works and opinions of 
Sydenham and the chemical aspects of disease His 
personal fortune, his love of independence and hatred 
of restraint, his sensitive nature and benevolent 
personality stifled m him any desire to undertake 
the drudgery of the life of a practising physician, 
and added to this there was the growing success 
attending his private researches Between 1791 
and 1797 he read papers before the Royal Society 
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on the decomposition of fixed air, the nature of 
diamond and the action of nitre on gold and platina, 
all showing his giowing mastery of research methods 
and in concept and design and showmg, too, the strong 
influences of Black and the Edmburgh school of 
chemistry, the new ideas of chemeal philosophy 
origmeting m the French school under Lavoisier and 
bearing, within the results, the seeds of greater 
triumphs in the future 

At this period of his life, Tennant’s situation was 
mdeed an enviable one Rich enough to follow his 
own melnations, he was at peace with himself 
because of his decision to devote himself to chemical 
research, was well established in London as a scientist 
of repute, and by the charm and benevolence of his 
personality was the centre of a widening circle of 
intellectual and, mfluential friends John Whishaw 
had come to live near hum and through his friendship 
Tennant moved among the members of the Whig 
party at Holland House, while Francis Horner lived 
very near him in the Temple The only il-fortune 
was a gradual decline in his health, and even this 
turned out for the best, for, on being urged to cultivate 
more interests, he took up horse ridmg, in which he 
had not indulged since his mother’s tragic death 
This new form of exercise, which he continued to 
practise for the rest of his life, not only restored his 
health, but also started him off on & new venture. 
He became so interested ın farming that, after experi- 
menting for a year or two with a few acres of land 
near Epworth in Lincolnshire, he purchased 500 
acres of land newly allocated under the Enclosure 
Act at Shipham m Somerset On this land, Tennant 
built @ small country house ın which he hved every 
summer and entertamed his friends His interest in 
farming was not in growmg erops. but m conducting 
agricultural experiments, and his experiences led to 
the publication of his paper on the different sorts of 
lime used in agriculture with special reference to the 
deleterious effect on crops of magnesium limestone 

So, from about 1800 onwards, Tennant’s hfe moved 
within two circles, each with its own friends and 
acquaintances but at times overlappmg, one pre- 
dominantly scientific and the other centred around 
politics and political economy The latter mcluded 
Thomas Smith, and his home at Easton Grey in 
Wiltshire, which was within easy travelling distance 
of Tennant’s country house He was a constant 
visitor at Easton Grey, where he was held in the 
greatest personal esteem and where he became 
fnendly with Ricardo and Malthus The political 
circle also included Whishaw, Warburton, Sharp, 
Rogers, Dumont, Sir Samuel Romilly, Sir J Mackin- 
tosh, Lord Brougham and Francis Horner, and 
others who moved among the Whigs of Holland 
House and belonged to a select dining club called the 
‘Kang of Clubs’ Here the talk was of reform and 
theories of political economy, and Tennant’s mterest 
was £0 aroused that he offered to found a cham of 
political economy at Cambridge and contemplated 
writing a treatise which would embody his views on 
the subject with reference both to Britain and to 
other European countries 

This increasing preorcupation with political econ- 
omy and reform did.not, however, affect in any way 
his scientific activities His paper on the composition 
of emery pubhshed in 1802 gives evidence of his 
continuing experimental work, but a more important 
feature of his scientific life 18 the deepening of his 
friendship with W H Wollaston, which blossomed 
into active collaboration and partnership during the 
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next ten years The friendship between the two 
men began at Cambridge, where Wollaston was & 
Pensioner and Scholar at Gonville and Caius 
College from 1782, graduating M B in 1787. He, too, 
attended Mülner's lectures on chemistry and was 
taught the use of the blowp:pe in mmeral analysis by 
Tennant himself During 1787-97 Wollaston was 
practising medicine in Huntingdon,and Bury St 
Edmunds, but when he went to London permanently 
in 1797, 1n order to pursue the calling of physician, 
the friendship was renewed and became mtimate 
enough for Wollaston to act as Tennant’s assistant 
durmg his experiments on the analysis of the diamond 
in 1797. it may be that this fruitful collaboration 
was & real factor, as well as the well-known meiden at 
St George's Hospital, in influencing Wollaston m his 
decision to give up a career in medicine for one devoted 
to chemical research Indeed, there 1s evidence that 
Tennant’s influence on Wollaston. at this period of his 
hfe was very profound, for Warburton wrote in his 
biography of Wollaston that ‘Wollaston held 
Tennant’s knowledge of the sciences in profound 
admiration and & few years after this time expressed 
his despair of ever becoming Tennant’s equal as a 
Chemist" 

From at least 1800 until his death m 1815, Tennant 
was both a financial and a scientific partner of Wollas- 
ton, a collaboration which brought fame to both men 
and success in many spheres of scientific achievement. 
The most spectacular result of the collaboration was 
achieved by the successful outcome of the series of 
experiments, initiated by a further study of Tennant’s 
paper on the action of nitre on platina, which resulted- 
in Tennant’s discovery and extraction of osmium 
and iridium from crude platina, and Wollaston’s 
discovery and extraction of palladium and rhodium 
For this discovery Tennant was awarded the Copley 
Medal of the Royal Society, and Wollaston went on to 
develop his well-known method of producing malleable 
platinum and so pure platinum sheet There is some 
evidence to suggest that this method may have owed 
something to Tennant’s friendship with Black at 
Edinburgh The practical result, however, was that 
the two men proceeded to make and sell the first 
platinum stills for use in the manufacture and 
purification of sulphuric acid <A further successful 
venture which lasted unt: 1811 was the manufacture 
of oxalic acid and oxalates, tartaric and ertric acids 
from argol and lemon juice 

To this partnership, Tennant contributed money, 
a wealth of scientific acumen and knowledge and some 
practical ski, but ıt was Wollaston who contributed 
more and more of all three as time went on Indeed, 
during the partnership, Tennant began increasingly 
to show something of that trait m his character on 
which all his friends have commented—the exhibition 
of a sense of a lack of purpose, a carelessness some- 
times amounting almost to indolence which seemed to 
take possession of him and seemed to them to be akin 
to that shown by Dr Black himself The friendship, 
however, remained firm and close, because Tennant 
and Wollaston visited Ireland together in 1805 
Tennant repeated the visit m 1806, but this time with 
W G Browne, the celebrated African traveller and 
explorer, another whose friendship Tennant valued 
highly until Browne’s assassination near Tabriz in 
1813 This friendship led to a similar one with the 
explorer Burkhardt, who died m 1809 

In addition to being a Fellow of the Royal Society 
and a member of the Royal Institution, Tennant was 
a founder member of the Askesian Society (1799), 
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renamed the Geological Society in 1806 In 1811, 
Tennant contributed a short note to the Society on 
native concrete boracic acid, and in 1813, when he was 
@ vice-president, he delivered a lecture to the Society 
on the principles of mineralogy. 1n which he expressed 
his great indebtedness to the views expressed by Berze- 
hus, who had stayed with hun at his farm in 1812 

The success of this lecture, and those which Tennant 
was accustomed to give on chemistry and mineralogy 
to quite large gatherings of his friends ın his rooms at 
Garden Court, together with his outstanding scientific 
achievements, convinced his friends of his suitability 
as 8 candidate for the professorship of chemistry at 
Cambridge, and in 1813 he was elected to the chair, 
followmg Farish, who had been elected to the Jack- 
sonian professorship 

Durmg the remaining two years of his life, Tennant 
divided his time between Cambridge, London and 
his farm at Shipham Letters in existence show a 
ripening friendship between Tennant and Berzelius 
after the latter’s visit to England in 1812, and they 
throw hght, too, on his friendship with the scientists 
Thomas Young, Marcet, Dr McMichael and Sir 
James Sebright 

Tennant was involved m an interesting experience 
which may have had later mmportant repercussions 
An explosion occurred in a gas-holder belonging to 
the Gas Light Co in 1813 In 1814, a committee 
from the Royal Society was charged with investigat- 
ing the matter, and, Tennant, who was a member of 
the Council of the Society, and another (Wollaston ?), 
after a great deal of experimental work, showed that 
a flame will not pass through thin tubes and ignite an 
explosive mixture. Davy repeated these experiments 
in the following year and from the results discovered 
the use of gauze 1n the manufacture of the safety lamp 
Dr Marcet, writing to Berzelius in 1816, imphes that 
Davy knew of Tennant’s previous work but Davy 
always denied this 

Tennant’s election as professor of chemistry at 
Cambridge gave great satisfaction to all concerned 
and had a stimulating effect on Tennant himself 
Because of his scientific reputation and ability, and 
his personal qualities, 11 was confidently expected 
that he would establish and build up a notable school 
of chemistry in the University, and, but for lus 
untimely death, there 1s every reason to think that 
this would have happened. Hois first course of lectures 
was attended by large audiences who were entertamed 
and instructed by a masterly exposition of chemical 
principles illustrated by many experiments both of 
his own devising and also supplied by his many 
scientific friends. Among his first students were 
Charles Babbage and J W H Herschel Durmg his 
short tenure of the professorship, Tennant revived, an 
old interest ın galvanism and built a much-improved 
voltaic battery embodying several unique features 
which he used with great success in his lectures He 
also developed a new method of manufacturing 
potessrum and published the results of his very first 
piece of experimental research on double distillation 
It is now known that on the eve of his last Continental 
tour m 1814 he had completed two further pieces of 
research, one on the use of oxalic acid in the formation 
of sugar from starch and the other on the existence, 
extraction and purification of 10dme from marme 
sources. He had also come to the conclusion that 
aragonite and calcite were dimorphic states of calerum 
carbonate, and he contemplated the publication of 
what would have been an important step 1n crystallo- 
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In September 1814 Tennant sailed for France, with 
Marcet and Wollaston, to enjoy a Continental hohday 
After tourmg southern France, meeting Berthellot 
and Berard in Marseilles and staymg with scientific 
friends m Paris, he reached Boulogne on his way home 
on February 22, 1815 Strong winds prevented a 
boat from leaving the harbour and Tennant, accom- 
pamed by Baron Bulow, went riding on the sands 
While inspecting a small fort, a budge over a deep 
ditch gave way under Tennant’s horse, and as e result 
of this accident Tennant died m Boulogne hospital 
and. was buried in Boulogne cemetery 

So far as 1s known, no likeness of Tennant exists, 
but 16 18 said that ın his features he closely resembled 
the philosopher Locke He never married and seemed 
quite indifferent to female society Of his influence 
on the scientific events of his day, there can be no 
doubt of its prime umportance, not only because of 
his own personal contributions, but also because of 
his infiuence on the work of other scientists, notably 
Davy and Wollaston—an influence which does not 
seem to have been adequately recognized or appre- 
ciated Of his character and personality, some words 
written by Brande and some by Dyer may be quoted 
Brande wrote in his Manual of Chemastry “Mr 
Smithson Tennant was a profound philosopher and a 
matchless companion His learnmg was without 
pedantry, and his wit without sarcasm He was 
deep but always clear, gentle but never dull. To 
those who knew him not, ıb 1s scarcely possible to 
offer an adequate representation of his smgularly 
pleasmg and enlightened character by those who 
enjoyed his acquaintance and partook of his social 
hours His extent of knowledge, his happy and 
unrivaled talent for conversation, his harmless but 
brilliant flashes of merriment and all his amiable 
peculiarities can never be forgotten” Dyer, who 
knew him at Cambridge, wrote ‘It 1s pleasing to pay 
respect to a person whose modesty surpassed his 
industry, whose love of science was greater than his 
love of fame and to whom nothing perhaps was 
wanting to have rendered him one of the most dis- 
tinguished men of his time except better health and 
more systematic habits of study” 
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GENERAL NATURE OF THE GENETIC CODE FOR PROTEINS 


By Dr F H C. CRICK, F.R S., LESLIE BARNETT, Da S BRENNER 
and Dr R J WATTS-TOBIN 


Medical Research Council Unit for Molecular Biology, 
Cavendish Laboratory, Cambridge 


HERE ıs now a mass of indirect evidence which 
suggests that the amimo-acid sequence along the 

polypeptide cham of a protem is determmed by the 
sequence of the bases along some particular part of 
the nucleic acid of the genetic material Since there 
aie twenty common amino-acids found throughout 
Nature, but only four common bases, it has often 
been surmised that the sequence of the four bases 1s 
In some way a code for the sequence of the ammo- 
acids In this article we report genetic experiments 
which, together with the work of others, suggest that 
the genetic code 1s of the following general type 

(a) A group of three bases (or, less likely, a multiple 
of three bases) codes one ammo-acid. 
T rid code 18 not of the overlapping type (see 

1g 

(c) The sequence of the bases 1s read from a fixed 
starting point This determmes how the long 
sequences of bases are to be correctly read off as 
triplets. There are no special ‘commas’ to show how 
to select the right triplets If the starting pomt 1s 
displaced by one base, then the reading into triplets 
1s displaced, and thus becomes incourect 

(d) The code 1s probably ‘degenerate’, that 1s, in 
general, one particular amino-acid can be coded by 
one of several triplets of bases 


The Reading of the Code 


The evidence that the genetic code 1s not over- 
lapping (see Fig 1) does not come from our work 
but from that of Wittmann! and of Tsugita and 
Fraenkel-Conrat? on the mutants of tobacco mosaic 
virus produced by nitrous acid In an overlapping 
triplet code, an alteration to one base will in general 
change three adjacent ammo-acids in the polypeptide 
cham Ther work on the alterations produced in the 
protem of the virus show that usually only one 
amino-acid at a time 1s changed as a result of treating 
the ribonucleic acid (RNA) of the virus with nitrous 
acid In the rarer cases where two amino-acids are 
altered (owing presumably to two separate deamma- 
tions by the nitious acid on one piece of RNA), the 
altered amimo-acids are not ın adjacent positions m 
the polypeptide chain 

Brenner? had previously shown that, if the code 
were universal (that 18, the same throughout Nature), 
then all overlapping triplet codes were impossible 
Moreover, all the abnormal human hemoglobins 
studied ın detail‘ show only single amino-acid changes 
The newer expermnental results essentially rule out 
all simple codes of the overlapping type 

If the code 1s not overlappmg, then there must be 
some arrangement to show how to select the correct 
triplets (or quadruplets, or whatever 16 may be) along 
the continuous sequence of bases One obvious 
suggestion 1s that, say, every fourth base 1s a ‘comma’, 
Another idea is that certain triplets make ‘sense’, 
whereas others make ‘nonsense’, as 1n the comma-free 


codes of Crick, Griffith and Orgel? Alternatively, 
the correct choice may be made by starting at a fixed 
pomt and working along the sequence of bases three 
(or four, or whatever) at a time It 1s this possibility 
which we now favour 


Experimental Results 


Our genetic experiments have been carried out on 
the B cistron of the rg region of the bacteriophage 
T4, which attacks strams of Hscherichia cola ‘This 18 
the system so brilliantly exploited by Benzer®”’, 
The rg region consists of two adjacent genes, or 
*eistrons', called cistron A and cistron B The wild- 
type phage will grow on both Æ cols B (here called 
B) and on EZ colt K12 (à) (here called K), but a phage 
which has lost the function of either gene will not 
grow on K Such a phage produces an r plaque on B 
Many point mutations of the genes are known which 
behave in this way Deletions of part of the region 
are also found Other mutations, known as ‘leaky’, 
show partial function; that ıs, they will grow on K 
but their plaque-type on B ıs not truly wid We 
report here our work on the mutant P 13 (now 
re-named FC 0) in the Bl segment of the B cistron 
This mutant was originally produced by the action 
of proflavin? 

We? have previously argued that acridines such 
as proflavin act as mutagens because they add or 
delete a base or bases The most striking evidence in 
favour of this 1s that mutants produced by acridines 
are seldom ‘leaky’, they are almost always completely 
lacking ın the function of the gene Since our note 
was published, expermnental data from two sources 
have been added to our previous evidenee (1) we 
have examined a set of 126 +; mutants made with 
acridine yellow, of these only 6 are leaky (typically 
about half the mutants made with base analogues 
are leaky), (2) Streiunger!? has found that whereas 
mutants of the lysozyme of phage T4 produced by 
base-analogues are usually leaky, all lysozyme 
mutants produced by proflavm are negative, that 18, 
the function 1s completely lacking 

If an acridine mutant 1s produced by, say, adding a 
base, 1t should revert to ‘wild-type’ by deleting a base 
Our work on revertants of FC_0 shows that 1t usually 


ETC. 
3 


"TES 
i «- Overlapping code 


l 


LLLLLILII 
NUCLEIC ACID —> iubes 
E 


i 2 3 ETC 


Starting point P 


Non-overlapping code 


Fig 1 ‘To show the difference between an overlapping code and 
a non-overlapping code ‘The short vertical lines represent the 
bases of the nucleic acid The case illustrated is for a triplet code 
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reverts not by reversing the origmal mutation but by 
producing a second mutation at a nearby point on 
the genetic map That is, by & ‘suppressor’ in the 
same gene In one ease (or possibly two cases) 16 
may have reverted back to true wild, but m at least 
18 other cases the ‘wild type’ produced was really & 
double mutant with a ‘wild’ phenotype Other 
workers!! have found a similar phenomenon with 
rg mutants, and Jinks"? has made a detailed analysis 
of suppressors in the hg gene 

The genetic map of these 18 suppressors of FC 0 
is shown in Fig 2, lnea It will be seen that they 
all fall in the B1 segment of the gene, though not all 
of them are very close to FC 0. They scatter over 
a region about, say, one-tenth the size of the B 
cistron. Not all are at different sites We have 
found eight sites m all, but most of them fall mto 
or near two close clusters of sites 

In all cases the suppressor was & non-leaky r. That 
is, 1b gave an r plaque on B and would not grow on K 
This 1s the phenotype shown by a complete deletion 
of the gene, and shows that the function 18 lacking. 
The only possible exception was one case where the 
suppressor appeared to back-mutate so fast that we 
could not study 1t 

Each suppressor, as we have said, fails to grow on 
K Reversion of each can therefore be studied by 
the same procedure used for FC 0. In a few cases 
these mutants apparently revert to the original wild- 
type, but usually they revert by forming & double 
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duced as suppressors of these suppressors Again all 
these new suppressors are non-leaky r mutants, and 
all map within the Bl segment for one site m the 
B2 segment 

Once again we have repeated the process on two 
of the new suppressors, with the same general results, 
as shown in Fig 2, lines » and 7 

All these mutants, except the origmal FC 0, 
occurred spontaneously We have, however, pro- 
duced one set (as suppressors of FC 7) using acridine 
yellow as a mutagen ‘The spectrum of suppressors 
we get (see Fig 2, line h) 18 crudely simular to the 
spontaneous spectrum, and all the mutants are 
non-leaky 7s We have also tested a (small) selection 
of all our mutants and shown that their reversion- 
rates are mereased by acridme yellow 

Thus in all we have about eighty independent r 
mutants, all suppressors of FC 0, or suppressors of 
suppressors, or suppressors of suppressors of sup- 
pressors ‘They all fall within a limited region of 
the gene and they are all non-leaky r mutants. 

The double mutants (which contam & mutation 
plus 1ts suppressor) which plate on K have a variety 
of plaque types on B Some are indistinguishable 
from wild, some can be distinguished from wild. with 
difficulty, while others are easily distinguishable and 
produce plaques rather like r 

We have checked in a few cases that the pheno- 
menon ıs quite distmct from ‘complementation’, 
since the two mutants which separately are pheno- 


mutant Fig 2, Imes b-g, shows the mutants pro- typieally 7, and together are wild or pseudo-wild, 
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Tig 2 A tentative map—only very roughly to scale—of the left-hand end of the B cistron, showing the position of the FC family of 


mutants 


The order of sites within the regions covered by brackets (at the top of the figure) i3 not known Mutants 1n italics have 


only been located approximately Each line represents the ap rr ges picked up from one mutant, namely, that marked on the hine 
in bold figures 
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must be put together m the same piece of genetic 
material A simultaneous infection of K by the 
two mutants in separate viruses will not do 
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The Explanation in Outline 


Our explanation of all these facts 1s based on the 
theory set out at the begmnimg of this article. 
Although we have no direct evidence that the B 
cistron produces a polypeptide chain (probably 
through an RNA intermediate), m what follows we 
shall assume this to be so To fix ideas, we mmagine 
that the string of nucleotide bases 1s read, triplet by 
triplet, from a startmg point on the left of the B 
cistron We now suppose that, for example, the 
mutant FC 0 was produced by the insertion of an 
additional base in the wild-type sequence. Then this 
addition of a base at the FC 0 site will mean that the 
reading of all the triplets to the mght of FC 0 will 
be shifted along one base, and will therefore be incor- 
rect Thus the ammo-acid sequence of the protem 
which the B cistron 1s presumed to produce will be 
completely altered from that point onwards This 
explains why the function of the gene ıs lacking To 
simplify the explanation, we now postulate that a 
suppressor of FC 0 (for example, FO 1) 1s formed by 
deleting & base Thus when the FC 1 mutation 1s 
present by itself, all triplets to the right of FC 1 
will be read incorrectly and thus the function will be 
absent However, when both mutations are present 
m the same piece of DNA, as in the pseudo-wild 
double mutant FC (0+ 1), then although the 
reading of triplets between FC 0 and FC 1 will be 
altered, the original reading will be restored to the 
rest of the gene This could explain why such double 
mutants do not always have a true wild phenotype 
but are often pseudo-wild, since on our theory a 
small length of their amino-acid sequence 1s different 
from that of the wild-type. 

For convenience we have designated our original 
mutant FC 0 by the symbol + (this choice 18 a pure 
convention at this stage) which we have so far con- 
sidered as the addition of a single base The suppres- 
sors of F'C 0 have therefore been designated — The 
suppressors of these suppressors have in the same way 
been labelled as +, and the suppressors of these last 
sets have again been labelled — (see Fig 2) 
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Double Mutants 


We cannowask What ıs the character of any double 
mutant we lıke to form by putting together in the 
same gene any pair of mutants from our set of about 
eighty ? Obviously, m some cases we already know 
the answer, since some combmations of a + witha — 
were formed ın order to isolate the mutants But, by 
definition, no pair consisting of one +- with another + 
has been obtained m this way, and there are many 
combinations of +- with ~ not so far tested 

Now our theory clearly predicts that all combina- 
tions of the type + with + (or — with —) should 
give an r phenotype and not plate on K We have 
put together 14 such pairs of mutants in the cases 
listed ın Table 1 and found this prediction confirmed. 


Table 1. DOUBLE MUTANTS HAVING THE r PHENOTYPE 


— With — + With + 
FC (s + 21) FC (0 + 58) FC (40 + 57) 
FC (23 + 21) FC (0 + 38) FC (40 + 58) 
FC (1 + 23) FC (0 + 40) FC (40 + 55) 
FC (1 + 9) FC (0+ 55) FOC (40 + 54) 
FC (0+ 54) FC (40 + 38) 


At first sight one would expect that all combinations 
of the type (+ with —) would be wild or pseudo-wild, 
but the situation is a little more intricate than that, 
and must be considered more closely. This springs 
from the obvious fact that 1f the code 1s made of 
triplets, any long sequence of bases can be read 
correctly in one way, but incorrectly (by startmg 
at the wrong point) in two different ways, depending 
whether the ‘reading frame’ ıs shifted one place to 
the right or one place to the left 

If we symbolize a shift, by one place, of the reading 
frame in one direction by — and in the opposite 
direction by «—, then we can establish the convention 
that our + 18 always at the head of the arrow, and 
our — at the tail This 1s illustrated m Fig 3 

We must now ask Why do our suppressors not 
extend over the whole of the gene? The simplest 
postulate to make 1s that the shift of the readmg 
frame produces some triplets the reading of which 18 
‘unacceptable’, for example, they may be ‘nonsense’, 
or stand for ‘end the chain’, or be unacceptable in 
some other way due to the complications of protein 


structure. This means that a suppressor of, say, 
F'C 0 must be within a region such 
-------,- that no ‘unacceptable’ triplet 18 pro- 


duced by the shift in the reading 
— frame between FO 0 and its sup- 
pressor. But, clearly, since for any 
sequence there are two possible mis- 
readings, we might expect that the 
‘unacceptable’ triplets produced by 
a — shift would occur in dif- 
ferent places on the map from those 
produced by a -— shift. 
Examination of the spectra of 
suppressors (in each case putting 
in the arrows — or <—) suggests 
that while the — shift ıs acceptable 
anywhere within our region (though 
not outside ıt) the shift <, starting 
from points near FC 0, 18 acceptable 


A 
^ addition deletion 


Startinq 
point 


Fig 3 To show that our convention for arrows 1s consistent The letters 4, B and C 
each represent a different base of the nucleic acid For simplicitv a repeating sequence 
of bases, ABC, is shown (This would code for a polypeptide for which every amino-acid 
was the same) A triplet code 1s assumed The dotted lines represent the imaginary 
'readmg frame' implying that the sequence 18 read in sets of three starting on the left 


over only a more limited stretch. 
This is shown in Fig 4. Some- 
where 1n the left part of our region, 
between FO 0 or FC 9 and the 
FC 1l group, there must be one or 
more unacceptable triplets when 
8 <— shift 15 made; sunilarly for 
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the region to the right of the FC 21 cluster Thus 
we predict that a combmation of a + with a 
— will be wild or pseudo-wild if ıt involves & — 
shift, but that such pairs involving a <— shift will be 
phenotypically r if the arrow crosses one or More of 
the forbidden places, smce then an unacceptable 
triplet will be produced 


Table 2 DOUBLE MUTANTS OF THE TYPE (+ WITH —) 
nd FG41 FCO FGO40 FO 42 FC 58* FC 03 FC 38 
FC i Y W W wW W 
FC 86 W W W W Ww 
FC 9 r W W wW wW wW 
FC 82 1 W W WwW W 
FC 21 i W W W 
FC 88 1 r W W 
/ 
FC 87 r r r 1 W 


W, wild or pseudo-wild phenotype, W, wild or pseudo-wild com- 
bination used to isolate the suppressor, 7, 7 phenotype 

* Double mutants formed with FC 58 (or with FC 34) give sharp 
plaques on K. 


We have tested this prediction in the 28 cases 
shown m Table 2 We expected 19 of these to be 
wild, or pseudo-wild, and 9 of them to have the * 
phenotype In all cases our prediction was correct 
We regard this as a striking confirmation of our 
theory It may be of interest that the theory was 
constructed before these particular experimental 
results were obtamed 


Rigorous Statement of the Theory 


So far we have spoken as if the evidence supported 
a triplet code, but this was simply for illustration 
Exactly the same results would be obtamed if the 
code operated with groups of, say, 5 bases Moreover, 
our symbols + and — must not be taken to mean 
literally the addition or subtraction of a single base 

It ıs easy to see that our symbolism ıs more exactly 
as follows 


+m, modulo n 
—m, modulo 


+ represents 
— repiesents 


where n (a positive mteger) ıs the coding ratio (that 
is, the number of bases which code one amino-acid) 
and m 1s any integral number of bases, positive or 
negative 

It can also be seen that our choice of reading 
direction 1s arbitrary, and that the same results (to 
a first approximation) would be obtamed in whichever 
direction the genetic material was read, that 1s, 
whether the startmg point 1s on the right or the left 
of the gene, as conventionally drawn 


Triple Mutants and the Coding Ratio 


The somewhat abstract description given above 1s 
necessary for generality, but fortunately we have 
convincing evidence that the coding ratio is m fact 
3 or a multiple of 3 

This we have obtamed by constructing triple 
mutants of the form (+ with + with +) or (— with — 
with —) One must be careful not to make shifts 


Table 8 TRIPLE MUTANTS HAVING A WILD OR PSEUDO-WILD PHENO- 
E 


FC (0 + 40 + 68) 
FC (0 + 40 + 57) 
FC (0 + 40 + 54) 
FC (0 + 40 + 55) 
FC (1 + 21 + 23) 
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Fig 4 A simplified version of the genetic map of Fig 2 Each 
line corresponds to the suppressor from one mutant, here under- 
lined The arrows show the range over which suppressors have 80 
far been found, the extreme mutants being named on the map 
Arrows to the right are shown solid, arrows to the left dotted 


across the ‘unacceptable’ regions for the «— shifts, 
but these we can avoid by a proper choice of mutants 

We have so far examined the six cases listed m 
Table 3 and m all cases the triples are wild or pseudo- 
wild. 

The rather striking nature of this result can be 
seen by considering one of them, for example, the 
triple (FC 0 with FC 40 with FC 38) These three 
mutants are, by themselves, all of like type (+). We 
can say this not merely from the way m which they 
were obtained, but because each of them, when 
combined with our mutant FC 9 (—), gives the wild, 
or pseudo-wild phenotype However, either singly 
or together m pairs they have an 1 phenotype, and 
will not grow on K That ıs, the function of the 
gene ıs absent Nevertheless, the combination of all 
three 1n the same gene partly restores the function 
and produces a pseudo-wild phage which grows on K 

This 18 exactly what one would expect, in favourable 
cases, 1f the coding ratio were 3 or a multiple of 3 

Our abihty to find the coding ratio thus depends 
on the fact that, m at least one of our composite 
mutants which are ‘wild’, at least one amino-acid 
must have been added to or deleted from the poly- 
peptide chain without disturbmg the function of the 
gene-product too greatly 

This 18 & very fortunate situation ‘The fact that we 
can make these changes and can study so large a 
region probably comes about because this part 
of the protem 1s not essential for 1ts function That 
this 18 so has already been suggested by Champe 
and Benzer! in their work on complementation ın the 
rg region By a special test (combined, infection on 
K, followed by plating on B) 1t 1s possible to examine 
the function of the A cistron and the B cistron 
separately. A particular deletion, 1589 (see Fig. 5) 
covers the right-hand end of the A cistron and part 
of the left-hand end of the B cistron Although 
1589 abolishes the A function, they showed that ıt 
allows the B function to be expressed to a considerable 
extent The region of the B cistron deleted by 1589 
18 that mto which all our FO mutants fall 


Joining two Genes Together 


We have used this deletion to re-inforce our idea 
that the sequence 1s read m groups from a fixed 
startmg pomt Normally, an alteration confined 
to the A cistron (be ıt a deletion, an acridine mutant, 
or any other mutant) does not prevent the expression 
of the B cistron Conversely, no alteration within 
the B cistron prevents the function of the A estron 
This rmphes that there may be a region between the 
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two cistrons which separates them and allows ther 
functions to be expressed individually 

We argued that the deletion 1589 will have lost 
this separating region and that therefore the two 
(partly damaged) cistrons should have been joined 
together Expermments show this to be the case, 
for now an alteration to the left-hand end of the 
A cistron, 1f combined with deletion 1589, can prevent 
the B function from appearmg This 1s shown in 
Fig 5 Ether the mutant P43 or X142 (both of 
which revert strongly with aeridines) will prevent the 
B function when the two cistrons are joined, although 
both of these mutants are in the A cistron This is 
also true of X142 S1, & suppressor of X142 (Fig 5, 
case 6) However, the double mutant (X142 with 
X142 S1), of the type (+ with — ), which by itself is 
pseudo-wild, still has the B function when combmed 
with 1589 (Fig 5, casec) We have also tested m this 
way the 10 deletions hsted by Benzer', which fall 
wholely to the left of 1589 Of these, three (386, 168 
and 221) prevent the B function (Fig 5 case f), 
whereas the othe: seven show 16 (Fig 5, case e). We 
surmise that each of these seven has lost a number of 
bases which 1s a multiple of 3 There are theoretical 
reasons for expectmg that deletions may not be 
random in length, but will more often have lost a 
number of bases equal to an integral multiple of the 
coding ratio 

It would not surprise us 1£ 16 were eventually shown 
that deletion 1589 produces a protem which consists 
of part of the protein from the A cistron and part 
of that from the B cistron, jomed together in the same 
polypeptide chain, and having to some extent the 
function of the undamaged B protein 


Is the Coding Ratio 3 or 6 ? 


It remams to show that the coding ratio is pro- 
bably 3, rather than a multiple of 3 Previous rather 
1ough extmmates!^:* of the coding ratio (which are 
admittedly very unrehable) might suggest that the 
coding ratio is not far from 6 This would imply, on 
our theory, that the alteration ın FC 0 was not to one 
base, but to two basos (or, more correctly, to an even 
number of bases) 

We have some additional evidence which suggests 
that thisis unhkely Furst, in our set of 126 mutants 
produced by acridme yellow (referred to earher) 
we have four mdependent mutants which fall at or 
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Fig 5 Summary of the results with deletion 1589 The first two 
lines show that without 1589 a mutation or a deletion 1n the 4 
cistron does not prevent the B cistron from functionmg Deletion 
1589 (line 3) also allows the B cistron to function The other 
cases, In some of which an alteration in the A eistron prevents 
the function of the B cistron (when 1589 18 also present), are 
discussed in the text They have been labelled (a), (b), etc » for 
convenience of reference, although cases (m) and (d) are not 
discussed in thus paper /imphesfunction, x 1mphes no function 
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Fig 6 Genetic map of P 83 and its suppressors, WT 1, etc 

The region falls withm segment B9a near the right-hand end of 

the B cistron It is not yet known which way round the map 1s 
in relation to the other figures 


close to the FC 9 site By a suitable choice of 
partners, we have been able to show that two are + 
and two are — Secondly, we have two mutants 
(X146 and X225), produced by hydrazme!5, which 
fall on or near the site FC 30 These we have been 
able to show are both of type — 

Thus unless both acridines and hydrazme usually 
delete (o1 add) an even number of bases, this evidence 
supports a coding ratio of 3 However, as the action 
of these mutagens is not understood in detail, we 
cannot be certam that the coding ratio is not 6, 
although 3 seems more hkely 

We have prelmmmary results which show that other 
acridine mutants often revert by means of close 
suppressors, but it is too sketchy to report here 
A tentative map of some suppressors of P 83, a 
mutant at the other end of the B cistron, in segment 
B 9a, 15 shown in Fig. 6. They occur within a shorter 
region than the suppressors of FC 0, covering a 
distance of about one-twentieth of the B estron 
The double mutant WT (2 + 5) has the v phenotype, 
as expected 


Is the Code Degenerate? 


If the code 1s a tiiplet code, there are 64 (4 x 4 x 4) 
possible triplets Our results suggest that 16 18 unlikely 
that only 20 of these represent the 20 ammo-acids 
and that the remammg 44 are nonsense If this 
were the case, the region over which suppressors of 
the FC 0 family occur (perhaps a quarter of the B 
cistron) should be very much smaller than we observe, 
since a shift of frame should then, by chance, pro- 
duce a nonsense reading at a much closer distance 
This argument depends on the size of the protem 
which we have assumed the B cistron to produce 
We do not know this, but the length of the cistron 
suggests that the protem may contam about 200 
amino-acids Thus the code 1s probably ‘degenerate’, 
that 1s, m general more than one triplet codes for 
each amino-acid. It is well known that if this were 
so, one could also account for the major dilemma of 
the coding problem, namely, that while the base 
composition of the DNA can be very different in 
different micro-organisms, the ammo-acid composi- 
tion of thew protems only changes by a moderate 
amount". However, exactly how many triplets 
code amino-acids and how many have other functions 
we are unable to say 


Future Developments 


Our theory leads to one very clear prediction 
Suppose one could examme the ammo-acid sequence 
of the ‘pseudo-wild’ protem produced by one of our 
double mutants of the (+ with —) type Conven- 
tional theory suggests that simce the gene ıs only 
altered in two places, only two ammo-acids would 
be changed Our theory, on the other hand, predicts 
that a strmg of amino-acids would be altered, covering 
the region of the polypeptide cham corresponding 
to the region on the gene between the two mutants. 
A good protem on which to test this hypothesis is 


1232 


the lysozyme of the phage, at present bemg studied 
chemically by Dreyer!’ and genetically by Streisin- 
er1, 

* At the recent Biochemical Congress at Moscow, the 
audience of Symposium I was startled by the 
announcement of Nirenberg that he and Matthaeus 
had produced polyphenylalanme (that ıs, a poly- 
peptide all the residues of which are phenylalanine) 
by adding polyuridylie acid (that 1s, an RNA the bases 
of which are ali uracil) to a cell-free system which can 
synthesize protem This imphes that a sequence of 
uracils codes for phenylalanine, and our work suggests 
that 161s probably a triplet of uracils 

Its possible by various devices, either chemical or 
enzymatic, to synthesize polyribonucleotides with 
defined or partly defined sequences If shese, too, 
will produce specific polypeptides, the coding problem 
is wide open for experimental attack, and in fact 
many laboratories, including our own, are already 
working on the problem. Ifthe coding ratio 18 mdeed 
3, &8 our results suggest, and if the code 1s the same 
throughout Nature, then the genetic code may well 
be solved within a year 

We thank D: Ahce Orgel for certain mutants and 
for the use of data from her thesis, Dr Leslie Orgel 
for many useful discussions, and Dr Seymour 
Benzer for supplymg us with certain deletions We 
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are particularly grateful to Prof C F. A Pantm for 
allowing us to use a room in the Zoological Museum, 
Cambridge, m which the bulk of this work was done 
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SCIENCE AND WORLD AFFAIRS 


HE Seventh Pugwash Conference cn Science 

and World Affairs was held at Stowe, Vermont, 
during September 5-9 Forty-one scientists from 
twelve countries attended the Conference" 

This Conference had as ıts theme “International 
Co-operation in Pure and Apphed Science’. The 
previous conferenees have been chiefly concerned 
with ways of preventing the misuse of science m the 
wholesale destruction of mankind In this Conference 
at Stowe, constructive ternational co-operation m 
sclence was discussed, because ib 18 & way to create 
trust between nations, a trust which develops from 
common mterests and from experience m working 
together 

Science misused by nations to foster cher com- 
petitive interests as world powers makes possible the 
destruction of mankind Science used co-operatively 
by all nations for the merease of human knowledge 
and the improvement of man’s productive capacity 
can give all men on Earth a satisfactory and worth- 
while hfe Scientists bear a responsibility both to 
foster the constructive use of science and to help m 
preventing its destructive use 

The deliberations of the Conference were carried 
out in plenary sessions and in meetings of working 
groups Simuar suggestions for co-operative research 


* Sir John Crawford (Austraha), Prof Hans Thirring (Austria), 
Prof € Pavan (Brazil), Prof G Nadjakov (Bulgari), Prof G 
Burkhardt (Federal Republic of Germany), Sir Edward Bullard, 
Prof A Haddow, Sir Ben Lockspeiser, Prof J Rotblat (Great Britain) , 
Prof F B Straub (Hungary), Dr G Bernardi (Italy), Prof T 
Toyoda (Japan), Prof B V A Rolng (Netherlands), Academician 
A A Blagonravov, Academecmun N N Bogolubov, Academician M M 
Dubimin, Prof Y M Khvostov, Academican N M Sissakian, Prof 
N A Talenskv, Academician T E Tamm, Academician A Y Topchiey 
(USSR), Prof Harrison Brown, Dr Wilham Consolazio, Prof 
Paul Doty, Prof Bentley Glass, Prof C O'D Iselin, Dr Martin 
Kaplan, Prof Chauncey Leake, Prof Linus Pauling, Prof Jay Orear, 
Prof W Pickenng, Mr Gerard Piel, Prof I Rabi, Prof Eugene 
Rabinowltch, Dr Roger Revelle, Prof Alexander Rich, Prof Walter 
Rosenblith, Dr Eugene Stalev, Dr Alvin Weinberg, Prof Eugene 
Wigner, Prof J R Zacharias (United States) 


activities arose independently from different workmg 
groups, and this 1s reflected m several places in the 
statement This ıs a welcome indication of the 
essential umty m science The discussions were 
carried on in a spirit of friendly co-operation, and 
full agreement was reached by the entire Conference 
on the suggestions enumerated here 


(I) Co-operation in the Earth Sciences 


The planet Earth 1s the common abode of all 
humans. They have a common mterest, both infel- 
lectual and practical, m mereasing the knowledge of 
the structure and dynamics of the Earth 

The followmg proposals were made by the Confer- 
ence 

(A) A survey of the entire ocean «n three dimensions 
(1) The ocean floor An mternational programme was 
proposed, to develop a detailed map of the floor of the 
world ocean, including sub-bottom reflecting layers 

(2) Waters of the ocean An international pro- 
gramme should be devised to survey and map 
the three-dimensional distribution of temperatures, 
salmiby, density, dissolved oxygen, and nutrient salts, 
under average conditions, of the ocean and synoptic 
surveys to develop the broad picture of seasonal and 
shorter-period changes in more lmuted areas, as well 
as the study of the interactions among the major 
bodies of water ın the ocean 

(3) Ocean hfe An international survey and map- 
ping showing the major biological provinces of the 
ocean and determination of the fertility of the waters 
at all levels ın the food chain and the standmg crop 
of food materials available for human use should be 
undertaken 

(B) Earth's crust and mantle Deep drilling pro- 
gramme The objective of drillmg through the 
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Earth’s crust to the mantle at selected points around 
the globe presents many unsolved technical problems 
which call for mternational collaboration It was 
agreed, therefore, that the calling of an international 
conference on these problems is an urgent frst 
step. 

(C) Total environmental forecasting An mter- 
national conference should be called to consider and 
to orgamze the establishment of a world-wide network 
of radio-telemetermg observational buoys This 
system of buoys would render contmuous reports on 
atmospheric conditions and so contribute to the com- 
pletion of the world weather map It would also 
continuously monitor the energy and water vepour 
energy exchange between the ocean and the atmo- 
sphere, and would observe the changes 1n the flow of 
ocean currents ın three dimensions. Over a sufficiently 
long time-period, such a network of buoys would help 
to assign rehable values to the rate of overturn of 
the ocean as a whole, a key problem m both climato- 
logical forecasts and 1n the safe disposal of radioactive 
wastes at sea The hydrographic offices of the major 
maritime nations, as well as the World Meteorological 
Organization, should. be encouraged to stamulate such 
& programme. 

(D) Resources (1) Fresh water The ring world 
population and the increasing concentration of that 
population in metropohtan centres 18 already pressing 
on the water resources easily available for direct 
human. consumption, for industriel purposes, and for 
agriculture It was agreed that an imternational 
conference should be called to consider the on ganiza- 
tion of an mternational hydrological decade for the 
study of the many unknowns that surround this 
ommous development 

(2) Inung resources of the ocean Acre per acre the 
oceans to-day sustain at least as large a plent crop 
on the average as does the land, yet man now gets 
only about 1 per cent of his food requirements from 
the gea The oceans, therefore, offer a means for the 
rapid solution of the protem deficiency afflictang 
two-thirds of the world population It is apperent 
that these resources can best be exploited to this 
end through international co-operation The ultimate 
aun should be to elevate the fishing industry from a 
huntmg industry to an agricultural technology 

(3) Mineral resources of the ocean floor Recent 
investigations of the ocean floor show a vast reserve 
of minerals, especially nickel, cobalt, copper and 
manganese By means of bottom-photography 
organized on a world-wide basis, the potentiality of 
this reserve may be more fully assessed The necessary 
observational programme could be organized by the 
Scientific Commussion for Oceanographic Research. 

(4) Natural catastrophes Earthquakes, tsunamis, 
voleanie eruptions, hurricanes and tornadoes con- 
stitute the prinezpal hazards of this kmd 

With respect to the first three, a better inter- 
national seismological network, meluding better 
instrumentation and distribution of stations, 1s 
required More detailed studies of hurricanes and 
tonadoes would reveal whether or not man can 
exert some control over these phenomena 

To implement these programmes, 16 18 recommended 
that m so far as possible existing mternational organ- 
izations be the means of furthermg these programmes 


(Il) Co-operation in Space Research 


Though the Conference felt that there should be 
cloge co-operation m space research 1t should be real- 
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ized. that complete co-operation in this field, as ın some 
others. will become possible only when the arms race 1s 
ended, international tensions are reduced, complete 
and general disarmament becomes a reality, and the 
need for secrecy disappears But certain advances 
m the presently established co-operation n space are 
possible now, and certam others could be studied 
now with the hope of reahzation in the not too 
distant future 

(4) First, an mecrease in the exchange of scientific 
information in areas such as the physics of space 
and the effects of the space environment on life is 
recommended It 1s further recommended that 
periodic international symposia be devoted to such 
subjects. 

(B) Tho exchange of methods, and of information 
on instruments, for scientific space studies which 
have no military importance ıs also recommended. 

(C) The orderly assignment and use of radio fre- 
quencies m space should be encouraged Strong 
support should be given to the initiative m this 
direction taken by the International Telecommunica- 
tions Union, and it 1s to be hoped that a final solution 
can be reached within two years. 

(D) The expansion of existing systems of satellite 
tracking, stations 18 recommended Bilateral agree- 
ments besween different nations, mecluding (within 
the limits of military security) an agreement between 
the United States and the USSR, on the common 
use of tracking stations; such a bilateral agreement 
could serve as the first step m this direction. 

(E) International agreement should be reached. on 
a co-ordinated programme for the use of rocket and 
satelhte durmg the Quiet Sun Year (planned for the 
second half of 1962) 

(FP) Similar agreement should be reached on co- 
operation in the use of rockets and satellites m the 
projected wcrld magnetic survey. This agreement 
should include arrangements for simultaneous obser- 
vation frcm satellites launched mto different orbits 
by different nations. This co-operation could be 
organized in the framework of the Commuttee on 
Space Research 

(G) The desra&bihty of mternational world-wide 
systems of ecammunications satellites and of meteoro- 
logical satethtes 1s endorsed by the Conference, smee 
these wouid clearly be 1n the mterests of all mankind 
It 1s realized that certam difficulties now stand n. the 
way, but ıt 15 to be hoped that the Governments of 
the United States and the U S.S R, as well as of 
other nations embarkmg on rocket and satellite 
programmes, will undertake a common study of the 
ways to overcome them 

(H) It 1s recommended that co-operation should 
be established in the instrumental study of the Moon, 
and also that the basic principles of the International 
Antarctic Treaty be apphed to the Moon and other 
cosmic bodies ' 

(I) The calhng of an imternational conference or 
symposium to consider how to avoid the biological 
and radicactive contamination of extra-terrestrial 
bodies 1s strongly urged ] 


(Ill) Co-operation in the Life Sciences 


Among the many fields of biology ın which mtor- 
national ec-operation 18 possible, some are particularly 
well suizec. by ther nature and importance for com- 
bined efforts These, which relate especially to the 
promotion of human welfare, have been given primary 
coneern bv the Conference 
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(A) Bwlogwal aspects of food resources One of, the 
most maportant problems facmg humanity 1s that of 
assurmg an adequate supply of food Adequate 
biological information now exists to enhance con- 
siderably food production m low-yield areas. This 
ean be done most effectively by the development of 

! 

regional agricultural experiment stations, which can 
deal with the problem of developmg agricultural 
methods suitable to the local terrain, as well as the 
long-term problem of breeding plants and anmnals 
which are able to thrive m the specific locality 
These local agricultural experrment stations should 
be co-ordinated with an international centre | 

It 13 recommended, that existing marme biological 
laboratories be umted into an international system 
perhaps under the International Union of Biological 
Sciences, to ensure permanent support and increase 
m number | 

(B) Preservation and promotion of health The 
health sciences offer one of the most rewarding 
meeting grounds for mternational eo-operation m 
science Increased international co-operation and 
financial support are essential for the realization of 
important advances m such fields as cancer, cardio- 
vascular disease, immunology. infectious diseases, 
mental health, environmental sanitation, problems of 
ageing, nutrition, human genetics, and others 

International institutes of health devoted to these 
problems should be established in one carefully chosen 
place to serve as a world centre of medical research 
Smaller subsidiary institutes oriented towards more 
specialized problems or regional needs (space medicine, 
medical entomology, tropical medicme) should be 
established in different countries 

(C) The envuonment and «ts modification by man 
The exponential growth of human populations. and 
the accompanying industrial, agricultural and seien- 
tific activities have given rise to a number of serious 
problems, including pollution of aw and water 
resources, which are of considerable biological 
importance Especially grave are the problems 
involving contamination of air, soil and water with 
radioactive substances Included here, as well as 
the more obvious problem of fall-out from nuclear 
explosions, there 18 the matter of the safe disposal of 
radioactive wastes More international attention 
should also be directed toward the problems of 
chemical pollution of eir and water International 
conferences on these topics should be encouraged 

The extinction of many plant and animal species 
seems possible There are large forest and game 
reserves in the newly formed African countries which 
are seriously threatened to-day because of a shortage 
of funds and tramed personnel. This problem has 
been considered by a committee on ecology in the 
International Council of Scientific Unions A system 
of world-wide institutes should be established for 
preserving indigenous strains of plants, animals and 
micro-organisms 

(D) ‘Endless frontwrs' There has been a great 
development recently m our understandmg of the 
structure and function of biological macromolecules 
and the central role of the nucleic acids and the 
mechanism which relates the nucleic acids to the 
protem molecules These developments have a sig- 
nificant bearing on the problems of cancer as well as 
the broader fields of molecular evolution and the 
omgm of hfe Intense interest in this field has 
developed among scientists m all countries, and 1t may 
be possible to capitahze on this enthusiasm by develop- 
mg an intercontinental institute of molecular biology. 
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Both the United States and the USSR have 
announced, that they are planning to carry out 
manned exploration of space It 1s not unreasonable 
to suggest that some of the biological developmental 
work be carried out m common A considerable 
saving of tume and money would ensue from joint 
research projects ın this area In addition, some of the 
instruments which man uses 1n space for his scientific 
investigations could be meluded m this co-operative 
programme Joint precautions must be exerted to 
prevent the contammation of extra-terrestrial bodies 
by terrestrial organisms 

At the present time an International Biological 
Programme ıs under discussion by the International 
Council of Scientific Unions Many of the projects 
described above may be included in the Programme, 
which if carried out broadly and effectively, would 
have considerable scientific value as well as a favour- 
able ımpact on public opimon 


VoL 192 


(IV) Co-operation in the Physical Sciences 


Modern physical science has in many of its aspects 
become very big and expensive It therefore lends 
itself particularly well to intercontmental co-operation 
in which the costs are shared and the results are 
made available to all mankind 

Four specific aroas of physical science were identi- 
fied as bemg ripe for vigorous action on an mter- 
continental basis These areas are the following 

(A) High-energy physws Co-operation could centre 
around the establishment of a laboratory the main 
research tool of which would be an accelerator of not 
less than 300 x 10° eV and of a design which would 
achieve success in the shortest possible time. 

(B) Contiolled thermonuclear and plasma research 
In the field of controlled thermonuclear research there 
has been much effective exchange of information and 
scientists. This development ıs particularly significant 
since this research, prior to 1955, was secret It 1s 
urged that such collaboration be broadened, in par- 
ticular, that the world’s thermonuclear laboratories 
remain open to screntists of all nations who can 
contribute to this mteresting and potentially mopor- 
tant field of research 

Although a new, very large thermonuclear device 
ig probably not needed immediately, still there 18 a 
large field of general research in plasma physics 
which could well be advanced by the establishment 
of an intercontmental laboratory 

(O) Ulira-heavy element chemistry. Two different 
devices are needed for such mvestigations  high-flux 
reactors, and heavy-ion, high-current cyclotrons. 

It ıs recommended that an intercontimental centre 
devoted to investigation of the properties of the 
ultra-heavy elements be established The centre 
probably should be equipped with the most powerful 
available heavy-ion cyclotron and with equipment 
for handling the materials The ultra high-flux 
reactor (10:5 mneutrons/em ?/see ), because of 1ts 
hazaid, probably should be located at a different, 
more isolated site 

(D) Large-scale computers The development of 
the large modern electronic computer with its 
enormous memory and high speeds represents one of 
the most significant scientific events of the past two 
decades The future development of these computing 
machmes, with larger memories and higher speeds by 
orders of magmiudes, would be of immense value to 
science Such computing machines will cost perhaps 
as much as 100 x 10° dollars 
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The development of such computers would be a 
suitable project for mternational co-operation The 
utilzation of such a machine will advance not only 
mathematics but also all the physical seenees and 
the biological sciences, particularly the unraveiling 
of the structure of macromolecules It would also 
find great utihty ın economics and other social 
sciences 

(E) A globular cluster of big scrence centres Iv is 
beheved that the separate big science laboratories m 
high-energy physics, heavy-element chemistry, maero- 
molecular biology, health research, and possibly 
thermonuclear research, will prosper better 1f they 
are reasonably close together than if they are com- 
pletely isolated from each other. The intercontinental 
computing centre will be more viable and will be 
a better centre if 16 were the nucleus of such a 
cluster. 

The Conference urged that the mtercontinental 
scientific laboratories be located in relative geograph- 
ical proximity and that they be served by the mter- 
continental computing centre Such a centre, com- 
prismg much of what is called ‘big science’, would 
represent a capital mvestment of about 5 x 10° 
dollars It is beheved that the astute location of 
such a strikmg epitome of science—the most charac- 
teristic theme of our modern civilization—could have 
extraoidimanly great significance in mmproving the 
tone of the present pohtical situation 
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(V) Co-operation in Assistance to Developing 
Nations 


Assistance to developing countries is & duty and 
necessity for all countries This aid should be ren- 
dered so that ıt would not mapa the mdependence 
of any country 

Greater support for international co-operation in 
assistance to developmg nations is needed Such 
co-operation could help to reduce world tensions, to 
strengthen peace. and to further disarmament Dis- 
armament would m turn improve the climate for 
international co-operation m this and. other fields and 
make available additional funds which could and 
would be used to merease the assistance to developing 
nations Clearly, the greatest co-operation and the 
release of maximum funds for the assistance pro- 
gramme could be achieved by complete disarmament 

Scientists have a definte part to play m the 
development of assistance programmes and special 
emphasis should be placed on this subject in sub- 
sequent conferences Such & conference should 
include a large participation of representatives from 
the developmg nations 

The recommendation from the Economie and Social 
Council that a conference on science and technology 
m appheation to the problems of new nations should 
be held next summer m Geneva under United Nations 
sponsorship 1s to be welcomed. 

A subject of interest to scientists is that of natural 
resources of different areas and of their population 
trends Unprejudiced quantitative study of the latter 
topic should be carmed out on an international, 
co-operative basis Another top:e for sumilar co- 
operative research is world nutrition, meludmg the 
study of reasons for widespread occurrence of avoid. 
able malnutrition m many parts of the world. The 
problems of energy supply, particularly m areas m 
which the demand for energy 18 diffused rather than 
concentrated m large mdustrial centres, calls for a 
similar study It is suggested that prelummary study 
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groups on these problems be organized prior to the 
above-mentioned conference 

An international study should also be made of the 
advisabiLty and practicability of estabhshmg an 
international fund to which mdividual scientists from 
countries m which local funds are msufficient for this 
purpose could apply for assistance in their scientific 
research 


(VI) Exchange of Scientists and Scientific 
Information 


By its very nature and tradition science 18 a 
universal enterprise The rapid exchange of informa- 
tion mutual visits of scientists and their working as 
guests in the laboratories of other scientists con- 
stitute the main pathways of scientific collaboration 
among scientists all over the world It 1s to be noted 
that there has been substantial progress m recent 
years in the area of scientific exchange Yet ıb 18 to 
be regretted that there exists a number of difficulties 
which imerfere in major ways with the further 
broadening of scientific collaboration and exchange 

(4) Exchange of 8cwntests The planned exchange 
of scientific personnel mitiated by the Bronk- 
Nesmeyanov and similar agreements should be con- 
siderably increased The vistts should be extended 
over pericds sufficient for the completion of research 
projects In addition to planned exchange, the 
framework of these agreements should allow for and 
encourage invitations to scientists m the country m 
which they are to visit, and for the invited scientists 
to bo able to accept such mvitations Appheation of 
the quid pro quo principle to visits under the agree- 
ment (thas1s the exchange of one solid-state physicist 
for another solid-state physicist, eto ) has tended to 
hamper fruitful exchange, and ıt 1s urged that such 
regulations be set aside in future agreements. 

The role of Government bureaucracies m the 
administration of these agreements should be mmim- 
ized To implement this recommendation, govern- 
ments sho'iüd be urged to expedite visas and passports 
for scientists «mee past and present failures m this 
respect have seriously hampered scientific exchange 
The scientific organizations of various nations should 
consider ways to facilitate the travel of pre- and 
post-doctcral fellows across national boundaries to 
study for adequate periods of tıme (one year or more) 
at researen centres and under teachers where their 
trang and scientific maturation can be best 
enhanced 

(B) Exchange of formation Noting the obstacle 
to the exchange of scientific information presented 
by the mounting volume of current publication, which 
18 increasing exponentially and doubling about every 
decade. tke situation calls for radical measures of 
rationalization Among potentially useful measures 
are the followmg to review and co-ordimate the 
character and content of journals published in all 
countries with the view of reduemg the number of 
journals wuch a scientist must follow to keep abreast 
of work m his discrplme, to institute standard 
formats for the presentation of scientific papers, to 
formulate a siandard system for the annotation of 
the contents of published papers suitable for coding 
and manipulation by machmes for the storage and 
retneval o? information, to institute regional depots 
under internetional co-ordmation to store complete 
experimental records and other documentation m 
support of the bref pubhshed papers; to make such 
material r&pidlv available to interested scientists; to 
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consolidate the abstracting services now carried on 
independently m many countries, a measure that 
could reduce present duplication of effort by a con- 
servatively estimated factor of three 

The publication of mternational review journals of 
two types as follows ıs recommended  interdie- 
eiphnary review journals written in relatively non- 
technical language for the benefit of scientists In 
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different disciplines, and more specialized review 
journals which would keep scientists working in & 
given area abreast of the work gomg on in the same 
or related areas all over the world. 

All Governments ale recommended to open their 
postal systems to the untrammelled flow of scientific 
pubheations whatever their country of origm or 
destination 
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LAND USE IN ARID REGIONS 


HE arid zone programme of the United Nations 
Educational, Scientific and Cultural Organiza- 

tion, one of the Organization’s three major projects, 
has yielded several valuable reviews of research and 
proceedings of symposia, mostly devoted to hydrology 
and, ecology ‘The latest m the series, a volume of 
some 350,000 words reviewing the history of land use 
1n arid regions, 1s of more general interest * It deals 
with all the main dry lands with two main exceptions, 
those surrounding Abyssmia and those of South 
America, 1n. post-Columbian times 

F K Hare explams the widespiead aridity m sub- 
tropical latitudes ın terms of the divergent wmd-flow 
at low levels related to high pressure ao 2-3 km , and 
considers ıt unlikely that any past climatic epoch 
can have been free of tropical aridity He finds 1t 
inconceivable that man can significantly alte. the 
régime, the energy transformations involved are on 
so large a scale Thus the flooding of desert depres- 
sions, for example, would have only very modest 
effects on neighbouring areas 

A summary by K W Butzer of what 1s known 
about climatic change ın arid lands sinze the Pliocene 
sots the regional histories m a longer time perspective 
Full aridity was achieved in most arid lands some 
15,000 years ago Simce then there has been no 
progressive desiccation, only mmor fluctuations of 
climate Of especial mterest are those fluctuations 
which might possibly have affected the environment 
of man when he was first beginning to manage crops 
and animals in south-west Asia ten thousand years 
ago and m Mexico possibly not much later 

Changes in climate over the past two or three 
thousand years are scarcely detectable with certainty 
until the fluctuation of the past three centuries 
This has involved more than the spectacular rapid 
advance and current retreat of Alpme glaciers, for 
1t 18 becoming clear that semi-arid lands in many parts 
of the world have been receiving less rain in recent 
decades than in the latter half of the nmeteenth 
century The dry trend continues, and tbe further 
outlook is unsettled 

Prof Dudley Stamp, the editor of the volume, 
pomts out that a knowledge of the climate 1s not 
enough to allow a reconstruction of the past vegeta- 
tion cove. The effects of burning and of a more 
prolific fauna have also to be taken mto account 
Ecologists and archzologists working together m the 
field are begmning to produce fairly reliable pictures 
of ancient landscapes, and R. O Whyte, m his con- 
tribution on south-east Asia, sees much promise m 
this type of co-operative research 

South-west Asia 1s 1n many ways the most 1mpor- 
tant of the regions and at the same time 16 produces 
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the greatest difficulties in comprehension because of 
the mass of mformation available from widely 
scattered sites and conflicting interpretations of 
evidence Whyte’s review 18 very stimulating but not 
at all easy to digest Egypt is of its nature simpler, 
and the materal presented by G Hamdan wil be 
more famihar to many readers V A Kovda’s 
survey of the Russian plains, the Caucasus and Central 
Asia (plus a few pages on irrigation m China) naturally 
lays great stress on the revolutionary effects of 
introduemg socialist methods of production to the 
steppe The scale of operations 1s indeed impressive 
Kovda notes the steady mcrease ın the frequency of 
sukhover, dry dusty winds, but asserts that thew 
effects will be mitigated by new forests and irrigation 
projects which, he says, are expected to imcrease 
precipitation 

J Despois, writing on North Afiica, agrees with 
Butzer that there 1s no good evidence that the climate 
there was much more favourable to farmimg ın the 
Roman period than m later times The decline in 
agriculture can mainly be attributed to eleventh- 
century and later mvasions of Bedouin Arabs from the 
east Even their destructrveness seems to have been 
far exceeded by those other nomadic herdsmen, the 
Mongols, who descended on western Asia two cen- 
turies later From both, recovery was slow, and in 
Cyrenaica and parts of Iraq and Iran is still 1neom- 
plete 

Nomadism 1s a rational response to those seasonal 
and year-to-year variations in grazing and surface 
water typical of arid regions R F Logan describes 
flocks 1n the United States bemg driven in double- 
decker trucks to summer grazing m upland meadows 
under Forest Service permits Everywhere some 
State control of nomadism seems to be inevitable 
Although, as Th Monod and Ch Toupet note in the 
Saharan region, an irreversible process of “‘sedenter- 
ization” has set ın since pacification, progress in this 
direction 18 likely to be too slow to satisfy admmustra- 
tors and conservationists 

Innovations bring old problems Perennial irriga- 
tion ean lead to salt accumulation and waterlogging, 
as in the Punjab, and to bilharzia and other diseases 
Improved water supphes from deep wells can accentu- 
ate overgrazing The balance 1s delicate ın arid lands 
and, the regulating mechanism must work efficiently 
or disaster comes swiftly. This seems to be the main 
lesson to be learned from the past 

For the future, the possibilities of industry based 
on local minerals, with space-cooling and a sunny 
climate to attract labour, are becoming apparent from 
recent developments in Arizona and Central Asia 
The process of urbanization is not new to the arid 
lands, ıt probably began there, and may well go 
further there than anywhere else in the world 

A T GROVE 
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OBITUARIES 


Dr. B. L. Goodlet, O B.E 


Tue death occurred on October 27 of Dr Brian 
Laidlaw Goodlet, deputy chairman of the Brush 
Electrical Engmeermg Co, and, until recently, its 
managing director 

Brian Goodlet was born in St Petersburg in 1903 
of British parents who had settled in Russia in the 
service of the Government, and was educated at the 
Imperial School m St Petersburg He escaped from 
Russia during the Revolution and received his further 
training with Vickers, Ltd, and Metropolitan- 
Vickers, first at the Attercliffe Works, Sheffield, 
studying in the Applied Science Department of the 
University of Sheffield, where he gamed the associato- 
ship in electrical engmeermg, and then as a special 
trainee m the Trafford Park Works- In 1924 he was 
appointed to the staff im charge of the first High- 
voltage Laboratory, and there he mtroduced to the 
Company high-frequency and impulse voltage testing 
of electrical products, and made important con- 
tributions to the study of transmission and bushing 
insulators, during which time he designed the second 
High-voltage Laboratory equipped for a million volts 
He also designed the very small high-voltage generator 
which the Metropohtan-Vickers Co gave to the 
Cavendish Laboratory to assist mo in the first 
attempts to accelerate particles to very high energy 
fo. transmutation experiments, and then designed 
the special high-voltage transformer of extremely 
small dimensions which was used by Cockcroft and 
Walton in ther 1932 experiments There were no 
other high-voltage transformers in those days which 
could have fitted into the small rooms of the Caven- 
dish Laboratory, and we owe Goodlet a great debt 
for these expert designs without them Britain might 
not have been ahead of the large American labor- 
ator1es 

It was through his contacts with the Cavendish 
Laboratory that he decided to take the Engimeering 
Tripos m Cambridge, leaving Manchester at the age 
of twenty-seven with a generous grant from the 
Company On his return to Trafford Park he made 
a dotailed study of extra high-voltage turbo- 
alternators, and also wrote his classic paper on 
hghtning 

In 1937 Goodlet was appomted to the chair of 
electrical engineering in Cape Town, but he returned to 
Britain in 1939 to take up the chair in Birmingham 
He offered his services to the Admiralty, but, because 
of his former connexion with Russia, he was not 
accepted, so he applied to return to the still vacant 
chair m South Africa, where he immediately joined 
the South African naval work on the degaussing of 
ships m Cape Town Harbour, ultimately gaming the 
iank of commander m the South African Navy 
After a short time he was sent to England to work 
with the British Admuralty as chief scientist at 
Rosyth, where he made distinguished contributions 
to work on underwater explosions, before joming the 
Far East Naval Task Force in Ceylon under Lord 
Mountbatten He was made OBE for his war 
services In 1946 he returned to Cape Town, where 
he built up a vigorous electrical engineering depart- 
ment with almost pitiable funds, gathering around 
him several engineers from the Metropolitan-Vickers 
Co and starting a lively research school, but this 


had scarcely begun to bear frut when he returned to 
England again m 1950, this time as deputy chief 
engineer of the Atomic Energy Establishment at 
Harwell Hs text-book on basic electrotechnics— 
the resul; of his post-war work in South Africa—has 
become well established m British universities for 
second- and third-year honours engineering students 

Goodlet began in Harwell with a small team, 
including Mr R V Moore, to investigate m detail 
the feasiinliy of a power-produemg nuclear reactor 
system, referred to as Pippa, using natural uranium 
The team selected graphite as moderator, carbon 
dioxide as coolant gas and a vertical arrangement of 
fuel rods, and by 1952 all the main features of the 
design had been established ıt was then handed 
over to ~he Production Division to produce Calder 
Hall It ıs a tribute to Goodlet’s engmeermg judg- 
ment that no major changes of design were necessary 
(His paper, ‘Nuclear Reactors for Power Generation’’, 
to the Institution of Mechanical Engineers, was 
awarded the Thomas Hawksley Gold Medal ) 

During 1952-56 he was the chairman. of the Naval 
Education Advisory Committee of the Admiralty 
the Director of the Naval Education Service advises 
me that he made an 1deal chairman and was greatly 
respectec by his colleagues During Goodlet’s period 
of office, the Committee advised on a number of 
important matters, including cadet entry into the 
Royal Navy. officer tramung, the technical training 
of Junior ravings, the conditions of service of civilian 
teaching staff at the Royal Naval Colleges, the 
rehabilitation of the Dockyard Technical Colleges and 
the organization of facilities for informing the Service 
of modern developments m science and technology. 
His untirmg mterest and wise counsel m all aspects 
of naval education were of the utmost value to the 
Duector of the Naval Education Service | 

By 1956, Goodlet felt that his work at the Atomic 
Energy Research Establishment was finished, and he 
joined the Brush Electrical Co, Loughborough, as 
chief engineer and director, later becoming 1:8 
managing director Mr G B R Folden tells me 
that Goodlet was confronted by a series of major 
breakdowns of 30-MW  double-rotation turbines 
which had been designed before Goodlet jomed the 
Company The breakdowns were caused by vibration, 
and the solution to the problem required the evolu- 
tion of entirely now measuring techniques Goodlet 
was responsible for solvmg this problem, which was 
fortunately achieved successfully, largely due to his 
own perseverance, shortly before his death He sub- 
mitted his published work to Cambridge and was 
awarded the Sc D in 1958 

Perseverance and thoroughness characterized all 
his work lke the great American engmeer, Charles 
Proteus Stemmetz, he was never satisfied until he 
understood the fundamentals of any problem which 
confronted him, and he was fondly nieknamed ‘Prot’ 
by his closest friends because of this similarity He 
invariably wrote out the basic facts and deduced the 
solution m beautiful handwriting, and his notebooks 
were a joy vo peruse His perseverance was equally 
manifest ın his hobbies, and he enjoyed going up 
Table Mountain the hardest way He was extremely 
intereste 1 m mihtery strategy and ıt was fascinating 
to hear ium quote Napoleon's campaigns, he even 
wrote a mathematical paper on the ballistics of 
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weapons used in classical times I was present when 
Rutherford, returning from the British Association 
meeting in South Africa, recited the exploits! of 
Cetywayo, Goodlet, to Rutherford’s great delight, 
contmued the story with intimate details of the part 
played by the Zulu’s heutenants 

Goodlet 18 survived by a widow, two sons, and two 
daughters T E ArriBoNE 


Dr A K. Das 


Inpia lost a meteorologist of note and a leading 
astronomer of this century with the death on 
February 18, 1961, of Anil Kumar Das. He was best 
known for his work at Kodaikanal Astrophysical 
Observatory, of which he was the head for fourt een 
years At the time of his death, however, he was 
acting temporarily as director of the Nazamiah 
Observatory, Hyderabad, and as professor of astro- 
nomy at Osmania University But although best 
known for his astrophysical iesearches, Dr Das 
published a number of papers on purely metcoro- 
logical topics, mainly durmg the early part of his 
thirty-years service in the India Meteorological 
Department 


NATURE 


December 30, 1961 


After completing his education to postgraduate 
level in India, Das continued his studies in Paris 
under Fabry and later also worked with Max Born 
and Augenheister He returned to India in 1930 to 
commence his meteorological work, but in 1934 he 
went to England to study the temperature of the 
Sun by spectro-photographic means at the Solar 
Physics Observatory, Cambridge This virtually 
marks the beginning of his career in astronomy Huis 
many papers on solar physics thereafter appeared at 
iegular intervals almost up to the date of his 
death 

Das had the inturtive foresight, gieat energy and 
determination of the great research worker, but he 
was also an administrator of considerable ability 
Indeed, his greatest achievements probably le in the 
improvements he mtroduced at Kodaikanal, by the 
installation of new equipment and the initiation of 
new fields of research Largely thanks to Das, this 
Observatory ıs now carrymg out researches and 
making observations, using the finest equipment, in 
many branches of geophysics and solar physics It 
18 & pity that he could not live long enough to fulfil 
his last ambition to work with his new instruments 
during the last years of his hfe 
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Botany in University College, Dublin 
Prof J Doyle 


Pror Josera Dovre has retued from the chan of 
botany m University College, Dublm, after nearly 
fifty years service He entered the College on 
& mathematical scholarship, later he became 
interested in biology through the pathway of 
medicine Followmg a period of postgraduate 
research, part of which was spent in Germany, he 
was appomted assistant ın biology in 1913, at this 
time, he and two others comprised the staff of the 
Biology Department In 1924 he was appoited 
professor of botany, and undertook the development 
of the first Department of Botany in the College His 
main research interest 1s represented by a long series of 
papers on conifer embryology, on which subject he 1s 
internationally recognized as an authority He was 
awarded the Boyle Medal of the Royal Dublin Society 
in recognition of this work The degree of D Se was 
conferred on him in 1930 At the Dublin meeting of 
the British Association for the Advancement of 
Science in 1957, he was president of Section K 
(Botany) In addition to developing the Department 
of Botany, Prof Doyle rendered distinguished ad. 
munistrative service to his College As dean of the 
Faculty of Science he showed considerable o1.gamzmg 
power, for many years he was a member of the 
Governing Body of the College and of 1ts Finance 
Committee He has helped greatly in fuithermg the 
scientific and cultural hfe of Dublin. He 1s a member 
of the Council of the Royal Dubhn Society, secretary 
of the Royal Trish Academy, chairman of the Praegar 
Committee for Field Natural History, and a trustee 
of the National Library of heland Recently he has 
been actively engaged in planning new Science 
Buildings for University College, Dublin His many 
interests will ensure for hım 1ewarding occupation, in 
his 1etirement 


Prof Phyllis M Clinch 


Dr Puvrus M Cros has been appointed to 
succeed Prof J Doyle Dr Clinch, m fact, majored 
in chemistry ın University College, Dublin, with 
first-class honours and first place at her primary 
degree, but, botany bemg her second subject, she 
took an immediate interest in plant biochemustiy 
and her earlier research was done in the Department 
of Botany on problems of seasonal metabolic changes 
in conifers In this and ın all her subsequent work 
her early intensive tiaining in basic chemistry proved 
a most valuable asset After a period of study under 
Prof V H Blackman in the Imperial College and 
Prof Guilhermond in Paris, she was appomted senior 
research assistant in plant virus diseases in the 
Department of Plant Pathology, University College, 
Dublin Here she played a major part in the team 
that produced so much important work on plant 
viruses, especially the analyses of viruses affecting 
the potato plent The value of the work from this 
Irish Schooj 1s too well known to need comment here, 
suffice 1t to say that Dr Chnch’s share in it has 
gained her a well-merited international reputation in 
the plant virus world In 1950 she accepted an 
invitation to jom the staff of the Botany Department, 
University College, as senior lecturer with the primary 
purpose of developing courses and research in plant 
biochemistry and physiology along modern lines The 
very successful organization of this entailed, unfor- 
tunately, a temporary break in her work on viruses 
The break, however, was only temporary, and m 
recent years she has initiated, a programme of research 
into the biochemical and physiological effects of virus 
infection on the metabolism of the infected plants 
themselves It ıs to be hoped that the administrative 
and other duties which will now naturally fall on 
her as head of a department will not undulv hamper 
progress in this plomising hne of research 
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Control of Government Expenditure on Research 
and Development 


In opening a debate on November 30 when the 
House of Commons was asked to take note of the 
Fust, Second and Third Reports from the Committee 
of Pubhe Accounts m the Session 1960-61 and of 
the Special Report from that Committee, Mr H 
Wilson referred to the centenary of the establish- 
ment of the Committee m April 1861 and to the 
steady development of 1ts work The debate covered 
a fawly wide field, but the two chief points of 
scientific interest are to be found in the reply of 
the Financial Secretary to the Treasury, Sir Edward 
Boyle Sir Edward, refening to research and 
development practice, endorsed the Treasury Minute 
that it is Government practice to rely largely 
on private industry when it 1s a matter of design 
studies for complicated new weapons and equipment, 
subject to the checks which Government establish- 
ments can operate, and that reseaich, development 
and production are mtegial parts of a continuous 
process to which the Ministry of Aviation’s research 
establishments contribute by virtue of their special- 
ized knowledge and facilities Sir Edwaid also said 
that the major part of the Atomic Energy Authority’s 
net cost of operations—nearly £60 million in 1959-60 
—represents research and development effort m both 
the civil and mihtary fields, and to publish the evil 
figues alone would make 1t easy to estimate the level 
of military reseaich Decisions on all matters con- 
cerned with the disclosure of mformation are taken 
after regular periodical reviews, and the importance 
of this issue to the Public Accounts Committee 
was realized In principle, the Authority hoped to 
Lecover its research and development expenditure on 
civil reactor systems 
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Medical Men in Britain 


IN a debate in tho House cf Lords on November 29 
on the shortage of medical men, Lord Taylor stressed 
the difficulty which non-teaching hospitals m Britain 
are experiencing m filing appointments In ieplying 
for the Government, Lord Newton said that after 
reviewing the data and calculations of the Willmk 
report, the Government ıs satisfied that the pros- 
pective demand for medical services will justify a rise 
in the university intake of pre-clinical students from 
Great Britain of 10 per cent above tho 1,760 recom- 
mended by the Willmk Committee ` The intake m 
July 1961 was 1,788 The University Grants Com- 
mittee has been asked to consider with the univer- 
sities the implications of the Government’s conclusion 
Steps are bemg taken to improve the statistical 
Lord 
Newton said that the Government intends to watch 
the figures constantly, including those of output from 
the medical schools, rather than attempt to make firm 
estimates at wide intervals of time Lord Taylor 
had asserted that the shortage 1s now showmg itself 
in the teaching hospitals also, and that the hospital 
service in Britain would have collapsed but for the 


___influx of some 3,000-4,000 junto: doctors fiom India 


k 


and Pakistan Lord Newton admitted that ın March 
1960 more than one-third of the posts m the middle 
and lower grades were occupied by doctors born 
outside Britain, but he emphasized the value of these 
doctors and the debt to their services Ho said that 
in 1960 the average number of patients on a doctor & 
list was 2,287, about 150 fewer than it was in 1952, 
and that the improvement of the distirbution of 
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doctors was of special concern to the Medical Practices 
Committee constituted under the National Health 
Sorviee Act 


Accelerators for Low-energy Nuclear Physics 


Recent advances m the theoretical description of 
the atomic nucleus, together with recent design 
nmpriovemerts in cyclotrons and Van de Graaff 
accelerators have stimulated a special US National 
Science Foundation programme for establishing and 
improving low-energy nuclear physics research 
faciht:es The theoretical advances have resulted in 
a need for refmed measurements of energy-levels, 
epin assignments, and other characteristics of the 
nucleus so zhat the synthesis of present theoretical 
models ean be further advanced Many of these 
refined measurements ale now possible thi ough 
extension of the range of Van de Graaff accelerators 
giving particles with energies of up to 20 MeV , and 
improvements m cyclotron design to permit well-con- 
trolled beams up to 40 MeV Until about five years 
ago Van de Graaff accelerators were restricted to 
energies less than 8 MeV. Recently, the Foundation 
has made a group of sıx grants, totalling 4,161,500 
dollars, 1n furtherance of the new programme These 
six accelerators are expected to play an important 
part in the netion’s effort m nuclear structure physics 
Grants made so far m this special programme are as 
follows University of Chicago, 296,700 dollars for a 
4-MeV Van de Graaff machine to be used by Dr S K 
Allison and his Group, Michigan State University 
700,000 dolars toward a 40-MeV cyclotron for the 
use of Dr Eenry G Blosser’s research team, Univei- 
sity of Pittsburgh, 977,600 dollars toward an 18-MeV 
three-stage Van de Graaff machine for research under 
the direction of Dr Bernard L Cohen, University of 
Washington (Seattle), 1,240,000 dollars toward a 
22-MeV. three-stage Van de Graaff machine for 
the Physics Department, of which Dr Ronald 
Geballe 1s executive officer; Ohio State University, 
499,200 dollars for a 5 5-MeV Van de Graaff machine 
for the Department of Dr H H Nielsen, State 
University of Iowa (Iowa City), 498,000 dollars for a 
5 5-MeV Van de Graaff machine for the Department 
under Dr James A Van Allen 


The Royal Commission for the Exhibition of 1851 


THE eleventh report of the Commussioners for the 
Exhibition of 1851 covers the activities of the Royal 
Commissior. since its tenth report was issued in May 
1951 (Pp 32. (Cmnd 1502) London HMSO, 
1961 2s 6d net) The general pattern of the Science 
Research Scholarships has remained unchanged, but 
the list of universities mvited to participate has been 
extended and the value of the awards mereased to 
£550 a year for Overseas Scholars and £800 a year 
foi senior »;udents, exclusive of allowances In 1958 
the National Research Council of Canada offered to 
each 1851 Scholar from Canada a bonus of £250 a 
year from 138 own funds, which has been particularly 
useful to married Scholars Similar arrangements 
have been made, with various qualifications, by 
authorities in Austi alia, South Africa, India, Pakistan 
and New Zealand Since 1952 the Commission has 
co-operated with the Council of the Royal Society in 
the admmustration of the Rutherford Scholarship 
The value of the Postgraduate Scholarship in Naval 
Aichitecture was m 1958 increased to £600 a yea 
In view of the re-allocation of so much of the property 
on the Kensington Gore Estate ın 1956, ıt was agreed 
with the Imperial College of Science and Technology 
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and Government departments concerned to arrange 
a new lease to the College for 999 years fiom mid- 
summer 1956 at a rental commencing at £5,000 and 
rising over ten years to £25,000 a year 

The Commission's office at 1 Lowther Gardens 
provides accommodation also for the London head- 
quarters of the British School at Rome, to which the 
Commission now contributes £8,000 a year, and for 
the Institute of Physics and the Physical Society 
Of the expenditure of £324,759 during the ten years 
January 1, 1951—December 31, 1960, £244,822 was 
on direct educational grants A new Record of the 
Science Research Scholars of the Royal Commission for 
the Exhibition of 1851, 1891-1960, has now been com- 
piled, and ıt may be noted that of the 905 Scholars, 
99, including 34 from overseas, became Fellows of 
the Royal Society, of which two were elected presi- 
dent, eight won Nobel Prizes (Pp 1v+107 London 
Royal Commission for the Exhibition of 1851, 1961 
12s 6d) The Record lists separately Science Research 
Scholars appomted durmg 1891-1921, Overseas 
Scholars appomted &mee 1922 and Senior Students 
appointed since 1922 There are indexes to Scholars 
and to the Institutions from which they came 


Experimental Eye Research 


THe scientific lterature on the eye and vision 1s 
dispersed in journals representing many different 
disciplines, and visual scientists have for long deplored 
the fact that they had no journal of their own Now 
they are to have at least two For the appearance 
last June of Vision Research (Pergamon Press) (see 
Nature, 191, 650, 1961) ıs followed by the present 
debut of Hapervmental Eye Research (Academic 
Press). Congratulations are due to Academic Press 
for the fine quality of Ewperwunental Hye Research, 
the first number of which appeared in September (1, 
No 1; September 1961 Pp 97 Published quarterly 
Vol 1, approx 400 pages (London: Academic Press, 
Ine (London) Ltd; New York: Academic Press, 
Inc, 1961) 115s, 16 dollars) The object of this 
quarterly journal is the publication (m English) of 
original papers on the anatomy, physiology, bio- 
chemistry and biophysics of the eye “Contributions 
on such subjects as the production and circulation of 
ocular fluids, the fine structure, biochemistry, bio- 
physics and metabolism of the eye tissues, the photo- 
chemuieal processes related to visual function, and. the 
neuromuscular mechanisms in the control of eye 
movements will be preferred " The editors-in-chief 
are Dr E A Balazs, of Harvard Medical School, and 
Dr Hugh Davson, of University College, London 
They are supported by a group of leading workers 
forming an editorial board of five and an advisory 
board of nie A study of the first issue reveals a 
high standard of editorial policy and also confirms 
the initial impression that the main interests of tho 
publication are the mmute anatomy and vegetative 
physiology of the eye Since the interests of the 
‘rival’ publication, Vision Research, are centred more 
on the physiology of vision, there 1s less overlap in 
the scopes of the two journals than might appear 


Engineering and Television 


Two publications of the British Broadcasting Cor- 
poration issued to mark the twenty-fifth anniversary 
of BBC Television direct particular attention to 
the work done by its engmeerimg division during the 
period under review The first, Twenty-five Years of 
BBC Television, 18 one of its periodic Monographs 
and has been prepared by one of the original members 
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of the BBC, Sir Harold Bishop, now director of 
engmeering (No. 39 Pp 41 (14 plates) London 

British Broadcasting Corporation, 1961 5s) After 
a survey of the events and developments which led 
to the start of the B B C ’s high-definition television 
service, the monograph describes the main engineering 
developments during the past quarter of a century 

Particular attention is directed to those techniques 
which have been origmated by the B B C , or which 
are utilized ın a specially noteworthy manner ın the 
services of the BBC. There 1s also a brief review of 
the B B C''s contributions to probable future develop- 
ments, including colour television and a change of 
standarcs The second publication, BBC Tele- 
vision a British Engineering Achievement, 18 written 
In à more popular style, and gives a narrative account 
of how television works, the early growth of the 
services and what engineering services and techniques 
are involved to bring television into the home The 
brochure 18 well written, with good illustrations and, 
hke so many BBC publications, 1s remarkably 
cheap (Second edition, revised Published on the 
25th Anniversary of BBC Television Pp 64 
London: British Broadcasting Corporation, 1961 

3s 6d) It should find its way to bookstalls as well 
as libraries 1n schools and other places 


Astronomical and Nautical Almanacs 


Two ephemerides have recently been published for 
the year 1962, one by the US Government and the 
other by the Indian Government. The Amerwan 
Ephemeris and Nautical Almanac 18 unchanged with 
regard to the presentation of material (Pp vn+514 
Washington, DC Government Printing Office, 
1960 4 dollars) The Indian Ephemeres and Nautical 
Almanac (Pp xxvin+460 Delhi Manager of Pub- 
heations. 1961 Rs 1400, 22s ) 1s closely simular to 
the American Ephemeris, though more restricted in 
scope, but m addition contains a section on the 
Indian Calendar. The 1962 edition contains four new 
sections: (1) ephemeris for physical observations of 
the Sun; (2) ephemeris for physical observations of 
the Moon, (3) centre of mass of the solar system, 
and (4) local circumstances of occultations of bright 
stars and planets visible in India 


Technical Publications of the Oak Ridge National 
Laboratory 


Tue publication ORNL 61-6-27 contains a list of 
papers published m journals and presented at meet- 
ings, reports issued, and theses completed, durmg 
1960, by the members of the staff of the Oak Ridge 
National Laboratory, Oak Ridge, Tennessee (Pp 
v+107 Oak Ridge, Tennessee Oak Ridge National 
Laboratory, 1961) Reprints of many of the articles 
can be obtamed on request either from the Labor- 
atory, or of papers presented at scientific meetings 
from the authors concerned There 1s an author index, 
and the various articles are grouped within the 
sections according to subject, biology, chemistry, 
physics, ete The prices of the ORNL reports are 
given, and the reports, except those mdicated as ‘not 
for sale’. can be obtamed through the Office of 
Technical Services, Department of Commerce, Wash- 
ington 25, DC 


National Conference of Standards Laboratories 


To help meet the needs of science and mdustry for 
improved uniformity and greater precision m cah- 
bration and measurements m all areas of the physical 
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sciences, engineering and technology, a new organ- 
ization—the National Conference of Standards Labor- 
atories—was established on September 15, 196], by 
representatives concerned with standards activities 
in Government, industry, education, and professional 
societies of the United States A major activity of the 
National Conference will be to arrange a continuing 
series of standards laboratory conferences The 
General Committee, headed by Lloyd B Wilson, of the 
Sperry Gyroscope Co , has arranged for the first con- 
ference 1n this series to be held durmg August 1962 at 
the National Bureau of Standards Boulder Labora- 
tories, Boulder, Colorado Another major activ:ty 
bemg considered 1s the establishment of a voluntary 
system of measurement agreement checks to demons- 
trate competence and contmued uniformity among 
standards laboratories Further information ean be 
obtained from Dr H W Lance, Electronics Calibra. 
tion Center, Boulder Laboratories, National Bureau 
of Standards, Boulder, Colorado. 


Conference on Measurement and Control Tech- 
nology 


Tee Society of Instrument Technology and the 
Royal Dutch Institute of Engmeers are organizing a 
joint conference to be held during April 10-13, 1962, m 
Amsterdam The programme is bemg arranged to 
encourage discussion and exchange of information on 
the present state and future trends of measurement 
and control technology m Britain and Holland Six 
technical papers will be presented and discussed 
covering new measurement methods such as direct 
reading spectrography, X-ray fluorescence chromato- 
graphy and optical measuring techniques, descrip- 
tions of working automation projects in the biscuit 
industry and sinking mine shafts, and control in 
manufacturing industry While most of the places 
will be reserved for members of the Society of 
Instrument Technology, 11 may be possible to enter- 
tain a few applications from non-members  Furthor 
information can be obtained fiom Mr I V Idelson, 
Mullard Equipment, Ltd, Manor Royal, Crawley, 
Sussex 


University News : Birmingham 


THe following appomtments have recently been 
announced Dr J S Bimnaeombe, to be lecturer 1n the 
Department of Chemistry, Dr D E N Davies, to 
be lecturer in the Department of Electrical Engineer- 
ing, Dr F Rneband, to be lecturer in the Department 
of Mechanical Engmeering, E D'R Shearman, to be 
senior lecturer 1n electromagnetism in the Department 
of Electrical Engmeermg 


Leeds 


in a statement to a meeting of the Court of the 
University of Leeds on November 15, when the 
annual report was presented, the vice-chancellor, Sir 
Charles Morris, referring to the merease m the number 
of students by 1,400 in five years, said that in the 
past year ıt had mcreased by 386 to 5,175, and ıt was 
probable that this order of increase would continue 
during the forthcoming quinquennium and that the 
student population in 1966 would be 6,900 ‘The 
building programme was based on an mcroase of this 
order, but there was some risk that the provision of 
residential accommodation might seriously fell behind 
needs in the immediate future The vice-chancellor 
also referred at some length to the new courses which 
the University was offering leading to an honours 
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degree covering study in depth m two of the tradi- 
tional subjncts These courses were meeting with 
immediate response, and twenty-one students were 
expected to graduate this year ın the ‘combined’ 
courses in arts, the most popular combmations so far 
bemg economics and history, English and history, 
geography and history, and psychology and sociology 
The Seienca Faculty was startmg such courses next 
October and a director of combmed studies was being 
appointed to guide the students followmg these 
courses and advise on combmations of subjects 
While he dd not think the ‘special honours’ courses 
would disappear or lose prestige, he thought ıt would 
be increasingly accepted that at the standard of first 
degree at honours-level, two subjects could effectively 
bo studied together m depth 


Sussex 


THe following appomtments have been made 
Dr D B Scott, at present reader 1n mathematics at 
Kings College. London, to be professor of mathe- 
matics, Dr. E R A _ Peelmg, at present senior 
lecturer m chemistry m the University of Leicester, 
to be senior lecturer m chemistry 


Announcements 


Sie Harry MELVILLE, secretary of the Department 
of Scientific and Industrial Research, has been made 
a member of the Council for Scientific and Industrial 
Research in recognition of his “notable services to 
DSIR" The appoimtment is personal to Sir Harry 
and does not mean that future secretaries of the 
Departmert of Scientific and Industrial Research will 
automatically become members of the Research 
Council 


A SYMPOSIUM on the “Methodology of Plant Eco- 
Physiology" will be held 1n the Botanical Institute, 
5 rue Auguste Broussonnet, Montpelher, France, 
durmg April 7-12, 1962 Further information can be 
obtamed from Dr. F. E Eckardt, Institut de 
Botanique, Montpellier, France 


Tax Department of Physics and Astronomy of the 
Ohio State University 1s organizing a symposium on 
“Molecular Structure and Spectroscopy", which is to 
be held m the University durmg June 11-15 Further 
information can be obtamed from Prof R A Oetjen, 
Department of Physics and Astronomy, Ohio State 
University 174 West 18th Avenue, Columbus 10, 
Ohio 


Dus to a change in date of the meeting of the 
International Pharmaceutical Federation, which will 
be held ın Vienna during September 1—24, 1962, the 
third British Congress on the History of Medicime 
and Pharmacy will be held in London during Sep- 
tember 27- 28, 1962 The subject of the Congress will 
be “The History of British Hospitale" Further 
information can be obtamed from Dr F N L 
Poynter, Wellcome Historical Medical Library, 
Kuston Road, London, N W 1. 


EERATUM We regret to find that, m tho article 
entitled “Action of Radiation on Synthesis of Deoxy- 
ribonucleic Acid m Normal and Tumour Strain Cells" 
(Nature, December 9, p 944), a line has been omitted, 
and another duplicated In column 2, p 944, hnes 
15 and 16 should read “ a decrease from the 
consequent depletion of the cell population However, 
as Pamterand  ." The present line 161s a repetition 
of line 13 
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INTERPRETATION OF GEOPHYSICAL SURVEYS 


ECENT impiovements m geophysical instruments 
have not simplified interpretation of the data 

obtained by usmg them Indeed, their greater spe^d 
and higher accuracy increase the data to be analysed 
and foster attempts to mterpret in finer detail 
Assessment of factors controllmg the reasonable 
limits of interpretation was the main aim of a Geo- 
physical Discussion of the Royal Astronomical 
Society, held ın association with, and at the rooms of, 
the Geological Society on October 27  Introduemg 
the four mvited speakers, the chairman, Dr. W 
Bullerwell (Geological Survey), remarked that geo- 
physical interpretation ıs usually tested by subso- 
quent geological exploration, thus ıt was appropriate 
that discussion. about interpretation should take place 
among geologists and benefit from their comment 

In opening the discussion, Prof J M Bruckshaw 
(Imperial College of Science and Technology, London) 
reviewed the treatment of gravity and magnotic 
survey data, where interpretations aim to deduce 
sub-surface mass distributions accounting for observed 
surface fields Fundamental difficulties are ambiguity 
and lack of resolution Ambiguity reflects dependence 
of the gravity anomaly on several factors, including 
form, size, depth and density contrast When all 
these factors concernng a buried mass are known, 
1t 18 possible to predict uniquely the effect on gravitv 
at any point on the surface, but when interpreting a 
gravity profile recorded in a new area, the factors 
cannot be evaluated individually, and, possible permu- 
tations allow many solutions consistent with the 
profile Only geological control can hmit the mherent 
ambiguities Lack of resolution was illustrated by 
indicating that the interpreter cannot distinguish a 
. point mass fiom a cube or sphere, since all produce 
similar gravity profiles Depth to centre, however, 
can be computed with reasonable accuracy and an 
estimate of size ıs obtamable from the maximum of 
the anomaly, though ıt depends ın turn on an estimate 
of density contrast 

Various numerical methods of analysis have been 
proposed, but Prof. Bruckshaw stressed that mathe- 
matical transformations cannot overcome limitations 
inherent in the original data, while subjective bias 
may be mtroduced in the process As a preliminary 
step, 16 1s usual to isolate local anomahes thought 
to represent shallow geological structures by removing 
a iegional background corresponding to smooth 
average variations Only rarely, however, can the 
regional be assigned geological significance, and the 
smoothed form assumed varies between different 
interpreters Attention has been given to the second 
vertical derivative of gravity following claims of 
higher resolution from a fourth-power relation with 
depth as compared with the normal square Jaw, and 
correspondence between zero contours of second 
derivative and vertical density boundaries Unfortun- 
ately, precise evaluation of second derivatives requires 
continuous information whereas field observations 
are made at a series of discrete pomts One process 
of analysis depends on the subjective drawing of 
smooth curves through avaiable pomts Alterna- 
tively, an interpolation formula may be applied, but 
developed formule give different solutions dependmg 


on «zo and fom of piimary grid Final stages 
depend on comparisons with model curves, and 1t 18 
important to derive these using the same gud In 
reconnaissance of new areas, such methods are rarely 
warranted No amount of mathematical analysis 
ean remedy msufficient geological control, and if only 
geophysical data are available, mterpretation always 
remains ambiguous ‘This was demonstrated recently 
ın an example published by P E Jacobson, of the 
Creole Petroleum Co, showing differences between 
two independent interpretations of a magnetic survey 
in eastern Venezuela However, if good geological 
control 1s available and physical properties of the 
geological formations have been extensively studied, 
as ın parts of England, some difficulties can be resolved 
and confident estimates advanced 

Di M H P Bott (University of Durham) agieed 
that gravity and magnetic data are ambiguous, but 
felt that useful conclusions can generally be salvaged 
from the sea of uncertainty by applying simplifying 
assumptions legitimately drawn from geological 
knowledge of similar environments The practical 
limit of interpretation is frequently determined by 
how far such reasonable assumptions permit assess- 
ment of background and isoletion of the interesting 
anomaly from other disturbances Once the anomaly 
has been isolated, total mass can be accurately 
evaluated by areal mtegration of the gravity contours 
Russian work, recently developed further by Dr R A 
Smith, shows that if only a few conditions are 
satisfied a unique solution may be possible As an 
example, if an anomaly arises at a single interface 
across which the density contrast i8 constant and 
known, then the shape of the mterface can be mter- 
preted directly Usually the hmuitimg conditions are 
not accurately known but can be expected to he 
within a certain range, and this information permits 
use of an uncertamty principle through the mequality 
theorems of Bullard and Cooper, later extended by 
Bott and Smith Minimum and maximum values for 
depth to the source of the anomaly can be obtamed 
Limiting depth estimates can be derived also from 
second and third horizontal derivatives of the gravity 
anomaly, through formule of Dr R A Smith relating 
maximum derivative and maximum depth The 
limiting case, corresponding to a symmetrical trun- 
cated wedge-shaped body with each edge contributing 
equally to the derivative, can be modified for the 
situation where one edge 1s distant from the pomt of 
observation, as for measurements at the margin of an 
extensive body Dr Bott showed how, using this 
method, he had analysed profiles across the margin 
of the Weardale anomaly for an estumate of depth to 
the top surface of the postulated Weardale granite, 
afterwards proved (at a depth of 1,281 ft ) m a deep 
borehole at Rookhope, Co Durham Using maxima 
in second and thnd horizontal derivatives calculated 
from closely spaced observations by gravity meter 
and assuming density contrast of 02 gm Jem., 
analysis had shown that the top of the postulated 
granite must he at less than 3,500 ft beneath Wear- 
dale It is difficult to measure gradient maxima 
sufficiently accurately with a gravity meter, since an 
average over a base-line and not a pomt-value is 
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observed Dr Bott believes that the torsion-balance, 
little used iecently, mught be used advantage- 
ously 

Similar methods often prove satisfactory-for decid - 
ing between alternative geological possibilities, as m 
distinguishing gravity lows over sedimentary basins 
from those due to granites In the former case the 
boundanes of the lighter sediments slope im towards 
the centre of the anomaly, whereas the granite margins 
slope out at depth Different amplitude ratios between 
derivative maximum and minimum flanking the 
anomaly are detectable, and contrasting results from 
gravity traverses crossing the margins of the Cheshire 
Basin and the Dartmoor Granite were displayed 
Finally, useful 1esults can be derived from compari- 
sons with models, smce modern digital computers will 
check quite speedily whether a postulated geological 
structure would produce the profile observed or 
whether marked divergences necessitate a new hypo- 
thesis. D: Bott concluded by sayme that, applied 
to analyse magnetic data, these methods encountei 
added difficulties due to variations m direction of 
permanent magnetization 

Mr G Tait (Iraq Petroleum Co) contributed a 
paper outhning the geophysicist’s views on mter- 
pretation of seismic surveys He remarked that recent 
instrumental developments am at producing a greatly 
simplified presentation of 1esults 1n the hope that by 
transformmg @ series of impulses into a variable 
density profile the maim features of the geological 
structure may be comprehended at a glance No 
method of presentation, however, alte:s the fact that 
the behaviow of the seismic wave depends on elastic 
constants in the rock formations concerned and 
progress or difficulties in interpretation relate to 
whether and where variations in these constants occur 
It is not always possible to predict from hthology. 
for seismic velocities in adjacent sandstones and 
limestones ean be identical Local velocity control is 
doubly important, because velocity discontinuities 
may not correlate directly with stratigraphic interfaces 
and because travel-trme and velocity have equal 
weight m seismic detexmmation of depth Satıs- 
factory velocity data can be obtained from well- 
shooting or by recording velocrty logs m deep bore- 
holes, but m vugin areas, where mformation must 
come from surface shots, available values may be 
madequate Accurate velocities can help when 
distmguishing between multiple reflexions and deep 
reflectors from curvatures in the moveout or by 
recognizmg anomalous dips 

Several of these and other complications which the 
mierpreter must disentangle were clearly demon- 
strated from oi exploration surveys by the Iraq 
Petroleum Co One shde showed how tangential 
distortion against high-speed beds can simulate the 
mdications of a natural structure Importance of 
spread-length was apparent m the same example, 
sınco curvatures which could not be identified on a 
short spread became clearly visible at 12,000 ft 
Records of a noise-spread indicated that alignments 
m background may confuse with weak reflexions 
Profiles shot m the foothills of Iraq demonstrated 
both the problems and the importance of identifying 
multiple reflexions and diffraction cross-overs which 
may have amplitudes greater than those of the geo- 
logically significant events Lower-amplitude con- 
trast between events m a profile across the maim 
producing oilfield of Iraq made ıt appear somewhat of 
an antichmax, though eontainng important informa- 
tion Mr Tait’s evidence made clear that, in deelmg 
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with seismic records, the mterpreter must continu- 
ously bear ın mind natural conditions under which the 
survey has been performed, velocity data available, 
mstrument lay-out and complications which may have 
confused the records with multiple reflexions and 
diffraction effects 

Mr A N Thomas (Biíbsh Petroleum Co ) discus- 
sing geological factors in the planning and interpreta- 
tion of seismic surveys, stressed the need for close 
co-ordination of geological and geophysical informa- 
tion His first exemple, taken from the Po Valley, 
showed seismic reflexions on a phantom horizon to 
which geological information had been added, 
seismic evidence controlling the section as to fault 
zones and dips, while stratigraphical detail came from 
boreholes Followmg examples came from south. 
west Iran, where muitial interpretation difficulties 
with seismic refraction surveys were resolved when 
stratigraphical considerations correlated highest velo- 
aty with Middle Cretaceous Rudist hmestone, not 
with tho massive Asmart-limestone 2,000-3,000 ft 
above Refraction ares in the Lali Plam, starting 
from positions determuned by surface geological 
mapping, directed attention progressively southwards 
to prove concealed Asmar limestone structures In 
other British Petroleum Co surveys across Agha 
Jari and Lah, surface dip observations by geologists 
m an area of disharmonic folding gave valuable checks 
on geophysical evidence about elevation of a con- 
cealed crest In exchange, structural mterpretation 
of the surface geological maps was aided by the 
geophysical information Evidence from Lan showed 
that, by producmg regional isopach and facies maps, 
the geologist can ilumunate seismic interpretation 
wherever such variations control velocity or ability to 
act as a 1efractor 

The bearmg of velocity anomalies on seismic inter- 
pretation was next considered usmg an example by 
D C Skeols from a Devonian reef oufield ın West 
Canada Reflexion trmes at boreholes to the Lower 
Cretaceous gave a velocity map used for controlling 
the sessmic data, and the final sexsmic depth-map 
agreed with later sub-surface mformation more 
closely than an earlier map based on reflexion times 
only In more complicated conditions accompanying 
Reef limestones in Western Alberta, structure contour 
maps and seismic isochron maps may show different 
relationships on successive horizons Causes are 
sometimes difficult to assess, but ib is clear that 
seismic evidence must be checked against drilling 
data at all available positions and levels Difficulties 
in correlating reflexion pulses with specific geological 
formations were illustrated m results obtained near 
Calgary by Dr T C Richards, in which correspondmg 
seismic peaks and troughs could be seen to change 
stretipraphie horizon m different parts of the area. 
The sections also showed how deas about the struc- 
ture of the area changed as various stages of drillmg, 
seismic survey and further drilling were completed 
This analysis mdicated the tendency of the seismic 
interpretation to smooth out complications and 
inability to locate with certainty the top of the Palæ- 
ozore, which 1s the most important lithological break 

Mr Thomas concluded by saying that too much 
should not be expected from a seismic survey It 
cannot ehmunate the need for sound geological 
investigation both lines of approach are necessary 
The seismic method. cannot grve a complete picture of 
sub-surface conditions in areas of complicated struc- 
ture, and geologists should realize the limitations 
imposed by the nature of the method 
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Opening the meeting for general discussion, Dr 
Bullerwell recalled a remark of Prof Bruckshaw that 
potential theory has been known a very long time 
and that in many fields mterpretation shows no 
fundamental advance over the past fifteen years 
Noting that during this period there has been mcreased 
use of systems lıke the airborne magnetometer for 
recording continuous profiles, he asked whether these 
removed, some of the subjective elements mentioned 
Prof Bruckshaw replied that the subjective element 
remains in spite of such developments, due to the 
gaps between profiles and uncertainties in completing 
contours Though coverage 1s improved, 1t 18 never 
complete Dr W Domazalski felt that some views 
expressed had been unduly pessimistic Even though 
interpretations might prove quantitatively in error, 
qualitative results obtamed following an imaginative 
approach often lead to new discoveries For reason- 
able success ın interpretation 16 1s also important to 
choose the geophysics! method most suited to the 
geological problem Even where no control informa- 
tion to guide the interpretation 1s available, the 
possible results may justify geophysical work as the 
most economical means of preluninary reconnaissance 

. On the question of economics, Dr Bullerwell asked 
how soon during a survey should the results be tested 
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by drlhng Mr. N L Falcon said that satisfactory 
exploration umphes a balanced programme combining 
geology, geophysics and drilling It ıs desirable to 
establish control, pursue the investigation compre- 
hensively and not anticipate conclusions on the basis 
of too few results, but geophysical mterpretation 
remains speculative until the key localities are drilled 
Dr T C Richards said that geophysical experiences 
in Canada emphasize the 1mportance of early dulling 
contro] A quantitative approach 1s essential through- 
out and second-derivative gravity maps have proved 
unrehable for this Seismic methods must be intro- 
duced at a very early stage and have adequate 
geological and drillmg control, especially m the Reef 
field, to overcome difficulties due to facies changes 
Otherwise, occurrences of Reef limestone m limestone 
or local velocity anomalies, as at Swan Hills, Alberta, 
would not be recognized 

In closing the meeting the chairman remarked that 
personal experience often decides for one mterpreta- 
tion method rather than another Perhaps a real 
advance during the past fifteen years 1s represented 
by pooling of experience through free discussion and 
improved publication of geophysical results There 
18 certainly a clear recognition of fundamental prob- 
lems W BULLERWELL 
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TWELFTH INTERNATIONAL ASTRONAUTICAL CONGRESS 


HE International Astronautical Congress 18 an 

annual meeting of the mterplanetary societies 
of the world Societies take it 1n turn to act as host, 
and the recent meeting, durmg October 1-7, m 
Washington, was the first occasion that the meeting 
had been held on the American contment Next 
year's conference was fixed for Sofia, Bulgaria, ıb 
having been held in Stockholm last year and London 
m 1959 Of the 750 people registered, some 300 
came from outside the United States The president 
of the International Astronautical Congress this year 
was Academician L I Sedov, of the USSR, and 
for the forthcommg year Prof J Pérés, of France, 
was appointed the new president 

The week following the Congress was the occasion of 
a meeting in New York by the American Rocket 
Society— ‘Spaceflight Report to the Nation” 

There was perhaps a feeling that the International’ 
Astronautical Congress was of not quite such a high 
technical standard as previous ones, as many Ámen- 
cans seemed to consider the American Rocket Society 
meeting to be the more important of the two—a view 
not altogether shared by the European delegates 

The opening ceremony on Monday was followed by 
a reception and buffet at the Bolling Am Force Base, 
where Dr Theodore von Kármán was very much in 
evidence among the delegates 

The technical sessions started, at 9am on October, 
3 with three simultaneous sessions on space propulsion, 
astrodynamics and guidance, and the Fourth Collo- 
quium on the Law of Outer Space (the Third Collo- 
quium was held ın Stockholm in 1960). 

The session on space propulsion had two lectures 
from British delegates, the first by Mr A W T 
Mottram (Bristol Siddeley Engines, Ltd , Coventry) 
entitled ‘“‘Propulsion of the Final Stage of a Satellite 
Launcher using Liquid Hydrogen as Fuel”. Although 
this was the first lecture of the morning, 1t was well 
attended and there was a good discussion, although 


Americans in the audience were perhaps a little 
reluctant to describe some of their more recent failures 
in this field It must be remembered that liquid 
hydrogen has not yet been used successfully to place a 
satellite m orbit, and that 16 was announced durmg 
the course pf the Congress that the Centaur rocket 
using liquid hydrogen as a fuel has been officially 
set back eight months 

The other British paper, “An Examination of the 
Characteristics of Propulsion Systems for Inter- 
Orbital Transfer", by P A. E Stewart (Hawker 
Siddeley Aviation) was read in his absence by his 
colleague, Dr. W. F. Hilton. This described the more 
exotic forms of propulsion, including an ommnuidirec- 
tional method of focusing the Sun’s rays for the direct 
heating of liquid hydrogen for use as a working sub- 
stance. 

Undoubtedly the most noteworthy paper of the 
morning was by another British delegate, Arthur C 
Clarke (Clarke-Wilson Associates, Colombo), under 
the title “The Social Impact of Communications 
Satellites” This was presented durmg the Space 
Law Colloquium and attracted widespread interest 
A future state of affairs where worldwide communica- 
tions are as cheap and reliable as our present local 
communications was investigated. and its effects on 
social behaviour and trade were discussed Mr 
Clarke 1s, of course, well known for having started 
the idea of communications satellites by his article im 
October 1945 ın The Wareless World, and indeed a 
reprint of this article wes issued to all delegates 

The Space Law Colloquium continued m the after- 
noon and there was & session on energy conversion 
and yet another simultaneous session on astro- 
dynamics ard guidance This last subject was treated 
as 8 round-table topic where a number of contributors 
made both prepared and unprepared comments, and 
ineluded Prof Zdenek Kopal (University of Manches- 
ter) 
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On October 4 the round-table concept was continued 
with a discussion on exploration of the solar system 
by radar and radio astronomy, the Moon and Venus 
bemg considered m the morning and Jupiter and 
future experiments ın the afternoon ‘The radio 
reflexion experiments from the surface of the Moon 
appear to show fairly conclusively that much of 
the Moon 1s covered with a layer of dust having a 
thickness less than 1l om The session on Jupiter was 
of interest on account of the detailed description of the 
radio emissions from the Great Red Spot The 
nature of these emissions 1s now fairly well established, 
but their cause appears to remain a mystery 

The most significant communication at the Con- 
ference was given by the Russian delegation, who 
revealed that them cosmonaut Titov was space-sick 
throughout the duration of his 24-hr trip around the 
Earth, although this did not prevent him from sleep- 
mg in accordance with plans, or from carrying out 
10utine duties which had been assigned to him 

On October 5 the weather was fortunately much 
better, and the now traditional conference boat-trip 
was made down the River Potomac past the Naval 
Research Laboratory's radio telescope, on to Mount 
Vernon ‘This informal occasion probably gives more 
opportunity for relaxed discussion between ad hoc 
groups of experts than 1s possible in the more formal 
atmosphere of the conference hall The Congress 
banquet was held m the evening and was addressed 
by Academician Sedov 
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On October 6 another British paper was presented, 
“Blue Streak as First Stage of a Satellite Launcher", 
by G K © Pardoe This deseribed the present posi- 
tion of Britain’s only large rocket, based on the 
design of the American Atlas rocket, which is the 
largest they have attempted to fire to date No 
particular reference was made to possible British or 
European payloads, although possible European 
collaboration ın the future was mentioned Smul- 
taneously. there was a round-table meetmg on space 
communi ations, but most amazingly no reference was 
made to the use of radio, which 1s of course the obvious 
way for o` ploiting space for communications purposes 
The signals to be conveyed would be modulated on to 
beams of light emitted from optical mesers This 
method gives a promise of tremendous band-width 
ab some 1emote time in the future Use of ultra- 
violet light for communications was proposed by 
Mr J W Ogland, and one rather speculative paper 
sugzested the use of y-rays for communications If 
the vehule 1s propelled by a nuclear rocket, the 
y-rays are available as a by-product and some form 
of hinged lead sheet has to be contrived for signallmg 
purposes This method ıs limited to use m space m the 
absence of any atmosphere and was shown to work at 
ranges up to 100,000 miles but the signalling fre- 
quenev 18 limited to one cycle per second 

Finally, on October 7, delegates were taken on 3 
tour of the NASA Goddard Space Flight Center at 
Goddard Maryland W F HILTON 


THE VEHICLE DRIVER 


A MEETING of the British Occupational Hygiene 
Society was held at the Traffic and Safety 
Division of the Road Research Laboratory during 
November 9-10 Six papers were read and discussed, 
for the first two, which dealt with bus drivers the 
chair was taken by Dr L G Norman, the president 
of the Society 

Examination by Dr P Froggatt of data from 
Northern Ireland revealed that ə curve of accident- 
rate plotted agamst age of driver had a broad mmi- 
mum over the ages 45-55 years which was due to the 
beneficial results of experience being opposed by the 
decline in performance with advancing age ‘The 
accident-rate of experienced drivers rose above 50 
years of age 

Mr C J Cornwall had examuned the 1ecords of 
London bus drivers for the period 1957—59 for 
which the average rate was 1 37 accidents per drivai- 
year on a mileage of about 14,000 Accidents were 
associated with traffic density The accident-rate 
fell with increasing experience more rapidly than ıt 
rose with age, the fall was marked up to 47 vears 
and slower up to 70 Replacements of old drivers by 
younger men would increase the number of accidents 

Dr R J Smeed, deputy director of the Road 
Research Laboratory, occupied the chair durmg a 
session which was opened by Mr W Glissane, who 
described the nature and cause of mjuries resulting 
from motor-car accidents m a city Squadron- 
Leader D I Fryer told of the development of safety 
belts m aircraft, gomg back to Colonel Cody, who 
was the first man to fly a powered machine in Eng- 
land The design and testing of modern safety-belts 
were described in detail, and the value of rearwands- 
facing seats, adequately attached to the airfiame, was 
emphasized 


Road oxperience with safety belts was dealt with 
by Dr A J Moreland, who approached the problem 
of assessing accidents quantitatively by defining a 
damage index This number was evaluated from the 
damage to chassis, compartment and bodywork 
When divided by the weight of the motor-car 1t cor- 
1elated well with the difference between the squares 
of the velocities of the objects coming into contact 

The damage index divided by weight was used as a 
basis for comparing the frequency of casualties of 
various degrees Fatalities commenced at a figure 
near 15 and 1ose steadily, serious injuries rose from 
near tho origm while shght injuries attained a 
maximum at about 25 

Safety belts of good design, firmly attached, could 
prove beneficial, but there were suggestions that 
people drove faster when wearing them, and they 
did not check the forward velocity of the head on 
mnpaet or protect it from objects flung forward 
from tho rear The steering arrangements, likewise, 
mighé either promote myury or provide protection 

The final paper was delivered by Mr I D Brown 
with Prof D D Red ın the chair Observations of 
police and other skilled drivers had been used ın an 
attempt to relate driving performance to fatigue and 
distraction It seemed likely that there was spare 
capacity to draw on m case of need and that fatigue 
from general occupations before driving might be 
more se:10us than that induced by driving Tests of 
distraction by using tape recordings in which the 
subject was eithe1 interested, or not interested, were 
also carried out 

The Road Research Laboratory demonstrated the 
telemetermng of movements of the controls of a vehicle 
under way, of recording what happens in an accident 
and of experimental collisions ‘The incorrect basis of 
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early tests on motor-cycle crash-helmets was shown 
and specimens illustrated the protection afforded |by 
helmets and the distribution of the injuries of motor- 
cyclists 
The bulk of the meeting was concerned with the 
results of accidents and diminution of their effects 
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on people, httle attention was given to the prevention 
of motor-car accidents by methods withm the control 
of the vehicle driver The papers and discussion 
will be published in the Annals of Occupational 
Hygiene 
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MECHANISMS OF VIRUS INFECTIONS 


JA LT, meeting of the Royal Society, 
arranged by Prof Wilson Smith, on the subject 
of “Mechanisms of Virus Infections’, was held on 
November 2 Owing to the large numbers attending, 
the meeting was transferred, by courtesy of Sir 
Lawrence Bragg, to the lecture hall of the Royal 
Institution The president of the Royal Society, 
Sir Howard Florey, took the chair 

In his mtroduction, Prof Wilson Smith traced 
briefly the progress of virological knowledge from the 
early almost metaphysical questioning into the nature 
of viruses to the present wealth of information 
regarding their chemical constitution, structure and 
intracellular behaviour. He wondered, however, 
whether these particular aspects were not ın danger of 
bemg over-emphasized at the expense of more tradi- 
tional problems relating to virus diseaso Tho 
natural history of any virus disease 18 intimately 
related to the survival cycle of the virus concerned 
and, in the metazoon host, this cycle 1s necessarily 
complex The route of infection and primary lodge- 
ment, paths and mechanisms of spread through the 
host, replication and ultimate release must be con- 
sidered at the various levels of the cell, the mtact 
host and the host population Jt was with this in 
mind that the present programme had been built up 
around the concept of the survival cycle 

Prof A W Downie (University of Liverpool) 
opened the discussion with a paper on “Mechanisms 
of Virus Entry and Spread within the Host (Animal 
Viruses)’ Although a rapid survey of the various 
routes of infection known to occur was given to 
Illustrate the extent of the subject, and problems 
associated with the question of neural spread in such 
diseases a8 poliomyelitis, herpes and pseudo-rabies 
wore briefly discussed, the paper was centred on the 
pathogenesis of disease ın the pox group of viruses 
Fenner’s detailed work on ectromelia has laid a 
pattern which serves as a standard of reference for 
investigations with other members of ths group, 
and a study of the highly lethal rabbit pox infection 
shows that ıt follows the same general course The 
main difference is that the stages of primary and 
secondary lodgement with final mvolvement of the 
skin, and of primary and secondary viremia, are less 
well defined 1n rabbit pox than m mouse pox Despite 
thorough investigation of animals infected by the 
intra-nasal route, no primary lesion 1s identifiable 
although virus can be readily demonstrated ın the 
tissues of the nasal passages and trachea The blood 
contains virus as early as the second day after 
infection and thereafter remains positive Chmnical 
disease develops on the fourth day The finding that 
provoked the greatest interest and discussion was that 
animals do not become infectious by contact until the 
fifth or sixth day, at least 24 hr after the onset of 
clinical disease, a finding closely similar to that in 
human smallpox Followmg intranasal infection, 
virus may be isolated from the tissues of the upper 
respiratory tract in rabbit pox, and smallpox virus 


18 presumed to mvade by this route m the majority 
of human ceses Why then 1s the patient not infective 
during the incubation period? Dr CO H Cadman 
(Scottish Horticultural Research Institute) dealt 
with the same subject 1n its relation to plant viruses 
and pointed out that there 1s an essential difference 
in the problems involved, since plant viruses are 
unable to effect entry into the tissues without external 
aid ‘Tiauma is an essential prerequisite to infection 
and 1s usually inflicted in Nature by insect vectors 
In the labcratory the necessary damage 1s achieved 
by rubbing the leaf, but the inefficiency of this 
procedure may be gauged from the fact that about 
10° infective particles are necessary in order to pro- 
duce a lesion. Further, since the plant does not 
possess conveniently isolated internal organs which 
can be segregated by dissection and to which the virus 
can track, spread of virus cannot be followed as in the 
animal host It is probable that virus spreads in the 
translocaticn stream, but if so the form of the virus 
at this time 1s not known Since certain viruses are 
apparently capable of dispensing permanently with 
their protem coat, it 18 possible that spread within the 
plant occurs im the form of ribonucleic acid The 
possible role of plasmodesmata and the problem 
presented by the fact that virus appears to spread 
through callus tissue cultures just as fast as through 
intact plant tissues were also discussed. 

It was clear from both these papers, m thew differ- 
ent contexts, that there is a long way to go before 
the problems of virus invasion of host tissues can be 
considered to be satisfactorily explamed 

“Intracellular Replication Mechanisms” were dis- 
cussed by Prof M Stoker (University of Glasgow), 
who considered the subject from the pomt of view of 
the interrelationship of virus growth to cell growth 
The typos of interrelationship exemplified by bacterio- 
phage infection are (1) the extreme virulence found 
in the T-even phage where adsorption of the protem 
coat 1s sufficient to cause immediate death of tho 
cell with breakdown of deoxyribonucleic acid; (2) 
intermediate virulence where the host cell ıs not 
immediately killed but cell division 1s prevented, and 
(3) the avirulent prophage relationship In the case 
of animal viruses, fection usually results 1n death of 
the cell, and the difficulties in demonstrating non- 


-cytopathie infection of cells were discussed in detail 


For proof 15 1s necessary to study isolates of single 
cells and demonstrate, first, release of virus and, 
second, cell division in that order 

Prof Stoker concluded that there 1s as yet no satis- 
factory evidence for infections of this type with 
normally cytopathogenic viruses, but this has 
recently been acqured by Rubens with the Rous 
sarcoma, virus so that this virus, which 1s not normally 
eybtopathogenie, 1s the only one for which the formal 
criteria have been satisfied In the case of polyoma 
virus, either cytopathic effect or cell transformation 
may follow infection wm vitro, but 1n the latter case, 
it has not proved possible to demonstrate virus ın the 
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transformed cells and these remain super-infectable 
with polyoma virus, albert with difficulty. It must be 
concluded that persistence of the virus 1s not necessary 
for these cells to retam thew character once trans- 
formation has occurred 

Thus three types of non-cytopathogenic relationship 
appear to be possible In the case of the Rous virus 
both virus and cell multiply with the intermittent 
release of infective virus, in lysogenic bacteria both 
multiply together but virus 18 not released without 
induction and death of the cell occurring, and finally 
with polyoma the virus may induce a cell transforma- 
tion without itself persisting 

Dr A Isaacs (National Institute for Med:cal 
Research) considered ‘Interference Phenomena" 
as a further aspect of mtracellular behaviour Many 
interference phenomena have now been shown to be 
mediated by interferon, and the properties of this 
substance were described It 1s a protem of molecular 
weight 63,000 which 1s produced by all vertebrate 
tissues so far tested All viruses examined have been 
found to provoke production of interferon and all are 
to some extent susceptible to 1ts action In rts 
protective action 1b possesses some specificity for the 
species in which it 1s produced It 1s non-toxic at 
viral mhibitory concentrations and does not inhibit 
cell division In imfected cells ıt suppresses the 
production of viral nucleic acid, possibly through 1s 
inhibitory activity against oxidative processes pro- 
viding the energy for synthesis As might ba expected, 
therefore, ıt 1s found that viruses depending on oxida- 
tive processes for their 1eplication are more strongly m- 
hibited than those which do not have this dependence 

The possible role of interferon ın recovery from virus 
infections was discussed and some interesting specula- 
tions added on the possibility that the action of 
interferon in virus infections is mcidental to its role 
m the normal cell. Dr Isaacs suggested that its 
function might 1n fact be that of excluding extraneous 
ribonucleic acid of whatever nature It 1s not formed 
durmg the first third of chick embryonic life when 
ribonucleic acid might be acting as a vital inter- 
mediary in the processes of morphogenesis, but 
thereafter 1s formed 1n increasing amounts 1n response 
to the appropriate stimulus It might be that its 
formation 1n later embryonic life 18 a mechanism for 
the protection of the tissues from unwanted morpho- 
genetic stimuli This suggestion aroused some argu- 
ment and 15 was pointed out that interferon does not 
exclude viral ribonucleic acid from the cell but 
apparently suppresses its formation. 

The last paper on cellular relationships of virus 
was given by Prof G Belyavm (University College 
Hospital Medical School, London) on “Latency in 
Virus Infections” Prof Belyavin treated the subject 
from a purely theoretical point of view and demon- 
strated by means of a mathematical model that in 
any system where persistence of infection depends on & 
balance between the rate of replication of virus and 
the rate of replication of cells, an impossibly critical 
state would exist Such a system would mevitably 
lead either to tho virus gaming the upper hand with 
eventual destruction of the whole cell population, or 
to cell multiplication outstripping virus multiphea- 
tion with the elimmation of the latter The assump- 
tions on which the model was constructed did not 
include variation ın the susceptibility of the cell 
population or the role taken by such substances as 
mterferon The intervention of some such factors 
would be essential if a stable balance between virus 
and host cells were to be achieved ~- i 
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Epidemiological factors n ielation to anımal and 
plant virus diseases respectively were presented by 
Prof F. J Fenner (Austraban National University) 
and Dr L Broadbent (Glasshouse Crops Research 
Institute) These two papers provided an interesting 
comparison of the problems in these two fields, the 
more so as Prof Fenner confined himself to a discus- 
gion of myxomatosis, a vector-transmitted disease 
A comparison of the Brazilian, Cahfornian and 
Australian viruses in rabbits native to those regions 
suggests that, m the establishment of the disease 1n 
Nature, natural selection acts not on the virus as 
such but on the factor of transmissibility Thus the 
three types of virus are capable of infecting the 
Cahfornan rabbit S buchman:, but whereas the 
attenuated Australian strain fails to give detectable 
virus in the skin lesions and the South American 
strain gives a titre of only 104/gm, the Californian 
virus achieves a titre of 108/gm and only the last 1s 
found to be transmissible by mosquitoes In Aus- 
tralia since 1952, the original virus, which killed-close 
on 100 per cent of infected anımals, has been largely 
replaced by less virulent variants The fall in 
mortality has not, however, been extreme or progres- 
sive, and the domunant strains have for some years 
remained m the ‘grade IIT’ category m which mortal- 
ity 18 about 90 per cent; but since the infected rabbits 
hve longer, the virus 1s available for transmission 
for a period of about 15 days as agamst 5 days 
with the lghly virulent strains However, the 
merease in the numbers of genetically resistant 
rabbits may ultimately favour the more virulent 
virus. 

The highly complex mterplay of factors governing 
the epidemiology of myxomatosis was reflected 1n the 
field of pian; viruses Dr Broadbent dealt with the 
epidemiology of plant virus diseases ın wider terms, 
but the main interest m his paper lay not in the 
artificial spread of viruses by human agency or even. by 
contact, but in the intricacies governing its trans- 
mission by vectors While the nature and static 
habits of plants eliminate the complications arising 
from behaviour patterns, they equally introduce 
factors specific to plant epidemiology Thus, while 
it 1s easy to understand that the size of plants and 
their position relative to each other and to sources of 
mfection external to the crop must influence spread 
of infection, the results of the microclimate within 
the crop are more subtle. If plants are closely spaced, 
the transfer of vectors will be facilhtated, but this 
may bo offset by the development of temperature and 
humidity conditions within the crop which are not 
tolerable to them The vector will then be confined 
to the new shoots which may contain little virus 
Similarly, plants are in general more susceptible to 
infection when young, so that climatic influences 
on the time of greatest prevalence of the vector may 
determine whether or not infection is widespread 
irrespective of whether the vector 18 particularly 
numeroui Despite these factors, which have no real 
counterpart m the animal virus field, there are more 
similarities than differences apparent in the epidemio- 
logy of plant and animal viruses and Dr Broadbent’s 
paper served to illustrate some ofthese For example, 
somo viruses, such as potato virus Y, can be picked 
up in a few seconds feeding and immediately spread to 
uninfected hosts These viruses do not persist m the 
vector for more than a few hours Others, such as 
potato leaf roll, require prolonged feeding to infect 
the vector, cannot be transmitted before the lapse of 
a latent period, and thereafter persist m the vector 
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for many weeks. This contrast is very sumilar to that 
between myxomatosis and yellow fever 

Finally, the damage which virus infection inflicts 
on the host was discussed by Dr J C N Westwood 
(Microbiological Research Establishment, Porton) ın 
relation to the intact host and by Dr Ahson Newton 
(University of Cambridge) at the cellular level Dı 
Westwood discussed ‘Virus Toxicity” and 1ts possible 
role in the production of disease and ultimately death 
in fatal virus infections The term ‘virus toxicrty’ 
was originally coined to cover the production, by 
massive doses of virus, of lesions or death in suscept- 
ible or non-susceptible animals without the occurrence 
of multiplication of the virus The toxic factor has 
always been inseparably associated with the virus 
particle itself Since virus disease 18 normally initi- 
ated by small doses of virus and accompanied by 
multiplication, it has seemed unhkely that ‘toxicity’ 
could be involved, and the latte: has always been 
regarded as a freak laboratory phenomenon unassocı- 
ated with production of disease It was suggested 
that this concept might be wrong Experiments 
were described which showed that the toxicity of 
rabbit pox virus 1s associated with a partial cycle of 
replication, as 18 the toxicity of other viruses in which 
such partial cycles have been sought Death in 
rabbit pox 18 preceded by the abrupt onset of shock, 
with some evidence of increased capillary permeabul- 
ity, and the clinical picture can best be explained by 
the presence of some toxic factor in the blood During 
the four days preceding death in acutely fatal 
infections, the virus concentration m the blood may 
rise to as high as 105 mfective units/ml and sunilar 
concentrations occur in fatal smallpox and herpes 
infections in man The cytotoxic effect of such x rus 
concentiations on the capillary endothelium could be 
the cause of the increaso m capillary permeability 
and so precipitate the animal into shock Sinco no 
toxic factor other than the virus has ever been 
demonstrated to result from cell-virus interaction, 
the possible role of direct virus toxicity m disease 
must be seriously considered 

Damage to the intact host depends on the damage 
produced at the cellular level, and Dr Newton 
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considered the “Biochemical Aspects of Virus 
Infectivity’ ın relation to modification of cellular 
metabolism The main modifications are found first in 
the production of new virus and second ın changes in 
the nucleic acid and protein synthesis Viruses which 
multiply in the cytoplasm make less use of the cell 
metabolism—for example, vaccinia virus does not 
affect the metabolism of deoxyribonucleic acid—and 
such viruses probably produce their damaging effects 
by competition for metabolites Those which multi- 
ply in the nucleus produce a more profound effect, 
since they must not only compete for metabolites 
but must also overcome the normal control processes 
of the cell "Thus pre-labelling of the cellular deoxy- 
ribonucleic acid with tracer thymidine shows that 
herpes virus causes a rapid breakdown of cell deoxy- 
ribonucleic acid probably due to increased deoxy- 
ribonuclease activity similar to the increased ribo- 
nuclease activity stimulated by pohovirus It also 
stimulates synthesis of deoxyribonucleic acid These 
changes must damage the control mechanisms of the 
cell, and interfere with synthetic activities in the host 
In some viruses, such as encephalomyocarditis, viral 
ribonucleic acid is elaborated in the nucleus and 
protem inthe cytoplasm It1s probable that in those 
instances cytoplasmic protem metabolism 18 governed 
by viral ribonucleic acid which migrates from the 
nucleus The production of cell damage does not 
depend on completion of the multiplication cycle of 
the virus, for example, with pohovirus, herpes and 
rabbit pox viruses, inhibition of infective virus 
production does not prevent cell destruction It was 
suggested that cell damage results from the release of 
lysozomes, disruption of the controlling mechanism 
of the cell, competition for metabolites and distur- 
bance of metabolic balance 

The meeting was successful m provoking lively 
discussion and considerable disagreement on nearly 
every point raised by the main speakers Dr Sanders, 
in summing up, congratulated the participants on 
avoiding all reference to infective nucleic acids, and 
he also stressed the gulf which still exists between 
academic virology and virology as applied to disease 

J C. N Wersrwoop 


COTTON-GROWING IN NIGERIA 


A tee progress relies on the pure 
Sciences, On engimeermg and on economics 
These cannot come into play until major practical 
problems have been resolved into ther scientific 
components Resolution is one of the functions of 
husbandry investigation Recognition of the nature 
and importance of this function has come only within 
the past thiee decades In this same period the other 
function of husbandry investigation has also boen 
developed, namely, improvement of accepted prac- 
tices ın raising crops and livestock Cultivations, 
drainage, sowing, grazing, housing of stock and other 
day-to-day matters were not looked on, formerly, 
as problems amenable to study they were mattors 
for the farmer’s experience and tradition Modern 
husbandry investigation seeks to 1mprove all working 
practices by studying their underlying purposes and 
interpreting their effects 

That physical environment 1s primarily important 
for agriculture 18 now an axiom, though some costly 
flouting of ıt 1s yet fresh in memory It 18 largely 


through husbandry investigation that scientific 
attention has been brought to 1ts present intensity 
in such matters as ramfall characteristics, solar 
radiation, air temperature, shade, wind and moisture- 
holding capacity of soils 

Some highly successful husbandry investigations 
on cotton have recently been reported* from the 
Ministry of Agriculture Research Station at Samaru, 
Northern Nigeria 

Past work at the Station and ın 1ts area of mterest 
had revealed a discouraging situation — Local yields 
were 150-200 Ib of seed cotton an acre Late sowmg 
partly accounted for this, but earher sowmg m 
experimental plots gave only 240 Ib Assisted by 
fertilizers and by early plantmg the maximum yield 
was 600 Ib. At these yields msecticidal protection 
did not pay Yield m a bad year was only half of that 
in a good one and m any small field good and bad 
patches markedly influenced growth and yield 
An improved variety of cotton, bred at the Station, 

* Lawes, D A, Emp J Exp Agre , 29, 116 (1961) 
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Table 1 EQLECTROPHORETIO ANALYSIS OF BRONCHIAL Mucus 
Patient Diagnosis 0 Ay Streak Ay B C D E F 
1d Ehinorrhoa 28 8 — 6 4 — 538 41 97 15 9 0 
29 Aspergillosis 74 10 4* — 14 6 31 0 ? 14 2 217 13 
348 Hemoptyais 8 3 81f 48 — 27 92 — 210 20 0 10 3 
4d Heemoptysis 161 — 74 — 318 — 38 9( E) 07 
5d Pneumonia 88 58 72 — 28 6 — 215 18 4 95 
6 ¢ Pneumonia 20 1 — 69 — 24 5 52 14 6 22 4 03 
Te Bronchial asthma 12 5 — 41 — 19 1 — 52 6 (mainly E) 114 
89 Pulmonary alveolar 128 — — — 22 5 — 32 6 20 2 12 6 
proteinosis 
9 8 Chronic bronchitis 143 — 15 2 — 96 — 53 (mainly E) 73 
(LUL collapse) 
10 ¢ Chronic bronchitis 11 0 — 86 — 20 0 — 25 4 28 70 
11 9 Chronic bronchitis 8 0 — 83 — 27 6 — 27 8 20 8 70 
12 ó Chronic bronchitis 10 4 — 13 1 — 84 1 — ? 171 181 72 
18 ¢ Chronic bronchitis 24 6 — 114 — 26 3 50 — 134 16 5 23 
14 à Chronic bronchitis 96 — 36 — 18 6 — 54 8 (mainly E) 13 8 
15 ¢ Chronic bronchitis 34 3 — 13 3 — 99 — 21 9 7 9 11 9 
16 ¢ Chronic bronchitis 16 1 — 12 4 — 14 8 — 43 7 (mamly D) 12 1 
(and emphysema) f 
174 Lung carcinoma and 19 3 16 8 -— 16 4 12 4 26 7 (mainly D) 79 
chronic bronchitis 
18 d Lung carcinoma 17 3 176 ? 47 — 25 1 — 17 5 14 7 33 
19 à Lung carcinoma 16 2 — + 90 — 18 4 14 18 7 07 
20 ¢ Lung carcinoma 98 10 8 10 1 — 27 8 — 21 2 13 8 6 0 
21 ¢ Lung carcinoma 94 13 7 13 1 — 2] 9 54 21 3 13 5 15 
92 à Lung carcinoma 6 6 97 53 — 82 2 54 16 1 21 6 31 
23 à Lung carcinoma 24 7 — 11 4 — 16 3 6 3 17 4 21 4 23 
24 à Lung carcinoma 74 — 116 — 15 4 39 2 (mainly D) 64 201 
25 d Lung carcinoma 17 4 — 18 4 — 14 2 6 2 221 10 0 11 8 
26 ¢ Lung carcinoma 14 4 — 74 -— 28 4 10 6 23 3 13 2 27 
*Mobility,0 09 — Mobihty, 0 19 


(Mr) A, 0144004, Aa» 037, B, 057 + 004, 
C, 067 + 004, D, 079 + 004; E, 088 + 004; 
and F, 1 (9-10 cm ın 16hr ) All components moved 
towards the negative electrode ın the same direction 
as the endosmotic flow when the mucus was applied 
near (at 5 cm distance) the Whatman No 3 paper 
bridge (5 x 6 cm.) ımmersed in the anode vessel of 
an Evans Electroselentum apparatus Strips were 
dried immediately with hot air and fixed m absolute 
ethanol Components were revealed by dyeing 
(15 mm) with 05 per cent bromophenol blue m 
ethanol saturated with mercuric chloride, then washed 
with several changes of 2 per cent acetic acid? They 
were estimated with an HHL scanner after clearing 
the strips with hquid paraffin in vacuum (3-4 hr) 
For completeness the fractions absorbed at the origin 
O and others only discernible as a streak between A, 
and A, were also scanned and expressed as & per- 
centage of the total apphed Components B and E 
had simular mobilities to serum albumin and y,- 
globulin, respectively In samples of chronic bron- 
chitis sputum and mucus only components B, D and 
E reacted with antisera to human serum proteins 
The results obtamed with various conditions are 
shown in Table 1 The bronchial mucus samples 
used were uncontaminated with saliva and obtained 
at bronchoscopy 

Components B, D and E appear m all mucus 
samples and, except m rare instances, are the three 
major components Component F also appears to be 
8 common constituent but can fall to very low levels 
Only in the case of rhinorrhea was ıt completely 
absent Chronic bronchitis mucus samples present 
the simple patterns B, D and E and a generally high 
level of F Invasion of the lung by carcinoma pro- 
duces the additional components A, and/or C Of 
the other casos, that of aspergillosis exhibits com- 
ponent A, uniquely and has an A, component of 
abnormally low mobility Both these could be 
the metabolic products of the invadmg mould 
Pulmonary alveolar protemosis mucus contains an 
abnormally high content of component D 

A similar examination of sputum samples, of which 
the bronchial mucus would constitute a high pro- 
portion, showed the same overall picture The 
cancer sputum samples (from seven patients) again 


showed additional components (usually C) not present 
in chronic bronchitis sputum and F was very low 
(1-3 per cent) | Examination of sputa from one 
chronic bronchitic was commenced immediately after 
he had a 14-day course of tetracycline The followmg 
day he started a 7-day course of chloromycetin 
and throughout the period under review was having 
bronchodilators, breathing exercises and vigorous 
physiotherapy Followmg this treatment his general 
condition improved and his sputum gradually 
decreased from 23 oz to $ oz daily Over a period 
of three weeks analyses showed a remarkable decrease 
of component F from 172 to 43 per cent The 
neuraminic acid content of the sputum varied 
shghtly over the same period from 123 to 139 per 
cent Strips stained with the periodie acid—fuchsm 
sulphite reagent* showed positive reactions only with 
components B, D and # Another chronic bronchitie 
with a carcinoma in the left hilar area maintained a 
high F content (9 5-215 per cent) throughout a 
three-week period of treatment with penicillm and 
achromycin 

An. alternative method of analysis of the bronchial 
mucus samples involved the use of the immuno- 
logical reaction m agar gel diffusion cells’ with an 
antiserum raised against human serum proteins 
Although no anti-P was present, ıt sufficed to dis- 
tinguish the mucus of chronic bronchitis (3 lines) 
from that of patients suffermg from bronchial car- 
cinoma (4 lines), hemoptysis (8 lmes) and asper- 
gillosis (at least 10 Imes) Further development of 
this approach with additional antisera raised against 
component F and agamst selected whole mucus 
samples promises to afford a useful addition to 
methods of analysing bronchial mucus 

This work was supported by grants from the 
Medical Research Council and the British Empire 
Cancer Campaign 
1 Warfvinge, L E, Acta Med Scand , 158, 49 (1955) 


3 Kunkel, H G,and Tisehus, A, J Gen Physiol , 35, 89 (1951) 

* Grassman, W ,and Hannig, K , Naturwiss , 87, 397 (1950), Grassman, 
bf Lad Hannig, K , Hoppe-Seylers Z physiol Chem, 290, 1 
1 

* Aronsson, T , Gronwall, A., and Lausing, E , Chn Chim Acta , 2, 
124 (1959) 

6 Elek, S D, Bri J Exp Pathol , 30, 484 (1949) 
Soc Chim Biol, Parnes, 36, 65 (1954) 
Pathol , 8, 269 (1955) 
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oreinol'-? or anthrone?® method used. Detection of 
free sugar spots on paper chromatograms of acid 
hydrolysates of the protem (3 N hydrochloric acid 
up to 21 hr , 100? C ) has not been achieved, possibly 
because of the low caibohydrate content, strong 
protem-earbohydrate bonds and/or sugar destruc- 
tion The major sugar was, however, identified as 
galactose by a spectrophotometric method’? and the 
nature of the spectrum as well as ratios between 
extinctions at various wave-lengths’ suggested the 
presence of lesser amounts of glucose Similar 
criteria made probable the essential absence of keto- 
hexose, mannose and pentose The nature of the 
spectrum from the carbazole reaction?! tended to 
eliminate hexuronic acid as a major constituent, 
while the presence or absence of hexosamine bound 
in the preponderant glycoprotem has not been 
definitely established Both hexuronic acid and 
hexosamine may be present 1n the scant orthochrom- 
atic material or sections stained with toluidine blue 
Sialic acid was essentially absent as judged by the 
observation that the tryptophan—perchloric acid 
test!? yielded only a light colour, the intensity of 
which did not greatly exceed that obtamed from an 
equal amount of beef serum albumin The amuino- 
acids of the protein moiety have been examined by 
2-dimensional chromatography of acid hydrolysates 
(6 N hydrochlorie acid, 24 hr , 100° C ) of the lipid- 
free material followed by nmhydrin development and 
visual comparison with spots given by an equal 
amount of bovine serum albumin of known amino-acid 
composition? which was hydrolysed in a manne 
identical with that used for the unknown protem 
Several comparisons were made for each amino-acid 
and the average results were accepted as a reasonable 
basis for calculating approximate amino-acid com- 
position It was assumed that, for most amino-acids, 
errors associ&ted with destruetion or other variables 
were approximately the same for both preparations 
Perhaps of most immediate interest here 1s the fact 
that the protem 1s characterized by unusually large 
amounts of serme This substance was estimated to 
comprise approximately 15 per cent of the total 
amimo-acid residue content on a weight basis The 
glutamic acid content was also found high as compared 
with many proteins (about 20 per cent) and aspartic 
acid low (about 5 per cent) Cystime was quite low, 
but quantitative estimates aie not justified because of 
large variability ın the destruction of this amimo-acid 
as a function of the carbohydrate content of the 
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hydrolysis medium! The levels of amino-acids did 
not vary significantly between batches obtained from 
normal and dystrophic anmals It ıs not certain 
whether there are other quantitative differences in 
the composition of the two types of calculi 

The mouse calculus material exhibits a chemical 
make-up which 18 markedly different from the organic 
matrix of crystallized human!5:!* or bovme” caleuh 
and from a large number of mammalian proteims 
fo. which recorded data have been examined The 
composition 1s similar in a general way to that of the 
Bence Jones piotem with regard to the contents of 
phospholipid, cholesterol and carbohydrate!® as 
well as the high serme-level!® but deviates radically 
in the contents of othe: amino-acids The significance 
of the influence of sex and of muscular dystrophy on 
the meidence of calculus excretion remains to be 
determined, however, beyond these considerations, 
it seems possible that the strain 129 mice may be a 
useful source of experimental animals for the study 
of calculus formation 

This work was aided by & grant from the Muscular 
Dystrophy Association of America I wish to thank 
Dr Kay Fink for valuable suggestions concerning 
the preparation of the manuscript and Mrs Shnley 
Strachan for expert technical assistance 
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ARFVINGE? found that analyses of tracheo- 
bronchial secretions by electrophoresis on 
Whatman No 1 paper in baibiturate buffer pH 8 6, 
1evealed at the most three mobile mucop:oterms, the 
bulk of the material being absorbed at the origin 


We have found that electrophoretic separation 
(16 hr) on cellulose acetate foil (5 x 25 em) in 
citrate buffer (pH 51, 4005) at 175-180 V and 
06 mamp/cm 1ievealed as many as seven well- 
defined components having electrophoretic mobilities 
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Fig. 1. Urinary calculi excreted by strain 129 mice. 
homozygous normal mice; B, from 3-5 month-old male dystro- 
phic mice; C, from male dystrophic mice in a more advanced 


A, from 


stage of the disease. (x c. 2) 
and staining techniques. 
portions of sections stained with various reagents are 
shown in Fig. 2. An outer wall was usually apparent 
and was defined best with hematoxylin and eosin 
stains (Fig. 24). The portion of the wall shown is 
much wider than was generally seen but serves to 
illustrate certain small areas which stain blue with 
hematoxylin and appear dark in Fig. 24. Since 
these areas did not react positively to Feulgen stain, 
they may represent minute zones of calcification 
rather than deoxyribonucleoprotein. The remainder 
and by far the major portion of the concretion showed 
only the light pink colour of the non-specific eosin. 
A strongly positive periodic acid—Schiff reaction 
(Fig. 2B) was shown throughout the calculi, indicating 
the presence of significant amounts of carbohydrate. 
Toluidine blue stain (Fig. 2C) showed thin sparse 
concentric rings of orthochromatic material only near 
the periphery while the remainder of the section 
reacted negatively to this stain suggesting that acid 
mucopolysaccharides are not essential for the forma- 
tion of the caleuli. Von Kossa stain for insoluble 
phosphates, carbonates and soaps gave a negative 
reaction and a sparse positive response was obtained 
to sudan IV at room temperature, suggesting small 
amounts of low-melting lipid. No evidence of a 
nidus with a separate identity was seen. 
Water-insoluble protein comprised about 75 per 
cent of the original wet weight of the ecaleuli and 
water-soluble solids about 8 per cent. To prepare 
the protein for chemical analysis, tho caleuli were 
zround in à mortar with distilled water and the 
insoluble residue was centrifuged, washed twice 
and dried to constant weight. Despite the fact that 
the availability of material has been quite limited, 
the use of sensitive micro-techniques has permitted 
qualitative identifications and quantitative estimates 
of its major constituents, and some of the more impor- 
tant results are reported briefly here. The complex 
protein exhibited an unexpectedly high nitrogen 
content (16:9 per cent in one batch assayed by 
digestion and Nesslerization*) and contained 1:5-2 


NATURE 


Photomicrographs of 


December 30, 1961 


per cent easily extractable lipid (four extractions of 
30-45 min. each with 3:1 ethanol-ether at about 
75° C.). About 20 per cent of the lipid was phos- 
pholipid as determined by conversion of inorganic 
phosphorus levels (methods of Fiske and Subbarow*) 
in lipid digests to ‘average’ phospholipid values 
according to Gortner*. Cholesterol, assayed by the 
method of Searcy and Bergquist*, comprised approxi- 
mately 10 per cent of the lipid. Both free and esteri- 
fied forms were present but in varying ratio. Amide 
nitrogen, analysed in N hydrochloric acid hydrolys- 
ates (4 hr., 100° C.) by the Conway diffusion method*, 
constituted about 1-3 per cent of the lipid-free 
protein. Carbohydrate was present to the extent of a 
few per cent although the values have varied with the 
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- | 
T. A 
Fig. 2. Photomicrographs of outer portions of stained sections 


from urinary calculi. A, stained with hematoxylin and eosin; 
B, with periodic acid-Schiff reagent; C, with toluidine blue. ( x e. 
00) 




























immunologii x 


in the embryo or adult. The exposure of adult 
animals to antigenie stimuli should therefore set in 
motion two. processes: sensitization of mature cells 
and induction of tolerance in immature cells. Toler- 


ance would normallv be masked by the immune. 


response, but if the sensitized cells were to be removed 
by some means (as for example by prolonged contact: 
with the antigens) the lymphoid cell population of 
adult animals might be changed progressively from a 
predominantly sensitized to a predominantly tolerant 
 one?*, Although nothing is at present known of the 
specificity or the mechanism of the striking effect 
described by Shapiro et al.'? (for example, is it due to 
central or efferent inhibition?) their experiments are 
open to this interpretation. That smaller genetie 
differences ean be overcome by a much less-formidable 
antigen dose suggests the possibility that the number 
of sensitized cells involved in such a situation is 
considerably smaller. 

Our own results also could be accommodated by the 
stem-cell theory, the neonatal or very young mouse 
being vastly more amenable to induction of tolerance 
. across the H-2 barrier than the ‘adolescent’ or adult 
mouse precisely because its population of lymphoid 
cells is still predominantly immature. The occurrence 
of increasing numbers of immunologically mature cells 
in developing animals would therefore be sufficient to 
account for the age-dependence of induction of toler- 
ance. "The experimental evidence of Howard and 
Michie? certainly suggests that even the neonatal 
mouse may already have some immunologically 
mature cells. 
>: This alternative interpretation, according to which 
the difference between unresponsiveness in adults and 


; X immatare: “calle. Be s hike to i 


induction of tolerance, regardless of whether they are _ iine riens ot 5 


lymphoid - odi "por ) 
tolerance of the host’s ti 
the ability to respond to the 
mouse strains suggests that it 
founded; but much depends on the eluei 
mechanism which underlies this observation 
We wish to thank Prof. P. B. Meda 
interest in this work and for his mue 
criticisms. oe 
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EXCRETION OF UNCRYSTALLIZED URINARY CALCULI COMPOSED 
OF GLYCOLIPO-PROTEIN BY NORMAL AND MUSCULAR 
DYSTROPHIC MICE 


By C. McGAUGHEY 


Medical Research Programs, Veterans Administration Hospital, Long Beach, California 


TRAIN 129 mice, susceptible to a hereditary 
myopathy!, excrete urinary calculi examples of 
which are reproduced in Fig. 1. These bodies have 
been located in situ, floating freely in the urmary 
bladder, and are probably vesical calculi. They 
may appear either hyaline or opaque and sometimes 
exhibit bizarre forms. The largest calculi, the maxi- 
mum length of which was 3-5 mm. (Fig. 1C), were 
obtained from two dystrophic male mice which were 
Cin & more advanced stage of the disease than any 
of the other animals tested, with the hind legs 
extended and non-functional. Caleulus excretion 
by. one dystrophic and one heterozygous normal 
animal began at about three months of age. 
. "The rate at which the calculi are excreted is a 
funetion of sex and of the presence or absence of 
. museular dystrophy (Table 1). The results shown 
are for representative animals; however, all dystrophic 
. males studied excreted calculi at a greater rate than 
—. any of the normal males, and normal females have 
2 “never yet | been observed to pass a calculus. Dystro- 


phic females occasionally yielded tiny amorphous p 
hyaline bodies. 

Sections were prepsred for histochemical examina- 
tion by formalin fixation of the concretions followed 
by conventional paraffin block mounting, slicing 





Table 1. 





RATES OF EXCRETION n URINARY CALCULI BY STRAIN. 129. 
CE re ee 


Type of Sex Age* 

mouse (months) | 
Normal 
(Homozygous) 
Normal 


(Homozygous) 
ormal 
(Homozygous) 
Normal 
(Heterozygous) 
Normal 


(Heterozygous) 
Dystrophic 
Dystrophic 
Dystrophie 
Dystrophie 

* Age at which collection waa begun. 

—,age unknown but the mouse was in an advanced stage of dys- 

trophy and died during the collection period. 
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ee ip, 2. Age-dependence of tolerance induction in A strain mice. 
Coo 0s riterio of tolerance: skin graft survival at 5 x control median 
CUooccaarvival time (= 63 days). O-——O, 4-10 x 10 parcata strain 
(OBA) cells per mouse. @--——~ @, 5 x 10° F hybrid cells (OBAJA) 

per gm, body-weight 





of these mice gave a weak second-set response, that 
is, they behaved asif the allogeneic (= homologous in 
> the old terminology; see Gorer, Loutit, and Micklem®) 
|^ 0 eells had sensitized them. 
The 11- and 12-day-old mice in the experiments 
_ described so far were injected with doses of cells 
which, sealed down according to body-weight, would 
|. havo been more than adequate to bring about 
tolerance in neonatal mice. In order to investigate 
still further the relationship between tolerance and 
immunological paralysis groups of 12-day-old mice 
z were injected with up to 10 times the weight-adjusted 
ooo dose of OBAJA hybrid spleen cells (max. 3 x 108). 
‘The results are summarized in Table 1. Of the 26 
<- mice not one was made tolerant by these massive 
. stimuli and the mean survival-time of the grafts 
. aetually declined slightly with increasing dose, 
— suggesting that larger numbers of cells sensitized 
more efficiently. (As the sensitivity elicited by 
= allogeneic lymphoid cells declines relatively rapidly*.* 
..& greater expression of sensitivity than that encoun- 




















Table 1 






Cell No. of 





~ 1 No. | dose. | mice 
6 | WAD*| 19 | 
Bx WAD | 12 








dod? |4xWADIV > 
07 D6xWADiüpt 

WA: ight-adiusted dose = 5 x 10° cells per gm. body-weight 

TEATRE = approx. 30 x 10° cells per mouse. 


ae I p injection carried out on the following day. 
T raft destroyed by tho thirteenth day. 
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tered by us could scarcely have been expected. 
confrontation of these mice with a single cel 
stimulus, however large, did not lead to the induct 
of tolerance. PM 
It may be argued that the shift of the proportion 
mice made tolerant in the first post-natal week is € 
to the fact that in Billingham and Brent’s ex 
ments parental strain cells rather than hybrid 
were used and that, in their experiments, the num 
of tolerant mice was therefore reduced by deaths fron 
runt disease. Such an explanation is unconvinein, 
for a repetition of their experiments, using a constan 
number of CBA/A hybrid cells instead of CBA ce 
is giving almost identical results. (This experimen’ 
still in progress.) It is much more likely to represen 
a true shift produced by the higher antigen dos 
explanation which obliges us to revise our concer 
of the "neutral" period*. Such a period would appes 
to exist, if at all, only in a relative sense; it evidently 
depends not only on the degree of genetic affinity 
between cell donor and recipient? but also on the 
number of cells injected. In other words, immuno- 
logical ‘neutrality’ for one antigen dose does not 
necessarily apply to another which is either larger or 
smaller—a& conclusion which is in harmony with the 
observation that even new-born mice may be capable 
of immunological responses provided that they are 
stimulated by rather small doses of allogeneic cells’. 
That tolerance induction during the ‘neutral’ period 
should depend on antigen dose is perhaps not too 
surprising in view of the fact that induction of toler- 
ance in new-born mice is also dependent on doọoget:919, 
The point whieh stands out clearly from our resulta. 
is that induction of tolerance in very young mice is not 
simply a scaled-down version of the kind of immuno- 
logical unresponsiveness which can be brought about 
with soluble proteins in adult animals (for comprehen- 
sive reviews, see Chase and Smith!^12), Experiments 
somewhat similar in design but concerned with the 
induetion of tolerance of bovine serum albumin in 
rabbits have been described by Smith’, who found 
that with weight-adjusted doses tolerance could be 
elicited at birth or 7 and 14 days later, but not when 
injection was delayed until 21, 28 or 40 days after 
birth. (See also the work of Dresser with mice.) 
Smith concluded that 5... the induction of tolerance __ 
during the neonatal period depends upon special 
conditions which are unique to this period of life... 
Our own results are not at all at variance with this |— . 
conclusion. | | B 
Nevertheless, it is possible to interpret our results by 
stipulating that the difference between the neonatal 
or very young mouse and the adult mouse is quanti- 
tative rather than qualitative. Such an alternative 
interpretation is prompted by findings reported fro 
several other laboratories. (1) Tolerance of ma 
isogenic grafts can be brought about in adult fema 
by a single intravenous inoculation of approx. 20 
10* male spleen cells!*. (2) If donor and recipien 
differ only at the H-3 histocompatibility locus, adu 
mice can be sensitized or rendered unresponsive : 
skin grafts depending on the number of lymph 
cells injected’* (1-5 x 10° cells sensitized, wheres 
2 x 10* produced unresponsiveness). (3) Adult mic 
can be made unresponsive, even when donor and 
recipient strains differ at the H-2 locus, if they are 
injected intravenously and over a prolonged period of. 
time with large numbers of spleen cells” (1-5 x 10* 
in 7 weeks). E 
These observations could be accounted for by the 
stem-cell theory of tolerance induction (see discussion 
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TOLERANCE 
By Dr. L. BRENT and Dr. G. GOWLAND 


Department of Zoology, University College, London 


"HERE has so far been no systematic study of the 
. A relationship between antigen dose and age of host 
in the induction of tolerance of tissue homografts. In 
previous experiments! conducted with mouse strains 
differing at the H-2 histo-incompatibility locus a 
constant number of adult spleen cells (4-10 x 10%) 
were injected into groups of mice of various ages and 
the decline of tolerance induction with increasing age 
was studied. This decline occurred in the first few 
days of life and was found to be very rapid: only 
13 per cent of A strain mice injected on the 4th post- 
natal day with CBA spleen celis showed any signifi- 
cant degree of tolerance when skin-grafted 6 weeks 
later. This kind of approach is open to the objection? 
that the antigen dose does not keep pace with the 
increase in weight of the young recipients; our latest 
experiments, of which a preliminary account is given 
here, were designed to re-investigate the age- depen- 
dence of induction of tolerance with this objection i im 
mind. 

The mouse strains were identical with those 
previously used except that CBA/A hybrid cell 
donors were preferred to CBA donors in order to 

avoid the complications of graft-against-host reac- 
tions'. Spleen cells from hybrid donors were injected 
into 6 groups of A strain mice ranging in age from 
_ about 12 hr. to 13 days after birth. Each group com- 
prised 16-20 individuals, and all injections were made 
intravenously. In the youngest groups the sigmoid 
sinus or the orbital branch of the anterior facial vein 
were used’; in the older groups, one of the lateral tail 
veins. The dose of cells was 5 x l0*/gm. of body- 
wW eight. (weight-adjusted dose) and the cell suspen- 
sions were prepared according to the method described 
previously. 

All mice were grafted with female CBA/A hybrid 
skin 55 days after injection. The grafts were inspected 
8 days later, that is, at a time when a first-set response 
can still be clearly distinguished from a second.set 
response, and they were observed for 100 days. The 
. median. survival time of control grafts (CBA[A 
hybrid skin on normal adult A strain mice) being 
123 days, the grafts were classified according to 
whether they survived for at least twice the mean 


| survival time (25 days; Fig. 1) or 5 times the mean 


J survival time (63 days; Fig. 2). 
‘The results are set out in Figs. 1 and 2 alongside the 


2 N (constant dose) data of Billingham and Brent, 
. They show very clearly that, in the first week after 
— birth, the injection of a weight-adjusted dose gave 


mia. to à consistently higher proportion of tolerant 


* 


animals. For example, in the 4- day-old group the 
proportion of tolerant mice rose from 13 to 85 per 
cent, and even in the 6-day-old group it remained ata . . 
relatively high level (45 per cent compared with 
0 per cent) (Fig. 1). Similar increases become evident | 
when the data are plotted according to our more 
stringent criterion of tolerance (Fig. 2). Without 
doubt the use of a weight-adjusted dose added about 

4 days to the period in which tolerance could be 
induced in this particular strain combination. 

The second point emerging from these results is 
that the injection of a standard dose into. 12- or 
13-day-old mice did not lead to induction of tolerance 
in à single mouse; on the contrary, a small proportion 
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Fig. 1. Age-dependence of tolerance induction in A strain mice. 
Criterion, of tolerance: skin graft survival at 2 x control median 
survival time (= 25 days). O-—~O. 4-10 x “108 parental strain 
(CBA) cells per mouse. 4-——— @, 5 x 10° F, hybrid cells (CBA[A) 
per gm, body-weight 
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Fig. 1. Cat No. 4295. Middle ear muscles cut. Clicks or 3 ke./s. 
tone pips, 30 db. above acoustic threshold, were delivered to the 
ear 10 msec. after delivery of a train of electric pulses at 300/sec, 
to the crossed olivo-cochlear bundle (OCB). A, amplitude changes 
in cochlear microphonie (CM) and neural (N,) responses to sound 
as a function of the number of shocks in the preceding train 
delivered to OCB. B, histological control: section (modified 
Bielchowsky) with prussian blue mark of tip of stimulating elec- 
trode In OCB, between the two facial genua, C, oscillograms 
(several sweeps superimposed) showing suppression of N, spike 
and potentiation of CM, before and after strychnine. In the 
frames marked with a white dot, the sound was preceded by 
OCH stimulation 


(c) Neuropharmacology. The intravenous injection 
of 0-05-0-15 mgm./kgm. strychnine sulphate which 
abolishes the N, inhibition? also eliminates the CM 
potentiation (Fig. 1C). The related alkaloid brucine 
produces the same antagonism to efferent bundle 
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effects. No changes have been observed with 
metrazol, picrotoxin, ammonium chloride, eserine 
or dihydro-B-ervthroidine. 

For quantitative assessment, the changes in re- 
sponse voltage induced by bundle stimulation have 
been evaluated in relation to the intensity function of 
responses to sound alone. In many experiments 
the maximal suppression of NN, was strikingly 
powerful, being equivalent to a 24-decibels attenua- 
tion of the sound energy. By contrast the maximal 
CM potentiation only amounted to a 3 db. increase 
(Fig. LA). The two effects are thus of a quite different 
size, but both have to be considered when discussing 
the mode of action of the efferent axons on the inner 
ear and the following implications seem warranted. 

(1) Since CM is generated in the hair cells of the 
organ of Corti*? and is a ‘receptor’ potential’, the 
recorded CM potentiation implies that the efferent 
axons must go as far peripherally as the hair-cell 
membrane. This is a useful cue for electron micro- 
scope studies. 

(2) In view of the similar neuropharmacological 
properties, the efferent axons should manufacture 
and release the same inhibitory chemical transmitter 
as the axons responsible for post-synaptic inhibition 
in the cat's spinal cord*. Both inhibition of N, 
and potentiation of CM are ascribable to this trans- 
mitter (Fig. 10). 

(3) The olivo-cochlear suppression of N, being an 
obvious case of post-synaptic inhibition would depend 
on stabilization and possibly hyperpolarization of 
the terminal membrane of the afferent auditory axon 
since the latter represents the post-synaptic compon- 
ent in the excitatory afferent synapse between hair 
cell and auditory axon (Fig. 2). 

(4) In order to account for the CM potentiation, we 
further suggest that part of the inhibitory transmitter 
is released on to the (pre-synaptic) membrane of the 
hair cell the resting potential of which would be in- 
creased by the usual selective change in ionic permea- 
bility. The CM receptor potential would thereby be 
potentiated since it is generated as a modulation of 
the hair cell resting potential (plus endolymphatic 
potential) by the acoustic transducer effect*?, This 
would be the first evidence for a lack of restriction of 
transmitter effect to the post-synaptic membrane. 
Such a phenomenon might only occur in special and/or 
primitive synaptic organizations. 

(5) The potentiation of the receptor potential is a 
paradoxical effect since the activation of the auditory 
axon by sound via the hair cell transducer is simul- 
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hoir cell 


efferent 
olivo-cochlear 


afferent 
auditory 

axon ^ x 

Fig. 2. Tentative diagram of synaptic organization iu the organ 

of Corti, as suggested by the physiological evidence discussed, 

Electron microscope data would appear compatible with the occur- 


rence of two types of axon terminals at the base of the hair cell, 
but the efferent endings have not yet been precisely identified 
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Fig. 3. Fingerprints of and chymo 


se t nd de pi d cellulose columns described in Fig. 1, 
0 pent SE aie and I (right) of the ‘experimental’ co 
(0) was out in the horizontal direc 


acetic acid/water (10 : 0-4 : 90), pH 6-4 buffer, followed by paper chromatograph 
ertical direction radio iae ak dur butanol acetic acid water (3 : 1 : 1) as nima G 


v 
peptides are demonstrable in the abnormal he 


produced by nucleoproteins entering the cell and suc- 
cessfully competing or interfering with normal inform- 
ation transfer within the cell. (In unpublished experi- 
ments carried out in this laboratory, using similar 
culture conditions described here, influx of phos- 
phorus-32-labelled DNA into rabbit marrow cells has 
been demonstrated'*.) It is unlikely that the abnor- 
mal hemoglobins are due to artefacts such as denatur- 
ation or altered pigment formation since a distinctive 
peptide pattern has been observed in two experiments 
where fingerprint characteristics have been investi- 
gated. Experiments investigating the exact nature of 
the agent producing the change as well as structural 
considerations of the abnormal hemoglobin are in 
progress. 

In summary, abnormal hemoglobin formation can 
be induced in human megaloblastie marrow cells 
exposed to nucleoproteins derived from sickle-cell 
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anemia. The data are not suffici- 
ent to identify with certainty either 
the product formed or the agent 
producing these c "E. 
electrophoretic behaviour of the 
abnormal hemoglobin and its 
elution from carboxymethyl cellu- 
lose closely resembles sickle hæmo- 
globin, but the peptide analysis is 
distinctly different. 

This investigation was supported 
by à research grant (0—4944) from 
the National Cancer Institute, 
National Institutes of Health, 
United States Public Health Ser- 
vice. Portions of this article were 
presented at the seventy-fourth 
annual meeting of the Association 
of American Physicians, May 3, 
1961, and are published in the 
Transactions of the Association. 
We thank Drs. John Spizizen, Jack Pensky and 
Melvin Schoenberg for valuable advice and support. 
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MODE OF ACTION OF THE EFFERENT OLIVO-COCHLEAR 
BUNDLE ON THE INNER EAR 


By Dr. J. E. DESMEDT and Dr. P. MONACO 
Laboratoire de Pathologie générale, University of Brussels, Belgium 


HE Rasmussen olivo-cochlear bundle! represents 

the most peripheral part of a polysynaptic 
centrifugal system presumably responsible for control 
of acoustic input^?. It originates in cells of the 
superior olive complex and terminates close to the 
organ of Corti in the inner ear'. Direct faradization of 
the bundle is known to depress acoustic evoked re- 
sponses? and the results to be presented are concerned 
with the peripheral mechanism of this gating effect. 
In experiments on cats (pentobarbitone, chloralose 
or high spinal section; middle ear muscles stapedius 
and tensor tympani cauterized ; ‘Flaxedil’ infusion) the 
auditory nerve compound action potential (Nj) 
evoked by clicks and the cochlear microphonic 
potential (CM) evoked by tone pips have been 
recorded through an electrode placed on the round 
window. Trains of electrical pulses were applied to 
the crossed olivo-cochlear bundle through bipolar 
stereotaxic electrodes (Fig. 1B) at known intervals 
before delivery of the testing sound (click or tone pip) 
to the ear. As illustrated in the upper row of records 


of Fig. 1C, effective stimulation of the efferent bundle 
produces two effects, namely, inhibition of the N, 
spike? and potentiation of CM (ref. 4). Our 
observations suggest that both effects are genuine 
and that they are simultaneously produced by «a 
chemical transmitter released from the olivo-cochlear 
axon terminals. : 

(a) Parameters. The two effects disclose propor- 
tional quantitative changes when the parameters 
of the preceding bundle stimulation are ically 
modified. In the graph of Fig. LA, trains of 1-28 
pulses at 300/see. were delivered to the bundle 
10 msec. before the testing sound: changes in N, 
and CM appear after the train of 6 shocks and increase 
in parallel with the number of shocks. 

(6) Dissipation. When the testing sounds are 
applied at increasing intervals after a standard 
train, of say, 20 pulses at 400/sec., N, suppression 
and OM potentiation appear maximal at the end 
of the bundle stimulation and dissipate exponentially 
with a time constant of about 0-15 sec. 
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Fig 1  Tiselus electrophoretic pattern of hemoglobin derived 
from megaloblastic marrow 1ncubated with and without gickle cell 
nucleoprotems A smgle peak was observed in the control whereas 
an additional component (z) appeared in the experimental hziemo- 
globins (Phosphate buffer, pH 6 9, 10nic strength 0 1) 


To the experimental flask was added 2 mgm of sickle- 
cell nucleoprotems dissolved in 2 ml of 0 9 per cent 
sodium chloride The control incubation mixture was 
identical except that an equivalent volume of saline 
was substituted for the nucleoprotems Incubation 
was carried out for 24 hr at 37° C with gentle 
agitation and the reaction terminated by the addition 
of deoxyribonuclease and 0 01 M magnesium sulphate 
The cells were sedimented by centrifugation at low 
speed and washed 4—6 times, sedimenting each time 
from about 4 volumes of 0 9 per cent sodium chloride 
The cells were lysed by freezing and thawing and the 
cell ghosts were removed by centrifugation at 30,000g 
for 30min The resultant hemoglobin solutions were 
dialysed for 3 days against 0 001 M phosphate buffer, 
pH 7 2, with three changes of buffer 
followed by high-speed centrifuga- 
tion Altered hzemoglobm forma- 
tion was detected by various electro- 
phoretic procedures, ion-exchange 
chiomatography and peptide analy- 
sis An unexpected and consistent 
finding was that the radioactivity 
present m the hemoglobm derived 
from marrow incubated with the 
nueleoprotems was 2—4 times that 
present in the control samples 
Thus, in the experiment reported ın 
this article, 0 8 per cent of the 1ron- 
59 added was incorporated in the 
control as compared with 2 35 per 
cent meorporated in the experi- 
mental 

The electrophoretic mobility of 
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the hemoglobins was first compared 26 


on either agar-gel or starch-gel and 
by moving boundary electrophore- 
sis Abnormal components were 
demonstrable in the experimental 
hemoglobin solutions as compared 
with the control samples in five of 
nine experiments One such com- 
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ponent demonstrable by Tisehus electrophoresis 1s m- 
dicated m Fig 1 Elution of an abnormal component 
from a carboxymethyl cellulose column!? was achieved 
by establishing a pH gradient with 0 01 M phosphate 
buifer This abnormal hemoglobm component (III, 
Fig 2) closely resembled sickle-cell hemoglobm m its 
elution behaviour No difference has been observed 
between control and experimental carboxymethyl 
cellulose elution patterns of hemoglobin when 
megaloblastic marrow was incubated with DNA 
derived from normal marrow 

The abnormal component was concentrated by 
evaporation of the eluates, dialysed in the same 
manner as described, and a peptide analysis per- 
formed Since there was no comparable peak in the 
contiol, the peptide composition of the abnormal 
component (III, Fig 2) was compared with the 
peptide composition of hemoglobims derived from 
peaks I and II m both the control and experimental 
samples Peptide fingerprints of the hemoglobins 
were carijed out by the procedure of Ingram!‘ using 
the modified digestion method of Anfinsen et al, 
Samples were run 1n pairs under identical conditions 
using the same quantity of hemoglobin Two 
peptides which are not demonstrable in any other 
fraction were present in the fingerprmt of the 
abnormal hemoglobin (A and B, Fig 3) This peptide 
fingerprint does not, however, resemble that derived 
from sickle-cell hemoglobm where the abnormal 
peptide 18 found in juxtaposition to peptide No 4 
Neither does ıt resemble the peptide pattern of foetal 
hemoglobin when compared with fingerprints of cord 
blood obtained by the same technique An identical 
abnormal peptide pattern was obtained in another 
experiment of this type using similar conditions 

The possibility therefore exists that themoegaloblasts 
can be induced to form a new hemoglobin as the 
result of altered peptide synthesis and that therefore 
a phenotypic alteration or mutant has been produced 
The electrophoretic behaviour of the abnormal com- 
ponent and its elution from carboxymethyl cellulose 
columns closely resemble those of sickle-cell hamo- 
globin but the peptide analysis 1s distinctly different 
It may be postulated that such a mutant could be 
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Fig 2 Separation of hemoglobin components of megaloblastic marrow incubated with 
and without sickle-cell nucleoproteins 
in Fig 1 were introduced on to a carboxymethyl cellulose column (52 x 1 3 em ) and the 
hemoglobins separated by elution with 0 01 Af phosphate buffer (pH. 68-80) 40-ml 
aliquots were collected at flow-rates of 20 ml per hour 1 
measured at 580 mu An abnormal component (TIT) was demonstrable in the 'experi- 


Approximately 150 mgm hemoglobin described 


Hemoglobin concentration was 


mental’ as compared with the control 


December 30, 1961 


organs en viti 0o? but to be largely confined to glomeru- 
lar basement membranes ın vivo. 

Since anti-rat and anti-dog placenta sera have been 
shown to be nephrotoxic, and nephrotoxic sera are 
always localized on the glomerular basement mem- 
branes «n vivo and «n vitro, 16 would appear reasonable 
to speculate that anti-human placenta sera which are 
localized on human glomerular basement membrane 
a vitro might also contain glomerular-damaging 
antibodies among the localizing antibodies Certainly 
absence of localization on the human glomerular 
basement membrane by anti-human placenta sera 
would be substantial evidence against glomerular- 
damaging antibodies being present 

Recently, Dixon!! has shown that repeated intra- 
venous injections of foreign protein produces glomeru- 
lar damage m rabbits by means of antigen-antibody 
complexes These complexes become localized in 
and damage glomeruli without any immunological 
specificity for kidney antigen This alternative 
method of damagmg glomeruli would have to be 
considered m the etiology of toxaemuas of pregnancy 
because placental antigens might continually leak into 
the maternal circulation and form antigen-antibody 

“complexes which become localized in glomeruli 
for non-immunologieal reasons and damage them 

Although the basement membranes in many 
organs may contain antigens in common with the 
maternal human glomerular basement membrane, 
the placenta is unique durmg pregnancy The 
placenta 1s the only organ in the body which has the 
capacity to vary its antigenic structures by paternal 
contribution to 15s composition ‘This variation may 
be sufficient to cause some of the antigens to 
appear ‘foreign’ to the mother yet sufficiently related 
to cause the antibodies produced to cross-react with 
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closely related antigens in the human glomerular 
basement membrane and produce glomerular damage 
Since the human placenta may be considered a highly 
vascular structure, rich in antigens closely related to 
human glomerular basement membrane, 1t 18 possible 
that such antigens, slightly altered, could enter the 
maternal body and act as an antigenic stimulus 
In such cases the maternal human glomerular 
basement membrane might act as one of the most 
important and vulnerable target organs 

These preliminary experiments will be reported in 
greater detail elsewhere’. 

This work was supported (m part) by grant 
H-4785 from the National Institutes of Health, 
US Pubhe Health Service, the Chicago Heart 
Association and the Schering Corporation I would 
like to express my gratitude to Dr. M Edward Davis, 
Department of Obstetrics and Gynecology, and Dr 
Edward Henderson, Schering Corporation, for their 
interest and support in this work, and Dr. F H 
Fitch, Department of Pathology, for the use of 
facilities 
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ABNORMAL GLOBIN FORMATION IN HUMAN MEGALOBLASTS 
By Pror AUSTIN S. WEISBERGER and ERNEST P. NOBLE 


Department of Medicine and Department of Biochemistry, School of Medicine, 
Western Reserve University, Cleveland, Ohio 


HE following work was undertaken to determine 

whether altered production of globin could be 
induced in human megaloblasts by exposing them 
ar ro to nucleoprotems derived from sickle-cell 
anemia More than thirty biochemically distinct 
characteristics have been successfully troduced into 
bacteria by exposing them to deoxyribonucleic acid 
(DNA) derived from homologous species! Similar 
work on mammalian cells has been hampered by 
the obvious difficulties of using such cells 88 compared 
with bacteria and also by the difficulty of demon- 
strating that a successful transfer of genetic informa- 
tion has occurred The abnormal hemoglobins, how- 
ever, provide an approach to such mvestigations 
They are, at present, the only well-investigated 
system ın human biochemical genetics where 1t can 
be shown that mutations produce demonstrable 
alteration in a protem molecule Thus, Ingram has 
shown that sickle-cell hemoglobin differs from normal 
hemoglobin by the substitution of valine for glutamic 
acid in a specific peptide of the B-polypeptide chain?-4 
Abnormal amino-acid sequences have now been shown 
for a number of genetic hemoglobin diseases®-* and 
could therefore serve to indicate successful transfer 
of genetic information 


Megaloblasts were chosen because they are arrested 
at a primitive stage and might be susceptible to the 
influence of genetic material during maturation 
Sickle-cell anemia was chosen as a source of the 
nucleoproteins because ıt 1s the most readily aval- 
able source of the genetic hemoglobin diseases 

Marrow was aspirated from patients with sickle- 
cell anemia, the DNA extracted with 2 M sodium 
chloride, deproteimized with deoxycholate and 
isolated by precipitation with 95 per cent ethanol 
The final product was a Inghly viscous material 
contaming 5-10 per cent ribonucleic acid and 
a similar amount of protem im addition to the 
DNA No further attempt was made to remove 
these substances because of them potential con- 
tribution to transformmg activity This material 
was dialysed against 01 M sodium chloride and 
005 M sodium citrate ın the cold for 24 hr and 
incubated with megaloblastic bone marrow Each 
incubation mixture contained 10 ml of sternal 
marrow aspirated from a patient with megaloblastic 
anemia and 10 ml of S-15 tissue culture fluid? which 
was supplemented by 5 mgm heparin, 050 mgm 
folinic acid, 0 10 mgm vitamin B,,, 20,000 units pent- 
eillm and 0 12 uc (80 pgm ) of ferrous citrate (1ron-59) 
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Fig. 1. 
anti-human placenta fluorescein conjugates. 


tures do not stain. l 
basement membrane fluorescein conjugates, 


rabbit anti-rat glomeruli serum stained connective 
tissue structures in various rat organs and was 
nephrotoxic for rats. Evidently nephrotoxic anti- 
bodies are part of the localizing antibodies. Since 
direct bioassay is not possible in man, the demonstra- 
tion of heterologous antibodies to human placenta 
which collect in human glomeruli would prove that 
human placenta and glomeruli share closely related 
antigens. Such localizing antibodies might be nephro- 
toxic. 

Since little is known about the relationship of 
antigens in human placenta and kidney, this investiga- 
tion was undertaken to determine if human placental 
antigens were present in human kidney and where 
such antigens were located, using the immunofluores- 
cent technique of Coons*. 

Human glomerular basement membrane was 
prepared as previously described’. The membrane 
was suspended in isotonic saline to a concentration 
of about 80 mgm. per ml. A 1:1 water-in-oil 
emulsion was made with Freund's adjuvant consisting 
of 85 ml. ‘Bayol F’, 15 ml. ‘Arlacel A’ and 200 mgm. 
Mycobacterium butyricum (Difco). 

A human placenta was obtained shortly after 
birth, freed from membranes and washed grossly 
free of blood. Minced placenta and isotonic saline 
were mixed in a Waring blender for several minutes 
and then incorporated into Freund's adjuvant. 
Additional saline was added until the final concentra- 
tion of placenta in the emulsion was about 1 gm./6 ml. 

About 6 e.c. of the human glomerular basement 
membrane emulsion and 30 c.c. of the placental 
emulsion were injected into individual sheep by 
intramuscular, intradermal and subcutaneous routes 
every 2 weeks. Each sheep was bled to death one 
week after the fifth injection. The sera were removed 
and stored in the deep freeze (— 15° C.) until needed. 

Tho globulin fractions were separated from the 
sera by half-saturation with ammonium sulphate 
or the cold alcohol fractionation method of Deutsch’. 
The y-globulin was conjugated to fluorescein isothio- 
cyanate according to Riggs's method’. 
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Fluorescent photomicrograph of a humanu Kidney stained i curo with sheep 


The basement membranes of glomeruli, 

Bowman's capsule and tubules show specific apple-green fluorescence which appears 

white in the photograph. Note the tubule opening into Bowman's space, Cellular struc- 

Identical results were obtained with ow ye cuan glomerular 
x c. 525) 
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Human kidney tissues were 
obtained soon after autopsy or 
from surgical specimens. Human 
placentas were obtained immedi- 
ately after birth. Portions of 
tissue were frozen in isopentane 
cooled by a mixture of dry ice and 
acetone, and sections 4 microns 
thick were cut in a cryostat. The 
fluorescein - conjugated antisera 
were passed through a ‘Dowex’ 
resin column and then absorbed 
with 150 mgm. of acetone-dried 
mouse liver powder per e.c. of 
conjugated serum. In addition, 
| part of antiserum was absorbed 
with 2 parts of oxylated whole 
human blood. 

The absorbed antisera were then 
used directly to stain the tissue 
sections and careful controls were 
used as described by Coons‘. The 
slides were examined with a Leitz 
microscope fluorescence unit and 
permanent photographie records 
were made. 

Fluorescein-labelled sheep anti- 
bodies to human glomerular base- 
ment membrane or human plae- 
enta stained identical connective tissue structures in 
the kidney. .These structures may be defined as the 
basement membranes of glomeruli, tubules, Bowman's 
capsules and intertubular capillaries. Certain extra- 
cellular structures in the media and adventitia of 
arteries were also stained. The stained structures 
in the media of arteries might correspond to the 
basement membranes of smooth muscle cells accord- 
ing to Gersh*. The structures in the adventitia of 
arteries might represent irregularly condensed ground 
substance, 

Fluorescein-labelled sheep antibodies to human 
placenta and human glomerular basement membrane 
stained the placenta in similar manner. Specific 
staining was diffusely present throughout the entire 
connective tissue core of the villus with heavy con- 
concentration in blood vessel walls and in the sub- 
syncytial cell layer. 

Cellular structures in the kidney and placenta did 
not show specific staining. None of the control 
sections showed the specific apple-green fluorescence. 
An interesting incidental finding was the observation 
that autofluorescent internal and external lamin:e 
were not seen in placental blood vessels encountered 
even though some were of large size. 

The results of these preliminary experiments indi- 
cate clearly that human placenta and human glomeru- 
lar basement membrane share a closely related anti- 
gen or group of antigens. Further, that the placenta 
contains an antigen or group of antigens which is 
present in various connective tissue structures of the 
kidney. 

The chemical nature of the antigen (or antigens) 
is unknown. "The areas that stain most intensely in 
the placenta and kidney with fluorescein-conjugates 
are also periodic acid-Schiff positive. Mature 
collagen is reported not to stain in rats? and man’, 
using anti-glomeruli fluorescent conjugates. It would 
seem unlikely that collagen fibrils are the antigen 
involved in the present investigation. 

In general, nephrotoxie sera have been shown to 
stain many connective tissue structures of many 
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Fig., 3. Interferon titres in lung extracts of adult and suckling 

: niece at various times after infection. Pools of three lungs tested 

at day indicated, mean titres of three experiments. Titres shown 

as the reciprocal of the dilution of hing extract causing 50 per 
cent reduction in the virus plaque counts 


The lungs taken at each time-interval were pooled and 
extracts prepared. The amount of saline used for the 
extracts was adjusted according to the weight of the 
lungs. The material was tested for the amount of 
virus present (1D;, titrated in chick embryos) and 
interferon content (plaque reduction test In mouse 
embryo fibroblast monolayers infected with approx. 
100 plaque-forming units of encephalomyocarditis 
virus*). Four such experiments were carried out, and 
the combined results are presented in Figs. 2 and 3. 
As can be seen from the graphs, the virus titres were 
higher in suckling mice, and interferon content lower 
than in the infected adults. No significant differences 
in interferon content were seen at the early stage of 
infection but differences became evident towards the 
ond of the infectious process—during recovery. 

As was indicated earlier, the speed of virus elimina- 
tion as an indicator of the recovery process m adult 
mice might have been influenced by locally produced 
antibody. In the lungs of the infected suckling mice 
no antibodies were found, and there is suggestive 
evidence from the experiments described here that the 
recovery process was influenced by the amount of 
interferon produced. The lower content of interferon 
in the lungs of the infected suckling mice could be 


CLOSELY RELATED ANTIGENS IN 


By Dr. RAYMOND WILLIAM STEBLAY 
Department of Obstetrics and Gynecology, University of Chicago 


O N E of the many theories of the etiology of 
| toxemias of pregnancy maintains that maternal 

antibodies formed against placental antigens may 
- damage maternal glomeruli. In order to support 
this hypothesis, it would be desirable to demonstrate 


E that human placenta and human glomerular base- 


“ment membrane contain closely related antigens; 
and secondly, that the placenta has a mechanism 
- by which these closely related placental antigens 

‘might vary sufficiently to ‘appear’ foreign to the 
E “panthers 80 as 3 to provide an antigenic stimulus. The 
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to infootion vaa many "different virusegii-8i, r 
Acquired resistance of growing animals t 
neurotropic viruses in the absence of humor: 
bodies or previous exposure to these 
described as early as in 1936 by P. K : 
The factors which might have influenced the refrac. 
tory state of adult animals were considered obscure. > 

Very young mice showed a higher susceptibility too 
rabies virus infection than adult mice, but only when 
fixed virus was used!*. In this connexion it is worth .. 
mentioning a recent finding that attenuated virus — 
is a better producer of interferon than virulent virus? 

It has been found that during maturation of the 
embryo there is a steady increase in the sensitivity of 
the cells to interferon and in their ability to produce 
interferon’. The present results suggest that this 
process may continue during post-embryonie life 
and that this may be a factor governing the response 
to virus infection in young animals. 
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antibodies formed against this aniigénie stimuli 
could be expected to collect in the human. glomeruli 
basement membrane and initiate glomerular 
This hypothesis is based on the premise. that 
for antibodies to damage tissues, they : 
have to be present in the affected tissues. Such anti. 
bodies could properly be called autoantibodies and 
this mechanism an autoimmune mechanism. E 
Seegal reported that the rat! and dog? placenta and 
kidney contain nephrotoxic antigens in common. 
Cruickshank and Hill? reported fluorescein-labelled 
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It seems that the feeding of the meal part of each 
of these diets ın the form of a gruel enabled a large 
proportion of it, if not all, to by-pass the rumen. 
This was associated with markedly better utilization 
of dietary protem, presumably brought about mainly 
by a more efficient use of dietary energy 
! Roy, J H B, Dairy Sci Abst , 20, 1 (1958) 
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INFLUENCE OF AGE OF MICE ON THE RECOVERY FROM 
EXPERIMENTAL SENDAI VIRUS INFECTION 


Dr. LEON SAWICKI* 
National Institute for Medical Research, Mill Hill, London, N.W 7 


HE view 1s now prevalent that Sendai virus! 
(Myxovirus parainfluenzae 1)? persists in labora- 
tory mice mainly in the Far East Attempts to pro- 
duce a persistent infection ın mice, carried out by 
C H Andrewes and me’, were unsuccessful Intra- 
nasal infection occasionally caused lethal pneumonia, 
but among animals which recovered 1t was observed 
that adult mice eliminated the virus much earher 
than the sucklmg ones. This indicated that the 
recovery process in very young mice might be 
handicapped 
In order to study this further 4 weeks old mice 
were inoculated mtranasally with 0 05 ml and suek- 
ling mice infected during the Ist day of life with 0 01 
ml of allantoic fluid contammg 100 #ID;,/ml of 
Sendai virus Five adult mice along with 5 sucklings 
were killed 4 and 6 days and daily from 8 to 15 days 
after infection The presence of virus was checked by 
sub-inoculation of the lung extracts from individual 
mice into ll-day-old chick embryos The results of 
this experiment are shown in Table 1 In adult mice, 


Table 1 PERSISTENCE OF VIRUS IN ADULT AND SUCKLING MICE AT 
VARIOUS TIMES AFTER INFECTION 


Numerator number of mouse lungs yielding virus. Denominator 
number of mouse lungs tested 
Mice Days after infection 
4 6 9 10 11 12 13 14 «15 
Adult 5/5 5/5 sie 0/5 0/5 0/5 Of5 n 0/5 oe 
Suckling 5/5 5/5 5/5 6/5 5/5 3/5 1/5 4/5 1/5 0/5 


virus was no longer recovered after the 8th day of 
infection, whereas m suckling mice virus was detect- 
able up to 14 days, the titres bemg high up to the 9th 
day after mfection (ID,, tests m pieces of chick 
ehorioallantoic membrane‘) In the same experiment 
sera of adult mice were tested at various times after 
infection for the presence of hemagglutination 
inhibition antibodies No antibody was found Lung 
extracts of infected adult mice contained small 
amounts of viral antibody as measured by the 
hemageglutimation inhibition test from the 8th day 
after infection (Fig 1) No antibodies were found in 
lung extracts of the suckling mice up to the 15th 
day after mfection. While one cannot exclude the 
possibihty that local hemaggluiimation inhibition 
antibodies might have influenced the elimination of 
virus in adult mice, ıb 1s difficult to support this 
explanation m the case of suckling mice which 
eliminated virus by the 15th day after infection 
despite the complete lack of any detectable hem- 
agglutination mhibition antibody in their lungs 
* Present address: State Institute of Hygiene, Warsaw 


20 


Mean HI titre 
ru 
e 


4 6 8 9 11 13 16 
Days after infection 
Fig. 1 Hemaggiutmation inhibition (HI) antibodies in lung 


extracts of adult mice at various times after infection Mean 


titres of five lungs individually tested 


There are reports which indicate that an important 
role m recovery from primary viral infections may be 
played by interferon*-* In this connexion it 1s of 
interest that recovery from viral infection can occur 
in the absence of any antibody formation, for example, 
in the chick embryo’, or ın the presence of only traces 
of antibody, for example, in patients with hypo- 
gammaglobulinemia? 

Experments were therefore set up to compare 
interferon production in expermentally infected 
adult and suckling mice Three animals of each 
group were killed 2, 4, 6 and 8 days after infection 
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2 4 6 8 
Days after infection 
Fig 2 Virus titres m lung extracts of adult and suckhng mice 


at various times after mfection Pools of three lungs tested at 
day indicated, mean titres of four experiments 
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Table 1 PERCLNTAGE COMPOSITION OF THE DIETS 
Diet X Diet Y 
Ingredients 

Hay (crude protein, 6 99 per cent of dry 

matter, crude fibre, 35 5 per cent of dry 

matter) 25 25 
Spray-dried, separated-milk powder 20 — 
Fatted milk powder * — 40 
Rolled barley 30 7 
Barley meal 10 10 
White fishmeal 15 18 


* The fatted milk powder was prepared by the homogenization of 
crude red palm oi with liquid separated-milk, followed by spray 
drying in a commercial plant to produce a powder containing 50 pei 
cent of fat 


utilization of those carbohydrates which are capablo 
of bemg well assimilated by monogastiic digestion 
It seems likely that even when calves are receiving 
hay, and behaving as functional ruminants, the 
feeding of the concentrate part of their diet as a gruel 
enables this food to bypass the rumen If the carbo- 
hydrates aie then more efficiently utilized than when 
fed dry this should increase the available energy of 
the diet, and thereby improve nitrogen retention? 
It was therefore decided to examine the comparative 
effects of wot and dry feeding on the nitrogen balance 
of calves 

Four ruminating Ayrshire bull calves, approxi- 
mately 14 weeks old and housed in metabolism 
crates, were used for the mvestigation Two diets 
were made up as shown 1n Table 1, the hay being kept 
separate from the other components Chlortetra- 
cyclme (17 mgm per lb of diet) and supplements of 
trace minerals and vitamins A, D, E and tho B 
complex were included Each diet was allocated. to 
two calves In all the balance periods (periods 7, 8 and 
9) the daily allowance of meal for each calf (1,050 gm ) 
was given in two equal feeds, at 9am and 5pm 
The daily allowance of chopped hay (350 gm ) was 
given immediately after the mornmg feed For the 
first and last parts of the experiment (periods 7 and 9), 
the 525 gm of meal for each feed was mixed with two 
litres of warm water and bucket-fed immediately 
Durmg period 8, the meal was fed dry, followed by 
two litres of warm water per calf Each balance 
period of eight days was preceded by a preliminary 
period of six days The collection and analysis of 
feeces and urine were carried out as previously de- 
scribed’, except that fecal nitrogen determinations 
were made on composite wet samples at the end of 
each period 
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The effects of dry and wet feeding on the mode of 
absorption of the carbohydrates were studied at the 
end of periods 8 and 9 by measuring the changes in 
reducing sugars of the blood following a normal meal, 
and also one containing in addition 200 gm glucose 
The reducing sugars were determmed by Kmg’s 
method‘ on samples of blood taken at 0, 14, 3, 6 and 
8 hr after feeding 

It 1s evident from the results in Table 2 that the 
retention of nitrogen. by each calf was markedly lower 
with dry feeding than with wet feeding Simce dry 
feeding was associated with a somewhat greater 
digestibility of the crude protem, the differences in 
nitrogen retention were due to differences in the extent 
to which absorbed nitrogen was retained It should 
also be noted that the officiency of nitrogen retention 
was much higher on diet Y (the high-fat diet) than on 
diet X, with each method of feeding, suggesting that 
lack of available dietary energy was at all times 
an important factor in lımıtıng the retention of 
nitrogen 

From the changes m reducing sugars of the blood 
i+ hr after feeding the respective meals without 
added glucose (Table 2), 1t 1s evident that all four 
calves showed appreciable rises following wet feeding 
compared with much smaller changes after dry feed- 
ing This difference ın response to wet and dry feeding 
supports the view that wet feeding enables a con- 
siderable proportion of the food to pass directly into 
the abomasum, whereas dry feeding 1s associated with 
entry of the food mto the rumen, with subsequent 
fermentation Lactose has previously been shown to 
be capable of producing an appreciable rise 1n reducing 
sugars of the blood’, and since the single feed of each 
diet would supply an estimated 70 gm of lactose, 
some of the response must have come from this 
source 

Further evidence ıs provided by the results obtained 
when 200 gm of glucose were added to the food 
Calves 1, 2 and 3 showed little or no response to the 
added glucose with dry feedmg, but very marked 
responses with wet feeding In the case of calf 4, 
although there was an appreciable rise in blood 
glucose following dry feeding, this was greatly 
increased, with wet feeding 

It ıs of interest to note the greater 11ses in blood 
sugar on the high-fat diet since this has also been 
observed m. studies of human nutrition? 


Table 2 COMPOSITION AND DIGESTIBILITY OF DIETS, NITROGEN BALANCE, AND BLOOD REDUCING SUGARS 
| Composition of diets (dry matter basis) Diet X Diet Y 
Crude protein (per cent) 25 7 24 3 
Ether-extractable material (per cent) 2 49 94 0 
Calf 1 Calf 2 Calf 3 Calf 4 
| Period No 7 8 9 ig | 8 9 7 8 9 7 8 9 
Mean live-weight of calf* (lb ) 158 167 176 149 161 107 160 179 185 159 74 188 
| Method of feeding meal Wet Dry Wet Wet Dry Wet Wet Dry Wet et Dry Wet 
i t digestibility of diets 
, PARAO ES (ee Geab) 780 791 772 756 817 789 786 778 £750 776 793 792 
| Crude protein (per cent) 758 880 799 825 855 #817 816 827 809 803 840 802 
balance 
Rirosen (ane [day) 517 517 517 517 517 5l 500 500 500 500 500 500 
Retention (gm /day) 135 665 101 | 149 102 184 | 237 144 213 | 255 172 243 
Retention (per cent of intake) 261 129 185 288 197 25 474 288 4286 510 344 486 
Blood reducing sugars 
nange a 1&hr after feeding (mgm./ 
m 
Meal T +2 +27 +11 +21 —4 +44 +7 +53 
Meal + 200 gm glucose —12 +38 —2 +30 +6 +85 +44 +143 





* Mean of initial and final weight for each period 
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occur and the lizard’s tail habitually regenerates 
rather a makeshift for the oiiginal structure This 
may adequately serve its biological purpose, however, 
and, the whole variety m degree of convergence 1s 
consistent with a natural selection basis 

It must also be remembered that the power of 
regeneration iS as ancient as that of ontogenesis 
itself, that asexual reproduction and other morpho- 
genetic processes grade into that of regenesis?, and 
that ontogenesis and regenesis have evolved together, 
step by step, throughout their long history It 
would perhaps be surprising to find anything but 
quite close convergence between them It also seems 
probable that in general the same genes control 
both In arthropods abnormalities such as the 
regeneration of a leg in place of an antenna are 
paralleled by similar abnormalities of ontogenesis, 
and these are known to be determined in typical 
Mendehan fashion Regeneration probably can be 
regarded as just a special ease of what Wigglesworth? 
has called, ‘developmental polymorphism’, the insect 
embryo produces a first set of legs and other organs, 
and then a new, imagmal set 18 produced at meta- 
morphosis ‘There are also other pieces of evidence 
that ontogenesis and regenesis are components of a 
common mechanism’, and we can scarcely regard the 
convergence between them as special evidence m 
favour of final causation This does not affect the 
possibility that they, and all biological phenomena, 
show more general evidence of the operation of final 
causes, but most biologists believe that natural 
selection could have produced the apparent purpose- 
fulness ın the many interesting cases discussed by 
E S Russell and others Among these, internal 
homeostatic mechanisms do figure, of course, 1f not 
as frequently as external anatomical features 

Final causation as usually understood is perhaps a 
problem purely for the philosopher, since rb 18 scarcely 
amenable to the scientific approach At the same 
time biologists must be as much concerned as philoso- 
phers in the problem of reconciling their respective 
approaches to the acquisition of knowledge This 
problem stems largely from the differences between 
the axiomatic premises of the two approaches and, 
so long as these remain, it 1s not reasonable to 
expect any ultimate integration of their views 
By axiomatic law final causation, as usually under- 
stood, 1s ruled out of the scientific court and no 
amount of subsequent pleading can bring 1t 1n again 
It may be a reality, but ıt cannot be tested experi- 
mentally 

Some biologists might regard natural selection as 
somewhat ın the position of a final cause? ın the sense 
that ıt has the appearance of acting m the manner 
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of a deus ex machina on the fundamental processes 
governed by efficient causes It has the virtue of 
bemg a cause which can be investigated by observa- 
tion and experiment For this very reason ib 1s not 
a final cause in the usual sense but may prove to be 
all we need to seek It has been pointed out‘ that 
the conception of natural selection 1s Just another way 
of saying that at every tıme and place only the viable 
systems survive few would object to the view that 
the final cause of life ıs 1ts viability. Survival of the 
viable, and extinction of all other, systems may be 
generalized into the principle that what actually 
occurs mn each spatio-temporal context 1s the most 
probable event in that context The viable auto- 
matically behave as though directed towards the 
goal of survival lu the behaviour of the higher 
animals this has become very purposeful in appear- 
ance The anticipatory character of ethological 
responses and of ontogenesis certainly appears 
purposive to an observer but it should be remem- 
bered that these activities are largely recapitulatory 
of past experiences, of the individual and the species 
respectively, and are not purposive aims at entirely 
novel objectives 

The ‘most probable’ conception of final causation, 
originating entirely from within & biological outlook, 
could ultamately provide a coherent and comprehen- 
sive account of evolution which might meet the 
requirements of philosophers At the same time if 
discourages the idea that there 1s necessarily a sharp 
psychophysical dualism in the phenomenon of hfe 
Spilsbury believes that this dualism also corresponds 
to one between subjective and objective experience, 
but ıt 1s perhaps debatable 1f our subjective experience 
is anything beyond an objective study of ourselves 

Dr Spilsbury 1aises a number of mmor issues 
which many biologists might wish to take up, but 1t 
would be wrong to obscure his main thesis by pur- 
suing them here ‘There are also one or two puzzling 
passages, such as the apparent contradiction between 
the two properties demanded of any prospective 
change in the genetic control of regeneration, and 
some unguarded phrases such as "organic causation”, 
"expedite future survival" and “ ‘mner’ and 
*outer' aspects of behaviour" 
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COMPARATIVE EFFECTS OF WET AND DRY FEEDING ON THE 
UTILIZATION OF PROTEIN BY CALVES 


By A. M. RAVEN and K. L. ROBINSON 


Chemical Research Division, Ministry of Agriculture for Northern lreland, and Agricultural Chemistry 
Department, Queen's University, Belfast 


T 1s generally accepted that when liquid milk 1s fed 
I to young calves it by-passes the rumen and reticu- 
lum, by means of the cesophageal groove’, and enters 
directly into the abomasum This permits the food 
to undergo monogastiic digestion The recent trend 


towards the early weaning of calves by a system 
involving dry feeding of concentrate meals 18 associa- 
ted with the early development of a functional 
rumen However, fermentation ın the rumen 18 & 
relatively imefficient process, which penalizes the 


~ 


December 30, 1961 ° 


hne between development and behaviour 18 a fine 
one If behaviour 1s not fully deseribable in spectator- 
language, the same may be true for development 
(This does not imply that developmental processes 
may be conscious We learn from self-consciousness 
that some vital functions are directed at future ends 

It does not follow that all future-directed pro- 
cesses are conscious Consciousness may reveal one 
facet of organic functioning without constituting its 
essence ) This possibihty cannot be excluded, so 
long as the problem of development, as at present 
conceived—how the ‘genetic code’ ıs ‘made flesh’ 
and conditions the psycho-physical attributes of the 
adult—remains unsolved In principle, the attempt 
to define ontogenetic precursors or rudiments of 
mind seems not less justified that the corresponding 
attempt in phylogeny (Not on the ground that 
ontogeny repeats phylogeny, but on the ground that 
we should seek to connect later states of a system with 
earher ones) A conceptual bridge is yet to be built 
between the human zygote, considered as a bio- 
chemical system, and the purposiveness of the adult 
man, if the latter 1s to be explained partly as a conse- 
quence of the former. It 18 plausible to look for this 
bridge in the intervening processes of development, 
and especially in the interpretation of the ‘anticipa- 
tory'* appearance of development, the pre-functional 
elaboration of parts destined to become an integrated 
system of functional organs m the adult. No theory 
of development can be deemed satisfymg which does 
not offer an explanation of this progressive realization 
of functions, just as no theory of the neuro-physiology 
of behaviour 1s satisfying which does not explain how 
the progressive realization of a future end-state 1s 
possible (In neither case can selection theory provide 
a substitute for an analysis of the concurrent causes 
of this central feature of development and behaviour 

That there has been selection for mechanisms which 
expedite future survival does not tell us what these 
mechanisms are. Disregard of this led to the nine- 
teenth-century error of substitutmg speculations 
about phylogenies for analysis of ontogenies Develop- 
ment theory has been retarded first by bemg viewed 
exclusively through Darwinian spectacles, and more 
recently through Mendelian ones. #Mendelism 
abstracted from the forward thrust of developmental 
processes, and concentrated on correlating starting- 
points with end-points, parental phenotypes with 
filial phenotypes Necessarily, the concept of the 
gene arrived at by these methods is madequate as 
& basis for development theory This abstractive 
tendency of genetics 1s re-mforced by modern con- 
centration on the genetics of mucro-organisms, 
with their relatively srmple ontogenies It 1s possible 
in the future that development theory will influence 
conceptions of genetics and evolution as deeply as ıt 
has hitherto come under their influence) The 
temporal organization of vital processes, which makes 
meaningless any analysis of the organism-at-an- 
instant, presents simular patterns and problems for 
all the life sciences Information theory has made 
familiar the notion that organisms store up informa- 
tion from the past, both in their brains and their 
germ-cells Possibly a smniuar generalization will 
prove fruitful with respect to the forward direction 
of organic processes, which often proceed as though 
organisms possessed information about the future, 
and may produce an adaptive end-result even in 
circumstances different from those encountered m the 
(phylogenetic) past—as when a normal adult develops 
from the fusion of two amphibian eggs Unless 
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some generalized concept can be made to cover all 
stances of future-directed functioning, ıt 18 hard to 
see how the reference to the future mvolved m con- 
scious anticipation can be made intelligible in relation 
to its ontogenetic and phylogenetic history, and one 
possible ideal of theoretical biology will have to be 
abandoned 

R J. SPILSBORY 

Department of Philosophy, 
University of Toronto. 

* Needham, A E, Nature, 191, 720 (1961) 
* Russell, E S , The Diwectweness of Orgame Actwiies (1946) 
3 Sinnott, E W , The Biology of the Spirit (1956) 
* Barcroft, J , Brawn and us Enmronment (1988) 


Dm SPILSBURY renders a general service in bridging 
the gulf between philosophy and biology, and a special 
service to biology in focusing attention on regenera- 
tion as a critical test case of the ability of the Dar- 
winian theory to explain the mode of evolution. His 
suggestion that the genetic determination of regenesis 
(the process of regeneration) may be mdependent of 
that of normal ontogenesis also must interest bio- 
logists Can we be sure that natural selection is & 
factor powerful enough to establish perfect converg- 
ence between the paths of these two morphogenetic 
processes, and also to maintam the perfection of the 
convergence throughout a long evolutionary series of 
changes m the final, adult form ? As Spilsbury has 
further pointed out in correspondence, selection imn 
favour of regenerative ability seems to be much 
weaker than that m favour of normal ontogenesis 
since, while the latter ıs mevitably demanded, the 
former 1s only possibly evoked ın each mdividual 
hfe Normal development is a sume qua non for 
propagation by the mdividual whereas often regenera- 
tion 18 called for only late m the reproductive phase 
of life Consequently even if natural selection pro- 
vides an adequate explanation of the evolution of 
normal ontogenesis, 16 may not be adequate to explain 
the perfect convergence by regenesis. By the same 
token, however, 1f 1t should prove a sufficient explana- 
tion of the latter then we need have httle doubt that 
it can explam the evolution of ontogenesis and of 
biological adaptations in general 

An exact mathematical approach, by Fisher and 
Haldane ın particular, has emphasized how small an 
advantage may have selective value for the mdividual, 
and survival value for the species Successful regen- 
eration, even if called for 1n only a small percentage 
of individuals, provided 16 enables them to make a 
further small contribution to the size of the next 
generation may make just the difference between an 
assured survival and an inevitable extinction for the 
species. ‘This 1s true even on the assumption that 
regenerative power 18 equal in all the mdividuals 
of a species, but there 1s also hkely to be selection 
differentially ın favour of individuals combining a, 
high regenerative power with other advantageous 
characteristics Moreover, regeneration is not so 
rare m the field! as imphed above and this ıs further 
supported by a recent census on populations of three 
species of Planaria Between 25 and 50 per cent 
of the mdividuals of the different species were in 
process of regeneration at that moment, so that each 
individual is lhkely to be challenged several times 
during its life. Selection ın favour of regenerative 
ability therefore 18 stronger than appears at first sight 

The perfection of the convergence between onto- 
genesis and regenesis should not be overstressed It 
1g usually extremely good, but mistakes sometimes 
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EVOLUTION OF REGENERATION, AND ITS POSSIBLE BEARING 
ON PHILOSOPHY 


EEDHAM:! has recently criticized the view of 

Morgan and others that the distribution of 
regenerative capacities 18 not closely correlated with 
them adaptive value This criticism, 1f accepted, can 
be used to answer one objection to the Neo-Darwimian 
mterpretation of regeneration and its evolution 
Other problems remain Regeneration, when adap- 
tive, 18 a secondary adaptation; 16 18 the adaptation 
of an adaptive embryonic sequence to the special 
conditions under which regeneration occurs, the 
relation between the primary and secondary adapta- 
tion bemg one of likeness ın the final developmental 
product, and often of unlikeness in the processes of 
development. A spectacular mstance 1s the regenera- 
tion of the urodele lens In cases such as this, ib 
may fairly be assumed that regenerative processes 
are adaptive only if they restore a close copy of the 
part lost This imposes a stringent condition for the 
selection of regenerative mutants, 1f the capacity for 
regeneration has evolved in this way. 

In the present state of ignorance about the genetic 
basis of regeneration, the followmg alternative 
assumptions appear open to orthodox evolutionists 
The first alternative assumes that different or partly 
different groups of genes are active m regeneration 
and embryonic development, each set embodymg 
different instructions for, for example, lens-making 
On the other assumption, the same genes are involved 
in both cases, causing different developmental pro- 
cesses in different circumstances 

The first alternative mples a highly unprobable 
convergence in the evolution of embryonic and 
regenerative development, with close correspondence, 
at different evolutionary stages, between the end- 
products of independently varying gene assemblies 
Such an ontogenetic convergence, maintamed through- 
out an evolutionary series, would be less compre- 
hensible, on the assumption of random genetic 
change, than convergent evolution between different 
species, where the resemblances are less exact 

On the alternative assumption, the evolution of 
regeneration may be ascribed to selection for genetic 
changes which facilitate double-track development 
by the same genetic determmants Such genetic 
changes are required (1) to leave unchanged former 
developmental tracks, at least with respect to their 
end-product, (2) to mitiate new tracks, the useful- 
ness of which depends on thei leading to the same 
end-state as the old tracks The same paradox 
arises here as on the assumption of independent 
genetic controls for embryonic and regenerative 
development the paradox of ascribing the repheation 
of identical structures, through different develop- 
mental processes, throughout an evolutionary 
sequence, to random genetic changes which have been 
selected It 1s legitimate to doubt whether so exact 
a comeidencee of results could have come about m 
this way There seems to be no evidence for the 
occurrence of equifinal regenerative mutations, 
having the developmental effects outlned above 

Equifinahty or end-mvanance, attained through 
variable precurrent events, 1s a pervasive property of 
life and the products of hfe?, from the cellular to the 


social and technological grades of organization. Its 
elucidation would probably be of philosophical 
significance, as offermg the lure of the long-awaited 
solution of the mind/body problem, and of a general 
concept of organic causation connecting final with 
efficient causes The split between these may be 
linked with the dualsm of spectator and participant 
Activities which, to a spectator, appear determined 
by past causes, to their participants, appear aimed at 
future ends While in atomic physics 1t has become 
necessary to emphasize the impact of the observer 
on the observed, 1n evolutionary biology 1t 1s necessary 
to note the impact, mediated by a common descent, 
of the processes studied on their students’ ways of 
thinkmg about them Awareness of this impact 
implies an almost existentialist sense of personal 
involvement m evolutionary processes, out of which 
has somehow surprisingly sprung the human capacity 
for concern over evolution, past and future. What 
may be called a detached spectator’s view of evolution, 
the post factum assessment of evolution as determined 
by efficient causes, makes a coherent and compre- 
hensive theory of evolution rmpossible, so long as the 
relation between these efficient causes and the develop- 
ment of the capacity for future-directed action remains 
a mystery. (Darwin’s famous personification of 
natural selection, as the never off-duty scrutineer of 
variation, vividly reflects the view that the course of 
evolution has been determined by factors m principle 
observable by & sufficiently acute and unremitting 
onlooker. Another symptom of the spectator’s 
point of view, m Darwim and some modern writers 
on evolution, 18 the disproportionate emphasis on 
external adaptations to specific features of the 
environment, and the comparative neglect of the 
integrative and regulative capacities of the organism 
in development and self-maitenance ) 

All historical studies of past life are hable to be 
conducted from a spectator’s point of view, including 
the study of human history One reason for this 18 
that the working back from present to past, charac- 
teristic of all historical mference, reverses the natural 
order of events, and obstructs their evaluation from 
past to future, from the participants’ pomt of view 

From our present grasp of the mechanisms of 
evolution, we can no more derive the evolution of 
purpose than from our present understanding of 
cerebral mechanisms we can derive either the ‘inner’ 
or ‘outer’ aspects of behaviour Consequently, 
claims that Neo-Darwinism provides a coherent 
synthesis of all the known relevant facts are baseless 
The interest and challenge of equifinality he m its 
hint that we do not have to resign ourselves to this 
meoherence, and that the struggle for a unitary 
conception of unconscious organic processes and 
mental processes, within an evolutionary framework, 
may not be vain Possibly these processes are not 
merely analogous, with respect to equifinality, but 
even homologous, ın the sense of having a common 
evolutionary origin There seems no compelling 
reason why the search for homologues of mund 
should be restricted to the field of behaviour As 
Sinnott? and others have pointed out, the dividing 
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both the earliest and the established pattern of the 
disease, the patient with a skin blemish can watch, 
if he wishes, the growth of a curable cutaneous 
cancer Carcinoma of the lung 1s different from both, 
16 produces symptoms (that 1s, somethmg of which 
the patient complains) as a by-product of 1ts naturally 
hidden position and will produce them when quite 
small should ıt simultaneously involve a blood vessel 
and a small peripheral bronchus, when blood-stamed 
sputum may be expectorated, but commonly 1s 
measured in centimetres and produces the first 
symptoms due to remote spread The size of a tumour, 
its duration or its clinical accessibility or visibility 
are not m themselves important in prognosis The 
overriding factor 1s our knowledge based on experience 
of the natural history of each type of tumour For 
example, the prognosis ın the case of squamous cell 
carcinoma depends on which organ :6 primarily 
mvolves, and extrapolation from one species to 
another must be done with extreme caution Never- 
theless, any basic studies of that neglected field— 
animal pathology—are most welcome A complete 
understanding of tumour behaviour must include 
such knowledge, hence the work of Silver and Cater 
on the treatment of spontaneous tumours m animals 
by radiotherapy or by chemotherapeutic agents offers 
a little hope that research workers have not forgotten 
the value of comparative investigations 

Prof Bullough’s group at Birkbeck College con- 
tinue work on the diurnal mitotic rhythm of normal 
mouse epidermis and conclude that ıb 1s due to the 
hour-by-hour variations in the ability of prepared 
cells to enter division and not to hour-by-hour 
variations in the numbers of cells preparmg to 
divide, that the ability of cells to enter division 
depends on variations in the secretion-rate of 
adrenalin, and that these variations in turn depend 
on a degree of stiess felt by the animal, stress being 
higher when a mouse 18 awake than when 1t 1s asleep 
On this fascmating work one could build, with httle 
imagination, & hypothesis accounting for human 
cancer as, in part, a psychological disorder (This has 
been attempted im the past with no convincing 
success, but a careful psychosomatic approach to 
human cancer 1s worth while ) 

With the chemotherapeutic agents at present 
available, one of the practical problems ıs that of 
delivermg a dose of a drug which will result in the 
death of tumour cells, but which 1s not lethal to the 
patient, drugs with a greater specificity towards 
tumours are bemg developed while, at the same time, 
techniques using existing drugs aim at better local- 
ization Where the tumour 1s in a limb, this becomes 
a fairly simple matter of perfusion, where the growth 
is widely disseminated, the urgent problem 1s to 
preserve a bone marrow which can regenerate after 
severe depression or even total death of bone marrow 
following administration of chemotherapeutic agents 
Techniques vary from using living feetal marrow from 
a foetal tissue bank or the storage of the patient’s own 
aspirated marrow for later re-anjeetion, to an 
ingenious technique reported by Starr m New South 
Wales, where the patient’s aspirated marrow is 
injected into a drill-hole in the tibia after a tourniquet 
18 applied, only to be released efter an otherwise lethal 
intravenous dose of cytotoxic drug has become fixed 
or eliminated, ın 1-3 hr 

At Makerere College, Uganda, animal tumours are 
investigated by exfoliative cytology, many tumour 
cells being studied to greater advantage when 
flattened on glass slides than 1n paraffin sections In 
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the case of the transmissible (venereal) tumour of the 
dog 1t has been found that the round cells infiltratmg 
the lesions are plasma cells, frequently binucleate with 
a ‘murror mage’ pattern In enzootic hematuria of 
cattle (a disease characterized by progression of 
papilloma of the bladder to carcinoma) investigations 
have confirmed the findings of some Turkish patholo- 
gists, and support a viral origm of the condition 
These cytological observations show that the bovine 
urmary bladder has secretory function Well-known 
virus diseases of ani:mals—canme distemper and 
infectious pneumonitis of cats—are now being investi- 
gated by this rapid method of study f 

As for many years past, the 1eport provides plenty 
of evidence of the widespread use of physical tech- 
niques mvolving radiation and radioisotopes, this 
year there ıs evidence of the rapid extension of 
diagnostic and research uses of the latter m remote 
parts of the world But there 1s little which 1s suffi- 
ciently novel to require mention. Hospital physicists, 
perennially suffermg from erratic radiation back- 
ground, will be interested to know that, at the Royal 
Cancer Hospital, an attempt 18 being made to build a 
low-baekground room on a small outlay of money. 
Chalk in paper bags, 2 ft thick, 1s bemg used for this. 
the inner surface of the room being hned with i-m 
aged lead. Another development which looks like 
being of practical importance 1s taking place at the 
Middlesex Hospital, where the radiation-induced 
destruction of the fluorescence of quinine sulphate 1s 
bemg mvestigated as a method of measuring y- and 
X-ray dosage The results suggest that doses of 10 
rads or even less can be estimated with good accuracy; 
1t will be interesting to hear further of this work. 

Among radiotherapeutie developments note should 
be taken of the Royal Cancer Hospital's use of solid 
sources which have been made radioactive by neutron 
bombardment These include a Souttar’s tube, for 
treatment of the cesophagus, made of silver-plated 
nickel wire contaiing a core of gold, and two 
laryngectomy tube applicators of copper-nickel alloy, 
giving, after activation, a dose-rate of the order of 
200 rads/hr ^ The Department of Radiotherapeuties 
at Cambridge has continued its efforts, noted here 
last year, to use the selective uptake of tritiated 
‘Synkavit’ ın cancer as a therapeutic measure 
Information ıs given on methods of admunistration, 
dosage, and means for increasing selective concentra- 
tion Information 1s also given on the degree of selec- 
tive uptake 1n various types of tumour-tissue as com- 
pared with bone-marrow Investigations, subject to 
the usual limitations, have been made on patients and 
the results are so far inconclustve On the other hand, 
parallel investigations on animals which are also 
reported look promising A similar hne of investiga- 
tion 18 reported from the Sheffield Regional Radio- 
therapy Centre, where the selective uptake of radio- 
active zme-labelled hematoporphyrm has been 
investigated with encouraging results, however, no 
details are given 

The Leeds centre 1s making a new approach to the 
study of bone mmeralization Attempts are being 
made to relate the transmission through bone of 
radiations of markedly different quahty to the 
quantity of calcified bone lymg in the path of the 
beam Thulium-170 and ezsrum-137 have been used 
m this work which, 1f successful, will make 1t posgible 
to study bone mineralization by n vwo methods 

` D G ARNOTT 
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the problem seems to have been entirely overlooked 
by the legislators There is, therefore, a renewed 
interest in compounds of the flavone and isoflavone 
series described later imn this report" 

Salaman and co-workers find that new-born mice 
are highly sensitive to carcinogens, after one year, of 
26 mice of the ‘101’ strain which had received. 30u of 
dimethylbenzanthracene neo-natally, 9 developed 
leukemia, 25 lung adenoma, 7 skin papilloma and 
16 papillomas of the forestomach 

Cunningham and colleagues at the Royal College 
of Surgeons have been studying cytologically the 
process of liver cancer induction by dimethylamino- 
azobenzene using a technique of section cutting which 
permits the life-like preservation of cellular structures 
in that mitochondria, free hpid, lipid-protein bonds 
and dehydrogenases are retained intact, the tissue 
being sectioned at — 25° after cooling to — 70° 

Orr has been continumg his work on the chemical 
induction of mammary cancer in the mouse, such 
tumours did not develop in female mice of the C57 B1 
strain after painting the skin with dimethylbenzan- 
thracene (DMBA)—a standard technique—but 1f the 
females were made pseudo-pregnant by bemg caged 
with vasectomized males and then painted with 
DMBA, 21 out of 29 mice developed breast tumours 
due to the added stimulus from progesterone in 
pseudo-pregnancy 

Orr and Mandl find that senile virgin rats are very 
hable to spontaneous mammary tumours, of 69 such 
females aged between 600 and 1,200 days, 34 (49 
per cent) showed macroscopic fibroadenomata, while a 
parallel series of 46 female rats used for breeding had 
an incidence of only 4 per cent mammary tumours 
“It 1s tentatively suggested ın the light of these 
observations that continuous secretion of cestrogen 
by virgin animals, uninterrupted by phases of pro- 
gesterone secretion during pregnancy, stimulates the 
anterior pituitary The cestrogen-stimulated pituitary 
secretes appreciable quantities of luteotrophin even 
before ıt becomes enlarged, at the same time output 
of other gonadotrophins decreases The secretion of 
luteotrophin would account for both the mammary 
hyperplasia and the presence of excessively large 
corpora lutea Absence of corpora lutea could be 
explained by insufficiency of LH with failure of 
rupture of Graafian follicles” 

Baldwin, at Nottingham, finds that a commercially 
available motor-engine oil additive 1s highly caremo- 
genic for mouse skin, 1t consists of a mixture of 
compounds which include lead naphthenate, carbon 
tetrachloride, 1,1,1,-trichloroethane and a petroleum 
oll base, the indications are that the active factor 1s 
present in the oil base 

Kang, Hughes and Louis at Melbourne, in interesting 
work on the fluorescein conjugate staining of tissues, 
state ‘‘The studies of the last four years have been 
continued and extended In addition to serum globu- 
hns, serum albumun has been conjugated with 
fluorescein and rhodamine ‘The differential avidity 
of the dye for serum albumin as opposed to globulins 
has been confirmed In addition, sera from species 
other than those previously exammed have been invest - 
igated, with sumlar results , normal tissues of all species 
studied stained but malignant tissues failed to stain 

“Tissues grown in tissue cultme show the staming 
and fluorescence characteristic of normal tissues for 
the first three days By the fourth day staining 
becomes patchy and subsequently no stamung can be 
obtained, that 1s, after the fourth day the culture 
shows the same staming charaeteiisties as malignant 
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tissue This conforms with observations made on 
re-introduction of such tissues into the original 
animal or one of the same species, when they grow in 
the same manner as true neoplasms"' 

In Melbourne also, Trautner and Coats have been 
using an ingenious technique in the study of species 
immunity to cancer, mouse ascites carcinoma cells 
were suspended in nutrient fluid in ‘Perspex’ chambers 
(0 1 ml ) fitted with non-reactive ‘Millipore’ filters of 
pore size 0 6-0 3u “Attempts to transplant the 
tumour directly from the mouse to either the rat oi 
the guinea pig were uniformly unsuccessful ” When 
the chambers were inserted intraperitoneally in rais 
or guinea, pigs the growth of the mouse cancer cells 
was at least as prolific as m mice ‘It was found that 
growth of the tumour in the rats and guinea pigs was 
as good as or better than ıt had been ın mice, and the 
day-by-day growth characteristics were studied It 
would appear that the tumour-host hostility evident 
on direct moculation was dependent on cell-to-cell 
contact between tumour cells and the host ” 

Studies m geographical pathology come from the 
University College of North Wales (“Cancer Incidence 
in Relation to Trace Elements in Soil and Plants"), 
Makerere College, Uganda (‘Cancer in African 
Children") and the University of Bristol 

Statistical data from the Bristol Tumour Registry 
show that under the age of 40 the English incidence 
of bone sarcoma 1s simuar to Norwegian figures 
After that age the tumour ıs much more common in 
south-west England, due laigely but not entirely 
to the fiequency of Paget’s disease of bone in the 
Enghsh population, but not in the Norwegian popu- 
lation Except in those subject to Paget’s disease the 
tumour has a monomodal age incidence curve, the 
English incidence showing a typical bimodal curve 

Paget’s disease (osteitis deformans), probably the 
commonest non-traumatic disease of bone seen in an 
orthopzedic department, was described in some detail 
in 1876 by Sir James Paget It has been described in 
animals, too, and 1s an etiological feature of canine 
osteogenic sarcoma, where 1t 1s much more common in 
some breeds than ın others The author of this study 
18 clearly aware of the need to combine a knowledge 
of geographical pathology with geneties, comparative 
pathology and basic clinical observation ın the eluci- 
dation of the most fundamental aspect of any disease 
—its natural history 

A report on a clinico-pathological investigation of 
cancer of the cervix uteri concludes that (1) beyond 
a certain dosage (irradiation) range the physical 
modalities of irradiation do not significantly alter the 
cure-rate for cancer of the cervix, (2) the clinical 
extent of the disease and such quantitative biological 
characters as Broder’s grade and size of tumour foci 
have a significant influence on the five-year survival- 
rate, (3) among the qualitative biological characters 
the histological type of the tumour and its ability 
to respond initially with an increase in differentiation 
profoundly affect the cure-rate, (4) systomic factors, 
of yet unknown character, can control the growth of 
persisting cancers for long periods 

The same, o1 similar, methods of treatment, 
unmodified 1n essentials for perhaps 20 years or more, 
are in use in hospitals throughout Britain, and 
naturally then reports read much the same At 
present the clinician subscribes to earlier diagnosis as 
well as better surgery, irradiation or chemotherapy 
as one of the principal means of mmproving results 
Not 1n all cases 1s this meaningful, the patient with 
an enlarged lymph node due to lymphosarcoma has 
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Of particular scientific interest is the large pro- 
gramme of work now 1n progress on the quantitative 
aspects of fire ın structures, both real and idealized 
A particular object of this 1s to establish scaling laws 
for rate of burning, size of flames and the spread of 
fire by heat transmission from them, and the disposal 
of smoke by ventilation 

The statistical inquiries, as always, are interesting, 
and this year include reference to the incidence of 
fire m post-war houses, fires caused electrically, and 
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aircraft crash incidents ‘Tests have been carried 
out on the relative effectiveness of audible warning 
devices ın traffic, from which the traditional fire bell 
emerges rather badly. Preliummary experiments on 
the use of a gas turbine as an mert gas generator for 
extinguishing fires in large building spaces have given 
encouraging results TF ire-resistance testmg of build- 
ing materials, work on the prevention or mitigation of 
gas and dust explosions, and a number of other 
projects have been continued. J H BURGOYNE 


PROGRESS OF CANCER RESEARCH 


HE annual report of the British Empire Cancer 
Campaign continues to expand year by year; 
the thirby-eighth edition * is a massive book of nearly 
800 pages, the scientists workmg either wholly or 
partly under the gis of the Campaign number nearly 
1,500, and a million pounds was spent on research in 
1960 
Some idea of the trends of cancer research, as 
described ın the report, can be suggested by breaking 
down, into subject-matter and class, the total of 
papers published m 1960 by these investigators and 
comparing the resulting catalogue with that for 
1950, the papers will, of course, represent the work 
more or less completed before 1960 rather than the 
present progress, but the main lines will undoubtedly 
remain substantially the same (Table 1) The table 
shows that m the ten years the trend has been to 
increase the volume of work on biochemical themes 
at the expense of carcmogenesis and radiobiology, 
and that the immunological and statistical approach 
18 attracting more research 
Only a little of the large amount of research work 
detailed in the report can be referred to here One of 
the most interesting nvestigations continues to be on 
the Gross leuksemia-inducing virus and the related 
polyoma virus Müller confirms that removal of the 
thymus in C3H/f/GS mice at 3-4 months after they 
have been neo-natally inoculated with the Gross virus 
prevents the development of lymphocytic leukemia 
which otherwise appears in 100 per cent of such 
moculated mice Grafting isogenic thymus into the 
thymectomized mice restores the growth potentiality 
of leukemia C3H mice which had been made tolerant 
to tissue from Ak mice at birth were moculated with 
normal Ak thymus and became leukemic, trans- 
plantation tests showed that the lymphocytic neo- 
plasm arose from host cells and not from the mocu- 
lated Ak cells, thus demonstrating that a non-cellular 
factor from Ak thymus 1s a necessary component in 
the origin of this lymphocytic leukemia 
C3H mice injected at birth with the Gross virus were 
later given a lethal dose of radiation and protected 
with normal isogenic marrow from untreated mice, 
most of the mjected mice developed leukemia, and 
tests with protecting cells carrying a marker chromo- 
some indicated that the leukemogenic virus is not 
only radio-resistant but is also resistant to any 
immune attack that might have been exerted by the 
protective marrow cells, and therefore there is not 
much hope of treating leukemias of viral origin by 
total-body irradiation and marrow replacement 


* British Empire Cancer Campaign — Thirty-eighth. Annual Report 
covermg the year 1960 Parti The Chairman’s Statement and the 
Accounts Pp xxxviu Part 2 The Scientific Report of the 
Researches undertaken bv the Central Organization and its Autonomous 
Councils in the United Kingdom and by some of its Affiliated Organ- 
izations Overseas Pp xxxix-lvili+792. (London British Empire 
Cancer Campaign, 1961 ) 


Ambrose and colleagues, m experiments on normal 
and malignant cells grown wm vitro, conclude that “The 
characteristic properties of the tumour cells so far 
suggested in the present studies are therefore as 
follows (1) the tumour cell membranes show reduced 
mutual adhesiveness as compared with normal cells, 
(2) several lipases and phospholipases are more toxic 
for tumour cells than for normal cells and the-tumour 
cells are also more sensitive to lipid in the medium, 
suggesting that more exposed lipid 1s present on the 
tumour cell membrane, (3) the structure of the 
tumour cell mvolves a less basic protem than the 
normal cell, suggesting a more acidic micro-climate 
at the cell surface, in agreement with the electro- 
phoretic studies indicating an increased negative 
surface charge" 

The possible cancer risks attached to the use of 
cestrogen implantation in cattle and poultry 1s the 
subject of a report by Sir Charles Dodds “There 
has been a new interest in the alleged carcinogenic 
action of cestrogens durmg the past year The wide- 
spread use of stilboestrol and hexoestrol m agriculture 
has generally been approved by governments Stilb- 
oestrol implantation in poultry for the purpose of 
caponisation has become almost universal and ıt 1s 
also estimated that a very large percentage of meat 
produced in the North American continent has been 
produced under the :nfluence of stilboestrol, hex- 
oestrol or some simular substance There has been & 
change recently in the administrative outlook in the 
North American continent on the use of these sub- 
stances and at the present time, in America, their use 
has been banned by what 1s known as the Delaney 
Amendment to an Act m the FDA This whole 
question 1s bemg looked into and we have been 
particularly mterested ın attempts to assess the 
mtake of cestrogens ın a normal diet This aspect of 


Table 1. PAPERS PUBLISHED ON CANCER RESEARCH 


Total in Total in 
Classification In 1960 1960 In1950 1950 
(per cent) (per cent) 

Radiobiology, radiothera- 

peutics, physics, tracer 

studies 187 21 79 33 
Biochemistry of DNA, RNA, 

proteins, enzymes, carbo- 

hydrate metabolism 177 20 83 14 
Clinico-pathology 105 119 20* 83 
Cytology, tissue culture, 

eleetronmicroscopy, cyto- 

chemistry 87 99 19 79 
Carcinogenesis carcinogens, 

biology of tumours 81 92 38 16 0 
Cancer chemotherapy, 

cytotoxins 70 79 15 62 
Hormones steroids 54 81 12 5 
Immunity, mmuno-therapy, 

transplantation 50 58 4 17 
Mutation, cytogenetics 25 28 5 21 
Statistics, geographical 

pathology 26 28 1 0 45 
Viruses 21 24 6 25 


` * Report of Clinical Cancer Research Committee 
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two simular receivers, the front one of which 1s 
exposed to the radiation The target consists of a 
massive copper disk 4 5 em. m diameter and 0 5 em 
thick to ensure temperature uniformity Thérmo- 
couples are attached at a number of points in order 
to average the rise in temperature The electrical 
heating element 1s cemented to the front disk on the 
side exposed to the radiation The cycle of operations 
and the practice carried out in the Laboratory for the 
calibration of working-standard thermopiles agaist 
the Guild radiometer with a radiation source, con- 
sisting of a 1,000-W. tungsten lamp operated at a 
colour temperature of 2,850° K , together with water 
filter and heat-absorbing glass to absorb radiation of 
a wave-length longer than ly, are explamed in 
detail 

The second booklet, No 24 (ref 2), 18 concerned 
with photometric standards and the unit of light 
The development of light sources from the early 
mineteenth century and the evolution of the present 
primary standard, with the mternationally accepted 
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unit of luminous intensity, the candela, are discussed, 
followed by a detailed description of the procedures 
carried out at the National Physical Laboratory with 
regard to the arrangement of the primary standard, 
end calibration of secondary standards of luminous 
intensity and lummous flux Finally, the present 
international situation with regard to mtercompar- 
isons of photometric scales 1s reviewed, and a table 1s 
given showing the relative magnitudes of the candela 
(2,042? K ) as found in the most recent determimations 
(up to 1957) at various national laboratories The 
monograph can be recommended as a comprehensive 
and instructive statement of photometric standards 
and light sources, and should be of value to all 
concerned with illumination S WEINTROUB 


1 Department of Scientific and Industrial Research National Physical 
Laboratory Notes on Applied Science, No 23 ometre 
Standards and Measurements E J Gillham Pp iv+23 (London 
HMSO ,1961) 1s 9d net. 

3 Department of Scientific and Industria] Research National Physical 
Laboratory Notes on Applied Science No 24 Photometric 
Standards and the Urat of Inght J 8 Preston Pp i1v+32+ 
4 plates (London HMSO,1961) 3s net 


GEOLOGY OF BROWN CLEE HILL AND THE ADJACENT AREA 


HE Old Red Sandstone of Brown Clee Hull and 

the Adjacent Area*, recently issued by the 
British Museum (Natural History), 18 an important 
paper as ib deals with a classic area in which 18 
displayed the most complete sequence of Old Red 
deposits of the Anglo-Welsh development In the 
first quarter of the century Wickham Kung estab- 
lished a general stratigraphical succession for that 
development, which he based to a large extent on 
his findings m the Brown Clee district, but his support- 
ing paleontological evidence was too meagre and 
scattered to provide really convineimg fossil zones 
At that time too many of the forms had been inade- 
quately described or named from fragments King’s 
work, however, generated a stimulus that has led to a 
revolution in our knowledge of the British Old Red 
ostracoderm faunas This has been the result of 
systematic collecting and accurate description ‘The 
latter we owe chiefly to the senior author, Dr E I 
White, and Part 2 of the present paper 1s hus latest 
contribution to the subject While our knowledge 
of the fossils has been gradually accumulating, the 
paleontologist has had, to a great extent, to rely on 
King’s stratigraphical conclusions, which were not 
always based on reliable mapping 


* Bulletin of the British Museum (Natural History) — Geology 
Vol 5, No 7 The Old Red Sandstone of Brown Clee Hull and the 
Adjacent Area 1 Stratigraphy. By Harold Wilham Ball and David 
Lawrence Dineley 2 Paleontology By Errol Ivor White Pp 
ic 26 plates 33-48 (London British Museum (Natural History), 
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In the present case the two junior!authors have 
presented an excellent map based on accurate 6-1n 
survey and elaborate collecting, which have enabled 
them to determine the range of the fossils with 
considerable accuracy For the Downtonian Series, 
they have taken advantage of much recent paleon- 
tological work, and the zones for this series can now 
be regarded as well established, and their evidence 
as merely confirmmg conclusions reached previously 
in this and other areas But for the desperately barren 
Dittonian and Clee Series, their painstaking field-work 
has supplied Dr. White with material, by which broad 
zones can now be defined with some exactness 

Part 1, devoted to the stratigraphy, imoludes 
interesting discussions concerning the geographical 
conditions governing sedimentation, the ecology of 
the fossiliferous ‘pockets’, the so-called Psammosteus 
Limestone (which has never yielded a fossil, let alone 
a Psammosteus), and foreign pebbles m the con- 
glomerates, but 1ts maim significance 18 the correlation 
of the fossils with the stratal succession, and the 
determination of the range of each important species 
A valuable feature 18 a list of more than a hundred 
localities with the fauna discovered at each 

Part 2 ıs descriptive of a number of new species 
and varieties illustrated by 60 text figures and 16 
plates Of particular value are the new forms dis- 
covered by the authors and others in the Clee Series 
and 1n the unconformable upper Old Red beds (the 
Farlow Sandstone Series) L J WILLS 


FIRE RESEARCH 1960 


HE recently issued annual report of the Joint Fire 

Research Organization * records the bringing mto 
use, during 1960, of new buildings providing 30,000 sq 
ft of permanent floor area for the continued prosecu- 
tion of fire research (see Nature, 189, 105, 1961) 


* Department of Scientific and Industrial Research and Fire 
Offices’ Committee Joint, Fire Research Organization Fire Research, 
1960 Report of the Fare Research Board with the Report of the Director 
o n A iiti Pp vuit+67+12 plates (London HMSO,1901) 
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Amongthemany investigations deseribed, that which 
focused attention on the behaviour m draughts of oil 
heaters of the drip-feed radiant type has doubtless 
aroused the greatest public interest The relatively new 
and unique wind-tunnel facilities of the Fire Research 
Station permitted an expeditious study of this prob- 
lem, followed, within the year under review, by the 
pubheation of a report and a new British Standard and, 
finally, by the introduction of appropriate legislation. 
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showed but a poor increase in yield (its merits were 
made clear ın later trials under improved, conditions) 
A. belief had therefore grown up that the attamable 
yield of ram-grown cotton in the area was decidedly 
lower than that for other African territories 

Rainfall (total and effective) appeared to be the 
dommating factor for yield, and experiments were 
made during 1957-59 to assess its influence From 
meteorological records and observations, 40 m 
was deduced as the expected (1 1 chance) annual 
rainfall, 27 4 in of which would come after July 1, 
and, under local conditions a crop of cotton would need 
about 25 m of rain in the growing season 1f growth 
was not to be limited by soil moisture (July 118 recom- 
mended as the sowing date for cotton, as the earliest 
which allows food crops to be planted first) What 
happens to ram after reaching the soil and how 
control of this influences yield were the primary 
issues 1n the field experiments 

Surface ‘capping’ through heavy rain, to which the 
local soils are specially prone, was shown to be largely 
controllable by timely hoemig and by mulching, 
entry of ram into the soil being thus greatly mereased. 
The land 1s ridged for cotton and other crops, and ıb 
was found that here, as elsewhere, water conservation 
could be improved by ‘tying’ the ridges with small 
bunds at intervals along the furrows In dry years 
this considerably increased yield but depressed ıb ın 
wet years These effects were clearly mterpreted 
by soil—moisture profiles 

The effects of varyimg degrees of these controls hav- 
ing thus been measured, field trials were arranged, 
having ın mind steps which could be fitted into 
peasant practice A light mulching, m the furrow bot- 
toms only, proved effective, and bv slitting the furrow 
bottom and working a small amount of mulch 
into the slit the effect was enhanced Tymg alternate 
ridges only worked well, and avoided yield depression 
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through standing water m wet years Groundnut 
shell, dead grass and chopped. Sorghum stalks made 
good mulches, the shell bemg best By preparmg 
the land for sowing at the onset of the rains, instead 
of just before sowing, which 18 local practice, cotton 
yields were raised by 15 to 20 per cent in two trials 
Increased penetration and retention of ram had evi- 
dently been secured Good 1esponse to fertilizers 
was obtamed where tied ridges and mulch were also 
used j 

The practical inference was  clear—fertihzers, 
insecticidal protection, improved varieties and other 
betterments aie repaid only when water conservation 
is amply ensured and this 1s practicable at peasant 
husbandry level To drive the lesson home, cotton 
was grown on a half-acre plot for four years running 
in which rainfall was 55, 35, 42 and 43 ın — Yields 
were all of the order of 2,000 Ib of seed cotton an 
acre, which is good for rain-giown cotton anywhere 
and excellent in comparison with any other part of 
Africa Moreover, picking was ended by Christmas 
whereas 1t dawdled on for another 2-3 months on 
other plots 

This successful husbandry investigation 1s of more 
than local and 1mmediate value It ıs part of the 
widespread, studies of rainfall, soil moisture and crop 
water needs carried out by the Empire Cotton Grow- 
ing Corporation The basic work ıs done at its 
Central Research Station, Namulonge, Uganda 
All this work deals not with cotton alone but also in 
conjunction with the customary food crops of cotton 
growers Agriculture in general is thus benefited in 
cotton-producing countries Moreover, the practical 
problems centiing on ramfall are becommg so defined 
and resolved. as to enable their deeper, physiological 
study to be effectively opened up Plant breeding, 
also, gains a clearer sense of direction 

F L ENGLEDOW 


RADIOMETRIC AND PHOTOMETRIC STANDARDS 


WO recent publications ın the series Notes on 
Applied, Scrence of the National Physical Labor- 
atory, Teddington, illustrate some of the activities of 
the Light Division of the Laboratory 
No 23 in the series!, Radzometiic Standards and 
Measurements, by E J Gillham, deals with the 
methods used at the Laboratory for the measurement 
of ultra-violet, visible and infra-red radiation The 
contents consist of three mam sections devoted to 
the measurement of total radiation, the measurement 
of monochomatic iadiation, and the absolute 
measurement of radiation, respectively Total radia- 
tion is usually more intenso than monochiomatic 
radiation and therefore can be measured more easily, 
but the total energy content of a beam of radiation 
18 often of less practical significance An instrument 
for measuring total radiation must be oqually sensitive 
to 1adiation at all wave-lengths, and the only means 
of converting radiation into another form of energy 
with predictable efficiency over the whole wave- 
length range 1s by absorption at a blackened surface, 
that 1s, to use a thermal dotecto: Fortunately, 
blacks with an absorption factor of 95 per cent or 
moreover the whole spectral rango of interest aro 
available, and consequently thermal detectors with 
an error due to selectivity of not more than 2 or 
3 per cent can be obtamed The type of thermal 


detector commonly used is the thermopile, and in 
the booklet the Moll thermop:le, which has steble 
characteristics and which forms a very useful-working 
standard for measw ing radiation or for calibration of 
other radiation detectors, ıs desc1ibed ın some detail 
A set of six Moll thermopiles ıs maintained at the 
National Physical Laboratory for calibration pur- 
poses The methods used for the intercomparison of 
thermopules and for the accurate measurement of the 
selectivity of a the:mopile using a Callender radio- 
balance and three different sources of radiation are 
discussed. 

To illustrate the problems encountered in the 
measuroment of monochromatic 1adiation a descrip- 
tion i8 given of a ioutine test undertaken at the 
Laboratory to determme the special sensitivity of a 
photoemissivo cell, in the 0 25-0 7p wave-length 
range The optical airangements and apparatus 
required for the measurement of the spectral sensi- 
tivity. and also the absolute sensitivity of the photo- 
cell, a1e given For the absolute measurement of 
radiation a thermal detector m which the target is 
provided with a resistance element or other means 
for supplying a measurable amount of electrical 
power 1s recommended At the National Physical 
Laboratory the absolute radiometer used ıs the Guild 
diift radiometer It 18 of the compensated type with 
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ULTRASTRUCTURAL ALTERATIONS DURING THE CRABTREE 
EFFECT IN ROUS SARCOMA CELLS 


By Pror. ALVIN S. LEVINE, RUTH PETRAITIS and JAMES GREEN* 


Departments of Microbiology and Anatomy, 
Indiana University School of Medicine, 
Indianapolis 


| haere ee microscopic studies show that glucose 
selectively alters the microstructures of Rous 
sarcoma cells and that the cellular alterations ob- 
served could account for suppression of respiration! 
(Crabtree effect). The mechanism of glucose sup- 
pression of respiration of tumour cells has generally 
been approached through biochemical investigations*, 
Work in this laboratory indicates that glucose 
utilization per se does not depress uptake of oxygen. 
It was reported that increasing the concentration of 
glucose in the medium containing normal tissue will 
increase glucose utilization to a rate comparable with 
that of tumour tissue without suppressing respira- 
tion**, This preliminary report shows that when 
Rous sarcoma virus-induced 
tumours of the chorioallantoic mem- 
brane are excised from embryonated 
chicken eggs and incubated in vitro 
in the presence of glucose the cells 
undergo microstructural changes. 
Degeneration of mitochondria is 
observed. This effect of glucose on 
mitochondria of Rous sarcoma 
cells is similar to that reported by 
Merker et al. for Ehrlich ascites 
tumour cells*. Changes in the 
nucleus and endoplasmic reticulum 
of Rous sarcoma cells were also ob- 
served. These changes were not 
observed when Rous sarcoma was 
incubated in medium without gluc- 
ose or in normal chorioallantoic 
membrane incubated in the presence 
or absence of glucose, 

Standard lot CT' 842 of Rous 
sarcoma virus was obtained from 
Dr. W. Ray Bryan and used for in- 
ducing tumours of the chorioal- 
lantoic membrane as previously re- 
ported*:, Rous sarcoma was dis- 
sected free of non-tumorous tissue 
and sliced with a Stadie-Riggs hand 
microtome. Tissue slices were 
incubated under aseptic conditions 
in à Warburg flask in a final volume 
of 2 ml. with modified Hanks's 
balanced salt solution in the ab- 
sence of added bicarbonate, and 


without phenol red indicator. 'The 
pH was adjusted to 7:6 with 
dibasic phosphate (M/15). The 


glucose concentration used was 5-5 
umoles/ml. Control flasks were 
without glucose. 


Fig. 1, 


* Present address: Department of Anatomy, 
University of Missouri, Columbia, Missouri. 


induced tumour of the chorioallantoic membrane. S 
in modifled Hanks's balanced salt solution without a 
tissue was fixed in 1 per cent buffered osmium tetroxide and embedded in a 4:1 mixture 
of butyl and methyl methaerylates, The flattened surface cell shows mitochon 
cristw and a well-delineated endoplasmic reticulum. Many vacuoles are present in the 
lower mesodermal cell and its nucleus shows a homogeneous composition. (x c. 16,500) 


After 12 hr. incubation at 37° C. tissues incubated 
with and without glucose were removed from the flask 
and immediately fixed in 1 per cent buffered osmium 
tetroxide’ for 1 hr. at room temperature. The fixed 
tissue was embedded according to standard procedures 
in a 4:1 mixture of butyl and methyl methacrylates. 
Polymerization was carried out overnight at room 
temperature under an ultra-violet lamp. Sections 
were made with a Porter-Blum microtome equipped 
with glass knives. 

Oxygen uptake was determined manometrically on 
tissue slices of tumour and chorioallantoic membrane. 
Results are reported on the average hourly rate of 
oxygen uptake during the 12th to the 16th hr. of in- 
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of tumour tíssue were incubated 
ucose for 12 hr. at 37^ C, The 
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Fig. 2. Electron micrograph showing & cross-section of Rous sarcoma virus-induced 


tumour of the chorioallantoic membrane. 


mixture of butyl and methyl methacrylates. 
cell give the appearance of being ‘leached out’. 


chondria. (x c. 11,000) 
cubation to show the physiological state of the tissues 
at the time samples were taken for electron micro- 
scopic studies. Results given in Table 1 were determ- 
ined on tissue slices from the same tumour viewed 
by electron microscopy (Figs. 1 and 2). Respiration 
results on chorioallantoie membrane are similarly 
reported for sections from the same membranes 
viewed by electron microscopy. 

Slices of Rous sarcoma which had been incubated 
12 hr. in Hanks’s balanced salt solution were examined 
by electron microscopy (RCA-EMU-2). Well- 
delineated microstructures were observed (Fig. 1). 
The cells selected show a cross-section of the tumour 
with regard to the surface of the chorioallantoic 
membrane. It is not known if the flattened surface 
cell is ectodermal or endodermal, but distinct 


Table 1. AVERAGE HOURLY RATE OF RESPIRATION DURING 12-16 HR. 
Oxygen uptake 


Tissue Medium (ul./mam. dry tissue/hr.) 
BSS §-2 
Rous tumour BSS + glucose 1-8 
5*5 umoles/ml. 
BSS 6:3 
Chorioallantoic BSS + glucose 6:1 
membrane 5:5 umoles/ml. 


Direct method of Warburg 2 ml. final volume of reaction chamber 
at 37° C, Tissue weight range, 3-5 mgm. dry weight. Chorioallantoie 
inembrane was from a 16-day-old embryonated egg. BSS, modifled 
Hanks's balanced salt solution, 
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Slices of tumour tissue were incubated in a 
modified Hanks's balanced salt solution with 5-5 umoles/ml, of glucose for 12 hr. at 37° €. 
The tissue was fixed in 1 per cent buffered osmium tetroxide and embedded in a 4:1 
The flattened surface cell and mesodermal 
The degeneration of microstructures is 
evidenced by marginal clumping along the nuclear membrane, no 


well-defined endo- 
plasmie reticulum, and no well-defined cristw in what appears to be the remains of mito- 
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mitochondria with crist» are ob- 
servable as well as a defined endo- 
plasmic reticulum. The nucleus of 
the mesodermal cell has a homo- 
geneous composition, but the cyto- 
plasm shows greater vacuolation. 
Representative sections of other 
mesodermal cells show well-formed 
mitochondria even though the in- 
ereased numbers of vacuoles in 
mesodermal cells distort the endo- 
plasmic reticulum. A comparable 
section (Fig. 2) shows & cross-section 
of tumour slices which had been 
incubated for 12 hr. with glucose. 
The flattened surface cell as well as 
the mesodermal cell give a ‘leached 
out’ appearance. There is no 
defined endoplasmic reticulum, and 
the only evidence of mitochondria 
may be cross-sections seen in the 
mesodermal cell giving a degener- 
ate appearance. The nuclei show 
marginal clumping and the ‘leached 
out’ appearance seen in the cyto- 
plasm. More than 200 sections of 
tumour tissue that had been in- 
cubated in glucose were made and 
examined. No well-formed mito- 
chondria were seen. The ‘leached 
out’ appearance of the cytoplasm 
and nucleus was present in all cells 
observed. 

Comparable sections of normal 
chorioallantoie membrane, that do 
not give & Crabtree effect when 
incubated with glucose, appeared 
normal when examined under the 
electron microscope. In chorio- 
allantoic membrane mitochondria 
were seen with well-defined cristæ, 
nuclei appeared homogeneous in 
composition, and the endoplasmic 
reticular system was well delineated. 

It seems reasonable to propose that the physio- 
logical effect of glucose on Rous sarcoma respiration 
(Crabtree effect) may be a secondary result of the 
effeet of glucose on the functional struetures of the 
cell rather than a direct biochemical competitive 
inhibition. Damage to the criste of mitochondria 
results in ‘leaching out’ of enzymes and co-factors and 
respiration is interrupted’. It is proposed that 
glucose selectively induces damage to the mitochon- 
dria of Rous sarcoma cells and this may be the lesion 
of the Crabtree effect. 

This work was supported in part by research 
grants: C-4692, of the National Cancer Institute, 
U.S. Public Health Service, and £-212, of the 
American Cancer Society, Inc. Grateful acknow- 
ledgment is made to the Indiana Elks’ Association 
for support of the electron microscope work of this 
study. 
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EFFECTS OF 2-DIETHYLAMINOETHYL 2,2-DIPHENYLPENTANOATE 
(SKF 525A) ON INSECTICIDAL POTENCY 


By P. S. HEWLETT, C J LLOYD and ANGELA N BATES 


Pest Infestation Laboratory, Slough 


-DIETHYLAMINOETHYL 2,2-diphenylpentan- 
2 oate (SKF 5254) ıs well known to prolong the 
actions of & variety of drugs in mammals!, and we 
have therefore investigated the effects of the com- 
pound on the toxicity to msects of pyrethrms and 
other insecticides, comparing its effects with those of 
the pyrethrin synergist 'piperonyl butoxide’ (PB) 
SKF 5254 has been administered to mammals m the 
form of its water-soluble hydrochloride, but when 
injected the hydrochloride proved ineonveniently 
toxic to the test insects, and if applied externally 
could be expected to penetrate only slowly through 
the msect cuticle, hence we dosed the insects extern- 
ally with SKF 5954 in the form of the free base, 
which, hike PB, was then non-toxic at the doses used 

In a series of qualitative tests, lesser mealworm 
beetles, Alphitobius laevigatus (F), were dosed 
topically between the hind cox‘! with a solution of 
SKF 525A or PB, and 5-10 mmn. later with a solution 
of insecticide on the neck5. Separatmg the applica- 
tions reduced the risk of chemical reaction between 
the basic SKF 525A and those insecticides that were 
acidic, before they had penetrated into the msect 
7 ugm. of SKF 525A or PB were applied in 0 07 ul. of 
solution in refined (odourless) kerosene, and an 
appropriate dose of insecticide m 0 025 ul of solution 
in & heavier refined. petroleum oil, Shell ‘Risella 17’. 
Applications of msecticide without SKF 5254 or PB 
were made comparably, with a dose of oil solvent on 
the other site Use of the two different oil solvents 
enabled the two techniques of dosage to be used m 
conjunction In additional qualitative tests, house- 
flies, Musca domestica L , were dosed topically? with 
pyrethrins or malathion, mixed with SKF 525A or 
PB, ın solution in refined kerosene Effects were 
determined by percentage of beetles paralysed 4 days 
after dosage (approximating to final mortahty) and 
percentage of flies dead 24 hr after dosage The 
results, shown m Table 1, mdicate a jormt-action 
spectrum for SKF 525A qualitatively sumilar to that 
for PB, reduction by PB of the msecticidal activity of 
malathion in flies has been noted previously? 


Table 1 EFFECTS oF SKF 5254 AND PB ON THE TOXICITIES OF 
CERTAIN INSECTICIDES 
Tnsecticide A laevigatus M domestica 
SFK 525A PB SKF 5254 PB 
Pyrethrms T + T + 
Allethrin + + 
Barthrin + + 
Malathion (-) — — - 
2-n-Valeryl 
1,8-1ndandione + (+) 
2-8ecbutyl 
4,6-dinitrophenol 0 0 
DDT 0 0 
y-BHC 0 f) 
Dieldrin 0 0 


+, Considerable synergism, (+), shght synergism, 0, no effect, 
(—), shght antagonism, -, considerable antagonism 


The synergistic effects of SKF 5254 and PB on 
the pyrethrins were compared quantitatively The 
synergisb was used in mixture with the pyrethrins, in 
solutions in refined kerosene The volume was 0 07 ul. 
per beetle, apphed between the hind coxe*, and 
0 05 and 0-10 ul per male and female fly respectively, 


applied dorsally on the thorax! Factors of synerg- 
ism*>? were determined, each the ratio of the #D,, 
for pyrethrins ın the absence of synergist to that m 
the presence of synergist at 10 times the dose of 
pyrethrins With SKF 5254 the factor was 1:8 for 
the beetles and 2 5 for the flies; with PB the factor 
was 3 2 for the beetles and 15 for the flies SKF 5254 
was less synergistic than PB 

Neither 2,2-diphenylpentanoie acid nor 2-diethyl- 
aminoethanol affected the toxicity of pyrethrins 
Other congeners of SKF 525.4 are bemg investigated 

In mammals SKF 5254 depresses the metabolism, 
especially oxidative metabolism, of numerous drugs, 
thereby inereasmg! or decreasing® their effectiveness 
according as the metabolic products are more or less 
active than the drugs themselves In the present 
work SKF 525A depressed the effect of malathion, 
which 1s oxidized ın the cockroach, Pervplaneta 
americana, to the more insecticidal malaoxon? 
O’Brien”? mentions that SKF 525A failed to reduce the 
action on the cockroach and the housefly of certam 
organo-phosphorus insecticides with more msecticidal 
oxidation products, but does not state the conditions 
in his experiments In the present work SKF 525A 
was found to increase the effectiveness of pyrethrins, 
which, hke related pyrethroids, are metabolized in 
msects to less insecticidal compounds not as yet 
identified, though chromatographic evidence! mdi- 
cates that they could be oxidation products. The 
influence of PB on the toxicities was qualitatively 
similar to that of SKF 5254 Thus the findings 
reported here are ın general accord with other 
evidence”? that PB and other 3,4-methylenedioxy- 
phenyl compounds synergize pyrethrins m msects by 
depressing oxidative detoxification 

In mammals SKF 525A depresses drug metabolism 
brought about by the hver microsomes!, a scheme 
has been put forward? to account for the apparently 
low specificity of the enzyme systems involved The 
present results suggest that there may be m insects 
systems analogous to those hibited by SKF 525.4 ım 
the liver microsomes of mammals 

We are indebted to the Smith Kime and French 
Research Institute, Welwyn Garden City, for a sample 
of SKF 5254 
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BLUE-GREEN ALGAE 


Growth 


I. 18 well known that many species of algae fail to 
thrive in simple inorganic media and may be 
cultured with greater ease in the presence of ill-defined 
organic materials such as soil extract’? These 
observations have promoted the suggestion that such 
algae may have requirements for growth factors, 
especially since many species are now known to be 
unable to synthesize certain vitamins essential to their 
metabolism? In an earher discussion of this question, 
however, Gerloff et al + have directed attention to the 
fact that. ın general, the addition of organic solutions 
of unknown composition has never been found to be 
absolutely essential for growth They conclude that 
stimulation to growth under these conditions may be 
ascribed to the physiological condition of the algae 
rather than to the provision of some essential vitamin- 
like substance Nevertheless, their statement that ıt 
15 unlikely that any members of the Cyanophyta will 
be found to exhibit a requirement for vitamins has 
been shown to be in error in at least one instance by 
Pintner and Provasoh5, who have discovered an 
absolute requirement for vitamin B,, by Phormidivum 
persconum It is particularly mteresting to note 
that several species of algae have been found not to 
thrive in, the absence of other micro-organisms In 
fact, Schramm! found himself unable to induce 
growth of zoospores and zygospores of Vaucheria, 
Oedogonwvum and Spirogyra ın bacteria-free conditions 
Among the Cyanophyta, Fogg’ records the common 
observation that Gloeotrichia natans fails to thrive as 
well ın pure as ın mnpure culture Findings such as 
these seem to support the assertion of Pringshemm! 
that “multiplication 18 often harder to achieve than 
isolation from bacteria and other unwanted mucro- 
organisms” Similar experience and difficulties and 
the absence of more precise information led me to 
undertake the present work, the chief results of which 
are described here 

In isolating bacteria-free cultures of blue-green 
algae from rich soils of tropical northern Australia®:®, 
observations were made with an unidentified species 
of Nostoc which agree closely with those for Glioeotri- 
chia natans recorded by Fogg? Growth of the alga 
1n mpure culture was clearly superior to that ın pure 
culture The stimulatory effect was found to be due 
to a species of the stalked bacterrum Caulobacter 
which was prominent among the contammants. 
When the two organisms were grown together in the 
hght m a suitable nitrogen-free mineral medium, 
considerably greater amounts of nitrogen were 
fixed than by the alga alone under otherwise identical 
conditions These results are shown in Table 1 It 
wil be seen that, whereas 9 64 mgm nitrogen were 
fixed by the alga ın pure culture, 1743 mgm were 
fixed ın the presence of the bacterium In each case, 
a notable proportion of the mitrogen fixed was 
released mto the culture solution Separate tests 
showed. that the Caulobacter 1s unable to fix nitrogen 
in pure culture At the present time, there 1s no 
evidence to mdicate that the stalk has any special 
function m the association comparable with the 


Table 1 NITROGEN FIXED (MGM ) BY Nostoc ALONE AND IN ASSOCIA- 
TION WITH Caulobacter (KJELDAHL ANALYSES) 


Nostoc Nostoc with Caulobacter 
Cells 614 12 46 
Culture solution 3 50 4 97 
Total 9 64 17 43 


attachments shown by Houwink?? to cells of Bacillus, 
although 1t has been found that the structure reaches 
maximal development m the presence of the alga 
and does not appear to be formed on media such as 
meat extract agar It ıs worth noting that stalked 
organisms of the same genus have been found com- 
monly m impure cultures of other blue-green algae 
from widely separate parts of Austraha 

To obtain greater understanding of the relationship, 
the stages ın the growth cycle of the alga were 
followed in Petri dish culture It was observed that 
hormogoma, on formation, move away from the 
colony margin and then undergo a series of reciprocal 
movements along the path first followed, this activity 
culminatimg ın a sudden arching of the originally 
stiaight filament At this stage, motility 18 lost and 
the individual cells begin to enlarge and divide in 
such a manner that the developing trichome becomes 
more and more contorted Terminal and mtercalary 
heterocysts become apparent, the latter bemg formed 
at fairly regular intervals along the trichome The 
alga has never been observed to produce akmetes. 
Continued growth results ın the formation of a roughly 
spherical trichome mass 01-02 mm or more in 
diameter, from the mterior of which a second genera- 
tion of hormogonia emerges 

If single migrating hormogonia are transferred to 
fresh medium, their movements commonly cease, 
trichome formation begms almost immediately and 
the cycle of growth continues normally for at least a 
while. Frequently, however, the hormogonia either 
lose ther pigmentation and die without further 
development or continue their normal growth and 
die at some later stage, often before the emergence 
of the second generation of hormogonia Even when 
colonies 20-30 mm in diameter are produced from a 
single hormogone, they are invariably pale in colour 
and thinly formed, and made up in large part of 
colourless and apparently non-viable trichomes The 
capacity of hormogonia to continue developing has 
been found to be closely associated with the light 
history of individual colonies Failure of hormogonia 
to develop on transfer may be induced most readily by 
frequent sub-culture under conditions of continuous 
and relatively intense illumination 

When small numbers of nitrogen-starved Caulo- 
bacte: cells are added to single transferred hormogonia, 
growth 1s always more rapid than in the absence of 
the bacteria and 1s never accompanied by the death 
of the alga Colonies produced in this way are larger, 
thicker and more densely pigmented than pure 
cultures and do not contain the colourless trichomes 
so characteristic of the latter 

Initially, 16 was supposed that some essential 
organic nutrilite might have been lackmg in the 
absence of the bacterium, although this seemed rather 
unlikely m view of the fact that at least reasonably 
normal development was often observed to occur m 
pure culture as already described None the less, the 
possibilty was mvestigated It was found that the 
incorporation in the basal nitrogen-free mineral 
medium of materials such as yeast extract, casem 
hydrolysate as well as the individual vitamins thiamine, 
biotm and B,. and a range of single ammo-acids 
were without effect. Without exception, single - 
hormogonia transferred to the supplemented media, 
failed to develop Simular results were obtained when 
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low concentrations of ammonia or nitrate 10ns were 
supphed. Even when growth took place in the 
presence of inorganic nitrogen, ib was not superior 
to that m control plates. 

Later, ıt was discovered that the addition of one 
or two drops of a 1 p p.m solution of indole-3-acetic 
acid was capable of effecting the recovery of bacteria- 
free hormogonia degenerated to the colourless condi- 
tion preceding death Accordingly, tests were con- 
ducted using Avena coleoptile sections in an attempt 
to detect growth-stimulating hormones in cultures of 
the alga and the bacterium It was found that a 
highly significant morease in the length of coleoptile 
sections occurred m the presence of Caulobacter cells 
compared with controls A similar response was 
recorded with sections ın contact with a reasonably 
healthy pure culture of the alga grown for three 
weeks at only 12 ft.-candles and also with 18-hr 
cultures, associated with Caulobacter, from which 
hormogonia were begmning to emerge at about 
100 ft.-candles. In pure cultures more than 4 weeks 
old and grown at relatively high hght mtensities 
between 500 and 600 ft -candles, the growth of 
coleoptile sections was significantly inhibited. 

From these observations, there seems little doubt 
that, m some way, substances with hormone proper- 
ties are necessary to enable the alga to achieve normal 
developinent Here, attention 1s directed to a recent 
investigation in which Lazaroff and Vishniac!! have 
concluded that Nostoc muscorum A, too, 18 dependent 
on a ‘morphogenetic substance’ to complete its 
normal cycle of growth With N muscorum, however, 
the substance 1s never limiting under normal condi- 
tions of cultivation m the hght Abnormal growth 1s 
exhibited only when the alga ıs meubated in the 
dark with a surtable source of carbon 

The inhibiting mfluence of older cultures on the 
growth of coleoptile sections 1s of interest That the 
effect might have been caused by excess hormone 
seems improbable It ıs known that auxm and 
indole-3-acetic acid are mactivated by hght. Granick!? 
has directed attention to the particularly destructive 
effect of blue hght on auxm. In this connexion, ib 
18 relevant to note that the warm-white fluorescent 
hghts used 1n the present work emit strongly in this 
region. and have been found harmful to several 
species of chlorophycean algae by Algeus!? A more 
plausible explanation for the results 1s suggested by 
the separate observation by Algeus? that the oxida- 
tion products of mdole-3-acetic acid are mhibitory 
to growth However, ıt should not be overlooked 
that Stewart et al 4 have found a precursor of auxin 
ın radishes that exerts a simular effect 

Whatever the nature of the mhibitory substence or 
substances, 1t 1s possibly correct to assume that 
normal development of the Nostoc m question 18 
dependent on the balance existing from time to time 
between hormone and growth inhibitor. As a 
corollary, it would be interesting to investigate the 
possibility that the reciprocal movements of hormo- 
gonia on agar media constitute a response to gradient 
concentrations of these substances around the margins 
of colonies. 

In view of the fact that auxins tend to be destroyed 
in the light, ıt seems unlikely that the beneficial 
mfluence of Caulobacter 18 due solely to the contribu- 
tion of a growth hormone, although this, undoubtedly, 
19 of some importance Other observations support 
this contention, In particular, the alga is invariably 
seen to be dark m colour, sometimes almost black, 
1n the presence of Caulobacter, whereas pure cultures 
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are commonly a pale green The dark coloration 1s 
caused by phycoerythrm which appears to exercise 
& protective function by absorbmg those wave- 
lengths to which the hormone is susceptible 
Recently, Boney and Corner! have presented evid- 
ence to show that this pigment also has a protective 
function in certam red algae The mechanism by 
which the bacterrum stimulates phycoerythrin pro- 
duction by the alga is not known Apparently hght 
of short wave-lengths is also necessary, however, 
because the pigment 18 not produced under red hght 
even with Caulobacter present : 

In this matter, a further observation appears to be 
especially significant It has been noted already that 
considerable enlargement of the trichome ummediately 
precedes formation of hoimogone It seems not 
unreasonable to assume that such development might 
well be favourable to the conservation or build-up 
of hormone by the alga If the beneficial influence of 
Caulobacte lay only m the provision of hormone, 
it would be expected that, m cultures contaiming the 
bacterium, trichome enlargement would be obviated 
to some extent In fact, this ıs found to be true, 
although the effect is observed to operate only in the 
early phases in the growth of colonies from single 
hormogonia Therefore, ıt must be concluded that 
direct stimulation 1s relatively short-lived and must 
be supplemented or replaced at some stage by 
hormone production by the alga with the protection 
afforded by abundant phycoerythrin 

A remarkable feature of the early growth of 
colonies contammg Caulobacter is that fresh hormo- 
gonia are produced not only efter minimal trichome 
development but also without the formation of hetero- 
cysts The heterocysts appear to be associated with 
full trichome enlargement Furthermore, it has been 
observed that hormogonia originating from fully 
developed trichomes always emerge from the interior 
of these bodies, never from the periphery One 1s 
unmediately reminded of a suggestion by Frisch! 
that these ‘enigmatic’ structures might well be con- 
cerned with the production of substances controlling 
growth, cell division, and other developmental 
processes of blue-green algae It is believed that tho 
present work provides concrete evidence in support 
of this hypothesis and could also explam the reason 
why difficulty 1s sometimes experienced m securing 
the growth of algae in pure culture J S Bunt 
1 Pringshemm, E G , Pure Cultures of Algae (Camb Untv Press, 1949) 
* Algeus, S , Bot Notiser, 2, 129 (1946) 

* Provasoli, L, Ann Rev Microbiol , 12, 279 (1958) 

* Gerloff, G C, Fitzgerald, G P , and Skoog, F , in The Culturing of 
Algae, edit by Brunel, J , etal (Phycol Soc of America, 1950) 

* Pintner, I J, and Provasoh,L,J Gen Mhcrobiol , 18, 190 (1958) 

* Schramm, F R,Ann Mo Bot Garden, 1, 23 (1914) 

*Fogg, G E, The Metabolism of Algae (Methuen and Co, Ltd, 
London, 1953) 

e Bunt, J S, Nature, 192, 479 (1961) 

* Bunt, J S (see following communication) 

? Houwink, A L, Antome van Leeuwenhoek, 91, 49 (1955) 

H Lazaroff, N , and Vishmac, W, J Gen Microbiol ,20, 305 (1961) 

1 Granick, S , Encyclop of Plant Physiol ,1, 514 (1955) 

13 Algeus, 8, Physiol Plant , 4, 742 (1951) 

4 Stewart, W S8, Bergren, W R, and Redemann, C , Science, 89, 
185 (1939) 

18 Boney, A D, and Corner, E D S, Nature, 188, 1042 (1960) 

18 Fritsch, F E, Proc Innn Soe Lond , 162, 194 (1951) 


Isolation of Bacteria-free Cultures from 

Hormogone-producing Blue-Green Algae 

THE difficulties associated with obtammg bacteria- 
free cultures of blue-green algae are well known 
Various techniques, mvolving the use of toxic physical 
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or chemical agents combmed with patient and careful 
sub-culture, have been tested ın attempts to elimmate 
contaminants Of the many agents exammed, few 
have proved to be successful Allison and Morris’, 
Allison et al ?, Bortels,? Gerloff et al *, Fogg® and Ven- 
kataraman ef alë have prepared bacteria-free cul- 
tures by exposing algal material to ultra-violet hght 
Fogg’ purified one species with the aid of chlorine 
water De® depended on the selectivity of mineral 
media, solidified with silica gel and on extensive 
sub-culturing to obtam pure cultures. Unfortun- 
ately, these techniques have not been found generally 
applicable?5, partly because a large degree of reliance 
must be placed on chance for success 

In these Laboratories, none of the techniques 
described ın the literature proved satisfactory A 
number of others, based on the assumption that an 
agent might be found to which the algae alone would 
be insusceptible, gave equally disappomtmg results 
The possibility of using antibiotics has been exam- 
ined®, again without success 

In view of these results, ıt was felt that some 
technique aimed at the selection of newly formed 
and uncontammated trichomes as suggested by 
Pringsherm?® rather than the destruction of micro- 
organisms closely bound in the sheaths of older 
material might be more rewarding Such an approach 
has, of course, already been used where final isolation 
has been from newly migrated hormogoma However, 
the procedures used have seriously lumited the chances 
of success The method to be described was designed 
to mmumuize the operation of chance 

A small amount of moculum contaming a single 
species of alga is transferred to the surface of a 
suitable medium solidified with agar previously 
prepared as a deep, one-third filhng a 6 m x 1 in 
culture tube The materal is ineubated under 
appropriate hghting until fresh growth is just visible 
to the naked eye Sufficient medium 1s then added 
carefully to form a pluggmg layer 3-5 mm deep over 
the developmg colony As soon as this plug has set, 
5-10 ml of the same medium, but without agar, 1s 
added and the tube returned to the light room 
With the algae under investigation, 1t was found 
possible and worth while to mcoiporate 60 ugm jml 
aureomycin 1n the plugging medium as an aid to final 
isolation After some time, 5-11 days ın my exper- 
ence, young hormogoma and usually small numbers 
of motile bacteria are found to be present m the 
supernatant quid medium although not visible to 
the naked eye At this time, a series of small aliquots 
1s transferred to Petri dishes and poured with the 
chosen medium [In these Laboratories, 10-20 0 1-ml 
aliquots are used The number of plates and, the 
size of the aliquots are chosen to favour the develop- 
ment of isolated uncontaminated, colonies These 
are located as early as possible by regular microscopic 
inspection of the plates and immediately transferred 
to fresh medium. A fine hypodermic needle mounted 
in a suitable holder and a dissecting microscope have 
been found indispensable for this purpose The purity 
of cultures ıs checked by normal cultural procedures 
and by direct microscopic mspection. 

Up to the present, sıx bacteria-free cultures have 
been obtained, including the genera Nostoc, Anabaena 
and Gloeotichwa It 18 of interest to note that the 
cultures of Gloeotrichia are bemg mamtained on 
nitrogen-deficient media. Kjeldahl analyses suggest 
a capacity for nitrogen fixation 

Unfortunately, the technique described has not 
been found applicable to species which do not form 
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hormogonia readily. However, recent investigations 
indicate that exposure of such organisms to suitable 
concentrations of indole-3-acetic acid at light mtens- 
ties of about 12 ft -candles may be generally useful 
for inducing formation of hormogone In fact, using 
this technique recently, two further bacteria-free 
cultures have been obtained of algae that otherwise 
could not be induced to form hormogonia 

This and the precedmg work have been supported 
by a University of Sydney research grant Thanks are 
due to Miss R Webb for technical assistance 


J. S BUNT 
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Use of Antibiotics to purify Blue-Green 
Algae 


Tug use of antibiotics m media for tissue cultures 
suggests that such techniques may also be useful for 
freemg blue-green algae of contaminants Our 
results with antibiotics have not been entirely 
successful, but ıt may serve some useful purpose 
to report them here to avoid possible waste of time 
by other investigators 

The followmg substances are mhibrtory to algal 
growth cetrimide (n-cetyl-trimethyl ammonium 
bromide), dithionyl, streptomycm, neomyem, bacitra- 
em Actidione, penicillin, chloramphenicol, tetra- 
cycline, sulphafurazole, erythromycin, nystatin, novo- 
bioem, oleamdomycin, polymyxin, furodantoin and 
fungostatm are not inhibitory. It 1s possible to 
eliminate fungal contammants by cultivation of 
algae in tbe presence of actidione and fungostatin, 
but not possible to free the algae from bacteria by 
using singly any of the substances mentioned here 

The followmg combinations have been used with- 
out success: (1) tetracyelme-chlorotetraeycehne, (11) 
penieillin-erythromyem-aureomyerm , (11) polymyxin- 
pemeillin-erythromyem-tetracycline No success 
was obtamed when the algal cultures were pre-treated 
with 0 002 per cent dithionyl 

It should be reported here that the bacterial 
contaminants are sensitive to antibiotics when tested 
in the absence of algae but cannot be eliminated when 
the algae are present The algae seem to protect the 
bacteria agamst the antibiotics m some way Also, 
some of the contaminants would not grow in ordinary 
meat mfusion broth Therefore, the absence of 
bacterial growth m broth should not be regarded as a 
sole criterion for purity of algal cultures 

We wish to acknowledge financial assistance 
provided by the Commonwealth Scientific and Indus- 
trial Research Organization Division of Land Re- 
search and Regional Survey and the Wheat Industry 
Research Committee of New South Wales 
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School of Agriculture, 
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LETTERS TO THE EDITORS 


PHYSICS 


Vortex Shedding from the End of a Tube 
as a Result of Buoyancy Effects 


One of the most interesting ne nennen observed 
in fluid flow is that of vortex shedding, the best known 
example of which is the von Kármán vortex street 
behind a cylinder or similar obstacles normal to the 
flowing stream. For such two-dimensional 
there is considerable information available. Howev er, 
for axially symmetrie systems, there appears to be 
little more than the recent results of Magarvey and 
Bishop? on spheres. Therefore, a study of vortex 
in axially symmetric systems was initiated 
under Battelle sponsorship. In one system, vortices 
as shown in Fig. 1 were observed in alkaline water 
(containing amounts of sodium carbonate neutralized 
by up to 1-24 c.c. nitric acid/litre) discharging from a 
long vertical tube into a large plenum chamber. The 
chamber contained slightly acidic water (up to 7:65 
e.c. nitric acid/litre). Reynolds numbers down to the 
limit of above 200 were investigated. 
The flow pattern was revealed by phenolphthalein 
added to the inlet water supply. 

Be Strouhal number, vD/V, which characterizes 
in a dimensionless manner the vortex shedding 
frequency, varied from about 0:3 to 1:4 in the experi- 
ments. The Strouhal number was observed to 
increase with increasing acidity, with increasing 
— and with decreasing Froude number. 

olds number did not appear to be an important 

variable. Tt would appear that the buoyancy effects 
uced by the small release of heat at the reaction 
interface causes the vortex shedding in an otherwise 
stable flow. This supposition is supported by the 
observation of similar vortex shedding when a 


a TARN NEM T. 








Fig. 1. Vortex formation at discharge of } in. diameter tube 


- 


charged platinum ring at the tube exit was used to 
generate hydrogen bubbles, and when the density of 
the inflow was reduced slightly by use of a small 
addition of alcohol. 

One other observation should be reported. Tritton* 
observed, in an investigation of vortex shedding 
from rods, that at certain combinations of the inde- 
pendent parameters two alternative frequencies 
rather than one frequency could occur. Sato*, in 
work on the instability of two-dimensional jets, made 
a similar observation. In my system, quite dissimilar 
to the previous two, we also observed that there were 
certain combinations of independent variables which 
led to two alternative frequencies, and, consequently. 
two alternative Strouhal numbers. In fact, the 
shifting from one frequency to the other, which often 
occurred in these instances, led to difficulties in 
obtaining accurate counts of frequency of vortex 


formation. 
A. A. PUTNAM 
Mechanical Engineering Department, 
Battelle Memorial Institute, 
Columbus 1, Ohio. 
"Mah , R. H., and Bishop, Roy L., The Physics of Fluids, 4. 800 


* Tritton, D. J., J. Fluid Mechanics, 6, 547 (1959). 
* Sato, Hiroshi, J. Fluid Mechanics, 7, 53 (1960). 


Distribution of Pressure for Flow of 
Gas through Porous Media 

THE permeability coefficient K for flow of gas 
through a porous medium is defined by the equation!: 

de 
— Ka- àr (1) 
where G is the flowing flux in moles through unit e 
sectional area of the medium in unit time, and 5° 
is the concentration gradient. When the concentra- 


tion of the gas is expressed in terms of the pressure p, 
equation (1) becomes: 


G= 


K Op 
G — — RT àx (3) 
If K is a linear function of pressure: 
K = a + bp (3) 


where a and b are constants, equation (2) may be 

integrated using the boundary conditions: p = pi: 

(inlet pressure) at x = L; p = p, (outlet pressure) 

at 220; p= = f(x) 0 < x < L for all time. 
The solution is: 


2a a a 2a 
p+ p—(4F + pm) 2Apr — pot — "gps 0 (4) 


where Ap = pi — p, = pressure difference, pm = 
(pi-- p,)/2 = mean pressure, and L is the length 
of the medium. This is the general equation for à 
parabola. 

We have measured the pressure at three points 
inside a split specimen for steady-state flow of nitro- 
gen, earbon dioxide and freon-12 (CF,Cl,) through 
Acheson ‘A’ and Morgan 'EY9' graphites. The 
experimental pressure distributions approximate to 


igs 1. 











. stante a and b in equation (3) can be 
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Distribution of pressure through Acheson ‘A’ graphite 
-o specimen. Flow gas, nitrogen. p, = 120-6 om. mercury, p, = 
. 124 em. mercury, D = 3-0 em.; x, experimental pressure, 
‘Fall lines: 4, parabola calculated from equation (4); B, chord 


t? hone predieted by equation (4) for 35 « Ap « 160 


em. mercury and .20 < pm < 120 cm. mercury. 


-~A typical distribution is reproduced in Fig. l. in 


practice, the experimental pressures diverge from the 


_ theoretical parabola by up to 12 per cent at the 


centre of the specimen, the experimental error being 
less than 3 per cent. This divergence may be 
attributed to three possible causes: (1) inhomo- 
-geneity in the graphite (the variation in K through 
specimens of the two graphites was 30 per cent and 
55 per cent respectively); (2) non-linearity of the 
dependence on pressure of K (in one of the graphites 
K = 0-25 + 0-065 p — 7 x 10-* p'-*9), and (3) possible 
surface flow of adsorbed gas. 

Carman! gives the integration of equation (2) as: 


K. Ap 


SRT T (9) 


T a which he states is valid when Ap is small or K is 
independent of pressure. 
.. Shown from equation (4) that the tangent to the 


Now it may be readily 


-.. theoretical parabola at p = pm is parallel to the chord 


from pi to Pae that is, at p = pm, - = a. This 
means that (5) may be applied to | 
calculate K at the mean pressure in 
a porous medium for any Ap pro- 
vided that K is a linear function 
_ Of pressure. . 

 Biram?*, in a recent communica- 
tion, has proposed that the con- 


obtained by measuring the pressure | 
at the mid-point and at both ends - 
of a specimen. The equation he — 
gives may be derived from equation 
(4) In practice, we find that his 
method may involve an error as 
high as 120 per cent due to the 
reasons mentioned earlier which 
cause deviations of the experim- 
ental pressures from the theoretical 
parabola. É : 
We also take this opportunity to 
mention that we have observed 
minima in the variation of K with 
pressure for several gases in different 
graphites at low pressures. - 
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The Reaction Silicon-29(n,x)Magnesium-26 at . 
I4 MeV. Neutron Energy : 
A 400 Q-cm. n-type silicon surface barrier detector . 


was irradiated by neutrons of energy 14-03 + 0-05 


MeV. The experimental arrangement is identical 
with that described in an earlier communication! 
reporting results for (n,a) and (n,p) reactions in 
silicon-28 at the same neutron energy. 

The reaction silicon-29(n,a)magnesium-26 has a 
Q-value of — 0-022 MeV., so that although its abun- 
dance in natural silicon is only 47 per cent it is 
possible to observe the reaction in competition with 
the more intense silicon-28 reactions, as the typical 
energy spectrum of Fig. 1 shows. 

The results of Hinds and Middleton? for the energy- 
levels of magnesiun-26 enable assignment of the two 
highest energy groups to the magnesium-26 ground- 
state and the excited state at 1-801 MeV. The ground- 
state and first four excited states of magnesium-25, 
populated by the silicon-28(n,a)magnesium-25 re- 
action, are also present and are labelled. 

Dearnaley and Ferguson have examined the 
reaction silicon-29(5,2)magnesium-26 in the nuetron 
energy-range 5-8 MeV., and report a group which 
could correspond to transitions to a new first excited — 
state in magnesium-26, located at 1-33 MeV. (ref. 3)... 
Re-examination of the high-energy portion of our 
previously reported spectra did not yield evidence 
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for such a transition Re-investigation of the relevant 
region with improved statistics was undertaken with 
the results given above, and fails to provide evidence 
for an alpha-particle group correspondmg to the level 
postulated by Dearnaley and Ferguson. 

The approximate cross-section ratio for the 
maegnesium-26 ground-state and 1 801-MeV excited 
state groups, obtamed in the present experunent, 
agrees with that obtamed by Dearnaley and Ferguson 
at 7 66-MeV. neutron energy In the absence of a 
selection rule mhibiting the transition, one would 
expect the 14 MeV (n,«) spectrum to exhibit a cross- 
section to the new magnesium-26 level similar to the 
ground-state cross-section Fig 1 indicates that this 
18 not so, and 1f the level exists the cross-section for the 
transition to ib 1s less than 0 1 mb 

Previous investigations of the energy-levels of 
magnesrum-26, notably those of Hinds and Middleton, 
using the reactions magnesium-25(d,p)magnesium- 
26, aluminium-27(é,«)magnesium-26 and magnesium- 
24(t,p)magnesium-26, gave no indication of a 
level n magnesium-26 at 133 MeV, nor did the 
experrment of Glove: and Weigold’, investigating the 
reaction aluminium-27(n,d)magnesium-26 

Dearnaley and Ferguson have considered and 
investigated possible sources of contamination and 
we can offer no obvious explanation for the peak 
observed im ther results Additional experimental 
evidence is required to resolve the problem of whether 
or not the postulated level exists 


W M DEUCHARS* 
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GEOCHEMISTRY 


Origin of High Tritium Content of 
Atmospheric Methane, Hydrogen and 
Stratospheric Water 


RECENT work (ref 1 and Suess, H E, private 
communication) has shown that atmospheric methane 
has a fractional tritium content orders of magmtude 
higher than that of ram water and approaching 
that of atmospheric hydrogen and stratospheric water 
Tho rate of increase with timo of this tritium in 
methane makes 16 appear hkely that rb originates 
in the testing of nuclear devices (The finding by 
Bishop e£ al! that the specific activity of atmo- 
spheric methane appears to be lower in the tropo- 
sphere than in the stratosphere or at the surface 
13, however, not obviously explained on the basis of 
origin in thermonuclear explosion, or for that matter 
by ongm from any single source) However, no 
satisfactory mechanism by which such trinum can 
be incorporated im methane has been advanced 
The high temperature and oxidizing conditions sup- 
posed to exist m the bomb fireball seemed to rule 1t out 
as a source of tritiated methane! Biological pro- 
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cesses yielding methane of high specific activity are 
difficult to concerve; and indeed, sewage methane 
has httle tritium content! High atmosphere, radia- 
tion-induced mechanisms for exchange of methane 
with high specifie activity atmospheric hydrogen can 
be formulated, but these mechanisms suggest that 
the methane 1s likely to be oxidized under the con- 
ditions required. (Libby, W F, private communica. 
tion) 

The thesis of this communication 1s that tritiated 
methane may after all be produced in the fireball, 
m a reduemg atmosphere which I believe must 
exist at its centre Thermonuclear weapons are 
presumably constructed primarily of reducing sub- 
stances Following detonation, the hot gas formed 
from bomb material will push back the surrounding 
atmosphere to form a reducing core within the fire- 
ball On cooling to about 3,000° C this core will 
contract to a diameter approaching 100 metres, 
assuming some reasonable mass of the origmal 
weapon  Durmg this stage the fireball is isothermal’, 
and 15 1s very unhkely that the large reducing core 
will mix with 1ts oxidizing surroundmgs On further 
cooling its contents will form molecular species The 
tritium may be expected to combine largely as metal 
hydrides, molecular hydrogen, water, ammonia 
and hydrocarbons including methane (The necessary 
carbon may be derived from conventional explosives 
and any other carbonaceous material contamed in 
the device } 

At the end of the glowing, isothermal stage the 
1educing core, now hotter than its surroundings, wall 
presumably tend to rise During this convection, 
air will be entramed and the cooling, shrinking bubble 
of reduemg gas may be expected to break up and mix 
Insufficient data are openly available to speculate 
about how much combustion will occur duimg this 
process, but 16 would be surprising 1f such oxidation 
were complete 

Tf the high tritium content of atmospheric methane 
is due to this mechanism the question arises why 
this same methane does not also have a high carbon-14 
activity! It must be first pomted out that most of 
the carbon-14 from the !*N(n,p)"C reaction will 
be produced outside the reducing core and will there- 
fore appear as “CO, However, even if the amount 
of carbon-14 within the core were of the same mag- 
nitude as that of tritium, then atmospheric methane 
resulting from such events havmg an activity of 
2 x 104 tritium units (T H=1 5 x 101%) would have 
meremental carbon-14 actrvity amountmg to only 
about 10 per cent of that of contemporary biosphere 
carbon 

The hypothesis of a reducing core m a nuclear 
explosion fireball also suggests that the high tritram 
content of atmospheric hydrogen® of the thermo- 
nuclear era arises directly, and 1s not dependent on, an 
exchange between molecular hydrogen and tritiated 
water Most of the tritium in the fireball will probably 
be combmed in molecular forms other than methane 
and hydrogen, particularly in metal hydrides ‘These, 
and hydrocarbons less stable than methane (for 
example, acetylene), will afterwards be completely 
oxidized in the atmosphere to yield water vapour of 
high specific activity found in the stratosphere*. 

The validity of the suggestion advanced here may 
be checked 1n several ways The most direct involves 
sampling the fireball gases soon after they have cooled 
Later tests on atmospheric gases may be based on 
the abnormally high ratio of deuterium to protrum 
which may be presumed to exist ın the fireball core 
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Thus there should be an unnaturally high probability 
that a molecule of atmospheric methane contamung 
tritium contains a deuterium atom as wel Sucha 
measurement of the ratio CH,T CH,DT will require 
mass separation prior to the application of low- 
level counting techniques The ratio of HT DT ım 
atmospheric hydrogen is much easier to determine 
since these isomers can be separated by gas chromato- 
graphy’ The answer here will depend not only on 
the origin of the tritiated hydrogen, but also on 
whether ıt can undergo exchange with atmospheric 
water 
I am indebted to Piof W F Libby and to D: 

E A Martell for stimulating discussions of the 
present proposal ‘This work was supported by the 
US Air Force and Atomie Energy Commission 
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Formation of Pegmatitic Carbonatite in a 
Syenite-Marbie Contact 


IMMEDIATELY north of the village of Karacayır, 
vilayet Sivas, Turkey, a small intrusion of rather 
cogrse-grained syenite occurs m a banded marble 
formation of unknown age Here I had occasion to 
study m some detail a peculiar coarse-grained marble 
of pegmatitic appearance, contamimg biotite and 
apatite The banded marbles seem to be regionally 
metamorphosed, on which the thermal metamorphism 
caused by the mtrusion rs supermnposed The part 
of the marble which protrudes into the syenite 1s 
changed mto a carbonatite-pegmatite Otherwise the 
marbles retam their regular banding, which even 
seems to be accentuated when nearing the contact 
Whthm the aureole of thermal metamorphism small 
crystals of phlogopite and diopside develop in small 
amounts on the stratification planes as well as 
throughout the marble Near the contact small 
dikes of syenite-aplite and more-or-less crushed 
syenite—pegmatite cut through the marbles, the 
syenite itself contams locally muscovite 

A non-metamorphiec fossiliferous impure nummulitic 
limestone hes unconformably on top of both marble 
formation and syen:te, thereby defining the age of the 
latter as pre-Eocene Intra-formational conglom- 
erates are polymixt, contammg quartz-pebbles, 
quartzites, quartzitic schists and acid mtrusives 

Next to calcite the pegmatitic carbonatite contains 
large (up to 1 in and more) biotite crystals, slender 
hexagonal prisms of green apatite, and locally small 
idiomorphie thorianite (ThO,) crystals In one 
place a mass of large idiomorphic allamite crystals 
has been found, of platey habit, up to 1 ım across 
Direct evidence that this carbonatite actually passed 
through a molten state 1s not available, as no carb- 
onate-glass was found Wylle and Tuttle’ state 
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that “Some carbonate liquids can be quenched to a 
glass by extremely rapid cooling, but m nature such 
rapid cooling is unhkely and evidence of melting m 
rocks will be difficult to find” 

The total obliteration of the pre-mtrusive st1uctuie 
of the marble, the 1diomorphic and coarse-grained 
habit of its constituent minerals, its obvious per- 
meation with magmatic fluids (addition of thorum, 
rare earths, phosphorus pentoxide, (Fe,Mg)O 
silica. and water) mdicate a pseudo-liquid condition 
of this carbonatite mass at the time of the syenite 
intrusion This condition is most probably caused by 
the presence of a liquid phase, a carbonate melt 

Accordimg to the same authors! the partial meltmg 
of carbonates ın the presence of water vapou starts 
at temperatures as low as 650? C, and at pressures 
reached at relatively high levels in Earth's crust 
This temperature 1s almost certainly exceeded during 
the intrusion of asyenitic magma In another publica- 
tion Wylhe and Tuttle? state that* "Although calcite 
is generally the dominant mmeral in carbonatites 
apatite and mica are constant aecessones" The 
presence of radioactive and rare-earth minerals 
{thorianite and allanite} ın the carbonatite mass 
shows its close affinity to ‘normal’ intrusive carb- 
onatites If ıs believed, in the hght of the results 
obtamed by Wiylhe and Tuttle", that pressure- 
temperature conditions m this contact provoked the 
(partial) liquefaction of the marble, which reerystall- 
ized on cooling as a pegmatitic mass of carbonatite 
composition The importance of this example hes m 
the fact that here a carbonatite, associated as usual 
with alkaline intrusives, 1s still indisputably recog- 
nizable as the direct continuation of a sedimentary 
marble Though I certainly do not claim definitely 
that carbonatites must be formed this way, 1t shows 
at least that they may 
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METALLURGY 


Embrittlement of Grain Boundaries by 
Equilibrium Segregation 

EQUILIBRIUM segiegation of impurities or solute 
elements has frequently been suggested as & cause 
of giain boundary embrittlement in metals and 
metallic compounds, but the evidence has been 
largely indirect Even if the existence of gram boun- 
dary segregation be granted in specific instances, the 
manner in which such segregation might give rise to 
embrittlement has remained wholely speculative 
Tt is the purpose of this communication to report that 
m & large number of cases where boundary segregation 
is established, suspected, or possible, a significant 
hardening of the grain boundary region telative to 
that of the mterior of the grain 1s observed by micro- 
hardness measurements 

A typical result 18 shown in Fig 1 for a high-purity 
iron sample treated by Amshe e£ al} m a sulphur- 
bearing atmosphere and demonstrated by them with 
tracer techniques to contam sulphur absorbed in 
grain boundary regions ‘This case appears to be the 
most firmly established instance of equilibrium grain 
boundary segregation on record ‘Tests on a com- 
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panion sample which had been subjected by Ainslie 
et al to identical heat treatment ın sulphur-free 
atmosphere showed no boundary hardenmg what- 
soever The intensity of the peak hardenmg ın the 
sulphur-segregated iron (about 40 per cent), and the 
extent of the measurable effect (about 50u either side 
of the boundary) are typical, but hardness differences 
of as much as 60 per cent and breadths as great as 
100u on each side have been observed ın some cases 
with other systems Although effects of 1ielative 
orientation of grains undoubtedly exist, they appear 
to be small since comparable hardening 1s observed in 
all boundaries of a randomly oriented polycrystalline 
sample 

. Table 1 hsts some of the cases in which grain 
boundary hardening by equilibrium segiegation has 
been observed in the present investigation Later 
publications will .eport these results in more detail 





Table 1 
References suggest- 
Typical ing segregation or 
Base material Suspected o, reporting embrit- 
segregant H tlement by trace 
amounts es impur- 
1ty 
Iron S 43 Ainshe e£ al (ref 1) 
Iron 0 30 Low and Feustel 
(ref 2) 
Aluminium bronze Al 13 Perryman (ref 3) 
Berylhdes O and/or N 50 Lewis (ref 4) 
Silicides O and/or N 33 Fitzer (ref 5) 


Miscellaneous intermetal- 
lics, for example, AgMg, 
NiAl, N1,Al, CoCr-o, 
NT, ete 


Westbrook and 
Wood (unpub- 
lished work) 


frequently 
O and/or N 15-60 


Our experiments show certain features which 
appear to be common to the general phenomenology 
of the effect 

Among these are . 

(1) Segregation ıs dependent on temperature In 
some instances, segregation, and therefore gram 
boundary hardenmg, disappears at high temperatures 
It 18 therefore possible, ın favourable circumstances 
to eliminate segregation and unprove toughness by 
quenching 

(2) Segregation ıs frequently modified by the 
presence of another trace impurity, for example, 
segregation of oxygen does not occur m iron bearing 
small amounts of carbon but only in decarburized 
iron 

(3) Grain boundary hardening by segregation in 
intermetallic compounds seems only to occur when 
there 18 a stoichiometric excess of a chemically active 
element 


- 
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(4) Kineties of segregation and desegregation are 
extremely rapid, suggesting lateral transport of 
segregant along some ‘short circuiting’ diffusion path 

Previous suggestions for mechanisms of grain 
boundary embrittlement by segregation have mvolved 
internal stresses, changes m melting point, and 
changes ın surface energy While all are conceptually 
plausible, no such mechanism has had unambiguous 
experimental support It 1s now clear that ma large 
number of cases embrittlement results from the 
creation of & barrier to dislocation propagation by 
formation of a hardened region at and near the 
boundary Whether this hardening occurs by a 
solution hardening mechanism or by changes in the 
dislocation density and structure at and near boun- 
daries 18 not yet certain and the particular source of 
hardening may well vary from one case to another 
In the particular case of lron-sulphur, the extensive 
networks of dislocations adjacent to grain boundaries 
revealed in the transmission electron micrographs of 
Ainslie et al ? a1e adequate to account for the observed 
boundary hardening 

We are grateful to Messrs N G  Amshe, E. A 
Aitken and J R Low for the loan of samples, to 
A J Peat for assistance, and to J R Low, A U. 
Seybolt and D Turnbull for helpful discussion 

J H WESTBROOK 
D L Woop 
General Electric Research Laboratory, 
Schenectady, New York 
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Stress Concentration Effects in Tertiary 
Creep 


I~ most cases, fracture under high-temperature 
creep conditions results from the formation and lmk- 
ing up of small voids on the gram boundaries within 
the metal A period of accelerating creep precedes 
the fracture and ıb ıs generally assumed that this 
acceleration is caused by the reduction m stress- 
carrying aiea through the formation of these voids}2 

It has iecently been shown that the density of 
a materia] during creep decreases at an approximately 
linear rate up to the onset of tertiary creep but 
thereafter decreases at a continuously Increasing rate 
until fracture ensues? If stress concentration is 
the cause of tertiary creep, the reduction in cross- 
section must have increased the stress to a value which 
gives a detectable change im the rate of deformation 
at this stage Clearly the dependence on stress of the 
rate of creep will then be an important factor ım 
determining when this mcrease in creep-rate will be 
detectable and also in the iate of acceleration to 
fracture, that 1s 1n the fraction of the total time to 
rupture which 1s spent 1n tertiary creep 

Some recent work‘ on nickel allovs containing 
only 0012 wt per cent of tin 1s significant m this 
respect When tested at 400°C this material is 
extremely dependent on stress, a stress increase of 
10 per cent giving an increase in minimum creep-rate 
and a decrease in fracture-life by a factor of 10? 
On the basis of a stress concentration mechanism for 
tertiaiy creep 1b might therefore be expected that a 
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very rapid acceleration to fracture would be observed 
at an early stage of creep However, this 1s found 
not to be the case. The shape of the creep curves 
for this material ıs very simular to those for pure 
nickel at this temperature and simular to tests on the 
same material at higher temperatures where no 
large stress-dependent effects are observed 

Considerable necking occurred before fracture at 
400° C, but this must have occurred at a late stage 
of tertiary creep since only a small amount of necking 
would have been sufficient to give almost 1mmediate 
fracture with & material having such & stress-depen- 
dent creep-rate 

We conclude, therefore, that stress concentration, 
effected by void formation or necking, 1s not important 
m causing the acceleration in creep-rate before frac- 
ture 


P W. Davies 
B WILSHIRE 


Metallurgy Department, 
University College, 
Swansea 
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3 Boettner, R C, and Robertson, W D, Amer Inst Mech Eng 
(Met Soe ), 221, 613 (1961) 
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CHEMISTRY 


Crystal Structure of 2,5-Dimethyl-Dithio- 
Furophthene, a Homologue of Thio- 
Thiophthene 


Durine work on a series of sulphurated cyclic 
compounds}, we have determined the structure of a 
substance to which formula I was previously ascribed 


The substance crystallizes from toluene as yellow- 
orange prisms, often twinned, belonging to a mono- 
clinic system, space-group P2,/c, four molecules are 
m the unit cell of dimensions: 


a=444 b=10-78 ¢=1720A. B = 97° 20’ 


Observed density 1 40 gm em -?- calculated 1-42 
Single-crystal precession and Weissenberg photo- 
eraphs enabled us to carry out X-ray analysis on 
both (100) and (010) projections We determined the 
structure not with a heavy-atom method but using 
Sayre’s direct method? The usual refinement process, 
based on a few Fourier and difference syntheses, gave 
the present values for the reliability index, E = 0 21 
and E = 0 13 for Okl and AOI reflexions, respectively 
Within experimental error, the molecule 1s planar, 
maximum perpendicular distance from mean plane 
bemg 0 04 x Fig 1 shows the molecular shape with 
bond lengths and angles, the corresponding shape of 
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Fig 1 


thio-thiophthene, as obtamed after the last refine- 
ment, bemg also drawn for comparison (broken line) 

The oxygen-sulphur-sulphur system 1s seen to bo 
almost hnear, with the oxygen atom ın the extreme 
position These results are in full agreement with the 
structure proposed m ref 3, and confirmed inief 4 
with the aid of nuclear magnetic resonance analysis 
Further chemical evidence was recently provided m 
ref 5 

A comparison of this structwwe with the thio- 
thiophthene system 1s of great interest. The two 
molecules have about the same shape, structural 
configuration and crystal packmg substitution of 
one sulphur atom with oxygen only causes the 
electronic arrangement to be slightly different In 
fact, we know that each sulphur-sulphur bond m 
thio-thiophthenes may be regarded as made up from 
both fractional c and x: bonds, the bond orders being 
0-707 and 0 439, respeetively* The o and x exchange 
integrals are, approximately, B and 18 (where B 1s the 
carbon-carbon zx exchange integral), so that the bond 
is longer than the single one, even with a bond order 
sum greater than uniby 

Substitution. of one sulphur atom by oxygen 
allows the same electronic interaction to take place 
only to a much less extent, owing to the different 
electronegativities of sulphur and oxygen, and to the 
much smaller overlap between the orbitals of the two 
atoms The sulphur-oxygen c and x overlap integrals 
for a distance of 2:41 A are, in fact, reduced to 
approximately one-third the values for the sulphur- 
sulphur interaction in the thio-thophthene This 
reduction must also result in a corresponding increase 
of sulphur-sulphur overlap mtegral, ın the oxygen- 
sulphur-sulphur system. 

This discussion gives a satisfactory account of the 
following expermnental data shortenmg of the 
sulphur-sulphur bond (212 A) with respect to 
thio-thiophthene (the 6 bond order 1s very close to 
unity), carbon-oxygen distance only slightly longer 
(127 A) than the double-bond distance, rather 
distinct localization of double bonds in the carbon 
atoms chain, central carbon-sulphur bond length 
nearly the same as the other 

From Fig I we can also notice m the present 
structure a reduction of valence angles not only imn 
the right rmg, but also m the left one This means 
that the abnormal sulphur oxygen length (2 41 A ), 
half-way between a smgle bond and Van der Waals 
distance, 1s chiefly to be considered a consequence of 
the reluctance toward distortion of the carbon atom 
valence angles From a geometrical pomt of view, ıt 
may be noted that the earbonyhe group ıs anyway 
held 1n the molecular plane by its resonance with the 
dienic system We can say, therefore, that the 
essential features characterizing thio-thiophthene 
are present in this structure, but to a small extent, 
so that the actual electronic distribution is best 
represented by the formula shown in Fig 2, m which 
are also mdicated, for each bond, the percentage of 
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double bond (or of smgle bond relatively to Van der 
Waals redu, for oxygen-sulphur and sulphur-sulphur 
distances) 

For these reasons, the denomunations suggested 
by Prof Richter, Beilstein Institute, Hamburg (cf 
ref 5), must be accepted as very rational and exact; 
for 2,5-dimethyl-thio-thiophthene ıt 18: 


meribicyclo-epidithio-(2,4)-eptadien-thion(6) 
and for 2,5-dimethyl-ditbio-furophthene 1t 18: 
epidithio- (2,4)-eptadien-on(6) 


Further theoretical investigations, of the type 
performed by Guacometts and Rigatti® for thio- 
thiophthene, are under way, and will give & more 
exact description Some other compounds, homo- 
logous with thio-thiophthene, with sulphur atoms 
gubstituted by possible other group Vt elements, are 
now under exammation. 

We gladly acknowledge the financial support by 
Shell International Research Maatschapp1) N.V , The 
Hague, Netherlands. 
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Hydrogen Bonding in Alkyl Phosphonic 
and Alkyl Phosphonothionic Acids 


Iw a recent series of papers!, Peppard et al have 
examined alkyl and aryl phosphoric and phosphonic 
acids and their esters As a result of eryoscopic and 
infra-red measurements, they have concluded that, 
except m acetic acid solution, organophosphorus 
acids are dimeric, or polymeric, depending on the 
solvent, and that there 1s no evidence of the monomer 
in dilute solutions (M/1,000) in carbon tetrachloride 
They conclude that the hydrogen bonding m these 
acids 18 stronger than that 1n carboxylic acids These 
conclusions are m agreement with those reached. by 
earlier workers?-5, who all report the bonding to be 
unaffected by dilution mn non-polar solvents Yn view 
of these findings, 1t has been suggested? that the 
hydrogen bonding may be intramolecular 

Exammation of more dilute solutions of ethyl 
mothylphosphome and ethyl methylphosphonothionio 
acids has shown that, 1f the dilution 18 great enough, 
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these hydrogen bonds can be broken, and that the 
bonding 1s therefore mter- and not mtra-molecular 

Usmg carefully dried carbon tetrachloride as the 
solvent, path-lengths of up to 10 cm and double-beam 
compensation of solvent absorption, the results shown 
in Figs 1 and 2 were obtained With ethyl methyl- 
phosphonothiome acid (Fig 1), the mitial bonded 
—OH absorption band at 327 (3,058 em -!) 
decreases 1n intensity, relative to the C—H absorption 
band at 3 4p (2,940 cm -), as the concentration of 
the solution decreases, and is replaced by a new 
absorption band at 2 78p (3,600 em 71). In addition, & 
band at 4 35u (2,800 cm -*) progressively decreases 
m mtensity and ıs replaced by & band at 465 
(2,150 em -1) 

In the case of ethyl methylphosphonie acid, the 
evidence 18 not so complete owing to expermental 
hmitetions" No indication of breakmg of hydrogen 
bonds 1s obtained ın solutions more concentrated than 
M/3,000 Comparmg the spectrum of a l-om path- 
length of this concentration with that of a 10-cm 
path-length of M/30,000 (Fig 2) shows that 
the absorption band at 3 8p (2,630 cm -*) has de- 
ceased m intensity relative to the C-—H absorption 
at 3 4p (2,940 em -1) and that a new band 1s appearing 
at 3 lu (3,230 em -!) It was not possible to mvesti- 
gate this problem further as the spectriophotometer 
would neither accommodate a longer absorption cell 
nor produce reliable spectra from more dilute solu- 
tions over the same absorption path. It might be 
possible, however, to contmue the observations using 
means such as electrome scale expansion The detec- 
tion of a change ın the intensity of the bonded OH 
absorption band, together with the appearance of a 
band at higher frequency, shows that the hydrogen 
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Fig 1 Spectre of ethyl methylphosphonothionic acid (a) Cap- 

illary film, undiluted (8) 14/350 1n carbon tetrachloride, 1 cm , 

(c) M/1,750 1n carbon tetrachloride, 5 ern , (d) MJ9,500 in carbon 
tetrachloride, 5 cm 
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Fig 2 Spectra of ethyl methylphosphonie acid 1n dilute solution 
(a) M/3 000 solution in carbon tetrachloride, 1 em , (b) J£/30,000 
solution 1n carbon tetrachloride, 10 cm 


bonds are beginning to break m very dilute solution 
It 1s therefore concluded that, as in the case of the 
phosphonothionie acid, the hydrogen bonds must be 
mter- rather than mitra-molecular 

These experiments also throw some light on the 
assignment of the absorption bands associated with 


eee” cup The P 
in 
eee eee ee Now” 
N Z8 
in AN compounds is characterized by absorp- 
OH 


tion bands m the regions (a) 3,000-3,100 cm ~ and 
(b) 2,200-2,360 cm -!, whereas the same group m 


per ad 
/ Nor 
m the regions (a) 2,525-2,725 em~, (b) 2,150- 
2,350 em -1, (c) 1 600—1,700 cm 71, (d) 480-530 cm ~- 

As bands (a) and (b) oceur m both types, these must 
be vibrations associated solely with the P—O—H 
vibrations, band (a) bemg the O—H valency vibration 
In view of the movement of band (b) to lower fre- 
quencies when the hydrogen bonds are broken, this 
band ıs assigned to a combination band involving the 
OH deformation vibration Observations on deutera- 
tion, which will be reported ın more detail elsewhere, 
have indicated that the O—H deformation vibration 
m P—O-—H groups is m the viomnty of 1,250 cm re 
This is contrary to the assignments for this band 
given by Bellamy? and Corbridge’, but m agreement 
withthose of Ryskin and Stavitskaya* The P—O-—(H) 
vibration 1s found in the range 910-1,030 cm ~ (ref 
6) and the combination of the P—O—(H) vibration 
with the O—H deformation vibration would then result 
m a frequency m the range ascribed to band (b), 
which 1s therefore assigned to a combination of these 
vibrations 


compounds has four characteristic bands 


O 


NF 

Band (c) in AIN compounds has been 
OH. 

assigned?:* to the O—H deformation vibration In the 

light of evidence from deuteration this assignment 18 


no longer valid As this band does not appear m 
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NS 
/ Now 
mvolving the P=O vibration As this occurs 1n the 
region of 1,200 cm -1, this implies a frequency in the 
region 400-500 cm ~ for the other component Band 
(c) 18 there-ore tentatively assigned to a combination 
of the P=O valency vibration and of band (d), 
which 1s otherwise unassigned 
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compounds, ıt may be a combination band 
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Synthesis of the Toxic Principle of 
Dichapetalum toxicarium (l8-Fluoro- 
cis-9-Octadecenoic Acid) 


Dachapetalum toxwarvum (Charlletra toxicaria, Don) 
a shrub oceurrmg in Sierra Leone, produces a hard 
and woody fruit which 1s extremely toxic to warm- 
blooded animals The pharmacological, medical, and 
historical aspects of this plant have recently been 
reviewed! Peters and colleagues have concluded?, on 
the basis of nuclear magnetic resonance, infra-red. 
spectroscopy and ozonolysis, that the toxic principle 
is 18-fluoro-cis-9-octadecenoic acid (w-fluoro-oleic 
acid), F(CH,) ,CH=CH(CH,),COOH It was in 
order to confirm this conclusion that the following 
synthesis of c-fluoro-oleic acid was undertaken. 


F(CH,Br + NaC=CH— 
F(CH,),C=CH + I(CH,),Cl— 
F(CH,) ,C=C(CH,),Cl + NaCN— 
F(CH,),C0C=C(CH,),CN— 
F(CH,), C=C(CH,),CONH,—> 
F(CH,),C=C(CH,),COOH— 
F(CH,), CH=CH(CH,),COOH (c28) 


Using N N-dimethylformamide and xylene as 
solvents, 8-fluoro-octyl bromide* was converted to 
10-fluoro-1-decyne ın 60 per cent yield, b p 81-82? 
(10 mm), np 1 4250, d,?^ 0 877 (found ©, 76 48, 
H, 1102 CHF requires OC, 76 87, H, 10 97 per 
cent) Previous work had indicated that the w-fluoro- 
l-alkynes, ın the presence of reactants such as 
sodamide and Grignard reagents, tended to lose 
fluorme rather than form the expected acetylenic 
organometallic derivative, however, by using metallic 
lithium m liquid ammonia, 10-fluoro-1-decyne formed. 
1-chloro-17-fiuoro-8-heptadecyne m 89 per cent 
yield, bp 137? (0 25 mm), mp” 1 4610, d,°° 0 969 
(found C, 7056, H, 1038, Cl, 12 42. C,,H4,CLE 
requires ©, 7068, H, 10 47, Cl, 12 28 per cent) 
Reaction of this last compound with sodium cyanide 
in dimethyl sulphoxide gave the corresponding 
nitrile m 93 5 per cent yield, bp 139° (0 025 mm ), 
np? 14578 (found C, 7729, H, 1077, N, 479 
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C,,H4,FN requires 
per cent) 
Preliminary work using 15-cyano-1-fluoro-7-penta- 
decyne had indicated the difficulty of hydrolysmg this 
type of mtrile, because the triple bond 1s susceptible 
to acidic reagents and the fluorine to vigorous alkaline 
treatment The required w-fluorostearolic acid, was 
ultimately obtamed m 73 per cent yield by treatment 
of l-eyano-l7-fluoro-8-heptadecyne with hydrogen 
peroxide and alkali: followed by hydrolysis of the 
resultant amide with alcoholic potassium hydroxide, 
m p 52-53° from aqueous methanol (found C, 72 50, 
H, 1028 C,,H,,FO, requires C, 7231, H, 10 47 
per cent)  Stereospecific partial hydrogenation of 
ths fluoroacetylenic acid usmg Lmdlar catalyst 
gave a 99 per cent yield of w-fluoro-oleic acid, reerys- 
tallized from 30—60? petroleum ether at 2° (found 
C, 7192, H, 1121, F, 616 C,,H,,FO, requires 
C, 7195, H, 1107, F, 6 32 per cent) The overall 
yield from 8-fluoro-octy] bromide was 36 per cent 
The physical properties of this acid are shown In 
Table 1 and are compared with those of a sample of 
the naturally occurrmg acid provided by Peters 
Hydrogenation of the synthetic w-fluoro-oleie acid 
usmg platinum and hydrogen formed -fluoro- 
stearic acid, m p 77—78° from methanol, mixed with 
authentic w-fluorostearic acid’, mp 76-77° 


C, 7736, H, 1082, N, 501 


Table 1 
PROPERTIES OF NATURAL AND SYNTHETIC m-FLUORO-OLEIO ACID 
Natural Synthetic Interpretation 
Melting point 124-185? 158-16 8? 
np 1 4616 1 4598 
Infra-red 3,007 3,005 CH stretching of CHR= 
(em 7!) * CHR’ (ews 
1,710 1,711 C=O stretching of COOH 
1,413 1,412 CH in-plane deformation 
1:846 zs of CHR=CHR’ (cs) 
1,012 1.015 O—F stretching 
726 726 CH out-of-plane deform- 
ation of CHR=CHR’ 
(c18) 
Nuclear mag- »f 258 259 
netic reson- JAF 47 47 FCH, 
ance(c/s)t JEBEŠ sae "E 
P =CH— 


* Determmed using a Beckman JR-7 infra-red. spectrophotometer, 
the absence of a band at 980-960 cm -! indicates the cts isomer, 
elaidic acid showed a strong band at 970 em ~ resulting from CH 
out-of-plane deformation of CHR=CHR’ (trans) 

+ Determined using a Varian 60 Mo /see V -4302B spectrometer 

te /s from tetramethylsilane 

$ Spin-spm interaction with adjacent methylene group 


The proton resonance spectral data are hsted in 
Table 1 The o-CH, group appeared as a doublet of 
triplets centred at 258 c/s for the natural material 
and at 259 c/s for the synthetic acid, the splitting 
is due to spin-spm interaction with the terminal 
fluorme and the adjacent methylene group The 
coupling constants were the same m each ease The 
olefinic protons absorbed at 317 c js and 316 c ]s for 
ihe two samples, agam with identical coupling 
constants, the olefinic protons in a sample of oleic 
acid also gave exactly the same results (v = 316¢ Is , 
J =5c/js) The results determmed for the natural 
product are in good agreement with those previously 
reported? 

There can thus be little doubt that the toxic 
prmeiple of Dechapetalum tomcarvum 18 indeed 
a-fluoro-oleie acid This acid is only the second known 
naturally occurrmg organic fluorine compound, the 
first bemg fluoroacetic acid It 1s not improbable that 
there 1s some biogenetic relationship between the two 
compounds Further work on this and other w-fluoro 
unsaturated acids 1s m progress 
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Effect of Strong Electrical Fields on the 
Boiling Points of some Alcohols 


Katt: and Chaudhri! have published a set of 
measurements on the effect of electrical fields on the 
boiling points of methanol, ethanol, and isopropanol 
This 1s an effect which can be calculated from the 
first principles of thermodynamucs 

A boilmg liquid in an electrical field does both 
electrical and pressure-volume work, the conserva- 
tion of energy equationis dU = TdS — PdV + EdP’, 
where P 1s the pressure, P' the polarization and E the 
electric field Hence the chemical potential of the 
liquid may be written as 

du, = — s,dT + v,dP — pyá£ 
where small italics stand for gram molecular 
quantities Tho condition of phase equihbrium 1s 
du, = dyg, hence (dT/dE)P = — Api'—+g/ A81—g- 
The equation 18 exactly analogous to the Claperon 
equation 

For such liquids as methanol, p' = (e —l)vH, so that 


dT — (e1 — ljv, — (eg — 1Yve 

E din Ah us 
If the olectrical work stored m the liquid is smail 
compared with the heat of vaporization at zero field, 
and the change in boiling points 18 so small that one 
can ignore changes in the dielectric constants of 
liquid and vapour, then this equation may be mte- 
erated Approximating IntT/T, as AL/T,, we find 
that 


(s; — lwi (ep — Lee p, 
SAR E 


This equation is valid for a system 1n which all the 
matenal,hquid and vapour, remams within the field 
Tf experiments are done in & constant-volume con- 
tamer (as were Katti and Chaudhrv’s), a term must be 
added to the conservation of energy equation to 
account for the work done in removing vapour from 
the feld ‘This has the effect of changing vp to vi 
Since eg — 1 18 very small compared to c, — 1, this 
correction 1s not important, even though the molar 
volume of the gas 18 much greater than that of the 
liquid 

Ts should be noted that Katt: and Chaudhri used 
anac field They did not give the frequency, but 1$ 
was presumably low enough for the dielectric con- 
stants to be approximately equal to their dc values 
and high enough for their Beckmann thermometer te 
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respond to the average temperature In this case one 
can calculate the expected change in temperature, 
taking Æ asits root mean square value. 

Smce AT = C E?, where C 18 a combination of the 
molecular constants, and usmg standard values? one 
finds that Cin wx s units equals 53,55 and 57 x 
107" for methanol, ethanol, and Isopropanol respec- 
tively. Hence, for example, methanol at 5 kV fem 
will show a rise of boiling pomt of 13 x 10-5 deg CO 
At 5 kV/cm Kattı and Chaudhri observed boibng 
point depressions of 20, 0-7, and 04 deg. C for 
methanol, ethanol, and isopropanol, respeotively, in 
complete disagreement with theory 

I thank Dr E R Nightingale for helpful diseus- 
sions, and Esso Research and Engmeering for per- 
mission to publish this communication 


RicHagp K Lyon 


Esso Research and Engineering Co , 

Linden, New Jersey 
! Katti, P K, and Chaudhn, M M , Nature, 190, 80 (1961) 
*Lange, N A, Handbook of Chemistry (Handbook Publishers, Ine, 
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SINCE the publication of our communication in 
Nature, several attempts have been made to explam 
this phenomenon and to calculate the magnitude of 
the lowering of the boibng points These attempts 
naturally deal with the application of thermo- 
dynamics to the mechanical effects arising out of the 
appheation of strong electrical fields to dielectrics 
These models, however, predict very small lowermg 
of the boilmg points (of the order of 10-5 deg. C. for 
fields of the order of 6 kV fom ) 

In fact we ourselves were led to this investigation 
neatly two years ago because of a suggestion by Prof 
D S Kothari based on the Clapeyron equation with 
change of pressure replaced by AH*/8r We did not 
refer to this mm our communication because a reference 
to 16 was made m an earlier book on physical chemistry 
and secondly because the sign and the magnitude of 
the observed changes in the boiling points are not in 
agreement with this model 

The main purpose of our commumeation was to 
point out the unusually large depression of the boiling 
points of the liquids under the experimental conditions 
used More experimental work is clearly necessary, 
and we hope to report on further results 1m due course 

P. K Karr 

Department of Physics, 

College of Engmeermg and Technology, 
Haus Khas, New Delhi 

M. M. CaaupHer 
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Ames, Iowa 


The Optical F Absorption Band 


IN a recent communication! a new model for the 
optical F absorption band was proposed for the 
alkali metal azides From a study of mradiation- 
produced bands in the visible and infra-red region 
of the absorption spectrum of the azides, 16 was shown 
that the anion (Ns) was intimately related to the F 
absorption band and 1t was suggested that the F band 
was caused by a ‘charge-transfer’ complex of the type 
discussed extensively in the chemical literature, 
especially by Mulliken? The ‘charge-transfer’ com- 
plex consists of a dative bond bemg established 
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Table 1. ENERGY DIFFERENCE BETWEEN First ULTRA-VIOLET PEAR 
AND THE F BAND” 


hv,—hvyp = CG hvy—hvp = C 

LiF 124-50 = 74 TaBr 72-27 => 45 
NaF 106-36=70 NaBr 6 78-23 = 448 
KF 095-27 = 7 25 KBr 677-20 = 477 
JaCl 88 -31257 RbBr 68—18-—48 
NaCl 795-27 = 525 KI 58-18 = 40 
KCl 776-22 = 556 RbI 57216-—41 
RbCl 75 -20=55 


* hy, energy of first ultra-violet band from Eby, J E, Teegarden, 
K J, and Dutton, D B, Phys Rev , 118, 1099 (1959), hep energy 
of the F band from Dekker, A J, Sohd State Physws (Prentice Hall, 
1959), À», for LIF estimated from H C Kremers, Indust and Eng 
Chem , 32, 1478 (1940) 


between one electron donor and an electron acceptor 
with a concomitant electronic absorption belonging 
to the complex as a whole 

For the azides, the followmg mechanism was 
proposed for the formation of the ‘charge-transfer’ 
complex and the resulting absorption band Under 
ultra-violet radiation an interstitial metal atom 18 
ionized, this metal ion. now moves to a position of 
lower potential energy, that 1s, to a cation vacancy 
and as a consequence the equilibrium crystal field is 
so perturbed (m an unspecified manner) as to sot up a 
‘charge-transfer’ complex between that cation and & 
neighbouring anion. Thus in the proposed model the 
F absorption band depends on the existence of cation 
vacancies rather than anion vacancies 

I feel that the phenomena m the halides cannot 
be essentially different from those in the azides Ifone 
accepts the importance of cation vacancies then 
several phenomena in the halides can be understood In 
a straightforward manner. For example, the follow- 
ing experimental facts strongly suggest the unportanee 
of the cation vacancy The electrical conductivity 
of crystals is decreased by darkening? Plastic strain 
which enhances conductivity enhances darkening by 
X-ray radiation’ Divalent eation impurities which 
Increase iome conductivity enhance eolorability by 
radiation’, 

The role of the anion m the F band ın the halides 18 
not easily demonstrated as m the azides, since there 18 
no infra-red vibration associated with ıt excepé for the 
lattice vibration However, I suggesb that the corre- 
lation between the P band and tho first ultra-violet 
&bsorption band in the halides, first pointed out by 
Glasner and Tompkins‘, be interpreted im a manner 
similar to that im the azides Table 1 lists the difference 
m energy between the first ultra-violet absorption 
band in uncoloured crystals and the F band produced 
m the crystals It can be seen that the energy differ- 
ence 18 a constant for any particular anion Tt is 
generally accepted* that the first ultra-violet absorp- 
tion peak in the halides 18 caused by the removal of an 
electron from a halogen ion to a neighbourmg metal 
ion Our suggested model for the F band 18 the partial 
removal of an electron to a neighbouring metal 10n so 
that 16 1s not surprising that there exists & relationship 
between the ultra-violet band and the P band 
Further, a colourless electronegative ron with an 
absorption band in the ultra-violet, under a perturbing 
influence (the formation of a bond with mereasingly 
greater covalent character), would expect to have an 
absorption band merease m wave-length proportional 
to the degree of perturbation® One might expect 
that any such perturbation would have the greatest 
eftect on the most ionic system If we use Paulmng's 
function", 1 — exp( —1 (Xa — 2X5) ?) (where X, and X 
are the electro-negativrties of the atoms in the bond), 
23 & measure of the tonic character for the hahdes, 
then the fluorides appear to bo most ionic and the 
10dides least so and the difference in energy between 
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the ultra-violet band and the F band varies in the 
expected manner My proposed model for the F 
absorption band 1s a point defect where just such a 
phenomenon 18 occurring 

I cannot justify the mmposition of a special site 
for a cation vacancy which afterwards captures a 
metal 10n except to say that perhaps the 10n does not 
completely enter the vacancy or that there 1s meom- 
plete relaxation about the vacancy caused by other 
defects in the neighbourhood 

It has been shown’ that normal sodium chloride 
contains about 1027 interstitial sodium atoms/e e 
and thus the model yields a plausible mechanism for 
the formation of F centres by low-energy niadiation 
The ‘charge-transfer’ complex also allows one to 
understand more easily the dichroism observed in 
F centres? 

Perhaps the most serious drawback to the model 1s 
that no explanation 1s given for the observed electron 
spin resonance in coloured crystals I suggest that 
the electron which 1s removed from the interstitial 
metal atom 1s trapped at another centre giving rise to 
the electron spin resonance The optical F absorption 
band and electron spin resonance appear simul- 
taneously but come from two different points m the 
crystal. 

This work was initiated at the Convair Scientific 
Research Laboratory, San Diego, Califorma 
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' BIOCHEMISTRY 


-Particle Involvement in Fatty Acid 
Synthesis in Liver and Yeast Systems 


Tur synthesis of fatty acids from acetate has been 
shown to occur in particle-free supernatant fractions 
obtained from a variety of mammalian tissues! An 
examination of the lterature’’ reveals that such 
synthesis 1s significantly increased in the presence of a 
mucrosomal fraction (While the term mucrosome 
may be used to describe the particle fraction prepared 
from liver, ıt 18 premature to refer to yeast particles 
by this name since the cvtological fractionation of the 
yeast cell 1s less well established As used here, the 
term particles refers to the fraction sedimented, after 
prior removal of the mitochondrial fraction, at 100,000g 
for 45 min ‘Supernatant’ refers to the solution 
obtaimed after removal of the 100,000g pellet) We 
have shown, for example, that the addition of rat 
liver microsomes, 1n appropriate amounts, results 1n an 
increase im the incorporation of acetate carbon into 
fatty acids many times greater than that observed 
with the rat liver supernatant fraction alone? 
Similar observations have been made with a yeast 
system" 


NATURE 


1287 


Table 1 EFFECTS OF ADDITION OF PARTIOLES ON FATTY ACID 
SYNTHESIS FROM ACETATE IN LIVER AND YEAST SYSTEMS 


After addition of liver After addition of veast 


Supernatant microsomes (ml ) particles (ml ) 

alone 0025 005 010 030 0025 005 010 030 
Liver, 136 251 462 326 76 411 334 230 142 
Yeast, 103 185 182 78 38 273 848 294 249 


40 umoles of potassium phosphate buffer (pH 7 5), 15 moles of 
reduced glutathione (K+ salt) 18 umoles of MgCl,, 0 25 umole of MnCl,, 
25 pmoles of KHCO,, 1 25 moles of potassium acetate-1-“C (3 x 
105 cpm), 12 umoles of ATP (K+ salt), 0 08 umole of CoA, 0125 
umole of TPN, and 18 8 moles of potassium citrate, all contained in 
05 ml, were incubated with 04 ml of a particle-free supernatant 
fraction (119 mgm protem for liver, 88 mgm protem for yeast) 
plus the amount of particle suspension (in 01 M phosphate buffer, pH 
7 5) recorded above (55 mgm per ml protein for liver, 67 mgm. per mL 
protein for yeast) for 2 hr at 37°C with air as the gas phase The 
preparation of the liver and yeast fractions in 0 1 M phosphate buffer 
(pH 75) has been described (refs 9, 14) The fatty acids were 
wolated and assayed for carbon-14 activity as described im ref 15 
All values above represent mymoles of acetate converted to fatty 
acids per mgm supernatant protein 


The failure of other workers to observe particle 
stimulation in mammalian preparations!:!°—as well 
as the report that removal of these particles actually 
mcreased synthesis’—may be explained by our 
present findings (Table 1), which show that mucro- 
somes increase fatty acid synthesis over only a narrow 
range of concentrations Indeed, additions of excess 
amounts of particles reduced synthesis below that 
observed with the supernatant fraction alone Smee 
adenosine triphosphate (ATP) 1s an absolute require- 
ment for fatty acid synthesis from acetate, our 
findings of high ATPase activity 1n liver microsomes 
offers a reasonable explanation for this inhibitory 
action of the microsomes ‘The inhibition observed 
with moderately large amounts of microsomes can be 
reheved by increasing the ATP concentration in the 
meubation medium 

Table 1 also shows that yeast particles can be 
substituted for liver microsomes in the experiments 
with liver supernatant fractions. Here again, fatty 
acid synthesis from acetate reached 1ts optimum ım the 
presence of specific amounts of yeast particles, but 
dropped when those amounts were mereased The 
addition of hiver microsomes to the yeast supernatant 
fraction failed to augment fatty acid synthesis, but 
them inhibitory property at high levels was retamed 
Fatty acid synthesis in the yeast system was less 
sensitive to large amounts of yeast particles 

The addition of particles also immereased the incor- 
poration of the carbon-14 of acetyl-1-C-coenzyme A 
(CoA) mto fatty acids, but did not affect fatty acid 
synthesis from malonyl-CoA (Table 2) These findings 
suggest that particles exerted their effect before the 
formation of malonyl-CoA ın both systems Evidence 
that this may be the case ın the yeast system comes 
from the observation that yeast particles are rela- 


Table 2 EFFECT OF PARTICLES ON INCORPORATION OF THE CARBON-14 
OF AGETATE-1-140, ACETYL-1-4C-CoA AND MALONYL-2-"*C-CoA INTO 
FATTY ACIDS BY RAT LIVER AND YEAST PREPARATIONS 


Percentage of carbon-14 ancorporaten into fatty 
acıds 


Rat hver Yeast 
Labelled substrate Super- Super- Super- Super- 
natant natant + natant natant + 
alone mucrosomes alone particles 
Acetale-1-*C 59 32 3 37 23 2 
Acetyl-1-*C-CoA 61 24 6 41 171 
Malonyl-2-1*0-CoAÀ. 44 0 516 38 5 46 2 


60 umoles of glycylglycine-KOH buffer (pH 7 5), 15 moles reduced 
glutathione (K* salt), 18 wmoles of MgCl, 0 25 umole of MnCl, 
2 5 moles of KHCOs, 12 umoles ATP (K+ salt), 0 125 umole of TPN, 
18 8 «moles of potassium citrate and either (a) 0 12 umole of potassium 
acetate-1-MC (45 x 10% cpm) plus 012 umole of CoA or (b) 0 12 
umole of acetyl-1-M0-CoA (94 x 10* cpm) or (c) 012 umole of 
malonyl-2-MC-CoAÀ (23 x 105 cpm) plus 0 02 umole of acetyl-CoA, 
all contained 1n 0 5 ml, were cubated with 0 4 ml of particle-free 
supernatant fraction (7 8 mgm protein for liver and yeast) and 0 1 ml- 
of particle suspension (2 1 mgm protein for liver and 54 mgm pro 
tein for yeast), as described m Table 1 = 


, 
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Table 3 INCORPORATION OF THE CARBON-14 OF ACETATE-1-#4C, ACETYL- 
1-*C-CoAÀ AND MALONYI-2-“C-CoA INTO FATTY ACIDS BY RAT LIVER 
AND YEAST PARTICLES INCUBATED ALONE 


Percentage of carbon-14 incorporated 


Labelled substrate into fatty acids 
Liver microsomes Yeast particles 
Acetate-1-*4C 02 20 8 
Acetyl-1-14C-Co A 03 14 7 
Malonv1-2-1* C-Co À 20 0 158 


60 umoles of glycylglycine-KOH buffer (pH 7 5), 15 moles of 
reduced glutathione (K* salt), 18 4moles of MgClg, 025 umole of 
MnCh, 2 5 umoles of KHCO,, 12 uinoles of ATP (K+ salt), 1 umole 
of TPNH, and either (a3) 012 umole of potassium acetate-]1-i*C 
(45 x 10* c pm) plus 0 12 umole of CoA or (b) 0 19 umole of acetyl- 
1-1*0C-CoÀ (94 x 10* c p m ) or (o) 0 12 umole of malonyl-2-MC-CoA 
(23 x 10° epm) plus 0 02 umole of acetyl-CoA, all contained in 
0 5 ml, were incubated with 01 ml of particle suspension (2 1 mgm 
protem for liver and 5 4 mgm protein for veast), as described in 
Table 1 


tively rich in acetyl-CoA carboxylase activity 
However, the results reported here indicate that this 
explanation 1s not tenable for the liver system 
Particles from liver and yeast were incubated with 
acetate, acetyl-CoA, or malonyl-CoA, under the con- 
ditions shown ın Table 3 Liver particles, by them- 
selves, incorporated into fatty acids appreciable 
amounts of the carbon-14 of malonyl-2-VC-CoA, but 
not of acetate-1-4C or acetyl-1l-5C-CoA | Under 
identical conditions, yeast particles converted signi- 
ficant amounts of all three substrates to fatty acids 
That yeast particles have an enzyme system capable 
of the complete conversion of acetate to fatty acids 
receives support from our observation that they 
contain acetokmase activity equivalent, on a piotem 
basis, to that found in the supernatant fraction 
(Klem, H P, and Den, H, unpublshed observa- 
tions) Liver particles, on the other hand, presumably 
lack acetyl-CoA carboxylase activity, and may be 
devoid, of acetokinase activity With malonyl-CoA 
as substrate, 1f no added co-factor 1s rate limiting, an 
additive effect would be expected when the two 
fractions of each system are combined But this was 
not observed (Table 2) The relation of this fatty acid- 
synthesizing system in the particles to fatty acid 
synthesis in the system composed of the supernatant 
fraction plus particles remains to be elucidated 
Although the increase in fatty acid synthesis from 
acetate and from acetyl-CoA induced by liver micro- 
somes 1s not due to ther ability to convert acetyl- 
CoA and bicarbonate to malonyl-CoA, the possibility 
exists that malonyl-CoA 1s supphed through an mter- 
action between the particles and the supernatant 
fraction It 1s conceivable that some compound in the 
system may donate a carboxyl group to acetyl-CoA 
without passing through a bicarbonate pool (cf 
Swick and Wood?) We have reported? that, while 
glucose-6-phosphate or malate will produce adequate 
amounts of reduced triphosphopyridine nucleotide 
(TPNH) for fatty acid synthesis from acetate in 
mammalian systems, these compounds do not stimu- 
late fatty acid synthesis as effectively as do citrate. 
isocitrate, and aconitate These tricarboxylic acids, 
which yield amounts of TPNH comparable with those 
formed from malate or glucose-6-phosphate, are 
distinctly superior ın their capacity to augment fatty 
acid synthesis from acetate or acetyl-CoA (The 
addition of hver microsomes to the supernatant 
fraction oxidizing citrate-6-4C will icrease the rate 
and level of CO, production ) It 1s therefore reason- 
able to infer that the tertiary carboxyl group of 
citrate may be involved in a transcarboxylation 
reaction with acetyl-CoA leading to the formation of 
malonyl-CoA The supernatant fraction, contamung 
isocitric dehydrogenase and aconitase, would mutiate 
this reaction, which would then be completed by 
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particles through a transcarboxylase reaction Numa 
et al 1? were unable to demonstrate transcarboxylese 
activity ın rat liver preparations, but their examina- 
tion of transcarboxylase activity was confined to the 
particle-free supernatant fraction only 

This work was aided by a grant to one of us (I L C) 
from the United States Public Health Service and the 
Life Insurance Medical Research Fund, and to another 
(H P K) from the National Science Foundation 
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Comparative Effects of 2,4-Dinitropheno! 

on the Actomyosin Adenosine Triphos- 

phatase from Fresh, Frozen and Freeze- 
dried Beef 


IN our work on biochemical alterations in beef 
consequent upon freeze-drying the evidence obtained 
so far indicates that the changes are probably subtle 
Previously! we reported that there 1s httle change 
between the salt solubility of frozen and freeze-dried 
beef and that only small differences occurred m the 
amount of sedimentable actomyosin No consistent 
difference appeared in the adenosine triphosphatase 
(ATPase) activity of actomyosin extracts from these 
materials, and the electrophoretic patterns shown by 
sarcoplasmic protein extracts were almost identical 
for frozen and freeze-dried beef, under the conditions 
used With contractile protem extracts there was 
noticeable alteration in the freeze-dried pattern 
indicating denaturation 

In present work reported here, designed to detect 
ageing changes ın beef, I have compared the stimu- 
latoiy effects of 2,4-dimitrophenol (DNP) on acto- 
myosin ATPase preparations from fresh, frozen and 
freeze-dried beef While there were no demonstrable 
changes ascribable to ageing, I observed a con- 
sistently greater stimulation by DNP of the acto- 
myosin ATPase from fresh beef than from frozen and 
freeze-dried, beef 
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Actomyosm extracts were prepared in two ways 
from semitendinosus and longissimus dorsi muscles 
Precipitated actomyosin was prepared by the con- 
ventional technique of extraction with 053 tonic 
strength buffer pH 8 2 and dilution to 10n1e strength 
008. Actomyosin obtamed indirectly was prepared 
as previously described! The only procedural change 
was the substitution of a Virtis blender (1$ mm) 
for the Warmg blender 

Beef carcasses (hindquarters or short hips right and 
left sides) were recerved on the dates shown m Table 1 
Muscle designated as ‘not aged’ was excised within 
18 hr of receipt From this, samples labelled ‘fresh’ 
were taken for :mmediate analysis The remainder 
was frozen in air at —29°C for periods of 24-48 hr 
The frozen muscle was cut mto slices 3/4 in. thick 
One portion was kept frozen and the other freeze- 
dried by radiant heating at a chamber pressure 
between 0 4 and 0 5 mm mereury* Analyses of the 
frozen samples were begun during this 48-hr period 
Freeze-dried samples were vacuum-packed 1imme- 
diately on removal from the drying chamber, and 
stored at — 29? C Analyses of the latter were always 
made within 2 weeks of freeze-drymg 

Samples designated as ‘aged’ were taken from tho 
opposite hind limb, which was hung (aged) for 3 weeks 
at + 4°C At the end of the agemg period the muscles 
were excised and treated m the same manner as the 
unaged samples 

Lhe ATPase activities of the extracts were determ- 
ined at 30° C in a manner similar to that described 
previously’, the final concentration of reactants 
bemg calcium chloride 0005 M, DNP 0004 M ; 
ATP 00025 M, potassium chloride 010 M, tris- 
(hydroxymethylammomethane) 0 05 M, pH 81 The 
concentration of enzyme giving a, linear reaction-rate 
for the 10-min. period was found to be between 
0 200 and 0 300 mgm nitrogen 

The results are shown in Table 1 


Table 1 COMPARISON oF DNP STIMULATION OF ACTOMYOSIN ATPASE 
FROM FRESH, FROZEN, FREEZE-DRIED BEEF 


Precipitated 
actomyosin Indirect 
Per- 
centage 
Waith- | stimu- 
out 
DNP 


ST aged 
7/1/60 
Fresh 
Frozen 
F 


S T aged 
29/3/60 
Fresh 

Frozen 


FD 
S T not aged 
29/3/60 ' 
Fresh 
Frozen 
FD 
ST aged 
7/1/60 
Fresh 
Frozen 
FD 


ST aged 

16/11/59 
Fresh 

Frozen 


F 
L/D aged 
29/3/60 
Fresh 
Frozen 


D 
ST not aged 
7/1/60 


Fresh 
Frozen 
FD 


ST aged 
29/3/60 
Fresh 
Frozen 
FD 


S T not aged 
29/3/60 
Fresh 
Frozen 
FD 
L/D aged 
29/3/60 
Fresh 
Frozen 
L/D not aged 
29/3/60 
Fresh 
Frozen 





Activities expressed in pgm P/min /mgm N 
T, Semitendinosus muscle , L/D, longissimus dorsi muscle, 
F D , freeze-dried 
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It 1s well known that DNP stimulates the calc1um- 
activated ATPase of myosm and actomyosin’-5 
However, no previous report appears to be available 
concerning the effect of DNP on actomyosin from 
post-rigor muscle The mechanism by which stimula- 
tion is achieved ıs not agreed upon At temperatures 
above 16° C, DNP also stimulates the cytidine 
triphosphatase (CTPase) activity of myosin but 
inhibits the mosine and guanosine triphosphetase 
(ITPase, GTPase) activity?" It has been postu- 
lated that retardation of hydrolysis of the former two 
enzymes results from the interaction of — SH. or 
other groups m the enzyme and the 6-NH, group 
common to both adenine and cytosine This retarda- 
tion 1s relieved or removed by the action of DNP 
on the rate-retarding group of the protem®§ 
There is no such retardation with the 6-OH base 
present, for example inosine, and DNP does not 
stimulate hydrolysis 

Gilmour and Griffiths’ have suggested that since 
myosin aggregates at 25° C, there 1s consequent 
masking of the active centres At 0° C there is no 
masking and no stimulation by DNP At the higher 
temperature, DNP 1s thought to achieve its effect 
by splitting the polymer and restoring the enzyme to 
the state ın which 16 exists at 0? C. 

The finding of Perry and Chappell‘ that stimulation 
of myosm ATPase 1s depressed by an Imncreasmg 
actin/myosm ratio in synthetically prepared acto- 
myosins siso bears on the interpretation of these 
results The mechanism by which actin can reverse 
the DNP effect 1s not understood, but 1t 18 presumed 
that actin can alter the nature or sequence of events 
at the active centres of myosin 

In the hight of the foregoing, the results presented 
in Table 1 may be interpreted ın either of two ways 
The depressed stimulation shown by the frozen and 
freeze-dried samples could be due to unmaskmg of the 
active centres during freezing and drymg This would 
imply the existence of some depolymerizmg process 
as & result of freezing or drying It 1s highly unlikely 
that depolymerization occurs! Moreover, the DNP- 
ATPase activities of the pellet from actomyosin 
fractionated at high speed (Cole, unpublished results) 
show no consistent differences from those of the super- 
natant liquid If particle-size affected the DNP- 
ATPase this would be reflected in greater stimulation 
of pellet enzyme material 

A second and more logical interpretation of the 
results reported above can be based on a changed 
or changing active myosin/actin ratio A preferential 
denaturation of myosin m the actomyosin complex 
would decrease this ratio and thus decrease the 
stimulatory effect of DNP 

I wish to thank Dr W R Smuithies for having 
the samples of freeze-dried meat prepared and to 
acknowledge the technical assistance of Mrs Helen 
Kent 

L J N Cork 
Defence Research Medical Laboratories, 
Post Office Box 62, Postal Station ‘K’, 

Toronto 12, Ontario 
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Formation of Auxin-bound Proteins 


Tae occurrence of auxm-—protem complexes has 
been recognized for a long time, but very little 18 
known about the mechanism of the binding process 
According to Siegel and Galston' energy for the 
couplmg of auxin to protein 1s supplied by adenosine 
triphosphate, and the process can be inhibited. by 
several metabolic inhibitors Galston e£ al?? have 
observed, usmg indole-3-acetic acid (LAA) labelled 
with earbon-14, that auxin 18 not bound appreciably 
to any of the cell organelles but that the particle-free 
supernatant contams macro-molecules to which auxin 
is bound. Masuda‘ has recently put forward the 
suggestion that IAA may render ribonucleic acid 
(RNA) separate from mbonucleoprotem by becoming 
complexed with the protem moiety. During the 
course of an investigation on the bmding of auxin 
to protem in growing tissues ıb was observed that 
several ammo-acids stimulated the binding process 
This communication summanzes some of the 
observations made concerning the mter-relationship 
between the bmding process and protem synthesis 

The auxin ‘used was naphthalene acetic acid-1-4C 
(NAA-MO) obtamed from Tracerlab Inc , Waltham, 
Mass, United States The specific activity of this 
preparation was rather low (67 yo./mgm ), m the 
experiments described here, concentrations lower than 
5 x 103 M could not be used ‘To study the effect 
of amino-acids on the binding of NAA-“C to protem, 
pea-internode sections (var Duke of Albany) were 
allowed to metabolize different amino-acids m phos- 
phate buffer of pH 60 m the presence of NAA-MC, 
and the protems precipitated by trichloracetic acid 
(ICA) It can be seen from Table 1 that all the 
amino-acids used promoted the binding of NAA-¥C 
to protem, and the stimulation was particularly 
noteworthy n the case of aspartic acid With aspartic 
acid, glutamic acid and leucme, meorporation of 
carbon-14 into the TCA-precipitable protems was 
higher at 10-3 M than at 10-9 M It 1s not known, 
however, whether these amimo-acids or the auxin- 
amino-acid conjugates—if such conjugates were 
formed in the present case—participated in the 
formation of the auxin-bound protem 


Table 1 EFFECT OF AMINO-ACIDS ON THE BINDING OF NAA-“C TO 
THE ‘PROTEIN’ of PEA (VAR DUKE OF ALBANY) INTERNODES 


Per cent 


Treatment incorporation of 
carbon-14 after 3 hr 
Control 100 
Aspartic acid 107° M 215 
Aspartic acid 10? M 333 
Glutamic acid 107° M 105 
Glutamic acid 107? M 243 
Serine 1075 M 115 
Serine 107? M 129 
Leucine 1075 M 180 
Leucine 1073 M 214 
Alanine 107° M 158 
Alanine 107? AL 158 
Glyeine 107° M 158 
Glycine 107? M 154 


If new protem 1s formed, 1t may be expected that 
chloramphenicol—which has been reported to be an 
inmbitor of protem synthesis—would inhibit the 
process of formation of the auxin-bound protem 
Accordmgly, mternode sections were meubated with 
three different concentrations of chloramphenicol 
The results are shown m Fig 1 It ıs surprising to 
note that even at 10-? M no inhibition was observed , 
10-5 M chloramphenicol brought about a stimulation 
Some imhibition was observed if the NAA-“C was 
added l hr after pre-aneubation with chloramphenicol. 
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Concentration of chloramphenicol 
Fig 1 Effect of chloramphenicol on the binding of NÁA-*O 
to protein of internodes of peas 


250 


to 
o 
e 


2 
e 
e 


Increase in growth as percentage of control 
[T 
c 
e 


€— 


107 M 10-5 M 103 M 
Concentration of chloramphenicol 


Fig 2 The effect of different concentrations of chloramphenicol 
on the growth of Avena coleoptiles in presence ( A) or absence ( O) 
of 107* M IAA 


Since the bindmg of auxm to protem 1s usually 
supposed to be related to the growth process, 16 was 
necessary 30 see whether chloramphenicol inhibited 
auxin-mduced growth. The results are shown in 
Fig. 2  Chloramphenicol not only fails to mhibit 
growth, but also has no marked effect on the moor- 
poration of 14C-labelled ammo-acids into the protems 
At 10-3 M some imnhibitjon was observed m the case 
of glyeimne-2-4C (Table 2) 

In subsequent experiments the effect of ribo- 
nuclease (bovine pancreas RNase, Sigma Chemical 
Co, St Lows, Mo, USA.) on the binding process 
was investigated Avena coleoptiles were used, since 
from the work of Masuda® it appears that RNase 
penetrates coleoptile sections The coleoptiles were 
treated with RNase (100 ugm /ml) for 25 hr, 
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Table 2 EFFECT OF CONCENTRATIONS OF CHLORAMPHENICOL ON THE 
INCORPORATION OF GLYCINE-2-*C AND LEUCINE-1-"C INTO THE 
PROTEIN’ OF PEA (YAR DUKE OF ALBANY) INTERNODES 


Amuno-acid Concentration of Per cent incor- 

chloramphenicol poration of car- 

bon-14 after 3 hr. 
Glycine-2-14( 0 100 
(5 x 107*M) 107* M 139 
10^ M 84 
Leucine-]-^4C 0 100 
(5 x 10 *M) 107* M 133 
1075 M 98 


Table 3 EFFECT OF RNASE ON THE BINDING OF NAA-**C TO THE 
'PROTEIN' OF PEA (VAR DUKE OF ALBANY) INTERNODES 


Treatment cpm /mgm of 
*protein' after 3 hr. 
Control 600 
RNase (100 ugm /ml ) 809 


washed and incubated again for 3 hr in darkness at 
28° C. ın the presence of NAA-“C From Table 3 
16 18 apparent that treatment with RNase has no 
inhibitory effect On the other hand, some stimula- 
tion was observed No inhibition was found even 
when the period of meubation with NAA-“C was 
reduced to 1 hr—a period much shorter than that 
required by the coleoptiles to overcome the mhibitory 
effect of RNase‘ The process of bmding of auxin 
to protem, thus, does not appear to be an RNA- 
controlled process. Whether the stimulation m bmd- 
mg due to RNase treatment 1s caused by the libera- 
tion of nucleotides? which help m the bmding of 
auxin to protem, or due to an increased availabilty 
of sites for the binding of auxin owing to the separa- 
tion of RNA from ribonucleoprotem, 1s not known 
at present 
ARCHANA SEN GUPTA 
S P SEN 
Radiochemieal Laboratory, 
Bose Institute, Caleutta-9 
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Effect of Indole-3-Acetic Acid (IAA) on Phos- 
phorus Metabolism in the Avena Coleoptile 


It is generally believed that energy-rich phosphate 
compounds act as a store-house of energy for different 
reactions durmg growth The auxm-mduced stimu- 
lation of respiration 1s presumed to be due to an 
increased avaiabihty of phosphate acceptors due to 
the rapid utilization of nucleotides during the growth 
process’? Rhodes and Ashworth‘ have speculated 
on the mechanism by which growth substances may 
be metabolized for the generation of energy-rich 
phosphate bonds, but an unequivocal demonstration 
of the stimulation of nucleotide synthesis 1s not 
available Ormrod and Wilhams* and Key et al* 
have recently observed inereased phosphorylating 
activities 1n plants sprayed with 2,4-dichlorophenoxy- 
acetic acid Marre and Forti? had noted a rapid 
mcreasa in high-energy phosphate level in auxm- 
treated pea mternode segments durmg the first 30 
mm , followed by a declme The method of estima- 
tion of adenosine triphosphate (ATP) adopted by 
them, which involves the adsorption of adenme 
nucleotides on charcoal followed by elution with 
hydrochloric acid, has several hmitations when apphed 
to tissue sections Since numerous metabolic reac- 


- 
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tions go on in the cell at the same time, and a large 
number of them concern the participation of nucle- 
otides, particularly reactions mediated by the kinase 
type of enzyme, and the phosphate residues are 
transferred to a variety of substrates, estimation of 
the level of adenine nucleotides at any given time is 
not the true measure of the total ATP formed during 
the experimental period A more correct approach 
18 to estimate the phosphate esterified to organic 
compounds including the nucleotides Phosphate 
labelled with phosphorus-32 may be conveniently 
used for this purpose and the present communication 
summarizes the findmgs of an investigation directed 
towards this objective 

Five-mm sections of 4-days old Avena coleoptiles 
(var N Pl) were incubated with radioactive dı- 
sodium hydrogen phosphate (Na,H*?PO,) and dif. 
ferent concentrations of IAA m M /150 phosphate 
buffer of pH 6 0 for 1 and 2 hr. The tissues were 
extracted with 80 per cent ethanol and the concen- 
trated oxtract chromatographed two-dimensionally 
with phenol/water as the first, and butanol/acetic 
acid/water (4 1 1) as the second, solvent for 48 hr., 
or unidimensionally ın 69 per cent butyric acid m 
085 per cent sodium hydroxide, followed by auto- 
radiography with Ilford X-ray films The sum of 
the ??P-aetrvities m the radiation spots other than 
Inorganic phosphate was taken as a measure of 
phosphate-"P esterified. It may be observed from 
Fig 1 that with low concentrations of IAA in the 
expermnental solution, esterification of =P was m- 
creased considerably, at 10-3 M, a concentration 
which was inhibitory to growth, esterification was 
also mhibited The stimulation in esterification 
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Fig 1 Effect of different concentrations of LAA, in presence (A) 

or absence ( 6) of DNP (10-5 M) on esterification of phosphorus-32 

(from Na,H?*PO,) in the 80 per cent ethanol-soluble fraction of 
Avena coleoptile sections, experimental period 2 hr 


jl 
r2 
o 


un 
oo Q 
© e 


Ksterifled phosphate-5*Pp 
cpm /mgm dry weight (x 10-5) 
[n] 
o 


U 


40 


1292 


observed at the end of 1 hr was greater than that 
after 2 hr Similar results were obtained with rice 
coleoptiles 

When 10-5 M 2,4-dimtrophenol (DNP), the un- 
couphng agent of phosphorylation, was ineluded m 
the experimental solution it was found that DNP 
itself mhibited the esterification of phosphate-9P 
by more than 50 per cent The mhibitory effect was 
countered by low concentiations of IAA JAA at 
107 M had very little effect, but the higher con- 
centration of 10-5 M considerably dimmuished the 
inhibitory effect due to DNP JAA at 10? M, which 
inhibited esterification, failed to oppose the cffect of 
DNP to any great extent 

The effect of IAA and DNP on individual com- 
pounds is shown m Table 1 Phosphate-"P was 
metabolized mainly to hexose phosphates, ATP and 
ADP, and an unidentified compound designated 
‘compound X’ ın Table 1 While changes im activity 
im the sugar phosphates and adenine nucleotides 
reflected the pattern observed m investigation of 
phosphate esterification, incorporation of phosphorus- 
32 into compound X increased with increasing con- 
centrations of IAA DNP completely inhibited. its 
formation, 1+ ieappeared only when DNP was 
combined with 10-3? JJ TAA 


Table i  ErFEOT OF IAA AND DNP ON THE INCORPORATION OF 
PHOSPHORUS-32 FROM Na,H"*PO, INTO THE 80 PER CENT ETHANOL- 
SOLUBLE PHOSPHORYLATED COMPOUNDS OF Avena COLEOPTILES 
SPECIFIC ACTIVITY (Cc p m /mgm x 10-3) AFTER INHALATION FOR 2 HR 


Hexose 


Treatment phosphate ADP + ATP ‘Compound X' 
Control 154 6 545 4 75 
1075 M 209 6 7218 102 7 
TAA 105 M 203 9 365 5 164 7 
DNP 1075 M 971 235 0 0 
DNP 1075 M 69 2 185 0 0 
+ JAA 10 7 M 
DNP 107 M 152 7 322 2 0 
+ IAA 107° M 
DNP 10-9 M 1208 310 4 26 8 
+ ITAA 107* M 


Results obtained in this work reveal an increased 
incorporation of phosphorus-32 ın both the alcohol. 
insoluble fraction and in the esterified organic com- 
pounds in the alcohol-soluble fraction m the presence 
of low concentrations of IAA which promote tho 
growth of coleoptiles Ifthe phosphorylase and phos- 
phatase activities of these tissues are not very high, 
this may be taken to reflect largely, 1f not entirely, the 
formation of energy-rich nucleotides as affected by 
auxins The mhibition by DNP and its counter-action 
by IAA provide further evidence in support of the 
contention that application of auxins leads to meta- 
bohe changes resulting m an increased synthesis of 
energy-rich nucleotides utilized in various reactions 
involved in the growth process 

Our thanks are due to Dr D M Bose, director, 
and Dr P K Bose, head of the Department of 
Chemistry, Bose Institute, for them mterest and 
encouragement 

A SEN GUPTA 
S P SEN 


Radiocbemieal Laboratory, 
Bose Institute, Caleutta-9 
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Quantitative Aspects of the Re-utilization 
of Protein-bound Amino-acids in vivo 


THe extent of the re-utihzation of protein-bound 
amino-acids in the formation of new protem has been 
a subject of interest for many years?-? The main 
difficulty with some of the work reported in the 
literature has been that the half-hfe of the protem 
into which the re-utiized amino-acid residue was 
traced was short Thus, when one injects a labelled 
soluble protein and determines the uptake of the 
label into liver or serum protems (the half-hves of 
which are a few days in extent) one deals with a 
situation ın which the uptake, transfer and loss of 
label 18 rapid and, furthermore, where the ‘recipient’ 
protem contmually recirculates some of the ammo- 
acid to itself In these circumstances one is unable 
to assess reliably the significance or extent of the 
re-utihzation 

In this communication we describe the quantitative 
re-utilzation. of ammo-acids from serum protein to 
globm  Globm ıs a protem which, contamed m the 
red cell, enjoys a life-span of about 55 days in the rat 
Thus, over a reasonably short period no globm formed 
during that interval of trme is broken down 

22 hr after injecting a rat with 1 me (about 20 
mgm ) of glyemoe-2-14C, the animal was bled and serum 
albumin and serum globulm were prepared by 
methods described ın ref 3 20mgm of exther labelled 
serum albumin or serum globulin contaming 65 mue / 
mgm were injected intravenously mto recipient rats 
Animals wero killed I, 3, 6, 9, 12 o1 15 days after the 
ieetion and globin was prepared from washed 
erythrocytes by the method m ref 4 Dry protem 
powders? of the globm and also of aliquots of the 
injected serum protein were hydrolysed in 6 N 
hydrochloric acid for 24 hr and the hydrolysate was 
then treated with 2,4-dinitrofluorobenzene according 
to Levy’ ‘The dmitrophenyl glycme was separated 
from the other dinitrophenyl-amino-2e1ds on a ‘Cehte’ 
column and purified as described mref 6 Samples of 
the injected protein and of the dinitrophenyl glycine 
from injected protein and from globin were counted 
using a D-47 Nuclear-Chicago flow-gas counter with 
‘Mylar’ wmdow When sample weights differed fiom 
30 mgm a self-absorption coriection was applied 
In addition, the counts obtaimed for dinirophenyl 
glycine samples were recaleulated for free glycme 

In preliminary experiments we found that the half- 
hfe of serum albumin ıs 3 days and of serum globulin 
is 4 days in the Sherman strain rats used in these 
experiments Furthermore, ıt was established that 
about 31 per cent of the radioactivity of serum 
albumin or serum globulin is due to glycme when 
these proteins are prepared as described here and the 
remainder of the activity isin serme In experiments 
to be reported m full elsewhere ıt was also found that 
the conversion of labelled serme to labelled glyeme, m 
recipient animals injected with glyeme-serme labelled 
serum protems, does not materially affect the results 
of the calculation presented here 

Usmg the data obtamed in the above oxperiments 
1518 possible to calculate the percentage serum albumm 
and serum globulin glycme re-utihzed in globm 
synthesis The percentage of the total glycine 
requued for globin synthesis which has its origm m 
serum protein glycine can also be determmed 

The calculation 1s based on the counts/mm /mgm 
of globm glycine found at time ¢ after injection, the 
total serum protein-bound glycme activity mjected 
into the rat, the assumption that 3 4 per cont of the 
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body-weight corresponds to the total packed red cell 
volume, that there are 314 mgm of hemoglobinjml 
packed cells’? and that the life-span of red cells 18 
55 days ın the rat? Furthermore, the glycine content 
of globin 1s assumed to be 4 8 per cent?, that of serum 
globuhn 43 per cent and that of serum albumm 
1 6 per cent?329, the molecular weight of hemoglobin 
is taken at 68,000 and that of globin at 65,400 (ref 11) 
The sample calculation presented here is one which 1s 
based on a rat injected with labelled rat serum globu- 
hn and kiled 12 days later 

The final calculated results are typical of those 
obtained m rats mjected with serum globulin and killed 
at any of the times after 1njection mentioned here 

A sample calculation of the re-utilization of serum 
globuhln glycme m globm biosynthesis 1s as follows 

(1) Total glycine radioactivity released on break- 
down of injected labelled serum globulin from time 
0 to time ¢ (č = 12 days) Counts/min injected x 
percentage activity m glyeme x fraction degraded at 
tıme ¢ = 196,500 x 31 per cont x 87 5 per cent = 
53,300 

(2) Total mgm glycine released a day on break- 
down. of serum globulins Rat weight (gm ) x ml 
serum/gm body-werght x mgm serum globulin/ml 
x percentage glycme m serum globulin x fraction of 
serum globulin degraded a day = 283 x 0034 x 
322 x 43 per cent x 16 per cent = 213 

(3) Total mgm glycime required in globin synthesis 
a day m this rat Weight of rat (gm ) x m) packed 
red cell volume per gm body-weight x mgm hemo- 


globm/ml x WW oro x per cent glycine in 
I 
globin x Ifo span of red cells = 283 x 0034 x 314 
65,400 l 
X $8,000 x 48 percent x — = 2 54 


(4) Total radioactivity meorporated mto total 
globin glycine from tıme 0 to time t£ (t = 12 days) 
Counts/min /mgm globi glycine x total mgm 
globm glycme = counts/min /mgm globin glycine 
x mgm glyeme required in globin synthesis a day 
x life-span of globm = 4 38 x 254 x 55 = 612 

(5) Percentage serum globulin glycine radioactivity 
incorporated into globin glycine 

total counts/min m globin glyeme 
total glycine counts/mm. released. from serum globulin 
612 
x 100 = 53,300 x 100 = 115 

(6) Weight of serum globulin glyeme incorporated 
into globm glycine over this 12-day time-penod 
mgm serum globulin glycme released per day x days 
x fraction serum plobulin glycme eounts/mm meor- 
porated m globin = 213 x 12 x 00115 = 0 294 

(7) Percentage of total glycine required in globm 
synthesis which has its origin m serum globulin 
glycine: 

Weight of serum globulin glycine imneorporated mto 


globin 
Total mgm. glyeine mcorporated into globin in 12 days 
0 294 
X 100 = 554 x 12 x 100 2 096 


Thus about 096 per cent of the total glycine 
iequired m globin synthesis has its origin m serum 
globulin and approximately 115 per cent of serum 
globuhn glycme 1s used for globm synthesis Snmlar 
experunente with rats injected with labelled serum 
albumin indicate that 0 57 per cent of the total glycme 
required in globin synthesis has its orlgim in serum 
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albumin and approximately 1 per cent of serum 
albumin glyeme is used for globin synthesis This 
contribution by serum proteins of 1 5 per cent of the 
total glycme required in globin synthesis must be 
deemed significant m view of the fact that serum 
proteins constitute only 2 per cent of the rat’s total 
proteins. WALTER 
H ZIPPER 
Radioisotope Service, 
Veterans Administration Hospital, 
Brooklyn, New York 
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Isolation of Echinochrome A from the 
Spines of the Sea Urchin, Stomopneustes 
variolaris (Lamarck) 


I HAVE reported the presence of echmochrome A 
(7-othyl-2,3, 5, 6, 8-pontahydroxy-1,4-naphthaquinone) 
in the spmes of the sea urchin, Hchinaiachneus 
(Seaphechmus) mirabiles! and Diadema setosum?. 
Recently 16 was found that the principal naphtha- 
quinone pigment in the almost black spines of the 
sea urchin, Stomopneustes variolarzs (Lamarck) (Japa- 
nese name, kuro-un1), which was collected at Shira- 
hama in Wakayama Prefecture, was identical with 
echinochrome 4 The isolation and purification of 
the pigment have been carried out by the identical 
method, used ın the case of Diadema setosum 

The pure pigment crystallized from dioxane—water 
in dark red-brown needles and melted at 215? The 
yield of the pure matemal was about 26 mgm from 
each 100 gra. of the spmes Absorption maxima were 
at 256, 340, 466, 489, 525 my. 1n chloroform and the 
percentage of carbon and hydrogen was 53 63 and 3 40 
respectively (cale for O,,H4,0, C, 54 14, H, 3 79) 

The trimethyl derivative of the pigment was 
obtained as long, red needles when 16 was methylated. 
with diazomethane and crystalhzed from dioxane— 
water It melted at 130° (sealed tube} and showed 
absorption maxima at 249, 323 5, 478, 503, 838 my m 
chloroform The percentage of carbon and hydrogen 
was 5853 and 496 respectively (cale for C,,H,O,- 
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Fig 1 Infra-red spectra a, free pigment of Stomopneustes 
vanolar, b, poems A a eee gelosum (potassium 
romuide 
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LL 
2 4 6 ~ 8 10 12 14 g 
Fig. 2 Infra-red spectra a, trimethyl derivative of the pigment 


of Stomopneustes varriolares, b, trimethyl echinochrome A of 


Diadema selosum (potassium bromide) x 


(OCH,),: C, 5835, H, 529) It was soluble m 
aqueous sodium hydroxide giving a blue colour 

The yellow dehydro-derivative having absorption 
maxima at 257-5, 319, 392 mu (ın aqueous methanol) 
was obtamed when the free pigment was dehydrogen- 
ated with the peroxidase-hydrogen peroxide system. 
The original red pigment was regenerated when the 
dehydro derivative was treated with hydrogen 
sulphide, 

The colour reactions and the ultra-violet, visible 
and infra-red absorption spectra of the free pigment 
and of the trimethyl derivative were m fair agreement 
with those of authentic specimens of echmochrome A 
and trimethyl echmochrome A, respectively. No 
depression of the melting pomt was observed when 
the mixed melting pomt exemmation was carried out 
with authentic specimens of echinochrome A and 
trimethyl echimochrome A, respectively 

I wish to thank Prof Y. Nakemura and Prof 
T. Saito, of Hokkexdo University, for their encourago- 
ment and guidance I am also grateful to Dr. H 
Utmom, of Seto Marme Biological Laboratory, Kyoto 
University, for collecting samples, and to Dr M 
Fupno, of Takeda Research Laboratory, for the 
elemental and infra-red analysis 
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Inhibitory Phenomena and ‘Habituation’ 
at the Neuronal Level 


IN behavioural habituation, according to Thorpe, 
the animal “learns not to respond to stimuh which 
tend to be without significance in the life of the 
ammal’’ It does so by a mechanism which determ- 
ines a “relatively permanent waning of a response 
as a result of repeated stimulation” Different authors 
conceive that the phenomenon of habituation may be 
correlated with changes in the central nervous 
system (a) development of inhibitory connexions, in 
a way analogous to the extinction of a conditioned 
reflex?, (b) development of mbhibitory influences 
acting on different synaptic relays of the sensory 
pathways, which, by producmg ‘afferent neuronal 
habituation’, would lead to behavioural habituation? 

We have atiempted to analyse the nature of these 
changes in the snail, in which behavioural habituation 
was described long ago (Humphrey, 1933, quoted by 
Thorpe!) In electrophysiological mvestigations with 
intracellular microelectrodes on the ganghon cells 
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of the snail and other molluses, Taue!t:5 has recently 
described postsynaptic mhibrtory potentials, and 
inhibitory effects of long duration, which might be 
relevant in an interpretation of the mechanism of 
habiéuation 

Our expermments were performed in an isolated 
nervous system preparation of the land snail (Hels) 
The whole pericesophageal ring of nervous ganglia and 
commussures, together with the mantle nerves, was 
cut loose and partially desheathed It was mounted 
m a ‘Lucite’ chamber and covered with Cardot’s 
solution The mantle nerves were threaded through 
small holes into a neighbourmg chamber, and moun- 
fed on bipolar platmum-iridium electrodes and 
covered with mineral oi Intracellular electrical 
recording was carried out with conventional glass 
mieropipettes filled with 2 5-3 M potassium chloride 

In the course of exploratory recording of the elec- 
trical activity of different cells ın the parietal ganglia, 
we concentrated our observations on a proup of two 
or three big cells (150—225y ın diameter) at the medal 
side of the right parietal ganglion, just left of the root 
of the internal right mantle nerve We selected these 
cells because of ther size, easy recognition, and 
stability of response (a couple of hours) 

When & micropipette penetrates the cell membrane, 
a resting potential of 40-60 mV 1s recorded, with an 
occasional burst of spikes After some minutes of 
impalement, these neurones exhibit a low-frequency 
discharge of impulses, with slow and regular changes 
in frequency, or with alternating periods of activity 
and silence We speak of this as ‘spontaneous’ 
activity not prejudgmg if 16 1s due to random synaptic 
bombardment or autorrhythmic activity generated 
in the impaled cell rtself Not only full-sized spike 
potentials (with an overshoot of 20-40 mV ) but also 
abortive or incipient spikes, and slower or faster 
oscillations of the membrane potential, m a depolariz- 
ing or hyperpolarizing direction, may bo recorded 

If the ipsilateral mantle nerve is stimulated with 
electrical pulses at rather low frequencies (1—5 sec.-), 
each stimulus may at the beginning drive a full-sized 
spike potential ım the neurone (Fig 1) After a certam 
number of stimuli, both the driven responses, and the 
‘spontaneous’ impulses as well, are blocked and 
replaced by an oscillating type of hyperpolarizmg 
activity, which ether builds up gradually during 
stimulation or appears abruptly after some stimuli. 
In many cases, with adequate amplification and time 
base, each afferent impulse can be seen to be followed 
by & hyperpolarizing potential with quite a regular 
latency These hyperpolarzing effects have been 
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Fig 1 Electrical activity of snail ganghon cell (contmuous 
record except for 18 sec cut between (2) and (3) ) (1) Neurone 
discharges ‘spontaneously’ Stimulation of ipsiateral mantle 
nerve at a frequenuy of 5/sec ‘Driven’ spikes, preceded by 
shght positive potentials, can be observed after the first seven 
stimu Spike activity 18 then blocked, being replaced by oscil- 
lating hyperpolanzing potentials These contmue despite cessa- 
fion of stimulation, for 40 sec, before a ‘spontaneous’ spike 
reappears (2)-(3) (3) Full-sized spikes intermingled with in- 
cipient spikes and positive potentials 
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recorded both with rpsilateral and contralateral 
stimulation In some instances the mhibitory effects 
are established after some stimulh, but without the 
remarkable oscillating behaviour already described 

When stimulation 1s discontinued, hyperpolarizing 
oscillations and inhibitory effects gradually subside, 
and after 20-100 sec, ‘spontaneous’ activity re- 
appears, the membrane potential shifts towards 
negativity, positive potentials may appear inier- 
mingled with full-sized or meiprent spikes, until the 
resting pattern of activity 18 finally re-established 
(Fig 1) After some minutes of rest, renewal of 
stimulation 1s followed by earlier mhibitory effects, 
block being obtained with fewer stimuli, and even- 
tually with a single stimulus These blocking effects 
of long duration, especially when correlated with 
hyperpolarizing responses, suggest a mechanism 
different from fatigue—rather a mechanism of active 
imbibition It is also improbable that fatigue could 
result from such a low frequency of stimulation, on 
occasions lower than the frequency of ‘spontaneous’ 
activity itself 

It 18 rather difficult to justify the use of the term 
‘habituation’ to describe our observations, because of 
the conditions in which the experiments were carried 
out—with an isolated nervous system preparation, 
electrical stimulation of nerve trunks, and the short 
period of observation possible Nevertheless, they 
confirm the existence of an inherent inhibrbory 
mechanism in the nervous system of the snail, a 
mechanism which, put into action by repeated 
stimulation, could be the basis for a process analogous 
to habituation, at the neuronal level Finally, as our 
observations seem to conform so neatly with Moruzzi's 
vivid suggestion regarding the mechamsm of habitua- 
tion, namely, that “monotonous repetition of an 
identical stimulus would bring about, by a pheno- 
menon of temporal facuilitation—en avalanching 
increase of activity m mbibitory neurons", we com- 
mumicate these results under this rather provokmg 
title, and as a schematic model for describing the 
phenomenon of habituation and discussing its 
hypothetical mechanism 

This work was supported financially by the Com- 
mission for Promotion of Research, Faculty of 
Medicine, University of Chile 
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Effects of Intensity of Driving Stimulus on 
the Shape of Membrane Action Potential 
of the Heart 


Ax investigation of the mfluence of driving stunult 
on the membrane action potentials of toad cardiac 
muscle fibres has been made Endocardial surfaces 
of excised hearts were exposed and the transmem- 
brane potentials of atrial and ventricular fibres 
recorded by means of glass-pipette microelectrodes. 
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Fig 1 A-1, Duration of action potential of an ainal fibre when 
using a threshold driving stimulus (7 V ), and A-2 the change in 
duration when driving stimuli were of twice threshold strength 
B-1, The progressive shortening of the action potential when 
driving of quiescent atrial fibres was begun—the first ten beats 
B-2 shows the steady state attained C, Control atrial fibre action 
potential (1), after atropmization (terminal concentration of 1 in 
a million) (2), and when twice threshold driving stimuli were used 
on the atropinized tissue (3) Time is dicated in 100 (small 
pips) and 500 (large pips) msec intervals Calibration of voltage 
on the left base indicates —100 mV from the extracellular 
potential (time-base) 


As shown in Fig 14, duration of the action 
potentials of atrial fibres was reduced from 500 msec 
to 59 msec or by 88 per cent, when the intensity of 
the driving stimulus was made twice the threshold 
strength (Fig 1.4-2) This effect was reversible and 
could be reproduced at will Thus, by properly 
adjusting the intensity of driving stimuli the duration 
of induced action potentials could be controlled 

Tt was occasionally observed that simular changes in 
duration occur without the use of supralimmal 
stunuh When atrial fibres, which had been quiescent 
for some time (about 2 min), were driven with 
threshold stimuli, the action potential shortened 
progressively (Fig 1 6-1) and attained a steady state 
of duration at about 22 per cent of the initial duration 
(Fig 1 B-2) that of the first driven response 

Shortening of the duration of the action. potential 
brought about by the procedure mentioned above was 
quite similar to the effect of acetylcholine or vagal 
stimulation All three effects were antagonized by 
atropme ‘These findings suggest that a substance hke 
acetylcholine 1s liberated by the driving stimulus and 
that the amount of the substance discharged 18 
mereased with an merease in the intensróy of the 
stimulus 

In both atmal and ventricular fibres, the degiee of 
reduction brought about by an increase m the 
intensity of drivmg stimuli was almost the same as 
that caused by maximal vagal stunulation This 
result and the fact that the reduction was not uniform 
around the driving cathode suggest the possibihty 
that liberation of acetylcholme occurs from intramural 
nerve endings or ganglia stimulated directly by the 
electrical drive 1tself 

The next problem 1s whether or not autonomuimetic 
substances other than acetylcholine are also hberated 
by driving stimul The duration of the action 
potential elicited by threshold driving stimuli was 


1296 


prolonged to some extent by administration of 
atropine (Fig 1 C-2) After atropinization, mcrease 
in the intensity of driving stimul still brought about 
certain changes in shape of the action potential, 
namely. a prolongation of 1ts duration, rather than a 
shortening, an increase in amplitude of the over- 
shoot, a slowing of the terminal phase of depolariza- 
tion and initial phase of repolarization (Fig 1 C—3) 
Since similar effects were obtaimed both in atzial and 
ventricular fibres by administration of epmephrine or 
norepinephrine as well as by sympathetic nerve 
stimulation, 1b is conceivable that increase m the 
intensity of the driving stimuli results m hberation 
of a sympathomimetic substance This liberation 
might result from stimulation of intramural nerve 
fibres by driving stimuli as ın the case of liberation of 
acetylcholine In preparations not atropinuzed, these 
effects were not observed, probably because they were 
masked by those of the acetylcholine which was 
simultaneously hberated 

It 18 obvious that in electrically driven hearts the 
duration and shape of the membrane action potential 
ean be widely varied, depending on the mtensity of 
the driving stimuli The possible liberation of the 
autonomimetic substances should always be taken into 
account in interpreting the results of experiments 
which mvolve electric stimulation of cardiac tissue 

Our thanks are due to Dr. Chandler McC Brooks 
for reading the manuscript and making valuable 
suggestions 
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Interrelationship between Fat and Sugar 
Metabolism in Infant Rats 


Rat milk contains a large amount of fat and 
protem! The amount of sugar m this food 1s just 
sufficient to cover the energy needs of the infant rat 
for about 2 hr, and it 1s thus obvious that the 
energy required, for the remaming 22 hr of the day 
must come either from fat or protem This ıs under- 
lined by the fact that liver and muscle glycogen 
content, although falling transiently shortly after 
birth, soon return to higher levels? 

In order to gain further insight into the ways in 
which individual nutrients are utilized by the infant 
rat the following experiments were performed Rats 
aged 5 (suckhng period) and 30 days (end of wean- 
mg) and adult animals (body-weight 200 gm) of 
both sexes were starved for 24 hr, the 5-day-old 
animals at 30? C , the older ones at room temperature 
They were then given 11 ml of olive 011/100 gm 
. body-weight via a stomach tube, and were killed at 
different intervals Liver glycogen content? and 
blood glucose-levels were determined It 1s evident 
from Fig 1 that administration of olive oil to animals 
aged 5 days resulted ın a rapid increase m the level 
of liver glycogen, while no such rise was observed 
in ammals aged 30 days, or in adult rats Blood 
glucose-levels remained unchanged ın all age-groups 

The administration of 11 ml. oleic acid/100 gm 
body-weight to 5-day-old rats resulted m a much 
smaller, and variable, rise m liver glycogen content 
and the blood glucose-level was slightly raised 
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Fig 1 laver glycogen content in rats starved for 24 hr and then 

given 11 ml olive oj/100 gm _ body-weight via stomach tube 

Full line, rats aged 5 days, interrupted line, rats aged 30 days 

(the same type of curve was obtained for adult animals and for 

-day-old rats not given o1) Vertical lines indicate standard 
errcrs, each point is the average of at least 8 rats 


It thus appeared that the glycerol contamed m 
olive oil was responsible for the large rise m liver 
glycogen content found in 5-day-old rats Admn- 
istration of 2 ml of a 25 per cent glycerol solution 
per 100 gm body-weight, or administration of a 
mixture of oleic acid and glycerol corresponding to 
1-1 ml olive oi1/100 gm, however, did not cause a 
rise m liver glycogen content, although hyper- 
glycemia was regularly found 

These results may, be explamed in several ways 
Either fat gives rise to carbohydrate or fat spares 
sugars to a greater extent m the younger age-group 
The first possibility can be rejected on theoretical 
grounds’: the second, however, may also be objected 
to since, following olive oil admmustration, glycogen 
accumulates m the liver and must be synthesized 
from some substance other than protem or amuno- 
acids following the finding that gluconeogenesis fiom 
casem hydrolysate ıs much lower in sucking rats 
than m older anmmals* Finally, there remains the 
posstbuity that triglycerides are transported differ- 
ently ın infant rats, as 1s also indicated by other 
results’, and are transferred across the intestinal wall 
as such and broken down elsewhere, the glycerol 
being used for synthesis of liver glycogen. 
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Generalized Skeletal Response on Local 
Trauma in Young Rats studied by means 
of “Ca-Metabolism 


In connexion with followmg-up deviations in 
metabolism of calcium ın bones m young animals after 
local injury by Roentgen irradiation, we wished to be 
convinced about the effect of other kinds of physical 
traumatism on the metabolism of caleruam in bones 
For this purpose we chose electric current for several 
reasons in the first place, almost nothing ts known 
about deviation in metabolism of bones injured by 
electric current, and secondly, because the entire 
question of the effect of such trauma on bones 
has been relatively little studied Electro-trauma, 1s 
quite easily cared out It ıs also known that the 
majority of wounds in electro-trauma quickly heal 
without suppuration so that when experimenting 1t 
is possible to exclude undesired suppuration as a 
complication which could misrepresent the observed 
results In case of other surface injuries, for example, 
radiation damage, torpid ulcers arise which are the 
seats of infection, causmg local irritation which may 
meet with a response m the entire organism 

In our experiments we used male rats of the Wistar 
strain about 10 weeks old, each weighing 120-130 gm 
We wounded them in the upper part of the shank on 
the back right hmb by discharging a condenser, the 
capacity of which was 80 uF , loaded at a potential of 
2,000 V 

Thus only one discharge penetrated across the 
limb ‘The rats were then divided into groups of five, 
and 20 uc of *CaCl, i» 1 ml physiological salt 
solution were applied intraperitoneally after 4, 10, 
17, 24 and 38 days after injury The rats were lulled 
48 hr after addition of the isotope, and the tibias of 
the injured limbs dissected The control hmbs of the 
injured animals and the tibias of a control group of 
animals treated with isotope but not subjected to 
electro-trauma were also removed . Besides the tibia, 
we also took out the shoulder blade of all ani:mals 
With all the bones we recorded the weight of the dry 
bone and the ash after burning, measured the entire 
contents of bone caicium, and determined the 
specific activity of the caleium-45 

Four days after the 1nJury, differences appeared in 
the weight of the dry bone, ash and calcium content 
of the tibias of the mjured animals 1n comparison with 
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Fig 1 Welght of drv bone (1), ash (2) and total bone calcium (3) 
of rat tibias [], Control group, O, traumatized tibia, @, non- 
traumatized tibia 


NATURE 1297 


e e aH m ra to [n] 
Wa c Co m. a oo e to 


Calcium in whole bone (percentage of omyinal dose) 


e 
bo 





0 10 20 30 40 


Days 


Figs 2and3 48-hr accretion of ealeium-45 in the tibia (above) 

and scapula (below) C, Tibia 1n control group, O, traumatized 

tibia, 6, non-traumatized tibia, A, scapula of control group, 
A, scapula in traumatized animals 


the control group (Fig 1) All values showed & 
tendency to fall, followed by a mucb slower meline 
and restitution than m the uninjured animals At the 
same time certam differences m weight appeared 
even m uninjured limbs of wounded animals, showing 
that a general reaction results from a local trauma 

These changes occurred not only on the bones of the 
limbs but were also evident on the scapula, which 18 a 
bone of differently growing type from that of the lzmb, 
and 18 situated far from the injured place 

Distinct and important changes are evident when 
tracing the specific activity by measurmg the values 
of ealcum-45 m injured. and unmyured bones Fig 2 
shows the 2-day accretion of calerum-45 ın the tibia 
and Fig 3 ın the scapula It shows that ın the bones 
of myured ammals an increased accretion of isotope at 
first took place in all bones, agam indicating the 
general response of calecrum metabolism in the 
skeleton When comparmg Fig 1 and the weights, 
15 18 surprising to find that while the weight of dry 
bone, ash and total bone-calcrum content show a 
dechne, the specific activity mereases 

Caleium metabolism depends on a number of 
factors!~* the most important of which are accretion, 
resorption and ealeium exchange In comparmg the 
results of our expermments, which follow accretion 
for 2 days, changes are evident m accretion values 
of ealerum-46 m injured and unmjured bones of the 
experimental animal, changes which are expressions 
of local and general reactions as a result of local 
traumas In comparig-the results with tbe values of 
weight, 1b 1s shown that, after injury, not only the 
accretion 1s increased, but also the resorption of 
calaum (even more than accretion), so that the 
mjury causes deep mterference in the metabolism of 
calcium 1n the entire skeleton ; 

One other interesting inference, which follows from 
measuring and observing these values, is that in 
young animals even at the end of the experiment 
(about 40 days after myury) the conditions of metab- 
olism had not become normalized Although the 
skin wounds after electro-trauma were healed without 
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compheations within ten days of the injury—healed 
in such a way that no traces of the transit of current 
were seen macroscopically—the disturbance of calcium 
metabolism and the response to local trauma remains 
as 18 shown by the dry-weight, ash, and calcium 
content of measured bones Hence, the metabolic 
changes which result from local injuries to growing 
organism can persist for some time after healing. A 
similar reaction was noticed not only after electro- 
trauma injury, but also as a result of radiation 
mjury?, showing that this general response is the 
natural reaction of growing organisms to local 
trauma 

Details of the conditions of accretion and resorp- 
tion of radiocalc1um after local electro-trauma has 
been published in Archiv fur orthopadasche und Unfall- 
Chu ur ge’ 
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Number of Recirculations of Chick 
Embryo Erythrocytes 


lr has recently been shown by Allison! on the 
grounds of cardiac output x erythrocyte hfe-span/ 
blood volume that 1n spite of quite different erythro- 
cyte life-spans in man, dog and rat the average 
number of times an erythrocyte 1s oxygenated and 
deoxygenated, that 1s, the number of recirculations, 18 
m all three species of the same order, about 180,000 
times It might be of mterest to determine if this 
relation 18 valid for embryonic erythrocytes also, and 
for their various lines respectively Unfortunately, 
only incomplete data or none at all are avaiable for 
mammalian embryos, though values covering nearly 
the whole mcubation period have been published for 
chick embryos 

Using Alhson’s formula ıt was found that the 
number of recirculations of nucleated adult hen’s 
erythrocyte 1s between 147,150 and 186,300, that 18, 
m the range valid for non-nucleated erythrocytes of 
adult mammals* 

Allison’s formula in rts original form ıs generally not 
suitable for calculation of embryonic erythrocyte 
recirculations because the cardiac output and the 
increase 1n blood volume and the absolute number of 
erythrocytes of one generation changes as develop- 
ment proceeds For this reason we suggest tho follow- 
ing procedure for each day of incubation the number 
of recirculations 1s multiphed by the corresponding 
absolute number of erythrocytes of one line present 
in circulation (taken from their survival curve) 
The sum of these products over the whole incubation 
period wil be divided by the maximal number 
reached by the erythiocyte hne durmg ineubation 
Thus the average number of recirculations one ery- 
throcyte undergoes will be obtained 

For each day of ineubation startmg with tho 
second, the number of recirculations was calculated 
from Hughes's? data for stroke volume (data published 
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Fig. 1 (a) Number of recirculations from the second day of 

incubation until the first postembryonic day, suivival curves of 

primitive 'b) and definitive erythrocytes with round nucle 
(c) during the same period 


by Hughes are for both ventricles together, and must 
therefore be gradually reduced startmg with the 
fourth day to one-half from the seventh day onwards 
because of the development of allantoic circulation) 
multiphed by heart-rate value? The product yielded 
the cardiac output/min Thereafter the cardiac output 
values were multiphnged by 1,440 mm (24 hr) and 
divided by the corresponding blood volume’. So 
the average number of recirculations of the entire 
circulating blood/day of development was estimated 
The average number of recirculations m a day's 
interval increase from 362 between the second and 
third day of meubation to 6,145 between hatchmg 
(20th day) and the first post-embryonic day (Fig la) 
Because the results on the stroke volume? cover 
the period from day 2 5 to day 17 only, the border 
values on both sides have had to be extrapolated 
(dotted lne ın Fig la). The error of this extiapolation 
18, however, of little bearmg because the corresponding 
values in both survival curves (Fig 1b, c) are low 
Both survival curves (absolute number of erythro- 
cyte lines concerned present in circulation) are 
approxunately of triangular shape and are practically 
limited to the embryonic period That of the primitive 
erythrocytes, the first generation of erythrocytes 
(E I) starts on the second day of meubation with a 
maximum on the seventh day, while that of the 
definitive erythrocytes with round nucle1?, the 
second generation of embryonic erythrocytes (E IL), 
which appears as late as on the fifth day, reaches its 
maximum on the eleventh day ` \ 
From these results the average number of recircula- 
tions for & primitive erythrocyte was calculated to be 
14,452 and quite a similar number , (13,935) was 
found for a definitive erythrocyte with round nucleus 
These values are most probably maximal, because the 
data for stroke volume probably err, aecording to 
Hughes?, on the high side That means that tho 
average number of recirculations of two generations 
of chick embryo erythrocytes 1s considerably lower 
than in hens. bemg less than 10 per cent of adult 
values This is not proportioned to the ratio of 
average erythrocyte hfe-spans concerned—30 days ın 
hens? as compared with 8 5 days? for E I and 57 
days’ for E II, respectively in chick embryos. This 
indicates that there will be perhaps some other factor 
or factors besides that of the metabole wear con- 
nected wich 10nie fluxes across the erythrocyte mem- 
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brane as suggested by Allison, which play their part in 
the extremely short hfe-spans of chick embryo 
erythrocytes One of these factors might be the high 
degree of immaturity at which the cmck embryo 
erythrocytes are poured out mto the blood stream® 

A full account of our calculations 1s to be published. 
elsewhere? 

Future investigations will show if this relatively 
small number of recirculations holds good also for 
mammalan primitive erythrocytes There are 
indications that their average life-spans are also about 
one-quarter of that found m adult mammals? 

L Lemnz 
Z RYCHTER 
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PHARMACOLOGY 


Stimulation of Uptake of Calcium-45 
- m the Adrenal Gland by Acetylcholine 


RECENTLY, Douglas and Rubin! have suggested 
that acetylcholme, the physiological transmitter of 
sympathetic nerve effects at the adrenal medulla, 
evokes catecholamine secretion by causmg calcium 
rons to penetrate the medullary cells Our experiments 
with ealcium-45 have now provided further evidence 
consonant with this 1dea 

Adrenal glands from nme cats were perfused n 
vto with Locke’s solution One gland from each 
animal was used to determine ‘resting? uptake of 
calcrum and the contralateral gland stimulated with 
acetylcholine Both giands were perfused with 
Locke’s solution contammg cale1mm-45 for about 10 
min durmg which time one was given acetylcholme 
in a concentration (10-5 gm /ml ) sufficient to cause a 
brisk secretion of catecholammes ‘Thereafter, they 
were perfused with Locke’s solution contaiming only 
ealeium-40 and measurements were made of the 
efflux of ealeum-45 Loss of caluum-45 hom the 
perfused glands was at first very rapid, but 1t slowed 
after about 50 mm and the declme m activity 
in the glands thenceforth followed a simple exponen- 
tial course It was assumed, on the basis of the work 
of others on muscle’, that by this time the extra- 
cellular calerum-45 had been completely washed out 
One hundred minutes after begmning the washout, 
stimulated and unstimulated glands were separated 
ito medulla and cortex and their radioactivity 
determined 

The glands exposed to acetylcholine contamed 
more radioactivity then the unstimulated glands On 
8 weight basis, the medulla was several times more 
active than the cortex Comparison of the stimulated 
and ‘resting’ medulle indicated thet during perfusion 
with acetylcholine the rate of calorum uptake was m- 
ceased about eight-fold A number of similar experi- 
ments were carried out with potassium, which is also 
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known to evoke adrenal secretion Potassium (56 mM) 
also caused an increased uptake of ealeum-45, with 
the medulla again showing the greatest rate of uptake 
This stimulant effect of potassruam on calcium influx 
persisted in the presence of hexamethonium sufficient 
to suppress indirect effects due to stimulation of 
nerve endings present m the gland, and was presum- 
ably due to depolarization of the medullary cells 

We observed meidentally that acetylcholine and 
potassium also mereased the rate of uptake of 
ealei1um-45 by the cortex, although to a lesser extent 
This effect was too great to be accounted for by 1n- 
complete separation of medulla from cortex. It may 
be related to a stimulant effect of acetylcholme on 
adrenocortical secretion, such as Rosenfeld? observed 
in perfused calf adrenals 

The finding of mcreased uptake of calcium durmg 
exposure to acetylcholine or potassium 1s consistent 
with the idea that acetylcholme evokes catecholamme 
secretion by causing calcium ions to penetrate the 
adrenal medullary cells and that this penetration 
may be brought about by depolarization! The finding 
also extends the remarkable parallelism previously 
noted! between the two sets of evidence implicating 
calaum in ‘stimulus-secretion coupling’ at the 
adrenal gland and ın ‘excitation-contraction coupling’ 


in muscle W W Dovatas 
A M. POISNER 
Department of Pharmacology, 
Albert Exnstein College of Medicme, 
Eastchester Road and Morris Park Avenue 
New York, 61 
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Pharmacodynamical Effects of Asarone 
and g-Asarone 


DANDIYA et al ^? have determined the effect on the 
cential nervous system of Acorus calamus, a drug 
used ın the Indian system of medicine for various 
ailments meludimg some of the mental disorders in 
the present work two fractions 'asarone' and ‘B-asa- 
rone’ (isolated by Baxter and Kandel) of the volatile 
oul of Acorus calamus have been investigated with re- 
gard to effects on the central nervous system and othe 
pharmacodynamical actions which these drugs have 

The prolongation of hypnotic activity of (1) pento- 
barbitone, (11) hexobarbitone, and (nı) ethanol was 
investigated ın white mice Asarone and p-asarone 
were given in different groups of animals intiaperi- 
toneally in doses of 50 mgm /kem , followed 15 min 
later by one of the anesthetic agents mentioned The 
sleeping time was recorded in the manner described in 
refs land 2 It was observed that both asarone and 
B-asarone significantly (P < 001) prolonged the 
sleeping time of all the anesthetic agents mentioned, 
for example, the mean sleeping time due to pento- 
barbitone alone, of 101 6 + 14 5 mm, was raised to 
254 5 + 188 mm when the animals were pretreated 
with B-asarone and to 206 4 + 283 mm when the 
animals were pretreated with asarone 

It was also observed that the hypnotic potentiating 
property of fB-asarone was significantly more 
(P < 005) than that of asarone m these doses 
against all these anesthetic agents Asarone or 


1300 


B-asarone in these doses exerted no effect on the 
spontaneous motor activity of the animals 1n contrast 
to the increased motor activity observed with all the 
anesthetic agents mentioned However, the spon- 
taneous activity of untreated animals was definitely 
reduced by asarone or B-asarone 

Both these agents caused a significant fall m 
rectal temperature of mice (P < 001) The fall was 
maximum in the first 30-45 min and lasted 2-3 hr 
and the recovery to the normal was attained m about 
5 hr 

Anticonvulsant action of asarone and B-asaione was 
studied in nmety albino rats Convulsions were 
induced by electro-shocks, or ‘Metrazol’ or ‘Picro- 
toxin’ It was seen that B-asarone in an intraperiton- 
eal dosage of 20 mgm /kgm failed to mfluence the 
electro-shock seizures Asarone in a dose of 20 mgm / 
kgm intraperitoneally caused reduction in the inoi- 
dence, duration and severity of extensor tonic phase 
induced by electric shocks Asarone in a dose of 50 
mgm /kgm gave protective action against shocks 
induced by 'Metrazol when prevention of extensor 
tonic spasm and death were considered as the protec- 
tive end-points The occurrence of both these end- 
points was markedly reduced in animals treated with 
asarone D-asarone, on the other hand, potentiated the 
lethal action of ‘Metrazol’ However, both the com- 
pounds potentiated convulsions induced by ‘Picro- 
toxin’ -asarone 1tself ın 50 mgm /kgm doses intra- 
peritoneally caused mild generalized myoclonic con- 
vulsions in rats, this property was lacking m asarone 

Effect on the spontaneous behaviour pattern was 
stud.ed in eight cats according to the method in 
ref 3 Both these compounds reduced the sociability 
score Similar results were obtained with other tran- 
quilizers lıke reserpine and chlorpromazme The 
influence on conditioned escape and avoidance 
responses on 44 rats was investigated The rats were 
trained to develop these two reflexes by the method 
in ref 4 (with shght modifications) It was seen that 
the escapo phenomenon (the rat jumping out of the 
cage even before the presentation of the conditioned, 
stimulus, namely, bell) was abolished m 25 per cent of 
the trials and conditioned, avoidance behaviour was 
abolished m 10 per cent of the trials, after both asarone 
and B-asarone This percentage loss in these two 
reflexes was significant as compared with control 
data 

Frog heart perfusion experiments revealed that both 
asarone and f-asarone cause stoppage of heart in 
diastole in quite low concentzation However, 
B-asarone appeared to be more potent than asarone 

Isolated pieces of rabbit investine were fixed 
for investigating the influence of these compounds on 
the longitudinal movements and the tone of the 
intestine It was seen that both asarone and 8-asarone 
reduced the tone and caused diminution ın the longi- 
tudinal movements -asarone was found to be much 
more potent than asarone  Rhythmueity of the 1so- 
lated uterine strip was reduced by both these agents 

Anti-acetylcholine actions for both these agents 
were investigated on the following preparations (1) 
isolated gumea pig ileum, (2) 1solated uterme strip of 
rat, (3) dog’s tracheal muscle preparation, and (4) frog 
rectus Both asarone and f-asarone were found to 
have anti-acetylcholine actions on these preparations 
and here, too, p-asarone was more potent than asarone 

So both asarone and f-asarone possess many 
pharmacodynamueal actions quite similar to some of 
the well-established tranquilhzers  -asgrone appears 
to be more potent than asarone and the influence of 
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these compounds on electro-shocks and 'Metiazol' 
shocks differs -asarone itself causes generalized 
convulsions and potentiates the ‘Metrazol’ seizures, 
while asarone has a definite tendency to protect agamst 
‘Metrazol’ convulsions and modify electro-shocks 
The mvestigation was partly financed by the 
Indian Council of Medical Reseaich, New Delhi 
J D SHARMA 
P C DANDIYA 
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H/EMAT OLOGY 


Haptoglobin and Transferrin Types in 
Peruvian Indians 


RECENT reports on the incidence of the serum 
haptoglobin types of American Indians have included 
observations on natives of Alaska, south-western 
United States??, southern Mexico and Guatemala‘, 
Venezuela’, and Chile? The meidence of the Hp! gene, 
shown m Table 1, 1s usually higher than that found ın 
the population of western Europet (gene frequency 
0 32—0 43, mean about 039) In several tribes, the 
occurrence of Hp! 1s as frequent as that reported m 
the various Bantus of Africa‘ (0 49-0 87) This finding 
18 of particular interest when compared with the low 
incidence of Hpt (0 09-0 28) in Asiatic populations? 
Since genetic drift 1s often responsible for marked 
fluctuations in the concentration of given genes in 
comparatively isolated areas, more observations are 
necessary to confirm these apparent differences We 
have investigated the haptoglobin (and transferrm) 
types of two Peruvian Indian groups 

Plasma specimens were obtained from 56 Aymara- 
speaking Indians of Jaillihuaya, who have little, 1f any, 
European or African admixture, and an additional 


Table 1, DISTRIBUTION OF HAPTOGLOBIN TYPES IN NORTH, CENTRAL 
AND SOUTH AMERICAN INDIANS 


Haptoglobin phenotype 


Population No (per cent) Hp! gene 
1-1 2-1 2-2 0*  frequeney 
Alaska (ref 1) 
North Athabascan 202 173 485 312 30 0 42 
Tlingit 82 195 463 317 25 0 44 
South-west US A 
Apache (ref 2) 08 846 480 174 0 0 59 
N&vajo (ref 3) 207 213 461 326 0 0 44 
Central America 
(ref 4) 
Non-Mayan 189 928 4927 179 0 0 57 
Mayan 418 3834 502+ 158 06 0 59 
Lacandon 31 774 129 0 97 0 93 
South America 
Venezuela (ref, 5) 
Hybrids 208 274 548 178 0 0 55 
Trapa 129 08 395 597 O 0 21 
Paraujano 114 280 496 218 0 0 53 
Macoita 74 162 6541 297 0 0 43 
Maquiritare 59 458 305 287 0 0 61 
Chile (ref 3) 
Araueanian 84 088 324 88 O0 Q 75 
Peru 
Aymara 56 500 429 71 0 071 
Quechua 117 $0547 385 ?F8 0 0 74 


* No visible haptoglobin, or unclassified 
t Includes two examples of Hp 2-1 (mod) 
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117 specimens from the Quechua-speaking Indians of 
Paucarcolla From work on their blood groups, these 
subjects were calculated to have a White admixture 
of about 1 1 per cent and a Negro admixture of about 
14 6 per cent^?*, although no aberrant hemoglobins 
or deficiencies ın glucose-6-phosphate dehydrogenase 
were encountered® The details of collection and 
distribution of samples have already been described? 

Starch-gel electrophoresis was performed by 
Smithies’ method!?, using Poulk’s discontinuous 
buffer system! and a stammg procedure outlined 
elsewhere?” 

No difficulties m interpreting the haptoglobm 
patterns were encountered, since all specimens con- 
tained adequate quantities of the hemoglobm-binding 
protem 

There were no unusual phenotypes, such as the 
Hp 2-1 (mod) type which is a characteristic of 10 
per cent of American Negroes? 

Transferrm phenotype C was found in all the 
subjects except one, whose phenotype was B,C 
Transferrin CD,, which occurs in about 10 per cent of 
American Negroes4, and the recently described 
B.C type), found m about 8 per cent of Navajo 
Indians, were not encountered 

The haptoglobin phenotype distribution m the two 
Peruvian groups 18 compared in Table 1 with data on 
other Indians of North, Central and South America 
The marked elevation ın Hp! gene frequency cannot 
be considered to be due to Negro admixture in the 
Aymara-spenkmg Indians, and Negro admurxture 
could only account for a moderate degree of elevation 
in the Quechua 

It has been suggested‘ that an increasing frequency 
of the Ho! gene m native populations occurs in the 
followmg order Asia, Alaska, North America, 
Central and South America That this apparent cline 
might reflect some regional selective advantage(s) 1s 
an attractive hypothesis. Further work on these and 
other populations may eventually lead to the eluci- 
dation of mechanisms responsible for the maintenance 
of haptoglobm polymorphism throughout the world 

This work was supported, ın part, by US. Public 
Health Service Grant H-5780. 
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Serological Evidence of a Chromato- 
graphic Sub-fractionation of Human 
7S y-Globulin 


PREPARATIONS consisting of the electrophoretically 
slowest migrating part of the 7S y-globulin were 
prepared by means of preparative zone electrophor- 
esis Indrvidual preparations were obtamed from 
normal serum and from the serum of an RA-immunized 
individual Preparations from pooled plasme were 
obtained from commercially available Cohn fraction- 
ated y-globulm (supplied by AB KABI, Stock- 
holm) All preparations showed Gm(a+) character 
when tested in a serum-grouping system according to 
Grubb?-?, On ummunoelectrophoresis with different 
rabbit antisera against human whole serum (supplied 
by Behringwerke, W Germany) the y-globulin prepa- 
rations showed the character of 7S y-globulin No 
Bea or Bayr was present 

These 7S y-globulin preparations were subjected 
to hydroxyl apatite chromatography according to 
Hjerbén?*. The protem preparations dissolved in 
0 02 mole phosphate buffer, pH 7 9, were applied to 
columns equilibrated with the buffer The protem 
was eluted with the same buffer by a stepwise Increase 
of the molarity of 003-065 As a rule all the 
protein was eluted m the steps up to 009 M After 
dialysis against buffered saline (pH 7 2) and adjust- 
ment of the sample by ultrafiltration to equal protem 
concentration (as determmed by a modified Foln 
method and by the Kjeldahl method), the sub- 
fractions wore analysed and compared 1n the following 
way 

Tmmunoelectrophoresis revealed a somewhat higher 
electrophoretic mobility of the fractions eluted by 
phosphate buffer of lower molarity than of fractions 
eluted at higher molarity Furthermore, the former 
type of y-globulin showed & double precipitin line 
consisting of two discrete parallel lines, while the 
latter type showed a sharp single preorpitin line (cf 
Heremans‘) Ths difference was more or less pro- 
nounced dependmg on which antiserum was used 

As already pomted out the y-globulin starting 
materials used m the experiments were known to 
inhibit agglutmation m a Gm groupmg test system 
This activity was now tested in the sub-fractions 
obtained by the hydroxyl apatite chromatography 
The agglutinatmg system used consisted of constant 
amounts of O RA(+) human red celle sensitized by 
incomplete Rh-antibodies and a rheumatoid serum of 
anti-Gm(a) character The y-globulin sub-fractions, 
of equal protem concentration, were added in two-fold 
serial dilutions to the agglutmating system In all 
cases a higher agglutination-mhibiting activity was 


Table 1 SEROLOGICAL ACTIVITY, AT EQUAL PROTEIN CONCENTRA- 

TION, OF 7S y-GLOBULIN SUB-FRAOTIONS FROM HYDROXYL APATITE 

COLUMNS ELUTED AT DIFFERENT MOLARITY OF PHOSPHATE BUFFER 
(pH 79) EXPRESSED AS (TITRE)! 


Sensitizing activity towards 
Fraction eluted Gm-agglutination O Rh+) red cells revealed by 
at molarity inhibition * Rheumatoid 
Anti-y setumt arthritis serum T 


0 04 4 — = 
0 05 16 P" Paci 
0 06 32 1 = 
0 07 128 2 1 
0 68 64 & 3 


* To an agglutinating system consisting of O Rh(--) red cells 
sensitized by incomplete anti-RA antibodies and diluted rheumatoid 
arthritis serum of anti-Gm(a) character two-fold dilutions of the 
different S7 y-globulin sub-fractions were added 

+A constant amount of O Rh(+) cells was added to two-fold 
dilutions of the diferent 7 S y-globulin sub-fractions After meuba- 
tion at 37° for 2 hr and subsequent washing, the agglutinabihty of 
the cella was tested with a rabbit anti-human y-globulm serum and 
with the anti-@m(a) rheumatoid arthritis seram 
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found in the sub-fiactions eluted by buffers of higher 
molarity than in fractions eluted by buffer of lower 
molarity In the different experiments, the largest 
difference in this respect between sub-fractions 
origmating from the same y-globulin pieparation 
varied, 2-5 titre steps 

The possibility that this difference could be 
explained by an enrichment m the more active 
sub-fractions of aggregated 7S y-globulin, which may 
have a high agglutmation-inhibiting activity in the 
Gm grouping test system®, was excluded by the 
following experiment. y-Globulm sub-fractions 
obtamed by hydroxyl apatite chromatography were 
submitted to zone ultracentrifugation in a sucrose 
gradient The top fractions m this way freed from 
any fast-sedimenting 7S y-globulin aggregates were 
recovered and tested in the Gm grouping system The 
same difference in agglutination inhibition was 
observed as before ultracentrifugation 

The serological investigation of the y-globulin 
sub-fractions of the serum containing incomplete 
Rh-antibodies 18 shown in Table 1 Besides the 
differences mentioned above, an enrichment of the 
Rh-antibodies 1n the sub-fractions eluted by buffer of 
high molarity was observed 

These observations thus indicate that hydroxyl 
apatite chromatography of human 7S y-globulin may 
give sub-fractions differing ın serological character. 

Urr NILsson 
Depar tment of Clinical Chemistry, 
University of Uppsala 
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PATHOLOGY 


Intracellular Response to an Iso-immune 
Reaction at the Surface of Ascites 
Tumour Cells 


THE cytotoxic effect on mouse ascites tumour cells 
tieated wm ero with various antibodies has been 
shown to require the presence of complement}? In 
the absence of complement the cells appear to be 
normal when viewed by phase contrast micioscopy?, 
they retam their capacity to exclude trypan blue? 
and to metabolize glucose The only changes which 
have been reported are slight alterations m the fine 
structure of the cell surface, which were thought to 
favour agglutmation by rabbit antibody directed 
against ascites cells? 

There is strong evidence, from hemagglutmation 
work, that some ıso- -antigens of the H-2 system® 
are present on the surface of mouse erythrocytes 
The present investigation was undertaken to de- 
termine whether such 180-antigens could be demon- 
strated on the surface of E L4 ascıtes cells, and whether 
histochemical methods could be used to reveal the 
effect on the cell of an 1so-1mmune reaction at its 
surface, 1n the absence of complement 

Iso-antisera were prepared in BADB/c stram mice 
against EL4 tumour cells resident n C57BL strain 
mice by 1mmunization with tumour cells mixed with 
Freund's complete adjuvant The mice and tumour 
weie the generous gift of the late Dr P A Gore 
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of complement, varied from 1/64 to 1/256 In the 
absence of complement, 1so-antibody caused negligible 
agglutination of cells even when present at as high 
a concentration as 1 vol antiserum l vol. cell sus- 
pension containmg 2 x 10’ cells/ml This was in 
marked contrast to the stiong agglutimating effect 
of rabbit antibody which was observable even with 
1abbit antiserum diluted 256 times 
It was fist necessary to confirm that the mouse 
180-antibody did react with surface antigens This 
was effected by incubating suspensions of EL4 colls 
with mouse antiserum (preheated for 30 mm at 
56? C.) in the absence cf added complement That the 
antibody was located exclusively on the cell surface 
was observed by subsequent stainng of air-dried 
smears of washed cells with a rabbit anti-mouse 
globuhn which had been conjugated with fluorescein 
isothiocyanate 
It was ramarkable that m these circumstances, 
which were expected to produce purely surface 
effects, marked cytoplasmic changes were observed 
when histochemical techniques were applied to aw- 
dried smears. Thus, exposure of the cells to ıso- 
antiserum alone, at 37? C for 15 min, 1n the absence 
of complement, resulted ın marked activation of 
lysosomal acid phosphatase’, there was also sım- 
ultaneous unmasking of cytoplasmic phospholipid, 
particularly m discrete granules, as shown by the 
acid hematin technique? The stimulation of 
glucose dehydrogenase activity observed under 
simuar conditions could have been a non-specific 
effect since 1t was also observed after meubation of 
these cells with normal serum 
The mmunofluoreseent results mdicated that this 
iso-antibody acted solely at the surface of the cells 
under these experimental conditions If this were 
true, then the effect of the 1mmune reaction at the 
cell surface ın causing changes in-intra-cytoplasmie 
particles was surprising 
In homosraft rejection, circulating antibody may 
act synergically with immunologically competent 
host cells, though the extent to which complement 
1s involved ıs uncertain It is possible that intia- 
cytoplasmic effects of iso-antibody acting at the 
donor cell surface may play some part m the mech- 
anism of rejection 
We are indebted to Prof E G L Bywaters, Dr 
L E Glyrn and Dr E J Holborow One of us 
(L B) wishes to thank the Trustees of the Prophit 
Fund for a research studentship 
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A Carcinogenic Action of Testosterone, 
provoking Uterine Tumours in Mice 


Tue literature concerning the induction of tumours 
by hormones is very extensive!'-*, (Estrogens 
especially appeared to play an important part in 
hormonal careinogenesis*. Evidence of a carcinogenic 
aetion of androgens is very scant. Horning* observed 
3 theea-cell ovarian tumours in rats and 2 adrenal 
cortical tumours in hamsters after long-term treat- 
ment with testosterone. Also, Kirkman’ suggested 
that testosterone propionate may act as 8 non- 
specific carcinogen in the hamster. 

In our experiments one pellet of 1-2 mgm. testo- 
sterone propionate was subcutaneously implanted 
into female mice of the F1 hybrid (C57BL x dha) 
twice a week. The treatment was started at the 
age of 14-3 months and continued until the mice had 
to be killed because of their bad condition. 

At post-mortem examination & surprisingly high 
percentage of uterine tumours was found (Table 1). 
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Table], UTERINE TUMOURS INDUCED BY TESTOSTERONE 
No. of No. of Average 
No. of mice with — mice with survival time 
mice * tumours lung met, (months) t 
22 F, (BD) 14 6 3 18:8 
$9 F, aD 16 9 3 14-7 
29 FP, (BDy 12 11 4 15:3 


* Surviving the testosterone treatment for 10 months or morc. 
t No difference was found in the survival time of the tumour- 
bearing and the non-tumour-bearing mice. 


In 26 of the 42 mice treated with testosterone 
uterine tumours were observed, and in 10 of the 
PRIROGE MPG mice metastases were present in the 
ungs. 

Most of these tumours were found either in the 
uterine corvix or in the unpaired uterine part. Only 
& few tumours were located in the horns of the 
uterus. The size of these tumours varied considerably. 
The largest diameter was about 25 mm. and the 
smellest 4 mm. The tumours were always strictly 
limited to the uterus and the vagina and no other 
tissue of the peritoneal cavity was involved. The 
surfaces of the eut tumours showed mostly a pink 
colour, but sometimes necrotic or hemorrhagic areas 
were seen, 

The histological pattern of the testosterone-induced 
uterine tumours was very characteristic and similar 
for the several tumours we have observed. In most 
of these tumours large trabeculz of cells were found 
next to more solid parts. ‘The trabecule formed 
locally branched papilla inside large sinuses. Most 
of the tumour cells had a diameter varying from 20 
to 30u and contained an abundant fine granular 
cytoplasm which stained mostly basophilic. The 
nuclei were large and relatively clear with prominent 
nucleolus (Fig. 1). 

Most of the tumours showed an infiltrative growth 
in the muscular layers of the uterine wall. This fact 
together with the appearance of lung metastases are 

istinguishing marks of the malignancy of these 
tumours. 

In most of the mice bearing a uterme tumour as 
well as in those without 2 gross uterine tumour one or 
more small pink nodules were observed in the uterus. 
Macroscopically and microscopically these nodules 
showed close similarities to the gross uterine tumours. 
We think we are justified in considering these nodules 
as stages preceding the malignant uterine tumours. 

These nodules developed in the stroma of the 
endometrium. The epithelium and the muscular 
layers were not involved. The origin and the histo- 
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Fig. 1, (x 200) 


Histological picture of a uterine tumour. 


logical aspects of the nodules are similar to the 
histological chenges in the stroma of the endometrium 
during the first stages of pregnancy. On these 
similarities we base our hypothesis that the uterine 
tumours induced by testosterone are related to the 
decidua cells. The histological characteristics of these 
specific uterine tumours differ from the uterine 
carcinomas and uterine sarcomas so far described. 


R. VAN NIE 
E. L. BENEDETTI 
O. MÜRLBOCK 
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and Neoplasia (Black- 


* Burrows, H., and Horning, E. S., Oestrogens 
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Deiodination of Thyroxine-'?'I in 
Tumour-bearing Rats 


Ir has been shown that hyperthyroidism induced 
by the administration of large doses of triiodothyron- 
ine inereased the radiosensitivity of tumours in rats 
and in human beings'^?. Later it was found that hyper- 
thyroidism induced in this way significantly enhances 
the growth of a solid non-metastatic myeloid leuk- 
emia tumour of the Sprague-Dawley rat, a rat 
fibrosarcoma of a local strain and the Ehrlich mouse 
ascites tumour?, 

In view of the profound effect of severe hyper- 
thyroidism on tumour growth and its response to 
radiation, it became of interest to investigate the 
turnover of thyroxine in animals bearing these 
tumours. 

The rate of deiodination of thyroxine was investi- 
gated by administration of a tracer quantity of 
labelled thyroxine and the amount of the inorganic 
iodide formed was determined by radioactive assay. 
To ensure complete retention of the iodide formed in 
the circulation, rats were surgically thyroidectomized 
48 hr. before the turnover experiment. Tracer 
thyroxine, labelled with iodine-131 in the 3° and 5’ 





















- positions, was injected 
bilateral nephrectomy. Blood samples were colleeted 
“into heparinized test-tubes at 45-min. intervals for 
—5-8 hr. The serum was then separated and the iodine 
^ bound to protein was determined?. 
-valies of serum iodine and protein-bound iodine the 
< serum iodide concentration (per cent of injected dose 


‘and are worth careful consideration. 


the presence of the tumour. 


tion takes place. 





into the vena cava following & 


From the total 


^. per gm. serum) was calculated. The increase in iodide 
‘concentration with time was taken as an index of the 


rate of deiodination of thyroxine. | 
In the experiments performed on 150 rats it was 
found that the rate of deiodination (per cent thyroxine 


... deiodinated per unit time) was higher in the animals 
-o bearing tumours than in the respective controls. Since 
— age was one of the major factors affecting the rate of 


deiodination, ell rats selected were of identical age. 
The differences between the average rates were 
50 + 10 per cent in the leukæmia tumour and 45 + 10 
per cent in the rats bearing fibrosercoma, with a 
statistical significance of more than 99 per cent. In 
hypothyroid animals the difference in the rate of 
deiodination was even greater, amounting to 80 + 15 
per cent in the animals bearing fibrosarcoma as 
eompared with their hypothyroid non-tumorous 
controls. In a similar manner old age was found to be 
another condition in which the difference between 
tumorous and control animals manifests itself 
emphatically; a difference of more than 150 per cent 
in the rates of deiodination was observed here. On 
the other hand, no significant difference in the rate of 


< deiodination was found between animals with or 


without tumours in which hyperthyroidism had been 
induced artificially. 

After the deiodination experiments the animals 
were killed and the specifie activity of the tumours 
(per cent of injected dose per gm. tissue) was com- 
pared with that of the gastrocnemius muscle. The 
specific activity of the tumours was 3-5 times higher 
than that found in muscle and was comparable with 
that in the ovaries. A similar finding has been reported 
in the mouse mammary tumour using triiodothyron- 


^^ me, 


The weights of the tumours ranged from 5 to 40 gm., 
eonstituting 2-25 per cent of the total weight of the 
rats bearing tumours. However, when the inerease in 
rate of deiodination was related to the weight of 
tumour in each animal, or to the per cent body-weight 


constituted by the tumour, no correlation could be 


established. 

Physiological variations between normal and 
tumour-bearing animals as described here are rare 
An increased 
rate of deiodination is generally associated with the 
hyperthyroid state, yet no indication of such a state 
is apparent in animals bearing tumours. As little is 
known about the mechanism of deiodination of 
thyroxine at the cellular level, it is premature to put 
forward an explanation for the enhanced deiodina- 
tion. ! 

The lack of correlation between the degree of 
enhanced deiodination and the mass of the tumour 
strongly suggest that the effect is due either to a 


change in the hepatic metabolization of thyroxine or 


to a certain factor of a systemic nature mediated by 
The tumour thus does 
not appear to be the site at which the excess daiodina- 
| Should this effect prove to be 
associated with the presence of malignant tumours in 
general and should it oceur also in human subjeets 
afflicted with cancer, then the demonstration of an 
inerease in the rate of deiodination of thyroxine may 
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be of value for the ‘early diagnosis of malignant — s 


growths which are not otherwise detectable. 
This research was supported, in part, by the Ann 
Langer Caneer Research Foundation, Chicago. 
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HISTOLOGY 


Role of the Thymus in Polysaccharide 
Metabolism 


Ir has been shown by a series of experiments!-? that 
the thymus plays an active and significant part in 
polysaccharide metabolism. It was demonstrated! 34:3 
that, unlike other lymphatic organs, stress and 
processes of tissue proliferation induced the emigra- 


tion of cells from, and a mast-cell reaction in, the 
This reaction was preceded, by the appear-- 


thymus. 
ance of periodic acid—Schiff-positive cysts and of 
thymocytes containing periodic acid-Schiff-positive 
matter. It was possible to confirm these findings by 
demonstrating in tissue eultures? that the cells of the 
thymus showed a marked affinity for heparin* and 
decomposed heparin?, which was much stronger than 
that of other cells (liver, spleen, heart, kidney) and 
even more pronounced than the heparin affinity of 
the lymph node, which ranks, in this respect, next to 
the thymus. Although these experiments revealed 
the prominent role of this organ in the metabolism of 
mucopolysaccharides, it seemed necessary to measure 
this activity by means of a more exact method. 


It was with an indirect method and the use of | 


isotopes that we investigated the correlation between 
thymus and acid mucopolysaccharides in the present 
experiments. Instead of labelled heparin we used 
labelled thionine (a dye): it combines with heparin 
in vivo so that radioactivity indicates the extent to 
which thicnine is taken up by the organs and thus can 
be used as an indicator of their heparin metabolism. 
Thionine was labelled with sulphur-35 in our experi- 
ments for which 10 rats of 150 gm. body-weight were 
used. Each animal received intraperitoneally 4 mgm. 
of the dye. The animals were killed by a blow on the 


head 24 hr. after the injection; thymus, lymph node, - 


spleen, liver and heart were removed, weighed and 
homogenized; radioactivity was then measured with 
an end-window Geiger-Müller tube and a scaler of type 
EMG 1872. Radioactivity in the blood was ascer- 
tained also. Results are shown in Table 1; values 
are given as percentages of total radioactivity intro- 
duced and refer to 100 mgm. of wet tissuc. 
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Table 1 
Radioactivity Standard Result of 
Organ (percentage of total) deviation Student's ż test 
Thymus 2 52 0 18 Haghly signiflcant, 
P «£01 per cent 
Lymph node 0 152 0 012 Highly significant, 
P «£01 per cent 
Spleen 011 0 O11 
Liver 012 0 003 
Heart 012 0 003 
Blood 0 007 


It can be seen that all tissues investigated, with the 
exception of the thymus and lymph node, took up 
approximately the same small quantity of dye This 
seems to indicate active uptake or the combination 
of the dye with the existing acid mucopolysaccharides, 
since radioactivity in the blood was quite negligible. 
Though quantitatively low, activity was significantly 
higher ın the lymph node, and outstandingly high ın 
the thymus, about 20 tumes as high as m other tissues 

These figures are in good agreement with the results 
of earlier experiments: they show that the thymus 
plays @ prominent part in the metabolism of acid 
mucopolysaccharides (of heparin in particular) and 
furthermore they show that although morphologically 
similar, the thymus on one hand, and the spleen and 
lymph node on the other, have different functions and 
are mvolved in different biological processes It 
seems, moreover, that as regards polysaccharide 
metabolism, there 1s also a difference between lymph 
node and spleen; this, too, is m agreement with 
earlier observations according to which the lymph 
node 18 more or less capable, and the spleen moap- 
able. of forming mast cells?:5 
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Fixation of Muscle 


l HAVE investigated recently the effect of various 
fixation methods on mammalian skeletal muscle For 
this purpose the biceps brachu muscle of the albino 
mouse was chosen because of rts convenient size and 
the fact that ıt can be easily dissected out All the 
mice used were females weighing about 34 5 gm , the 
biceps muscles were weighed ın each case, and all 
were found to weigh about 0 0155 gm 

The fixatives used were of the normal concentra- 
tions, 2 per cent osmium tetroxide being used m 
Champy’s fluid and in Flemming’s fixative Following 
fixation, ete , the paraffin-embedded material was cut 
at 75y and sections taken through the belly of 
this muscle were stained with Mallory triple stain 
The outhnes of the fibres were drawn on squared 
graph paper with the aid of a camera lucida The 
average cross-sectional area and the standard error 
were determined in each case from a sample of 25 
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figures taken at 1andom In the case of fibre measure- 
ments of the living muscle, the fibres were teased out 
in Locke’s mammalian Ringer solution, and their 
diameters were measured immediately As the fibres 
were seen to be circular in transverse section, their 
cross-sectional area was obtamed by treating them 
as cylmders Direct cross-sectional area measure- 
ments were found to be impracticable because the 
living material tended to contract on cutting The 
standard error of the living fibie sample was 106 
a vu The results are represented in the histogram 
ig J) 


1600 
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400 
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stondard 
error yw 32 82 57 53 86 68 56 70 65 80 
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Fig 1 Effect of various fixatives on fibre cross-sectional area 
(fixation time in parentheses) 

A, Champy's fluid (42 hr ) 

B, Flemming without acetic acid (42 hr) 

C, Formol calum (12 hr) 

D, Bouin’s (12 hr) 

E Carnoy (3 hr) 

F, Dalton's (1 hr and postchrome for 6 hr) 

G, Neutral formalin, neutralized with sodium hydroxide (48 hr ) 

#, 2 per cent osmium tetroxide ın acetone freeze substitutions 

J, 


Carnoy ; 
Methanol (1 wee 


The 1esults of the freeze substitution technique! 
were surprisingly poor, these were repeated but the 
same extent of distortion occurred Sections of 
kidney prepared at the same time and in the same way 
showed no distortion In the case of muscle treated by 
the methanol freeze substitution technique, extensive 
breakage of the sarcolemma was noted Champy’s 
fluid, and Flemming's without acetic acid are seen to 
cause little shrinkage, and the results obtamed from 
these two osmium tetroxide fixatives are very close 
to those for the living tissue, the histological appear- 
ance of such sections 1s extremely good and the muscle 
spindles are very well preserved It ıs often not 
practicable to use osmium tetroxide on a large scale, 
as 15 1s relatively expensive and has only very low 
powers of penetration, thus limiting severely the size 
of the tissue which can be fixed It would seem that a 
slight shrinkage ıs inevitable, as the fibies will lose 
then turgidity on fixation 

The other fixatives caused gieat distortion This 
could be readily seen because of the polygonal shape 
of fibres in transverse sections as compared with the 
spherical or ovoid shape of those fixed in Flemmmg 
without acetic acid, Champy’s fluid, and the living 
fibres This distortion 1s probably due to a chemo- 
shortening of the fibrous connective tissue around the 
bundles 
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In the light of these results, i6 seems most unfor- 
tunate that much of the work on the shape and size of 
muscle fibre has been carried out on material fixed ın 
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RADIOBIOLOGY 


Detecting Reversion in T4rll Bacteriophage 
to rt induced by Ultra-Violet Irradiation 


Dorre investigations into the mechanism of 
ultra-violet mutagenesis m extracellular phage, 
the followmg test was developed for estimatmg the 
extent of reversion of bacteriophage T'4B from rll to 
r* induced by ultra-violet irradiation, : 

All T4rli mutants were obtamed in this labora- 
tory by ultra-violet radiation of T4Br* phage 
12 hr cultures of Escherwhw coh B and K-12 
(A) obtamed in 1958 from E Freese, were used 
m assays of rII and r+ phage respectively Agar 
media were those of Chase and Doermsen!, broth 
media contained, per litre ion-free water, 10 gm 
tryptone, 8 gm sodium chloride, and 1 gm glucose 
Phage were diluted and irradiated m this broth All 
assays were performed by the agar layer method of 
Adams? To detect as few as 20-30 7+ phage 
among 5 x 10% rII phage the concentration of 
bacterrum K-12 (A) per soft agar tube approached 
2 x 10? 

A 15-watt ‘Sylvama’ Y17-2n low-pressure germicidal 
lamp was used to irradiate all samples at a distance of 
67 cm. and at 4° C Phage samples were distributed 
as two-drop aliquots on glazed white porcelain spot 
test plates which were agitated durmg exposure 
Trradiated phage were handled in dim hght to avoid 
photoreactivation Under these conditions a standard 
mactivation curve, graphed as the logarithm of 
percentage survivors against ultra-violet dose, was 
linear to 0 001 per cent survivors, 55 sec of ultra- 
violet irradiation resulted in a survival-level of e^ 

Each of 12 rII mutant stocks was assayed on B and 
on K-12 (A) to determme accurately the titre of total 
and of r+ phage ‘Triplicate samples of each phage 
stock were irradiated to various survival-levels as 
indicated in Table 1 Two to three aliquots of these 
samples were then assayed on bacterium K-12 (A) to 
obtain the titre of r+ phage (background plus ultra- 
violet-induced mutants) Remaming aliquots of 
these samples were assayed on bacterium B to provide 
the exact survival-level 

Results are presented in Table 1 Clearly 5 of the 
12 mutants revert to /+ when irradiated with 
ultra-violet The extent of reversion ranges from 
1 81 r*/109 survivors to 42 x 105 1+/10® survivors 
Two other mutants (UF54 and UF147) may be 
weakly revertible but cannot be definitely classed as 
such since the proportion of r+ phage per 10° 
surviving phage 1s so low as to make an accurate 
assay of their number unfeasible by this technique 

Control experments by Krieg? ruled out the 
possibility that the observed increase ın r+ phage 
might be due to ultra-violet-induced selection for r+ 
phage present 1n the stocks before irradiation 

This technique for detecting reversion. differs from 
Krieg’s? in the followmg pomts (1) Ultra-violet- 
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Table 1 EXTENT OF REVERSION OF T47II TO 7+ INDUCED BY ULTRA- 
VIOLET RADIATION 


Total 
n rt after rt ultra- 
where Stock rta ultra- violet Rever- 
Mutant e“= titre r+,  (S[S,) violet perlO' S sion 
S/S, x10? irradia- group 
tion 

UF2 060 56 $i 533 300 0 NR 
UF2 99 56 0 003 0 0 
UF54 097 48 ee 199 290 0 06 NR 
OF 54 63 48 08 0 0 
U F147 088 20 ang 338 630 0 35 NR 
UO F147 58 20 408 t1plaque — 
UF125 057 83 saath 950 1,180 NR 
UF125 74 88 i 101 2plaques — 
UF2114 16 150 6.150 1,230 1,010 0 NR 
UF211A 77 150 185 0 0 
UF3444 34 100 10,700 853 950 181 Rw 
UF165 19 100 3,300 495 480 0 NR 
UF114 30 25 1,010 505 300 201 Rw 
UF144 130 60 17x10 494 684x1042 x10° R: 
UF173 58 130 11x10°32x10735 x10? 83 a 
UF518B 80 140 11x10°388x10°37 x10*744x10* Reg 
UF50 0 39 21 0/10? 0 0 0 NR 


n, Average number of ultra-violet ‘hits’ per hage where e-^ = S[S, 
S/S,, percentage of survivors, rts, titre of phage present per ml, 
phage stock before irradiation, r*, ultra-violet, total r* after ultra- 
violet — r+(S/S,) Reversion group NR, non-reverter, R, reverter 
8, strong, w, weak 


irradiated phage are directly assayed for them 1+ 
content with no mtervening cycle of phage growth 
(2) Our average number of lethal hits per phage was 
considerably lower than Krieg’s*, yet reversion was 
still demonstrable (3) Our multiplicities of infection 
of bacterrum K-12 (A) with ultra-violet-irradiated. 
phage during rt assay were of necessity less than 1 
Krieg's? multipheities of baeterrum B during the 
first cycle of ultra-violet-irradiated phage growth 
were considerably greater than 1, and lead to multi- 
plcity reactivation The results presented here lead 
one to surmise that multiplicity reactivation 18 not 
a prerequisite occurrence for the ultra-violet-induced 
reversion of rII to r+ phage 

The possibility 1s not ruled out that, when present, 
roultiplicity reactivation may of itself lead to the 
production of revertants 

Different vIZ mutants appear by this sumple test 
to differ appreciably m them ability to be mduced to 
revert by ultra-violet-i1rradiation Among the 5 ril 
mutants which could be induced to revert, the extent 
of reversion ranged from 181 to 42 x 10$ r* per 
10° surviving phage It is interesting that all those 
routants which are most easily reverted by ultra- 
violet irradiation are also high-frequency spontaneous 
reverters The compartmentalization of this small 
sample into ultra-violet-revertible and ultra-violet- 
non-revertible 1s suggestive of some specific mutagenic 
effect of ultra-violet hght upon free phage Investiga- 
tions concerning this specific ultra-violet mutagenic 
effect on free phage, from r+ to rII and from rII to 
r+, will be published elsewhere 

This work was supported by a research grant 
(G-14,209} from the National Science Foundation 
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. Effect of X-[rradiation on Self- 
Stimulation of the Brain 


RECENTLY i16 has been shown that the brain 1s 
sensitive to low doses of ionizing radiationb? Pro- 
longed exposure to X-irradiation decreases lever- 
pressing by rats? Conditional aversion to saccharin 
results from exposure of rats to y-radiation* 
Because radiation affects psychological tests based 
upon food or fluid intake, we studied the effects of 
X-irradiation on 1ats trained to press a lever for elec- 
trical stimulation of the bram. A smgle electrode 
was permanently implanted ın the posterior hypo- 
thalamus of 8 CFN rats After a trammg period of 
6 months, the rats received 600 r acute whole-body 
X-irradiation Radiation characteristics were 
250 kVp , 15 m amp , focus-object distance 70 em , 
filters, 0-21 mm. copper inherent, 05 mm copper 
parabohe and 10 mm alummuum, half-value layer 
192 mm copper; 22 9 r/min measured in air 

Cahbration of the machine was done with a Vic- 
toreen thimble r -meter and output durmg irradiation 
was measured with a Radocon unit On completion 
of the expernnent, histological sections of the brain 
were compared with the de Groot atlas’ to locate the 
electrode tip 

The responses of the animals can be divided into 
two groups Those with high pre-irradiation rates 
(Fig 1) had highly significant mcreases ın the rate of 
lever-pressing on the day of irradiation This was 
followed by 1eturn to, and a fluctuation within, the 
control values until the 17-19 post-rradiation day 
when there was a significant decrease in the rate of 
lever-pressing 
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Fig 1 Response of high-rate lever-pressing rat to 600 r acute 

whole-body X-irradiation The horizontal lines indicate the mean 

and standard deviation determined over a period of 6 months 

The elevation of lever-pressmg activity 1s highly significant 
(P > 0001) OC, Control, R, irradiation day 


The other group of 3 animals had low pre-irradiation 
rates (Fig 2) and showed highly significant decreases 
m 1ate on the first post-rrradiation day These animals 
had difficulty ın agam. attamung their pre-radiation 
rates throughout the 30-day period of observation 
Histological examination of the brains revealed that 
the rate of lever-pressing was not associated with 
any specific nucleus in the hypothalamus, because 
both high and low rates were obtamed from nucleus 
aicuatus hypothalamic, nucleus dorsomedialis hypo- 
thalamic and area lateralis hypothalamic 

Although the usual transient loss m weight produced 
by the irradiation was seen, this effect apparently had 
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Fig 2 Response of low-rate lever-pressing rat to 600 r acute 
whole-body X-uradiation The horizontal lines indicate the mean 
and standard deviation determined over a period of 6 months, 
The depression of lever-pressing activity 18 highly significant 
(P=001) C, Control, R, irradiation day 


nothing to do with the changes in performance of 
both groups of anunals because they showed slight 
increases in weight during the 30-day observation 
period These results indicate that self-stimulation of 
specific nuclei in the postenor hypothalamus may 
give high or low rates of response depending on the 
particular nucleus stimulated 

This confirms the observations of Hess? on the auto- 
nomic and somatomotor responses in the dienceph- 
alon, those of Gellhorn? on the autonomie areas 
and also those of Slusher and Hyde? on diencephalic 
control release of adrenocorticotrophic hormone 
In all these cases, diametrically opposite actions were 
obtamed, by stimulation of similar areas The depres- 
sion of lever-pressing activity 1s much more prolonged 
than the stimulation of such activity. Thus, ıt would 
appear that the nuclei mvolved in these opposite 
actions may be directly affected by radiation, although 
the present experiments do not rule out the possibility 
that indirect and/or humoral agents from other areas 
in the body actually produced the effects observed 
The question of direct versus indirect effects of the 
irradiation on the brain as well as the use of other 
electrode arrangements 1s now under investigation 

We wish to thank Dr M A Slusher for her assist- 
ance ‘This work was supported by contract AT 
(04-1) GEN-12 between the Atomic Energy Com- 
mission and the University of California 
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Concentration of Inhaled Cerium-144 
in Pulmonary Lymph Nodes of Human 
Beings 


Iw the course of an investigation of fission products 
deposited ın human lungs', we have also measured 
the radioactivity of pulmonary lymph nodes. In 
most cases investigated so far, the amounts of fission 
products found were too small to permit deductions 
about concentration of these substances in the lymph 
nodes However, ın some cases larger activities were 
observed and the occurrence of a concentration pro- 
cess could be clearly recognized 

Concentration of radioelements ın lymph nodes 
may, m certam circumstances, produce high local 
radiation dosages In evaluating radiation hazards 
due to mhaled radioelements ıt 1s therefore neces- 
sary to find out whether lymph nodes have to 
be considered as & ‘critical organ’ Many factors 
must be taken into consideration m this connexion? ®, 
but the data required for this are only partly available 
so far Data about the concentration of inhaled 
radioelements ın lymph nodes of human beings have 
been reported only ın one case, that of a man who 
had occupationally mhaled plutonium-containing 
aerosols for several years? Further data on concen- 
tration ın lymph nodes have been obtained ın experim- 
ents with anunals, chiefly with plutonium and 
polonium? ® 5,5 

We wish to report three cases, 1n which our measure- 
ments give information about concentration of 
cerrum-144 m human lymph nodes (Table 1). The 
lungs investigated were obtamed from deceased 
persons, who had—lke all people—inhaled the 
:adioactive aerosol produced 1n nuclear test explosions 
in recent years The major part of the cerrum-144 
detected ın our measurements on lungs was probably 
produced m the high-yield test explosions carried. 
out in 1957 and 1958 Cermum-144 1s particularly 
suited for studying the behaviour of inhaled ‘fall-out’- 
particles for the following reasons” (1) This fission 
product 1s present in fall-out largely in insoluble 
form? (2) Because of its half-hfe (285 days) and 
fission yield, cerrum-144 ıs present in larger activity 
than other fission products in the period of approx- 
imately 1-4 years after formation by nuclear fission. 
(ref 8) 

The organs investigated came from older persons 
(58-81 years), who had lived in Vienna for at least 
several years and died here After the routme 
autopsy pulmonary lymph nodes (Lymphonod1 bron- 
chopulmonales, bifurcationis, tracheobronchiales, 
paratracheales) were removed This was facilitated 
by their dark coloration due to deposited anthracotic 
pigment, which 18 commonly present in city m- 
habitants Lymph nodes and lungs were then 
ashed separately In the ashes cerrum-144 (Hy = 
134 keV ) was determined by gamma-spectrometry 
using a well-type NaI(Tl).erystal The spectrum was 
obtained in detail from 84 to 156 keV by measuring 
32 min in each channel of 8-keV width In the cases 
1eported here, the photo-peak at 134 keV was clearly 
identified We determined the area of the photo-peak 
above a ‘background continuum’, due in large part 
to the Compton continua of other radioelements and 
environmental radiation, and then calculated the 
amount of cerium-144 present by comparing with 
samples of known. activity 

In the first group of samples listed ın Table 1, the 
lymph nodes from three lungs were combined im 
order to increase the activity to be measured Thus 
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Table 1. CERIUM 144-CONTENTS IN LUNGS AND LYMPH NODES 
Cerium-144 Ratio of 


VoL 192 


Wet activity of specific 
tissue Ash Date of whole activities 
Date of Sample* mass, mass measure- sample, A (lymph 
death (gm ) ment  (uuc)and nodes 
(gm.) statistical lung) 
errorT Vt 
BIN 45 28 14/12/60 164 x 
(1+0 34) 
29/11/60 PHIL 800 746 18/12/80 170 
30/11/60 BG;L 500 668 18/12/60 165 
29/11/00 BE/L 1,000 1139 19/12/60 102 
Sum 2,900 437 x 19 
(12:0 30) 
17/ 8/60 — BQ/N 11 015  13/ 2/61 6 
(1+0 69) 
17/ 8/60 BP/L 1,020 101 21/ 2/61 20 x 12 
(1+0 23) 
12/ 5/60 CG/N 5 025  11/ 2/61 66 x 
(1+0 76) 
19/ 5/60 CF/LD 1,150 118 24/ 2/61 200 x 64 
(1 0 68) 
* /N, lymph nodes, /L, lung 
+ From calibration measurements for cerium-144 1 cpm = 


51 uuc Formula for calculation of statistical error, o 


pest aaa a dpi UM eee Le CMM Pee Se Et aM 
a = AÁ(ÀAs + Arca)? + (Aran + Aiss + Ais + Au)? (Cpm), 
where Arg stands for the counts accumulated (In 32 min ) ın the 
channel between us — 4) keV and (E + 4) keV. 
N N 


PY = jz We 


the concentration ratio observed for this group of 
samples represents a mean value for three mdividuals 
In the two other groups hsted, activities of lung and 
lymph nodes of one individual were compared As 
shown in the last column but one, the cerrum-144 
activities found m the lymph nodes were between 
1/8 and 1/3 of the activities of the lungs Since the 
mass of the lymph nodes 18 quite small, the specific 
activity (concentration of radioelement) in these 
organs 1s many times greater than in the remainder 
of the lung The concentration ratios calculated aie 
given in the last column Because of the statistical 
error of the measurements, the values are only 
approximate, but it 18 apparent that an increase in 
specific activity of one to two orders of magnitude 
has occurred Rather similar values were found in 
the investigations cited above?-5. 

We thank Prmara B Uiberrak (Prosektur “Am 
Stemhof”) for putting the lungs at our disposal, 
Dr H Houtermans (International Atomic Energy 
Agency) for calibrating a cerrum-144 solution and 
Mrs Ch. Friedmann for ashing the samples Prof 
H Hayek. director of the Institute for Anatomy, 
has kmdly advised and supported us 

This investigation 18 being carried out under a 
research contract with the International Atomic 
Energy Agency 
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Pituitary Effect on Synthesis of Deoxy- 
ribonucleic Acid in Regenerating Rat 
Liver following Whole-body X-irradia- 
tion 

WHOLE-BODY X-irradiation delivered within 6 hr 
of hepatectomy will mhibit the synthesis of deoxy- 
11bonucleic acid (DNA) m regeneratingliver. This 
inhibition has been elegantly demonstrated to be a 
1esult of the failure to synthesize certain enzymes 
concerned. with the formation of DNA! The nature 
of this inhibition of enzyme formation 18 suggested by 
two recent reports Myers? has reported that syn- 
thesis of DNA m regenerating liver 18 not completely 
inhibited followmg X-iradiation of liver only, and 
Benjamin and. Yost? have observed that the uncoup- 
ling of oxidative phosphorylation seen m liver mto- 
chondria followmg whole-body irradiation 1s due to a 
pituitary stimulation with subsequent activation of 
the adrenal cortical hormones These observations 
suggest that this interestmg and rather unusual 
effect of low doses of whole-body X-irradiation on 
synthesis of DNA in the intact animal may be due to a 
pituitary stimulation which ultimately results in a 
decreased amount of energy bemg available foi 
enzyme synthesis The possibility of a pituitary effect 
on synthesis of DNA 1n regenerating liver following 
whole-body X-irradiation was confirmed in the 
experiments reported here 

Male Sprague-Dawley rats (180-200 gm ) under- 
went partial hepatectomy by a standard method’, 
and then were irradiated within 2 hr of the opera- 
tion The animals were given 15 uc radioactive phos- 
phate imtraperitoneally 3 hr before they were 
killed (see Table 1 for schedule). Following killing, the 
livers of all animals withm a group (2-3) were pooled, 
the DNA isolated, and the specific activity determined 
as suggested by Hecht and Potter? All irradiated 
animals received 750 r delivered by a General Electric 
‘Maxitron 250’ operated at 30m amp , 250 kVp with 
added filtration of 1 xam alummıum, 0:5 mm copper, 
dehvermg 106 r /mm at 50cm Shielding of animals 
was accomplished 1n a restraining box covered with 
15 em lead located outside the radiation beam 

The results of these experiments are summarized in 
Table 1 


Table 1 SPECIFIC ACTIVITY OF DNA ISOLATED FROM REGEN- 
TRATING RAT LIVER FOLLOWING VARIOUS RADIATION PROCEDURES 


Procedures Time after death Specific activity 
(br.) (c p m /mgm ) 

Non-irradiated 18 0 
Non-irradiated 29 TIT 
Whole-body 22 0 
Head only 22 0 
Body only 22 38 
Body only + 10 units of adreno- 

corticotrophic hormone 22 0 
Body only + 1 unit of thyroid 

stimulating hormone 22 0 


These experiments show that under conditions in 
which synthesis of DNA ıs active (19 hr post- 
operative), 750 r delivered either to the whole body 
or to the head will suppress synthesis of DNA in 
regenerating liver Head shieldmg resulted in a 
markedly reduced synthesis and the administration of 
piturtary hormones immediately following irradiation 
further abolished DNA synthesis 
experiments were also tried using commercial hypo- 
physectomized rats but none of these animals survived 
the course of the experiment The conclusion from 
this series of experiments 1s that irradiation of the 
head alone produced the same inhibition of DNA 
synthesis m regenerating live: as irradiation of the 
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whole body, and that DNA synthesis although 
reduced, was present when the head was shielded 
The reduction of DNA synthesis in animals with their 
heads shielded may be the result of adrenal stimula- 
tion following X-irradiation 

In view of the rmportance of regenerating liver as a 
system for studying synchronous formation of DNA, 
these experiments serve as a reminder that contri- 
butions from other organs in modifying synthesis of 
DNA m hver should not beignored This 1s especially 
true in radiation work on synthesis of DNA as well 
as on population changes in ‘radiation-sensitive’ 
tissues 

This work was supported by a United States 
National Health Service grant 3925 (c—2) 
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Radioprotective Effects of Reserpine 
and its N-oxide 


CERTAIN amine oxides exert a piotective effect 
against radiation injury’? Reserpine has also been 
shown to have this action? This suggested a compari- 
son between reserpine and its N-oxide Groups 
of 20 CF-1 mice were administered various doses 
of the two compounds 24 hr before X-1rradia- 
tion with 600r (Table 1) Radiation conditions were 
the same as deseribed previously! Both compounds 
produced typical reserpine effects, sedation and 
ptosis, but the N-oxide was less active per dose All 
three doses of reserpine N-oxide significantly in- 
creased the S7',, day, whereas only one dose of 
reserpine had this effect (Table 1) On the basis of 
total survival 16 requires twice as much reserpine as 
its N-oxide to decrease mortality by 25 per cent, and 
neither compound ıs as effective as quimoxaline 
di-N-oxide! or anhydroerythromycm N-oxide? Mech- 
anisms of action are probably different, since 
the reserpine compounds exert no antibiotic effects 
However, they have the proper chemical structures 
postulated for removing oxidizing radicals? Protec- 
tion might be partially the result of the release of 
known protective compounds, adrenalme and 5-hy- 
dioxytryptamine® ‘The release of catecholamines and. 
5-hydroxytryptamine is essentially complete 16 hr 
after reserpine administration, and the binding sites, 
as well as the plasma content, do not begin to contam 
appreciable amounts of these amines for at least 
4 days*-? Metabolism and excretion are also going on 
at this time, and ın all probability the amount of such 
amines available for exertmg a protective effect 18 
below that necessary for such an action On the other 
hand, reserpine has been found ın body tissues for at 
least 48 hr following a single dose!®. Most of the 
reserpine was found m the tissue cells where, 1n the 
present radiation experiment, it could act as a pro- 
tecting compound The fact that reserpine and its 
N-oxide exert only a shght protective effect against 
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Table 1 ORALLY ADMINISTERED RESERPINE AND ITS N-OXIDE AND 
SURVIVAL AFTER X-IRRADIATION 
Mortahty 


Treat- Dose inal Days 
ment a | ST,*andrange Slope and range ATA 
cen 


Water 
control 
Reserpme 10 
15 91 (68-121) 
20 13 0 (10 0-16 9) 
Reserpine 10 
N-oxide 20 


100 (84-120) 152 (133-173) 


13 8 (12 0-15 9)7 138 (124-154) 90 30 
195 (158-239) 95 30 
178 (144-221) 75 30 


155 (12 7-189)7 156 (132-184) 75 30 
132 (10 9-160)7 154 (134178) 90 30 
13 8 (12 8-149)¢ 120 (1 13-1 27) 

* S7',, day on which 50 per cent of animals are expected to be still 
u 


alive 
t Differs significantly from control values P = 0065 (ref 4) 


lethal X-irradiation pomts out the need for contin- 
umg the seaich for compounds having low toxicity 
and greater protective effects at the cellular level 
We thank Ciba Pharmaceutical Products, Inc, 
Summit, N J . for the reserpine compounds This work 
was supported by contract AT(04—1)G.E N—12 between 
the Atomic Energy Commussion and the University 
of California 
THomas J HALEY 
A M. Fresser 
L Mavis 
Laboratory of Nuclear Medieme 
and Radiation Biology, 
School of Medicine, 
University of California 
at Los Angeles 
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Requirement of Essential Fatty Acids 
and Avian Atherosclerosis 


ALTHOUGH Reiser m 1950! claimed that chickens 
needed a source of essential fatty acids durmg growth, 
the same author later concluded? that mature hens, 
maintained for a full year on a fat-free diet, did not 
require essential fatty acids for egg production or 
hatchability More recently Bier: eż al ?»* showed that 
chicks could be grown to maturity on an essentially 
fat-free retion without marked deficiency symptoms 
and suggested that Reiser’s purified chick ration may 
have been deficient m thiamime and vitamin A In 
contrast with the chicken, exclusion of essential fatty 
acids from the diet of several mammals leads to a clear 
deficiency disease which, among more apparent 
externel symptoms, is also characterized by an m- 
crease m liver and epidermal cholesterol and a decrease 
in serum cholesterol ın the rat®, and by aortic lesions in 
the pig*. Such observations lend support to the view 
of a possible connexion between deficiency of essential 
fatty acid and atherosclerosis’? Since atherosclerosis 
develops in the chicken on low-fat as well as on normal 
rations®, 16 seemed of mterest to determine if mgd 
exclusion of essential fatty acid from the diet would 
aggravate aortic lesions At the same time more 
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information regarding the 1equirement of essential 
fatty acids and deficiency symptoms would be 
obtained from a group of birds mamtamed con- 
tinuously on a diet deficient m essential fatty acids 
from the day of hatchmg until 19 months of age 
Day-old female chicks (10 per lot) were given 
either fat-free (albumen-glucose) or normal, fat- 
contamung (about 3 per cent corn o1) rations for 19 
months. On the fat-free diets the birds developed less 
rapidly (Table 1) than on the normal ration, but were 
otherwise asymptomatic. The early weight differences 
were largely overcome after 18 months. In our 
opinion the extreme dryness of the fat-free ration 
interfered with prehension and deglutition m the 
birds consuming this diet In order to improve the 
physical texture of the fat-free diet, starch was 
substituted for part of the glucose Although this 
1mproved the texture and increased feed consumption, 
x6 was found by analysis® that the starch supplied 
0 06 per cent dienoie acid to the ration so that the 
starch was agam removed Acid hydrolysis was used 
to determine any residual fat smce conventional 
solvent extraction procedures were ineffective 
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Table 1 EFFECT OF THE EXCLUSION OF ESSENTIAL FATTY ACIDS 
FROM THE DIET OF CHICKENS 
Diet free of Normal diet 
essential fatty containing essential 
acl fatty acids 
Body-weight (gm ) 
8 weeks 367 + 16 695 + 26 
12 months 1,550 + 74 1,773 + 91 
18 months 1,678 + 53 1,735 + 108 
Age at first egg (weeks) 24 20 


Fatty acid composition of egg 
hpid (percentage of fat * 


Saturated 30 8 40 9 

Blonoenoic 66 8 459 

Dienoic 09 98 

Trienoic 14 04 

Tetraenoic 0i 17 

Pentaenoic 0 05 

Hexaenolc 0 09 
Plasma cholesterol (mgm /100 

ml 248 + 28 160 + 12 

Atherosclerosis 

Aorta score f 17+02 212402 


* From eggs collected after one full year of production. 
t Of the 10 chicks started on each diet there ultimately wero 5 and 
8 left at the end of 19 months on the fat-free and normal diets re- 
spectively Only non-specific causes were responsible for the deaths. 
or detauls regarding the scoring technique, see Fisher et al (ref 11) 


The time of onset of egg production was delayed 
by one month in the birds on the fat-free diet, as 
shown m Table 1 Egg production was good, but 
sporadic, on the fat-free diet, and there was only one 
bird on this régime that never laid On autopsy, 
however, this bird was found to have been an interns! 
layer with an active ovary at time of killing Egg 
production on the conventional ration was somewhat 
better It is also worth noting that fertihzed eggs 
from the hens on the fat-free ration hatched appar- 
ently healthy chicks 

Even after one year of egg production the eggs from 
the birds on the fat-free diet still contamed small 
amounts of dienoic acid, as shown in Table 1 Even 
when the trace of dienoic acid (supplied by the starch 
which had been fed for a short time) is taken into 
account we cannot explam the origin of the dienoic 
acid in the eggs other than to suggest biosynthesis 
However, Murty et al recently showed that linoleic 
acid could not be synthesized from acetate by the 
laying hen? Compared with the eggs from birds on the 
normal ration, the trienoic acid content of eggs fiom 
birds maintained on a fat-free diet 1s almost 3 times as 
high Such elevated levels of trieno1e acid in the tissue 
lipids have been considered an excellent mdicator of 
tho otare of deficiency of essential fatty acıds ın the 
rat 
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holesterol values of the hens shown 
cate a clear elevation in the fat-free 

hens. By contrast, and in agree- 
observation of Horlick et al, on a 
isual aortic scores were actually 
at-free, compared with the normal 


ppears that in the chicken the 
| fatty acids from the diet does 
'ogenesis even though the level of 
blood is elevated. Moreover, no 

iptoms such as skin lesions or 
ye functions were encountered. 
ported, in part, by grants-in-aid 
‘Health Service and New Jersey 
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s Anthropometric Correlations between 
m Adult Brothers 


| ANTHROPOMETRIC measurements have been made 
on 32 pairs of brothers. All subjects are adult men. 
The average age of the younger brothers is 32-3 Yr., 
that of older brothers, 39-4. Age differences between 
.. members of the same pair vary from 1 to 20 years. The 
^ brother-brother correlations are shown in Table 1. 
Som cients are low but, unless below 0-35, they 

nt at the 5-1 per cent level. Low coeffi- 
io be expected because in a panm ictic 
brother-brother correlation should not 
xeeed (0-50 (or 0-42 for autosomal 
naracters). Other coefficients are higher 
low significant correlations, with two 
ptions there is no significant departure from 0-50. 
head breadth and cephalic index, correlations are 
i ngly high and significantly above 0-50. Such 
- values can be expected if, instead of random mating, 


. there is a fairly high degree of homogamy. In man. 
. assortative mating exists primarily for body-height, 
. secondarily for some characters correlated with 
_ stature. In our sample, fraternal correlation for body- 
height is low and does not differ significantly from 

‘50, the limiting value compatible with panmixia. 
can guess that assortative mating is directly 
ome other anatomical traits, but it is hard 
hat cephalic index, which gives the 
ion, ean be sexually attractive. A 
lanation seems to be more credible. 
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Table 1. CORRELATIONS BETWEEN PAIRS OF ADULT BROTHERS: 
This sample Howells's data» 
T r 


Stature 


0-35 0-47 
Sitting height 0-50 0-39 
Trunk height 0-62 = 
Vertex-suprasternale 0-64 — 
Neck length 0-32 — 
Upper limb length 0:15 — 
Lower limb length 0-40 — 
Head length ("54 0°38 
Head breadth O72 0-48 
Head heigth ~~ G41 049 
Cephalic index 0-76 — 
Minimum frontal breadth 0-34 0:47 
Bizygomatic breadth 0-16 0-20 
Face height 0:16 0-59 
Nose height 27 0-51 
Nose breadth 0-44 0:25 
Mouth breadth O41 — 


* Corrected figures published by J, M, Tanner (ref, 1). 


Our sample does not represent a definite geo- 
graphical area. As for many other samples, it is 
fortuitously mixed, because subjects come from 
different parts of the country. Two groups of fraternal 
pairs come from two distinet areas, the populations of 
which are anthropologically different. One is far more 
dolichocephalic than the other. In our small sample, 
these two groups are strong enough to increase the 
coefficient of correlation. The mingling of two more 
or less dissimilar groups—panmictie but 'allopatrie'— .. 
can exaggerate fraternal correlations in a way which 
simulates homogamy. After all, in this case, Oxces- 
sively high correlations are due to a kind of assorta- 
tive mating, not by choice, but by geographical 
isolation. "Therefore, both exceptionally high fra- 
ternal correlations are not intrinsically wrong, but 
their numerical value should be reduced in some 
way. 

On the whole, significant correlations are in accords 
ance with other data. Unfortunately, so far as I 
know, only three series of fraternal correlations have 
been published, with not entirely comparable assort- 
ments of characters!. Seven correlations of Table 1, 
without corresponding values in Howells’s data, have 
been calculated probably for the first time. In 22 
pairs, the eye colour, classified as light (blue, grey) 
and dark (all other shades), is similar (yi = 457; 
P = <0-05). But for hair colour there is no fraternal 
similarity. 
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by Tanner, J. M.. in Clinical Genetics, edit. by Sorsby, A. ^ — 
160 (Butterworth, London, 1953), : 








Goblet Cells in the Swim Bladder of 
Ophiocephalus striatus (Bloch) —— 

DvRING investigations on the mechanism of gas 
secretion by the gas gland epithelium in the swim — 
bladder of teleosts, a preliminary investigation | 
was made of the histology and histochemistry of 
the gas gland to identify the types of cells which are 
involved in the secretion of gases. 

Adult Ophiocephalus striatus were caught as and 
when required and stunned by a blow on the head and 
the swim bladder rapidly dissected out and fixed in 
Zenker's, Helly's and Champy’s fluids, a saturated 
solution of mercuric chloride in 70 per cent alcohol with 
2-5 per cent potassium dichromate, a mixture of equal 
parts of saturated aqueous mercurie chloride and 
2-5 per cent aqueous potassium dichromate, and a 
solution of equal volumes of 8 per cent aqueous basic 
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hiocephalus striatus 
oride with 2-5 pet 


Swim bladder epithelium of 
in saturated mercuric c 


gen tian. 
deeply stained 


lead acetate and 16 per cent formalin. They were 
washed, dehydrated and embedded in paraffin as 
usual. Sections 2-6u thick were stained with hæma- 
toxylin-eosin, Mann’s stain, rapid phloxine-methylene 
blue, Bensley's neutral gentian and Delafield’s 
hematoxylin. 

These stains revealed a type of cell which is 
different from the main types of cells found in the 
swim bladder epithelium. This type of cell is found 
only towards the lumen of the bladder and is seen 
distinctly as a one-cell border in places where the 
cells are present in large numbers (Fig. 1). They are 
not seen in the depths of the glandular mass. In the 
region of the main glandular mass these cells are 
relatively less numerous but more abundant where the 
epithelium is thin. 

The cells are usually rounded or ovoid and similar 
to goblet cells seen elsewhere. The nucleus is seen 
pushed to the base of the cell away from the lumen. 
In all the stains used the nucleus has taken a blue 
colour. Clear cytoplasm is seen just around the 
nucleus and above this is the condensed matter with 
very fine granules filling almost the entire cell. In 
some cells the condensed matter appeared to be 
crescentic. The space around these cells is clear of 
stain. In the rapid-phloxine methylene-blue stain the 
cytoplasm of the cell is stained a bright pink. In 
sections stained with Mann's stain these cells have 
taken less eosin than the main glandular mass 
adjacent to them. The condensed matter is stained 
violet with Bensley’s neutral gentian, and often a 
clear border is present between the condensed matter 
and the cell wall. In some cells, probably spent ones, 
there can be seen violet round bodies, while in many 
others violet striations along the long axis are seen 
in addition. In the slides stained with hematoxylin- 
eosin, only a slight difference is seen in the staining 
between these cells and the rest of the gland cells. 

These cells resemble the goblet cells seen in the 
epithelial lining of the intestines. Hence some 
sections were stained in 0-1 per cent toluidine blue in 
1 per cent alcohol and others in 0-1 per cent toluidine 
blue in 30 per cent alcohol and some others in 0-2 per 
cent Ehrlich thionin for mucoproteins. There was no 
metachromasia in the cells of the swim bladder 
epithelium while there was well-marked meta- 
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chromatic staining of the intestinal goblet cells which ' 
was more pronounced with the dye made in 30 per cent 
alcohol and still better in the thionin. Cells similar to 
those observed have not been described by previous 
workers on the fish swim bladder. Georget, who 
hes studied the swim bladder epithelium of four 
species of Ophiocephalus, fails to mention their 
occurrence. Such cells have, however, been described 
in the alimentary tract of Labeo by Girgis* and in the 
epithelium of the accessory respiratory organs of 
Clarias, including the air chamber, by Moussa’. Their 
function is that of secreting mucin, and so it seems 
quite likely that the cells seen in the swim bladder 
also have a mucus-secreting function. It is evident, 
however, that there is some qualitative difference in 
the products of secretion produced by the cells 
described here and those occurring in the intestinal 
mucosa. 

In the swim bladder of Gadus morhua “a copius 
secretion of a viscid, slimy opaque material” has been 
described by Vincents and Barnes‘. Fange* worked 
on this material and he says “‘that very probably the 
secretory product discovered by Vincents and Barnes 
in some way originates from vacuoles of the gas gland 
cells". Hə has not, however, identified any particular 
type of cell causing this secretion. The presence of a 
slimy secretion in the lumen of the swim bladder 
has been reported by many other workers also. 
Scholander* notes that the bubbles of gas are secreted 
into the mucus covering the gland. The mucus may, 
therefore, have a very important function with 
reference to gas secretion. It is also quite likely that 
there has been some confusion in the material 
examined by these workers as they think that these 
secretions are in the nature of myelin and related to 
the secretory vacuoles. Vacuoles and granules have 
also been observed in the gas gland of this fish in the 
cytoplasm of the main type of cells; but no vacuoles 
have been seen in the cells described here. The 
vacuoles of the gland cells are probably related to the 
gas-secreting activity of the gland. Thus the cells 
described here seem to be different in function and to 
be responsible for a mucoid secretion. Further work is 
progressing under the supervision of Prof. C. M. 
Francis, of this College. 


A. S. Monte 


Department of Physiology, 
Medical College, 
Triv&ndrum-11, India. 
! George, M. G., J. Zool. Soc. India, 8, 181 (1950). 
* Girgis, 8., J. Morphol., 90, 317 (1952). 
* Moussa, Tohamy A., J. Morphol., 98, 125 (1956). 
* Vincents and Barnes, J. Anat. Physiol., 30, 545 (1896). 
t Fange, Ragnar, Acta Physiol. Scand., 30, Supp. 110 (1953). 
* Scholander, P, F., J. Cell. and Comp. Physiol., 48, 523 (1956). 


Natural Occurrence of Leptospira 
icterohemorrhagiz in the Eastern Grey 
Fox and the Eastern Raccoon 


PREVIOUS investigations of wild life in the United 
States have established the grey fox and the raccoon 
as natural hosts of leptospires. Leptospira ballum!, 
L. australis A*, and L grippotyphosa* have been 
isolated from the grey fox. Leptospira ballum!, L. 
pomona', L. australis A?, L. grippotyphosa?*, L. 
autumnalis*, and L. mini-Georgia* have been isolated 
from the raccoon. 

This communication concerns the first isolations in 
the United States of L. icterohemorrhagie from the 
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LEPTOSPIRAL ISOLATIONS FROM KIDNEY SUSPENSIONS 






-. Day growth detected 
38 Day 12 post-inoculated 


00n-—7 Day 5 post-inoculated 
bacooon--76. Day 12 post-inoculated 


Mediums supporting growth 


Semi-solid Fleteher—horse; 
semi-solid Chang’s—horse 
Semi-solid Fletcher-—horse 

Semi-solid Chang's-—horse 

and rabbit; 10-* diluted 
semi-solid Fleteher—rabbit 
Bemi-solid Fletcher-—horse ; 
semi-solid Chang's-—horse; 
107? and 10 diluted semi- 
solid Fletcher—rabbit 


Day 8 post-inoculated 


| Rascoon-—80 















fox f and the eastern racooon. The 
ide during the course of an epizootio- 
n of leptospirosis in Pennsylvania 


e investigated were caught in 
g steel traps. Specimens were removed 
‘aps and transported to the School of 
edicine, University of Pennsylvania. 
the Laboratory, the animals wore 
ted in a carbon monoxide chamber. Blood 
imens for serological testing were collected and a 
one kidney was removed aseptically from 


: rarr specimen was ground with sterile 
. Suspension with Stuart's liquid medium base (Difco). 
~ One to three drops of the suspension were inoculated 
. into one tube of each of the following media: 
. Fletcher’s semi-solid medium (Difco) with 10 per 
. cent rabbit serum, Fletcher’s semi-solid medium with 

. 15 per cent horse serum, Chang’s semi-solid medium 
i with 15 per cent horse serum, and Stuart’s sermi- 
| solid medium’ with 10 per cent rabbit serum. 

.. Serial ten-fold dilutions of the kidney suspension 
|; were made, with Stuart's liquid medium base, to 
approximately 10-1 to 10-5 final dilutions. One 
_ te two drops of each dilution were inoculated into a 
"tube of Fletcher's semi-solid medium with 10 per cerit 
rabbit serum. All inoculated mediums were incubated 
< ab 29° C. and examined by dark-field microscopy at 
`: 10-14-day intervals. Culture results are summarized 
-. in Table I. 

: Sub-cultures of media containing growth of 
-^Leptospires were made into Fletcher's semi-solid 

medium with 10 per cent rabbit serum and Stuart’s 
- liquid medium with 10 per cent rabbit serum. Sub. 
>  eultures of each isolate were sent to the World Health 

. Organization Reference Laboratory for Leptospirosis, 

Wi »d Army Medical Center, Washington, 
D.C., and to the. 



































| Leptospirosis Unit, Animal Disease 
adication Division, Ames, Iowa, where they were 
ntified as L. icterohwmorrhagic. | 
licroscopic agglutination tests were conducted 
m specimens collected from each animal 
f culturing using an antigen bank of 
ral serotypes: L. bataviae, L. pomona, 
mnalia, L. ballum, L. canicola, L. icterohemor- 
2. alexi, L. grippotyphosa, L. australis A, L. 
and L. hyos. Test results are summarized in 
$2. 
r. Clark and Mr. Kresse are on assignment from 
Laboratory Services, Animal Disease Eradication 
Division, Agricultural Research Service, United 
;; States Department of Agriculture. 
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Synergid Haustoria of Quinchamalium 
chilense Lam. sign 

DeEcaisne! pointed out that in Santalum album, — 
Nanodea, Myoschilos, Osyris and more obscurely in. 
Quinchamalium, the tip of the embryo sac extends 
beyond the ovule into the ovarian cavity. The 
present account is based on an investigation of 
Quinchamalium chilense, a native of the South 
American Andes. 

The ovary is inferior with a free-central placental 
column, bearing three hemianatropous, unitegmio ^ 
ovules, the nucellus being reduced to one or two - 
epidermal cells capping the megaspore mother cell. — 
The thick integument does not grow beyond the 
nucellus and thus a mieropyle is not formed. The- 
embryo sac is of the Polygonum type and extends — 
beyond the ovular epidermis at the 4-nucleate stage. - 
At maturity it comprises the egg apparatus, two 
polar, and three antipodal nuclei. The latter are 
separated from the rest of the embryo sae by a wall, 
but do not become organized into individual cells. 

In most of the Santalaceae, the synergids aro ^. 
inconspicuous, have small nuclei, and degenerate _ 
before or soon after fertilization. In Q. chilense, on - 
the contrary, they are unusually large and pear: 
shaped with prominent nuclei. Even in unpollinated 
flowers they protrude beyond the embryo sae (Fig. 1a) 
and eventually extremely long (approximately 
1,2004) tubular structures reaching up to one-third — 


the length of the style are formed (Fig. 15). These 
are densely cytoplasmic and sometimes persist until 
the endosperm has become quite massive. Da n* 


has recorded that in some members of the Compositae, 
namely, Calendula arvensis, Mutisia candolleana and 
Ursinia anthemoides, the tips of the synergids extend - 
into the micropyle and even beyond it, sometimes 
reaching as far as the funiculus.  Paliwel's? obser- 
vation that in Santalum album dichotomously 
branched synergid haustoria develop after fertiliza- 
tion has been contradicted by Bhatnagar‘. The 


Table 2. MICROSCOPIO AGGLUTINATION TITRES OF SERUM SAMPLES OBTAINED AT THE SAME TIME AS KIDNEYS WERE CULTURED 
2 s Leptospiral serotypes 


Bat Pon. Autum, Bal, Canicola Ietero. Alexi Grippo. Aust, A Sejroe Hyoa 
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Fig. 1. a, Longisection of base of flower showing floral parts 
an extension of synergid and antipodal haustoria ( x 40): b, semi- 

tic enlargement of 1a to show the details of embryo 
aac in relation to ovary and style (x 124); e, whole mount of 
— sac showing the synergid and antipodal haustoria 
( x 262). anh, Anti l haustorium; d, disk; iow, Inner ovary 
wall; ov, ovule; ple, placental column; st, style; sy, synergid ; 

syh, synergid haustorium 


latter author has pointed out that in this plant the 
synergids degenerate soon after fertilization and that 
Paliwal had mistaken the persistent pollen tubes 
which remain adhering to the embryo sac (see also 
Griffith^*) for synergid haustoria. Thus, Quin- 
chamalium has perhaps the longest synergid haustoria 
so far known in any angiosperm. 

In addition to very long and conspicuous synergid 
haustoria Quinchamalium chilense also shows à much- 
branched antipodal haustorium. As mentioned 
earlier, thé antipodal nuclei do not become organized 
into cells. Instead, they enlarge, become hypertro- 
phied and multinucleolate and may even divide. 
Later the chalazal end of the embryo sac extends as 
far as the placental column and branches profusely 
(Fig. 1c). These branches ramify into the placental 
tissue in the vicinity of the vascular supply. In the 
Santalaceae an extension of the chalazal end of the 
embryo sac into a cecum leaving the antipodal cells 
in situ is à common feature. In Quinchamalium the 
antipodal nuclei are carried at the tip of the haustor- 
ium until it branches (Fig. le). The activity of the 
synergid and antipodal haustoria declines with the 
progressive development of the endosperm, 

The embryology of other species of Quinchamalium 
and allied genera, namely, Arjona and Myoschilos, is 
as yet unknown and it would be worth while to investi- 
gate them to ascertain if prominent synergid haustoria 
develop in these plants also. 

I shall be grateful if botanists could help me in 
procuring the preserved materials of all stages of buds, 
flowers and fruits of different species of Arjona and 
Myoschilos. 

I am indebted to Dr. B. M. Johri and Prof. P. 
Maheshwari for guidance. Thanks are also due to 
Dr. S. P. Bhatnagar for comments, to Mr. V. Garcia, 
Unversity of Buenos Aires, Argentina, now working 
at the University of Delhi, for providing the material, 
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and to the Council of Scientific and Industrial 
Research for financial assistance. 


SAROJ AGARWAL 


VoL. 192 
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* Paliwal, R. L., Agra Univ, J. Res. (Sci.), 5, 193 (1950). 
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Relation between Organophosphorus- 
Resistance and epe in Spider 
tes 


As has been shown by Lees!, the females of 
Tetranychus urticae enter into diapause under the 
influence of a short-day treatment during their 
development. High temperatures tend to prevent 
diapause even if the photoperiod is short. 

An investigation into the diapause-pattern of 
several spider mite populations originating from 
places in different countries (the Netherlands, 
Belgium and Germany) proved that the critical area 
of the diapause-pattern of seven populations was 
significantly smaller than may be expected. Only 
four populations showed a diapause-pattern in 
accordance with the data of Lees. 

In work on the susceptibility of the populations to 
organophosphorus compounds it appeared that the 
seven populations with the deviating diapause- 
pattern were organophosphorus-resistant; the four 


100 


-1 
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Percentage diapause 
= 


Percentage diapause 





8 J 12 16 
Photoperlod, hours of light per 24 hr. 


Fig. 1. The effect of photoperiod on the incidence of diapause 

in two populations Tetranychus urticae. The dotted line repre- 

sents an organophosphorus-resistant population, the continuous 
line a susceptible population 
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populations with a normal diapause-pattern showed a 
high susceptibility to organophosphorus compounds. 

Fig. 1 shows the difference in diapause-pattern 
between a susceptible and an organophosphorus- 
resistant population. At 20° C. a régime of short 
photoperiods evoked only a small percentage of 
diapause forms in the resistant population. At 15? C. 
resistant mites entered into diapause, but the per- 


. centage of diapause forms was significantly lower 


with the resistant population than with the suscep- 
tible one. 


W. HELLE 
Experimental Station for Floriculture, 
| Aalsm 


eer, 
The Netherlands. 
* Lees, A. D., Ann, App. Biol., 40, 449 (1953). 


Effect of Copper Deficiency in White 
Clover on Nitrogen Fixation 


In view of a recent report by Hallsworth et al.! that 
copper stimulates nitrogen fixation by subterranean 
clover (Trifolium subterraneum), the following evi- 
dence from a field trial is presented as indicating a 
similar function of copper in nitrogen fixation by 
white clover (T'. repens). 

White clover was dissected from mixed herbage 
samples taken on November 27, 1956, from a rates of 
copper trial conducted by one of us (F. H. v. d. E.) 
on & pasture recently established on raw peat on the 
Moanatuatua swamp. The samples were analysed 
for copper and total nitrogen contenta. 

Many clover plants in the control plots showed 
characteristic copper deficiency symptoms—die-back 
with bleaching of the margins and rolling and collapse 
of the leaflets. The samples analysed were apparently 
healthy whole leaves (leaflets plus petioles). 


Table 1. YIELDS OF MIXED HERBAGE AND COPPER- AND NITROGEN- 
LEVELS IN WHITE CLOVER 


Dry matter yield Copper Nitrogen 
Treatment b. per acre (p.p.m. in dry (percentage in 
(Spring 1956) matter) dry matter) 
Con 2,090 2:5 4:25 
5 Ib. Bl 3,330 3-6 4°88 
10 Ib. Bluestone 3,410 40 4:04 
20 Ib, Bluestone 3,540 6-6 5°05 
40 Ib, Bluestone 2,520 1:2 5:00 
80 Ib. Bluestone 3,520 8:2 5-03 
t 14 350 0-78 0-16 
1 470 1-05 0:21 


The copper treatments resulted not only in increased 
growth of white clover and elimination of deficiency 
symptoms, but also in signifieantly higher concentra- 
tions of total nitrogen. Incubation tests of the peat 
soil with copper additions failed to demonstrate any 
increase in mineral nitrogen-levels. The clover 
nitrogen-levels in the controls were relatively low for 
succulent spring growth under local conditions, but 
normal in the copper-treated plants. The presence of 
copper deficiency symptoms together with low nitro- 
gen- and very low copper-levels suggests that the 
increases in nitrogen concentrations in the clovers 
were due to a specifie effect of copper on nitrogen 
fixation by white clover. 

F. H. VAN DER ELST 


1 K. J. McNaveur 
` W. F. Rorr 


Rukuhia Soil Research Station, 
Hamilton, New Zealand. 


* Hallsworth, E. G., Wilson, 8. B., and Greenwood, E. A. N., Nature, 
187, 79 (1960). 
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Limitations of the Periodic Acid-Schiff 
Technique for the Demonstration of 

Stages of Eimeria in Tissues 


IN a recent communication, Jennings! suggested 
that the periodie acid-Schiff technique is useful for 
the demonstration of all stages in the life-cycles of 
four species of coccidia occurring in the intestine of 
the fowl. These species were Himeria acervulina, 
E. maxima, E. necatrix and E. tenella. 

The periodic acid-Schiff technique was first 
applied to Eimeria by Lillie*, who obtained positive 
reactions in the cytoplasm of oocysts of E. stiedae 
from the rabbit. More recently, this technique was 
used by Cheissin* on E. magna, E. media and E. 
intestinalis from the rabbit, Pattillo and Becker* on 
E. acervulina and E. brunetti from fowls, Gill and 
Ray* and Tsumoda and Itikawa* on E. tenella from 
fowls. These authors all failed to obtain positive 
reactions by the periodie acid-Schiff technique with 
some stages of these life-cycles. Cheissin found that 
isolated microgametes were negative and that micro- 
gametocytes gave only an insignificant reaction. 
Pattillo and Becker obtained no positive reactions 
using the Hotchkiss’ periodic acid-Schiff technique 
with the microgametocytes and schizonts of both 
E. acervulina and E. brunetti, although the merozoites 
of E. acervulina gave a weak reaction. Developing 
macrogametocytes were often negative. 





Section of small intestine infected with E. marima and 
fixed in formol saline; stained ay Hotchkiss odic acid-Schiff 
technique and counter-stained with hemalum. Note the intense 
E he ma M and 


Fig. 1. 


Fig., p jag yen of — grove png ie E. entes «qa 
tix th uin's fluid; staine otehkiss periodic - 
Schiff technique and res A onean vrl f with hemalum. Note the 


lack of preservation of the plastic ules in the macrogametes 

8); hé Fora aarin and ametes (M) have stained 

with the hemalum, but not vith oh periodic acid-Schiff reagent. 
x 
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In our experience, the invading sporozoites and 
merozoites of E. tenella give only weak reactions and 
consequently the technique is of little value in 
demonstrating these stages in tissues. Long and 
Rootes*, using the Hotchkiss periodie acid—Schiff 
technique, showed that the reactions of the prominent 
so-called ‘plastic granules’ of the macrogametes de- 
pend on the type of fixative used (see Figs. 1 and 
2). According to Pattillo and Becker, these granules 
probably consist of a protein-carbohydrate com- 
plex, which is unaffected by pre-treatment with 
saliva or «-amylase. Fixation with Bouin's fluid fails 
to preserve these granules, and negative results are 
obtained with the periodic acid-Schiff technique 
although there is no interference with the staining 
of the glycogen in the cytoplasm. For these reasons 
the periodic acid—Schiff reaction is not an appro- 
priate technique for the demonstration of all stages 
of the life-cycles of Eimeria, and when used on 
sections of very heavily parasitized intestinal tissue, 
large amounts of mucus giving a positive reaction 
with the periodic acid-Schiff technique may mask 
the parasites. The same difficulty may be encountered 
when the technique is applied to sections of rabbit 
liver containing trophozoites and smull stages of the 
asexual and sexual cycles of E. stiedae, because of 
the possible masking effect of the stained liver 
glycogen. 

P. L. Lone 
D. G. ROOTES 
C. HORrTON-SMITH 


Houghton Poultry Research Station, 
Houghton, 
Huntingdo 1. 
! Jennings, J. B., Nature, 192, 473 (1961). 
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.„ and Ray, H, N., Ind. J. Vet. Sci., 94, 223 and 229 (1954). 
N., and Gill, B. S.. ibid., 25, 17 (1955). 
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* Hotchkiss, R. D., Arch. Biochem., 16, 131 (1948). 
* Long, P. L., and Rootes, D. G., Trans. . Soc. Trop. Med. Hyg., 
$3, 308 (1959). — - el 


CYTOLOGY 


Identification of the Chromosome 
Complements of New-born and Adult 
Living Mice 


CHROMOSOME abnormalities similar to those known 
in man are now being found in mice’. Identification 
of the chromosome complement of these mice in cells 
from bone marrow* or corneal epithelium? involved 
the death of the animals. The advantage in identi- 
fying the chromosome complement of living mice is 
obvious, and the present communication describes 
techniques to achieve this in new-born and in adult 
mice, chiefly by tho use of primary outgrowths of colls 
from pieces of tisgue cultured in vitro. 

The chromosome complement of new-born mice 
aged 1-3 days has been identified in cells from small 
pieces of tail. Loss of their tail-end does not obviously 
affect the development of these mice. Attempts to 
obtain cells in mitosis for chromosome counts directly 
from the tail-pieces were not uniformly successful, 
hence the pieces have been cultured in vitro. Before 
removal from the mouse, the tail-ends are washed in a 
mixture of alcohol and ether; this serves as a partial 
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anesthetic and to clean the tails. The excised tail- 
ends are then washed in Gey's solution containing 
mycostatin, penicillin and streptomycin, cut into 
four or five small pieces, and mounted separately in 
tiny plasma clots on a 3/4 in. cover-slip. The cover- 
slip is inverted in a cavity cell, and growth medium 
is added. Antibiotics and mycostatin are necessary to 
keep down bacteria and fungi respectively. Initially, 
Gey's solution containing 15 per cent calf serum, 2 
per cent chick embryo extract, and 0-5 per cent 
lactalbumin hydrolysate was used as the growth 
medium, but this was later superseded by medium 199 
(Glaxo Laboratories), plus 15 per cent calf serum. 
The medium is changed every other day, and all 
cavity colls are gassed with 5 per cent carbon 
dioxide. 

Cells emerge from the grafts within one or two days 
(Fig. 1). After 4-5 days, the cell monolayer in many 
of the cultures is ready for cytological preparation. 
The small pieces of tail, still easily recognizable, are 
gently pulled off the cover-slip with least disturbance 
to the cell monolayer, and are re-embedded in tiny 
plasma clots on another cover-slip to serve as a 
reserve if needed. The cover-slip containing the cell 
monolayer is then re-inverted into the growth 
solution and treated for chromosome processing in a 
manner similar to that deseribed in ref. 4: ‘Coleemid’ 
(Ciba Pharmaceuticals) at a concentration of 0-25- 
0-50 ugm./ml. for 2 hr., hypotonic saline for 15 min., 
and fixation in 45 per cent acetic acid. In practico, 
after removal of the growth medium ‘Colcemid’ 
mixture, 1 ml. saline is placed in the cavity cell, 2-5 ml. 
distilled water is added dropwise, and the acetic acid 
added slewly 15 min. later. This concentration of 
hypotonie saline, and the gradual addition of water 
and fixative, were found to give good spreading of the 
chromoscmes with minimal cell b . After 
fixation, she cells were dried in air and stained by the 
Feulgen technique. 

Mitoses are found in the great majority of the 
preparations. The clarity of many mitoses is sufficient 
to eount the chromosomes easily (Fig. 2), and more 
than thirty of them can be selected in some cultures. 
If this number is not available, or if more are required, 
the reserve culture is available a few days later. The 
mitotic index is especially high in cultures fixed 
10-11 hr. after change of growth medium. Details of 
the counts on mitoses in six tails are given in Table 1. 
Almost all were diploid; a few were found with less 
than the diploid number, and were presumably a 
result of cell breakage. The technique obviously 
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Fig. 1. Growth from a piesa r^ "" after 3 days in culture. 
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Fig. 2. Diploid mitosis from a tail culture. (x 756) 


. permits a fairly rapid identification of the chromo- 

some complement of new-born mice, and twenty-two 
. such mice have recently been examined here using an 
. arbitrary limit of twelve clear mitoses for classifica- 
= tion. Thirteen were classified within 5 days, six 
. others within 7 days, and two more after 10 days; the 


— last culture was lost through bacterial contamination. 


. Table 1, CHROMOSOME COUNTS ON CELLS IN OUTGROWTHS FROM 
pam 0 64: TAIL-TIP AND EAR-CLIP CULTURES 


pa 


No. of mitoses Chromosome counts 
Tissue examined 31 33 39 40 
Tail 68 1 2 65 
45 1 1 43 


Table 2, GROWTH FROM EAR CULTURES 


Proportion Mean interval (days) until: 
of successful tappearance Ready for 
— after  offibroblasts ^ processing 

ys 










Regenerating for 2 da 15/5 $6 i oe 38 t 06 
] or ys . LI * 
-Regenerating for 4 days 11/12 $4 1038 10:24 0-4 


The chromosomes of adult mice were also counted in 
. cells grown in vitro. Mitotic cells can be obtained 
directly from mice by partial splenectomy, but such 
an operation is often undesirable. Pieces of skin are 
not very suitable for obtaining cell outgrowths; 
growth is very slow or absent, and bacterial and 
. infections are frequent. Small pieces clipped from the 
. ears produce a better growth. The most successful 
method is to make a small cut in the ear of the mouse 
and, 2 or 4 days later, remove small pieces containing 
the regenerating tissue. Cells now emigrate from the 
. ear tissue much sooner (Table 2), and the cell mono- 
layer can be processed for chromosome counts 
efter approximately 10-15 days. Details of the counts 
. made on four ear cultures are given in Table 2. The 
technique clearly servos to obtain an indication of the 
_ chromosome complement of the adult mouse with the 
. minimum of discomfort to the animal. 


R. G. Epwarps 


Division of Experimental Biology, 
National Inst tute 
. . for Medical Research, 
Mill Hill, London, N.W.7. 

elshons, W. J., and Russell, L. B., Proc. U.S. Nat. Acad, Sei., 
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* Hsu, T. C., and Klatt, O., J. Nat. Cancer Inst.. 91. 437 (1958). 
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GENETICS 


A Heterocaryon possessing Haploid 
and Diploid Nuclei 


In general, a heterocaryon between a white and a 
yellow mutant of Aspergillus fungi gives rise to white, 
yellow, and green progeny. It was found recently, 
however, that five heterocaryons produced between 
two of the seven colour mutants of A. 80jae strain 
K could give brown progeny besides the white, 
yellow, and green. Evidence that the brown strain 
appears to be a heterocaryon possessing haploid 
and diploid nuclei in a common cytoplasm is to be 
described. 

Among the five heterocaryons, a heterocaryon 
between a white histidineless mutant and a yellow 
leucineless mutant was investigated extensively. The 
heterocaryon was produced by the method reported 
in ref. 1. When conidia of this heterocaryon were 
plated on minimal medium (Czapek agar), there 
appeared four kinds of colonies, namely, white 12, 
brown 6, green 10, and heterocaryotie colonies 4,410. 
Eight of the heterocaryotic colonies had brown 
sectors. ' 

A conidial suspension prepared from a whole brown 
colony, in which more than 90 per cent of conidia 
were single, was spread on complete medium (Koji 
extract agar), and the conidial eolour and nutritional 
requirement of each colony were examined after one 
week. In approximately one thousand colonies, 84 
per cent were yellow, 13 per cent brown, and 3 per 
cent green. Using one of the brown colonies thus 
obtained, plating was done again on the complete 
medium. Results are shown in Table 1 together with 
the results of the third experiment. It is noteworthy 
that no white colony was found among the conidia of 
the brown strains. In addition, the yellow colonies 
were dependent on leucine and the brown and the 
green colonies were prototrophic. In contrast with 
this, for normal heterocaryons there was no green 
colony, so far as was tested, although they gave 
white, yellow, and heterocaryotie colonies (Table 1). 


Table 1. PATTERN OF SEGREGATION OF THE BROWN STRAINS AND 
NORMAL HETEROCARYONS 


Brown strain Normal he on 
n No. of Segregation 0. of 
No.of ratios (per cent) colonies ratios (per cent) colonies 
E e Y X G examined 
1 0. 84 19 3 1,100 44 43 13 O0 1,680 
2 RR 1.010 41 48 11 O0 986 
8 0-87 13 1 1,166 40 50 10 0 802 


W, White histidineless: Y, yellow leucineless; X heterocary 
prototroph; G, green prototroph; and B, brown prototroph. in 


In order to estimate ploidy of the yellow and the 
green segregants, numbers of nuclei/conidium were 
examined by the method described in ref. 2. Results 
were that the yellow conidium contains on the 
average 3-5 nuclei and the green conidium 1-7. These 
values approximate to those in a haploid (3-5) and a 
heterozygous diploid conidium (1-6) which was 
produced by the authentic method®:*. Moreover, the 
yellow clone was stable, and the green clone gave 
white and yellow progeny after a long cultivation. 
The appearance of white progeny from the green 
strain might be due to either somatic recombination 
or reduction’. It is concluded, therefore, that the 
nuclei in yellow conidia are haploid and the nuclei in 
green conidia diploid. 

It is known that a white haploid nucleus and a 
yellow haploid nucleus in a heterocaryotic cell can 
conjugate under natural conditions to form a hetero- 








zygous diploid nucleus which develops green colour. 
In the heterocaryon described before (the original 
heteroearyon), it seems that the diploid nuclei are 
seldom segregated and transmitted to progeny to- 
gether with the yellow nuclei. The resulting progeny 
are brown. Because a single conidium of the brown 
strain gives rise to yellow and green progeny, the 
oonidium is considered to be a heterocaryon possessing 
both haploid and diploid nuclei. The average number 
of nuelei in a brown conidium is about 3-0. 
CHIYOKO TAKEICHI 
YONOSURE [KEDA 
Institute of Applied Microbiology, 
University of Tokyo. 
à r ae and Sakaguchi, K., J. Gen. and App, Microbiol., 2, 345 
3 ir A and Sakaguchi, K., J. Gen. and App. Microbiol., 1, 288 
XOU, 
3 Tb Uchida, K., and Ikeda, Y., Ezp. Cell Res., 10, 737 
DO, 
+ fahitani, C., Ikeda, Y., and Sakaguchi, K., J. Gen. and App. Miere 


biol., 2, 401 (1956). 
* Pontecorvo, G., Adv, in Geneties, 5, 141 (1953). 


ANTHROPOLOGY 


Possible Origin of the Use of Fire by 
Early Man 


THOUGH many animals can become accustomed to 
the presence of fire, man alone has learned to produce, 
to maintain and to control it. However, this achieve- 
ment is not peculiar to Homo sapiens. Fire was known 
also to Homo neanderthalensis and Pithecanthropus 
pekinensts', From the study of fire-myths and the 
cultures of primitive races, it is usually presumed 
that fire was first obtained from such natural sources 
as volcanoes, bush fires, lightning, sparks struck 
from stones, or dry branches rubbing together in 
the wind?-*. Myths, however, are not necessarily 
reliable as guides to the distant past, while the reac- 
tion of animals, even of modern man, to volcanoes 
and forest fires is one of terror. Even when fear has 
been mastered, the practical difficulties of obtaining 
fire from these sources are still immense. Natural 
production of fire by friction or percussion is too rare 
to be readily observed by members of a small and 
scattered population. ` 

An alternative to present theories is that use of fire 
itself is secondary to use of heat derived from bacterial 
decomposition of plant material. The heat produced 
by a haystack or compost heap is a matter of common 
knowledge. This heat may well become great enough 
to result in fire. Since many animals use as beds 
piled and trampled grasses, early man may well have 
slept in a similar manner. Individuals leading a 
purely nomadic existence would not use their bedding 
heaps sufficiently long for the warmth of decay to 
become apparent, but so soon as a more settled mode 
of life was adopted bacterial decay of the bedding 
- could become important. Accumulation of sun-dried 
vegetation in a bed, perhaps a communal one, could 
lead to the ‘compost heap’ situation, presenting 
man with a small-scale source of heat. At first this 
would merely increase the temperature of his bed; 
later it might lead to the idea of the peat fire or even 
of earth-oven cooking. Occasionally, no doubt, such 
beds would burst into flame, providing at once the 
source and the idea of a blazing fire. On this theory, 
other means of fire-production can be regarded as 
being developed at & much later period, either from 
observation of natural events or as à by-product 





NAT UR E ME December 30, 1961 «vi: ' 


of chipping and grinding processes in toolmaking. 


industries. 

There can be no direct evidence for any theory 
of the origin of the use of fire, but it seems not 
unreasonable to regard the awe-inspiring character 
of natural fires and the rarity of small-scale fire ` 
production in Nature as militating against accept- | 
ance of present theories. In contrast, heat or flame — 
produced by the method here suggested would be, 
at most, only mildly startling, while the care accorded - 
by some primitive races to their existing fires could | 
be interpreted as deriving from a period when an 
active compost heap was a most precious family 
possession. The “compost heap’ theory would also 
allow for widespread discovery of the use of fire by 
early man, even in regions where natural sources 
of fire were not available. 


Bede College, 
Durham, 


i Handbook on Evolution (British Museum, London, 1958). 

* Graves, H. G., J. Asiatic Soc, Bengal, 12, 1 (1916). 

* Hough, W., Bull. U.S, Nat. Mus., 189, 1 (1920). 

t Huntingdon, E., article on “Fire” in Encyclopaedia Britannica (1959), 


& arr R. F. (trans), Lucretius: the Nature of the Universe (London, 
19231). 


D. C. ARNOLD 


PSYCHOLOGY 


Validity of Prediction based on Cross- 
Sectional Analysis 


CROSS-SECTIONAL analysis, by means of which is 
investigated the behaviour of a cross-section of the 
population at a given point in time, is a convenient 
method in many fields of research where age or 
maturational differences are of interest. Implicit in 
the findings of such investigations are predictions 
about the future behaviour of the groups concerned. 
Such predictions are, however, based on the assump- 
tion that the behavioural differences between groups 
are due to the age differences involved, and that 
future age changes will bring about similar behavioural 
differences. The fallibility of such predictions in the 
field of demography has been pointed out!. This 
investigation is aimed at checking similar findings in 
the field of absence behaviour in an industrial 
situation, l 

The absence records of a group of 140 continuous 
service men engaged on manual work in an engineering 
firm during the period 1949-58 formed the material 
of the investigation. The sample was divided into 
four age-groups, each covering an approximate 
10-yr. span, so that the median age of one group at 
the end of the period was approximately equal to that 
of the next oldest group at the beginning of the period. 
The records for each group were first analysed cross- 
sectionally for a 2-yr. period 1949-50, and the same 
groups were then followed longitudinally for. a further 
8 years. Two measures of absence were used in the 
analysis: (a) the number of occasions of absence, and 
(b) the average length of absences. The data were 
divided into five 2-yr. periods. The results for the 
first and last of these periods are summarized in 
Tables 1 and 2. 

For the length of certified sickness absence (Table 
2), the cross-sectional analysis based on the 1949-50 
data shows a sharp increase in the length of absence 
for the oldest group. This agrees with the findings of 
previous investigators, for example, ref. 2. The 
predietion from this finding would be that, as age 
inereased, group 3 would show & similar inerease in 
length of sickness absence, and an examination of the 
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Tablel FREQUENCY OF ABSENCE FOR REASONS OTHER THAN SIOKRNESS 


No 4809 


1949-50 1957-58 
No and No and 
Age Nom Median Average percentage Average percentage 
group group ageat No of of men No of of men 
1/1/49 absences withO absences with 0 
perman absences per man absences 
1 20 23 235 3 (15) 275 (15) 
2 51 ol 161 16 (31) 171 i18 (85) 
3 94 40 118 18 (53) 171 14 (41) 
n* 35 51 1 63 15 (43) 1 49 15 (43) 
A 
groups 140 35 161 52 (37) 18 50 (36) 


Table 2 LENGTH OF CERTIFIED SICKNESS ABSENCES 
1949-50 1957-58 
Percentage Percentage 
Age No ın Median Average ofabsenees Average of absences 
group group ageat length of lasting length of lasting 
1/1/49 absence more than absence more than 
(days) 2 weeks (days) 2 weeks 
1 20 23 7 48 14 3 83 0 
2 51 31 7 65 18 7 47 18 
3 34 40 7 82 18 13 12 53 
s 35 51 14 22 67 12 64 55 
groups 140 33 00 34 10 9 41. 


data for the end of the period (1957—58) shows that 
such an increase has, in fact, occured In this case 
the longitudinal method suppoits the findings of the 
cross-sectional method, making ıt probable that this 1s 
a true ageing effect 

In the case of frequency of absenco (Table 1) this 
1s not so The cross-sectional analysis (1949-50) 
shows the youngest group to have a frequency of 
absence fo: reasons other than sickness higher than the 
other groups Similar findings by other mvestigators 
are reported? On this basis one would expeet their 
absences to become less frequent as they grew older, 
but the data for the end of the period show that this 
has not happened and that their absence frequency 
has, in fact, increased relatrve to the average The 
higher absence frequency of this group seems to be a 
contmuimg characteristic, mdependent of age 

The conflict of evidence aiising from the use of 
these two methods indicates the need for gieater 
caution in the interpretation of the results of cross- 
sectional investigations The differences shown by 
this method may be due to the age differences in- 
volved, but the possibility that other factors are 
operating must also be borne in mind 

This work will be published in greater detail m 
Occupational Psychology 


GwWYNNETH DE LA MARE 
R SERGEAN 
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Role of Experience in Misreaching 
produced by Visual Cortex Lesions 


WHEN the macular projection area—that part of 
the visual strato cortex to which the macular region 
of the retina projects—is removed m monkeys a 
characteristic symptom can be demonstrated The 
animal frequently musreaches for small pieces of 
food when they are presented to him on a flat 
surface’? The error involved may be as much as 
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thee inches, and two inches 1s common It ıs the 
direction of the object, rather than the distance, 
which 1s usually gauged incorrectly by the animal, 
that is, his fingers fall to the sides of the object rather 
than beyond or m front of ıt The direction of the 
error appears to depend primarily on which hand 1s 
used, misreaching to the left tending to occur when 
the left hand 1s used and misreachmg to the right 
when the right hand ıs used The position of the food 
relative to the animal’s body is also important 
This type of behaviour 18 often called ‘past-pointing’ , 
but since the error tends to be one of direction rather 
than distance, and also because past-pointing 1s also 
used to refer to vestibular or cerebellar derangement, 
we prefer to use the term ‘misreaching’ 

Misreaching 1s easily demonstrated during the fist 
few days after operation It declines, and almost 
invariably disappears within ten days — Afterwards, 
operated animals are as adept as normal animals at 
detecting and picking up small objects 

lt has never been shown whether practice 18 neces- 
sary for this recovery to occur or whether it is the 
result of & spontaneous re-organization of the visual 
system after part of 1t has been damaged The lattor 
hypothesis might seem rather mnprobable were ıt not 
for the fact that we now know that the rhesus monkey 
1s not bhnd in the centre of 1ts visual field after this 
operation, although this region 1s less efficient than 
in the normal animal? Whichever hypothesis is 
correct, 10 1s ntoresting to contrast the high degree 
of plasticity ın such monkeys with the lack of correc- 
tion in ortentation after eye rotation or similar 
alterations in Amphibie! 

In order to distinguish between these two views 
about the recovery process—spontaneous recovery 
or practice—an. animal was kept 1n total darkness fou 
ten days after the macular projection area had been 
removed, he was then tested for misreachng The 
result was clear ‘The anımal musreached in exactly 
the same manner and for the same length of trme as 
previous animals which had been tested without a 
delay after surgery A control animal which was 
kept in the dark for 10 days showed no misi:eaching 
when it emerged These statements are based on 
daily obsei vations made in an experimental situation 
which permits quantitative estimates of misreaching 
from ciné film records 

It 1s concluded that, although the cause of mis- 
reaching 1s still not perfectly clear, recovery depends 
on experience m the light It cannot be said without 
further experrmnental work whether mere exposure 
to the light 1s sufficient, or whether specific practice m 
reaching for objects 1s necessary The latter appears 
more likely in view of recent work on the recovery 
of misreaching by human subjects wearing prisms? 

This investigation was supported by the US Au | 
Force under Contract AF 61 (052)-185 One of us 
(A C) held a Medical Research Council fellowship 
while doing this work 

A COWEY 
L WEISKRANTZ 


Psychological Laboratory, 
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Equation of Motion in Five Space 


THERE exist many models for the description of 
the gravitational and electromagnetic field Perhaps 
the most successful formalism developed 1s still that of 
Kaluza!, with notable improvements by Bergmann? 
since 1t reproduces exactly the classic equations of the 
electromagnetic field with gravity However, there 
still remained the well-known difficulties associated 
with the classic treatment of Nature so that general- 
izations which lead to substantially different equa- 
tions were made in the hope that there could be 
included withm the new frameworks an adequate 
theory encompassing quantum-phenomena as well 
These hopes have not been realized; but nevertheless 
it 18 most difficult to relinquish a theory which by 
and large has been subject to confirmation —quite 
strikingly m recent times using techniques based on 
the Mossbauer effect? In addition to numerous 
verifications of the original version of the theory, 
Einstem, Infeld and Hoffmann? have shown that there 
exists a most ssthetic feature, namely, that the field 
equations themselves determine the classic equations 
of motion of ‘smgularities’ or ‘particles’ ın the field 
Thus ıt 1s not necessary to supplement the field 
equations with ponderomotive equations. 

It seems to be of some interest to investigate the 
equations of motion in a five-dimensional setting to 
examine departures from the usual results. I will 
assume that the additional dimension 1s space-hke 
and take for the field equations 


Ruy — Jurk/2 = 0 
uv = 0,1, 2, 3, 4 


where guy 18 the metric tensor, Ry, the Riemann- 
Christoffel curvature tensor and È its contrac- 
tion ‘0’ indices wil be considered temporal, 
the others spatial with the ‘4’ mdex reserved for the 
additional dimension Now if we seek approximate 
solutions of the field equations corresponding as 
closely as possible to the four-dimensional case 16 18 
found on reckoning differentiation with respect to 
X, as leading to quantities of the same order of 
smallness as differentiation with respect to 
X,(= ct), and then proceeding in much the same 
fashion as in reference 2 and 4 ‘co-ordinates’ of the 
‘particles’ will involve X, as well as X, which 
would imply that the equations of motion for the 
position of the ‘particles’ will be partial differential 
equations rather than total differential equations In 
addition to a field, which, in. view of the Kaluza 
theory, may be interpreted as that arismg from a 
charged ‘particle,’ there arises another which I 
make no attempt to interpret here 

For purposes of comparison let us record the results 
of the calculations for the metric tensors to that order 
essential to obtam the Newtonian epproximation 
These are 


Jo. = l -0 (UEM Be P138) Vi 


(1) 


Jos = (0x/13)c? E(3M385j [0t ~ 
(18/2x)12(cQ1) 8 57/0X7) V; 


gas = (0x/13)c? X((13/2x)12Q, GES [dt — 

: 8P,cOEj/0X*€M, (2) 
Jao = — Ge-*(x/26)?? DQ V, 
s= 123 ' 
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where 
V; = ((X5-55) (X5-55)) 152 (3) 
3, the sth co-ordinate of the jth ‘particle,’ and M; 
and Q; 1ts mass (gm ) and charge (E s v ) respectively. 
P; may be eonsidered another parameter describing 
another property of the jth particle It1s to be noted 
that x 1s Newton's constant of gravity and that the 
dimensions of the P; ıs that of (x)! times charge 
(Es.U) Mi, Qj and P; could be functions of X,(— ct) 
and X, satisfying 
a M| dt- (13/18x)1200Q4/0X* = 0 4) 
2Qj/0t — (18x13) ?c0P4/0X* = 0 ( 
while the partial differential equations of motion for 
the jth particle in the Newtonian approximation turn 
out to be: 


9263/30 — (1/8)(cQ7/M;)(26/x): ^ 0* 55 /0.X * 0€ 


+ (Pyot/My) 0961] 0 X4 (5) 


— X (xM: + QQM; — 4xP4M31/(13M3) 
FI 
+ A«PLP4/M, — 4xPi/13)0V(2,9)/08; = 0 
where 


Vlag) = (Ei - &) (&- 5)? (6) 
with the time ? m seconds units and .X^ the additional 
co-ordinates expressed in emn units 

It 8 to be noted that even for an isolated ‘particle’ 
or systems of particles’ far removed from one 
another the co-ordinates 5j satisfy the second-order 
equation obtamed by considering only the first three 
terms of equation 5 which may be expressed. as. 


(6/8t-c,..0| 0X4) (0/dt—cz_0/0X4) £5 = 0 (7) 


if M, Qj. and P; are presumed constant. In equation 
7 c+ 18 given by 


€ 4 = (Qj/MjI)(18x/18)12 + 
((QjMj;)*(18«/13)1 — Pj] Mg)!!?)e (8) 


which mphes with {the fj and’g; arbitrary functions 
of the indicated arguments that 


Eh = filet + X4) + glet + X!) (9) 


& wave motion for the £j which 1s propagated with 
velocities — cj, ın our? — X* space 

The imsistence that equation 7 be a hyperbolic 
partial differential equation has as consequence 
P/M; < 0 to assure this property even when Q; = 0 
For an electron the velocity of propagation attains a 
value of the order 10?! times the velocity of light 
One would be forced to conclude that if ıt were 
possible £o communicate ın such a space ıt would be a 
relatively sumple task to assess the state of the far 
reaches of the universe within a considerably shorter 
mterval of time than heretofore and so indeed to 
consider occurrences almost anywhere to be of a 
contemporary nature In any event the structure of 
the equations of motion which have emerged even for 
‘free particles’ may perhaps provide us with other 
conceptual possibilities the starting pomt of which 
may lead to a theory with less startling consequences 


CHRISTOPHER GREGORY 
University of Hawan, 
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FORTHCOMING EVENTS 


Tuesday, January 2 


ROYAL GEOGRAPHICAL SOCIETY Gomt meeting with the GEO- 
GEAPHICAL ASSOCIATION and the INSTITUTE OF BRITISH GEOGRAPHERS, 
at 1 Kensington Gore, London, S W 7), at 8 pm —Prof David 
reru "Some Contrasts 1n Landscapes m the FIDS Sector of the 
Antarctic” 


Wednesday, January 3 


BRITISH INSTITUTION OF RADIO ENGINEERS (ab the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W C1), at 10 a m—All-day Symposium on “Data Trans- 
mission" 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdeage Walk, Westminster, London, 8 W 1), at 6pm 
— Discussion on “Wear of Rubbing Electrical Contacts” 


Wednesday, January 3—Friday, January 5 


SOIENCE MASTERS’ ASSOCIATION (at Imperial College, London, 8 W D, 
at 10am daly—Annual Meeting 


Thursday, January 4 


INSTITUTE OF REFRIGERATION (at the Institute of Marine Engineers, 
The Memorial Building, 76 Mark Lane, London, E C 3), at 5 30 pm 
—Mr S I Neuman “Refrigeration in Dam Cooling” 


INSTITUTION OY ELECTRICAL ENGINEERS {at Savoy Place, London, 
W C 2), at 530 pm — E J Lane “The Transmission of Power 
at High Voltages" (Fourth Hunter Memorial Lecture) 


ROYAL SOCIETY OF MEDICINE, NEUROLOGY SECTION (at 1 Wimpole 
Street, London, W 1), at 8 p m —Meeting on “Inborn Errors of Meta- 
ae a Speakers Dr Richard H Dobbs, Dr L I Woolf and Dr 

ose 


-~ Friday, January 5 


PLASTICS INSTITUTE (at the Institution of Electrical Engineers, 
Savoy Place, London, W C 2), at 2 30 pm —Prof M Stacey, FR 8 
*"Nature's Plastics" (Annual Young People's Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS 
14 Belgrave Square, London, S W 1), at 6 30 p m —Mr F 
“Recent Advances m the Chemistry of Penicilhn" 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL ELECTRONICS 
DISCUSSION GROUP (at Savoy Place, London, WC 2) at 6 pm— 
Discussion on “Membranes” opened by Dr H Davson 


GROUP (at 
P Doyle 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

BIOCHEMIST for the Wellcome Laboratory, situated at the Veterin- 
ary Hospfital—The Secretary of University Court, The University, 
Glasgow, W 2 (January 12) : 

ORNITHOLOGIST (with a good honouis degres and/or igh pro- 
fessional attainment in ornithology) at London Headquarters, for work 
on ornithological matters at National leyel—The Nature Conservancy 
(E) 19 Belgrave Square, London, S W 1 (January 12) 

LECTURER (with an honours degree or equivalent qualifications, 
and preferably special interests and experience in general psychology, 
experimental psychology or statistics) IN THE SCHOOL OF APPLIED 
PsxcHOoLOGY— The Agent-General For New South Wales, 56-57 Strand, 
London, W C2, and the Appointmenis Section, The University of 
New South Wales, Box 1, Post Office, Kensington, New South Weles, 
Austraba (January 15) 

UNIVERSITY LECTURER (with an honours degree in agriculture, 
or m agricultural science, together with experience in teaching and 
research, and preferably with interests in the field of animal husbandry) 
IN AGRIOULTURE—Ihe Secretary of the Appointments Committee 
of the Faculty of Agriculture, The University, Cambridge (January 16) 

RESEARCH FELLOW or RESEARCH ASSISTANT IN PHYSICS at the 
University of New England, to assist in a programme of 1esearch into 
the physics of ice, water and clouds—The Registrar, University of 
New England, Armidale, New South Wales, Australa, and The 
Secretary, Association of Universities of the British Commonwealth 
{Branch Office), Mariborough House, Pall Mall, London, SW 1 
{Australia and London, January 19) 

LECTURER IN GEOGRAPHY— The Registrar and Secretary, The Unl- 
versity, 38 North Bailey, Durham (January 20) 

LEOTURER IN PHYSICS—The Registrar and Secretary, The Univer- 
sity, 38 North Bailey, Durham (January 20) 

LECTURER (preferably with a major interest m applied mechanics, 
especially theory of machines, stress analysis and properties of 
materials, or applied thermodynamics) IN ENGINEERING (Mechanical) 
—The Registrar, The University, Manchester 13 (J. anuary 20). 

LECTURERS (2) (suitably qualified honours graduates) IN GEOGRAPHY 
in the Liberal and Social Studies Department, Kwame Nkrumah 
University of Scrence and Technology, Kumasi, Ghana—The Assistant 
Registrar, Kwame Nkrumah University of Science and Tech- 
nology, 29 Tavistock Square, London, W C1 (January 20) 

SCIENTIFIO OFFICER (with a firat- or second-class honours degree 
1n mathematics with statistics, or a Diploma in Statistics) IN THE 
STATISTICS SECTION, for duties mainly concerned with the design and 
analysis of field and laboratory experiments—The Secretary, The 
Macaulay Institute for Son Research, Craigiebuckler, Aberdeen 
(January 20) 
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ASSOCIATE PROFESSOR IN CONORETE TECHNOLOGY af the Univer- 
sity of Sydney, Austraha—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, 8 W 1 (Austraha and London, January 24) 

LECTURER or ASSISTANT LECTURER IN THE SUB-DEPARTMENT OF 
COMPUTATION—The Secretary and Registrar, The University, 
Southampton (January 26) 

DEMONSTRATORS (graduates with some research experience) IN THE 

EPARTMENT OF ORGANIC CHEMISTRY—The Registrar, The University, 
Liverpool, quoting Ref CV/575/N (January 31) 

DEMONSTRATORS (2) (with a science degree with a major in zoology) 
IN ZOOLOGY at the University of Melbourne, Australia—The Registrar, 
go iy of Melbourne, Parkville, N 2, Victoria, Austraha (January 


IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (one or more) 
—The Secretary, The University, Aberdeen (January 31) 

LECTURER IN CIVIL ENGINEBRING—The Registrar, The University, 
Sheffield (January 31) 

LECTURER IN MECHANICAL ENGINEERING at the University of 
Hong Kong—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, 8 W 1 (Hong Kong and London, January 31) 

SENIOR LECTURER IN INORGANIC CHEMISTRY at the University 
of Natal, Durban— The Secretary, Assomation of Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (South África and London, January 31) 

PROFESSOR OF BOTANY, and & PROFESSOR Or ZOOLOGY-—The 
oo University College, Galway, Republic of Ireland (Febru- 
ary 2 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN THE 
VARIOUS BRANCHES OF CHEMISTRY, CHEMICAL ENGINEERING, ENG- 
INEERING, TECHNOLOGY, PHYSICS and allied subjeets—The Regis- 
trar, The University, Manchester 13 (February 14) 

TURNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIC CHEMISTRY, PHYSICS and allied subjects—The Registrar, 
The University, Manchester 13 (February 14) 

READER IN MATHEMATICS, and à LECTURER/SENIOR LECTURER 
IN MATHEMATICS at the University of Western Australa—The Secre- 
tary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (Australia 
and London, February 17) 

LECTURERS (2) IN FUEL TECHNOLOGY AND CHEMICAL ENGINEERING 
—The Registrar, The University, Sheffield (February 28) 

SENIOR LECTURER IN ELECTRICAL ENGINEERING, and LECTURERS 
(2) IN ELECTRICAL ENGINEERING at the University of Sydney, 
Austraha—The Secretarv, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mal, 
London, S W 1 (Australia and London, March 1) 

LECTURERS, ASSISTANT PROFESSORS or ASSOCIATE PROFESSORS 
IN THE DEPARTMENT OF MATHEMATICS (either at the Edmonton 
campus or the Calgary eampus)—Prof M Wyman, Mathematics 
Department, University of Alberta, Edmonton, Alberta, Canada 

POSTDOCTORAL ASSISTANT for the operation of a research mass- 
spectrometer for the detection of unstable reaction intermedintes— 
A n Linnett, Inorganic Chemistry Laboratory, The University, 

xfor 

RESEARCH ASSISTANT (science graduate), to work with tissue 
cuiture in relation to carcinogenesis—Prof H N Green, Department 
of Experimental Pathology and Cancer Research, School of Medicine, 
The Unrvermty, Leeds 2 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with an honours 
degree and experience in microbiology) IN THE BACTERIOLOGY Dr- 
PARTMENT, for work on problems involving hygiene and the isolation 
and classification of mucro-orgamsms—The Secretary, National 
Institute for Research in Dairying (University of Reading), Shinfleld, 
Reading, quoting Ref 61/17 

SENIOR HISTOLOGICAL TECHNICIAN TO TAKE CHARGE OF A RE- 
SEAROH LABORATORY—Chief Technician, Department of Morbid 
Anatomy, Institute of Orthopedics, 234 Great Portland Street, 
London, W 1 


REPORTS and other PUBLICATIONS 


(nol included in the monthly Books Supplement) 


Great Britain and ireland 


Modern Science Memoirs, No 41 On Teaching Voltaic Cells and 
Electrolysis By H G Andrews Pp 11 (London John Murray, 
1961 Pubhshed for the Scrence Masters’ Association ) 2s net [1710 

Department of Scientific and Industrial Research ^ Forest Products 
Research Record No 31  Non-pressure Methods of Applying Wood 
Preservatives By J Bryan and D F Purslow Pp ivJ-14--8 plates 
2s 6d net Bulletm No 47 Working Stresses for Structural Timbers 
By J G Sunley Pp iv+18 is 3d net (London HM Stationers 
Office, 1961 ) ` [1710 

Bulletin of the Bntish Museum (Natural History) Geology Vol 
5, No 7 The Old Red Sandstone of Brown Clee Hill and the Adjacent 
Área 1 Stratigraphy By Harold William Ball and David Lawrence 
Dineley 2 Palaeontology By Errol Ivor White Pp 175-310 + 
plates 33-48 (London British Museum (Natural History), 1761) 
708 


Buuding Research Station Digest, No 15, (Second Series) Pipes 
and Fittings for Domestic Water Supply Pp 5 (London. HM 
Stationery Office, 1961) 4d 7 [1710 

Royal Observatory Bulletina No 37 Observations of Southern 
RR Lyrae Stars By T D Kinman Pp 1+E151-204 (London 
HM Stationery Office, 1961 ) 7s 6d net [1710 


British Cast Iron Research Association — Fortieth Annual Report 
for the yearending 30th June, 1001 Pp 68 (Alvechurch, Birmingham 
British Cast Iron Research Association, 1961 ) {1710 

London County Council Public Health Department—Setentific 
Branch Annual Report of the Scientific Adviser for the year 1960 
Pp 60 (London London County Council, 1961) 1s 34 [1710 


1322 


University of Oxford Department of Foiestry— Library — last of 
Periodicals and Serial Publications Parti A-R Pp xvu+1~150 
Part 2 S-Z Pp 151-284 (Oxford Department of Forestry, The 
University, 1961 ) [1710 

Agneultural Research Council Radiobiological Laboratory 
ARGRL No 5 Surveys of Radioactivity in Human Diet and Experi- 
mental Studies, (Report for 1960) Pp .1+76 (London HM 
Stationery Office, 1901 ) 68 6d, [1710 

The British National Health Service a Short Survey with particular 
refeience to the Pharmaceutical Services Pp 14-22 (London The 
Pharmaceutical Press, 1961 ) bs [1810 

Schools Television à Discussion Document Pp 18 (London 
National Union of Teachers, 1961 ) 1s [1810 

Imperial College of Science and Technology Research Report of the 
City and Guilds College, 1958-1961 Pp v+96 (London Imperial 
College of Science and Technology, City and Guilds College, 1961 ) [1810 

Advisory Council on Scientific Policy, Committee on Serentalic 


Manpower, Statistics Committee The Long-Term Demand for 
Scientific Manpower Pp 1x+26 (Cmnd 1490) (London HM 
Stationery Office, 1961) 1s 9d net [1810 


Royal Institute of Chemistry | Directorv of Independent Consultants 
in Chemistry and Related Subjects Fourth edition Pp i1-r34 
{London Royal Institute of Chemistry, 1961 ) [1810 

Hill Farmmg Research Orgamsation Second Report, 1958-61 
Pp 96 (Edinburgh Hull Farming Research Organisation, 1961 ) (1810 

British Drug Houses, Ltd “Umon Carbide" Molecular Sieves fox 
Selective Adsorption Second edition Pp 36 Phosphate Esteis in 
Metabolism an Account of some Biologically Important Organic 
Aro ad Compounds Pp 39 (Poole British Drug Houses, 2 


Ion Exchange Progress, Vol 1, No 1, (October, 1961) Pp 4 (Lane 
End, Bucks Elga Products, Ltd , 1961) [1810 
Ministry of Housing and Local Government Pollution of the Tidal 
Thames Report of the Departmental Committee on the Effects of 
Heated and other Effluents and Discharges on the Condition on the 
Tidal Reaches of the River Thames Pp 1v 4-68--map (London H M 
Stationery Office, 1901) 55 6d net [1810 
Negretti and Zambia, Ltd Publication No APP/26 Centralised 
Temperature Indication for Hotels, Offices, Schools, etc Pp 3 
Publication No E/16 Vibration Damping Bracket for use with 
“Actec” Instruments Pp 2 Publication No E/19/1 ‘“‘Aetec’”’ Record- 
ing Pyrometers and Resistance Thermometer Recorders Pp 8 
(London Wegrett and Zambra, Ltd , 1961 ) 11810 
Annual Report for 1960 (No 73) of the Marine Biological Station of 
the University of Liverpool at Port Erin, Isle of Man Drawn up by 
J S Colman Pp 29+1 plate (Liverpool The University Press, 
1901) 5s [2310 
Department of Scientific and Industrial Research and Fire Offices’ 
Committee Joint Fire Research Organisation Fire Note No 1 Fire- 
resistance of Floors and Ceilings By G I Bird Pp 11+14 (London 
H M Stationery Office, 1961 ) 2s net [2310 
The Inheritance of Hairy Ear Rims By R Ruggles Gates and 
P N Bhadun (Mankind Monographs, No 1) Pp 88 (Edinburgh 
The Mankind Quarterly, 1 Darnaway Stieet, 1961) 63 , 125 
dollars 2310 
Institute of Pérsonnel Management Annual Report, 1960-61 Pp 
31 (London Institute of Personnel Management, 1961 ) (2810 
Department of Scentific and Industrial Research Problems of 
Progress in Industry No 11 Moncy foi Effort By Tom Lupton 
Pp 28 (London HM Stationery Office, 1961 ) 18 9d [2310 
Fossils a Colour Filmstrip By Douglas G A Whitten, George 
R Rame, and Phiip R Gurr With notes, 30s Drawings of 180 
of the Commoner British Fossils Set of 20 sheets 1m case, 30s (Surbi- 


ton Maan Ray, 36 Vilhers Avenue, 1901 ) [2310 
Other Countries 
Canada Department of Mines ond Technical Surveys — Geological 


Survey of Canada Map 1085A  Piredrake Lake, District of Mackenzie, 
Northwest Territories, (Sheet 75 H) Paper 61-16 Prelimmary 
Report on Borings through Pleistocene Deposits, Cochrane District, 
Ontario By O L Hughes Pp 1+5 25cents (Ottawa Geological 
Survey of Canada, 1981 ) 910 

Chicago Natural History Museum Fieldiana Zoology Vol 42, 
No 10, (August 15, 1961} Philppme Zoological Expedition, 1940— 
1947 New and Interesting Odonata fiom the Philippines Bv M A 
Tieftineck Pp 118-149 (Chicago Chicago Natural History Museum, 


1961 ) 1 dollar [910 
Canada Review of the National Research Council, 1961 Pp 377 

Di i No 6421) (Ottawa National Research Council, y ) 
cents 


910 

State of Illmois Department of Registration and Education 
Natural History Survey Drvision Bullet, Vol 27, Article 6, (August, 
1961) Sex Ratios and Age Ratios in North American Ducks By 
Frank C Bellrose, Thomas G Scott, Arthur S Hawkins and Jessop 
B Low Pp vi+391-474 (Urbana, Il Department of Registration 
and Education, Natural History Survey Division, 1961 ) 1dollar [1710 
Organization for European Economic Co-operation Rural Manpower 
and Industrial Development Adaptation and Traimung General 
Report by Prof H Krier Pp 130 (Pari Organization for European 
pons Co-operation, 1961) 7 NF, 10s, 175 dollars, 
Provincia de Buenos Aires Comision de Investigacion Cientifica 
Sistema Simetrico (MK SQ) de Unidades y Medidas Electromagneticas 
Por Enrique Loedel Palumbo Pp 90 (La Plata Comision de 
Investigacion Cientifica, 1960 ) [1710 
Conseil Permanent International pour lExploration de la Mer, 
Charlottenlund Slot, Danemark Rapports et Procès-verbaux des 
Réunions, Vol 149, (Contributions to Special IGY Meeting 1959 ) 
Pp 218 Kr 50 Bulletin Statistique des Péclies Maritimes, Vol XLIV 
pour l'Année 1959 Rédige par Arni Fridmksson Pp am+58 Kr 
15 (Copenhague Andr Fred Host & Fus, 1901) {1710 
Chicago Natural History Museum Fieldiana Zoology Vol 39, 
No 51, (August 31, 1961) A New Peruvian Race of Crypturellus 
obsoletus By Emmet R Blake Pp 578~575 10cents Vol 41,No 4 
(August 25, 1961) The Land Snail Genus Ampindromus—a Synoptic 


A 
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Catalogue By Fiank Fortescue Laidlaw and Alan Solem Pp ui 
1000s 450 dollars (Chicago Chicago Natural History ae 
1 
Repubho cf the Sudan Muinstry of Agriculture Report of the 
Forests Department for the period July 1959 to June 1960 Pp v 4115. 
(Khartoum Forests Department, 1961 ) {1810 
Annual Report of the Board of Regents of the Smithsonian Institute 
showing the Operations, Expenditures, and Condition of the Institution 
for the year ended June 30,1960 (Publication 4435) Pp x+605+106 
plates (Washington,DC Government Printing Office, 1961) [1810 
National Academy of Sciences—National Research Council, Nuclear 
Science Series NAS-NS 3039 The Radiochemisti y of Niobium and 
Tantalum Pp v+57 (Washington,DC Office of Technical Services, 
Department of Commerce, 1961 ) 75 cents [1810 
United States Department of the Interior — Geological Survey 
Professional Paper 305-K Core Tests and Test Wells, Barrow Are^, 
Alaska By Florence Rucker Colhns With a section on Temperature 
Measurement Studies by Max C Brewer (Exploration of Naval 
Petroleum Reseive No 4 and adjacent Areas, Northern Alaska, 1944— 
53 Part5 Subsurface Geology and Engineering Data ) Pp iv+569- 
10s ues 39-43 (Washington, DC Government Printing omo, 
6 


United States Department of Commerce Weather Bureau Tech- 
nical Paper No 40 Rainfall Frequency Atlas of the Umted States 
for Durations from 30 Minutes to 24 Hours and Return Periods from 
1 to 100 Years Prepared by David M Hershfield Pp u+115 (54 
charts) | (Washington, DC Government Printing Office, 1961 > 
1 75 dollars 1810 

University College, Ibadan Calendar, 1961-62 Pp 110 (Ibadan 
University College, 1961 ) [2010 

United States Department of the Interior Geological Survey 
Bulletin 1932-E Petrography of Radioactive Tertiary Igneous Rocks, 
Front Range Mineral Belt, Colorado By J Wells Pp 1iv--223- 
272+plate 10 Water-Supply Paper 1475-E Ground Water in the 
Western Part of the Cow Creek and Soldier Creek Grazing Units, 
Malheur County, Oregon By R © Newcomb Pp 1n-+159-172 
(Washington,DC Government Printing Office, 1960 and 1961 ) [2010 

Australia Commonwealth Scientific and Industrial Research 
Organization, Melbourne Soil Publication No 17 The Development 
and Distribution of the Souls of the York-Quairading Area, Western 
Australia, m Relation to Landsezpe Evolution By M J Mulcahy 
and F J Hingston Pp 43-3 plates (Melbourne Commonwealth 
Scientific and Industrial Research Organization, 1961 ) {2310 

Institutt for Atomenergi, Kjeller, near Lillestrem, Norway — Reactor 
"JEEP" Pp 6 The Uranium Reprocessing Pilot Plant Pp 6 
The Halden Reactor Pp 6 (Kjeller, near Lillestram Institute for 
Atomenergi, 1961 ) [2310 

Tanganyika Ministry of Commerce and Industry Annual Report 
of the Geological Survey Division for 1960 Pp 1+22 Shs 3 Geo- 
logical Maps Quarter Degree Sheet 37 Moru (Serengeti Plam West 
Quarter Degiee Sheet 184 Knidugallo (Dodoma Department of 
Geological Survey, 1961 ) (2310 

Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Geological Maps—P:eliminary Series Map 17-1961 
Ossokmanuan Lake (West Half), Newfoundland (Sheet 23H, West 
Half) (Ottawa Geological Survey of Canada, 1961) (2310 

Forschungsberichte des Landes Nordrhem-Wesifaülen Nr 972 
Uber den Einfluss des Interferenzfeldes auf die Schallabbildung in 
Festkorpern, Von Gunter Radig Pp 29 (Koln und Opladen West- 
deutscher Verlag, 1961 ) 11 70 DM {2310 

Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Paper 61-17 Age Determinations by the Geo- 
logical Survey of Canada Heport 2 [Isotopic Ages Compiled by 
J A Lowdon Pp vi+127 50 cents Paper61-19  Surficial Geology 
of the Ottawa Area—Report of Progress By N R Gadd Pp 1+14 
25 cents (Ottawa Queen's Printer, 1961 (2310 

State University College of Forestry at Syracuse University Grad- 
nate Theses, 1955-1960 Compiled by Vincent Thirgood Pp 111 
(Syracuse, N Y State University College of Forestry at Syracuse 
University, 1901 ) [2310 

United States Department of Commerce Coast and Geodetic 
Survey Special Publication No 226 Control Leveling 
(Wyo shingtoni; DC Government Printing Office, 2 
centa 

Population Reference Bureau, Inc Population Bullen, Vol 17, 
No 6, (October, 1961) Population Trends in the USSR Pp 109-128 
(Washington, DC Population Reference Bureau, Inc, 1961) 
50 cents [2310 

United States Department of Commeice Coast and Geodetic 
Survey Publication 62-1 Tellurometer Manual By Austin C Poling 
Revised (1961) edition Pp v+76 (Washington, D.C Government 
Printing Office, 1961 ) 45 cents [2510 

Tea Research Institute of East Africa Pamphlet No 10 Proceed- 
ings of the Seventh Conference, 17th and 18th November, 1960 p. 
77 (Kencho Tea Research Institute of East Africa, 1961 ) [2310 
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